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informatica praznuje desetletnico svojega izha-
janja. Namesto statistieénih, izdajateljsklh in
vsebinskih podatkov jo ob njenem prazniku spre-
jemam 2z dobrodoslico » njenl prihodnosti. Vivat
Informatica!

Umetna inteligenca se je v zadnjem desetletju
razvila v razgibano in Sirno znanstveno, razi-
skovalno, tehnolosko in komercialno dejavnhost.
V njej so se zacCela smiselno povezovati idejna
in konstrukecijska razmi8l janja, katerih dotok
je prihajal iz ¢elnih podroe¢ij ¢lovekovega uma
in raziskovanja, kot so filozofija, psiho-
logija, lingvistika, nevrofiziologija, informa-
tika pa tudi matematika in tehniske =znanosti.
To medpodroéno oplajanje umetne inteligencé pa
je rodilo tudi povratni vpliv na njena prvotna
izhodis¢a, saj so se nekatera vpraSanja postav-
ljala stvarno in predmetno in ne zgolj filozof-
sko. Danes je mogote brez posebnih pomislekov
govoriti o vzpodbudnem vpljivu umetne inteli~
gence na filozofijo, psihologijo, lingvistiko
in informatiko. Metodologija umetne inteligence
pa si utira pot tudi v oblikovanje strojev.

Vzporedni procesorski sistemi so kot razisko-
valno {n razvojno podroc¢je dobili poseben pou-
darek: oblikovali naj bi podstat prihodnjih ra-
cunalniskih sistemov. Zamisel vzporednih siste-
mov temelji Se na stari tehnolo8ki miselnosti,
Ki prihaja iz Sestdesetih let. Procesorji so v
sistem povezani s komunikacijsko mrezo, pri
cemer }e vsako procesorsko vozli8eée. dovolj zmo-

" gljivo za opravljanje posebnih ali tudi splos-
nih racunalniskih operacij. Cilj tega razvoja
je racunalniski sistem za splosno uporabo. Da-
nes se znaé¢ilni vzporednoprocesorsk! sistemi u-~
porabl jajo za posebne namene.

Ue¢inkovita in splosna uporaba vzporednih proce-
sorskih sistemov zahteva nekaj, kar je celo za
¢lovekov zavestni um dokqj novo:. vzporedno raz-
stavl janje vhodnih problemov. Clovek govori
svo] zunanjl (naravni, formalni) jezik zapored-
no, saj] to ustreza fizioloSkemu ustroju njego-
vih mo2ganov, govorno sprejemnih in ftzraznih
organov. Vzporedno razstavljanje pa bl zahteva-
la hkratno govorjenje ve¢ pomenov tako, da bi
ti pomeni wustrezali vhodnemu zaporednemu ali
zaporedhovzporednemu pomenu. Vzporedno razstav-
ljanje problema naj bi opravil stroj, vendar bi
moral ta stroj eélovek 8e zgraditi. Problem
vzporednega razstavl janja zaporednega all zapo-
rednovzporednega vhodnega problema do danes Se
ni resen. Na vidiku so samo posebne resSitve za
posebne, o¢itno paralelne probleme (npr. vzpo-
redno izracunavanje matriénih ¢lenov, dohodkov
uslu2bencev).

To, Ka&r je zna¢ilno za razvoj novih racunalni-
skih generacij. je preseganje t. i. von Neuman-
Luovega nacela, s katerim se utemel juje zapore-
dno delujoéi struj, na katerem se izvajajo za-
poredno konstruirani programi. V 2ziveénih siste-
mih deluje bioloska substanca vzporedno in v
te] substanci se izvajajo tudi vzporedni infor-
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maci jski procesi. Vendar je potrebno tudi tukaj
poudariti, da so doloceni korteksni procesoriji
ne samo specializirani, temveé so tudi enkrat-
ni. Delfin lahko govori in poslusa veé (do tri)
popolnoma lo¢enih pogovorov, Kker razpolaga 2
ustreznim Stevilom korteksnih obmoe¢ij ter =
ustrezno prirejenimi (usmerjalnimi in (rekven-
¢nokanalnimi) slusnimi in govornimi organi. Za
doloc¢eno vzporednost je tudi v bioloSkem siste~-
mu potrebna vzporedna substanéna podstat, v
njej pa je omogoctena vzporedna procesnost.

Preseganje von Neumannovega nacela zahteva tako
aparaturno in programsko vzporednost. Japonski
projekt pete racdunalniske generacije si fje {2z~
bral za cilj navzgornji razvoj vzporednoproce-
sorskega sistema. Najprej poskusa zgraditi novo
(vzporedno) aparaturno substanco, ki bo omogo-

¢ala vzporedno procesiranje programov. Ta nav-

zgornji -ragvoj pa mora predpostavljati tudi
razvoj vzporednoprogramske metodologije, ki pa
se posredno ali neposredno vkljucuje v okvir

umetne inteligence. Tu velja poudariti, da je

razvo] umetne inteligence gnaé¢ilno navzdolnji,
saj idzhaja 1z zamislli ‘'visokostrukturiranih
informaci jskih struktur eélovekovega uma (sama
inteligenca je visja iInformacijska funkecija
korteksov) in se odtod spusSta na posamezna
uporabnostna podro¢ja. Razvoj umetne inteligen-
ce je tako navzdolnje-pragmaticen celo na ti-
stih podroe¢jih, ki so do nedavna veljala kot
formalno trdna (npr. mehaniéno prevajanje jezi-
kov). Cilj enega in drugega razvoja je v sreca-
vanju obeh, v stremljenju, da se neko¢ zlijeta
v celoto, da eden drugega dopolnita.

Podroc¢je nacrtovanja in graditve novogeneraci j-

-skih pa tudi danasnjih racunalniskih in infor-

macijskih sistemov postaja tudi ¢edalje bol}
filozofsko zahtevno, s8aj se uporaba strojev pa
tudi njihova struktura pribli2uje vprasanjemn,
ki segajo v samo bistvo filozofije, procesov v
2tvem, povezave med biloskim in tehnoloskim.
Nacrtovanje strojev in procesov tako 2e upoSte-
va tudi meje biolosko In tehnolosko mogocega,
ko izreka prepricanje, kaj danes ni mogoce.

Pred nami je novo razumevanje spogznavanja, Ki
bo bistveno tako za razvoj e¢lovekove misli kot
za razvoj njegovih strojev; od obeh bo odvisno
prezivetje ¢loveskih populacij.

Slovstvo
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ration Computing Technology. New Generation
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Povzetek. Kaj je informacija? Kaj je jezik? Kako je mogoc¢e prek
poti do jezika priti pa pot do informaclje? Ka} je (informatiéno
mogoce? Kaj je informatizacija in kaj protiinformaci ja? Ta ¢lanek
je "informaci jski" ese] o teh vpraSanjih in okoli teh vprasanj}; e
njimi in okoli njih odpira vprasanja o smiselnost! in potrebnosti
filozoflje o informaciji, o informacijski biti. KakS8en bi lahko
bil tehnoloski informacijski stroj? <Zaka} takSen stroj danes ni
mogo¢ in pod kak3nimi pogoji bi se 1lahko pojavil? Filozofija
informacije je nujna garadi raziskave tehnoloSkih mo2nosti pa tu-
di kot razumevanje spoznavanja v bitju In okolju. Zakaj informa-
cija informatizira, sporotilo 1le komunicira all sporocuje 1in
podatek le podaja? Tehnoloska informacija §e ne informatizira in
v tem je njena nemo¢, neinformatiénost, ‘neinteligentnost.

Abstract. What is information? What is language? How it is possi-~
ble to come across the way to language on the way to information?
What is informatively possible? Wwhat is the process of Informing
and what is counter-information? This article is an "information"
essay dealing with these questions directly and indirectly. These
questions are opening new questions about the meaning and needs
of information philosophy, on Being of Information. What could
the technological information machine be? Why is such a machine
not possible today and under which circumstances could it come
into existence? Philosophy of information is a necessity in
researching the possibilities for technological machines and also
in. understanding cognition in a living being and its enviroment.
Why information is Informing, messages only communicating, and
data only giving? Technological information is not informing yet
and here 1lies its weakness, 1{ts non-Informing, and 1its non-
intelligence.

Unteéwegs zZur Information

Zusammenfassung. Was ist Information? Was ist Sprache? Wie ge-
1angt man ueber den Weg zur Sprache aul den Weg zur Information?
Was Ist das Informatisch Moegliche? Was ist Informatisierung und
was ist Gegeninformation? Dieser Artikel ist ein "informatischer"
Essay um und ueber diese Fragen; damit bleiben die Fragen der
Bedeutung und Notwendigkeit der Philosophlie der Information,
Seins der Information welterhin geoefnet. Was koennte eine tech-
nologische Informationsmaschine schon sein? Warum ist eine solche
Maschine heute noch nicht moeglich und unter welchen Umstaenden
koennte sie erreichbar werden? Die Plilosophie der Information
ist eine Notwendigkelt bei der Untersuchung technologischer Moeg-
lichkeiten und auch bei der Auffassung der Kognition im Seienden
und seiner Umgebung. Warum sagt man: eine Information informati-
siert, doch eine Nachricht kann nur komnunizieren und elne Angabe
(ein Datum) nur eingeben? Eine technologische Information infor-~
matisiert noch nicht und hier zeigt siech thre Sehwaeche, i{hre
Nicht-informatisierung, ihre Nicht~intelligenz.
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... 2Znanstveno in tehnolosko usmer jenemu
bralcu se bo dozdevalo neverjetno, de je la-
hko filozofsko razmisljanje praktic¢no po-
membno pri njegovem delu, Filogofija je lah-
ko zabavna raznovrstnost, vendar so teorije,
bistvene za tehnoloski razvoj, o¢itno tiste,
ki predstavljajo trdno znanost in tehniko.
Midva sva ugotovila prav nasprotno. Teorije
o naravi bioloskega bivanja, o Jeziku in o
naravi ¢lovekovega delovanja vplivajo v te-
meljih na to, kako gradimo in kako uporab-
l1jamo obliko. ... .

(Terry Winograd in Férnando Flores: Razume-
vanje racunalnikov in spoznavanja: novi te-
melji oblikovanja, xii) *

Kaj je informacija? Na to vpraSanje je potreben
fzérpnejsi odgovor, ker je pojem "informaci ja"
v pogovornem jeziku bistveno zozZzen. KakSen je
sirsi pojem? Latinski samostalnik informatio
(informationis, {.) ima pomene, kot so predsta-
va, pojem, razlaga, pojasnitev. Danas8nji pomen
pojma informacija je lahko 8ir8i, ni le statie-
na, marvee- je predvsem dinami¢na lastnost pred-
stavljanja biti, vsakrSnje pojavnosti v 2ivem
in nezivem svetu. Ta lastnost informacije Je
tedaj tudi informiranje. Latinski glagol Infor-
mare ima pomene, kot so wupodobiti, obraziti,
izobraziti, ueiti, predstaviti, predoeéiti, opi-
sati, misliti si. Informiranje, ki je glagolinik
iz informirati, ustrezno dopolnjuje, razsirja
pomen samostalnika informacija, ki je tako
tudi upodabljanje, oblikovanje, uctenje itd. Ta-
ko postane pomen informacije tudi informaeij-
sko procesiranje, procesiranje informaclije, na-
stajanje informacije, informatiziranje " itd.,
kar je lahko primerno prl obravnavanju 2ivih
informaci jskih sistemov, informacijske tehnolo-
gije in pri nad¢rtovanju inteligentne informaci-
je in inteligentnih strojev.

Oxfordski slovar nudi v kontekstu pomena Infor-
macije le tri uporabne besede: inform, informa-
tion, informative, pri ¢emer je pomen besed in-
form in informative izveden le iz besede infor-
mation, Kkatere pomen je v angleSeini znac¢ilno
zozen tako, da je informaclija pasivno informa-
tivna. V nadaljevanju bo postopno razvidno,
kak&na je razSirjena pomenskost pojma informa-

* Angleski naslov knjige je vee¢pomenski. Mo2na
pomena sta Se tale: "Razumevanje racunalnikov
in spoznanje" in "Razumevajoé¢i racdunalniki in

spoznanje". Tu je veeépomenskost brzkone namer-
na. :

... Readers with a background In science
and technology may find it implausible that
philosophical considerations have practical
relevance for their work. Philosophy may be
an amusing diversion, but it seems that the
-theories relevant to technological develop-
ment are those of the hard science and engi-
neering. We have found quite the opposite,
Theories about the nature of biological exi-
-stence, about language, and about the nature
of human action have a profound influence on
the shape of what we build and how we use
fte oo,

(Terry Winograd and Fernando Flores: Under-
standing’ Computers and Cognition: A New
Foundation for Design, xii)

What is information? This question needs an ex-
haustive answer, because, in colloguial langua-.
ge, the notion of "information" is essentially
narrowed. What is the extended notion? The La-
tin noun informatio (informationis, f.) has va-
rious meanings such as: representation, notion,
interpretation, explanation. The present mea-
ning of the notion of information can be broa-"'
dened; information is not only static, it is a
dynamic property, which represents Being as
various phenomena in a living and non-living
world. This process of information is also
Informing, The Latin verb informare has the
following meanings: to form, shape, instruet,
teach, represent, show clearly, describe, ref-=
lect. Informing, which is the gerund of inform,
adequately completes and broadens the meaning
of the noun information, which is also for-
ming, shaping, arising, instructing, ete. Thus,
the meaning of information also becomes infor-
mation processing, processing of information,
the coming of information into existence, In-
forming, ete. This notion of information can be
useful in dealing with living information sys- -
tems, informatfon “~technology, and designing

intelligent information and intelligent ma-
chines.

In the context of information, The Oxford Die~ °
tionary only offers three valid words: inform,
information, and informative, where the mea-
nings of the words inform and informative are
deduced solely from the meaning of the word
information. In English, this meaning of infor-
mation f{s substantially narrowed in the sense
that information is passively informative. In
this article, it will become clear, how the
meaning of information must be extended so that
it is active. Although, in many languages in-



cija v smislu njene aktivnosti. Ceprav v vrsti
drugih jezikov obstajajo izvedenke pojma infor-
maclje, psa so v anglese¢ini nadaljne izpeljanke
nedopustne, ¢eprav bi bile za razlirjeno obrav-
navo pomenskosti informacije korlstne =zlastli
pri razvoju filozofije o informaciji, ki lahko
postane izhodiSte pri odlocanju o tehnoloskilh
mo2nostih prihodnjih informatiénih projektov,
Mozne izpel jane besede [n njihovi posebni pome-
ni bi lahko bill v slovenseinl:

informirati: informiranje, informizem, informi-
ranost, informirajoe¢, informljiv, Informljl-
vost;

informaci ja: informaei jski, informacizem, in-
formaci jskost, informacijalen, informacijal-
nost, informacibilen, informacibilnost;

informativen: informativizem, {nformativnost,
informativic¢en, informativiénost, Informati-
vlijiv, informativljivost;

informatika: informatiéen, informatizem, infor-
maticénost, informatikalen, informatikalnost,
informatikljiv, informatikljivest;

informatizirati: informatiziranje, informatizl-
ranizem, informatiziranost, informatizira-
len, informatiziralnost, informatiziraljiv,
informatiziraljivost;

informatizaci ja: informatizacl jski, informati-
zacizem, informatizactjskost, informatizael-
bilen, Informatizacibilnost.

V ¢em je smisel, da se pojmovanje informascije
privede v 8irsi pomenski kontekst? Informacija
je kot oblika informacijskega procesa temel],
na katerem so mo2ne t. 1i. predstavitve oziroma
predstavl janje znac¢ilnih miselnih, tehnoloskih,
obeevalnih, fizikalnih, bioloskih, kemijskih in
domala vsakrsnjih pojavov. Informacija je lahko
predstavitveni temelj razumevanja pojavnosti,
torej podstat vsakr8nje procesnosti vesol jnega
sveta, Informaci ja, ki se pojmuje dovolj 8Siro-
ko, je lahko univerzalni temelj razumevanja,
spoznavanja, predstavljanja sveta v doloé¢eni
biti in kar je 8Se pomembnejSe, tudi izven dolo-
¢ene biti; to velja tudi za bit informacije!

Intormacija ne pozna omejenosti, discipliniva-
nosti, wutesnjenosti, ki so znac¢ilne za filozo-
fijo, tlteraturo, znanost, umetnost all celo za
sam zunanji, naravni jezik. Informacija nastaja
in s tem presega vse prepovedi, tabuje, mite,
idole, v sebi razpoznava njihova bistva; v tem
je njena prednost, neodvisnost, vseobseznost,
nadrejenost, nadrazmernost glede na folozofske
sisteme, literarne forme, znastvene teorije, u-
metniski artizem, jezikovne zakonitosti, Kkar
vse so v bistvu kulturne, zunanje, ideologizi-
rane oblike, ideolosko in medijsko pogojene ob~
likovnosti. Informacija ima v sebi vselej svojo
svobodno, neomejeno, nepredvidljivo komponento
nastajanja, ozivljajocte razvojnosti. Prav zara-
di te vseobse2nosti, svobodnosti, razvojne po-
tence informacije je potrebno ragvijati misije-
nje o njej, o njeni nastajalnosti, tj. filozo-
fijo informacije. To raziskovanje informacije,
nastajanje znanja o nastajajotem, o0 mogotem
nastajajocega je potrebno tudi zaradi ocenjeva-
nja moznosti in nemo2nosti realizacije Iinforma~
cijskega v 2ivem in tehnoloskem. Vellkl infor-
maci skl projekti zacenjajo brez nujne filozof-
ske predpriprave o informacijsko mogotem in
vobce ne dosegajo obl jub, prieakovanj in napo-
vedi, ki jih na svojih zatetkih izpovedujejo.
Projekti umetne inteligence in novih racunalni-
Skih sistemov so jasni dokazi filozofske nedo~-
re¢enosti informacije in projektne neuspesnosti
zaradi filozofske neraziskanosti informacije in
njenih sistemov. .

formation has a number of derivatives, in En-
glish these derivatives are not available.
However, they could be useful for the extended
treatise of the meaning of information and in
the development of information philosophy. This
enables a realm for deciding what the technolo-
gical possibilities of future information pro-
jects are. Mechantcally derived words and their
particular meanings might be the following:

inform: informing, Iinformism, informness, in-
formingness, informity, i{nformable;

fnformation: informational, informationism, in-
formationalism, Informationess, informatio-
nality, informationable;

informative: informativism, Informativness, in-
formativity, informativable;

informaties: informatical, informatism, infor-
matieness, informaticity, informaticable;

informatize: informatizing, informatizeism, in-
formatizeness, informatizable;

informatization: informatizational, informati-
zationism, informatizationess, informatiza-
tionable.

wWhat does the notion of information in a broa-
der context of meaning enable? Information, as
a form of an i{nformation process, is the foun-
dation on which the so-called representations
or characteristic representings are possible,
e. g. as there exlst mental, technologiecal,
comnunicational, physical, biological, chemi-
cal, and almost all kinds of phenomena. Infor-
mation can be the representational (oundation
ol phenomenal understanding, and by this, the
substance of various processing in the entire
world, Information, when understood in a broa-
der sense, canh be a universal foundation for
understanding, cognition, representation of the
world in a Being, and what is even more impor-
tant, representation the world outside of a
Being. This is also valid in the case of the
Being of Information.

Unlike in information, phenomena of
appear characteristically, i{n the form of dis-
ciplines and obstacles, 1in philosophy, litera-
ture, science, art or even in an external,
natural language itself. Information is coming
into existence and so it surpasses all prohibi-
tions, taboos, myths, and idols by recognizing
them in itself. On this route lies its advan-
tage, independence, all-embracing, and superio-
rity. Also on this route lies its relativity in
comparison to philosophical systems, literary
forms, scientific theories, artistic styles,
and linguistic legality, all of which are es-
sentially cultural and external (forms, which
are being ideologically and medially conditio~
ned. Information is always in the possession of
its free, unlimited, non-foreseeable component
of arising, which 18 coming into existence and
developing life. Because of its all-embracing,
freedom, and development power, information
can be useful in developing the notion of in-
formation and information arising, i. e. the
philosophy of information. This research of
information, of the arising of knowledge of
arising, and of the possibility of this arising
i3 also necessary for the evaluations of the
possibilities and impossibilities of informa-
tion realization in the living and technologi-
cal surroundings. Large information projects
start without the necessary philosophical pre-
parations concerning the information possibili-
ties. In general, these projects are not rea-
ching thelr promise, expectations, and foreca-
stings which are given in their initial stages.
Some artificial intelligence and new generation
computer systems projects are becoming evident
proof of the philosophical indistinctness of
information and of the projects unsuccessful-
ness due to the lack of philosophical informa-~
tion and information systems investigations.

limiting




... Kako je mogoce domisljati bit drugace,
kot to, kar se nikoli ne spremeni? Kako je
mogot¢te domisl jati eas drugace, kot minljivo,
nenehno spremenljivo domeno bivanja?

(Joan Stambaugh v Martin Heideggrovem: O ca-
-su in biti, ix)

Kaj je jezik? Jezik je posebna oblika informa-
cije. Po Heideggru je jezik pot Kk jeziku. Jezik
govori, prav za prav jezikuje sam s seboj. 2
jezikom bo goveorjeno o informaciji, o njeni
pojavnosti, o-njenem obstoju, nastajanju. Pred-
vsem o nastajanju. Informacija je nastajajoe
pojav, je na poti k informacijl. Jezik je viso-
ka informacijska oblika in prek njega, njegove-
ga govorjenja, jezikovanja jezika bo vodila pot
k informaciji. .

Formula, da je informacija razumljiva sama po
sebi, je smiselna. Uporaba te formule nalaga,
da se z informacijo oblikuje pot do informaclje
'z govorjenjem jezika na poti do jezlka. To Je
pot do jezika o informaciji. All sploh obstaja
$e katera od drugih, nejezikovnih poti na poti
k informaciji, na poti k njenemu spoznavanju?

Ta uvod je potreben, je nujen, da se ostane na
poti k informaciji. Bit informacije Je rekuren-
tna. Kaj je informaci jska rekurentnost? Z mate-
matiénim pojmom rekurzivnosti, definitorne,
funkci jske rekurzivnosti ni mogocde razkriti
poti dou tnformacl jske rekurentnosti, Ce bi bilo
to mogoée, bi matematiéna rekurzivnost 2ze lahko
zgradila pot do jezika. Jezikovha abstraktnost
rekurzivnosti je formalen jezik, metajezik.
Formalnost je 2e sama po sebi podjezikovna,
metajezikovna, slovni¢na, "bistveno pomensko
okrnjena, poenostavljena, - formalizirana jezi-~
kovnost, =za pot k informaciji pa je potrebna
vsa raznolic¢énost jezikovnosti, razvi jajoea,
nastajajot¢a jezikovnost, ki zmore graditi pot
do informacije s potjo do informacijske reku-
rentnosti. Ta rekurentnost pa je razen tega Se
tnformaci jsko generativna, sestavljajoca, novo-
nastajajoca, je pa tudl paralelnosina, paralel-
noinformaci jska, procesirnoparalelna. Gradnja
poti do informacijske rekurentnosti z jezikom
je svojevrstno omejena z jezikovno neparalelno-
stjo, sSibkoparalelnostjo. Jezik 8e ne jezikuje
zadovol jivo ve¢ svojih poti hkrati, paralelno
jezikovnost mora v sebi Sele vsakokrat razvi-
jati s posebno obliko zaporedne pomenskosti.
Toda kako? Sicer bo sam govoreéi, jezikovani
jezik nezadosten za pot k informaciji, ki jl je
paralelna procesnost temeljna, implicitna, in-
formaeijskopogojna. Jezik lahko informatiénost
le modelira, s tem pa jo hkrati tudi oblikovno
filtrira, jezikovnhopovratno modulira, pomensko
poenostavlja in 8 tem popacuje.

Bit informacije je paralelnoserijsko informa-
cijskoprocesirno spletanje, prepletanje, nasta-
janje, izginjanje, nenehna sprementjivost, pa-
ralelno-serijska procesnost njene biti same.
Informacija je spreminjanje njene trenutne
oblikovnosti, definitornosti, paralelnosti, je
narascéanje in izginjanje njene zapletenosti,
prepletenosti in Sirjenje v novo oblikovnost
vedno znova na nove naé¢ine. Informaclja je
proces, je dinami¢nost. Statiénost Informacije
je podatkovanje, sporodevanje, torej posebna
obiika statie¢ne informacijske dinamiénosti.

++. How can Being be thought other than as
that which never changes? How can time be
thought other than as the perishable, con-
stantly changing realm of existence? ...

(Joan Stambaugh tn Mart]n Heidegger's: On
Time and Being, ix)

What is language? Language is a particular form
of information. According to Heidegger, langu-
age i{s on the way to language, Language is con-
versing, 1Is actually speaking with language
itself. Language has the capability to speak
about information, information phenomenon, in-
formation existence, and how information is
coming into being. The most important subject
of this essay is the coming of information into
existence. Information is a growing phenomenon
and is on its way to (new) information. Lan-
guage §s a highly informative form and across
it, across 1its conversing, 1its speaking of
language itself, 1t will lead the way to infor-
mation. ’

The formula that information can be understood
by itself is meaningful. This formula requires
that the way to information has to be realized
by information's use of the conversing of lan-
guage on the way to language. The question to
be pursued is whether.a non-linguistiec way on
the way to information, on the way to informa-
tion cognition, can exist at all?

This introduction is necessary, actually indis-
pensable for remaining on the way to informa-
tion. Being of information {s recurrent. What
is information recurrency? By using a mathema-
tiecal notion of recursivness, i. e. definitio-
nal or functional recursivness, it is not pos-
sible to discover the way to information recur-
rency. If this were possible, then mathematical
recursivness would be able to build the way 1to
language. The linguistic abstraction of recur-
sivness {s a formal language, a metalanguage.
Formalism by itself is sublinguistic, metalin-
guistic, grammatical, and truncates essential
meaning from a language. Formalism itself is a
formalised language. However, on the way to
information, all linguistie heterogeneity, lan-
guage's ability of development and growth is
needed, so that the way to information can be
built wup by the way of information recurrency.
In addition, this recurrency is information
generative, assembling, new-growing, and also
parallel, 1, e. finformation and processing
parallel. Building the way to information re-
currency by language is specifically limited by
either language's non-parallelism or weak-
parallelism. Language does not speak satisfac-
torily in more than one way simultaneously, so
anytime it becomes necessary, it Is forced to
develop an equivalent form of sequential mea-
ning.- But 1{n what manner? A self-speaking,
conversing language would not be sufficient
for the way to information, to which the paral-
lel processing is fundamental, implicit, and
information conditioned. Through language, a
process of Informing can only be modeled, and
therefore it {is formally filtered, language
reversely modulated, simplification of the
meaning of Informing and consequently, distor-
ted. : .

The Being of Information 1s parallel-serial
information processing, which is twisting,
interweaving, growing, vanishing, continuously
varying, and parallel-serial processing of the
information Being itself:. Information is vary-
ing in its momentary pattern, definiteness,
meaning, and parallelism. It is growing and

3



Informacija ima lastnost protiinformatiénosti.
Tu se pojavlja informatiéna posebnost, ki je
zaenkrat le poimenovana. Kaj je protiinformaci-
ja? Kak8na je njena pot, po kateri poti doseg-
ljiva? Protiinformacija bo na poti do informa-
cije, pa tudi do protiinformacije. Informacija
je vselej tudi protiinformacijska, je njena
lastnost nastajanja informacije v informaeiji.
Protiinformatieénost je lastnost 2ivega in br2-
kone tudi nezivega, vesol jnega; vendar tehnolo-
$ke protiinformaticnosti na poti informacijske-
ga nastajanja na vseh mogo¢ih informscijskih
ravneh, visjih in zlasti ni2jih, &e ni. Zaradi
tega Jje razvoj f{ilozofije informacije s filo-
zofsko protiinformati¢nostjo nujen kot razume-
vanje bitja in kot moznost bitjevskih informa-
cijskih strojev; ta filozofski, jezlkovni raz-
voj Jje bistven za razumevanje 2ivih strojev,
strojev za prezivljanje in s tem tudi za spoz-
navanje mo2nosti razvoja tehnoloskih informa-
cijskih strojev.

Bit informacije je informacijska, Informacijska
bit je ne samo spremenljiva, je nastajajota; to
ni bit vseh moznih informacij, je tudi bit ne-
moznih informacij, ki bodo v sami biti o biti
nastale. Bit informacije je 2iva, nepredvidlji-
vo nastajsjoca bit, ki je filozofsko ni mogocle
kar tako uokviriti.

Cas je pot, na kateri informacija informatizi-
ra, na kateri informatiziranje postaja protiin-
formatiziranje. Toda informatiziranje ni nice-
sar drugege kot pojav, v katerem se pojavlja
informacija. Tako je ¢as samo drug nac¢in, s ka-
terim se pove, da informacija nastaja; v tem
smislu je pot k ¢asu zamenjana 8 potjo k infor-
maciji in bit c¢asa je del biti informacije. Ta-
ko je tas regularna informacija na podroéju in-
formacije.

+.. Kajti misljenje mora, da bi bilo resnie-
no, misliti tudi proti samemu sebi...

(Marko Ursi¢: Enivetok, 87)

Kaj je informacijska oblika in kaj informacij~-
ski proces? Informacijska oblika je oznacitev
za znac¢ilen informaci jski proces. Informacijski
procesi se pojavljajo v 2Zivi substanel, kot so
2ive molekule, celice, organizmi, 2iveni siste-
mi, mo2gani, bitja, mnozice bitij, 2ive popula~-
cije, bitjevska in populacijska okolja; v nezi~
vem svetu, v tehnoloskih napravah so (infor-
maci jski procesi prisotni v razlie¢nih statieénih
in dinamtenih stanjih materije, energije, pro-
stora in ¢asa. Informacijski preces je tako
lahko kateri koll informacijsko doumljeni pro-
ces, stanje, oblika univerzuma. Misljeno pre-
prosto, poenostavljeno: informacija v nezivem
svetu je kot materltalni, energijski, prostorki,

vanishing in 1its complexity and interweaving
and propagating in a new pattern in a repeated-
ly new manner. Information is both, a process
and information dynamics. Staties of informa-
tion are data transfer and communication. These
are particular phenomena of the static informa-
tion dynamics.

Information has the nature of counter-informa-
tion processing. Here information philosophy is
faced with information pecullarity. What |is
counter~information? What |Is the way to coun-
ter-information and by which way is it attain-
able? Counter-information will be on the way to
information, but also on the way to counter-~
information., Information {8 also always coun-
ter-informative; this 1{is the way information
comes into being within information. The pro-
cess of counter-Informing is a property of the
living world and probably also of lifeless
space, of «cosmos. A technological process of
counter~Informing on the way to information,
which can grow and appear at all possible in-
formation levels, e. g. higher and particularly
lower ones, has never existed. However, the
development of information philosophy which
incorporates philosophical counter-Informing is
becoming inevitablely necessary for the under-
standing of living beings, and also for the
possibility of understanding the being's infor-
matfon machines. New philosophical, linguistie
development has to be elaborated for future
understanding of living machines, of machines
for survival and of cognition, which may lead
to the possibilities for future development of
technological information machines.

The Being of Information is information. The
Information Being is not only variable, it is
also coming into existence; it is not only the
Being of all possible information, of all that
exists, but also the Being of impossiblie infor-
mation, which may come into existence in the
Being and econcerns the Being. The Being of
information is alive and unforeseeable becoming
Being, which ecannot be philosophically f(ramed
at all.

Time 1s the way in which information informs,
in which Informing is becoming counter-Infor-
ming. But Informing is nothing else than the
phenomenon in whiech information is coming into
being. So, time is only another way of stating
that Information {s coming Into existence. In
this respect, the way to time is replaced by
the way to information and Being of Time is be-
coming a part of the Being of Information.
Here, time is becoming a regular information in
the information realm.

«s+ For remaining sincere, mind also has to
think against itself...

(Marko Ursi¢: Enivetok, 87)

What s an information form and what is an in-
formation process? An information form is only
a designation for a characteristic information
process., Information processes are appearing in
living substance such as molecules of life,
cells, organisms, nerve systems, brains, be-
ings, groups of beings, living populations, be-
ing and population environments. In the non-
living world, e. g. technological equipments,
information processes are present in various
static or dynamiec states of matter, energy,
space and time. Thus, an itnformation process
can be any information-comprehended process, i.
e. any state or form of the wuniverse. This
can be thought of in a simple or simplified




ecasovni "proces; informacija v zivem svetu je
kot nadgradnja nezivega, od 2ive molekule do
bitja. Informacijska oblika oziroma informactj-
ski proces obvladuje tako 2ivo in nezivo pojav-
nost. .

Katera koli procesnost nezivega in 2ivega sveta
je lahko doumljena, percipirana, spoznana kot

informaticénost, kot to, kar je (informacijska
pojavnost. Bitje dozivlja svet, sebe in okolje
kot svojo informacijo, s filozofskega vidika

kot svojo metafiziko oziroma ontologijo; bit-
jevska informacija je namreé¢ subjektivna, sub-
jektivno filtrirana zunanja informacija, " sub-
jektivno poabstraktnjena, okoliSko zgodevinsko,
spominsko oblikovana, vendar v sebe, v bitjev-
sko individualnost in prav z njo projecirana in
s tem le metafizié¢no, ontoloSko v bitje pre-
stavljena, prevedena. Ta metafiziénost, ontolo-
skost je na informacijski ravni vrazvijajocl
dejavnik, dejavna informatic¢nost, ki z nenehnim
procesiranjem oblikuje novo informaci jsko po-
javnost bitja, bitje pa z njo vpliva na okolje
z obnasanjem, povzro¢enim z njegovo informaci-
jo. Ontoloskost, ki je abstrahirana, pomensko
zgoscéena informati¢nost na ravni bltja, Je vi-
sokofunkcionalizirana informacija, imenovana
protiinformacija. Ko se bitje svoje ontoloSko-
sti zaveda,. se ji upira, vstaja proti njej z
zavestjo protiinformatieénosti, 2 objektivizaei-
jo informati¢ne subjektivnosti in vstopa tako v
novo ontoloskost (metafizicnost).

Ontologija bitja je med drugim bltjevsko razu-
mevanje sveta, notranji bltjevski model sveta,
ki vpliva na njegovo obnasanje v povezavi 2z me-
dialno senzorsko informaecijo, oblikovanjem cu-
stev, odlo¢itvenim mehanizmom volje in s povra-
tno senzorsko informacijo obnasanja. Tu bitje
spoznava svet, razumeva to spoznavanje, kopiei
izkuSnje o spoznavanju, o razumevanju, o razu-
mevanju spoznavanja. Tu je vsaka subjektivna
zavest znacilno ontoloska in vsako bitje si s
tem pridobiva svojo ontologijo, ki se predstav-
1ja s svojskim naéinom misljenja in obnasanja,
ki je pogojena s svojskim informatiziranjem bi-
tja. Subjektivnost bitja je zajeta v njegovi
ontologiji, ki je zanj znac¢ilna, namerna, ce-
lostha bitjevska informacija.

Vsaka ontologija, tako all drugace subjektivi-
zirana, je subjektivni pojav bitjevske slepote
(Heidegger).. Informacijska ontologija oblikuje
osnovo za razumevanje spoznavanja, ki je tubit,
bitje samo, bitjevska celostna informactja,
ontologija bitja. Ontologija ni ni¢ drugega,
kot stopnja informacijske slepote, ko bitje
vr2zeno v svet, 2ivi in se obna8a s to slepoto,
jo kot zanj bistveno informacijo spreminja, ko
se prilagaja, medialno obnasa. Tu se pokage,
kako je refleksivno misljenje nemogote brez
tiste oblike abstrakeije, ki je slepota, all

slepilo samo. '

vsako 2ivo bitje je tudi informacijsko zaslep-
ljeno; <zaslepljenost lzvira iz naélna nastaja-
nja informacije v 2ivem; to nastajanje je in-
formacijsko-transformativno, strukturno-abstra-

. stract,

way: information in a non-living world exists
as matter, energy, space, and time processes;
information in a living world is a construe-
tion above the non-living, {rom molecule to
being. Therefore, an information/form or an
information process can govern phenomens of
1ife and non-life.

Any processing of the non-living or 1living
world can be understood, perceived, and recog-
nized as information, t. e. the essence of an
information phenomenon. A living being expe-
riences the world, itself, and the environment
as its information. From a philosophical point
of view this experience is its metaphysics or
ontology. That i{s. to say, a living being's
information is subjec¢tive, 1s subjectively fil-
tered external information, subjectively ab-
stract, environmentally historical, and memory
shaped. But in itself, in the individuality of
8 being and particularly through the projection
of this individuality, {nformation is metaphy-
sically or ontologically displaced or transla-
ted. This ontology is a developing activity on
the ({nformation level, an activity of Infor-
ming, which is modeling new information pheno-
mena of & being by continuous processing.
Through its own ontology, & being is influen-
cing its environment behaviourally, where beha-
viour is a consequence of information. Ontology
is abstract, symbolically condensed information
of a being; it is a highly functional informa-
tion, called counter-information. As a living
being becomes aware of its ontology, it is

. resisting, vrising against this ontology by the

consciousness of counter-information and by
objecting to this information subjectiveness.
Hence, it enters into a new ontology (meta-
physics).

A being's ontology is also a being's understan-
ding of the world or more precisely a being's
internal world model. This model influences a
being's behaviour which is dependent on the me-
dial sensory information, the forming of emo-
tions, decision mechanism of the will, and
feedback sensory jinformation concerning the
behaviour. At this point, a being is recogni-
zing the world, understanding cognition and ac-
cumulating experience of cognition and general
understanding. On this level, every subjective
conscliousness {s characteristically ontologi-
cal, so that every being is gaining its ontolo-
gY. This ontology is represented by a characte~
ristic way of thinking and behaving which s
conditioned by a characteristic Informing of a
being. Subjectivity 1is scoped in a being's
ontology and it represents a being's characte-
ristie, intentional, and total information.

Each ontology, whieh is subjective in one way
or another, is a particular phenomenon of a be-
ing's blindness (Heldegger). An ontology of in-
formation can become a foundation for the wun-
derstanding of cognition, which is the being-
fn-the-world, 8 being by itself, a being's
total information, and a being's ontology. .An
ontology {8 nothing more than a degree of in-
formation blindness. When a being s thrown
into the world, its ontology is developed by
living and behaving with the blindness, alte-
ring this blindness as the. being's essential
information, and adapting and medially beha-
ving. At this point it becomes clear, how ref-
lexive thinking ‘is not possible without a form
of abstraction, which is the blindness or illu-
sion {tself.

Each living being i1s also fascinated or blinded
informatively. This blindness is arising in the
same way, {in which living information is co-
ming Into existence. Because this arising 1is
information transformative and structurally ab-
it 1s tn this respect subjective and



ktno in v vsem tem subjektivno, ontoloSko ozi-
roma metafizie¢no. Zaradi tega je bitje tako altl
drugace vrzeno v svet, v okolje, v svoje blva-
nje 1in tako soo¢eno z okoliskim pritiskom na-
stajanja bitjevske informacije.

ses

skozi
juje,

"Naprej" -~ v tisto naslednje, Kkar vse-
prehitevamo, kar nas vedno Znova vtu-
ko ga zagledamo.

(Martin
uzZs, 989)

Heidegger: 1z pogovora o jeziku,

Informaci jski proces oziroma informacijska
lika ima lastnost posebne informatiénosti, ime-
novane protiinformatiénost. Informacija 1ima
lastnost procesnosti, in sicer Informacijske
procesnosti, ki je tudi sama informacija. Pro-
cesnost informacije je informael jska. Informa-
cija nastaja s svojo procesnostjo. Procesnost
je informaciji imanentna, je v njej sami vsebo-
vana kot dejavnost, pojavnost informacijske
razvojnosti, spremenlijivosti. Ta lastnost in-
formscije je protiinformatiénost. Protiinforma-
cija je 2z {nformaci jsko procesnostjo iz {infor-
macije nastajajoéa nova informacija in nova in-
formaci jska procesnost. To }je mo¢, zmogljivost
informaci jske procesnost! v sami informacijt,
kjerkoli se informacija pojavlja. Delavanje
lastnosti protiinformati¢nosti je mogole opazo-
vati v najenostvnej(sih in v najzapletenejsih
informacijskih procesih 2{vega sveta, od 2ivih
molekul do najvisjih organizmov.

ob-

Molekule 2ivlijenja, kot so DNA, RNA in bel jako-
vine, so hkrati informacijski objekti, informa-
cijski arhivi in informacijski stroji, ki iz
arhivske informacije raznovrstno sintetizirajo
nove molekule v odvisnosti od stanj njihovih
okolij. Nove molekule imajo vobeée tudi nove in-
formaci jske, reaktivne lastnosti. Molekularna
protiinformatienost ni samo genskomutaclijska
sintezna preslikava, je tudi okoliskoodvisna in
v neznanem okol ju nepredvidljiva, nenapovedlji-
va. Na celi?ni ravni je informacl jska diferen-
ciranost 8e vedja. Pojav novih virusov, bakte-
rij, celic 2z njihovo novo informacijsko organi-
zacijo je nepredvidljiv. Organizem odgovarja
bolezenskim napadalcem s pripravo novih imun-
skih in imunskopomnilnih molekul, ki napadalece
razpoznavajo in organizirajo njthovo nevirali-
zacijo. Ti molekularni procesi so povezani =z
branjem in razpoznsvanjem molekularne informa-
cije, 2 njenim prepisovanjem in preurejanjem, s
prevajanjem te informacije v molekularno sinte-
zo in prek nje z nastajanjem nove, v molekulah
arhivirane informacije. Posledica tega informa-
cijskega dinamizma je razvoj 2zivega, evoluelj-
skega in 2ivljenskega. Razvoj je esenca.infor-
matie¢nosti, protiinformatienost pa bistvo in-
formaci jskega razvoja, razvoja informacije iz
manjse v ve¢jo zapletenost pa tudi obratno, v
novo pomenskost, biolos3ko ulinkovalnost,

Miselnost bitja je kot korteksna procesnost
razvijajocta od bitjevske zaploditve do njegove
smrti. Informaecija uravnava prek dednih zasnov
bioloS8ko rast bitja, nastajanje bitjevske bio-
loske substance, organov, bitja kot osebka,
uravnava pa tudi vse procese v tej substanet,
2ivljenske, prav za prav informacijske procese.

metaphysical. Therefore, a being which 18
thrown into the world, into its environment,
and into its existence, in one way or another,
is faced with the environmental pressure on
originating its information.

3
ce. "Wor" -~ in jenes Naechste, das wir
staendig wuebereilen, das uns jedesmal neu
befremdet, wenn wir es erblicken. ...
(Martin Heidegger: Aus einem Gespraech von
der Sprache, U2S, 99)
An information process or an information form

has the property of counter-Informing, which is
a special form of Informing. Information has
the property of processing, namely information

processing, which is, by itself, information.
Processing of information is information. In-
formation is coming into existence or Into

being by 1{ts own processing.
immanent to information and it
formation ittself; {t is an information activi-
ty, phenomenon of information development and
information variability. This processing of in-
formation is counter-Informing. Counter-infor-
mation comes into existence from Iinformation.
As information Informing or information proces-
sing acts on information, the consequence |is
new information and new processing. This is the
power and ability of information processing
within Information 1tself, Irrespective of
where Information i{s coming into existence. The
functioning of the property of counter-Infor-
ming can be observed in the simplest and most
complex processes of the living world, f{rom
molecules of life to the highest organisms.

Processing is
fs a part of in-

Molecules of life like DNA,
are information objects, i{nformation archives,"
and information machines simultaneously. They
diversely syntheslize new molecules on the basis
of stored information and molecular environmen-
tal states. In general, new molecules carry new
information and new reacting properties. Mole~
cular counter-Informing is not only a synthesis
mapping of a gene mutation, it Is also environ-
mentally dependent, not expected In an unknown
environment, and not foreknown. On the cell
level, information diversity is becoming even
greater. The appearance of new viruses, bacte-
ria, and cells having new organigation of in-
formation is non-foreseeable, Organisms respond
to pathological invadors by producing new immu-
ne and {mmunity storage molecules which are
able to recognige invadors and to organize neu-
tralization of them. These molecular processes
are closely connected with reading, recognizing
and transcribing molecular information, rear-
rangement of amino acids, or with the transla-
tion of this information by molecular synthe-
sis. Through these processes new molecules are
coming into being which have new information
being stored. A consequence of thls information

RNA, and proteins

dynamics 1is the development of existing, of
evolution, and of 1life. Development is the
essence of Informing and counter-Informing 1is

the nature of information development, of deve-
lopment from Information having a lower comple-
xity to information having a higher complexity
and also vice versa. This is a development into
a new meaning and a new biologic effectiveness.

The mind of a being is
development of the being's ecortices,
and other information processing
being's conception to its death. Here, informa-
tion which uses hereditary schemes is not only
controlling the arising and growth of biologilc
substance, organs and cortices of the being,

the
cortical
from the

more precisely



V korteksu ¢loveka doseze informaticnost
zavestni visSek, notran}i govor, ali uatancneje
zavestno notranje jezikovanje bitjevskega jezi-
ka, bitjevski protijezik, primerek protiinfor-
matic¢nega abstrakta bitja, njegove biti.

+.. Ostajajote v misljenju je pot. In poti
misljenja vsebujejo v sebi skrivnostnopol-
no, da jih lahko hodimo naprej in nazaj, da

nas celo Sele pot nazaj vodi naprej.

(Martin Heidegger: Iz razgovora o jeiiku.
uzs, 99)
Kaj je bitjevski jezik? Informacija bitja je

strukturirana oblikovno in pomensko, 2 bitjev-~
skoznacilno, individualno lingvistienostjo. Na-
stajanje bitjevske informaci jske strukturirano-
sti je brezkone nujno, pogojeno z imperativom
informaci jske nastajalnosti, razvojnosti. In-
formacijska jezikovnost bitja nastaja kot in-
formaci ja, kot odgovarjanje bltjevske procesne
informatiénosti na zunanjo, senzorsko informa-
ctjo in njenih posledic,
jevsko obnasanje v danem okolju. Ceprav okolje
spro2a nastajanje informati¢ne strukturirano-
stl, ostaja ta bitjevsko zna¢ilna, znac¢ilnost
bitja glede na njene poudarke, specifiéne obli-
kovnosti in pomenske svojskostli. V tem struk-
turnem Kkontekstu nastaja notranji jezlk, bit-
jevsko miselno ‘jezikovanje, bitjevska jezikovna
razvojnost. To je le ena izmed mogo¢ih predstav
o bitjevski ojezikovljenosti informacije.

Bitjevski jezik je primarna informaci{jska po-
javnost bitja, bistvo bitja, njegova sprejem-
ljivost, izrazevalnost oziroma obnaSevaljnost v
informacijskem kontekstu bitja in njegovega
okolja. Bitjevski jezik je voble veeplasten,
vecéglobinski, organiziran hierarhi¢no, struk-
turnoznadé¢ilno. Do tu je to bitjevski notranji,
miselni jezik. Od tu naprej se zadenja bitjev-
ski zunanji jezik, to je tisti jezik, s katerim
bitje informatizira svoje okolje in s katerim
sprejema svojo informatizacijo in s tem infor-
matizaci jo sebe iz okolja. Zunanji jezik bitja
je glede na njegov notranji jezik drugotenﬂ\ je
le vmesna sporazumevalna stopnja, informacijski
mehanizem med notranjim, v bitju .vdomljenim
jezikom in med zunanjo, bitju vtujeno pojavno-
stjo. Ojezikovljena informacijska vdomljenost
in vtujenost, njuna razmernost je med drugim
.izvirnost bitjevske protiinformatiénosti. Vtu-
jenost je imanentna zunanjemu jeziku, vdoml je-
nost notranjemu, razlika med obema jezikoma je
vselej bistveno informatizaci jska.

Zunaniji jezik bitja so njegovi
in seveda formalni jeziki
ki jih bitje uporablja pri
kovnem informatiziranju.

¢utni, naravni
okolja. To so jezlkli,

svojem <&utnhem-jezl-
vsi ti jeziki so dru-

gotni glede na notranji jezik bitja in bitje
jih uporablja v informacijskem Kkontekstu =2
drugimi bitji, s stroji in 2 okoljem.

svoj -

razpoznanih skozi bit-

n

" being

. structural context,

but also all processes in this substance and
processes of life, both of leh are actually
information processes. In tfe human cortex the
process of Informing is reaching .the highest
point of consciousness, the internal speech or
more precisely a conscious internal speaking of
a being's language, and a being's counter-
language, which is a case of being's counter-
information abstraction, of being's Being.

«++ Das Bleibende im Denken ist der Weg. Und
Denkwege bergen in sich das Geheimnisvolle,
dass wir sie vorwaerts und rueckwaerts gehen
koennen, dass sogar der Weg 2Zurueck uns erst
vorwaerts fuehrt.

(Martin Heidegger: Aus einem Gespraech von
der Sprache, UZS, 99) -

What s a being's language? Information of a
is formally and meaningly structured by
the being's characteristic, individual lingui-
stics. When coming into existence, a being's

information structure is probably a necessity,

which 1is conditioned by the impérative of the
growth and development of information. A
being's information lingulstics is coming into

existence as information, as the answering of a
being's Informing processing to external, sen-
sory information, and as sensory consequences,
which are recognized through a being's beha-
viour in a given environment. Even the environ-
ment is igniting the growth of the ({information
structure and this structure remains characte-
ristic of the being according to information
accents, specific forms, and meaning. In this
internal language, which is
a being's mind conversing with itself, and the
development of internal language are coming
into existence. But this is only one of the
possible models of being's information lingui-
stiles. N
A 'being's language is a primary information
phenomenon of a being. It is the essence of a
being, of a being's accepting, expressing or
behaving in its information context and in its
environment. In general, a being's language has
many layers and great depth, which is organized
hierarchically and is structurally characteris-
tic. Up to here, a being's internal language is
a language of thought. At this point, a being's
external language begins, by which a being is
informing its environment, receiving its own
Informing, and informing ftself from the envi-
ronment., In comparison with internal language,
the external language is a secondary affair,
which is only an intermediate step of wunder-
standing. External language, which is a being's
strange phenomenon, is an information mechanism
between the (internal language, which 1is a
being's native language, and the environment.
The relationship between linguistic information
domesticity and linguistic informstion strange-
ness is conditioning the originality of being's
counter-informing. Strangeness is immanent to
the external language and domesticity to the
internal language; the difference between these
languages Is always information essential.

Sensory, natural, and certainly formal langua-
ges of the environment comprise a being's exte-
rnal language. These languages are used by a
betng for its sensory-linguistie Informing. All
these 1languages have a secondary value accor-
ding to a being's internal language and s being
uses them mainly in an information context with
other beings, machines, and the environment,



_ janja

.+« pokazali bomo, kako lahko prehod iz ra-
cionalistiene v heideggrsko perspektivo ra-
dikalno spremeni nase pojmovanje racunalni-
kov in nase metode pri ractunainisSkem obliko-
VBN jU. «..

(Terry Winograd in Fernando Flores: Razume-
vanje rac¢unalnikov in spoznavanja: novi te-
wmelji oblikovanja, 37)

Kaj je informatizacija, ka] informatiziranje?
Informatizacija je najsplo8nej8i proces nasta-
informacije; ta proces je lahko samona-
stajalen, notranjeinformacijski, lahko je pa
tudi zunanjenastajalen, nastajajo¢ zaradi zuna-
njih, senzorskih informacij. Informatiziranje
je posledica informacije, ki spreminja sebe in
druge informacije na svoji poti, s svojo pro-
cesnostjo k novi informacilji.

V informacijski interakciji lahko bitja medse-
boj le informatizirajo; informatizacijskl pojav
med bitji je posledica veeékratnega preoblikova-
nja informacije v bitjih na poti do bitjevsklh
korteksov, kjer prihaja do opomenjena informa-
el jskih pojavnosti. Ko bitje sprejme sporocilo
prek svojega drugotnega jezika, prihajajocega
po  ¢Cutnih poteh, se to sporotilo-informacija
ne samo preoblikuje, povzroca tudi nastajanje
obrobnih informacij in njihovo integracijo v
kontekst prvotnega sporoc¢ila-informacije. Spre-
jemanje sporocila sproza v bitju nastajanje in-
formactje, informatizaci jo sporo¢ila, " njegovo
predelavo v bitjevski notranji jezik, skratka
regularno informatizacijo. Pri tem je za ragu-
mevanje sporoCila 8e kako pomemben informacli j-
ski kontekst v obliki notranjega modela sveta
{prepri¢anj, napovedi), ftlltrirnih in modula-
cijskih mehanizmov, ¢ustev in volje (trenutnega
obnasanja).

Bitja tako vsele] informatlzirajo in ne zmorejo
komunicirati v e¢istem pomenu. Komunikaclija bi
pomenila bolj ali manj natanéno sprejemanje
tujega misljenja, tuje zavesti po obliki in po-
menu. Taksen informacijski prenos informaecije
med bitji funkcionalno v informaci jsko procesi-
rajoei 2zivi substanci ni mogo¢, kar se ocitno
kaze 2e na ravni molekularne "komunikacije". To
kar bl bilo mogoc¢e razumeti kot komunikacijo na
korteksni ravni, je le Se zaupanje drugim bit-
jem, avtoriteti in pricevanju. Komuniciranje v
¢istem pomenu bi bilo abstraktno informatizira-
nje brez informacijskih primesi, kar pa zaradi

nevrofizioloSkega ustroja bitja ni mogodte.
Komunikaci ja pa je mogoc¢a med stroji in sporo-
¢ila so lahko zapisana na papirju v naravnem

ali formalnem jeziku tako na oddajni kot na
sprejemni strani. Komunikacija je Iinformact jsko
stabilen pojav, Vv celoti napovedljiv, pricako-
van; informatizacija je vobe¢e nenapovedljiva,
nepredvidljiva, svobodna, pogojena z ustrojem,
stanjem in pomenom bitjevskega notranjega jezi-
ka. Delno napovedljiva je le Iinformatizactja
ustrahovanega, avtoritarno vplivanega, Iindok-
triniranega, ideologiziranega, informacijsko u-
smer jenega, komunikac{jsko sprejeml jivega bit-
ja, ki svojo informatizacijo zakriva, jo podva-
ja, razceplja za razli¢ne uporabe. V tem prime-
ru je informatizacija Dbitja popacena, <zanj
izkrivl jena, patoloska. Ze na ravni molekul 2i-
vlijenja, npr. molekul imunskega sistema bitja
je mogoce razumeti, kako sta zdravje in bolezen
informacijska in predvsem tudi informaci jsko
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+o. we will show how shifting from a ratio-
nalistiec to a Heideggerlian perspective can
radically alter our conception ol computers
and our approach to computer design. ...

(Terry Winograd and Fernando Flores:
standing Computers and Cognition:
Foundation for Design, 37)

Under-
A New

what is Informing? Informing is the most gene-
ral process in whieh information is coming into
existence. This process can be self-developing,
internal information or it ean be external in-
formation which comes into existence as a con-
sequence of external, sensory information. By
processing itself into new information, Infor-
ming is a consequence of information, whiech is
altering the initial {nformation, itsel{, and
other information on its way.

In interactions among information, beings can
only inform each other. This Informing phenome-
non among beings is a conseguence of multiple
transformations of information on the way to a
beings' cortices, where the meaning of informa-
tion phenomena is coming into existence. When a
being receives a message in the form of 1its
secondary (external) language propagating on
sensory paths, this message-information is not
only being transformed, but it also causes the
growth of additional related information and
their integration Into the context of the ori-
ginally received message-information. Recei~-
ving a message fires the growth of informa-
tion, and brings new information into existen-
ce, which is the so-called message Informing.
More precisely, reception of a message trans-
forms the message Into the internal language,
and performs Informing as a regular way of
information. At this point, the information

context of the internal world model (beliefs,
forecasts), [filtering and modulating mecha-
nisms, and emotions and will {(instantaneuos

behaviour) are of essential
understanding the message.

importance for

Beings, incapable of communicating in a pure
sense, are always Informing. Communication
would be more of less the exact receiving ol a
sirange thought or of a strange consciousness
by form and meaning. This type of information
transfer among beings in their processing sub-
stance of living information cannot be resali-
zed; this is becoming evident even on the level
of molecular "communication™. That, whieh s
possible to understand as communication on the
cortical level, {8 only the confidence of a
being to messages coming from other beings,
authority, and persuasion. Communication in a
pure sense is an abstract Informing without
information additions. This way of Informing is
not possible because of the neurophysiological
structure of a belng. Pure communjcation can be
realized only among machines. Messages, which
can be exchanged between machines, are written
in a natural or a formal language. Communi-
cation 1is an information stable phenomenon,
which can be forecasted and expected in its
whole. Informing, in general, cannot be foreca-
sted or foreseen; It Is free and conditioned
only by its structure, state, and the meaning
of a being's internal language. Only the Infor-
ming of a being which s fearful, asauthority
influenced, 1indoctrinated, idealized, informa-
tion directed;, and communicéation acceptable can
be partly forecasted, ' when this Informing fs
partly hidden, duplicated, and split for va-
rious usage., In this case, the Informing of a
being is distorted, bent, and psthologically
processed in {tself. On the level of living mo-



pogojena organizacijska
celie, njihovih populacij

problema
in okolij.

bitjevskih

Informatizaci ja, ki
proces informatiziranja ali
ces, je tudi sama informacijska, je tudi sama
informacija za sebe in za druge informacije.
Kaj je v bistvu s to formulo nakazano? Informa-
tizacija, ki je informaeijski proces za nasta-
janje informacij iz informaci| v najsirSem po-
menu, lastnoinformacijskih, tujeinformaei jskih,
okoliskih, se tudi sama razvija, nastaja iz te-
ga, kar jo informacijsko zadeva, v to, Kar z
njeno transformati¢nostjo in njeno nastajal-
nostjo nastaja., 2 informacijo nastaja tako
hkrati tudi njena informatizacija, nastaja tudi
nastajanje informacije. V tehnolosSkem jeziku bi
to pomenilo, da s transftformacijo podatka v nov
podatek nastaja tudi transformacija te njegove
transformacije. Zaradi te lastnosti je dosezek
informatizacije v bistvu obitajno nenapoved-
1jiv; informacijsko nastajanje je nenapovedl ji-
vo in sama napovedljlvost v informaciji je
nastajajocta ali biolosko prilagajajoéa. Bitje
je informacijski stroj za prezivljanje. Tehno-
loskemu stroju manjka celotna informati¢nost na
aparaturni in programski ravni, v njegovi mikro
in makro strukturi. Tehnoloski stroj ni v nobe-
ni svoji komponenti funkecionalno informacf jski,
8e ni informacijski stroj.

razvija informaeijo, ki je

informacijski pro-

Informatizacija bitja
bioloskim spocet jem.
svoje injecialne

se zalenja 2
Vsaka informatizacija ima
informacije iz katerlh se kot
informacijska lastnost razvija v . 2lvi, ‘
prirejeni, z njo vplivani nastajajo¢i substan-
ci. Bistvo bitja, njegova smiselnost, slastnost
2ivljenja je njegova informatizacija: 2z njo se
v bitju razvija informacija in informacijsko
orodje =za nastajanje informacije, ki je tudi
samo informacija. 2Za informatizacijo je v sle-
hernem trenutku inicialna vsa v bitju tn vanj
prihajajota tenutna informacija. Spotetje samo
je le zacetek nastajanja informatizacije zarod-
ka, ki se skupaj s svojo informatizaecijo sub-
stanéno, biolosko razvija. Bit informacije je
zajeta v Informatizaciji; v njej je vse, kar Je
informacijsko relevantno, kar z informatizacl jo
lahko nastane. Informatizacija je tako informa-
cijski potencial in informaci jski eksistencial.

njegovim

Ker Je informacijski potencial tinformacijsko
neomejen, saj je v njem vsebovana vsaka mo2na
in 8se nemozna informaelja, nastaja vpraSanje,
kaj je informaecijsko nemogoc¢e. Informacija se
naposled sooti s svojo smrtjo, natantneje 8
smrtjo bitjevske informaclje. 8Smrt namre¢ ome-
juje Dbrezkoneéno nastajanje informacije kot
bitjevske informacije. Informacija se kot po-
javnost 2ivega soofa s svojo posebno informa-
cijsko obliko, ki je tesnobnost konénosti. Smrt
je konénost, prenehanje, 1izginitev, umrtje
bitjevske informatizacije, je meja, do katere
informatizacija lahko nastaja s svojimi infor-

macijami. Bivanje je torej informatizacijsko v
sebi in drugih. Tu velja: le dokler informati-
ziram, sem.

njej.
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lecules, e. g. molecules of the immune system,
Informing s also unforeseeable. Here, it is
possible to understand how health and disease
are information dependent and how they are
information conditioned problems of the organi-
zation-of a being's cells, of cell populations,
and of the environment.

Informing, which develops information, which in
turn is a process of Informing or an informa-
tion process, 18 also information by itself and
for other information. What is the meaning of
this formula? Informing, which is an informa-
tion process for information coming into -exi-
stence in the broadest sense, {. €. own, stran-
ge and environmental information, Is also deve-
loping and coming into existence from every-
thing which {8 information relevant. By its
transformations, Informing's coming into exi-
stence is coming into existence. Simultaneous-
ly, through information, Informing which |is
caused by information ls coming into existence
and therefore, also the coming into existence
of Information s coming into existence. In
technological language, this would mean that by

the transformation of data into new data, also
the process of data transformation is coming
into existence, Because of this property, the

result of Informing cannot actually be foreseen
in a usual way. Information coming into exi-
stence cannot be forecasted because forecasting
within iInformation is coming into existence or
adapting biologically. A being is an informa-
tion machine for survival. 1In technological
machines, the property of informing on a hard-
ware and software level iIn elther a technologi-
cal micro or macro structure is not .currently
present. No component of a technological machi-
ne is functionally "information-like", |. e. a
technological information machine does not yet
exist.

A being's Informing has its roots in its biolo-
Zic conception. Each Informing has its own
inttial information, from which it develops and
adapts according to the information property
in 1life and by this property the developing
substance s I{nfiuenced. The essence of a
being, .the being's sense, and delight of its
life {8 the being's Informing. In a being,
information and informatlion tools (which are
also information) for information development
are coming into existence through Informing.
For Informing, the entire information of a
given time realm which is both existing in a
being and arriving to a being is initial. Con-

ception 1is only the beginning of Informing as’
it comes into existence in the embryo. So, the
embryo is developing together with its own
substantial and biological Informing. The In-
formation Being is included in Informing. In-

forming contains everything which is informa-
tion relevant and all that comes into existence
through Informing. By this, Informing is infor-
mation potential and information.existence.

Because the information potential has no infor-
mation 1limits and because it includes both all
possible and impossible information, the ques-
tion which arises is, what information is im-
possible. Eventually, information is being
faced with its death or more precisely, with
the death of a being's information. Namely,
this death is limlting the unlimited informa-
tion which is growing as a form of 'a being's
information. As a phenomenon of life, informa-
tion s faced with a particular information
form, whieh §is the anxiety of the end. Death is
the '‘end, the ceasing, disappearing, and dieing
of a being's Informing. It is the limit, to
which 1Informing by its information comes into
existence. Thus, a being, Being, and existing
are all Informing in themselves and in others.
Hence, the following is essential: as long as'a
being is informing, it is being.



... -Nas Japonce ne zactuduje, e&e puSca pogo-

vor dejansko mi§ljeno v nedoloénem, celo po-
vratno skriva v nedoloéljivo, ...
(Martin Heigegger: [z pogovora o Jezliku.
uzs, 100)
Kaj je informacijskl stroj? 2Zakaj se kajstvo
stroja tu sploh pojavlja? Kak8na je v okviru

tega vpraSanja bistvenost Informaci jskega?
DanaS8nji rac¢unalnikl
arhitekturni in podatkovni
gieni in algoritmiéni strukturiranosti svojih
modulov, v organizacijl svoje ftizi¢ne, logic¢ne,
abstraktne in programske strukture. Rac¢unalniki
50 3 tem 2e dosegli zgornjo mejo t. |. informa-
cljske stati¢nosti, podatkovnostl, katere viSek
je strojna abstraktnost in jezikovna formalnost
racunalniske uporabe. Danasnji racéunalniki so
primernf za reSevanje problemov informaci jske
stati¢nosti, podatkovne dinami¢nosti, informa~-
c¢ijske trdnosti, ki obsegajo tudi danaSnje kon-
cipiranje paralelnih racunalniSkih sistemov,
paralelno procesiranje, umetno inteligenco,
ekspertne sisteme, pa tudi novogeneracijsko
tehnologijo 2z visoko integracijo, staticno
aparaturno arhitekturo itd. Visek danasnje upo-
rabe statienih informacijskih strojev predstav-

so dosegli svoj visek v

rekurzivnosti, v lo-

ljajo formalni (programirni) jeziki, ki so se-
veda bistveno reducirani jeziki{ ga opisovanje
bistveno informacijsko reduciranih problemov.

Ti formalni jezikl
darne jezike,
tenjski jeziki,

s0o glede na bitjevske sekun-
kot so naravni, mimleni in kre-

le nekasnji ne-jeziki, brez-je-
¢ziki, slepi jeziki, le tehniéna orodja, ki jih
bitje lahko wuporablja tako, kot vsa drugs,
vsakdanja priroeéna orodja.

S pojavitvijo umetne inteligence in kasneje s
projekti novih racunalniskih generaclj je sto-
pilo v ospredje vpraSanje t. 1i. inteligentnih
strojev in inteligentnih programov. Siroki vi-~
diki inteligence pa prav gotovo in ¢edalje bolj
o¢itno posegajo na podro¢je informacije, infor-
maci jske oblike, informacdijskega procesa, cetu-
di se veckrat! reducirajo na nekaj, kar se vse-
skozi opravieuje kot zgolj umetno, kot umetna,
nenaravna, neinformact jska inteligenca. Inteli-
genca pa je po svoji naravi vsaj informact jsko
dinami¢en pojav, znac¢ilna informacijska oblika
v 2ivem. Podatkovna ali "umetna" intelligenca
danasnjih strojev in programov je le statiéna,
algoritmicéna inteligenca, v bistvu ne-intell-

genca, brez-inteligenca ali znac¢ilna slepa in-
teligenca.

V okvir vpraSanja inteligence spada tudi

vpra-
sanje jezika, ki

je veeplastno In raznovrstno.

Jezik je abstraktni pripomotek uporabe danas-
njega in jutriSnjega stroja, danes predvsem
formalnega, brez~-inteligentnega stroja, jutri

pa inteligeneénega oziromsa sploSneje informact j-
skega stroja. Obstaja ve¢ ravni, plasti jezi-
kovne predstavitve v stroju, saj ima danaSnji
stroj svojo fizikalno, logiéno in abstraktno
strukturo. Ceprav je strojna fizikalna struktu-
rs ena sama, so v tej strukturi mo2ne razlié¢ne
jezikovne predstavitve,"predstavitvena vgnezde-
nja, ki so na najni2zji ravni fizikalnoprocesne,
na nekoliko visji ravni logiénoelementarne in
naposled jezikovnoabstraktne. Naértovanje stro-
jev mora obvladovati vse te ravni, na abstrakt-
ni ravni{ pa mora upoStevati{ zlasti mo2nosti
strojne uporabnosti, tj. strojne in uporabniske
jezikovnosti, njune zdruzljivosti.

14

++. Uns Japaner befremdet es nicht, wenn ein
Gespraech das eigentlich gemeinte im Unbe-
stimmten laesst, es sogar [{ns Unbestimmbare
zurueckbirgt. ...
(Martin Heldegger: Aus einem Gespraech von
der Sprache. UZS, 100)

What (s an information machine?
querying whlch concerns this
into existence at all? What
information in this context?

Why is the
machine coming
ifs the essence of

Present-day computers have attained their ze-
nith in architectural and data recursivness,
logical and algorithmical structure of their
functional modules, and in the organization of
their physical, logical, abstract, and program-
ming levels, Thus, computers have reached the
upper limit of the so-called information sta-
tics or data processing, whose culminating
points are the machine abstraction and language
formality of computer usage. Today's computers
are sujtable for solving problems of informa-
tion statics, data dynamies, and information
solidness, all of which embrace today's design
of parallel computer systems, parallel proces-
sing, artiffcial intelligence, expert systems,
and also new generation technology using very
large scale integration, static hardware archi-
tecture, etc. The highest point of statie in-
formation machine usage is formal (programming)
languages. These are of course essentially re-
duced languages and they only describe problems
whose essentlial information is reduced. With
re-gard to a being's secondary languages, e. g.
natural, mimie¢, and gesture languages, formal
languages are only examples of non-languages,
crippled~languages or blind languages. They are
only technical tools, which a being can use
like other everyday skillful tools.

With the merging of artificial intelligence and

current projects on new computer generations
the question of the so-cslled intelligent ma-
chine and ({ntelligent program came -into the
foreground. Broad aspects of intelligence are

certainly more and more drawn into the realm of
information, {information form, and information
process. However, they are repeatedly being
reduced to that which is continuously being
exculpated as only an artificial, non-essen-
tial, and non~information intelligence. But in-
telligence in {ts nature is at least an Iinfor-
mation dynamic phenomenon and a characteristic
information form of life. In thelir nature, data
or "artificial" intelligence of today's machi-
nes represent only non-intelligence, crippled-
intelligence or characteristically blind intel-
ligence.

The framework of intelli{gent problems also con-
cerns the language problem, which is a multi-
layered ‘'and heterogeneous one. Language is an

abstract resource of today's and tomorrow's
machine usage; today it i8 a tool for (formal
and semi-intelligent machine usage, but tomor-

row it will be for Intelligent or, more gene-
rally, for information machine usage. There are
several levels and layers of language represen-
tation.in a machine, bDecause today's computers
have their physical, logical, and abstract
structure. Though each machine has only one
physical structure, in this structure several
language representations and presentation em~
beddings are possible. On the lowest level are
physical processes, on a higher level logical
elements and at highest level language abstrac-
tions. Not only must the design of machines
master all these levels, more importantly it
must consider the the possibillities of machine



Problem nastajanja informacijskega stroja je v
postopnem prehodu iz tehnologlje danasSnjega po-
datkovnega, ne-informacli jskega stroja na tehno-
logijo jutrisSnjega informaeijskega, intellgen-
tnega stroja. Fizikalno strukturo informaeclj~
skega stroja je mogoc¢e Se zZnatno dopolniti =2
raznovrstnimi novimi fizikalnimi elementi pa
tudi 2z (bioloskimi) nadlogie¢nimi elementi. V
fizikalni strukturi danasnjih strojev se pojav-
l1jajo prete2no prevodnis8ki 1in polprevodniski
elementi stati¢éne, stablilne narave, manj pa
magnetni in elektromagnetni elementi dinamiéne,
nestabilne narave (dinami¢ni prenosniki, ante-
ne, valovodi), molekularni elementi (DNA, RNA,
proteini, encimi) In tudi visj!l biolosk! meha~-
nizmi (celiéni, cellénopopulact jski).

Celo tako majhen organizem kot je érv z
nekaj sto nevroni, je visoko strukturiran in

vecji del njegovega obnaSanja je posledica
vgrajene strukture, ne ucéenja. ...

{Terry Winograd in Fernando Flores: Razume-
vanje racunalnikov in spoznavanja: novi te-

melji oblikovanja, 103)

Y okviru informati¢nosti
mogoce oblikovati ve¢ bistvenih vprasanj. Novi
ratunalniki lahko postanejo informacijski v
vseh svojih strukturah; te strukture so fizi-
kalne, logictne, abstraktne in jezikovne. Zna-
¢ilni- pomen informati¢nosti se skriva v infor-
maci jskl dinamieénosti, spremenljivosti, tudi v
umetni nekonstantnosti, nedolo¢ljivosti . teh
struktur. Dinamiénost nasStetih struktur je mo-
gote dosegati z dinamicnostjo na najnizjli stru-
kturni ravni, tj. z dinamieéno fizikalno struk-
turo stroja. Tu se seveda (vsaj zaenkral) ne
more pojavljati
to praktiéno, tehnolosko Se ni mogode, je pa
lahko umetno tako, da temelji na funkecionalnem
vkl jucevanju in izkljuctevanju posameznih fizi-

stroja prihodnosti je

eénih elementov in podsistemov, pri ¢emer . sta
vkl jucevanje in izkljuéevanje krmiljena s sig-
nall, podatki, sporo¢ili na razliénih struktur-

nih ravneh. Na ta nadin bi bilo mogote 2e danes

konstruirati signalno odv[sno strukturo racu-
nalniks podobno, kot se to predlaga za paralel-
ne superracunalniske arhitekture, vendar le Zza
mrezno komuniciranje. .

Informaci jsko krmiljenje fizikalne. arhitekture
je v bistvu modeliranje dinamiéne strojne arhi-
tekture s preklapljanjem na najnizji ravni in s
tem tudi na logieni in abstraktni (ukazni,
zbirniskojezikovni) strojni ravni. Informaclj-
ski stroj potrebuje tudi dinamiéno jezikovnost,
"to pa je lastnost, ko se jezikovno izra%eni
programi lahko pomensko oziroma problemsko mo-
dificirajo v procesu svojega 1izvajanja. Ta
princip dinami¢ne programirljivosti programov
je nekje v nacelnem nasprotju s principi t. 1.
dobrega ali strukturnega programiranja, ki je
programiranje z vgrajevanjem permanentne infor-
macj jske slepote. To, kar naj bi postalo infor-
macijsko programiranje, se mora Kkonceptualno
sele razviti skupaj z orodji, ki bodo omogocala
preizkusSanje in uporabo informaeijskih progra-
mov.

nastajanje fizikalne strukture;.

applicability on the lnngudge abstraction le-
vel, 1i. e. compatibilities of machine and lan-
guages has to be taken into account.

The problem of designing an information machi-
ne lies In a step by step transition from
today's data and non-~information machine into
tomorrow's information and intelligent machine
technology. The physical structure of an infor-
mation machine can be improved considerably by
various new physical components and also by
higher logical (biological) elements. In the
physical structure of today's machine, conduc-
tor and semiconductor elements of static and
stable nature are predominant, In future machi-
nes also magnetic and electromagnetic elements
of a dynamic and unstable nature (dynamic tran-

sducers, antennas, and wave guides), molecular
elements (DNA, RNA, proteins, and enzymes), and
higher biological mechanisms (cell and cell

population-like) have to be applied.

... Even an organism as small as a worm with
a few hundred neurons is highly structured,
and much of its behaviour is the result of
built-in structure, not learning. ...
(Terry Winograd and Fernando Flores:

standing Computers and <Cognition:

Foundation for Design, 103)

Under-
A New

In the framework of future machine
several
chines
like)

Informing,
important questions may arise. New ma-
can become informative (information-
in all their structures, which are physi-
catl, logical, abstract, and linguistic ones.
The characteristic meaning of Informing 1is
hidden in the information dynamies, variabili-
ty, artificial non-constancy, and non-determi-
nation of these structures., Dynamics of these
structures can be achieved through dynawics on
the lowest structural level, i. e. by the dyna-
mic physical structure of a machine. At this
level, an arising of physical structure is not
possible (yet)., Such an arising is practically
and technologically impossible, but it can be
artificially constructed by the funectional
switehing-on and switching-off of particular
physical elements and subsystems. Here, switch-
ing is controlled by signals, data, and messa-
ges on different structural levels. In this
way, even today it would be possible to con-
struet a signal dependent computer architec-
ture, which could be similar to some proposals
of a parallel supercomputer with dynamic archi-
tectures,

Information econtrol of a physical architecture
is more precisely the modeling of dynamic wma-
chine archlitecture using switching on the 1lo-
west structural level, In this way the logicsal
and abstract machine level (instructions, as-
sembly language) become dynamice¢. But an infor-
mation machine also requires dynamic 1lingui-
stics as a property, where linguistically. ex-
pressed programs can be meaningly and problema-

tically modified in the process of their ma-
‘chine execution. This principle of dynamic
programming for information programs 1is 1in

fundamental opposition to the principles of the
so-called good or structured programming, which
requires programming with a permanently buflt-
in information blindness. What is termed as
information programming has to be developed

together with the tools which will enable the
testing and application of information prog-
rams.

An information machine ean have its pseudo-in-
formation structure and thus, logical and ab-
stract structure, in which Information-like



informaci jski stroj ima lahko psevdoinformaci j-
sko fizikalno in s tem logiéno in obstrakino
strukturo, s katero sprejema v izvajanje Infor-
maci jsko izrazene programe, ki so lahko napisa-
ni v novih, se neznanih generativnlh programir-
nih jezikih. Ti novi jeziki ne morejo biti vee
znatilno formalizirani, kot so danasnji progra-~
mirni jeziki, saj morajo dosegati neformalnost,
oblikovnost in pomenskost na ravnl naravnlh je-
zikov., Informacljska fizikalna struktura naj bl

bila obogatena 2z raznovrstnimi logiénimi 1in
analogizmienimi (iz grSkega ana-logismos) ele-
menti tako, da bo delovala kot dinamiéna arhi-
tektura.

8
<+« hermenevtiZni krog. ... Kar rszumemo, je
utemel jeno s tem, kar 2e znamo in kar 2e
znamo, prihaja iz sposobnosti razumevanja.

(Terry Winograd in Fernando Flores: Razume-
vanje racunalnikov in spoznavanja: novi te-
melji oblikovanja, 30)

Kdo bo lahko prvi zgradil informaci jski stroj?

Kak8ne osnovne raziskave bodo pri tem potrebne?
Kaksna je lahko nova tehnoloSka podlaga?

Na ta vprasanja je bilo delno 2e odgovorjeno.
Informaci jski stroj bo imel vsekakor dinamiéno
fizikalno strukturo, s tem pa bosta postali di-
namiéni tudi njegova logictna {in abstraktna
struktura. Dinamiéna fi1zikalna struktura bo do-
volj enakomerno porazdeljena v celotnem tehno-
loskem kompleksu informacijskega stroja. Na do-
locen naé¢in bo porazdeljen skladno z dinamiéno
logieéno strukturo tudi pomnilnik, saj je pom-
nenje (spominjanje) bistvena lokalna lastnost
2ive informacije. Ko bo informaci jski stroj en-
krat =zgrajen in eksperimentalno razpolo2ljiv,
bodo omogo¢eni nekateri fundamentalni informa-
cijski preizkusi, kjer se bodo lahko pokazale
specifi¢nosti informacljske programske opreme.
Novi programi bodo informaci jski In generirali
bodo vobee procese s povratniml vplivi na pr-
votno, <zaéetno, fzhodise¢no pomenskost progra-
mov. Pomen programa se bo med njegovim jzvaja-
njem spreminjal, naraScal, kreil, nastajal v
odvisnosti od lastnega izvajanja in od paralel-
nega izvajanja drugih programov. Podatki, ki
bodo nastajali 2z izvajanjem informaclijskega
programa, bodo kot signali, vrednosti in sporo-
¢ila krmilili dinamieéno izvajalno strojno arhi-
tekturo. Informaci jski stroj se bo z izvajanjem
informacijskih programov postopno priblizeval
temu, kar bo podobno nastajanju informaclje v
2ivi substanci. Tak8en informacijski stroj bo
lahko le rezultat skupinskega dela filozofov s
podro¢ja informacije, tehnologov z novih podro-
elj fizike in biologije, izvedencev za logiéno-
tehnolosko na¢rtovanje informacijskih arhitek-
tur, programerjev za informacijsko programira-
nje itd.

Osnovne raziskave za izdelavo ({nformacijskega
stroja bodo obsegale (flozofijo, nove' teorijo
in tehnologijo informacije, filozofijo tehnolo-
8ko in realizac|jsko mogotega, raziskave orodij
za nacértovanje dinamiénih achitektur in ze
razvoj generativnih programov. Prt tem je po-
trebno poudariti, da bo dinamiéna arhitektura
po svoji naravi paralelna, da bo omogocala
potencialno neomejeno izvajanje paralelnih pro-
cesov in da bodo generativni programl pri svo-
jem izvajanju povzroeali zacenjanje (nastaja-
nje) novih paralelnih procesov. Procesnost
arhitekture in procesnost paralelnega program-
skega izvajanja bosta vobeée nepredvidljivi;
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* tures,

programs can be executed. The information pro-
grams would be written in new languages which
are generative and today still unknown. These
languages cannot be characteristically forma~-
lized, as are today's programming languages,
because they must achieve non-formality, sha-
ping, and meaning. These properties are also
found in natural languages. The information-
like physical structure has to be enriched by
various logical and analogismic (from GQreek
ana~-logismos) elements, in order to function as
a dynamic architecture.

hermeneutic circle. ... What we under-~
stand is based on what we already know, and
what we already know comes from being able
to understand. ...

(Terry Winograd and Fernando Flores:
standing Computers and Cognition:
Foundation for Design, 30)

Under-
A New

Who will be the first to have the capability of
building an information machine? Which fundsa~-
mental research will be necessary for the im-
plemetation of such a project? What will be the
new technological foundation?

Partial answers to these questions have already
been given. As stated, an Information machine
will have a dynamic physical structure and this
structure will sufficiently be distributed

equally within the entire technological strue-
ture of this information machine. In a similar-
ly determined way, according to the dynamic

logical structure, the memory will be distribu-
ted. This distribution of storing (memorizing)
is as essential in the machine as it is in
llving Information., When an information machine
is already built and experimentally funetio-
ning, some fundamental information experiments
will become possible. Thls will bring partiecu-

lar characteristics of |Information software
into view. New programs will be Information-
like and, 1in general, they will generate pro-

cesses which have a continuous influence on the
meaning of the program at {ts original starting
point. The meaning of & program will be al-
tered, 1incressed, and contracted, i. e. aris-
ing~dependent in the parallel execution of this
and other programs, By means of signals, values
and messages, data which arises during the
execution of an information program will con-
trol ‘the dynapic machine archltecture. 1In exe-
cuting information programs, the information
machine gradually approaches a state which s
similar to information coming into existence in
a living substance. Such an information machine
will only be the result of co-operation among
philosophers developing information philosophy,
technological engineers applying new components
of physics and biology, experts for logical-
technological design of information architec-

programers for information programming,
ete.

The basic research for the implementation of an
information machine will comprise new philo-
sophy, theory, and technology of information.
Also a new philosophy In regard to information-
like, technological, and implementational fea-
sibility 1is needed. Lastly, new research of
tools for dynamic architecture and generative
program design, etc. ls necessary. Here, [t is
important to point out, that the dynamic archi-
tecture will be paralleled, thus enabling both
8 potentially unlimited exeeytion of parallel
processes and the execution of generative prog-
rams which will cause the arising (beginning)
of new parallel processes, In general, archite-




informacijski stroj se bo s to svojo lastnostjo
lahko ¢edalje bol} priblizeval mehanizmom 2ive
informacije.

Tehnolos$ka osnova informacijskega stroja bo v
marsitem inovativna. Uporaba elementov fizlike
trdne snovi (prevodniki, polprevodniki, magne-
tika, elektromagnetno polje, supraprevodnost,
molekularni in kvantni pojavi itd.) in biolos~
kih substanc bo omogo¢ila potrebno funkcionalno

raznovrstnost na fizikalni in logieéni ravni in-
formaci jskega stroja.
]
.. Inteligenca je del informacije, njen bi-

stveni mehanizem:
zganske funkcije,
informaci jski

tako narekujejo visje mo-
visja oblika informacije v
hierarhiji. ...

(Anton P. 2eleznikar: Razvoj nesposobnosti,
P12)
Kaj je inteligenca drugega kot informatiénost?
Kaksna je posebnost inteligence kot informaei-
je? Ti vpraSanjl sta nujni, ko je potreben
odgovor, kaj Je inteligenca v 2ivem in kaj naj
bi-bil inteligenten stroj.

Inteligenca Je poseben informacijski proces, ki
nastaja kot posledica dane problemske nastajal-
.nosti, v kateri se problem razreSuje. Inteli-
genca je problemskoresevalni informaeci jski pro-
ces, katerega informacije se uporabljajo za
problemsko reagiranje oziroma za obnasanje bi-
tja v problemski nastajalnosti. Inteligenca je
problemskoreaktivna informacija in njen smisel
je, da k danim vhodnim ali zac¢etnim informaci-
jam generira novo, od problemske in bitjevske
informaci je odvisno protiinformacijo, kil nasta-
ja z razvojem problemske zavesti in s problem-
skim razvojem v realnem ¢asu.

Iinformacija brez inteligence v bistvu ne bi
bila veeé tista znaéilnost, ki je lastna prav
informaciji. Ce je smisel informacije njeno in-
formatiziranje, je smisel inteligence v infor-
macijl neko problemskoreSevalno in ¢iljnousmer-
jeno informatiziranje. vVendar, kaj pa je infor-
macija drugega, kot prav to, kar je {nteligen-

¢na zna¢ilnost? Alt ni 2ivljenska vloga inte-
ligence kot informacije v pre2ivljanju, v ob-
stoju in razvoju bitja? Inteligenca se tedaj

pojavlja kot informacijsko smiselna oblika same
informacije, katere smisel je prejle opisano
informatiziranje v osnovnejSem, sploSnoinforma-
cijskem informatiziranju.

Inteligenca v 2ivem je strategiija
Strategija je
usmer jevalna,

prezivetja.
razuml jena vselej kot vodilna,

nadzorna, obeutljliva, ciljnous-
mer jena, problemskoresevalns informacija. Smi-~
sel inteligence je nastajanje dolotenega infor-
maci jskega kompleksa, s katerim se aktivirajo
podinformacije in dovolj splo3na informaecija
bitja, 2 njimi pa se dosegajo trenutne, intell-

‘geneéno smiselne informacije; te spro2ajo ustre-
zno bitjevsko pre2ivetveno obnasanje. Prav tu
pa se kaze, kako je inteligenca informaci jska
regularnost, vrezenost v informacijsko strukturo
bitja na razlienih informaeijskih ravneh te
strukture, od perifernega 2ivénega sistema do
bitjevskih korteksov.

Inteligenca lahko tedaj nastaja le kot informa-
ciia, ja znac¢ilno nastajajo¢ informacti jski po-
jav. Inteligenca ne more nastajati in s tem ob-
stajati kot nastajanje, ¢e nima informact jsko
nastajajote podstati. Ta razmislek je potreben
zaradi tega, ker je nemogoce govoriti o pojavu
inteligence, ¢e niso izpolnjeni osnovni pogoji
informaci jskega nastajanja. Hierarhija inteli-
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cture processing and processing
programs will be unpredictable. Through these
properties, an information machine will conti-

nue to approach the mechanisms of living infor-
mation.

of parallel

Intelligence is a part of information,
an essential information mechanism which is
commanded by higher cerebral functions, hi-
gher forms of information in the information
hlerarchy. ...

(Anton P. Zeleznikar: Development of Incapa-
bility, P12)
What

is intelligence other than Informing? What
is the peculiarity of intelligence as informa-

tion? These questions are indispensable when
addressing such questions as: what is intelli-
gence .in 1living beings and what should the

intelligent machine be.

Intelligence is a particular information pro-
cess which comes into existence as a consequen-
ce of a given problem phenomenon within whieh
the problem is being solved. Intelligence is a
problem solving information process, where
ipformation Is being used for problem reacting
or a being's behaviour in an arising problem.
Inteliligence 1{s problem reactive information
and its purpose is to generate new problem’
information and counter-information from given
input or beginning information. This counter-
information arises through the development of
problem awareness and problems arising in a
real time domain. :
Information without intelligence would no
ger be the characteristic way which is
to information. If the essence of
is in its Informing, then the essence of intel-
ligence within information is in problem sol-
ving and goal directed Informing. But, what can
information be other than what 1is primarily
characteristic for intelligence itself? Is the
role of Iintelligence Iin life not like a being's
survival, existential, and developmental infor-
mation? Evidently, intelligence is an informa-
tion-essential form of information, whose esse-
nce was described as Informing within a more
basic and general Informing of information.

lon-
proper
information

Intelligence in life is a strategy of survival.
A strategy can always be understood as "lea-
ding, direeting, supervising, sensitive, goal-
directed, and problem solving information. The
essence of intelligence is arising from a par-
ticular information complexity, by which & be-
ing's sub~-information and sufficiently general
information are activated. This information has
access to temporal and intelligence related
information, which triggers the being's survi-
val behaviour. At this point, it can be shown
how intelligence is becoming a being's informa-
tion regularity and is beling thrown into the
information structure on different information
levels within this structure, 1. e. from the

peripheral nervous system to a being's cor-
tices. -

Thus, intelligence coming Into existence only
as an information process is a characteristi-
cally regular information phenomenon. Iintelli-
gence cannot asrise and exist as arising if it
does not have an information-like arising sub-
stance. This consideration is necessary, be-
cause it is not possible to speak about the
phenomenon of intelligence if some basic con-
ditions of information arising are nol present.

o



genénega nastajanja je teda) tale: najp}ej na-
stajanje informacije in Sele v okviru tega na-
stajanja nastajanje inteligence.

Dokler t.  i. inteligentni stroji niso informa~
eijski, je tudi nemogoce govoriti o njih kot o
inteligenénih strojih. To so le stroji, katerih
avtorji si 2elijo, da bi ti strojt imell videz
inteligenénosti, da bi zbujali vtis in v dolo-
tenih primerih reagirali podobno, kot inteli-
gentna bitja. Umetna inteligenca, ki je trdno,
algoritmie¢no in interaktivno domlsljano znanje,
pri tem ne more bistveno inteligene¢no napredo-
vati, saj formalizmi matematizaclje (npr. dre~
vesologije, kombinatorike), algoritmizacije
(neinformaci jskega programiranja oziroma struk-
turirne programirne metodologije) in interak-
tivizacije (povezave stroja in bitja) v umetno-
inteligenenih procesih niso informacijsko na-
stajajoei, so le static¢ne strojne zmogl fivosti.
Umetna inteligenca bo morale najprej razbiti
svoje vrednostne tablice in naplisati nove, do-
2iveti svojo dekadenco in prezivet! svojo inte-
ligenéno krizo in sestaviti novo osnovo, da se
bo lahko dejansko ukvarjala s problematiko, ki
je inteligenéna. To pa se bo v skladu z razvi-

jajoeo informacijo lahko zgodilo v naslednjih
sto ali tisoe¢ letih.

10
Pri pisanju tega ¢lanka v slovensé¢ini sem na-

stajajocte besedilo prevajal tudi. v anglescino,
v kateri{ pa sem si dovoljeval le uporabo velja-
vnih angleskih besed, ki se nana8ajo na
informacijo in njene izpeljanke (The Oxford
Dictionary). Seveda pa angleSkl prevod ne bi
dosegel jezikovne =zadostnosti in vsebinske
pretanjenosti brez pomo¢i Johna D. Freyderja,
filozofa po izobrazbi. 2 njim sem pri lekturi
svojega prevoda lahko tudi ragpravljal o vse-
binsko problemati¢énih delih rokopisa. 2Za ta
njegov bistveni prispevek se mu hvalezno zahva-~
ljujem.

Andrej Bekes je prevedel povzetek teka ¢lanka v
japonseino. Tudi njemu {zrekam svojo zahvalo.
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So, some hlerarchy or embedding of intelligence
arising exists. Fundamental to this hierarchy
is informatifon arising and within this arising
is the arising of intelligence arising.

As long as the so-called itntelligent
are not information-like, it is not possible to
speak about them as being intelligent., These
are only machines, whose designers wish to give

machines

them an image of intelligence, to awaken im-
pressions and In some way to have them react
similarly to intelligent beings. Artificial

intelligence, which is a hard, algorithmic, and
interactive discipline, cannot make any essen-
tial progress into real intelligence. Forma-
lisms of mathematics (e. g. tree-methodology,
combinatorics, fuzzy sets, etc.), algorithms
{non-information or structured programming me-
thods), and Interaction (man-machine communica-
tion) which are used in artificlal intelligence

processes have not the nature of arfising, and
thus are not information-like. They are only
performing as static machines. First, artifi-

cial intelligence has to break its hard tablets

of wvalue ({nto pieces and {t must write new
ones. It has to live through its decay and
survive {its ecrisis of intelligence. 11 must

also assemble a new foundation,
more precisely with problems of

so it can deal
intelligence,

All this could happen according to arising
information in the next hundred or thousand
years.
10

When writing this article in Slovene, the ari-
sing text was translated into English wusing
only the legally available English terms con-
cerning information and their derivatives (The

Oxford Dictionary). Of course, the English text
would never reach a linguistic satisfication
and refinement of its content without the kind
help of John D, Preyder. The author has had the
opportunity to discuss the problematical parts
of this article with him. Andrej Bekes has
kindly transliated the abstract of this article
fnto Japanese. To both, the author expresses
his very grateful thanks.
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FOR PERFORMANCE ENHANCEMENT TO LARGE SCALE, GENERAL PURPOSE
PARALLEL PROCESSOR

. ‘ ~ Petar Brajak
UDK 681 .327.6.067 ’ ISKRA DELTA, Ljubljana

ABSTRACT: This paper will present two approaches in developping
large scale parallel processing system. First approach we - call
the INHERENT approach., It is primarely concerned with developping
parallel system using standard products available on the market.
The other approach we call the NOVEL approach, With this
approach, .the design of a large scale parallel processing system
is solely based on the custom build components.

This paper is mostly concerned with the INHERENT approach. We
give (full and detaitled architectural and organizational concept
in transforming and adapting standard available microprocessor
system into the parallel processing environment. We describe a
detailed design of the easy to add RECONFIGURABLE INTELLIGENT
MEMORY MODULE. This module is the key component in approaching
and achieving high goals that we describe as the main principles
in designing a large scale, general purpouse, fault tolerant,
parallel processor. We notice some deficiences of the system
designed using the INHERENT approach. These deficiences are the
result of a hard adaptability of the market available products
to the parallel processing environment. Therefore, we offer the
NOVEL system design approach that eliminates those deficiencies.

Key words: parallel processing, tigtly and 1loosly coupled
multiprocessors, computer architecture, interconnection networks,
fault tolerance, content adressable memories, routing, memory
contention, multiplexing, interleaving, random access, queueing,
algorithms
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INTRODUCT ION

designing a large scale,
processing

general purpouse
system one can take two

approaches:

NOVEL

INHERENT approach:

approach:
components and
system design
interconnection
parsllel
software,

custom built
the overall
processors,
memory modules,
operating system,

developping
using them in
(custom built
switches,

language,
etec.),

using
available on the market
shelf" microcomputers, standard software and
the minimum of custom build logie to
intelligently I{ncorporate large number of
processors the parallel processing
environment).

standard products
(taking "of the

to

The NOVEL approach
an architectural, organizational
techological approach to the large
design. The INHERENT approach, however,
the architectural and organizational.

can be considered as
and
system

only as

Organizational approach 18 the cost/performance
approach. Organizational concepts are generally
unknown to the system programmers and do not
influence the system architecture. One can
think of cache as a typleal organizational
concept. A cache is used ejther to reduce the
cost of memory subsystem while maintaining
performance, or it s used to improve the
performance of memory subsystem at constant
cost. In a parallel processing environment,
cost/performance components are usually fast
interconnection switches, intelligent memory
modules, etc.

Architectural approach 1is the functional
enhancement for a computer system. System
programmers must be aware that & given computer
has, tor example, virtual memory, process
scheduling, etc. The cost/performance beneflts
are indirect, through more effective
utilization of memory, processors, peripheral
devices, ete.

‘Technologlchlkﬂhbéiodch‘ 18~ concerned with a

design
concepts
irrelevant
programmer.

of the components. Technological
are in general, either hidden or
to the system architect or system

Only close collaboration of all three classes
of experts: architects, working on the
organizational concepts, system programmers,
working on the architectural concepts, and
design engineers, working on the technological
concepts can lead to a successfull general
purpouse, parallel system design.

The main advantage of the INHERENT approach is,
that 1t uses only the arhitectural and
organizational concepts. A time of the overall

system design {8 short. The system {5 low
priced and very modular, too. The main
advantage of the NOVEL approach is a fine
balance of all three concepts, resulting in the
improved system performance and increased
system generallity.

- How do the INHERENT and NOVEL approaches

relate to parallel processing enironment?

Let us consider, for example,
instruction, multiple data) type processing,
using 8 general purpouse multiprocessor. The
NOVEL approach conceptually leads to a tightly
coupled, shared memory, easy to use, highly
parallel system that can be realized in 5 to 10
years. On the other hand, the INHERENT approach
leads to more relaxed, semi-tightly coupled,
shared memory system, which I8 more rigid to
use, but can be realized in short time.

MIMD (multiple

Both approaches, when complementing each other,
are desirable and advisable in developping weill
organized and well managed parallel processing
system. The INHERENT approach is usefull in the
first stage of the project development, so the
system programmers can test software, target
parallel language and algorithms. The NOVEL
approach c¢an be pursud {n parallel with the
INHERENT approach. Later, the components
developped by the NOVEL approach can be
incorporated into a system developped by the
INHERENT approach.

It is important to notice,
can be separate projects,

that both approaches
too.




This paper 1is the (flirst of three papers
presenting a design of a general purpouse,
highly parallel processing system. - We describe
both approaches, however, we emphasis more the
INHERENT . approach. All ideas that we present
for the INHERENT approach could be also applied
to the NOVEL approach. ’

We can divide parallel processing visualization
into three mutualy exclusive levels (views).

1) MACRO level or the way application
programmer visualizes the system. This 1is
the highest and the most abstract parallel
processor visualization, Programmer i not
aware of the number of processors, their
interconnection, realization of process
communication, scheduling, memory managment,

ete. His sole concern is to get from the
machine as much parallelism as possible by
designing the parallel algorithm,
adequately.

2) MICRO 1level or the way system programmer
visualizes the system. This level enables
the application programmer to visualize the
machine. as infinitely 1large and general
enough to implement easy to write parallel
algorithms. System programmer is not aware
of the processors connection realization,
memory conflict elimination or any such low
level operation. Problems on this level are:
process ' scheduling, communication, memory
management, compiler and 1linker writing,
etc.

3) NANO level or the way system architect
visualizes the system. This level represents
the actual machine configuaration. Problems
on that level are: processor connections,
routing, elimination of memory conflicts,
fault tolerance, memory protection, etc.

This paper describes only the NANO meta level
of the gqneral purpouse highly parallel system
design. Two other levels will be described in
‘two papers that follow. In the first one to
eome, we will show some of the MICRO level
problems: fast process scheduling, process
synchronization, compiler and linker
techniques. In the second one, we will show
some of 'the MACRO level problems: parallel
language’ constructs, technique and

conceptualism of writing fast and efficlient
algorithms.

2. RATIONALE
2.1 philosophical motivation

Most of the people in the
community fallaciously
processing into two extreme
consider parallel processing
On the other side,
of parallel
form as two
Consequently,
processing as
does it" task.

computer sclence
classify parallel
categories. Ones
science fiction.
there are people who think
processing is such a rudimentary
processors connected together.
they visualize parallel
"nothing special™ or "everyone

- Both groups are WRONG!'

The solution to barallél processing lies in the
approach. The solution is not difficult if we

21

‘purpouse

take trully objective problem solving approach.
This means that all preconcived notions of what
can and cannot be done must be eliminated.

First group of ‘“experts" is misled by the
truism that the solution to general purpouse
parallel processing is not approachable because
of the following "facts": .

- parallel inherently. special

purpouse,

processing 1is

- increasing computing power by adding
processors result Iin significant overhead of
communication and synchronization,

- there {8 a technolokicpl limitation
fan-in that prevents 1large
processor interconnectlions,

called
- number of

- performance of the machine is
the cleverly arranged
processing elements,

dependent of
interconnectjon of

- dynamic fault tolerance is impossible.

The whole philosophical idea lies in Dbelief
that those problems are approachable and most
of them achlievable. It is only to understand
some philosophical ideas which are fundamental
in understanding of the solution:

- to get maximum use of all the hardware,
must be equally distributed,

work

- there must be an abundant supply of usefull
work, .

should not be aware of processors or’

~ users
: interconnection,

their

- there should be no distinguished
elements,

processing

- faults should be detected dynamically,

- increasing computing power
significantly increase overhead,

should not

- interconnection should
numbers of processors.

allow very large

These
trully

principles are the essence of
gereral purpouse, highly
machine. This paper will show that
these principles are achievable,
proposed practical solution eliminates the
truism of the (first group of '"experts” that
parallel processing is science fiction.

defining
parallel
most of
and that the

What about the second group of "experts"?.
The definition of a trully parallel, general
system, absolutely excludes their
special" or "everyone does It" claim.
Moreover, we are not aware of a commercially
avajilable system that meets all of the stated
principles. If that s so, s parallel
processing really so simple as they try to
claim?.

"nothing

The problem is in the definition.
system with large number of processors,
are hundreds of such systems on the market)
does not mean that a system 1is a parallel
processing system, unless that system meets the
principles and requiraments that we define.

Even a
(there

It {is, therefore, Iimportant to keep
principles in mind when reading the paper.

these
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figure 2.2.1

2.2 Why multiprocessor ?

in the previos section we defined some
objectives experts clalm why the solution to a
trully parallel processing is not achievable.
The result 1is their fallure to percefve the
capabillity of the solution. Thus, many of the
solutions have been proposed for one or few of
the problems. The result has been a myriad of
designs for the exploatation of parallel
processing In special purpouse environment.
These range from vector processors, meshes,
arrays, binary trees, permutation exchange
networks, systolic processors, to data (flow
machines.

General purpouse machines, on the other hand,
tmprove their performance using fast caches,
pipelines, silicon compilers, large number of
registers, faster components. Unfortunately,
they push technology to Its limitatation. A
huge degree of parallelism avallable in most of
the algorithms simply eludes them. Figure 2.2.1
shows & simple architecture complexity diagram
5>f most of todays machines, based on a degree
>f parallelism.

General
degree

purpouse machines do nut exploit

of paralielism and are bounded by
cyrrent technology. Caches and pipelines
only the organizational concepts in
a performance of the serial machines. RISC
architectures are only the technological
enhancements and offer no organizational or
arhitectural solutions to parallel processing.

high
the
are
improving

On the other side, there is an explolitation of
parallelism either in very rigid form (meshes,
vector processors, permutation networks,
sistolic arrays, ete.), or in the highest and
richest possibile form (data flow).

It has been proven both theoretically, and

pratically that a parallelism based only on the
uniform flow of data is useless for general
purpouse environment. Data flow machines,
however, with their richest degree of
parallelism, require enormous computational
self-synchronizing overhead, and are therefore,
not feasible for general purpouse environment.

ft can be very helpfull If we could 1{llustrate
a degree of parallel computation for each class
of computer architecture in figure 2.2.1 using
a pictorial representation of the program
execution graphs.

SB8ERIAL execution

m-cycle

i 2 > 4 N n

+

—
J

-~
+

Each line represents a meta cycle. M-cycle is
an abstract represention of a full (instruction
cyele: fetch, decode, fetech operands and
execute operations. We assume that m-cycles are
identical for all intructions. A serial
execution of n instructions, takes n m-cycles
of program execution.

SERIAL execution + CACHE

-~
-+

Some m-cycles shortened. The reason for it is,
that some instructions and operands reside in
cache, which has a shorter access time. Not all

m-cycles shorten, bacause of cache miss
effects.

SERIAL execution + PIPELINE

A3 3 4 5 6789 1o [N,
St et et -ttt
A processor has a multifunctional capability:




while it 1is fetching instruction 1|, it 1is
simultaneously decoding instruction i-1,
fetching operands for instruction (-2 and
-executing instruction i-3. Degradations are due
to Jumps and interrupts in the program.

RISC execution

™. cycle
—

1123 : n
et - St

The overall computation shorten because of
the following: ’

1) m-cycles are shorter due to higher
technology (m'-ecyecle),

2) pipelining is optimized using large number
of fast registers and silicon compllers.

VECTOR PROCESSING execution

~

a - I3 3 . n

9
4
+

The overall computation is a combination of m-
eyecles and n-cycles. When a machine is in a
serial ‘mode of operation it executes with the
speed of m-cycle. However, when the machine is
in a vector mode, computation is faster (n-
cycles).

8I8TOLIC execution

s - cycle
" —
A 2 3 4 n
T T T T 15 T T Y A i

If we define s-cyecle, as a cycle of each
sistoliec cell, and if all cells have identical
operations, the speed of the overall
computation 1is determined by the speed of the

slowest cell, -provided that enough problem
uniformity is supplied.

MESHES, ARRAYS, ASSOCIATIVE PROCESSORS

(% 4

' +oov

Data is distributed among the processors in
such way that each processor gets specific data
and works on it simultaneously with the other
processors. Instructions come from the master
processor and each processor executes the same
instruction, but using different data set.

DATA FLOW machines

This 1s the richest possible parallelism. Each
processor represents a program instruction. All
processors can work in parallel, provided that
all operands are avallable to each processor.




This s a -combination of serial and data (flow
execution. Parallelism is on a level of tasks.
The overall speed is determined by the
successfull program decomposition into large
number of independent. tasks.

- Where do we put our general purpouse, highly
parallel machine?

Data flow machines with the - inherent
parallelism have the potential to become the
most prosperous arhitecture of parallel

processing. However, with the enormous self-
synchonizing overhead of keeping the track of
all dependencies, they represent no immediate
solution to the general purpouse environment.

Vector processors are doomed to die
special or general purpouse machines.

both as

purpouse machines, such as
meshes, array processors, binary trees,
associative, sistoliec, and others, will
continue to produce optimal results only in the
specific appllication areas.

Other special

On the other side, general purpouse machines do
not exploit High degree of parallelism. RISC
architecture is the typical examples of it. The
speed of a RISC machine comes from the
techological innovations incorporated in the
component design, not from the exploatation of
parallelism. As such, they represent excelent
technological, but not architectural building
blocks of the future parallel systems.

If we exclude data flow machines as presently
unfeasable, meshes, arrays, networks, etc. as
not general enough, RISC =as not parallel

enough, the only class of parallel

processors
left is: multiprocessors.

Most people express strong anthgonlsm for such
machines. They think that Cmmp, Cm*, HEP and
other multiprocessor projects are good examples

of how not to build large parallel systems.
This statement ls false, when we consider all
philosophiecal concepts that these projects

motivated. Some genulne ideas, although were
not implemented, should be a foundation for any
good, general purpouse parallel systems. These
ideas are: shared memory, capability based
addressing, possibility that each processor can
access any memory location, virtual processes,
processor multiplexing, ete. Unfortunately, a
poor realization and the preconclieved notlon
that something cannot be done, resulted that
these systems were abandoned. We offer some
practical solutions to the problems that Cmmp,
HEP and other multiprocessing projects did not
and could not implement and as such have bacome
obsolfte.

3. INHERENT DESIGN APPROACH

The INHERENT design
parallel processing

approach leads to a
system that (s feasable
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‘processors,

using todays standard available
hardware/software products and the minimum of
the custom build logic. The goals for the

INHERENT approach systems are slightly
different from the goals when a parallel
system is developped from the "seratch".

However, these goals must be general enough and
should still follow the principles stated in
section 2.1,

3.1 Goals

goal 1:

tightly coupled, shared memory multiprocessor

This goal represents the
visuatization of the parallel processing
machine; it {is the way programmers want and
should visualize the machine.

MEMORY

most abstract

D

figure 3.1.1

There are "infinitely large number of

with infinitely large memory".
System programmers and system architects should
make possible that the system supports this
view in a fast and efficient way.

Tightly coupled,
many advantages; most of
application programmers.
and natural. It s

shared memory concept has
them concern
Programming is easy

not hard to design an

algorithm when there are no congtaints
regarding the number of processors,
interconnection, allocation, program

decomposition, ete. Furthermore, it has been
shown, that the tightly coupled multiprocessors

are more effective for large scale pargllel
problems:

- +«+. taking all in all, we come to the
optimistiec conclusion that effective use
of extremely large parallel computing is
possible ... [when] N identical processors
share a common memory ... [Schw80],

- e vector and array processors were
designed of solving fluid type problems
efficiently ... in general, these machines
do not lend themselves to particle
tracking ... [Rod80] :

Let wus illustrate the way an application
programmer could conceptualize a problem on a
multiprocessing machine. This conceptualization
is a direct Implication of goal 1. An example
is taken from the companion paper(Bra86], where
we give techniques and conceptions on how to
program large scale tightly coupled




multiprocessors eff{i{ciently.

in the following - sorting algorithm it {8
assumed that a programmer is clever enocugh to
think of an algorithm that will take advantage
of the machine by visuallizing It as an infinlte
resource of processors and memory space.

Let us assume that we want to sort n numbers: X
= 548110372, Wewill use nxn matrix in
the following way:

1 it xy» X for all i,§
Doag =y’

0 otherwise
2) a),5 =1 + 81,5 +82,5 ¢+ .. 8y,
3) ¥i = xy such that a) § = |

5 4 8 1 40 3> 7 2
5lolol40l4]0l1]0
44'040;4010
8lolololol1lojolo
Al 4iA [ folrialdgn
to]oj0l0l0|0i0l0 0
34410101140
79,_04501:000
21140 a]4]1]0

1+Z=54748362

The beét serial algorithm for sorting involves
O(nloggn) operations. It is easy to see that
for . this algorithm, N2  operations are

independent and can be performmed in parallel.

The time necessary for step 1 and 3 is O(1).
The summation of the comparison results in step
2 can be performed in O(logyn). Thus, for the
application programmer, this algorithm is of
O(loggn) time complexity. The whole algorithm
is given in figure 3.1.2.

This program Is written in C¥, standard UNIX C
plus some parallel primitives that we consider
sufficient for effective parallel programming.
New parallel programming primitives are
distinguished in bold.

There are the
mentioning:

two steps (n program worth

step 0: fibonacci_create_process

This 1is a dynamic creation of N2 processes in
O(loggn*loggn-1) time. This 1is one of the
techniques 1in decreasing the overall time of

the algorithm. User could easily write a double
loop to generate N2 processes, The difference
in time is obvious. -
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‘Istep 2: collect_result(res&lt.l.j);

step 2: collect_result

Element summation can be done P(loggn) time.
Here, we also suggest (fibonaccl collection
technique.

Any programmer with the trainned concept of
parallel processing, and an idea of n "things"
occuring simultaneously, c¢an design easy to
write algorithms, using parallel primitives
added to the standard programming language.
These primitives are: process, send, receive,
create process, shared, signal, abort.

#define N 11
shared int x[N],y[N];
slgnal int a[N][N};

process parallel_sort ()
1 -
main()
{

/* read n integers into vector x */

create process sort(i,l);

/* write n sorted integers from y */

|process sort()
{

main(i,j)
int §,§;
{
int result;
step 0: fibonacci_create_processes(i,j);
step 1: If (x[i] < x{j]) result = 0
else result = 1;

I

fibonaceci_create_processes(i,j)
int ,§;

{
if (§=1) then
{

it (2%i < n)

greate progess
it (2%1+1 < n)

creats process

}
if (2*§ < n)

create process
if (2%)+1 < n)

greate process
}

sort(2+%i,1l);

sort(2%i+1,1);

sort(l,2¢%j);

sort(i,2*j+1);

collect_result(res,i,}§)
int res,l,j§;
{
int part_sum_1l,part_sum_2,part_sum;
it (2*f <= n)
receive (part_sum_1)
if (2*%i+1 <= n) :
receive (part_sum_2) from(a(2+%i+1,]])
part_sum = part_sum_l + part_sum_2 + res
it (Ti=1)
step 8: ylpart_sum+l] = x{]]
else pend (part_sum) to (a(i,f]);
1 .

from(af2*i,}]);

figure 3.1.2




goal 2:

N processors are connected to N memory modules
via shared memory controller

This goal is an abstract view of & system

programmer visualization of a parallel machine.’

Our goal " is to desing a memory controller in
such way that will enable processor-memory
connections. NN connections are possible using
generalized connection networks (GCN). A GCN is
a switching network with N inputs and N outputs
capable of implementing any mapping of inputs
anto outputs. Our goal (s to design a shared
memory contoller as an intelligent GCN. A
system programmer must be aware of the
functions of the shared memory econtoller;
however, ithe implementation of these functions
should be in general hidden to him.

@

SHARED MEMORy
CONTROLLER
Mn M1 M'\-
figure 3.1.3
goal 3:
expensive and centralisged shared memory
controller in figure 3.1.3 must be transformed

into N simpler and decentralized modules

\MM = INTELLIGENT MEMORY MODULE
P = PROCESSOR ’
M = MEmoRrYy

figure 3.1.4
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This goal is a typlical example of the INHERENT

approach system design., The objectives to this

goal are:

~ processor memory connection on most of the
standard microprocessors is fixed,

- GCNs are very expensive,

.~ GCNs are not modular (it is hard to add new
processors and memory banks).

Our goal 18 to transform a shared memory

controller into N smaller and modular

intelligent memory modules, such that the

properties of the intelligent GCNs remain.

Furthermore, the intelligent memory modules

should be added easily to any standard

available computer.

This view is the way system architect

visualizes the system. It is his task to design

an intelligent memory module that will enable
system programmer to visualice a machine as in
figure 3.1.3.

goal 4: -

a system in figure 3.1.4 should have
memory coneept

shared

Figure 38.1.4 shows each processor having 1its
local memory. However, 1t is our goal that. a
parallel processing machine behaves as a
tightly coupled, shared memory system as |in

figure 8.1.1.

goal 5:

system should support packet switching memory
accessing

Each memory access should result in a packet
generation of the following form:

0 15 46 47 48 YN}

CONTROL| ADDRESS D;i'l'&

Control bits contaln {nformation regarding
packet routing, access modes, fault tolerance.
Address and data bits are the same as for the
conventiohal memory accesses.
goal 6:
intelligent memory modules should route the
packets
It is Ilmportant to free processors from
uneccessary system work. Packet routing is one
of the system operations that can be done by
the intelligent memory controller. The



advantage is: vrouting is faster,
hidden from the programmer.

simpler and

goal 7:

routing is deterministic

This goal s not quite clear at this
Readers will see how the deterministie
can be used in memory contention

point.
routing
elimination.

Deterministic

routing means that a memory
request packet from processor | to memory J
travels the same path as the memory response
packet from memory j to processor i.
goal 8:
intelligent memory modules should detect
failures and allow bypass
In a real life parallel processing, it is to

expect that an intelligent memory module fails.
Other intelligent memory modules should
dynamically detect a failure and take action in
bypassing the failed intelligent memory module.

All other goals such as shared global memory,
deterministic routing, ete. should not be
effected by this system dynamic adaptivity to
the intelligent memory module fallure.

goal 9:

intelligent memory module
problems concerning:

should eliminate

- memory contention
- slow process scheduling
~ slow process synchronigation

This is one of the most important and hardest
goals, and therefore requires some sadditional
explanations.

a) memory contention
There are two types of memory contention:

- two or access the

more processors same
memory location, simultaneously,
- two or more processor access different

memory locations,
simultaneously.

in the same memory bank,

Memory contention has been the largest problem
for the general purpouse multiprocessors. Let's
see what  the designers of the C . nmp
multiprocessor wrote about memory contention
problem:

««s I a number of Cms repeatedly access
the same memory, as might happen if the
memory contafins a variable shared between

- executed by which processor.

several processes, -gevere degradation
results. ... it {is necessary to avoid
decomposition whiech requires =a single
shared varlable to be accessed

repeatedly... memory access patterns must
be ineluded in a usefull model ﬁf parallel
computation...[Ost83]

These statements are hard acquisitions of goal
1, which states that a programmer is free from
programming and organizing data in a spreciflic
and deterministic form.

Therefore, #{t

is our task to prove that:

- C.mmp designers were wrong,

- if & number of processors access the same
memory location, sevare degradation does
not result,

- the memory access pattern should be

hidden
from the programmer. .

We show in this paper, not only that the memory
confllcts can be eliminated, but that they can
be quite usefull, too.

b) scheduling cost

In a general purpouse machine from figure
3.1.1, very often can occur that there are more
processes than processors. It is nessesary to
alter, dynamically, which process is being
This involves
overhead because the internal
process (local variables, PC,
registers) need to be saved, another process
then selected for execution and the Internal
state of that process loaded into the
processor.

computational
state of a

We will show some practical solutions to
problem that involves both an intelligent
approach: using 1ideas from parallel queue
access by Cache and Add (practical realfization
of Fetch .and Add{Got83)],[8t085]1), and brute
force: using 1intelligent memory module as a
backround processor for saving and resaving
internal states. An intelligent memory module
allows a processor to do usefull work, while
the intelligent memory module 18 responsible
for preparing the internal state for possible
process rescheduling.

this

These ideas will not be presented |in
paper; they belong to the MICRO level of the
parallel processor complexity design, and will
therefore, appear in some of the future papers.

this

¢) synchronization cost

This cost {8 very similar to the schedul ing
cost, except that the application programmer is
aware of ({t, {f not responsible for 1{t by

issuing synchronigation primitives such as send
and receive.

Synchronization cost results when:

- a process issues recelve call and the desired
information 18 not present. Reschedul ing
takes place.

- process issues send call and the “mailbox" is
full. Rescheduling takes place.

4



A programmer is very vresponsible for the
synchronization cost. He must design an
algorithm in such a way to require as little

synchronization primitives as possible.

A system architect or system progranmer can do

very little to eliminate the synchronigation
cost. If the algorithm is designed in such a
way that it does not exploit parallelism, or
has "“trown in" unnecessary sends and receives,
even the "Paracomputer'"[Sch80] would not take
the advantage of its infinitely large conflict

free machine.

An assumption that a programmer *"deliberately"
serializes the algorithm i1s contrary to the
seconf principle in section 2.1 which says that

there must be an abundant supply of usefull
waork. Therefore, as the system designers we
must follow the principles, not the bad
examples of real computation, and therefore,

treat synchronization cost nothing more than as
the scheduling cost.

gosl 10:

intelligent memory module should

{ncorporate
all good i{deas from other projects

We consider parallel processor system design
both a research task (trying to develop
sonmething new), and an industry oriented
product. As an iIndustry oriented product,
parallel processor should, therefore, "steal"

all good ideas from other similar projects. Two
of such ideas are:

- "Conflict Free
project[Sul83}

Memory" from CHoPP

- "Petch and Add" from IBM RP3 project{Got83]

a) Conflict Free Memory

Conflict Free Memory is a
the Iimplementational
processing

philosophical,
feature of the
system design.

not
parallel
The realization of

the Conflict Free Memory could differ (from
projeect to project. In sections 5.2 and 5.5 we
give a detailed Conflict Free Memory
realfization for the proposed parallel
processor.

Confliet Free Memory has  the following
features.

~ All processors may read the same location

simultaneously.

~ All processors may write to the same location
simul taneously, however, only one processor
updates the memory. It 18 progranmer's
responsibiltty to impose serialization [for
operations that require simultaneous write
accesses. Hardware should be free from such
tasks.

Let us first consider two simultaneous reads to
the same memory location. Let us also visualize
the system as in figure 3.1.3.

Shared memory controller intercepts both
accesses, and finds out that they request the
same memory location.
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‘The

Shared memory contoller:

1) stores and forwards the first access,
2) stores but does not forward the second
access,

Only one access reaches the memory bank.

On the way back, shared memory controller
intercepts the requested result, finds out
that both processors requested the result and
therefore, sends the result to both of them.

procedure |{s the same for
writes to the same memory
requests are stored, only the
torwarded to the memory.

the simultaneous
location. N-1
first request is

Other possible combinations, such as
simultaneous writes and reads are also covered
in sections 5.2 and 5.5, where we give a
detailed design of what we call the Conflict
Filter, a key feature of the Intelligent memory
module.

b) Fetch and Add

Fetch and Add is a synchronigational mechanism
used in NYU Ultra and IBM RP3 projects, and can
be described as the most promissing

synchronizational mechanism which permits
highly parallel execution of opersting system
primitives.

The format of Fetch and Add is F&A(V,e), where
vV is a variable, and e 18 an expression, If V
is a shared variable and many F&A'S
simultaneously address V, the effect of this

operation is exactly the same as it would be If

the acecess occured in some serial order. The
semantices of F&A 1s:
Assume that processor P; executes ANS; =

F&A(V,e;), and that simultaneously processor Pj
exec, .25 ANS F&a(V,eq).

Then
ANSj = V and ANBj = V+ej
or
/ANSi =

and , In elther case the value of V is Vvejs+ey.

V+ej and ANBj =V,

Let us consider two simultaneous Fetch and Add
operation using figure 3.1.3.

Shared memory controller lntercepts both F&A's

and finds out-that they require the same shared
variable V.

Shared memory controller:

1) stores both accesses,
2) forwards P&A(V,ej+ej).

Let us assume that the value of variable V was
R. On the way back, shared memory controller
returns R to the processor that requested
F&A(V,ej), and R+e; to another processor. New
value of V is Rrej+ey.

An example of an airline ticket reservation can
ifllustrate the usefullness of the Fetch and Add
operation. Let wus assume that 5 processors
simultaneously request F&A(tickets,l). Initial
value of variable tickets is 43. Shared memory
controller {ntercepts the requests, and
forwards F&A(tickets,5) to the memory bank.
varlable tickets is incremented to 48. On the



way back, each processor gets a differant, but
correct update of the variable tickets.
In sections 5.2, 5.5, and 8.4 we give details

of Cache and Add operation, a real world
implementation  of Feteh and Add, using
intelligent memory modules.

goal 11

the. ULTIMATE goal: profit

The “Intelligent memory module can be wused .as
the  important building bloek of a large

parallel processor., Therefore, we can use it as
a part of a multiprocessor that we develop
ourselves, and that <c¢an be used in various
areas of applications: numerical calculations,
data processing, artificial fntelligence,
vision and image processing, computer graphics
and CAD, etec.

There 1is sanother very important profitable
aspect of the intelligent memory module. It ecan
be used stand-alone by other projects involved
in developping parallel processors. An
intelligent memory module is general and
modular enough, and can be used as an add-on
unit for any parallel processing system using
the INHERENT design approach..

Therefore, the intelligent memory module can be
sold as a separate unit to anyone interested in

developping large scale parallel processor
system, or can be a part of our own
multiprocessing system that can be sold to
various application oriented users.

4. INTERCONNECTION

In this section we implement goals

1,2,3,4,5,6 and 7.

We start with an abstarct system in fligure
3.1.3 that has N processors connected with N
memories using a shared memory controller. This
shared memory controller is an intelligent
generalized network connector (GCN).

4.1 determinigtiec routing

It 18 clear by now that concepts such as Fetch
and Add and Conflict Free Memory require that
packets travel the same path to and from
memories.

Therefore, we must develop a mapping that
supports NN connections, and has the routing

deterministic property.

In a field of cryptography,
function is used for
decoding.

exclusive or (EOR)
simple coding and
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Definiton:

Exclusive OR (EOR) has an unique relation:

s BEORd =r and r BORd = 8

or

s EOR d EOR d BOR = s.

Exclusive OR {s a function that uniquely and
deterministically relates r,s and d.
This notion we incorporate into our routing

procedure. A shared memory controller uses EOR
when rorwardlpg a packet from P; to My .

Let!s assume:

source address (processor number)
destination address (memory bank number)

aw
inon

Definition:
Routing Tag r, is a function result of s EOR
d, which tells to the shared memory controller

how to route packets {rom processor s to memory
bank d.

Let 8g...sp-1, dg...dp-) and rg...rp-] be the
binary representations of r,s and d.

If there exists a path between s and d,

then by
the definition of EOR:

Sp-1...80 EOR dp-y...dp = rp-g...7g,

and r gives a unique path traversal between s

and d.

figure 4.1.1

Since r uniquely relates s and d, then a path

from Pg to Mg, and a path from Mg to Pg are the
same, where:

forward path i8: rgryrg...rp-1,

backward path {s: rp_jrp.9...r1rg.

Each r; can have two  states: 0 and 1.
Therefore, a contact point (represented by i's
in figure 4.1.1) instde a shared memory
controller must have two incoming and two

outgoing links.

If a packet comes to a contact point j, it will
be forwarded to one of the outgoing 1links.
Shared memory controller decides which link to
choose and the decision is based on value of

P].



Theorem 1:

An
memory {s

unique path between each processor and each
possible through 10gg9+1 stages of

contact points, such that each contact point
(switch) at level j with a binary tuple
representation (bp_1bp-g...bj...bg, ) is
connected to switehes {(bp.iby.2...¢j5...bp,§+1)
and (by-1bp-2...bj...bp,j*1) at evel j+1,
where ¢ stands for glt complement.

proof:

A proof 1is based on induction of couplln%
together two processor sets, each one having 2
processors into one set of 21+l processors.

i) simple case for n=20

M,

figure 4.1.2

since
memory

Routing is deterministic
there exists a single
connection.

and unlque,
processor

1i) simple case for n=21

Let's assume that there are two Iindependent
processors from (figure 4.1.2 that we want 1to
connect. If we reenumerate them, add a new
level and apply Theorem 1, so that each switch
at level 0 is connected to a switch at level 1:

to switches 0 and 1
to switches 1 and 0

is connected
is connected

- switeh 0
- switeh 1

the following connections result:

M

figure 4.1.4

Routing s unique and deterministic.

If Pjy wants M), routing tag fs:
reverse routing is the same.

0 EOR 1 = 13
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If P) wants Mg, routing tag is:

1 EOR 0 = 1;
reverse routing is the same.

{i1) simple case for n=2% (iliustration only)

Let's assume that there are two
sets of processors from figure 4.1.4
want to connect. If we reenumerate them,
new level, and apply Theorem 1:

independent
that we
add a

- switech 00 is
- switch 01 is
- switeh 10 is
- switch 11 is

and 00
and 01
and 10
and 11

switches 10
switches 11
switches 00
switches 01

connected to
connected to
connected to
connectad to

the following connections

result:

figure 4.1.6

Routing 1Is unique and deterministic.

If processor Pg; wants to access memory bank
Mj1, a shared memory controller generates a
routing tag: 01 EOR 11 = 10. The rightmost bit
represents a transition from level 0 to level
1; leftmost bit represents a transition from
tevel 1 to level 2. We showed in 1{) that the
rightmost bit transition |is unique and

deterministie; here, we show that the leftmost
bit transition {8 unique and deterministic,
too.

fv) induction case for n=21+1

Let's assume that there are
sets of 2} processors, for which Theorem 1
works. Or in other words, routing {s unique and
deterministic for two sets of n=2 processors.

two {ndependent
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figure 4.1.9

that the switches of the first group

We see
have 0 as the leftmost bit, and that the
switches of the second group have 1 as the

leftmost bit.

Let's apply Theorem 1: each switch at level 1|
is connected to a switch at level {+1 as
following:
- switeh 0xj_j...xp is connected to switches
1Y{-]e..¥0 8nd O0Xj_1...XQ,
- switeh 1xy_j;...xg is connected to

switches
0yj-1+..y0 8nd 1Xj-1...Xp .

where x; = y; for all i,

tevel @

T

- level 4

{evel in

If we assume that the routing from stage 0 to

i 1is unique and deterministiec, than 1t |is
obvious, from iti), it) and i) that the routing
from stage | to stage i+1 (leftmost bit) is
deterministic and unique, too.

QED.

In rigure 4.1.8 we show the graphical
representation of the shared memory controller
for n=2% processors. '

Let's consider a simple example: Pyg wants'to
send a packet to memory bank Mg. A shared
memory controller generates.a routing tag: ’

1010 RBOR 0110 = 1100

Reading the routing left:

tag from right to
sends

a packet
sends a
a
a

packet .
packet
packet

(first bit
(second bit
(third bit
(forth bit

0),
0),
1)’
L.

810,0
80,1
810,2
S14,3

to B3p,1
to 81¢p,2
to B14,38
to 86,4

sends
sends

4.2 Interconnection transformation

In figure 4.1.9 we see that a proposed shared
memory controller consists of 80 switches
(nloggn+n), and 128 (2nloggn) lines
crossing each other in a complicated manner.
Obviously, such a structure {8 unacceptable and
too expensive for practical VLS1
implementation. )

Theorem 2:

Shared memory controller can be
into N independent, smaller
intelligent memory modules.

transformed
and modular



proof:

Let's isolate any processor in figure 4.1.8.

o440

c1410

T

0441 0414 <
0141
0400 0400+
0100
0010
00140 0o\

4410

From this pictuge we see that:
- switeh; has an  outgoing iink to
switehj ) x
- switeh j.1,; has an incoming 1link from

swltchl.k

where swltchr'q represents a switch at stage ¢,
of processor Q.

This oservation is an consequence of Theorem 1.

_ (x.;"’jwl.,j) - 7> X, ))

(Rt (X %550, )

Therefore,
the same.

an outgoing and incomming 1inks are

QED.

Hence, the shared 'memory controller is
tranformed into N module. Each module can be an
add-on element to a standard available

microprocessor.

collorary 1:

Transformed tnterconnection
equivalent to HyperCube.

struecture is

proof:

Let P=pp-j...p1pp be the binary representation
of an arbitrary line label.
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HypeCube interconnection functjons can be
defined as:

cubej(pp-1++:P0) = Pm-1++<Pf+1,C{ ., Pi{-1-+-P0
where 0 <= { <=m, 0<¢ P < N, and ¢y
represents bit complement. Or in other words,
each processor P is connected to loggN
processors, such that these processors differ

only in one bit of their binary representation.

From Theorem 1, Theorem 2 and a definition of
HyperCube, it {8 obvious that the transformed
inteconnection structure represents HypeCube.

4—-——:—-—9 F'\"\"' P" P.

Y U _
m R F\'I P\'. Pﬁ
M |CMm D
QED.
Figure 4.2.1 shows the way 16 processors could
be connected to a parallel processor system

using HyperCube connection, and the
memory modules as the connection mechanism.
Figure a) represents linear, brute force
connections; figure b) represents the optimized
Shared HyperCube connections. Note that In
figure b) no 1lines cross each other when 8
processors are put atop of other B8 processors.

intelligent

In this paper, we use a structure that i{s more
figurative for understanding system functions,

algorithms, etec, A reader should keep in mind
that the structures from figures 4.1.9 and
4.2,1 are the same, and represent only a
different system visualizations, not the
different structures.

4.3 interconnection complexity

In sections 4.1 and 4.2 we showed an

interesting transformation in converting a very
complicated shared memory controller into N

small intelligent memory module, in such 8 way
that these intelligent memory module connect
each other using HyperCube structure. There are
at least three advantages of the proposed
interconnectjon scheme compared to regular
HyperCube.

1) This interconnection scheme is more

powerfull, because {t supports shared memory

concepts (HyperCube is typical local memory

parallel processing interconnection scheme).
2) It is faster than HyperCube, because routing
is done by the Iintelligent memory module
and not the processors.

3) We can use "of the shelf" processors and add
to them the {intelligent memory modules to
design the parallel processing machine.

In comparison to other interconnection schemes,
our proposed interconnection network of N
Intelligent memory modules is as cheap and as
fast as HyperCube, and therfore, belongs to a




IMM = INTELLIGENT MEMORY MODULE
P =« PROCESSOR .
M = MEMORY
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class of networks that are considered to be the
most prosperous interconnection networks for
large scale parallel processors such as: omega,
baseline, indirect binary n-cube, benes,
shuffle, etec.

4.3.1 time complexity

Adapting the intelligent memory module to a
standard microprocessor in most examples

results in the intelligent memory module

connection to the microprocessor's bus
controller.

Ones may argue that this connection results in
a loosly coupled parallel system.

It 18 true that the .time is increased when a
bus controller is used in processor,
intelligent memory module connection. We will
show that the overall does not increase so much
to call a whole design loosly coupled.

Let us show that the microprocessor's . bus
controller does not influance the memory access
time delay.

In general, a processor uses a direct
connection to 1its local memory; only when
reffering to the peripheral devices, processor
uses the bus controller. When a processor
requires a memory location that is not in 1{t's
local -domain, it uses a bus controller and
through the intelligent memory modules,
processor accesses a global information.

| o1, — !
B o 1 - B 9 n
- . T CT
T3 i
H4 |15 121113
L | S
L T
HG |17 (4|15
-
H2 3
1 IMM = INTELLIGENT MEM. MODULE
~—IN\p P = PROCEISOR
i M = MEmoRy
M M
T

A claim that
contoller 1s
overhead is

b)

flgure‘4.2.1

a cmnnunléatlon using a
too slow and that the t

too large compared to a dir

processor memory connection is valid only
the number of processors:is very small.

Let's consider the following situation:

bus
{me
ect

if



=

tm - memory acces time

tgc - bus controlier access time
tiMg - intelligent memory module time
toy - overhead time

Overall acces time T = tm + toy, where
o = 2(tpc * tymm)-.

A bus ‘contoller acces time is the most

dominan
factor. in determining the overall speed.
Therefore, such a system can be considered

loosly .coupled.
Let's consider a system with large number of
processors (n >> 2).

We have -the following situstion:

=

Again, T = ty + toy-.

However, tog = 2(tgc *+ ty) * tg

where tp = tyyu*logan represents routing delay,
adn t queuing delay due to ({nterconnection
conges?lon.

We see that tgc is too small compared to tp to
be considered a dominant factor In the overall

speed, and therefore, a system cannot be called
loosly coupled.

What about t, and tq ?

A routing time t, has been shown{Bra86} as the
best price/performance time for any large scale
parallel processing system., Only two
interconnection schemes have better performance
than t,: crossbar switeh, and fully connected
network. However, both scheme are so expensive
that they are unfeasable for large number of
processors. Other schemes: buses, rings, stars,
ete. which are cheaper, are not powerfull
enough, and should be avoided for large n.

We have not measured the queuing time delay tq,

yet. Future studies and simulation runs will
tell us more about it. However, we are very
optimistic about tg. At this moment, we can
only speculate that wusing conliet f{lters
(sections 5.2), random interleaving (section
8.3), cache and add (section 5.3), we
distribute enough memory accesses that no

bottlenecks create on any intelligent memory
module or memory bank. .
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4.3.2 space complexity

In order to connect N processors,
intelligent memory modules. Each

we require N
intelligent

memory module {8 connected to 1loggN other
equivalent modules.

Hence, there are N/2%loggN connections. For &
16 processor system, assuming that each
connection s 16 wires wide + 4 wires for
synchronization, we have 640 wires:
(m+s)n’2logen, where m represents number of
lines per connection, and s a number of 1lnes
for synchronization.

S. INTELLIGENT MEMORY MODULE

In the previous sections of the paper we
defined an 1intelligent memory module as the
main building block of the multiprocessor
system.

It would be wusefull to summarijze again
the functjons that we expect that the

intelligent memory moduel should do in order:
1) to increase the speed of the system,

2) to free processors from doing unessesary
work, .

3) to increase the modularity of the system.

There are numerous funections we should
consider; wsome new ones we expect to appear in
the course of an actual machine design. To name
the few:

1) packet routing

i1) elimination of memory conflicts
111) detecting and solving fallures
iv) address translation

v) packet creation

vi) memory interleaving

vii) {implementation of Cache and Add
viii) shared memory access Implementation
ix) routing tag generation

x) fault tag table maintainance
x1) protection

xii) process scheduling

xiil) process synchronization

In this paper we will show how to
first ten functions; they are part of the NANO
level, and as such, they represent problems for
the system arhitects.

implement

It 1is important that some of the functions of

the intelligent memory module take place
simul taneously.
Therefore, we divide the intelligent memory

module into two blocks:

1) routing units

2) Eglobal memory unit




There are 10ggN routing units in each
intelligent memory module. They are responsible
for packet routing, memory confliets and fault
tolerance. Global memory unit is concerned with
packet creation, address translation, memory
interleaving, Iimplementation of Cache and Add,
and access to the global memory.

5.1 routing units

Let's assume that we have a system with N=2D0
processors., Each intelligent memory module has
n routing units.

Let mj = mp_jmp.g2...mg be an intelligent memory
module number of processor j. :

Then, each routing unit i (RU;j) is connected

to three other routing units:

1) if i <> 0 then RUj_;
else global memory unit

2) {f 1 <> n-1 then RUj,
else global memory unit

3) RUj of the intelligent memory module

Wp_]«..Cjo..mg, where ¢ stands for
bit complement

Each RU; routes a packet:

1} to RUy,1, ff i-th bit of the routing tag
is 0 and a packet represents memory
request,

2) to RUj_y, if i-th bit of the routing tag
Is 0 and a packet represents memory
reply, ’

3) to RU;j of an ihtelllgent memory module
Mp-1e.s€j.oempg, if i-th bit of the routing
tag is 1. ‘ )

4) to global memory unit, if i=n-1 and {-th

bit s 0 and a packet represents memory

request, :

5) to global memory unit, {f i=0, i-th bit  of
the routing tag is 0 and a packet represent
memory reply.

Figure 5.1.1 shows the block diagram of the
intelliigent memory module mgmgmymg, with the
corresponding connections to other intelligent
memory modules and its local bus controller.

For example, |if r3ror;rp represent a routing
tag, then, If a packet is in RUj, then RU; will
send the packet: )

1) to RUg if ri=0 and packet=forward
2)- to RUp if r)=0 and packet=backwards

3) to RU; of mamgeymg If ry=1
5.2 confliet filter

in section 3.1, goal 8, we described
function of the Conflict Free Memory,

the
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If we consider the interconneetion structure as
in figure 4.1.9 we can notlce two properties of
the structure, that are important for the
Conflict Filter implementation.

1) Memory requests and memory réplies
the same path.
Theorem 1.

travel
This is 'a consequence of

2) On the way to the same memory location, two
packets meet each other in on of the
switches.

Let's assume that processors Pp, Py, Ps, and Pq
access the same location in Mg, as it is shown
in tigure 5.2.1.

20909394
X

figure 5.2.1



Let's call the corresponding réquests: Rp, Rg,
Rs, R7. :

Then,

1) Ry and Ry
first, 89 9 sends Ry,
1ocal bufter. -
Ry is sent.

meet at switeh Sg g2; if Rp cames
and stores Ry in its
Otherwise, Ry is stored and

2) BRg and Ry meet at switch 8¢, ,2;

Rs 1s sent,
P7 is stored.

and Rs meet at switeh 8g 3. Rg i8 sent,

3) Ry
Rg is stored.
4) Rs accesses memory, alone.
No queueing at memory bank Mg, although 4
accesses took place, simultaneously.
On the way back,
1) answer Ag arrives at Sg 3. 8Sg,3 sends back

both As and Ap.

2) answer Ag arrives at 8y 3. 83 g sends back

Ag and Ag.

3) answer Ag arrives at Sg 9. Sg,2 sends back
Ags and A7. :

Let's consider the following scenario:
Ps sends a packet to Mj. When As is on the way
back, P4 sends a packet to the same memory
location as Pg., Both requests meet at Sg 3. At
that time As arrives at S4, and ignites and
As. Processor P4 receives a packet in muech
shorter time than it would be If the
needed to go through the whole network.

This is why we consider

sometimes usefull.

memory conflicts

This {8 really science fiction for C.mmp, Cm*,
and other multiprocessor projects.

What are the hardware
Confliet Filter?

requiraments for the

Each routing unit should consists of:
1) logiec for packet composition’decomposition,
2) queueing synchronization,

3) logic for determining routing action,

4) CAM - content addressable memory for
implementing Conflict FPilter.

5.3 content sddressable memory

Content addressable memory {s a memory unit

addressable by content. This type of memory is

accessed simultaneously and in parallel on the

basis of data content rathar than by specific

address or location. Because of its

organization, the associative memory is

uniquely sujted to do parallel searches by data
association. Moreover, searches can be done on

an entire word or on a specific fteld within
the word.

The bloek diagram of a CAM is shown in (figure
5.3.1.

packet -
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figure 5.3.1
Each word 1in memory {s compared in parallel
with the content of the argument register. The
words that match the bits of the argument
register set a corresponding bit in the match
register.

Reading is accomplished by sequential access to
memory for those words whose corresponding bits
in the mateh register have been set.

A word is deleted from memory by clearing the
bit tag.

Words are stored in memory by scanning the tag
register until the first 0 bit 18 encountered.

In the Interconnection scheme from
4.1.9 and the example in section 5.2,
that only two accesses to
meet in a particular RUy.
read operation.

figure
we see
the same location can
That simplifies CAM

When a packet arrives at RU;, RUj associatively
compares the address with the other entries in
the CAM. If the match occures, packet is not
sent. Since two packets differ in thelr routing

tags, only control bits are stored in CAM in a
location on which the mateh occured.

If the match did not occur, both the address
and the control bits are stored in CAM.

When a return packet arrives at RU{, RU;
compares associtively the packet's routing tag
and the routing tag of the matched CAM
location. It the match occured, only one packed

18 sent back. This situation occurs when only

one access went through RUy. If the match did
not occur, two packets are send back: one
packet generarted by RUy from the routing tag

in CAM, and the other one that arrived to RU,.

5.4 cache and add

In section 3.1, goal 8, we glve 8 definition
of a Petch and Add operation. We also mentijoned
that PF&A 1is considered the most promising
synchronizational mechanism for parallel
processing. Then, it 1is obvious thst every

parallel processing project incorpora
Para iel ] p tes PFPetch




Feteh and Add {8 not implemented in our

fact 1:
intelligent memory module,
{act 2: Fetch and Add does not work for real
processing.
Let's expand the philosophical definition of
Fetch and Add onto our model of the
interconnection 'network of intelligent memory
modules. Then, according to the authors of F&A,

each module should funtion as in figure 5.4.1.

. FlA"(V,« )

¥ \_
KA(V.‘;' S"_""I
Yoo —

— BA(V «n)

— ¥

'rlgure 5.4.1

Let's assume that switeh S n. receives from
8] packet F&A(V,ei{) and from 8§,y packet
F&A(V.es). Then, switeh 8g p:

1) sends F&A(V,ej+ej)

2) stores in the local buffer ej

On ‘the way back, as the result of F&A

operation, 8y , receives a value of V: R.
Switeh Sp gt

1) sends Rve; back to 8y j
2) sends R to 6y )

Let's give an example of 4 processors
simul taneously sending F&A(V,1). Initial value
of V is 0. ’

+ FALY,Y) AFA(V) IFAlVY) {FA(V1)

A A
NENEVE

In O(l0ggN) steps m processors
update shared variable
update of the variable.

simultaneously
and recetve the proper

[s that so0?
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Unfortunately, this scheme works only |{f
the requests come to the switches trully
simultaneous. However, this 1s not the real

picture of parallel processing. Memory requests
to the same shared variable may vary in time.
Let's consider the following scenario:

F&A(V,ey) arrives at switch 6; 4 at time ty.
Some t units later F&A(V,ej) arrives at 8i,j-

What should 8y j; do at time tg?

Switeh 8§ ; has four optlons:

1) to wait for P&A(V.e’)
F&A(V.hl*ej)

and then send

i1) to send PA(V,ey); later, PHA(V,ey)
ift) to send FXA(V,ej); later, F&A(V,e +ej)

iv) to send only F&A(V,ey)

None of these options represents the
definition of Fetch and Add.

original

Options i1i1) and iv) are incorrect. They result
in improper update of V,

Options 1) and 11) are correct, but are not
quite what the original definition of Fetch and
Add requires.

Option 11) results |In memory conflicts
(Conflict Ptlter is not valid for F&A packets).

Option i) results {n unnecessary walting. It is
possible that F&A(V,ey) does not arrive at all;
hence, F&A(V,e;) was delayed unnecessary.

It is our opinion that Feteh and Add is
extremely usefull concept for operating system
primitives {think of simultaneous queue
updates) and that it is worth of implementing.

We introduce a new concept called Cache and

Add. It uses option i) but eliminates
conflicts using CAM cache that resides in each
global memory wunit of the intelligent -
module. Therefore, a global memory
responsible for Cache and Add packets.
units are
packets.

unit is
Routing
free from any work concerning C&A

First C&A(V,e;) request, 1is a request to a
global memory unit to bring V from memory into
cache (solely for C&A operations). Any other
C&A packet results in cache update of V: adding
ey to the content of V, storing the summation
fnto V, and returning the the original value of
\ Accordingly, ‘each routing wunit simply
forwards the C&A packet:

A result fs:

1) access time for C&A packet is O(logyN), as
it i3 by the F&A definition, ’

ii) trefffic among the intelligent

modules 1is {ncreased, since

packet is forwarded,

memory
each C&A

fii) global memory unit logic is more complex,

iv) routing unit logic is less complex.

memory . .



$.5 routing unit algorithm

We have defined all functions relevant to
routing wunit. Let's assume that the system
eonsists of N=2'' processors, and that we
observe RU| of an intelligent memory module mj.
A block diagram of RU; is shown. in figure
5.5.1.

the

RU, &——»

5 RU, R,

RU; o{ m - .em

"~ A3 hd
figure 5.5.1

Each RU consists of:

i) logie unit:
of packets,

composition and decomposition
routing bit determination,

ii) CAM and CAM logic: confliet filter
realization,
iii) transievers: transfer of packets between

RU's (transfievers work in parallel with
RU's).
. I,
A I — i :
L T TH—
1 conTRoL 10 )
LoGtc G
CAM
+
CAM Lage
Let's call I{_j, an input queue to RU; from
RUj.;. 'Oj_; is an output queue to RU;j_; from

RU{. There are three pairs of such queues. Each
input queue has an EMPTY line, too: queue
status line.

Routing packet consists of:
bit address,

16 bit control, 32
up to 128 bit data.

Control bits:

0:1 - memory access types:
00 - read
01 - write o
10 - C&A
11 - diagnostics
2 - 0 forward packet

—

bacward packet
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3 - reconfigurable path packet
4:5 - type of data
00 - 16 bit data fleld
01 - 32 bit data field
10 - 64 bit data field
11 - 128 bit data field
6:15 - 10 bit routing tag;
up to 1024 processors
On the first step of operations, each module

reads a packet from one of the input queues:

repeat
{f not empty(Ij_;) and not CAM_full then
. process_packet(i-1);
If not empty(l;) then process_packet(i);

If not empty(l;,y) then process_packet(i+1);
forever

Each RU
operations.

indefinitely repeats read queue

process_packet (k)
begin
read_packet(k);
if control{2:2} = 0 then forward_route(k)
else backward_route(k)
end

A read operation involves packet decomposition
and packet storing into corresponding
registers: control reglster, address registers,
datsa registers,

. read_packet(k)

begin
control := read(k);
i1 control(2:2) = 0 then
begin
read_address(k);
if control(0:1] = 01 or
control(G:1] = 10
then read_data(k)
end
else
begin
read_address(k);
If control(0:1] <> 11 then
read_data(k)
end
end
Read_address(), read() and read_data() are
algorithm independant functions. They consist
of selecting input and output 1lines and

enabling the READ flag.

Write_packet() procedure is similar to
read_packet() function, except that it checks
1! the output queue ls full.

RU; process differently memory request packets
(forward), and memory replay packets
(backward),

A forward packet can come to RUj from I or Ij.
1. If it comes from [y, 1t can go only to
O+, RU; does not need to make decision where
to forward a packet. However, RU; needs to
execute a Conflict Filter operation.

If the packet comes from I;_j;, and a routing

bit is 1, a packet Is simple forwarded to 0.
No Confliet Filter operation is needed. RU; of
the remote intelligent memory module will do

the Conflict Filter operation. Otherwise, |f




the routing bit is 0, RU; executes Conflict
Filter operation, and forwards a packet to
Oj+y-
i~
&L —— L
c ey gl
f L
ied
Lol
Notice that C&A packets (control{0:1]=10)

simply pass through RU;.

forward_route(k)

begin
if k = i then
if control(0:1]=10 then write_packet(i+1l)
else
begin
forward_conflict_filter(); .
if not match than write_packet(i+l)
end ’
else
begin

route_bit :=
it route_bit =
else
ff control(0:1]=10 then
write_packet(i+1l)

shiftr(control[6:158),1);
1 then write_packet(i)

slse
begin
forward_conflict_filter();
if not mateh then wrlte_packet(i+l)

end
end
end
A routing bit determination is done using the
right shifter operation.
A Conflict Filter logic is the most important
part of the routing unit., It consists of CAM
and CAM logic that executes CAM operations:

compare_CAM, insert_CAM, add_CAM, delete_CAM.

CAM logic consits of:

- CAM with m entries (16 entries we expect to
be enough), ‘ .

- argument register (48 Dbits)
address and control register,

for storing

- key register (48 bits) for masking parts
the srgument register,

of

- tag_register (m bits) éach bit
if the entry is empty (0),

representing
or full (1),

- matech register (m bits) representing matched
CAM entries,

- output_CAM register
CAM output value,

(16 bits) representing

- CAM_full bit: AND(tag register),
- mateh bit: OR(match register),

- logie for ‘and

addresses.

decoding encoding CAM
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The Compare_CAM() function sets value 1 in the
matech register for each entry that matches an
argument register. Consequently, a MATCH bit is

a result of OR function on all. bits in match
register.

There is another Invisible compare_CAM()
operation that takes place when the match

occurs: an output_CAM register receives a value
of the stored control bits from the matched CAM
entry.

compare_CAM()

begin
argument_reg(0:81}] := address;
key_reg := FFFFFFFF0000,4;
compare_CAM_enable := 1
end
These are the iInvisible operations of

the compare_CAM() function:

do :

it cCaM{0:31]; = argument_reg{0:31] then
match_regy := 1

parallel: 0 <= | <= MAX;

MATCH := OR(match_reg);

if MATCH then output_CAM := CAM([32:47];

THe Insert_CAM() funetion finds the first empty
entry in CAM, and inserts an address and
control bits in that entry:

insert_CAM()

begin
argument_reg[0:81] := address;
argumemt_reg{32:47] := control;
key_reg := FFFFFFFFFFFF;¢;
1 := 03
while tag(l] = 1 do 1
tag(l) 1= 1;
select := CAM_decode(l);
write_CAM enable := 1;

. CAM_full 3= AND(tag)

end -

1= 1 + 1

The Add_CAM() function, in comparison to
insert_CAM() function, adds only the control
bits to CAM. This operation takes place when
the first packet is in CAM, and the second
packet with the same address has just arrived:

add_CAM()

begin

argument_reg{32:47] := control;
key_reg := 00000000FFFF¢;

1 1= 03

while match_tag(l] = 0 do 1 = 1 + 1;
select := CAM_decode(l);
write_CAM_enable := 1
‘end
Delete CAM opeiatlon is very simple, and

consists of tag bit invalidation:

delete_CAM()
begin
1 := 0;
while match_reg[l] = 0
tagll) := 0;
- CAM_full := 0
end

the -



Now, we c¢an describe the forward Conflict
Filter logic. There are four possible
situations that the <Conflict PFilter should
process:

1) first packet
read access,

is read access,
too,

the second |is

2) first packet is read access,
write access,

the second {38

3) first packet is write access, the second is

read access,
4) first packet {s write access, the second is
write access, too.

There are no problems with situations 1 and 4.
They are described in sections 5.3 and 3.1.
There is no problem with the third situatfon,
either. The second packet is stored, but not
forwarded. The only requirament is that the
write packet, on the way back, carries the
datsa part, too. This can produce,
unfortunately, some additional traffic
overhead.

The second situation could produce a problem.
We solved it the following way.

We let both packets go through the Conflict

Filter and through RUj. On the way back, a read
packet comes first, but it {s not sent back.
When a write packet comes back to RU;, both
requests are sent back. There are two problems
with this solution: network traffic is
increased and two requests collide at the same
memory bank; memory conflict occurs. However,
we do not expect, in general, this kind of
nondeterministic programming, and therefore, do
not expect similar situations to occur very
often.

forward_confljct_filter()

begin
mateh := compare CAM();
if match = 0 then insert_CAM()
else
begin
{f control(0:11=01 and
output_CAM[0:1]=00 then
match := 0;
add_CAM()
end
end ’

A backward packet can come to RUj from either
I{ or Iy_y. If a packet comes from Ij, (it can
go only to output queue Oy.y. RU| needs nelther
to make decision where to forward a packet, nor
to execute Conflict Filter operation.

=1 i1

I t

< \\\\\~ )

¢ CF ~—

L]
tf af packet comes (rom Ty a specific

Confllct Filter operation takes place:
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backward_route(k)
begin
i1f 1=k then write_packet(i-1)
else
if control(0:1]=10 then
begin
route_bit:=shiftr(control(6:15],1);
It route_bit=0 then
write_packet(i-1)
else write_packet(i)
end
else backward_conflict_filter()
end

On the way back, BRU; compares the address
the returning packet with the content of
I1f the result of comparison says that only

access took place, a packet Is simply sent back
to either Oy.y or Oy. Matched CAM entry
deleted.

Otherwise,

entry is deleted, too.

backward_conflict_filter()
begin
matceh := compare_CAM();
ff control = output_CAM then
begin
delete_CAM();
route_bit :s shiftr(eontrol[6:15),i);
i1t route_bit=0 then write_packet(i-1)
else write_packet(i)
end
else
if control{0:1}=00 and output_CAM{0:1)=01}
then add_CAM()
else
begin
route_bit:=shiftr(control(6:15],1);
it route_bit=0 then write_packet(i-1)

else write_packet(i);

control := output_CAM;

control{2:2} := 1;
route_blt:=shiftr{controli6:15),1);
if route_bit=0 then write_packet(i-1)

else write_packet(i);

delete_CAM()

end
end

8.6 summary

A routing unit §s a stmple but very valuable
part of the intelligent memory module. In the
previous sections we showed complete and
correct functions of routing unit that are
used in eliminating memory conflicts and
achleving fast routing. We presented the
functions in terms of algorithmic procedures.

We think that the procedures can be improved In
that

enough

and

find
that can be parallelized either
introducing overlapping, pipelining,
distributing the logic components into
independent groups.

terms of speed and logic complexity,

the motivated VLSI designer can
operations

CAM,
one

RU; returns both requests back. CAM

more



6. RECONFIGURABLE INTERCONNECTIONS

In a section 3.1, we defined a goal that the
intelligent memory module should be capable of
detecting failures and allowing bypass.

A problem with the proposed interconnection
structure, as a result of Theorem 1 and goal 7
is that there exists only one path from a
given processor to a given memory bank. An
intelligent memory modules cannot change
routing procedure,  or change communication
connections.

Therefore, if there is a fault on the path from
Pj to Mj, no communication is possible, and Ml
is permanently disconnected from Py.

We introduce an improvement to the shared
memory controller in figure 4.1.9, such that,
when a failure is detected, a new path is
choosen.

There are two requirements that we must follow:
1) a new path must preserve Theorem 1},

2) additional implementational-hardware must be
minimal, ’ '

Keeping ihese two requirements in mind, we

propose a reconfugurable shared memory
contreller, as shown in figure 6.1.

A reconfigurable shared memory controller has
the following additional functions:

1) it is possible to bypass switech 30,1

2) 8p-1,1 18 connected to 8,,4 in the same
way a8 Sp | is connected to 41 j

3) it is possible to bypass sn,,
When the reconfigurable shared memory
controller functions normally, a path from Py

to Mj goes through Sy j,' then through switches
at levels 1 to n-1. However, the path bypasses

| 90000060
IR

figure 6.1

There are two types of switch faults.
1) Sg,; Is faulty; 0<=1<=N

Let's assume the routing tag: rp_j...rg. If
rg=0, then a new routing tag is rp-j...r;,
89,y bypass (s enabléd. 8p,x bypass |is
enabled, too.

1f rg=1, then a new routing tag is also rp.

1---T1. Sp, § bypass i3 enabled. S,,j bypass
is disabled. .

if) 31.1.i8 faulty; 1<=i<=N, 0<¢=j<=N
Sp,k bypass is disabled. A new routing tag

ts rpo1...rjep. 8g,; bypass is disabled,
too.

Let's assume that Pg wants to access M3, and
that a switeh 87 5 failed. The initial routing
tag is 101. 8p g bypass is disabled and the
routing tag is changed to 100, as tt is shown
in figure 6.2.

ololololololo

SRR

figure 6,3

6.1 single switeh fallure

Fault tolerance could be acheived by having
redundant paths from P; to M].

Theorews 31

In the reconfigurable shared memory controller,
there exit exactly two distinet paths between

any Py and any Mj.



proof:

Theorem 1 states that there exists an unique
path from a given processor to & given memory
bank. A new stage in the recofigurable shared
memory controller enables two paths to share

the same destination.

Pavs
Lavel @ 1

pethy path,
L"“.‘O

-e

Laveln e

.
The proof is sutficlent for showing the
existanece of two paths. However, we must show
also, that ‘two paths that share the same
destination, do not have links or switches in
common.
lemma 13
Two paths from P; to My have no links and no
switches in conmnmon.
proof:
Let's consider figure 4.1.9.
Let's also assume the following source-
destination connections:
Py to ng and P} to MZ]#li } = {0,1...n2}.

From Theorem 1, routing tags from Py to M? and
Mgi,; differ only in the rightmost signi }cnnt
bl!. The rest of the routing bits are the same.

Let's consider now figure 6.1.

Each 82§ p-] is connected to Sgj+1,n:
Also, each S8gj.),p-1 i8 connected to 82§,n-

Since the routing tags differ only 1in the

rightmost significaent bit, then the path from

Py to M2j called the primary path, and path
from Py to'Mg4+), called then secondary path,
have no links“or switches in common.

QED.

Theorem 4:

There exists at least one
between any P; and any My.

fault free path

proof:

There are two possible faults to consider:
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1) 8p,; is faulty; 0<=i<(=N

8p,§ must be bypassed. Lemma 1 showed that
the secondary and primary psths have no
links or switches in common.

Since 89 y is bypassed, there are still n
switches !rom level 1 to level n to enable
fault free path.

§y1,j 18 faulty; 1<=i<=N, 0<=j<=N

Since one switch failure results only fin
one path disconnection for a given P; and
Mj;, then by lemma 1, at most one of the
paths 18 faulty. Therefore, fault free path
exists.
QED.
Therefore, as sgingle switch failure does not
result in path disconnection.
6.2 finding fault free path
It is important that each switch can
dynamically dlagnose [ failure of the

neighbouring switches and links.

For example, switch S{{ﬂ can broadcast back a
o

possible failure of el r 81,1'1 or Sy,;,k to
Sj-1,j and 8 A-;. At the end, each processor
that' “uses elther 8141,5 or 8By+1,x receives an

information about switch (aflure. Accordingly,
the reconfigurable shared memory controller
updates the routing tags by using the secondary
path instead of the primary.

Theorem 53

Each processor uses the primary path:

1) *p-1...rp; 8g,1 bypass disabled; 5n,j
bypass enabled
or the sgecondary path in a case of a switch
fallure:
) rpopeeerpegs Sp, and By g bypass
disabled, for Sy ; fault and k'> 0
i) rpogeoary, Sp,j bLypass enabled; Sg |
bypass enabled, for Sg j fault and r=0
iv) rpo1...73, 8p,5 bypass disabled; Sg, i
bypass enabled, for 8p,j fault and rg=1|
proof:
i) Proven by Theorem 1.
i1) All bits of the routing tag are equal

except rg. Since path rp.y...ryl and path
'n-l---'éo have no links or switches |In
common, by Lemma 1, and since there exists
a transition from level n-1 to level n,
the secondary path routing tag is correct.

f11) A routing tag rp-y...r10 and a routing tag
Pp-1..+F1 with Sp 4 bypass enabled are
1Henticn . Therfore, the secondary path is

same as the primary path, from level ! to
level n-1.




,iv) It is the same as for ii) if we consider
that the bypass of Sg j means the same as
having rg=0.

QED.

Each switch dynamically receives and forwards a
fault label of the falled switch. At the end,
each processor receives coordinates of the
failed switeh.

Let's assume that Sy | failed.

Definjtion:

Fault Tag f, is a function result of EOR,
and k (failed switeh level), which tells to the

reconfigurable shared memory controlleér where
the location of the failed switch is.

Fault Tag = Pj EOR M; = XxX...xXfg...[p

where, x = don't care.

This means that for a path from Py to cross
S8y, ,1, & routing tag must not be equal to the
fault tag: XXXoooeXfpfp_1...00. This is

summarized in the following theorem.

Theorem 6:

1f the routing tag, rfp-y...riry{-y1...rg, and the

fault tag xxX...xfyfy_j...fp agree in i+l low
order bits, the routing path uses a fault
switeh,

proof:

The proof is by the induction on i,
low order bits.

number of

Let's consider only rj...rg and fy...fg; let’'s
also assume that they meet at stage i, but have
different paths. .

i) case 0 (two paths meet at level 0)

If rg <> fg, two paths cannot meet at level 0.
Therefore, rg = fg.

ii) case | (two paths meet at level {)

Let assume that rj...rg = fj...fg for j < i,

For two paths to meet at stage j+l, r,,1=t,,1.

Hence, for two paths to meet at stage I , they
must have all { blits the same:
Fp—jeeeljoeselg = XXuoaXfj.oulp.

QED.

In order to
procedures, a
controller must
When
assocliatively compared with a fault tag
1f the matceh occurs,
used.

fmplement the fault tolerant
reconfigurable shared memory
maintain a fault tag table.

table.
a secondary path must be

a new routing tag r is generated , r s

6.3 multiple fault tolerance

In the previous section we showed that a single
switch failure does not result in processor
memory disconnection. Moreover, for certain
instances: of multiple switech faults, the
reconfigurable shared memory controller -should
also maintain fault free capability.

Multiple fault tolerance is price/performance
feature. The neccessary and sufficient
condition for our approsch is that the primary

and the secondary paths are not both faulty.

An extreme example of an expensive multiple
free fault reconfigurable shared memory
controller would contaln n-1 secondary paths,

or n extra levels.

Our approach is different.
switch faults. However,
the secondary paths are
must be ‘used. For a processor that has both
paths to Mj faulty, it is equivalent as having
MJ not operational.

We allow multiple
if both the primary and
faulty, rescheduling

Theoren 7:

Let’ Lj=x...xfj...fg and L3=X..Xgj...80 be two
fault routing tags, § <> i.

The fnterconnection structure is fault free if
there are no two fault tags that have:

i) fg <> go )
t1) fjeaaf] = Bleee8]
i)

i else don't care

proof:

The proof is obvious, since we have proven that
there exist two paths, such that the first
rightmost significant bit of the primary path
fs different from the most significant bit of
the secondary path; the rest of the bits are
the same.

Therefore, the interconnection is fault free if
either the primary or the secondary path |is
fault free.

QED.

6.4 interconnection transformation

For the very same reasons as In section 4.2, it
is important that a reconfigurable shared
memory controller can be transformed into N
simpler and less expensive reconfigurable
intelligent memory modules.

Theorem 83

Reconfligurable shared memory controller can . be

transformed
modular
modules.

into N independent,
reconfigurable

smaller and
intelligent memory



proofs

We will use the same procedure as in Theorem 2.
Let's isolate any processor from figure 6.1.

Since the connection between level n-1 and
level n is the same as the connection between
level 0 and level 1, then by applyling Theorem
2, we prove that the reconfigurable shared
memory controller can be transformed into N
modules, too.

QED.

Collorary 3:

Reconfjigurable shared memory controller (from
figure 6.1 can be transformed into
reconfigurable HyperCube.

proof:

The proof Is the same as for Collorary 1.
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QED.

The most important feature of the presented
metamorphisis is, that all the properties of
the powerfull, general and complicated
reconfigurable shared memory controller have
not been lost in a process transformation to a
simple structure such as HyperCube.

7. RECONFIGURABLE ROUTING UNIT

In this section, we will expand the design of
the routing unit that we started in section
5.1, by adding to the routing unit the
reconfigurable functions defined in section 6.
Unfortunately, 1In the process of adding the
reconfigurable functions to the {ntelligent
memory - module hardware some modularity was
lost:

1) routing units RUg, RU; and RUp.) are

different from other wunits. They can
forward packets not only to Op-), Op-3, Op,
but also to an output qQueue that we call
Op. PFurthermore, they ecan receive packets
from Ig.

2) each routing unit has additional logic such
as: logic for generating and checking
fajlures, logie for broadcasting diagnostics
packets.

3) extended hardware in the global memory
unit: fault tag table, logic for choosing
primary and secondary path.

S8ince modularity is the key principle of a
successfull VLSI design, we beleive that all
routing units should have the same hardware
complexity and functions.

RIMM

GLOBAL MEMORY

UNIT :]

At the time of system {mplementation, RUp-j
will be connected to RUp using port 0. RU; is
connected to the global memory unit using port
0. The rest of the connections is the same as
described in S.1.

7.1 error checking generator
There are two approaches to detect routing unit
failure:

i) checking errors dynamically,

11) performing
operation.

diagnostics prior to system

To 1identify a fault's 1location, an error
checking hardware must be build into each
module. We will assume the second approach,
just for the presentation simplicity, although
‘the algorithm that we present 1is general
enough to give Iinsight into approach using
dynamic error checking.




We suggest method called cyclic reduction code
or CRC code. The basic idea is to append: a
checksum to the end of the packet in such a way
that the polynomial represented by the
checksumed packet is divisible by a generator
polinomial known to each RUj.

Each. RU; ‘can-check a failure of RUj or RUj,.j
dynamically and independently. RU; is fault
free if RUj_;
functional and eligable for checking failure of
RU; and RUj,j;. Initially, the global memory
unit checks if RUp is operational. If so, RUg
can cheeck a status of RU; or RUy of another
intelligent memory module,

A diagnostics packet has different control
bits:

0:1 =~ 11 represents a diagnostic packet

2:3 - RU; state

01: receive-return state

11: check state

00: wait state

10: operational; can broadcast
failures back,

4:15 - number of failed RU

An operational RU;, sends a packet to O; and
dij+1 and waits, If the returning packet does
not arrive, or it arrives with the changed
‘checksum, & [fajlure is reported back to all
operational units. If not,  the wunit Iis
acknowledged to be operational.

diagnosties(k)
. begin
it controll 2:31=01 then
begin
controll2:33:=11;
write_packet(k)
end
else if control[2:3]J=11 then
it check_parity() <> 0000000;5 then
begin .
controlf2:3):=10;
report_failure()
. end .
else if k=i-1 then
begin '
control{2:3):=00;
write_packet (k)
end
else if control[2:3)=00 then
begin
write_packet(i); write_packet(i+1);
tyc=walt(Ij); tg:=wait(lj.y);
if Tpax > t1 then report_failure(i);
{f Tpax > tz then report_failure(i+l)
end
else broadcast_back_failure(k)
end :

Esch entry in a fault tag table is of the form:
X.+.oXfj...fg, which means that there exists
RUyj, which is not operstional. For a packet to
reach RU;, a processor needs to generate a
following routing tag: X...Xrj...rp. A fault
tag can be generated dinamically, 80 that each
RU that is on the way to RUj, adds the
corresponding bit of the fault tag. :

For example, - {f RU; finds out that RUj,; 1is
faulty, then the fault tag is xxx..x0. If RU;
receives a diagnostlie packet with x...x1011
from RUj,;, it generates x..x10110 diagnostics
packet, and sends it to RUj_; and RUj.

announces to Ry that RU; is,

report_failure(k)
begin
address:=k;
control[6:15F:=11111131111;
broadcast_back_failure(k)
end

brodeast_back_failure(k)
begin
if k=i then
begin
controlf15:15]:=1;
write_packet(i-1)
end
else
begin .
shiftl(control[15:15J,1);
control[15:15}:=0;
- write_packet(i);
write_packet(i-1)
end
end

7.3 reconfigurabllity algorithm

The main idea in designing a reconfigurable
routing unit is to use as 1little additional
hardware as possible, compared to the standard
routing unit described in seetion 5.

A Dblock diagram of the reconfigurable routing
unit is given in figure 7.2.1. 1In this section
we ‘present all additional features of the

routing unit that involve fault tolerance and
reconfigurable routing.

1
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figure 7.2.1

Each unit reads a packet from one of the input
queues. Only RUg, RU; and RUp_j can read from
Ig. For other modules Iy is always empty.



repeat
if not empty(Il;_;) and not CAM_full then
process_packet(i-1);
i1f not empty(l{) then process_packet(i);
it not empty(l{,;) then process_packet(i+l);
{f not-empty(lg) then process_packet(0)
forever

process_packet(k)
begin
read_packet(k);
it control{0:1) = 11 then diagnostics(k)
else
if control{2:2] = 0 then
process_forward_packet(k)
else process_backward_packet(k)
end

When a processor is using the secondary path,
as 'the result of some RU failure, RUp of the
last intelligent memory module is used as an
extra stage. We call RUp a detour routing unit.
If a packet represents a memory request, then
RU,.; of the last intelligent memory module
sends a packet to its RUp through Ogp.

write_packet_0()
begin
it control(3:3]=1 and i=n-1 then
write_packet(0)
else write_packet(i+l)
end

RUqg will send a packet to RUp of the
corresponding intelligent memory module. That
RUg will access his global memory unit.

process_forward_packet (k)
begin
tf controlf3:31=1 and i=0 then
forward_detour (k)
else forward_route(k)
end

forward_detout(k)

begin
If k=0 then write_packet(i)
else write_packet(i-1)

end

A forward_route() procedure is the same as in
section 5.5. .

On the way back, a packet will travel the same
path. It first arrives at the detour RUp, than
at RUp of the intelligent memory module that
has RUp_y and so on all the way back.

process_backward_packet(k)
begin
ff control{3:31=1 and (i=0 or i=1) then
backward_detour(k)
else backward_route(k)
end

backward_detour(k) «
begin
if (=0 then
tf k=m-1 then write_packet(i)
else write_packet (0}
elne
1f control[15:15,;=0 then write_packet(0)
else write_packet(i-1)
end

7.3 summary

It is possible with very little extra hardware
to achieve a reconfigurable, fault tolerant
intelligent memory module.

The routing unit functions are the lowest level
functions of a large scale, general purpouse
parallel system, We developped extremely
powerfull and general, but simple and fast
routing unit that supports fault tolerance.
This vrouting wunit fs the key element in the
overall system performance.

8 QALOBAL MEMORY UNIT

In section 5 we defined 13 functions that we
consider key functions in achieving fast and
general purouse parallel processing. We declided
to implement these functions using the
intelligent memory module. Ten of these
functions we grouped into NANO level design;
the rest of them to MICRO level.

We can divide the intelligent memory module
functions into 3 groups:

t) routing unit functions (we described these
functions In previous sections),

11) global memory unit functions that support
routing unit functions,

it1) global memory functions that support MICROD
level.

Third group of functions need not to be
tmpl ememented fnto the intelligent memory
module hardware. Functions, such as process

sceduling, memory protection, etec., can be done
on a processor level, too.

In this section we are concerned only with the
second group of functions. In other words, we
want to describe the overall routlng ailgorithm,
from address encoding to globsl memory access.
We devide global memory functions that support
routing (group i1) into two classes:

1) pre routing unit operations,

1i) post routing unit operations.

A flow diagram of pre routing unit operations
is as following:

1) get address, data and status

2) determine memory bank number

3) generate routing tag

4) compare routing tag and Fault Tag Table

§) generate access packet

6) -send packet to RUp or RU;
A flow diagram of post routing operations is as
following: ’

1) read packet from RUj_;




2) decompose packet

3) execute C&A

4) access Global Memory

5) generate return packet

6) send packet to RUj_) or RUp
These functions
details, as it

functions. It
diagrams,

will not be described Iin
was for the routing unit
is obvious, even from the flow
that these functions are simpler and
easier to implement. 1In figure 8.1 we give a
bloek diagram of the intelligent memory module
with some emphasis on global memory unift.
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figure 8.1

8.1 pre routing unit logie

8.1.1 address translation

In general, when a system consists of a number

of memory banks, a memory controller must
seleect which bank to access, Since we
transformed the memory controller into N

intelligent memory units, the pre routing unit
logic (preRUL) of each intelligent memory
controller must select which bank to access,

In section 3.1, goal 9, we defined two types of
memory conflicts: conflicts that occur at the
same memory location and conflicts that oeccur
at the same memory bank. We solved problems
eoncerning conflicts that occur when N
processors access the same memory location.

- How do we solve memory access conflicts
occur when N processors access
locations in the same memory bank?

that
different

Most of today's general purpouse computers,
and almost all special purpouse computers use
what is call "low order interleaving", or
simply interleavings Memory banks are selected
by decoding the 1low order bits (the least
significant bits) of the memory address:

910 31

| offset |

[ 4]
[mem.bonk #
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or analitically:

memory bank number = address MOD N
offset = address / N.

In general, memory banks are arranged so that N
sequental memory addresses: 1, 1+1, i+N-1
fall in N distinet banks. A key word in
defining and fmplementing interleaving
effectively is: sequential. In other words, as
long as the generation of the next memory
access Is not dependant on data received [(rom
the previous access then sequential accessing
can keep all banks busy simultaneously.

it is therefore, important to arrange data in
such ways that the memory access patterns take

advantage of the interleaving scheme,
effectively. However, this is contrary to our
goal 1. We don't want and don't need this kind

of interleaving.

The following theorem shows the degradation of
interleaved memories with respect to
nonsequential memory accesses.

Theorem(Kog81]
Assuming that a memory design consists of N
individual memory banks, and the access time

for any bank is T, then for sn address sequence
with uniform spacing of 8 the average time per
element access 18:

sT
i) — for 8 (= N
it) T for 8 > N
proof:
t) 8 <= N

Let's assume spacing 8. Then, each memory

access involves k memory banks: §, 28, 38,
... k8, such that k = N/S. Hence, the
avarage access time is: T/k, or ST/N.

if) 8 >N
On the first memory access one memory bank
{s busy. On the second memory access, also

one bank 1s busy, ete.
access time is T/1 = T.

Hence, the average

QED.

various different schemes have been proposed to
minimize Theorem 8, such as having prime number
of banks, skewing, etc. However, . they all
assume, either vector or SIMD (single
instruction multiple data) mode of operation.
In other words, they assume uniform 'spacing.
In the multiprocessor systems, where each
processor can execute independent and different
task, memory access patterns are, in general,
nonuniform.

We propose random interleaving for eliminating

memory conflliets that occur when N processors
access different locations In the same memory
bank.



8.1.1.1 random interleaving

It has been shown that the uniform interleaving
is 1ineffective even for uniform memory access
spacing.

Let's assume figure 3.1.2 and the following
shared memory controller operation.

shared memory controller intercepts an address
and sends it to memory bank 1; second address
it sends to bank 5, third to bank 15, ... and
so on. Memory accesses are distributing by some
pseudo random, but fixed function. We call this
scheme random interléaving.

~ How good is random interleaving ?.

On the average, there are less than N requests
entering the shared memory controller. 8ince
these requests are randomly distributed,
intuitively, there 1is on the average slightiy
less than one request going to each memory.

Let's define P{NB, a probability that there are
no memory conflicts at memory bank M.

In other words, P;NB = P;(m=0) + Py(m=1), is a
probability that at most one request arrives at
M. .

Then, (N-l M

Py(m=0)
1 /M) [N-1| M-l
N \1 N

PyNB = ge-(N-1)/N,

Py (m=1)

for N=M, N -) @© ’

1t we define P{B(m=1), a blocking probability
with one memory access walting, then

P{B(m=1) = 2.5e-(N-2)/N,

Unfortunately, these probabilities offer no
practical visualization of the whole system,
since these probabjlities concentrate only on a
particular memory bank Mj. They say, for
example that a choosen memory bank M; has
P NB=0.26, or P{B(m=1)=0.08. However, other
Mjy's are not involved in the calculation.

Hence, we are more interested in probabillity
that is a function of all accesses and all
memory banks.

Let's define P(ky=K;,k2=Kg,...,k§1=K{), a
probability whieh says what the probability is
that K; memory banks have k| memory accesses,
for 1<={<=N. .

For example, let's assume 4 memory banks, and 4
memory accesses. Then,

- P(kj=4,kg=0,k3=0,k4=0) is probability that 4
banks received 1 access.

- P(ky=2,kg=1,k3=0,k4=0) is probability that 2
banks received 2 accesses, and 1 bank 2
accesses.

- P(ky=0,k9=0,k3=0,kq=1) is probability that 1
bank received 4 accesses.

P(kK, koK, ) = 22
. (w0 M

TT =1 z: =9

=

Probability P(kj=K;) calculations involves all
possible combinations of Ki's that
satisfy: iKy summation. For example, for
a 16X16 processor memory system, there are 136
such combinations. We developped a program for
calculating P(kyj=Ky). We will give only an
illustration analysis for 16X16 system. More
thorough analysis s left for some future
papers.

There are three interesting results from the
analysis of 16X16 system:

1) access distribution with the highest
probability:
k=1 k=2 k=3 k=4 k=5§ k=6
7 3 1 0 0 0 14%

14% of time there are 7 banks with one
memory access, 3 banks with 2 accesses, and
1 bank with 1 access.

2) expected number of memory banks with k
accesses:

k=1 k=2 k=3 k=4 k=5 k=6

6.08 3.04 0.95 0.20 0.03 0.00

It is to expect, on the average 6 banks with
1 acccess, 3 banks with 2 accesses, 1 bank
with 1 access.

3) probability at least one memory bank has
more than k accesses

k>1 k>2 k>3 k>4 k>$ k>6

100 80 23 3 0.4 0.0 %
It is 80% that there exists a memory bank
that has more that 2 accesses.

These results are very encouriging. The

queues that generate In front of the memory
banks are very short. PFurthermore, the results
are obtaines under the most conservative
constraints: N accesses entering N banks. We
expect even better results for smaller number
of request.




Let's assume low order interleaving. Ten 1low
order bits represent memory bank number. The
rest of the bits represent an offset inside the
memory bank.

We have to build a hashing function. that will
randomize low order 10 bits. Let' call them 8
bits. A sufficient constraint s that the
function is fast and simple on 8. For example,

multiplication of § by itself and using middle

10 bits.
8.1.1.2 rou(lng tag generator
From newly jenergted low order finterleaving
bits, S bits, we generate a routing tag by
simply:

R-tag = S EOR P-number
where P-number represents

processor or
intelligent memory module number. .

8.1.2 fault tag table

In Theorem 6, we state that {f the routing tag

and the fault tag agree in {+1 low order bits,
the routing path crosses a fault switch. We
also mentioned that a reconfigurable

intelligent memory module must maintain a fault
tag table. The pre routing unit hardware
consists and QJaxecutes functions concerning
reconfigurable, tault tolerant routing.

A fault tag table is a content addressable
memory. [ts organigzation and functions are the
same as for the Conflict Fllter.

During diagnostics, a pre routing unit logle of
each! intelligent memory module recejves

- the coresponding fault tags of not operational
rou!lng units.

During normal

intelligent memory - module
operation, a

pre routing unit checks 1If the
generating routing tag matches the fault tag
table. If so, a reconfigurable path is chosen
using operations defined in Theorem 5.

8.1.3 packet creation

A pre routing unit hardware,

generates a packet
that consists of:

1) 16 coﬁtrol bits trém status bits that came
from processor and from generated routing
tagl

2) memory bank offset as address,

3) data (f write or C&A access.

A packet is sent to an input queue Ij of RU

for normal oerations, or to Iy queue o} RU; |

RUp is not operational.

8.2 post routing unit logie

PostRU reads

a packet either from RUj.y for
normal requests, or from RUg for bypass
requests. There are two main operations of

PostRU: C&A operations and Global Memory reads
~or writes. .
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"Even

8.2.1 Cache and Add Table

As we deseribed in sectiong/ 3.1,
we changed Fetch and - Add
primitive into Cache and Add.

5.5 and 5.5,
synchronizational

PoStRUL process each C&A request as
Let's assume the following C&A
CYA(V,e).

following.
format:

PostRUL compares V with C&XA table. C&A table I8
content addressable memory, too.
If match oceurs, PostRUL increments V by e.

If mateh does not occur,
global memory,

PostRUL brings V from
increments V and inserts V into

C&A table.

In both instances, PostRUL returns a non
incremented value of V to either 1;,; queue of
RUn.) for normal opeartion, or to Ij-; of RUp
for bypass opeartion. :

8.2.2 global memory

One of the ch&racteristies of the INHERENT

design approach, 18 a tight connection between
a processor and its local memory. In general,
processor works locally, using data and
instructions from its- local memory. These
operations are fast. Only when a processor
requires a shared information, it generates a
global memory access, That global access
arrives at PosRUL of some remote intelligent
memory controller, '

- What should PostRU do?

An access to a local memory of the processor
from an fntelligent memory module is
inefficient and expénsive. It is inefficient,
because it has to fnterrupt processor's
operation, and go through a bus controller to
access local memory. 1t 18 expensive, because
the intelligent memory module looses jts easy
to add modularity.

fact: memory elements are fhe cheapest and thé
most compact digital components

Furthermore, the trends show that the memory
capacities will increase while their price
decrease, both absolutely and relatively.

Typical examples are large supercomputers with
hundreds megawords of memory.

Intelligent

We decided to follow the trend.
memory - module contains a bank of a global
memory.

This is the reason why we call our contribution

to  the parallel processlng intelligent memory
module.

8.3 summary

The intelligent memory module can be considered
as an add on memory to a standard computer
systen, which connected with the. other
intelligent memory modules can create a large
scale, general purpouse parallel processor.

that

without MICRO level functions, we
also plan to incorporate into an intelligent
memory module hardware, an intelligent memory

module can be advertized and sold as the memory
for the future. Since it incorporates simple
and modular logie of the routing units, PreRUL
and PostRUL, a price of the intelligent memory



module is bounded by the price of the memory
chips that it incorporates. Therefore, for a
slightly higher price of an ordinary memory,
and additional price for noiseless fiber optics
cables, a user can buy and incorporate into his

system a powerfull structure that supports
parallel processing in the highest possible
form with:

fast routing,

fault tolerance, reconfigurability,
memory conflict elimination,

fast global memory access,
mechanisms for fast scheduling and
synchronization.

i)
it)
iif)
iv)
v)

It is known that with good hardware must also

come good software for hardware to be
effective.

The iIntelligent memory module cannot be sold
successfully without adequatelly well written
compiler or part of the operating system. The
whole idea of the INHERENT design approach’ 1is

to use as much avallable standard products as
possible. That means software, too.,
Unfortunately, we cannot say that we succeeded
in that respect. The intelligent memory module

that we designed, differentiates local
processor memories from global memories. It
requires from a compller to associates
different memory allocation patterns for local
and for shared variables. This requirement
results in more changes in sotware,
particlarly, memory management, then that we
expect for the INHERENT design approach.
Therefore, it 1is our goal, in the future
studies to transpass the gap between the local
and the global memories and make the
intelligent memory transparent to the compiler
writers.

Even when the system software is done "from .the
serateh”, it is better for the system
programmer to visualize the whole memory space
as one contigent unit. 1In the next section we
offer some ideas how to eliminate the
difference between the locsl and the global
memories wijthout performance degradation. In
other words, we show some ideas how to design a
better system using the NOVEL design approach.

9. NOVEL DESIGN APPROACH

There are few defictencies of the
reconfigurable intelligent memory module that
result in either speed or generality
degradation. One of these deficlencies s a

remote memory access latency time. Or In other
words, a time it takes & processor to receive
data ‘from the remote global memory. In section
4.3.5i we showed that the latency time 1is a
funotion of the routing unit delays plus the
queuing delay. 1In this section we briefly show
how _ it 1is possible to eliminate the memory
latency time.
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The other deficiencies of the
memory module result in system generality
degradations more than in speed. In general,
these deficiences come from the fact that the
system differentiates local from global
memories. We will also briefly show how to
increase system generality by eliminating the
difference between local and global memories.
This will enable system prgrammers to visualize
memory as one huge bank and enable them to
write more effective memory management
functions.

fntelligent

8.1 parallel processor

The key solution to this problem {s stated in
the principle number two in section 2.1 which
says that there must be an abundant supply of

usefull work. What does it mean?

The algorithms that programmers develop must be
organized in terms of individual processes
which are designed to generally operate
asynchronously in parallel. For most of the
algorithms, number of generated processes |is
much larger than number of processors.

The trick now 1Is not to concieve of the
processor as being assigned to a single process

until 1{ts completion. Rather think of the
processes as the set of activities to be done
and the processors as a set of objects _whlch

can perform the activities,

Let's consider the following scenario. A
processor takes a process from the set of
processes and begins working on it, It
continues to work on this process wuntil the

process generates a memory requests which must
be sent to the remote global memory. The
processsor then gends the request to the
intelligent memory unit, but does not sit and
wait for the result to come. The processor then
sets that process aside and picks up another
and proceeds to operate on this new process
until this process makes a global memory
request, The processor continues to work on
different processes until one of the requests
arrives from the global memory. At that time a
processor can proceeed with the process that
required global memory access.

The number of processes necessary to keep
processor busy is bounded by O(loggn).

the

- How do we implement processor multiplexing?

Current VLSI technological trends, with RISC
architectures as the processor design examples,

incorporate, in general, large number of
registers. These registers are used by
compilers to optimize overlapping and
pipelining. We can use these large sets of
reglsters inside each processor for
eliminating global memory latency time, too.
Let's call processor registers: PC (program
eounter), SP (stack pointer), IR (instruction
register), MAR (memory address register), MBR
(memory buffer register) 8 (status register)
and other general purpouse registers,
processor's dynamic context (DPC). Let's also
assume that a processor can have O(loggn) such
DPC's. This is possible using current
technology, even for large n. Hence, we see
that we can effectively and quickly execute
process multiplexing or what we call DPC
exchange.
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There are some requirements in order to 1f the bank_number is the same as t?e
implement DPC exchange effectively. Addressing processor number, than the- address is ?
must- be indirect, through the active process processor's loecal memory. The intelligen
register (APR) . For example, APR = 0, memory module signals a processor tq wait for
represents f(irst set of registers, APR = 1, the memory access completion.

represents a second set of registers, and so

on. A load Rs instrustion is actually a load
B5[APR] instruction. APR is ineremented when a
DPC exchange occurs: .

APR := (APR + 1) MOD n
where n is & number of register sets.

It is very important to execute

DPC exchange
fast., This can be achjeved only {if the
processor and i{ts intelligent memory module

effectively complement each other.

Another requirement to the effective processor
utilization {s that the number of processes is
larger than the number of processors. Let's
" explain this statement.

Note that the processor multiplexing does not
decrease memory latency. Processor multiplexing
results - in increased throughput and increased
pProcessor utilization. Let's assume that.a rate
of a processor is P units. Then the processor
multiplexing with k sets of registers is
equivalent of kP processors each one with rate

of P/k. Therfore, it is important to have at
least Pk processes to take advantage of
processor multiplexing.

Let's assume standard fetch, decode, fetch
operands, execute memory cycles. Let's also
assume that we have k virtual processors. That

means that the degree of processor multiplexing
is k. When a virtual processor generates an

address, that address comes to an intelligent
memory module. The intelligent memory module
quickly decodes the memory bank number

corresponding to that address:

1) new_address := random_HASH(address)

2) bank_number := new_address MOD N

It is important
function in 1)

that the random
is fast and simple.

hashing

If the bank_number differs from the intelligent
memory module number, than the address reside
in some remote memory bank. In order to access
that memory bank it is necessary to travel
through O(loggn) routing units. The intelligent
memory module signals to the virtual processor
not to wait for the memory access completion,
but to execute DPC exchange.

Each

intelligent memory module is capable of

storing data and status into each virtual
processor's MBR or status register. This 1s
necessary since virtual processors and

intelligent memory modules work asynchronously.
For example, 1If a virtual processor V request
memory address A, and A resides in some remote
memory bank, A is sent to the routing units.
When the request returns, i{t's Information s
stored into V's MBR or status register. Next
time when the virtual processor V becomes
active, it will have the requested information
available. If the system is designed such that
a8 minimum multiplexing time is larger than the
remote memory latency, V needs not to check if
the information is present or not. It ean go
directly on with the next microinstruction.

- What happens with a processor when
intelligent memory module signals that
memory access is remote?

the
the

There are 1two things that a processor must
accomplish It must save the status of the
current virtual processor and it must start the
next virtual processor. Both operations can be
done very fast. In order to save the status of
the current virtual processor, & control logic
must save the current microinstruction {nto a
Virtual Procesaor Table, indexed by APR.

In order to start a new virtual
the control logic must inerement APR,
set the microinstruction program
value of VPT[APT].

processor,
and must
counter to

A block diagram of the proposed

parallel
processor is given in figure 9.1.



Besides the
processors,
operations

operations concerning virtual
all other performance enhancement
such as pipelining, overlapping,
multi functional units, reduce Instructions,
ete., can be implemented 1in the parallel
processor.

The gratest advantage of the parallel processor
is that it nullifies the routing time delay.
Therefore, the intelligent memory modules could
become even more complex and more time
consuming elements of the system. We can add
more power and more intelligence to them,
without expecting speed degradation. This s
very important when we have in mind that the
intelligent memory module should process
functions such as process scheduling,
synchronization scheduling and other operating
system primitives that result in large network
traffie.

9.3 address distribution
Using an intelligent memory cantroller as the
address translator, memory bscomes more

transparent to the system software, particulary

to the memory management routines. 1In the
INHERENT design approach, a compiler must
determine which variables are loecal, and which

are global, and accordingly must

preceed with
the memory allocation.

One of the problems of
the separate local and global memory design ls
the program code duplication. If N processes
execute the same process code, then N multiple
copies of the process code reside in respective
local memories. The problem 1is also with
process scheduling. For example, If a process
runs on a processor Py, and synchronigation
takes place, than the process Is blocked. Next

time when the process is reactivated, {t could
be allocated to some other processor P;, which
needs not to have process code in its local

memory. Unnecessary overhead takes place.

Let's consider the address distribution scheme.
In this scheme there exists a single process
code copy, or in other words a single copy of
the whole program. Local program variables are
allocated on the stack; therefore, they are
also part of this huge bank of memory. 8ince
all addresses are randomly distributed, 80 are
the local variables and program code
instructions. In the INHERENT design approsach
only global variables are randomly distributed.

A single code in memory could not be
implemented without the Conflict Filter
operations. Too many memory conflicts would
oceur.

In section 8.3 we mentlioned that each
intelligent memory module contains it's own

memory. For the INHERENT design approach we
called that memory a global memory. This memory
ean be used as cache for memory addresses that

are not present in the  processor's local
memory. This could eliminate frequent virtual
processor DPC exchanges, which occur when the
code s distributed randomly among the memory
banks.

9.3 summary

The NOVEL desing approach leads to a processor,
which in combination with the intelligent
memory module can acomplish all the postulates
that we defined for the large scale parallel
processing. )
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Most of the funectitons of the proposed parallel
processor are to be dlscovered, yet. The
principles are known, but the practical
implementational solutions or even simulational
solutions are gtill beyond current research
state. The NOVEL design apprach has been the
least studied area of the system design,
because we do not expect to build the parallel
processor in close (future. However, it |Is
important to keep fn mind functions of the
parallel processor and build the Iintelligent
memory module in such a way that the processor
could be easily incorporated with the
intelligent memory module into a powerfull and
fast paralle]l system.

10. CONCLUS ION

The primary goal of this project is profit. 1If
we, in the process of achieving this® goal
succedded in finding some new Ildeas, or
developped tools, mechanisms or algorithms that
are novel to the computer science community, we
consider these tools and algorithms jus fied
and usefull only i{f they help us in approaching
this goal, faster and more effective.

There are very few computer firms that can
compete, for example, with IBM, in building a
parallel machine, such as their RP3. Therefore,
we offer a different course in taking over the

parallel processing oriented community. We
propose multistage project developpment.

on the first stage, whiech we call the
intelligent memory development stage, we offer
a ‘reconfigurable intelligent memory module,
without MICRO functions. This module is

marginally more expensive than memory that 1t

contains, but with all the lInovations and
parallel concepts incorporated, it is
attractive enough to be sold profitable. With
cleverly written cross-~-compiler, and cleverly
modified operating system, the personal
computer oriented communi{ty interested in

parallel processing could be taken over.

on the next stage, MICRO level operations could

be added to the reconfigurable intelligent
memory module hardware, creating even more
attractive and more powerfull building bloek

for a parallel processing system using standard
personal computer. First two stages represent
the INHERENT design approach.

In the last stage, that we call the parallel
processor development stage, we could use the
knowledge, experiance and profit from the
previous stages to built a custom made

processor,
operating
rnemory

optimized compiler and custom made

system to utilize the (intelligent
module functlons. With s machine
designed wusing this NOVEL approach, we could
enter the market of large scale parallel
processors and compete sucessfully with the
glants.
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U ovom radu opisan je gedan pristup defimisanju informacionih saorisja

bare podataka,
podataka. Predloreni
informacionog

postupak
sistema - analizu

rasnovan na Nijssenovoj metodologi ji progjertovanja care
.obuhvaca

pocetne faze ] razvoe ju

aktivnosti i informacionu analizu
Konceptualni model, dobijen predlozenim

postupkom, osnova e ra 4al_te

progjehtovan_je logicke strukture baze podateka. Cily postupka je da pomogne

analiticarima sistema i projektantima
konceptualnog modela baze podataka.:

infaormacionih potreba.

Klgjucne reci: aktivnosti, analiza,

baza podataka u rzgraan j1

a korisnicima u definisanju svo_jih

baza podataka, informacioni sistem

informacioni tok, koncepbua{izaciJn. konceptualni model, realmni sistem

A METHODOLOGICAL APPROACH TO DEFINING THE INFORMATION CONTENTS OF

DATA BASE

In this paper & methodological approach to defining the informataion

contents of data base is presented.

The

proponsed approach deals wath

initial information system development phases - activity and information
analysis. This method intends to help the system analysts and data base

designers in conceptual development

phase of data base and to help the

users in defining their information needs.

Keysords: activity, analysis,

conceptualization,

conceptual moodel

data base, information flow information system real system

1. vvobD

Iskustva pokazuju da e progjektovanje bare
podataka kriticna faza u raivoju informacionog
sistema £3, 4,8, 14). Naime, dvosmislenosti
netacnosti 1 nepotpunosti u swspecifikacijama
informacionih zahteva (to e etapa na koju se
zasniva konceptualno modeliran e baze podataka)
prouzrokuju dalekoserne posledice, ne samo U
fazi projektovangja strukture basze podataka, vec
i u kasnigim fazama raxvogjs informacionog sis-
tema i na ngegovu upotredbl jivost u celini.
Uspesno projektovana baza podatake rezultat je
usvp jenog metodoloskog pristupa definisanju in-
formacionih zahteve korisnika i usvojene meto-
dologije konceptualnog modelirangja njene struk-
ture.

U cilju definisanja Jedinstvenog metodo-
loskog pristupa., kogi bi vodio uspesnom razvogu
informacionag sistema i njegove baze podataka,
nacingen je pokusaj da se sistematizuje redo-
sled postupaka projektovanja baze podataka i
razvoja informacionog sistema uopste 1 nazvan
Je imenom informaciono inzenj)erstvo [4]. Infor-
maciono inzengjerstve, W okviru postupaka za
razvo) informacionog sistema, predvidgs cetiri
faze projektovenja baze podataka:

(1) stratesko planiranje potreba (analiza
aktivnosti).,

(2) informaciona snaliza (formulacijs i ans-
liza informsacionih zahteva),

(3) modeliran )® podataka i

{4) fizicko progektovanje baze podastaka.

Kolika Je paznja usmerena progektovanju baze
podataka moze =e oceniti 1 po tome atoc se prve
tri faze progektovanja preporucugu o samom
pocetku razveogja informacionog sistema Iz ovih
razmatranja postaje takodje _jasnc :13s5t0 se sve
vise naglasava varnost temel jite analize
realnog sistema i informacionih 71ahteva kao
bitnih pretpostavki za razvey uspesncg infaorma-~
cionog sistema i zasto se u literaturi razmatra
i predlaze sve vise metoda 1 tehnika za
gbuhvatanje svih informacigja koge bi sadriavals
ngjegova baza podataka [1, 3,9, 14,12]

Analiza podataka, kako se u (17) _Jednim
imenom nazivaju informaciona analira 1 koncep-
tvalno modeliranje, Jje proces obuhvatanga in-
formacijya i njihove transformacige u konceptu-
alni model podataka. Analiza podataka ye, prema
tome, proces vzlazne (bottom-up!) -analize infor-
macionih zahteva korisnika, koga rerultira wu
konceptualni model

Medjutim, kako se informacioni sistem gradi
za realni sistem koji se obicne sastoyi od vise
grupa korisnika, zavisnc oc¢ ~ jegove organira-
cione podele, potrebno e ore analize podataka
izvrsiti analiru aktivnost: realnog sistema
ili, hkako se u nekim dizvor:ima naziva, struk-
turnu funkcionalnu analizu To gye s-vrha
{top~down) analiza realnog sistema s ciljem da
se otkriju njegove aktivnosti odnosno funkcije
koje ce biti informaciono podrzane 1 informaci-
oni tokovi hogima se (1li ce se) odabrane
aktivnosti opskrblgivati trazenmam anformaci~
Jama.

Analiza aktivnosti rezuliira w takorvanu
ahemv informacionih tokova realnog siatema.
Time e olaksamne analira podataka ko ja koncep-
tuvalni model gradi na osmnovu analize informaci-
onih tokova




Definisanje informacionih sadrzaja baze po-

dataka e skup postupaka kojima treba odrediti
njen sadriay 4 strukturu, radi zadovolgjavangya
informacionih 2ahteva korisnika, postujuci’ pri

tome organizacione aspekte realnog sistema, s
Jedne. i odnose i veze izmedgu podataka, s
druge strane. Tay skup poOstupaka u opstem
slucaju podrazumeva primenu razlicitih metodo-
logigja u nedostatku jedinstvene integralne me-
todologije projektovanja baze podataka. Tako
se, na primer, za funkcionalnu analiru koristi
HIPO ili SADT metodologlja, & za informacionu
analizu 1 konceplualno modelirange PSL/PSA ili
Chen-ova E-~R metodologiga {1431, U ovom radu
prikarujemo metodoloski pristup definisanju in-
formacionih sadrzajas baze podataka informaci-
onog sistema, rasnovan na Ni jssenovo metodolo~
gigi projektovangja baza podataka [13,15] kogya u
sebi integrise prve tri pocetne faze u razvoju
informacionng sistema: analizu aktivnosti, in-
formacionu analizu i modeliranje logicke stiruk-
ture baze podatakas.

Sredisnja paznga u ovom radu
analizi aktivnosti i

posvecena Je
informacionpy analizi.
Pored uvoda, rad sadrii Jos cetiri poglavigs i
zakl jucak. Za razumevangje - ovde predlozenog
metodoloskag pristupa uvodimo prvo. u pogla-
vligima 2 i 3, osnove odnosa izmedju realnog i
informacionog sitems na ko jima se gradi Nijsse-
nova metodologija, osnovne pretpostavhe usvojge-
ne metodologigje i globalne korake u pristupu
definisangju informacionih sadrzaja i konceptu-
alnog modela baze podataka.

U cetvrtom poglavlju detal no _je rarradjena
pocetna faza u raivogu informacionog sistema -

‘analiza aktivnosti. keoga obuhvaca prva tri ko-
raka metodoloskocg pristupa. Peto paglavl je
opisugje postupak infeormacione analize, kogi

obuhvaca precstala dva korska metodoloskog pri-
stupa. Rerultat ove faze je konceptualni model
baze podataka, cime smo postigli postavijeni
cily HKonceptualni model, naime, upravo defini-
se informacije koje treba sadrzavali baza poda-
taka i koje treba wuvgraditl u nyenu logicku
struktoru

2. ASPEKTI INFORMACIONOG SIBTEMA

Nigjssenova metodologija projektovangs baze
podataka zasniva se na opstoy postavci informa-
cionog sistema u odnosu na realni sistem (pri-
kazano na slieci 1). .

REALNI SISTEM

OKRUZENJE

Koristi
mformacije

INFORMACION! SISTEM

- baza podataka
- pravila

- procedure

Slika 1. Odnos i medusobni uticaj realnog sistema, informacionog

sistema i okruienjo
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Informacioni sistem, na jkrace receno, e
sredstvo 18 informacionu podrsku realnog sis-
tema. U ovim razmatranjima pod realnim sistemom
se podraiumeva onaj deo celokupne posmatrane
realnosti za koga se ainformacije .prikupljagu
obradjuju i isporucuju. Realni sistem. u
kragnjem obliku, e odredjen aktivnostima kaje
obavl ja. ngyegovo owkruzergje Uz svaku aktivnost
sy pridruzene informacy :e. Neke od ngih  su
potrebne radi izvrsenjaz same aktivnosti. a
drugQe pak ixviru i1 aktivnosti pokarujuci sta-
nJe 1ili rezultate nakon zavrsetka aktivnosti
Sve te informacigje obuhvata, obradjuJe i
isporurugye okrurenjyu informacioni sistem

Iz opisanog polozaja informacionog sisteaa
U odnosy N3 realni sistem mozemo usvogitd
njegovu opstu arhitekturu: informacioni sistem
se sastogyi od baze podataka koga odrazava
stanje realnog sistema o nekom vremenskom
itrenuvtku, od skupa  pravila postavijenih nad
podacima i od procedura ta obradu podataka., sve
to organizovano tako da se mogu ispuniti infor-
macioni zahtevi okrutenja. Okruzenye ~ealnog i
pridruzenaqg informacionog sistema sacinjavaju
lgudi kogi izvrsava u aktivnosti realnog sis-
tema, s gjedne, a koraiste informacige informaci-
onag sistema. s druge sirane

Iz prethodne diskusije nazire se osnovna
idegja Ni jssenove metodologige u informacionoy
analizi i ‘%onceptualnom wmodeliranju, koja se
sastoyi u: odredjenju aktivnosti realnog sis-
tema. odredjengu tokova informacija, wusmera-
vanj)u informacionih tokavae na pravcu korisni-
ci-informacioni sistem. otkrivanju sadrzaga in-
formacionih tokova. ratlaganju informacionih
sadrzaja na elementarne nosioce vrednosti in-
formacija - atribute, te v strukturirangu tih
atributa u model baze podataka. postujuci
pripadnast atributa abjsktima iz realnog sis-
tema i postojece relacije irmedju njin. Samo na
ova,) nacin more se garantovati da ce Dbaza
podataka odgovoriti na sve unapred postavl] _jene
informacione zahteve

3. ETAPE KONCEPTUALNGG MODELIRANJA

Osnovne pretpostavke v metodolskom pristupu
definisanju konceptualne strukture bare poda-
taks o kome je ovde rec su:

(1) realni sistem za koga se i1nformaciani
sistem gradi, sastoji se od skupa ak-
tivnosti;

(2) informacioni sistem se sastoji od skupa
funkei ja koge informacaono podrzavagu
aktivnosti realnog sistema i
{3) "informacige u realnom
preko informacionog sistema - informa-
cicnim tokovima, a nosioci informaciga
su dokumenti rarlicitih vrsta i formi
{izvesta ji, tabele, pisma i sl )

sistemu teku -

Uzevei v o0bzir navedene pretlpostavke i
aspekte na kogje se gradi Nijssenova metodologi-
Ja. pristup konceptualnom modeliranju baze pao-
dataka moremo podeliti uw S koraka:

(1) odredjenge aktivnosti realnog sistema
‘koge ocekujyu infarmacionu podrsku;

odred jenje funkciga informacionog sis-~
tema s kogima ce informacioni sistem
informaciono podrzati aktivnosti realnog
sistema;

{(2)

" (3) vdredgjengje informacionih potreba koris-
nika, odnosno. cdredjen_je informacionih
tokova i dokumenata - nosilaca informa-

ciga; :



{(4) analiza informacionih tokova i

(3) konstruisangye

podataka

konceptuvalnog modela baze

Za prikaz shema informacionih Llokova, in-
foremacionih struktura i konceptualnog modela
vsvogicemo graficku notaciju kogja se uobicajeno
koristi u vec poznatim postupcima informacione
analize i konceptualnog modeliranga (3, 123,13]

4. ODREDJVENJE I ANALIZA AKYTIVNOSTI

Pocetna faza v raivogu informacionog sis-
tema i ngjegove baze podataka e funkcionalna
analiza odnosno analiza aktivnosti realnog sis-
tema. Odredjyengje i analiza aktivnostii je s-vrha
pristup realnom sistemu radi:

(1) odredgjengja aktivnosti ili fumkcijs real-
nog sistema i selekcije onih aktivnosti
kogje treba informaciono podrzati.

{2) odredgenga wulaznih i irlaxnih informa-

: cionih tokove selektiramnih aktivnosti i

(3) konstruisanja globalnog modela

cionog sistena.

informa-~-

Pazrlgivim i celovitim posmatranyem realnog
sistema i intervjuisangem ngjegovog okruzengja na
svia nivoiea (od nagvisih rukovodilaca do
kragngih korisnika) mozemo stvoriti opstu sliku
o zadacima i aktivnostima reialnog sistema i o

vitalnim informacionim tokovima. Nakon toga.
posebna paznja se posvecuje uprave informaci-
onim tokovima, zato sto oni sadrze podatke od

koJih treba saciniti bazu podataka.
4.1 Selekcija aktivnosti realnog sistema

Za identifikacigu a izbor aktivnosti
realnog sistema moze posluziti shems organiza-
cione strukture realnog sistema (7, 10]. Teskoce
u ovos procesu Javlgaju se kads se informacioni
sistem razvigja 1a realni sistes ko ji s» takodje
razvijga. pa se njegove aktivnosti ne mogu v
potpunosti odrediti. ili kada se informacioni
sistem dogradgjuge zbog prosena aktivnostu
realnog sisteaa. U svakom slucagu, za uspesnu
analizu aktivnosti potrebno Je potpuno
poznavanje realnog sistema i aktivno vucesce
okruzenga. U ovoy fazi okruzenje nagjbol je zna
koJge aktivnosti trebs inforesacionoc. podrzati §
kakve efekte od toga ocekuje.

Odredjengyje 1 analiza aktivnosti uobicajeno
pocinge identifikacijom globalnih aktivnosti
realnog sistema i globalnih funkcigs informaci-
onog sistema. Na Jednom nivou, medjgutim, aktiv-
nosti i funkcije su presloiene za raiusevangs,
obuhvatanje informacionih tokova i konceptualno
sodelirangje baze podataka. Zatoc se one dele na
mange slozene aktivmosti i Ffunkcigje kogye sa
nazivaju zadacima ili podfunkcijama. Uporedo s
Lim, dokumenti kao nosioci informaciga [ 1)
takodje cepayu na komponente ili podskupove
podataka ili na podskupave recenicas. U ovonm
procesu, kogi je nazvan dekompozxicijos [12,13],

slozene funkcije se ratlazxuv na Jednostavnige
sve dok ne postanu potpuno jasne tako da je
soguce:

(1) detaljno opisati njihove transformacije

{2) oarediti dokumente - nepasredne nosioce
informaci ja.
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4. 2 Odredyenge informacionih tokova

Nakon odredgjengja aktivnosti potrebno je da
obuhvatimo i specificiramo informacione potrebe
okruzenja za njihovo obavl jange. Usvojili smo,
naime, pretpostavku da su u opkruzenju
uspostavl jeni informaciondi tokovi kogi
omogucavaju kamunicirange irmedyu ngegovih
elemenata. Svaki informacioni tok u tom smislu
ornacava struganje poruka: a prikaruge
komunikaciju izmedju dva elementa 11 okruzenja.

Ovde cemo usvojiti jos jednu pretpostavku,
a to je da poruke informacionim tokovima struge
samo u jednom smeru ~ od iitvorista ka odredistu
{izvoriste i odrediste su, gasno., elementy ili
delpvi okruzengya). Svaki informacioni tok je na
ova,) nacin odredjen smeram i sadriajem Smer
infoermacionog toka pokaruge kretanje informaci-
Ja od izverista ka odredistu, a sadrraj olkriva
prirodu komunikacige izmedjyu njih

Korasnici informacionog sistems cesto ne
Inaju kako da specificaraju svoge informacione
zahteve, ne 1zsata sto ne pornagju svoy deo
aktivnosti, vec vise 1bog toga sto ne nalaze
zajednicki (razumlyiv) _Jezik sa analiticarima
sistema i projektantima baze podataka Stogs je
zadatak analiticara i progektanata da u ovoy
fazi, sluzeci se uobicajenim jezikom rade
za jedno 3 korisnicima na definisangu inforamaci-
onih tahteva: da postignhu saglasnost o znacenju
i semislu podatake i da konstruisu pravila za
zastitu integriteta inforaaciga. Oni takodje
treba zaj)edno da ratrese sve dvosmislenosti u
specifikacigi infermacionibh sadrzaja i da in-
formacione zahteve opisu u formi dokumenata

4.3 Konstruisange sheme informsacionih tokova

Sledeci korak u ovogj fazi Je konstruisanje
globalnog modela informacionog sistema kao skup

funkcija koge podrzavaju cdredjene aktavnosti
realnog sistema. Svaka funkcija se postavlja sa
zadatkom da informaciono podrzi pridruzene ak-

Livnosti tako da:

(1) ostvaruge komunikaciju i1zmedju elemenata
okruzen ja;
(2) obradguge informacige sa ulainih infor-
macianih tokova i osvezava baru podataka
novim informacionim sadrzajima i
(3) generise potrebne informacije i izlaznam
informacionia tokovima isporucuje ih
okruzenju.
Tako postavljene,’ funkcije informacionog
sistema mozemo shvatiti kao transformatore in-

formacionih tokova.

Ba odredjengem informacionih tokova _gavl ja
se novi problem: kako obuhvatiti sadrzage
poruka kogye njyime struje. Ovde cemo tay problem

resiti usvajanjem pretpostavke da su nosioci

informacigja u informacionie tokovima dokumenti
kogi se mogQu poJaviti u razlicitim oblicima:
izvestaji, pisma, tabwle 4 sl. Jedan deo tih

dokumenata prihvacamo iz realnog sistema, drugi
deo dokumenata pak forairampo U procesuv
odredjanja infornmacionih potreba okruzenja.

Dokumenti ee a@ogu shvatiti kao
podataka ili, slobodni je, kao
gspecificno konstruisanih recenica
iskazugu odred jene informacije. Uopsteno
receno, kao dokumenti se mogu prihvatiti sve
vreste pisanih poruka. Dokumenty kao nosioci
informacija su poznati i iz sire literature,
kao prirodan i siroko prinvacen nacin
komunicirangya okruzenja s bazom podataka infor-
macionog sistema (41.2,11].

skupovi
skupovi
ko jima se




Odredjenjem i analizom aktivnosti realnog
sistema mi razvijamo funkcionalni model sistema
identifikacijom globalnih aktivnosti ili
funkciga i ngihovih odnosa. Funkcionalni model,

koyi se sastogi od glavnih aktivnosti realnog
ti informacionog sistema), informaciomnih tokova
i vera izmedyu funkcigas i korisnika: moze se

opisati pomocu
tokova (131,

takozvane sheme
kao na slici 2.

informacianih
Ova shema sadrzi:

(1) odabrane aktivnasti realnog sistema i
pridruzene funkcije informacionog sis-
tema - prikazane pravokutnicima,

{2) okruzenje - prikazano elipsama i

({3) dokumente kogyi kaso nosioci informacigs
kolaju informacionim tokovima, pasred-—

stvom funkcija,
pcdataka.

irmedju okruzenja i baze

" Informacioni tokovi prikazani su strelica-

ma, a baza podstaks poluelipsom. Dokumenti su
ovde jedini informacioni mediji z2a transfer
informacigja. Strelice pokazuju smerove kretanga

dokumenata informacionim tokovima.
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Slika 2. Globolna shema informacionih tokova sistema upravijonjo
projektom

Shema informacionih tokava predstavl ja
mrezni model realnog i pridruzenog informaci-
onog sistema Jer oba sistema prikaxuge preko
njihavih kompanenti i infarmacionih veza izme-
dju komponenti. On Je dinamicki model
prikarugje kretange informacija krox komponente
oba sistema. On _j® osnova ra sledece dve faze u
raivoju informacionog sistema: anslizu poda-
taka (analizv informacionih tokova) a analizru
procesa (analizu funkcija Informacionog sis-
tema). .

Jer .

57

Faza odredjenga 1 analizey aktivnaosti je
kl jucna 28 razumevangye realnog sistema i za
odredgenje njeqgovih infarmacionih potreba. In~
formacione potrebe. odredjene ovom analizom i
sintetizovane u obliku dokumenata, bice nam
polazna osnova za projektovan e konceptualnog
modela baze podataka

S. INFQRMACIQNA ANALIZA

Proces specificiranja dopusteninh informaci-

onih baze

sadriaja podataka smatra se
nezaobilaznom fazom u ‘razvoju  informacionog
sistema (4,141 Ova se fara. u okviru informa-
cionog inzen jerstva, raivila do nivoa
discipline i naxvana Je imenom “informaciona
analiza® (4,112,131 Informaciona analiza se

bavi problemom potpunog i nedvosmislenog prika-
1a semanticke strukture informacijs koge okru-
zengje zahteva od informacionog sistema.

Informacionay analiri se, u rarvogu infor-
macionog sistema. pristupa nakon analize aktiv-
nosti, odnosno nakon odredjenja informacionih
tokova i dokumenata -~ nosilaca informacija.
Analizom dokumenata otkrivaju se strukture in-
formacija kogje strugje informacionim tokovima
Upravo te dinformacije su osnova za odredjen je
informacienih sadrzagja baze podataka

Cil) ove faze Je prenos znanja © svakoj
aktivnosti, prikupl jenog v prethodnoy fazi, v
formalni prikaz koyi se naiiva konceptualna
shema (informacioni model). U fazi konceptual-
nog modeliranja podataka; nasa paznja Je
usmerena samoc na konceptualne objekte wWoji se
prate iz realnog sistema: na n_ jihova svcgystva,
opisana njihovim atributima. i na relacije koge
sU uspostavl jene izmedjuv obgskata. Fizikalna
ili racunarska reprezrentacigas obgjekata e
irelevantna na ovom mestu

Da bi prikazali konceptualne ob jekte
potreban nam je racunarsko-neravisan semanticki
model kogi:

- mpie obuhvatiti znacenj2 konceptualnih ob je~
kata,

~ ima dobro definisana pravila interpretiranja

tako da i drugi 1judi, osim progektanatas i

horisnika sistema. mogu raiumeéti znacenge

podataka, i .

~ ima dobru dokumentacionu podrsku
i graficku) i operatore
ngegovu transformaciju

(tekstualnu
visokog nivoa za

3.1 Konceptualni model

Rexultat informaciome analize nariva se
informacioni ili konceptualni model
[3.11,13. 13,1413 - sredstve zza komuniciranje
izmedgu okruzenga 1 projektanta bare podataka.
Informacioni mpdel je binarni relacioni model
£13), u kogem se razlikuju sledeci apstraktni
pojmovi: ob jekti, atributi, relacige i ogreni-
cenja. Svaki apstraktni pojam je u informaci-
onom modelu Jednoznacno identificiran imenom
(ime objekta, ime atributa. ime relacige i ime

ogranicenja). Svaki 0d njih moze takodje imati

pridruzent skup sinonima 1 opis u prirodnonm
Jeriku.

Obgekti su realni ili apstraktni pogmovi
kogi postoge u realnom sistemu 1 poseduju
"dvo jstve pomocy kagih se mogu  eedusaobna
rarlikovati, a prikazuju klase elemenata iz
realnog sistema za kogQa se projektugje baza
podataka i informacioni sistem. Tako, na
primer, objekti: projekt, realizator. organi-
zator 1 s8l.. postoje u realnom sistemu i



poseduju svogstva pomocu kojyih se medjusobno
razlikuju. Svaki eslement klase elemenata naziva
s@ pojava objekta.

Atributi su svogstva koja pripadaju obje-
ktima i omogucavagu im da se identifikuju,
karakterisu. klasifikugu i da se izmedjyu obje-
kata uspostave odredgjeni odnosi. Svaki atribut
Je matematicka funkcigs: domena je skup pojava
obgekata, a kodomena Je skup vrednosti. Svaka
elementarna vrednost atributa naziva se pojava
atributa. Atributi su, na primer: ime progek-
ta, broj izvestaga i sl. Evakoy pogavi objekata
se pomocu atributa pridruzugu vrednosti iz
odred jenih skupovs vrednosti.

Relacije prikszugyu odnos irmedju raxlicitih
klasa (skupova) objekata i izmedjyu objekata i
atributa. Relacigje 8su binarne, a kod njihovog
uspostavl janja moquce sU samo dve kombinacije
odnosa: mzmedjyu dva objekta i izmedju atributa
i obgekta. Relaciys izeedju dva atributa nemaju
saisla. ’

Ogranicengja su pravils ukljucena u koncep-
tuvalni model kogja opisuju ponasanje reslnog
sistema. Svrha im gw sprecavange protivrecnosti
izmedju sadrzaja baze podataka & aktivnosti u
realnom sistemu. Ona oqacgucavaguy preciznigi
opis odnosa iimedyu ob ekata, astributa i rels-
ciga v realncm sistesmu:. prenoseci Le odnose na
nivo konceptualnog aodela.

Osnovno ogranicenje koje se postavlja nasd
vlogama koje odredjeni objekii/atributi igragu
v relaci jama sa drugim objektima/atributima e
Jedinstvenost. Tako, na primer, u recenici
"RADNIK ims IME-RADNIKA® uloga "ima® je jedin-
stvena _Jer svakom radniku pripada samo jedno
ime iz skups imena. Pri tome u opstem slucaju
pbrnuto ne vazi, Jer jedno isto ime moze
pripadali vise nego Jednom radnihu, U tom
smislu je ogranicenge Jgedinstvenosti preslike-
vange tipa 1:n

Svaki objekt, medjutim
stvenu identifikaciju.
Jednim ili vise atribute, tLako de
vanje irmedju skupa Objekata
produkta skupovae vraednosti
1:1. Skup od Jednog ili vise atributa,
pridruzen odredj snom skupu ob jekata, kogdi
Jednornacno identifikuje njegove elemente z0ve
se kl juc objekts. Ako uopsteno pastogi vise
skupova atributa hkoyi Jsdnoznacno odredjuju
elemente skupa objekata: onda se Jjedsn od tih
shupova atributs bira 28 Wljue 4 nezive se
primarnim kljucem.

mora
Ona se

imati jedin-

ostvaruje s
Je preslika-
i Rartezigevog
atributs  jednako

U konceptualnom modelirangju znacano Jje jos
Jedno  ogranicen e, koge se acze postaviti nad
skupovima objekata, -4 nazxiva se ogranicenge
podskupa. Skup obgekata ol e podskup skupa
ob jekatsa 02 ako se svi elemanti iz ol
pogavligugu u o2, dok obrnuto v opstem slucagu
ne vazri

Ogranicengina
moxe naglasiti ds

se U konceptuaslnom modelu

eventualno usvojeni sistewm
ili druga specificne programskas podrshka 1a
upravl janje bazosm podataka 4treba da odrzava
samo dozvaljena stanga baze podataka. Zato se
ogranicenja cesto naziva ju pravilima za
ocuvange integriteta baze podatakas.

5.2 Odredjenje elemenala konceptualnog modela

Ocnovni probles informacions anslize

Je

kako iz dokumenats izvuci elemente konceptual-
nog modela. I u ovoy faxi, isto kao u prethod-
nojs naglasava se uloga okruzengs u otkrivanju
trazenih elemenats, U dokumentima, kogi sluze
kao mediy za transfer informacija. najcesce
dominiraju samo vrednosti atributa, dok se
ostali elementi (objyekti, relacije, ograni-

cenja) neposredno ne pomingy, Duinost projek-
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tanta e da. u saradnji sa korisnicima.
lizom dokumenata i poznavangjem realnog
izvuce pripadnost
iimedju niih.

ana-
sistema
atributa objektima i odnosas

Ako se prihvati tvrdnja o0a se dokumenti
uvopsteno sastoje od skupa recenica. kao speci-
Jalni sluca) recenica u prirodnom jeziku, onda
se nJjihovom analizom mogu otkriti trazeni ele-
menti. Neki opsti algoritam za otkrivanje ovih
elemenata ne postoji. ali zato mozemo usvojiti
dva pravilasa pomocu kogih je to otkrivanje
znatno olaksano, premda i dalje treba racunati
na saradnju korisnika.

Prvo pravilo je otkrivanje imenica. g.agola
i prideva u recenicama dokWumenata, na asnovu
kogih se elementi konceptualnog modela atkriva-
Ju teko sto se imenice prinvacaju kao abjekti
glagoli kao relacigje, a pridev: kao atributi
Prednost ove tehnike je sto obgekti, atributi i
relacige otkriveni na ovaj nacan imaju smisao
za korisnika zato sto ukazugju na pogmove iz
realnog sveta. Nedostatak e, medjutim, sto e
ova} proces imenovanja veoma subjektivam i
razliciti projektanti mogu dati razlicita imena
istim ob jektima, atributima ili relacijama.

Drugo pravilo, na kagye se upravo aoslanja
Nijasenova eetodologija konceptualnog projekto-
van)a, nariva se "konceptualizaciga* [15]). To
Je proces u kome se recenice iz dokumenatas
transformisu u elementarne recenice. a slemen-
tarne recenice u objekt-uloga parove. Naime,
sve ono sto moze wuwci ili se vec nalazi v
informacioni sistem moze biti potpuno. formalno
i Jednostavno opisano specifikacijom tipova
objekata, specifikacijom vloga kogje tipavi ob-
Jekata mogu igrati u elementarnis recenicama i
specifikacl jom oQranicenja koga su nametnuta

odredjenim tipovima objekats v odredjenim ulo-
gama. .

Formalno:, recenica se wmoze prikazati kao
shup Jedne ili vise elementarnih recenica, kogye
u smislu konceptualizacije predstavl ja ju

binarne relscije:

R = { C(0BJ-i,UL-y), (0BJ-k/ATR-1, UL-m}>. ..}

gde su
o8J - obgekt
ATR - atribut
UL - ulogsa
£...2 =~ binarma relaciga
(...) = objekt-uloga/atribut-ulogs
par
/ - pperator "ili"

0 < i pkulim < n

Formalni opis recenice pokazuge da je ele-

mentarns recenica binarns relacija izmedju ob-
Jekta i atributa ili immedju dva obgekta,
odnosno, da se U elementarnoj recenici mora

poJaviti nagjmangje jedan objekt

Ogranicengya se postavlijaju nad uvlogama koje
objekti igraju v relacigama s drugim ob_jektima
ili atributima, a8 neka pgramicenja se naascu
nad skupovima objekata Ona su semant.icka
znacajka konceptualnog modela i cesto se ne
mogu prepoznati neposredno iz dokumenata i
ngihovih recenica, vec tek i1 odnosa objekata
sa drugim objektima ili atributima

5.3 Graficka reprezentacigja konceptualnog mo-
' dela
U fazi informacione analize neophodno je

usvojiti prikladnu notacionu tehniku Lli  jezik
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ta opis konceptualnog modela, kogi bi bio
razumljiv i za projektanta baze podataka i 1za
okruzenje i kogi bi olaksao kdmunlclranJe izme~
dju ngih,

Razmotrimo:, ne priper, sledecu recenicu:

RADNIK  sa brojem 123854
- radi na

PROJEKTU sa brojem 654321,

QOvo gje slozens recenica koja se, upotrebom
pravila za analizuy recenice i odredjenje
elemenata konceptualnog modela, opisanih v
tacki S5.2, moze rastaviti na cak & elementarnihn
recenica: ’ .

(1) RADNIK ima BROJ-RADNIKA

{2) BROJ-RADNIKA pripads RADNIKU
(3) PROJEKT ima BROJ-PROJEKTA

{4) BROJ-PROJEKTA pripada’ PROJEKTU
(51 RADNIK radi na PROJEKTU -

(&) PROJEKT izvrsavs RADNIK.

¥ tome jos treba dodati |lnd§cn ogranicenja:

(1) RADNIK ima samo. jedan BROJ-RADNIKA

(2) BROJ-RADNIKA pripadas samo jednom RADNIKU
(3) PROJEKT ima samo jedan BROJ-PROJEKTA

(4) BROJ-PROJEKTA pripada samo jednom PROJEKTU
(3) RADNIK radi na vise PROJEKATA

(6) PROJEKT izvrsava vise RADNIKA.

Daljom analirom recenica i ogranicenga
dolazimo do sledacih zaliucnka: ’

(1) izmedgu RADNIK i PROJEKT uspostavIJeﬁn
Je relacija: koju mozemo nazvati ZADATAK &

(2) izmedju RADNIK i BROJ-RADNIKA uspostav-
ljena e relacijes ’kau MOIEeRS nazvati
KLJUC~RADNIKA : .

(3) izmedgju PROVEKT i BROJ-PROJEKTA usposta-
vligena gje relaciga. knJuimozamo nazvati
KLJUUC-PROJEKTA . '

I, na kragu, zakljucojeso’'da su u . slozeno -
recenici RADNIK i PROJEKT objekti, - a-
BROJ-RADNIKA 41 BROJ-PROJEXKTA atridbuti ko i
pripadaju odgovaragjucim objektima.

Konceptualni .  sodel sacinjen e od prikaza-
nih rezultsats analize . recenice hogi- su
predstavlgjeni u tekstualnoy formi. Iz primera
se, medjutim, vidi koliko : je takav . opis
kompleksan i nadovolgno razumlgiv. Zato ge v
opisanom pristupu uvsvojena graficka reprezenta-
cija konceptualnog modela (5, 13), kao na sl. 3.

Usvojena not.:iJa omoqucnvn Jasln i smexet
prikazx obgekata - (puni _ krugovi), atributa
tiscrikani krugovd) & relacigs {dvodelni
pravokutnici).  Uloge, koge pdredgeni objekti
igraju u relacijasa sa drugim objektima ili
atributima, prikazsne 3u u odgovarajucim delo-
vima pravokutnikl kot pripsdaju cdredjenim
relacijama. : S

Ogranicenja Jedinstvenosti 1  jednoznacne
identifikacije prikazxane su crticama koge se
postavlgyagu 4iznad ulogs koge objekti/astributi
igraju u odgovarajgucim relacdjama. Teako e
Jednoinacna identifikacijas nekog objekta prika-
zana sa po jednom crticom izmad obe uloge u
relacigi sa drugin - objekton/atributonm
Relacija 1:n prikazana je criicom 4iinad vuloge

objekta/atributa koga e Jedinstvens.  Na
primer, u relaciji RADNIK-IME, RADNIK ims saamo

-Jadno IME. pa je criica postavljena irnad vloge

"ima®. IME., medjutim, moze pripadati vise nego
Jednom RADNIKY:. pa zbo toga iznad wulege
“pripada” nije postavljen agranicenje jedin-
stvenosti. Qdgovarajuce tome, u relacigi m:m
nema jJedinstvenosti. kao sto je to na pricer
relacija ZADATAX, pa 1] itnadg uloga
objekata/stributa ne postavljaju crtice.

— Platind N -
,r G , \ 4’ ~
£ ome- ) .RB’B‘;J" { BRoJ-
\RAONIKA § LRADNIKA 7 \NALOGA

‘\de'"iffkari'a
N Y

reolizacijo

‘ )
\PROJEKTA,

~ .
-~ -~ -

Stika 3. Grafitki prikaz dela konceptuainog modela sistemo
upravljanja projektom

~Ogranicenjs podsxupa se, po  definiciji,
‘pustavlga - izsedju ob jekata. U grafickey
notaciji se klasa objekata 01 kao podskup klase
objekata 02 oznacava tako da se od 01 prema 02
nacrta dvostruka crta sa strelicom prema 02.
Tako Je. -na primer. REALIZATOR podskup skupa
RADNIK, pa suv u grafickom prikazu na slici 3
odgovearajuci objekti poverani dvostrukom crtom
i strelicom prema objektu RADNIK

6. ZAKLJUCAK

ﬁroJektovanJe infarmacionog sistema Je
slozen proces kogji trage odredjeno vreame i
zahteva odgovoran i metodoloski pristup, %
Jedne strane, i aktivno ucesce velikog broja
strucnjaka (analiticara, projektanata, pro-
gramera i dr. ) i, jasno, korisnika, i to u sviam
fazama projektovanja, s druge strane. Premda
Jos uvek ne postojgi jedinstven metodoloski
pristup hkojpi bi obuhvatio celokupan proces
razvogyse i projektovangyg informacionog sistema,
nacinjen Je pohusaj da se sistematiruje redo-
sled postupaka -koji vodi uspesnom razvogu in-
formacionog sistema i nazvan e imenom “infor-
maciono inzengjerstvo". U poslednje vreme: a



posebno zbog  narastangja primene sistema 1a
upravl janje bazama podataka, razvoju metoda.
formalnih jezxika i alate 28 podrsku pogedinih
faza uv razvoyu informacionih sistems poklanja
se sve veca painja.

Baza podataka Je kljuc uspesnosti informa-
cionog sistema [5,61. Struktura baze podataka
Je odraz informacionih potreba okruzenga, stoga
Je Jasno zasto sSe U njenom definisanju i
projektovanju pocinge od reaslnog sistema 4
zasto se nastoji de se okruzenje aktivne
ukljuci v ngjenom razvogju, kaoc L v svim fazame
rarvoja informacionog sistema vopste [4.11,12).

Analiza informsacionih zshteva Je realno
gledano polazna osnova 18 uspesno progektovanje
informacionog sistema. Jedna od faza u procesu
projektovanja baze podataks koja je od najveceg
zanimanja u ovom radu je obrada informacianih
zahteva i konstrukeija konceptualnog modela
kogi specificira te zahteve

Osnovna pretpostavka v ovom pristupu pro-
Jektovanja informacionog modela je da se kon-
ceptualno modeliran s moze rasnovati na to kako
informacige teku izmedju sistema i njegovog
okruzenga i irimedjyu komponenti sistema. Mi
posmatramo konceptualno modelirangje kao tehniku
za specificirangje objekata i relsacija. 1]
formalnom _geziku, kogja doprinosi razumevanju
informacionog modela i 0d strane kaorisnika i od
strane projektanata,

Predmet analize informacionih z1ahteva je
razumevan e aktualnog stanja realnog sistems i
skupl jange svih informacionih zshteva. Informa-
cioni zahtevi ce nakon toga biti upotreblgjemi u
konceptualnom modeliranju podataka za varadnju
kod genmerisanga konceptualnog modela. U fazi
modeliranja sva painja projektanta e usmerena
na karakteristike obgekata 1 relacije nmedjyu
njima. Naravno, na ovom nivou se ne raxmislja ©
nacinu na koji ce ti obgekti biti prikazani na
racunaru.

Opisani metodoloski pristup definisangu in-
formacionih sadrzaja baze podataksa upravo
podrrava takva nastogsnja. Osnpova ovog pristupa
sastoji se u opdredjenju aktivnosti realnog
sistema koge treba informaciono podrzati,
odred jenju tokova informacija, usmeravengu in-
formacionih tokova na pravcu okruzengje - infor-
macioni sistem, otkrivanju sadrzaja informaci-
onih tokova, rarxlaganju informacionih sadrzaga
na objekte, atribute, relacije i ogranicenja,
te u strukbturirengu Lih elemenata u honceptual-
ni model, postujuci pripadnost atributa obje-
ktima iz realnog sistems i postojece odnose
(relacige i ogranicenga) izmedgu ngyih.

Konceptualni model baze podataka, dobijen
opisanim pristupos, osnova gJe za daljye projek-
tovanje logickog modela baze podataka.
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The article reviews some selected data flow computer arhitectures.
All the architectures are designed for VLSI implementation to provide
large throughput, low power consumption, and reduced size and weight.
While some are in the phase pf simulation and VLSI chip floar-plan
contruction the others already exhibit real VLSI implementation.

PREGLED IZBRANIH PODATKOVNO PRETOKOVNIH RABUNALNIEKIH ARHITEKTUR - V
tlanku podajava pregled izbranih podatkovno pretokovnih ratunalniskih

arhitektur.

Nekatere arhitekure so bodisi v fazi simuliranja oziroma

izdelovanja logi¥nih nadrtov za VLSY vezja, druge pa so Ze implementi-

rane v VLSl tehnolagiji.

Introduction

In spite of the conceptual break with
previous computers, the hardware of the fifth
generation computers will be based on VLSI of
semiconductor components. Yet it is to be
expected, that the hardware of each type of the
fifth generation computer will be much more
closely tailored to the application area than
it is the case at present.

For a number of reasons, one of the most
promising architectural models is data flow
architecture. It is flexible and extensible,
it has the potential for very high data thro-
ughputs, and it reflects, at hardware level,
the inherent parallelism of the processing.
Thus, the potential realm of use includes
problee solving & inference machine and intel-
ligent interface machine as it was proposed in
the JIPDEC project for fifth generation compu-
ter systems.

The presence of some real data flow compu-

ters indicates that the state of the art in
data flow computing has already passed initi-
al, purely. academic discussions.

In the article we review some existing data
flov computers from the architectural view
point. The presentation is not intended to be
thorough. Instead, we concentrate on similari-
ties and differences among the selected acchi-
tectures.

Manchester data flow computer

The machine organization of the Manchester
dota flov cosputer C[Gurd-85] is a packet commu-
nication organization with token matching CRo-
bit-841 and 1is shown in Fig.1. The basic
structure is a ring of four wmodules connected
to a host system via an 1/0 switch aodule. The
modules operate independently in a pipelined
tashion with packets transferred at a maximum
rate of 4.37 M packets/second. Packets desti-
ned for the same instruction are paired taget-
her in the eatching wunit. This has 1limited
storage capacity, so that an overflow unit is

required for programs with large data sets.
Paired packets and those destined for unary
instructions, fetch the appropriate instruction
from the instruction store, which contains the
machine-code for Lhe executing program. The
instruction is forwarded together with its
input data to the processing unit, where it is
executed. Output packets are eventually produ-
ced and transmitted back to toward to the
matching wunit to enable subsequent instructi-
ons. The return path passas through the: 1/0
switch module, which connects the system to a
hast processor, and ta the token gqueue, which
is FI1FO buffer for smoothing out an even rates
of generation and consumption of packets.
1o Host (168 Kbyles/second max )
{14 Kiokens/3econe man )

token packets

s

Matching Unit
A y

r R R LR

tokan packets

oKen pa:r

O Swilch
packels

Instruction Store

executable packets

Processing Lnit

loken packets

trom Hos! {168 Kbytes/second max )
(14 Kiokens/second max.}

Fig.1. Manchester dataflow system structure.



The 1/0 switch wmodule
input from the ring and selects the output
route by pertorming a decode of certain marker
bits. It is organized as a simple two-by-two
cosmon bus switch,

The token queue coaprises three pipeline
buffer registers and a circular buffer memory.
The later has a capacity of 32K packets, each
beeing 94-bit wide.

gives priority to

The wmatching wunit is based an a 1.25 MW
pseudoassociative memory with six pipeline re-
gisters in the main ring and two buffers

interfacing with the overflow unit. The memory
is used to store matched packets while awaiting
their partners. 1lts associative operation |is
achieved by accessing a parallel stare using an
appropriate hash function. Recall, that pac-
kets destined for wunary instructions do not
need to eaatch with partners; instead, they pass
straight through the unit. The overflow unit
nhandles packets that cannot be placed in the

parallel hash table becouse they encounter a
full hash entry. Overflow packets are stored
in linked 1lists in the overflow unit, which

contains a microcaoded processor with
data and pointer memories.

The instruction store comprises two pipeli-
ne buffer registers, a segment lookup table,
and a random-access instruction store to hold
the program. The segment field of the incoming
packet is used to. access the instruction from
the store. The instruction is 70 bits wide.
The instruction is combined with a destination
field and the data field of the incoaing packet
and is sent to the perocessing unit as a
1646-bit executable instruction packet.

The processing unit comprises five
ned buffer registers,

together

pipeli-
a special purpose prapro-
cessor, and a parallel array of up to 20
hoaogeneous microcoded function units with lo-
cal buffer registers and common buses for input
and output. A small nuaber of instructiaons are
executed in the preprocessor but the amajority
are passed into one of the function units via
the distribution bus. Each function unit con-
tains a aicrocoded bit-slice processor with
input and output buffering, 51 internal regi-
sters, and & KW of writable microcode memory.
Instructions are execued independently in their
allotted function wunit, and the output Iis
serged onto the arbitration bus and thence out
of the processing unit toward the 1/0 switch.
In the Manchester architecture a harware
nashing scheme is used to simulate the associa-
tive gmemory which turns out to be less exepen-
cive. Unfortunately, this scheme does not
produce very good results in terms of waiting
time. 1In order to reduce the waiting time, a
sultiple wamatching units scheme is incorporated
in the EXHAN - EXtended MANchester data {low
computer CPatnaik-861.

MIT data flov coaputer

The MIT data {low computer bases on a

static concept of data flow architecture L[Den-
nis-803 in which the instructions of wmachine
level prograam are loaded into specific meramory

location in the wmachine before computation

begins, and only one instance-of an instruction

is active at a time.
Instructions are held in the local memories
of the processing e¢lesent PE. Each instruction

{ncludes an ooeration code, spaces for opecrand
values, and destination fields that specify
where resuls should be sent. Each PE s

equipped to recognise which of the instructions
it holds have been @anabled for execution by
arrival of needed operand values. If an ena-
bled instruction calls for a scalar aritheetic
operation, the instruction, including its ope-
rands, is sent to a functional unit FU capable
of performing that operation. The array aesory
units AM are provided to hold arrays of data
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Fig.2., The ®IT data flaw coaputer.
making up the data base of computation, and are
accessible through the sesory routing network.

Instruction execution in FU or AM yields result
packets each of which consists of a data value

and & destination field that specifies the
target instruction for the result packet, The
result packets are sent to PEs that hold the
target instruction through the disteibution

routing netwvork. Other instructions, such as

those calling for duplicate data values, for
boolean operations, and for simple tests, are
perforned within the PE.

The current status of the MIT data flow

project is that hardware tor the above computer
acchitecture i{s under development. For this
sake, a data flow engineering model [Dennis-831
consisting of eight processing units coupled by
a paket communiation network built of two-by-t-

wo rauters is designed for emulating the de-
scribed architecture.
Data flov cosputer SIGMA-1
816MA-1 is a data flow multiprocessor sy~

steas for scientific coamputations [Shimada-841.
The contiguration of the systeam is depicted in
Fig.3. fFaour processing elements PE and four
structure elements SE are connected by local
network and called a group. Groups are connec-
ted by global network, The purpose of using

hierarchical network 1is to execute programs

:tticlently by utilizing principles of 1locali-
Y.
PE SE PE SE PE SE PE SE

I N N N

LOCAL NETWORK LOCAL NETWORK

~ —

GLOBAL NETWORK

Fig.3. Global configuration of the SIGHA-4.
The processing elemsnt consists of five
unite, with the unite organized as a two-stage

pipeline as shown in Fig.4. PE executes all
instructions except those that manipulate
structure wmeamory. The buffer unit (8 KW of 40
bits) is an interface between the network and
the PE. The length of the incoming packet is
88 bits., It is divided into two parts (taop




48-bit and bottom 40-bit) and passes through’
the netwark as consecutive parts. The nmost
signifficant 8 bits are a network address, next
40 bits are tag, and the remaining 40 bits are
data type and value. When there is no waiting
packet in the buffer memory and the next units
are not dealing with an other packet; the
incoming packet bypasses this unit and proceeds
to the subsequent units. The fetch unit is 146
KW, 40-bit-wide program memory. The link num-
ber carried by an incoming packet is used to
access the address of an instruction to be
fatched. The operation {field of the fetched
instruction indicates an operation code and is
sent to the execution unit. The destination
field of the fetched instruction gives addres-
ses of destination instructions (waiting for
the result) and is sent to the
unit. The matching flags from the destination
field are sent to the matching wunit. The
satohing unit is a 16KW, 80-bit-wide associati-
ve memory to find a partner packet of an
incoming packet. The matching-flag indicates
whether the operation is unary or binary. When
it is a wunary, the incaoming data packet is
bypassed to the execution wunit. If the in-
struction is binary operation the incoming
packet is stored in the assoclative memory if
it is a {first arrived packet of the two
operands. Otherwise, the matching unit succe-
eds to ‘find a partner packet in the matoching
aemory and sends both data of packet pair to
the execution wunit. The execution unit con-
sists of an ALU, a shift unit and a . floating

point arithaetic unit. The word length is 32
bits. It receives an operation code fram the
fetech unit and dats from matohing unit. The

destination wunit makes autput packets by combi-
ning the destination addresses and results from
the execution unit.

BUPFER
T
r._-—I_W PIRST
'STAGE
PETCR WATCHING
T ] it
T
SECOND
DESTINATION EXECOTION | cy\ip
it (i) 13

L__T_—J

Fig.4. Structure of the processing element.

The structure elesent comprises S4KH,
35-bit-wide memory to store array data and a
control unit to manage {ree mesory wvords and
vaiting queues. When an array is declared in a
program, a contiguous area corresponding to the
size is allocated in the structure memo-

array
ry. Once the word is allocated, the wused bit
af each word in the area is turned on. Each
vord has two other special bits. The presence

bit means that data has already been written in

the word. The walting bit indicates that at
least one read request packet exists in the
vaiting queve. When data {is written in the
vord the data is sent to the instructions

indicated by the waiting packets.

A 10 by 10 crossbar is adopted for & local
nestvork. This is realized by bit slice chip.
The global network is organized as a multistage
netvork CMavrit-8461. The same orossbar chip is

destination
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used for the module at each stage of the global
netuack.

Judging froa the performance af 1.35 MIPS
of the prototype hardware for the benchmark
programs, the performance of the next version
of a processor with CMOS LSI technology should
be about 1.9 MIPS. ’ '

uPD7281-based data flov architecture

The pPD7281 is the first VLSl device on
silicon wusing data f{low arghitecture CNEC-8%5],
The pPD7281 image pipeline processor is desi-
gned - to be used as a peripheral processor with
a mini- or microcomputer serving as the host.
Fig.S5 shows a general system configuration
evample of vhich four puPD7281s are used connec-—
ted to the memory in a ring shape with the
entire ring interfacing with the host computer
via a standard bus.

For the above architecture, NEC is develo-
ping a support chip MAGIC, Memory Access and
6eneral bus Interface Chip. It handles all
packet flow between the uPD7281s, the image
memory, and the host processor.
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Fig.5. pPD7281-based data flow architecture.

The pPD7281 uses an internal circular pipe-
line and the poverful instruction set L8ilc-851
to allow high end immage processing. A data
flow architecture allows the processor to maxi-
mize efficlency in a variety af multiprocessing
applications. As shown in the block diagram in
Fig.4, the uPD7281 is formed by ten functional
blocka: the input controller IC, the link table
LY, the funotion table FT, the address genera-
tor and flow controller AGAFC, the data esesory

DM, the gueus @&, the processing unit PU, the
output queue 08, the output controller 0C, and
the refresh controller RC.

Befare any pracessing occurs, the host
processor down-loads the object code into the
LT and FT by using specially formated input
packets. The contents of the LT and FT are
closely related to a data flow graph. The arcs

represant the entries in the LT while the nodes
represent the entries in the FT.
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Fig.4. Block diagram of the puPD7281,
When a data packet enters the puPD7281, it

fetches from the LT the address of the instruc-
tion in FT, waiting for the incoming data.
After the destination instruction has teen
fetched, the AGFC unit determines whether the
instruction i unary or binary, It it is
unary, the operation packet, consisting of the
instruction and the data is composed and sent
via @ to the PU. 1f it is binary, the AGFC
stores the incoming data to the DM if it is the

first arrived operand for the instruction.
Othervige, it fetches the (first operand f{rom
the DM and sends it together with the incoming

packet and the instruction to PU via @. The
result packet from PU can either be sent out of
the uPD7281 (via LT, @, 0Q, and OC) ar can be
used for further execution of the program graph
in the same processor.

The applications of the pPD7281-based data
flow architecture include digital image resto-
ration, data compression, and enhancement, pat-
tern recognition, vadar and sonar processing,
FFTs, digital filtering, speech processing, and
nuaeric proessing.

DFSP - a data flov signal processor architectu-
re .

A block diagraam of the DFS8P architecture
CHartimo-84) is shown in Fig.7. A bank of
processing eleaents constitutes the exscution
unit, wvhich performss the actual digital signal
processing computations and 1/0 operations.
Other parts of the architecture faorm a ocontrol
section, vhich 1is essentially a data flow
instruction execution pipeline. In oarther to
increase communication bandwidth, data trans-
fers are separated physically froe execution
control wusing & double bus architecture. Si-
gnal data is transferred via the shaded buses
of the figure., The unshaded buses are used for
operation and results packets, which do not
contain operand and-result values, cespective-
ly.

A host computer is required to load the
application programs of the DFSP. Programs are
coded as separate high level operations, which
are copied into the 1local aesmories of the
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Jcall, that initially all the information

processing elements (PEs). The PEs
to be functionally nonidentical
capitalize the existing high speed architectu-
res for {fixed signal processing algarithas,
Frequently used operations may be executed in
dedicated PEs having the appropriate hardware
structure. The I/0 functions take place in
special PEs called I1/0 processors. This is
oconvenient in signal processing applications,
becouse signal sources and sinks tend to intro-
duce specialized requirements.

The control section schedules
the

are allowed
in order to

insteuctions
PEs using fixed-format messages. Re-
about
data flow graph of the application program

for

the

resides in the local memories of the PEs., Each
regult packet carries the neccessary part of
this information to the control section where

it ig temporarily stored in the activity store
until the destination operation may be schedu-
led for the execution. The execution is per-
formed by sending an operation packet to one of
the PEs.

The activity store contains the activity
templates of those operations whick have recei-
ved at least one of the operands, but which are
not scheduled for the execution. Conceptually,
the activity store contains a representation of
the active part aof the data flow graph.

The contains af the result packet are wused
by the wupdate unit for locating the activity
template (of the destination operation). It
also contains the the address of a block in the

10
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Fig.7. Block diagram of the DFSP architecture.

data storage, where the value

of the operand
has been stored.

1t the operand is the first
one, the update unit creates a new activity
template and stores the result packet into it.
Otherwise, the result packet is stored in the
located activity template. Finally, it puts a
transfer command into the result queue.

After the result transfer unit detects the
command f{rom the queue it transfers the updated
activity template. Each activity template con-
tains a TRIGGER field whose value indicates the
nuaber of the arrived operands. The result




unit decrements the TRIGGER field of

and checks for the
TRIGGER equals zecro the
queue, since

transfer
the destination template
resulting value. 1f
template address is put into the
the operation is exectable.

Atter the fetch unit gets a template ad-
dress from the queue, sends the operation
packet to an idle PE, and puts a data transfer
cosamand into the data queue.

Finally, the data transfer unit initiates
the transfer of the operand data block from the
data store to the PE. .

The perforsance of the DFSP architecture
vas evaluated on a deterainistic discrete event
sisulator. The update unit has been the major
bottleneck in the simulated control section.
However, considerably wuniform wutilization of
the (four) processors has generally been achie-
ved. Also, a VLSI isplementaticn of the con-
trol section is under development.

HDFN - Huges data flow sultiprocessor

The HDFN is a proposed high performance,
foult tolerant, high level language progcamma-
ble processor targeted for embedded signal and
data processing applications (Gaudiot-851. The
HDFM consists of one to hundreds identical
processing elements PEs connected by global
packet-switching network. This network is a
three-dimensional bused-cube network as shawn
in Fig.8. Packet transaission proceeds via a
store-and-forward protocol, which allows any PE
to transfer data to any other PE.

o -
= el
"'/I/ — .

IXIXI CONFIGURATION

work.

Fig.8. The HDFM cubic bus interconnetion net-

Each PE can execute the instruction set and
perform the data flow sequencing and -addres-
sing.’ Each PE has its own local memory for
both . program and data storage. There is no
global memory. The program, which consists of
data flow graph nodes, is allocated top the
local memories of the PEs at compile tinme.
When nodes are implesmented in an architecture
they are called templates. A template consists
of an opcode, slaots for operands and destinati-
on pointers; vhich indicate the nodes to which
the results of the operation should be sent.
Each PE has a unique 9 bit address
ding to its position in the ocube (plane,
caluan, row). This allows up to 8 PEs per bus
for a saximua configuration of 512 PEs.
each PE are aultiple templates, each of
has unique teeplate address.
data flov model, the results of one template
are sent to another in the form of packets.
Each packet consists of a type field, a desti-
nation - address, and data. The destination
address indicates the PE address and the tea-
plate address of the template to which the data
ig to be sent. Packets travelling from one PE

which
To impleaent the

correspon-

Within-
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Fi9g.9. The structure of the PE.
to another allways take the same path. This
principle, called single path routing, is requ-
ired to preserve the order of packets in
time-ordered data groups such as strings. Each

PE consists of four parts: comsunication chip
CoM, prooessi chip PROC, destination aeesary
DM, and tesplate assory TM. The COM receives

packets from the routing network and either
forwards thes onto other PEs ocr sends thea to
its attached PROC. When the PROC receives a
packet, it determinates whether the packet has
enabled a template to fire. If so, the templa-
te opcode and the operands stored in the TM are
fetched, combined with the incaming packet,
which enabled the template to fire, and sent to
ALU. Simultaneously, the destination addresses
to which the result should be sent are fetched.
The ALU perfores the operation and the results
are wmatched with thelir destination address to
form packets. The packets are sent either back
to the same PE or out into the routing network.
It the template is not ‘ready to {ice, the
arriving packet is stored in the TM. Since a
template result may need to be sent to wmultiple
destinations, there 1is additional destination
overflow storage in the DM to accomodate lists
of destinations for a' node.

Simulation results demonstrate high-pecfor-
mance operation with high-level language pro-
grammability. . For exasaple, the results of the
deterainistic simulation of the machine show
that a 44 processing element aachine may provi-
de real throughput of &4 MIPS,

PIN-D ~ the dataflov-based parallel 1n!nrodoq
aachine

The research and development of the paral-
lel inference machine includes the data flow
mechanism to rapidly axecute inference operati-
ons. The data flow model has also similarity
to the logic programming languages. Execution
of logic programs is parformed in a goal driven
mannerj a clause in the program is initiated
when a goal is given and returns the results to
the goal. The logic prograss are compiled into
data flov graphe [Bic-843. PIN-D is an exasple
arhitecture to support parallel version KU1 of
the kernal language for 1C0T’s fifth generstion
coeputers Clto-841.

PIN-D is, similarly to SIGMA-1, constructed
froa - aultiple proocessing elesents PEs and
structure aesories 5SMs interconnected by a
netwvork.

Each PE has several stages. The packets
transferred betveen these stages include result
packets and executable instruction packets. A
result packet consists of three fields: identi-
fier, destination and the data. The identifier
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RQU: Packet Queue Unit
IQJ: Instruction Control Unit
APU: Atomic Processing Unit

Fig.10. <Configuration of the processing ele-
ment.

specifies the invaked "pracedure instance tao
which the result packet belongs. The destina-
tion specifies the destination instruction ad-
dress of the result packet. 1t also specifies
vhether the destined instruction receives a
single operand or two operands. The data field
contains the operand data to be sent to the
instructuion. Fig.10 depicts the configuration
of each PE. Packet queue unit POU is a FIFO
queue aemory to store the result packets from
the token bus. Instruction contrel wunit ICU
receives the result paockets from PQU and checks
if the destination instructions are executable
or not. An  instruction is executable if {t
receives a single operand, or if the pactner
operand is already in the operand aemory in the
ICU when it receives twoc operands. In the
later case, the 1ICU searches in its operand
sesory whether the partner operand exists or
nat., I1f it does, the partner is removed from
the memoryi othervise, the result packet Iis
stored in the operand memory. This searching
is performed assoclatively by hardware hash
using the identifier and the destination ad-
dress as the key field. If the instruction |is
erxecutable, the ICU fetches the instruction
code in its instruction mesory and constructs
an executable instruction packet and sends the
packet to the next stage, one of atoaic proces-
sing units APUs via the instruotion bus. The
APU interprets the instruction packets and
sends result packets to the PQU in its PE or
other PEs, or sends structure access comand
packets to 8Ms via the token bus. The 8Ms are
cesponsible for the structure access commands,
perform structure manipulation operations, and
return results to the destination specified by
the commands.

Actual implementation of the experimental
machine is currently beeing developed. The
@achine includes 8 PEs, 7 SMs, and one host
computer used to monitor or debug the systen.
The APUs and 8Ms are implesmented as micropro-
gras control units using bit-slice amicroproces-
sors or special hardware to recagnize the data
tag. The ICUs are also microprogram controlled
R0 iaplement hashing hardware. A sgoftware
simulator for OR-paraliel and Concurrent Prolog
vas developed. Performance evaluation results
froa the software sinulator Bhow that about one
million head unifications per second can be
achieved by exploiting parallelisa.

Conclusions

Since about 1970 there has been a growing
and videspread research interest in data flaw
cosputer architecture. This interest has cul-
minated in many designs for data-driven campu-
ter systems, several of which have been or are
in the process of being implemented in hardwa-
re.

The major long-term interest in dataflow
techniques will be in the construction and
performance of wmultiprocessor systems. It isg
particulary important to know how dataflow
systems should be designed tfar implementation
in VLS1, and to be certain that effictive
software techniques are avaiable for utilizing
the hardwvare.
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GEOMETRIJSKO MODELIRANJE UPOTREBOM
EULEROVIH FORMULA

UDK 681.3:519.173
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SAZETAK. Ovaj &lanak prikazuje , ali ne dokazuje , koliko se razli&itih
E ulerovih formula moZfe prihvatiti . Dalje ée se posmatrati neke prakti-
tne primene u modeliranju graniénom geometrijom.

ABSTRACT. In this article would be demonstrate , but do not prove , how
different versions of the Euler formula can be obtained . We then consi-
der.some practical applications in boundary geometric modelling.

KompJuterska grafika koristi mnoge razlidite
tipove modeliranja &vrstih tela (Solid Modeler)
kao 8to su CSG (Comstructive Solid Geometry),
Octree , poluprostor (Half-space) itd /1/.

CSG modelari opisuju kompleksno telo putem
Booleove kombinacije jednostavnih zaprewina ko-
Jje se nazivaju primitivama. Modelari sa granid-
nom reprezentacijom (Boundary Modelers) koriste
granidnu geometriju (povr3i , krive , tadke) i
najie$ée veze izmedju tih geometrijskih suseda.
Ove veze se proudavaju u topologiji . Takode je

~ moguée CSG modele prevesti na graniéne modele.

Za ocenu gore pnmenutih veza i odnosa koristi
se u literaturi poznata Eulerovs ili Euler-Poin-
careova formula , odnosno Eulerovi operatori/2,
3/. Ovaj rad ée diskutovati problematiku vezanu
za graui?ne nodele i pokazati kako modelari ko-
Ji ouzi

o ns Zidanoj ili 2vrstoJ predstavi mo-
gu da koriste Eulerove operatore. :

TOPOLOGIJA

Postoje razne grane topologije . Rad &e se
baviti topologijom susedstva (Adjacency Topolo-
gy)/2/. Geometrija poliva na vezara izmedju geo-
metrijskih entiteta : povr3i , krivih , tadaka.
Topologija poliva na vezama izmedu odgovaraju-
éih topolodkih entiteta koji se nazivaju lici-
ma , ivicaﬁa i temenima . Veza izmedju osnovnog
i proSirenog skupa topolo3kih i geometrijskih
entiteta je data na sl 1. '

Ze razliku od geémetrijskog topoloski prostor
predstavlja "rastegljiv" prostor , odnosno to-
pélogija ne barata sa dimenzijama veé sa oblici-

Petar Kodovié
SOUR Dvadeset prvi maj — Beograd
RO Fabrika turbomotora
Grupa za CAD/CAM
GRANICNI OBJEKAT
OPNA
LIICE ————=POVRS
r~ ——PETLTA
: IcA KRIVA
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S1 1 Hijerarhija topolofkih entiteta

ma. Za dalje , lakSe , pradenje moZemo smatra-
ti da su figure koje de biti opisane na nared-
nim slikama napravljene od hartije , sem u
sludaju kada bude bilo redi o #idanim modelima
Razmotrimo prvo lik dat na sl 2a. VaZne

)

7
7

S1 2 Primeri pojedinih likova




osobine ovog lika su da ima ogranidenu povrSinu
i da 4 linije ne dopudtaju njegovo 3irenje .
Ako bi ovaj lik bio napravljen od gume mogao bi
da se izvitoperi onako kako je dato na sl 2b,
Ova dva lika imaju po 4 ugla , 4 temena i 4
ivice . Govoreli Jjezikom geometrije objekti 2a
i 2b su razliditi objekti , ali u topolodkom
smislu to su isti objekti . Na sl 2¢ je dat ob-
Jekat koJji se u obnosu na prethodne objekte raz
likuje i u topolodkom i u geometrijskom smislu:
op ima 8 temena , osam ivica i jedan. otvor.
Eao 3to se sa slike 1 vidi moZe se uvesti analo
gija izmedju topoloSkoh i geometrijskih enti-
teta : teme (topolodki) je talka (geometrijski)
i ivica (topododki) je kriva (geometrijski) ,
uz napomenu da su prave specijalni sludajevi
krivih .

POJAM OTVORENIH I ZATVORENIH OBJEKATA

Ako se objekat sa slike 2a “"presele" na dva
dela dobice se objekat kao na slici 3a, tako
da sada postoje dve figure. Ova dva objekta

(al )l

(3
) «

81 % Razdvajanje i spajanje likova
mogu da se spoje pa da daju isti objekat kao
i pre seienja (s8l. 3b). “azalost , ova dva 1i-
ka mogu da se spoje na razlidite nadine , kao
§to jJe prikazasno na sl. 3, Na slici 3¢ Je pri
kazan spoj po ivici , a8 na sl. 3d po temenu .
Ovaj poslednji ne mofe da se izvede kao "&vr-
sti spoj" , tj on "visi" . Modeli 3b i 3c &e
se zato smatrati ispravnim , a 3d neispravnim,

Znajuéi ovo , od lika na slici 2a moZemo
spajanjem napraviti krst 4b ili kutiju (g1 4¢)
Modeli ovakvog tipa se nazivaju "otvorenim"
objektima . Ako se takvom liku doda 3Sesti lik,
objekat postaje kocka , kako je prikazano na
slici 5. Ovakvi objekti se nazivaju zatvorenim
objektima .
Na isti nadin kao &to se spajaju likovi da bi
se dobio zatvoreni objekat isto tako mogu da
se spsajsju i zatvoreni objekti ., Na sl. © je

[T\

A N
\ﬂ L] ©

»

S1 4 Spajanje likova

LA

81 5 Dodavanje 3estog lika (a) da bi se
napravila kocka

(e tfi (o

@ Q]

81 6 Spajanje dva zatvorena objekta

je prikazan spoj dve kocke. Ne sme se dopusti-
ti da objekti budu spojeni po temenima i ivi-
cama (8l 6¢ , d).

PETIJA

Petlja je zatvoren uredjen skup ivica i te-
mena koji se ne presecaju medju sobom . U gra-
ni&nom sludaju petli=s moZe da sadrii jednu
taiku. Primer petlje je dat na sl. 7.

LICE

Lice je deo povr3i objekta . Cini ga skup pet-
1ji = povrBinu obJjekta dsfinifu u geometrijskom
smislu . Samo jedna petljs defini3e spolja¥nju
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S1 7 Primeri petlji TABELA 1
Poligonalni objekti bez otvora
- Blika T I L SVZS; X1 X2
2a 4 4 1 1 0
3a 8 8 2 2 o]
3b 6 7 2 1 0
) 3¢ 8 -9 2 1 o]
4a 20 20 5 5 0
'///, ib 12 16 5 1 0
I rr’ c 8 12 5 1 o]
7%
. 5b 8 12 6 1 0
i‘,"o,‘ 6a 1 24 12 2 0
sk
S1 8 lice sa jednom petljom bez rupe (a), sa : X1 =T=~-I+1L-8,
dve petlje i jednom rupom (b) i sa tri X2« T~-I+L- 28,
petlje i dve rupe (c) '
. granicu lica . Unutra3nja granica se moZe sas-
tojati od vide petlji , sl 8,
EULEROVE FORMULE ey
Postoji vise veriija ove formule , Matemati
‘Car Euler je sugerisao pravilo koje se odnosi
na broj elemenata poliedra
T-I+L=2 . (L ™y -

gde su T,I,L brojevi temena , ivica i likova
Jednadina (1) predstavlja dobro poznati Eule-

Sl 9 Primeri otvorenih objekata sa rupama :
rov zakon :

(a) jedna rupa , dva lica , (b) jedna ru-
" U svakom jednostavnom poliedru pa i 4 lica , (c) dve rupe i tri lica
broj lica (L) , ivica (I) i teme- ‘
na (T) moraju ds zadovoljavaju gor-
nju jednadinu" ’

U nastavku rada ée biti prikazane razni ti
povi ove formule koje su proSirene uvodenjem
dodatnih entiteta.

POLIGONALNI OBJEXTI

Poligonalni objekti su ravanski likovi sas-
tavljeni od pravih linijs . Svi dosadadnji ob-
jexti su poligonalni . U tabeli 1 su dati para
metri ovih objekata . Vidi se da jednadina (1)
ne vafi u svakom sludaju , pa se ona mora modi

fikovati . Za otvorene objekte vaZi sledeéa

jednadina : S1 10 Primeri zatvorenih objekata : (a) sa jed-
X1=T-I+L-85 =0 (2 nom rupom , (b) sa dve rupe i (c) sa tri
Za zatvorene objekte vaZi relacija : ' rupe !
W eT-TI+L-285 =0 (3) koje odgovara rupi u ravanskoj figuri . Za dalji
. z rad su nam potrebne takodje i informacije o pet-
gde su :

1jama (P). Ako se sa R oznadi broj rupa dobija

- b i b P .
S~° roj otvorenih objekata se sledeéi par jednalina :

- b i b
Sz roj zatvorenih objekata - za otvorens objekte
¥3=T-L+2L-P- (5 -R) =0 (4
Posmatraiemo objekte na slikama 9 i 10. Ru- - za zatvorene objekte
pa se defini3e kao prolaz koji zahvata ceo ob-
jekat . To nije udubljenje u stranici objekta

OBJEKTI SA RUPAMA

X4 =T-I+2L-P-2(5,~-R =0 (5)



OBJEKTI XOJI SE SASTOJE OD "KRIVIH" STRANICA

Prvobitne studije topologije vezane za tela
tretirale su poliedre sa ravnim stranicama . U
zavisnosti od toga kako su zakrivljene povrdi
s egmentiSemo u stranice , nije potrebno da re
zultujuéa topologija zadovolji sve uslove koje
zahtevaju ravni poliedri . Na primer , mogule
je da posmatramo konusnu povr3 kao izolovano
teme bez ivica , 8l lla, a konus kao skup teme
na i ivice . Medjutim , najsvrsishodnije je ra
zdeliti konus u segmente tako da konus razmat-
ramo kao poliedar .

anN ) )
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S1 11 Topolo%ka analiza nekih objekata sa zakriv
ljenim stranicama : a) konusna povr$ ,
blkonus , c)valjak , d)lopta i e)torus

Cilipndar , sl 1llb, posmatramo kao telo koje
ima 3 lica (2bazisa + omotad = 3lica), 2 ivice
(po jedna za granice svakog od bazisa sa jedin-
stvenim omotalem), dva temena (uzima se da sva-
ka kruinica mora da ima po jedno teme , tj. tad-
ku iz koje voédinje i u kojoj se zavr3ava krui-
nica ). Cilindar ima jednu petlju i nema rupa.

Lopta se moZe razmatrati na primeru pravlje-
nja mehurs od sapunice . Mehur nastaje iz diska
koji je "razapet" preka Zilanog prstena . Kada
je mehur naduvan disk se transformi$e u sferu ,
a teme pokazuje poziciju zatvaranja stere. QOvo
teme je , ustvari , teme kads se mehurié odvo-
jio-od prstena . Ostali podaci su dati na sl 114

Torus je dat na sl 1lle. Rigoroznija definici-
ja torusa je data u /9/.

OPNE I RODOVI

Ranije su rupe opisane kao prolazi kroz obje=
kat. Topolodki pojam za rupu je rod (genus) .

Opna je skup lica koja konstituidu jednu to-
polosSku povr3inu objekta ., Jedna opna je potreb-
na da se definide spoljadnja granica objekta , a

70

po jedna opna opna za svaku prazninu u objektu.
Opna deli prostor na dva dele .

Moze da egzistira objekat prikszan slikom
12

I ——
i

M—fj;i_
A _ V]

31 12 Kocka sa mehurom u obliku kocke

Sada se mogu postaviti jednadine za otvore-
ne i zatvorene objekte :

¥5 s T -1 +2L-P-(0-R) =20 (6)

X6 = T - I +2L-P-2(0-R) =0 (7
Zbog potreba da se otvoreni i zatvoreni objekti
posmatraju jedinstveno op3ta jednadina dobije
oblik :

X7 =T -I+L-P-2(0-R) =0 (8

i vaii samo za 3D objekte .

2ICANI MODELI

Druga klasa modela , poznata kao Zidani mo-~
del (wire -frame ) model , sadrZi informacije
o temenima i ivicama , ali ne i o stranicama .
Za ovakve modele se moZe postaviti jednadina :

X2 « T-T +P-2a20 (9)

gde P predstavlija broj petlji . Ako postoji vi-
e od jednog Zilanog modela izraz (9) se genera
lizuje

X3 a PT~I +P-2M= 0 (10)
gde je M broj modela .

. [0 [0

.}

o N

S1 1% Razni primeri otvorenih objekata




SUMARNI PREGLED

Sumarni pregled ovih objekata , ako bi se
pvosmatrali kao &vrsta tela je dat u tabeli 2,

71

Yulerovi operatori koji pomoéu vektora tranzi-
cije omoguéuju i verifikaciju modeliranja .

TABELA 2
5vi modeli posmatrani kao &vrsta tela

Slika T I L P 0 R LL P X1 Xe 15 X6  Napomena
2a 4 4 1 1 1 0 1 1 0 ) o
2c ) 8 1 2 1 1 1 2 0 0 0
4a 8 8 2 2 2 0 2 2 0 0 o}
30 6 7 2 2 1 0 1 1 o} 0 0
e 8 9 2 2 1 0 1 1 0 0 0
34 8 9 2 2 1 0 1 2 0 0 -1 x
4a 20 20 5 5 5 0 S 5 0 0 0
4% 12 16 5 5 1 0 1 1 0 0 0
be 3 12 5 5 1 0 1 1 0 0 0
Sa 12 16 6 6 2 0 2 2 0 0 0
5b 8 12 6 3 1 o0 0 0
6a 16 24 12 12 2 0 0 o}
6b 16 24 11 12 1 0 1 0
6c 16 25 12 12 1 0 1 1 N
6d 15 24 12 12 1 0 1 1 ¥
9a 3 10 2 2 1 1 1 2 -1 0 0.
9 s 12 4 4 11 12 -1 0 0 '
9e 16 20 3 z. 1 2 . 1 3 -2 0 0
10a 16 24 10 12 1 1 0 0
10b 24 26 14 18 1 2 0 0
10¢c 20 48 18 22 1 3 -2 0
12 16 24 12 12 2 0 0 o}
13b I 5 2 2 1 0 1 1 0 0 0
13c 15 18 5 6 1 0 1 1 1 0 0
1%d 14 15 2 4 1 2 1 3 0 0 o}
1%e 18 21 2 2 i 2 1 3 -2 0 0
1. Figure oznadene zvezdicom su nepravilni objekti
2. X1 =T -T +L-5
2 =sT-1+L-20
¥5 = T - T +2L-P ~ (0O~ R)
X6 =P -1 +2L - P - 2(0 - R)
3. Xolone oznadene sa LL i DP su "laZfno lice"

da se racunaju po jednaldini X6

i "dodatna petljs" za otvorene objekte da bi mogli

ZAXLJUCAK
Na osnovu pokazanih formula mofe se sudi-
ti o topolosSko geometrijskoj ispravmosti ob-
Jjekta ., Ova analiza ima velikog znaé&ja pri
projektovanju CAD sistema , a narodito modela
ra koji baziraju na &vrstim telima . Eulerova
relacija koja se odnosi na entitete koji uk- .
ljuduju lica , ivice i temena ne zadovoljava
sve objekte . To se postiZe uvodjenjem dodatnih
entiteta. U radovima /3,8/ su dati osnmovni

DODATAK

Svrha ovog dodatka je da omoguli skup defi-
nicija termina kXoji su u radu bili manje ili
viSe precizno diskutovani .

TEME (Vertex) je jedinstvena talka u prostoru.
Teme pripada jednom ili vife 1i
ca . .
IVICA(Edge) Jje skup od dva temena koji se na-
lazi na preseku dve ravni . Ne
sme da preseca sama sebe .,
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TABEIA 3
Zi&ani wmodeli

Slika T I )4 M Xz Slika T I P M Xz
2a 4 4 2 1 0 6¢ 16 25 11 1 o]
2¢ 8 8 4 2 0 9a 8 10 4 1 ]
38 8 8 4 2 o] 9b 8 12 6 1 o]
3b 6 ? 3 1 0 Sc 16 20 6 1 0
3¢ 8 g 3 1 0 10a 16 24 12 2 [¢]
34 8 9 3 1 o] 10b 24 26 18 3 o]
4a 20 20 10 5 o] 10c 30 48 22 2 0
4p 12 16 6 1 0 12 16 24 12 2 o]
4c 8 12 6 1 o] 1%b 4 5 3 1 o]
Sa 12 16 8 2 0 13¢ 15 18 7 2 o]
5b 8 12 6 1 (o] 13d 14 15 ? 3 o]
6a 16 24 12 2 o] 1%c 18 21 5 1 (o]
6b 16 24 12 2 0
¥ =T - I.+ P~-2M

LICE (Face) je deo povr3i objekta . To je Jedin-

LITERATURA

stvena petlja i istovremeno Jjedin-
stvena opna . Povr3inu objekta defi-
nise u geometrijskom smislu . Ne sme
da sele samo sebe .

PETLJA (Loop) je uredjen naizmenilan skup teme-
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MIKRORACUNALNIKA EPM - 850

A. Temeljotov, D. Mrdakovié,
D. Pavselj, D. Cuk

UDK 681.3-181.4.001.4 Institut »Jozef Stefan« Ljubljana

Clanek opisuje sistem ze oblasno .notranjo diagnostiko 8-bitnega enokartiénega mikroradunalnika.
EPM-850 zasnovanege na mikroprocesorju [NTEL 808B5. Dtagnostika je {lzvedena popolnoma
programsko, zatc se posamezni pristopl {n testni postopkl lahko enostavno priredijo za
prefizkudanje mlkroradunalnlkov drugih tipov. ! :

SELF DIAGNOSTICS FOR EPM-850 MICROCOMPUTER

In the following article the self diagnostic system for single board 8-bit microcomputer
EPM-850, based on the INTEL 8085 1s described. The diagnostic program tests the computer
hardware upon each reset or power-up and ensures detecting majority of possible faults In the
system. Diagnostic procedures run without special hardware support, therefora‘the described
testing approaches can be easely used for other computer types.

1. UVOD . - vendar se velina pristopov k testiranju
. . lahko uporab! tudi za preizkusanje
mikroratunalnikov drugih tipov.

Zanesljivost mikroratunalniskih sistemov
postaja lastnost; Ki pri odlo&itvah o nakupu
sigstemov za vodenje {industrijskih procesov
prihaja vedno bolj v ospredje. Drugt razlog,

2. DIAGNOSITKA MIKRORACUNALNIRA EPM-850
ki naértovalce ratunalnidke opreme sili v .

bol} sistematiéno obravnavanje - .te
problematike Jje, da pravotasno odkrivanje in
lokalizaclja okvar bistveno zmanjsujeta 2.1 izbire diagnostitne metode.

stroske vzdrZevanja ratunalniske opreme.

Po nekaterih ocenah strodkl vzdr2evanja

Diagnostika ratunalnisgkega sistema
ratunalnidkih sietemov v industrij{ dosegajo pomenl odkrivanje In lokalizacljo  napak v
do 25 % cene vgrajene aparaturne opreme. Ce njem. Znanih je vel pristopov k diagnostikl
.upostevamo Skodo zaradl daljse prekinitve ratunalnidkih sistemov glede na cas
proizvodnega procesa, postanejo tl strodkl fzvajanja, realfzac! jske sredstva in
se vedji. Z . uvajanjem. encstavnih diagnostigno: strategijo. Pri ragvoju
diagnostitnih postopkov -in ob podport diagnostitnih postopkov je pomemben tudi
priucenih vzdr2evalcev, ki bl znali izvrafiti nalin Iizbire testnih vektorjev. -
manjia popravila, kot 8o menjava modula
racunalnika al! menfjava integriranega vezja, V nasdem primeru smo se lotili fzdelave
bi lahko te stroske blstveno zmanj#ali, diagnostiinega slistema za mikroratunalnik,
hkrati psa bi povelalt razpolozljivost ki je 2e v wuporabi. S stamlisia aparaturne
ralunalnlikega sistema. . opreme je torej dokonéan In se serljsko
. proizvaja. Zato pri zasnovi: testnih
Za spreml fanje pravilnosti delovanja postopkov nismo mogli zahtevatl spremembe v
ratunslnidkega oslstema potrebuj)emo uéinkovit vezju Tratunalnika, i{zdelava zunanje testne
sistem za odkrivanje napak In okvar v njem. naprave pa bl bila predraga. Zaradi tega smo
Napake v radunalnikih lahko odkrivamo na ved se odlodill za popolnoma programsko
natinov: od "roénega” (s ' pomotjo diagnostiko, ki bi bile prisotna v sistemn
osciloskopa, loglénega analigatorja 1ipd.), samem.
ki je nujen v fazi razvoja in delno v fazl
prolzvodnje, do popolnoma - avtomatiziranega . Pri prefzkusanju ralunalniskih sistemov
odkrivanja napak, ki ga vodi ralunalnik sam. tma poseben pomen definiranje diagnostidnega
. jedra, to je tistega dela ratunalnika, ki
V tem delu Jje predstavijen sistem ga posilja testne vziorce na vhode posameznlh
obtasno notranjo diagnestiko 8-bitnega delov - sistema in opazuje njihove fzhode. V
enokartitnega mikroratunalnika EPM-830, sistemih 3 notranjo diagnostiko v prakst



obicajno tetko zagotovimo, da je del
racunalniksa, ki slu2i kot diagnosticno
jedro, bistveno ganes!jivejde od ostalih
delov sistema. Ker pa dlagnostidno Jedro
mora delovatl, ¢e felimo da se diagnostiéna
procedura izvede, si pomegamo 2z metodo
8irjenja dfagnostitnega jedra. Po teJ metodi
se najpre} preizkust zelo majhen del
diagnostiénega jJedra - elementi prvega

nivoja. Ce

aluzi za prelizkudanje elementov drugega

nivoja, ki se nato pridrusljo diagnosticénemu
jedru. Ta postopek se nadeal juje dokler se ne
ustvarl jedro, k!l je preizku8eno in ki lahko
samostojno prelzxusi vse ostale dele
slatema. :
-Testne vektorje smo doloéali vnaprej na
osnovi proutevanja posameznilh komponent !in

napak, ki bl v njlh lahko nastaptle.
je zgrajen tako,
za prelizkudanje
klicemo tudi med
programov, ob
procesorja.

Program
da lahko veéino programov
posameznih delov sistema
lztvajanjem uporabnidkih
ustresnem’ dodel jevanju

2.2 Zgradba mikroratunalnika EPM-850

Mikroraéunalnik EPM-830, fazdelan na
Institutu Jo2ef Stefan, se lahko uporablja
kot samostojnl ratunalnik za vodenje

fndustrijskih procesov, all kot periferna
mikroratunalnidka poetaja v distribuiranem
sistemu za vodenje kompleksnejaih

industrijskih procesov. Realizirane ima
naslednje funkcije:
- mikroprocesorska enota INTEL 8085,
- B4K besed pomnilnika, ki ga lahko
pol jubno konfiguriramo glede na

dol2ino RAM In EPROM,

-2 serl jska sinhrona komunikaci)ska
kanala, gs povezavo v ratunalniéko
mrelo,

- 2 seri feka asinhrona komunikacl)ska
kanala,

- 4 DMA kanali,

- programsko nastavljivi $tevct,

- 12 nivojska prekinitvena struktura,

- aritmetiéni procesor INTEL 8231,

- ura realnega Casa, ’

- ¢tasovnlk ta nadzor
procesorja (Watch dog),

- 24 digitalnih vhodov,

- 24 digitalnih ighodov,

- EMV vodilo =a prikljulitev modulov g

delovanja

digitalnimi ter analognimi vhodi 1in
fzhodi, )
- baterl jsko napajenje RAM-a,
2.3 Diagnostika BEPM 830
Prl naértovanju diagnostiénega sistema
za EPM-850 smo se odlo€lill za trojno
preizkusanje ratunalnika. Najpre) se
ratunelinik pretkzusi po isdelavi {tako

imenovan| prolsvodnl testf).

Drugl! prietop Je uporabljen za prefzkus
racunainika ob vklopu oziroma po fzpadu
napajalne napetosti all po RESET-u, ki gea

lahko lzvrBi
sistema Vv

tudl cnota za nadzor delovanja
Jrecalacm &anu, Predvideno jJe tudi

preizkudanje in nadzop ratunelnika med
vodenjem industrijskih procesov (ON-LINE
TEST).

Ker Jje EPM~8350 mikroradunalnik, ki je
ponavadl otalno prikljucéen na proizvodni
proces, moramo biti preprilani, da po vsakem
krajdem all daljdem izpadu napetosti sistem

ta del deluje nam v nadaljevanju
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pravilno deluje.
ali po RESET-u

Zato se ob vsakem vkiopu
sistema najpre] fzvede
diagnostiénl program, ki preveri delovanje
aparaturne opreme mikroracuaninika. v
primeru napake v rstunalniku diagnostiént
program ustavi nadaljnje delovanje sistema
ifn Javi napako. Ce sistem deluje pravilno,
gae po uspeSno {zvedenem testnem programu
gistem incializira 1In se zalne {zvajanje
uporabniskih programov.

VKLOP

RESET
DIAGNOSTIKA
EPM 850
NAPAKA?
ng

MONITORSKI
PROGRAM

x

UPORABNISKI
PROGRAM!

1ZP1S KODE NAP.
ALARM
1ZPIS NA TTY

2

Slika 1: Delovanje sistema po vklopun.

Diagnostiéni program se zaline 8 kratkim
testom mikroprocesorja, med katerim se
prelizkusi delovanje registrov in se lzvridf
ena aritmetriéna operaclja. Ce je prelzkuos
uspeéen, se program nadaljuje s preilzkusom
dela delovnega pomnilnika (100 lokaclij), v
katerem bo sklad (delovanje sklade je pogo}
za fgvréevanje razvejitvenlh Iianstrukeci)).
Test mikroprocesorja se nadal juje s
popolnejdim preizkusom registrov, kil mu
sledi teme)ljit instrukcijsk] test. Za tem se
fgvrdl prelzkus bralnega pomnilinika, v
katerem sta shranjena diagnostidni tn
monltorski program, ter sistemska programskas
oprema. \4 tem trenutku je diagnostié&no
jedro, Kkl ga tvorijo mlikroprocesor, naslovno
in podatkovno vodilo, EPROM z diagnostiénim
programonm, 100 lokact§ RAM |In register, v
katerega vpisujemo kode napak, prejzkudeno
in. lahke samostojno testira ostale elemente
radunealnika. V primeru napake program sproti
alarm in fzpise kodo napake v 8-bitatl
register (imenujemo ga PORT), ki ga operater
lahko prebere 2z bitnim analizatorjem all
voltmetrom ter ustavi delovanje sistema.

Za prelzkusom osnovnega
jedra, _se prelzkust jo
gsodelujejo komunikaciji radunalniks s
terminalom. Potem, ko testni program
ugotovi, da komunikacija s terminalom poteka
pravilno, javija napake tudl 2z izpisom na
gaslon. Informativho se na zaslon izpide
besedilo "®**DIAGNOSTICS***", temun sled!l
preizkus prekinitvene strukture ratunalnika.

diagnostitnega
komponente, ki
pri

Pred prelzkusom delovnega pomnilnika
mora program ugotoviti all gre za prvi
zagon, ali pa za zagon po izpadu napajalme
napetosti. V EPM-8350 je predvidenc, da se s




pomodjo baterijskega napajanja ob jzpadu
napetost! ohranfjo vsi podatki, k! se teda]j
nahajajo v delovnem pomnilniku. Ker

podprogram . za prelzkusanje dekodirne logike
delovnega pomnilnika zaradi svoje narave med
prelizkusanjem anici predhodno veebino
pomnilnika, ga lzvajamo le ob prvem zagonu

sistema. Program za nreizkus posameznih
lokacti§ pomnilnika ohrsa.® predhqdno vsebino
fn ga zato lahko lzvrdimo ob veakem vklopu

ali RESET-uv

izvréijo podprograml
za prelzkudanje serljskega vhodno/izhodnega
krmiinika za povesavo Vv radunalnifko mre2o
ter podprogram za prefzkus DMA krmilnika. Na
koncu se 1izvrsita B8e programas za prelzkus
ure realnega Casa in aritmetiénega
procesorja.

V npadaljevanju se

D

.08 NAPAKI:

KONTROLNI TEST mP I - lzpis kode na PORT
TEST RAM ZA SKLAD - dlarm! - ’
.~ STO0P!,
INICIAL, 8253 N S10_|
08 NAPAXI: )
KONTROLNI [ZP1S . = Tzpis kode na PORT
NA TTY. ~ dlorm!
~ hpis no TTY ’
= (ST0Pt)
TEST INTERRUPT CNT.
TEST
" DEKODIRNE ..
‘ LOGIKE RAM
TEST LOKACIY RAM
TEST SI0-L
TEST DMA-KRMILN.
TEST URE R. £ASA
TEST ARITM. PROC.
Slika 2: Diagram poteka diagnosticnega
! programa.
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‘uporabljali naslednje oznake:

3. PREIZKUS POSAMEZNIH DELOV SISTEMA

3.1 Prelzkus mlkroprocesorja

Ker je mikroprocesor gonilo ratunalnika,
je veélina napak znotraj njega usodna z=a
nadal jnje delovanje sistems. Obstaja tudt
mo2nost, da napaka ne poviroll takojdnjega
izpada, temvet se pojavli le ob izvajanju
doloc¢enih programov (npr. redko uporabljene
instrukcije). Dobro zasnovani: testnl
programi lahko veéllino teh sapak detektirajo
in pravotasno ustavijo nadaljne fzvajanje.

Pri razvoju postopka za preizkus
mikroprocesorja INTEL 8085 za potrebe
ob&asne diagnostike smo {zhajall iz
grafiénega modela mikroprocesorja Thatea in
.Abrahama /47, ki je zgrajen na nivoju
registrskih prenosov. Parametrl za raizvo}
testnlh procedur so bilt organizacija

mikroprocesorja tn njegov nmbor inetrukeij,

ki Je dostopen v uporabniskem prirogmiku
veakega mikroprocesorja. Testni postopek
temelji na modelu napak in na sistemskem
grafua mikroprocesorja. v tem grafu
predatavljajo posamezni reglstri vozliidta,
povezave med vozli8¢&i pa ponazarjajo pretok
podatkov med fzvajanjem dolodene

instrukclje. Graf vsebuje tudi dve dodatni
vorligeal IN in our, kI predatavljata
pomnilnik oziroma perifer{jo.

Za opls testnega

postopka smo

1§ - oznaka instrukcije (J € 1...n), n
je §tevilo instrukcij procesorja,
RJ - oznaka registra (j € 1...m), m je
. 8tevilo registrov v procesoriju,
{zvorni register,
cilint register.

8j ~
Dy -

Instrukcije smo razdelllt v

razrede:

stirg

- razred T1:8-bitne prenosne instrukcije
~ razred T2:16-bitne prenosne inster.

:razvejitvene instrukctje -

razted B

razred M :{zvri{lne instrukcije

1zdelan Je bll model napak, ki je bil
osnova za fzdelavo dlagnosti¢nih procedur.
Napake smo razvrstili v naslednje skupine:

Napake funkcij za dekodiranfe registrov:

- tzvor ni selektiran f(Sj/0).

- gelektiran napaden {zvor f(S]/8k),

- ob pravem je selektiran tudi napaden
fzvor f(S)/Sj+Sk),

- ¢cil) n} selektiran f(Dj/0),

- gelektiran napateén ctly f£(Dj/Dk),

- ob pravem selektiran tudil napaten cil}
f(D}/Dj+Dk).
Napake funkc!) za dekodiranje

fnstrukel §:

- instrukcija se ne izvedé f(1§/0},

~ lgvede se napaéna instrukcija
£(14/1k),
- ob pravt fnstrokclji se

fzvede tudtl
napaéna f(1j/1f+1k}. :



Moine napake registrov:

- ena ali ve& celic registra stalno v O
all v 1,
.- eden alil ve¢ parov celic v medsebojnenm

vplivu.

Mo2ne napake prl prencsu podatkov
(vodilo):

- ena all ve¢ 1linij stalno v 0 all v 1,

- ena allt ve¢ linij je v medsebojnem
vpiivu zaradl kratkih stikov ali
kapacitivanilh vezl.

Poleg omenjenih 6o mo2ne tudi napake pri
obdelavi podatkov v razli¢nih funkcionalnth
enotah, kot so arimetic¢no-logitna enota,
prekinltvena enota, enota za inkrementiran]je
registrov itd.

Pri testiranju

registrov je popolnoma

upodtevan podan model napak. Najprej
preiskusimo moinost napak registerskih
celic, nato pa funkctl) za dekodiranje
reglistrov. Za detektiranje napak pri
prenosu podatkov po internih vodillh nisme
izvajall posebnih procedur, ampak smo pri
prelizkusu astalih funkcl] mikroprocesorja
uporabljali testne vektorje, ki bi odkrilf
tudi moine napake v vodllih - to 8o

vektorski pari FF-00, FO-OF, CC-33 in AA-S35.

Program se zalne s
celic, s katerim

testom registerskih
preverimo, all se vsaka
celica v registrih lahko postavi v 1 oziroma
v 0. To ugotovimo tako, da skozl vse
reglstre prenesemo najpre] vektor 355 nato pa
AA. Ce gse test uspedno izvrdf, je to tudi
dokaz, da ni 'napake tipa £(8§/0) al
f(Dj/0). Ker je kazalec sklada 16 bitni
reglster, ga preizkusimo posebe]., po testu
pa vanj) vrnemo predhodno veebino. Testlranje
registrov konéamo 8 testom logike z8
dekodiranje registrov, torej za napake tipa
t(sJ/8k), f(s)/sj+sk), f(Dj/Dk),
f(DJ/Di+Dk).

Prelzkudanje
£ lustrukcijskim

mikroprocesorja

testom. Ta test Je zgrajen
tako, da detektira vse napake tipa f£(1j/0).
Napake tipa f(Ij/1k) tn f(1)/1j+tk}) program
detektira samo znotraj posameznega razreda
(T1, T2, B, M), s cemer nekoliko zgudbimo na
kvaliteti testa, zato pa prihranimo velik
del pomnilnidkega prostora.

nadaljujemo

3.2 Prelzkus pomnilnika

a) Delovni pomniloik

V delovoem pomnilniku se pojavijajo tako

stalne kot obcasne napake. Z padim programom
testlramo pomnilanik glede na prisotnost
stalaih napak, pri tem pa upoédtevamo

naglednji model napak:

- dekodirno vezje ne selektira
naslovl jene lokaclje,

~ dekodirno vezje selektira napatdnoa
lokacijo,

-~ dekodirno vezje selektira veé lokaci]
hkratl,

- ena ali vet& celic je stalno v 0 ali 1,

- eden ali ved parov cellc so v
medsebojnem vplivu (sprememba stanja
ene celice povzro¢! spremembo stanja v
drugi celici).
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Poleg tega mora testnt program
ugotoviti, &e Je katera linija naslovnega
all podatkovnega vodila mikroratunalnlka v
okvari (stalno v 0 alt 1), ¢e je kateri par

ilai] v medsebojnem vplivu all pa ¢e fe
prisdlo do napake v prevezavl pomnlinika
(glede na to, da mora bitl podnoZje za RAM v
EPM-850 za vsako konfiguracijo pomnilnika
drugate prevezano je verjetnost take napake
velika).

Delovni
programoma

pounilnik
/8/.

testiramo 2z dvema
S prvim preverimo pravilnost

delovanja dekodirne loglke ter podatkovnih
in naslovnih iintiy. Najpre] v delovni
pomnilnik vpisemo zaporedje 31,2.3,....233,
ki se perioditno ponavlja od zatetka do

konoa hpomnilnlka. Tore} jJe dol2ina zaporedja

255<>2 (ker Je 0 {zpuséiena), znotra}
periode pa so vel podatkl raziiéni. V drugem
delu testa ponovno generirsmo omenjeno
zaporedje in ge primer jamo z vsebino

pomnilnika, V primeru napake v delovanju

dekodirne logtke alf napake v povezavah se
vsebina pomnilnika, zarad{ omenjenih
lastnostli zaporedja, nujno razlikuje od

generiranega zaporedja in
primerjavi javi napako.

program po

Test dekodirne logike zaradi svoje
narave mora unfeitt predhodno vsebino
pomniinika in se zato [{svede le ob vklopu

ractunalnika.

Z drugim progremom preizkusimo,
v vsako celico pomntinika
oziroma ugotovimo morebitno
cellcami znotraj ene
narejen tako, da
pomnilanika
fzpadu
Vsako
veebino

te lahko
vpléemo 0 all 1
odvisnost med
lokacije. Program je
ohrani{ podatkovno vsebino
in s¢ zato lahko izvede ob vsakem
napetosti wali pa kot ON-LINE test.
lokacijo preizkusimo tako, da njeno

pajpre} shranimo, nato vanjo
zaporedoma vplisemo in tako]) preberemo
vektorje AA, 55 In 00. Po prelzkusu v celico
vraemo predhodno veebino.

b) Bralni pomnilnik

Napake, ki se
pomnilniku, so
v delovnem
nakl fuénih

pojavlijajo v
podobne tietim, ki nastopajo
pomniiniku, 1le da je verjetnost
preklopov dostl manjsa. Napake
nastopajo tako v dekodirn! Jogiki kot na
podro¢ju pomnilniskih lokacij. Mode! napak
za dekodirno ‘logiko Je enak tistemu v
bralnem pomnilniku, napake na podrodju
pomnilnisékih celic pa se odrazajo kot
spremembna veebine pomnilnidkih lokacij.

bralnem

. Naloga testnega programa za bralni
pomnilnik Jje wugotovit! morebitno spremembo
veebine v enl ali vet pomniluniskih lokaclj.

Preizkus bralnege pomnilnike je zasnovan
na {zratunu veote vsebine vseh lokacij v
braloem ponnilniku. Program sedteje vsebino

veseh lokacij v pomnilmiku iIn lzratunano
veoto primerja z vonapre} pripravl] jeno
16-bitno vsoto, ki je vprogremirana v za to
doloten prostor v pomnilniku. V primeru, da
se fzradunana in pripravlijena vsota ne
ujemata, program javi npapako in  ustavi

delovanje mikoratunainika.



3.3 Testtranje ostalih funkcij EPM-850

Ker se delovanje in zgradba teh
komponent zelo razlikujejo, ne obstaja
nekakden splosen pristop k njithovem
testiranju, temveé mora nacértovalec testnih

programov na osnovi predhodnega proucevanja
vsake komponente posamezno tzbrati najbolj
uéinkovit na¢in za njeno preizkusdanje.

Testiranje vmesnikov in krmilnikov je s’
staligca samopreizkudanja doka)
problematitno, saj to zahteva all
sodelovan je perifernih naprav, ali pa
sodelovanje operaterja, Kkl slmulfra signale
na vhodih oziroma spremlja dolotene signale
na izhodih. Pri samodlagnostikl mikro

rac¢unalnika EPM 850 ne prider v postev ne
sodelovan je operaterja, ne sodelovan je
perifernih naprav, sa}j je ratunainik
prikljucten neposredno na industrijskl proces
oziroma na ratunalnisko mre2o in bif ob
napaki lahko okolju povzrotil doloéene
neprijetnosti.

Zato -smo se pri komponentah,  .ki
neposredno vplivajo na okolje, omejili ‘na
preizkudanje notranje strukture komponent:
podatkovnih vodil, krmilnih 1ial},
vmesnikov, registrov, dekodirne logike, {td.
Vetino komponent tudi inicializiramo in
preverimo status komponente po
inicializaciji. Komponente, ki so na doloden
natin {zolirane od okolja, oziroma na okolje
ne vplivajo, prelzkusimo tudl 8
funkcionalnimi ‘"testi, tako da preizkusimo
fzvajane dejavnosti, ki se izvajajo med

delovanjem sistema.

Ceprav zaradl razlik v delovan fju in
zgradbi komponent ni moZno jzdelati skupnega
modela napak 2a te komponente, obstoja nekaj
tipov napak, ki se pojavljajo pri vseh
oziroma prl veélni elementov:

" - dekodirno vetje ne omogoéa dostopa do'
vseh registrov komponente, :

- ena ali vet lini}) internega
podatkovnega vodila so stalno v ¢ ali
v 1,

- dve all vet linij internega
podatkovnega vodila so v medsebojnem
vplivu,

- onemogocena pravilna inicializacija
komponente.

Ta "model” skupaj 2z napakami, ki 8o

specifiécne za posamezno komponento, Jje bil
osnova za izdelavo testnih postopkov in
programoyv za prelzkusanje prekinitvenega
krwmilnika, programsko nastavljivega

¢asovnika, serijskib vhodno - “lzhodnih
krmilnikov, krmilnika za neposreden dostop Vv
pomnilnik, ure realnega casa in
aritmetri¢nega procesorja.
4. ZAKLJUCEK'

Mikrora¢unalnigk]l sistemi, zgrajeni brex

diagnosti¢ne aparaturne opreme all
le te, se morajo pri odkrivanju napak in
okvar v aparaturni opremi opreti predveem na
diagnostiéno .programsko opremo.

s premalo

Programl, ki
nekajkrat ‘dnevno in
fzpadu posamezne

preizkusijo sistem
opozorijo operaterja ob
komponente, ali dela

77

mikroradunalnika in

- veliko prispevajo k
napak v racunalnidkem
programi prefizkusijo tudl nekatere redko
uporabljene dele sistemske logike in lahko
detektirajo veliko latentnih napak.

sistema,
odpravi

pravocasni
sistemu.. TI

Naloga, ki semo i jo
utinkovit sistem za
enokartiénega perifernega
EPM-850 je bila uspedno
aparaturne opreme nt
smo izdelall
dlagnostiko, ki se

gadall,
notranjo

{zdelati
diagnostiko
mikroratunalnika
opravljena.  Ker
bilo moZno spreminjati,
popolinoma programsko
izvrdl ob vsakem vklopu
oziroma resetu racunalnika Program Jje
napisen v zbirnem jeziku 'gsa INTEL 8085, ker
se tako iszje priblizamo notranji struktari
prithranimo na
pomnilnidkem prostoru. Dol¥ina programa je
nekaj ve¢ kot 1k-byte, ¢tas lzvajanja pa je 3
sekunde. Tesatnl postopki za posamezne dele
sistema temeljljo na modellh napak, ki se v
njih lahko pojavijo. Med..razvojem programov
smo veliko napak tudi simulirall in s tem
ugotavljali uéinkovitost programov.

Nadaljnje delo na tem podroéju bo vsebovalo

razéiritev diagnostike na dodatne module
mikroradunalanika EPM-850 {n, kot  novost,
raziskave uporabnost! ~ diagnostike pri
povecan ju zanseljivost] in razpoloZljivosti

racunalnliskih mre2.
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U ovom radu tretiramo normalne forme (2NF, 3NF, BCNF, 4NF) u relacionim bazama podataka. Primjenom
rezoluci jske procedure rjeSavamo implikacione probleme o odnosu normalnih formi,

NORMAL FORMS IN RELATIONAL DATABASES: A LOGICAL BASIS

In this work we have presented proofs of rules about relationship between normal forms (2NF, 3NF,

BCNF, UNF) in relational databases. The proofs are based on application of resolution proof

procecures.

0. Uvod

U izboru dobrog skupa relacionih Sema trebam
respektirati zahtjev 2a nepostojanjem anoma-
11 ja uno3enja, brisanja i aZuriranja. Normalne
forme su takve dekompozicije relacione Seme
kod ko jih se izbjegavaju navedene anomali je. ’
Proces normalizacije se bazira na zavisnostima
funkcionalnog I viSeznadnog tipa({1],[2],(4],(5],
SadrZaj &lanka Je kao Sto slijedi.

U sekciji 1. karakteriziramo 2NF i 3NF, te
rjeSavamo implikacioni problem o odnosu nave-
denih formi (Teorem 1.).

Sekei ja 2. predstavlja karakterizaci ju BCNF
uz rjeSenje implikacionog problema o odnosu
BCNF i 3NF (Teorem 2.). .

U sekeiji 3. uvodimo UNF , a zatim rjeSavamo
implikacioni problem o odnosu 4NF i BCNF
(Teorem 3.). Metodologi ja rjeS3avanja navedenih
implikacionih probl'ema Je bazirana na rezolu-
cijskim procedurama dokazivanja, [3] .

1. 2NF, 3NF:
Odnos izmedu 2NF i 3NF

Poatupak normalizacije se bazira na zavisno=-
stima funkcionalnog 1 videznaénog tipa. Zato,
u specificiranju relacione 3eme, osim kona-
énog skupa R, moramo zadati i skup zavisno-
sti ¥ , koje vrijede u R. U ovom radu usva-
jamo sli jededu notacti ju.

R - konadan skup atributa.

Z.' skup funkcionalnih { viSeznadnih zavisnos-
ti koje vrijede u R . '

f- zatvarad od tJ. skup svih zavisnosti ko je
su logiika konzekvenca od% .

Sada imamo definiciju.

Definicija. Ureden par (R, %), u oznaci Ry ,
zovemo relacionom Bemom.

Zinjenicu da je X —» Y& E¥ iskazujem i tako da
xafemo da X —»Y vrijedi (u Rg ). Isto se odno-
si 1 na viBeznadnu zavisnost X-s»Y .

Sa ~(X ~» Y), 0dnosno ~(X -»Y}, naznacavam da
X —» Y, odnosno X-»*Y, ne vrijedi (u Rg ).
Koristedi po jam funkcionalne zavisnosti uvoéi-
m po jam kljuéa.

Definicija. Neka je zadana relaciona Sema Rg
gdje je Rz [Al,..,nn}. Za X€R kaZemo da je
kKljué od Ry ako 1 samo ako vri jedi

1) x—’Al“An i

2)MX'S R (X't.Xﬂnl(x'_pAl..An))

Zahtjev 1) iz definicije kljula obezdbjeduje da
vrijednost atributa iz X jedinstveno odredu-
Ju vri jednosti svih atributa 42 R, a zaht jev
2) daje minimalnost kljufa (kljud je, dakle,
minimalan identifikator entiteta predstavljeni
relaci jom za R .

Napomenimo da relaciona Sema Ri moZze imati
viBe od jednog kljuda. U tom sluaju naznalava
se jedan kao primarni kljud. SaSC(R: ) ozna-
davamo akup kljuleva za Ry .

U daljem pretpostavljamo da se relaciona 3ema
Ry nalazl u INF tj. da su domene atributa iz
R proste.



Da bismo uveli pojam 2NF, trevamo karakterizi-

ratl potpunu funkcionalnu zavisnost.

Definicija. Neka je zadana relaciona Sema Ry .
Kazemo da je funkcionalna zavisnost X—vYa §*
potpuna ako i samo ako vrijedi

3) ¥X' € R (X'C Xepov(X'mY)).

Za funkcionalnu zavisnost X-——’Y(S_‘ kaZemo da
je parcijalna ako 1 samo ako ni:je potpuna tj.
akb 1 samo ako vrijedi . -
4) IX'ER (X’C XA X'—pY).

Jodimo da se parcijalna zavisnost X-—»Y mozZe
reprezehtirati kao kompozicija X —u X'—>p Y,
Definici ja.
marnl atribut sko i samo ako je ispunjeno
JKe K (R) (A6 K).

U protivnome, za A kaZemo da Je neprimrmd atpri-
but.

Za atribut A€ R kaZem da je pri-

Kako posto janje parci jalnih zavisnosti. nepril-
marnih atributa od kljuéa u R uzrokuje ano-
walije (upisivanja, brisanja i aZuriranja),
2NF ih eksplicite zabranjuje.
deéu definiei ju.

Zato lmamo sli je-

Definicl ja. Relaciona 3Sema Rg Je u 2NF ako 1

«3m ako svaki neprimarni atribut potpuno za-

visi od svakog kljuda tj. ako i samo ako vri-

jedi .

S) ¥ A€ RVKe I (Rg )(A je neprimarni==% K—¥ A
Jje potpuna zavisnost).

Ako uvedeno predikate PRIM i POT, gdje PRIM (A)
odnosno POT(X —wY) znaél da Jje "A primaran, od-
1rosno da je X —» Y potpuna zavisnost, 5)

mo Zapisati u obliku

mZe~

6) ¥AG R¥ K€ JC(Ryg )(~ PRIM(A)mp POT(K—>A));

5to je ekvivalentno sa

T)~3a€ RI K€ I (Rg ) (~ PRIM(A)ANPOT(K—2A))

Iz definicije 2NF proizlazi da, ako su svl atri-
bati iz R primarni, onda jJe Ry u 2NF. Takoder,
axo Je svaki kljul Jedno&lan, onda je Ry u 2NF.
RQelaciona 3ema moZfe biti u 2NF, a da i dalje
To govori da de-
finici jski zahtjev za 2NF nije dovoljno strog.

fojadanjem zahtjeva(speci ficiranjem neposto ja~

P2staje navedene anomali je.

nja tranzitivne zavisnosti neprimarnog
od bilo ko jeg kljula)

atributa
dolazimo do 3NF.
Karakterizacija tranzitivne zavisnosti
#to siijedi.

Je kao

Definicija. Néka su X, ¥, Z& R. Kaiew da 2
tranzitivno zavisi od Xako i samo ako vrijedi
8) X —> Y

9)

Y —» 2 (rnetrivijalno)
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10) ~ (Y ~»X)

Svojstvo 9) t3). netrivijalnost funkcionalne
zavisnostl Y—»Z znadi da nije Z & Y .
Sada karakteriziramo 3NF.

Definicija. Relaciona 3ema Rg Je u 3NF ako &
samo ako ne .postoji' tranzitivné zavisnost bilo
ko Jeg neprimarnog atributa od bilo kojeg klju-
ga. Simbolidki, Ry Je u 3NF ako i samo ako vri-
Jedi '

11) ~3 A€ B IKa I (Rg)(~ PRIM(A) ATRANZ(K—v A)].

U formuli 11) TRANZ(K —»A) znaéi da je K-—A
tranzitivna zavisnost.

U daljem demo varijable A, X, K interpretirati
na skupovima R, @ (R), X (Rg) respektivno; ta-
koder, sa 2NF(Rg ), 3NF(Rg ), BCNF(Rg ) 1
4NF(Rg ) éemo naznaditi da se.Rg nalazi u od-
govarajuéo) normalnoj formi.

U odnosu 2NF 1 3NF govori slljedeéi teorenm.

Teorem 1. 3NF(Rg ) == 2NF(Rg ).

Za dokaz teorema 1. trebamo rijeSiti implika-
cioni problem

Tl: 3NF(Rg )
ZNF(Rz )

Standardizacijom 3NF(Rg JA:.~2NF(Rg ) nalazimo
skup S: :
SSF(3NF(Rg )): " = (1) PRIM(A)V ~TRANZ(K —»A)
SSF(m 2NF(Rg): \ZIWPRIMEAL)
(3)wPOT(K v A_)
o . o
Skup reéenica S={ (1),(2),(3)} prodirujem

pravilom

(P)t¥ AWK (~POT(K—>A)wsb TRANZ(K —» A)) .

Standardizaci_'jom- pravila (P) dobivamo relenicu
(4) POT(K~—®A)v TRANZ(K—wR2).
Kontradiktornost skupa 5' = SU{(4)}dana je na
sliei 1., a time. je 1mp11k’éoion1 problem

T1.rijeden.

2, BCNF:

Odnos izmedu 3NF i BCNPF

Niti ‘3NFenorma;.1:"za.cija relacione Seme Ry ne
garantira ne_péséojanje anomalija (upisivanja,
brisanja i aiiur;ran_:)a).’ )
Po,jaéanjem.zahtjeva(defin'icijskog),apecificira'-
njem sa doména netrivi jalne zavisnosti sadrii
kljul, dolmzimo do BCNF(Boyce-Codd normalna
forma). Ponovimo, da za zavisnost X—w»Y kaie-
mo da Je trivijalna ako 1 'samo ako je Y
S1i jedi preclzna . definicija BCNF.

< X.

Definicija. Za ‘relacionu Semu Ry kaZemo da Je
u BCNF ako 1 samo ake za svaku zavisnost X—Y

1z ¥ vrijeal



(1)

(5) m»TRANZ (K —-—Ao)

(6) TRANZ (Ko__p AO)

a
si.1.

12) A~ TRIV(X —» YV)my 3K (K € X)).

Da je defintcl jski zahtjev za BCNF stroZids

nego za 3NF govori alijedec’l teorem.
Teorem 2. BCNF(Ry )= 3NF(Rg ).

Iskazani teorem dokazujemo rje3avajuéi impli-
zacioni problem
BCNF(Rg )
3NF(Rg )

T2:

Transformirajuéi BCNF(Rg )~ ~3NF(Rg ) u stan-

dardnu formu dobivamo skup redenica S. Prvo
standardiziramo BCNF(Rg ).

Iz 12) nalazimo ekvivalentnu formulu

13) X MY JK (TRIV(X —»Y)V (K & X)).
Eliminacijom egzistencijalnog kvantifikatora,
uvodeél umjesto K Skolemovu funkeciju f(X,Y),
dobivamo

SSF(BCNF{Rg ):

(1) TRIV(X —» Y)WV ({f{(X,Y)& X).

Predimo na standardizaciju od ~3NF(Rg ).
Neglranjem formule 11), te standardizacijom

.imat demwo

(2) ~PRIM(A°)

SSF( ~ 3NF(Rg J):
(3) TRANZ(KO_-uAO)

" Redenica (3) je ekvivalentna sa konjunkci jom
redenica (definicija tranzitivne zavisnosti)

(4) Ko_—.’ YO

(5) Y, —w A
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(2:;
Rez. po PRIM uz{ A —> A
(4} Ay — A
Rez. po POT uz
l(o——vK
.(5)

J/o " Rez. po TRANZ uz{ K —» K

(6) ~(Y° Ko)

(7) ~TRIV(¥°_.,A6r3,
Konadno, 8= {(1),(2),(4),(6),(T}.
Skup S prodirujemo pravilom Ko je karakterizira

k1l jué
(K): MKWX (K—sX).

Standardizacijom iz (K) dobivamo relenicu

(8) K—»X ’

{ontradiktornost skupa s":_ SU{(B)}Je dana na
slici 2.

3. MANF:
Odnos izmedu BCNF i UNP

Mo Ze se pokazati da niti BCNF-normalizaci ja ne
garantira nepostojJanje anomalija. Zato uvodime
§NF, 8iji jJe definicijski zahtjev jaéi od defi-
nicijskog zahtjeva za BCNF. Dok au 2NF, 3NF,
BCNF definirani preko funkcionalne zavisnoatt,
u definiciji 4NP koristimo viBezna&nu zavis-
nost. Pri tome f{mamo sli jededu definiciju.

Definicija. Neka su X,YGR. 2a viSeznadnu za-
visnost X-»»Y kafemo da Je trivijalna ako i sa-
my ako Jje Y € XwvXY=R.

Sa TRIVV(X-e»Y) demo oznalavati da Je vilSezna~-
dna zavisnost trivijalna,. Karakterizacija UNF
jo kao 3to slijedi.

Definicli ja. Kafem da Je relaciona dema Rg u

UNFako i samo ako za svaku zavisnost X—seY iz




(1) (7
(9) reY A e ¥
/)
(10) r(yo,Ao)—fax
(11) Y e X
(12) Y —wK,
_(6)
O
s1.2.
T¥vrijeal
13) A~ TRIVV(X —»»Y)=23K (K & X).

.

13) nam kaZe da je Rg u 4YNF ako
ko ja
, ima domenu koja sadrii kljué.

Del‘inici.Ja
i samo ako svaka nétrivijalna zavisnost,
vrijedi v Ry
U slijededem teoremu govorimo o odnosu BCNF i
4NF.

Teorem 3. HNF(RS-_ ) e BCNF(R: ).
Teorem 3. dokazujemo rjeéévajuéi implikacioni -
oroblem
4
13- NF(Ry ) ,
BCNF (Ryg )

Standardne forme za UNF(Rg ) 1 ~BCNF(Rg ) su
xac Sto sli jedi.

SSF(HNF(RE )):

(1) TRIVV(X=-»»Y)wv (f(X,Y) g X).

u (1) >f'(X,Y) je kljué ko ji odgovara zavisno-
¢t X~»»Y (u procesu eliminaci je égzi_st,enci-
jalnog kva'htifikatora). '
Negacijom 13) dobivamo A~ BCNF(Rg );
14) ~ BCNF(Rg ):

IX F YT WK (~TRIV(X —» Y)A ~(K < X)),
Standardizaci jom, iz 13),

(Rg J)):

nalazimo SSF(ABCNF
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Rez. po TRIV uz

£OY L A0) Je k1Jud { £(Y 8 )~>K

Y sadr#i k1 jué

vz { K,—> X

(2) n~ TRIV(XO—-»YO)
(3) m (K< X).

Za kompletiranje rjeSenja implikacionog proble-

mna trebamo pravilo

(PL): VK¥XNMY ((~ TRIVIX =~»Y)A~ (K g X)) =
=:u>~'i‘RIVV(X ~>Y)).

Standardizacijom iz (Pl) dobivamo relenicu

(4) TRIVIX—»Y)WV (K @ X)VTRIVV(X—e»Y).

Stablo dokaza kontradiktornoativskupa
5 ={ (1), (2), (3), (4} dajem na slici 3.

4. Zakljuéak

U ovom radu razmatrali smo normalne forme u re-
iaclionim bazama podataka.
2NF, 3NF, BCNF, UNF,
cijske procedure, rijedili implikacione proble-

Karakterizirali smo
a zatim, primjenom rezolu-
me © odnosu navedenih normalnih formi(Teoremi
l1.,2., 1 3.).
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(4) (3)
1//////////////”’9 Rez. po g uz { Yo — X

TRIV (XO — Y) V  ev TRIVV (Xo-bw!)

(2)

|

~ TRIVV(XO — YO)

(1)

/ (3
o YO)\V

o

S1.3.
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IZBIRA KODNE STRUKTURE V 6. NIVOJU REFERENCNEGA MODELA
0S| ZA POTREBE PRENOSA IN IZMENJAVE PODATKOV

UDK 681.324.04

Kl ju&ne besede

Referentni model 0SI, nabor grafi&nibh znakov,
nivo predstavitve, imwplementacija standardav,
180, CCITT, telematske storitve, odprti sistemi,

heterogene ratunalnifike mrele, ralunalniski si-
stemi.

Povzetek .

Referendni model 081 daje tecretifno in praktid-
no padlago -za izgradnjo heterogenih erel, v
katere se vkljuBujejo najrazlidnejdi radunalnid-
ki sistemi in nudijo razli&ne telematske stori-
tve., Sesti nivo modela 0SI opredel juje predsta-
vitevy podatkov. V zadnjih dveh letih sta bila
za ta nivo izdelana in sprejeta dva mednarodna
standarda za nabor grafi&nih znakov kodiranih 2
& biti. Problematika, ki je nastala v zvezi 2
implementacijo teh standardov v okviru RM QSI #e
ni razrefena. Prispevek obravnava nastale pro-
bleme in ponuja nekatere reditve v odvisnosti od -
podrotje iwmplementaci je. .

0.Uvod

Problem kodiranja nabora znakov sega v zaletek
razvoja radunalnidtva in njemu soradnih tehnik.
Kodiranje in kodne strukture so bile pred poja-
vom radunalnifke tehnike predmet telaegrafije. 2
razvojewm radunalniéke tehnike je nastala potreba
za kodiranje grafi&nih in kemilnih znakov. Taka
80 bile postopoma uvajane &, 7 in 8~bitne kode v
odvisnosti od stopnje uvedene craBunalnifike teh-
nologije. Razvoj kodnih struktur je danes sku-
pni prablem ratunalniftva, telekomunikacij in
njihovega otroka - telematike. Pri tem imawo v
mislih nove telematske storitve (teletex, video-
tex, telekonferenco ipd.) in &iroko podrodje
razlignih ra&unalnidékih mre? (LAN, VAN, PEOT,
PBX ipd.) ter distribuirane sisteme za obdelaveo
podatkaov.

Razvoj kodnih struktur je treba opazovati iz
dveh zarnih kaotav: kot kadne stcukture, ki se
uporabl jajo znotraj zaprtih radunalnifkih giste-
moy in kodne strukture, ki se uporabl jajo za
prenos in izmenjavo podatkov. Sedanji trendi
razvoja distcibuiranih sistemov, pri katerih ima
k1l ju&ni pomen prenos in izmenjava podatkov, se
gibl jejo v smeri irgradnje v skladu z referend-
nim modelom 0S]1 wednarcdne organizacije za stan-
dardizaci jo. ’

Model 081 daje teoreticno in prakti&no podlago

za izgradnjo heterogenih mre?, v katere se

vkl juGujejo najrazli&nejdi radunalnidki sistemi

in pudijo razli&ne telematske storitve. Sesti

nivo wodela OS] opredel juje predstavitev pcdagto
-
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“"Choice of the Coded Character Set for Text

Communication in the Presentation Level of RM
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Abstract
The 150 reference model for open system inter-

connection ig a theoretical framewark for deve-
lopmant of heterogenecus computer networks with
implemented telematic secrvices. The sixth level
of the modal.is the presentation level, raspon-
sible for data presentatiaon. The paper deals
with the problems which arised after the adopti-
on of two internatianal 8bit coded charactar
sets for text communication within the intecna-
tional bodies for standardization. Some guide-
lines for implementation of the standards in
conngotion with the application field are pre-
sented too.

kov., Ta nivo predpostavljy, da je prencs podat-
kov opravljen brez napake. V nadaljevanju pri-
spavka bo obravnavana proablematika izbora kodi-
ranja (dodaeljevanja odgovarajode kombinacije bi-
tov grafidnie: in kesilnin znakom iz nekega
vnaprej dogovorjenega repertoarja) in dekodira-
nja (predstavitev sprejetih znakov) v &. nivoju
modela OBl.
1.Razvoj 8-bitnih kod za
izmenjave podatkov

potrebe prenosa in

1zbor in definicija kodnih struktur 2a potrebe
prenosa in izmenjave podatkov je predmet dela
§C2 (podkomiteja 2) Mednarodne organizacije za
standacrdizacijo in VIII #tudijske skupine CCITT-

ja. Razvoj prvih standardov za 8-bitne kode
sega v konec osemdesetih let. Prva standacdizi-
rana B-bitna kodna tabela za potrebe prenosa

podatkov je bila izdelana konec osemdesetih let.
Standard je dobil naslav "Nabor grafitnih znakov
kodiranih z 8 biti za potrebe izmenjave podatkov
180 4937". S8Standard Jje nastal zaradi potrebd
po standardiziranem naboru grafi&nih zna~
kov za latinidno pisavo evropskih jezikov, ki se
Je uporabl jal pri prenosu in prezentaciji podat-
kov v okviru teletexa in videotexa. CCITT je
objavil predlog standarda v obliki priparod&ila
§.61-1984 oz. T.61-1984 (za potrebe storitve
teletexa) in S.101 in T.4101 - 1984 (za potrebe
videotexal).

Kodna tabela IS0 6937, ki je v osnovi identid&na
s T.61 1in T.101, veebuje dva nabora grafi&nih
znakov. Na levi strani kodne tabele se nahaja



madnarodna referentna verzija nabora grafidnih
znakov, bolj znana po svetu kot IS0 646, Dziroma
7-bitni ASCII, na desni strani kodne tabele so
diakriti&ni znaki, ® katerimi je molno genaerira-
nje akcantiranih latini&nih znakov. Diakritiéni
znaki so znaki brez pomika naprej. Vsaka akcen-
tirana &rka latinice se generira kot dvozlogovni
znak, ki na terminalni napravi zavzame eno
mesto. Kodno tabelo IS0 6937 smo ponazorili na
sliki 1. Tehnika, definirana v T.61 in T.101,
omogota predstavitev repertoarja grafidnih zna-
kov, ki je po &tevilu veliko vedji od nabora
znakov iz tabele 1. 1S0 46937 omogola predstavi-
tev 350 grafiénih znakov. S tem standardom ja
CCITTa red#il oproblem prenocsa grafidnih znakov
za potrebe zahodnoevropskih in latinskoameridkih
driav. Veliki proizvajalci ratunalnifke opcese,
zlasti 1IBM, s0 po objavi standarda 150 6937
sklenili, da potrebujejo enozlogovno 8-~bitno
ASCl1]l kodo. Na spodbudo IBM~-a je 180 TC97/8C2
cazvil 1S0 8859, v katerem je vsak znak kodiran
2 enim zlogom. Osnovna kodna tabela tega osea-
delnega standarda je prikazana na sliki 2,
Kodna tabela, prikazana na sliki 2, skupaj z
definiranim naborom krmilnih znakov €O in C1, je
bila sprejeta tudi v ANS1I kot B8-bitni ASCII
(1.1985) in je znana v svetu pod imenom Latinica
1. Enakao kodno tabelo z dodatnimi nabori krmil-

nih znakov je sprejela tudi ECMA kot standacd
ECHA-94. Tabela na sliki 2 nam kaZe prvi del
IS0 8859, ki je namenjen govornemu podroliju 44
delel (za angledéino, 8panddino, newmd&ino, fran-
cossino, portugaldtino, flam#8ino in italijank-
tino). :
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fazi
(draft iternational standard) ali DP (draft
proposal), 8859/2 definica latinico &t.2, ki je
namenjena prenosu taeksta, napisanega v enem od
naslednjih jezikovs albanskem, d&edkoslovadkem,
nanékem, mad?arskem, pol jekem, romunskem in slo-
venskem (oziroma schbohrvadkem). Enako kodno
tabela, kot je definirana v 180 8859/2, je
sprejela tudi Womisija za &kode in gifrirne
sisteme pri Iveznem zavodu za standardizacijo
kot JUS 1.B1.013, 8859/3 pokriva govorno po-
drodje Francije, Nemdije, ltalije, Malte, Julne
Afrike in Turdije. 885%9/4 pa Je namenjena
Danski, Finski, Nem&iji, Grenlandiji, Norve#ki,
8vedeki in sovjetskim republikam Estoniji, La-
tvijt in Litvaniji. Yem kodnim tabelam Jje
skupno to, da ima v priwerih, ko se ista &rka
pajavija v dveh razli&nih kodnih tabelah, 2nera}
isto mesto, kar pomani tudi isto kodno kombina-
cijo (tako se &rka ! pojavlija v 8859/2 in B8859/4
na istes mestu in ima kodno kombinacijo 10/14).

Ostali deli IS0 8859 2 izjewo 885%9/2 so v
DIS
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’kud.

Leva stran kodne tabele je povsod enaka t.j.
180 644 ali 7-bitni ASCILI. 8859/5 detinira
kodno tabelo za nabor znakov, ki se uporabl jajo
v tehnidnih in wmatematidnih znanostih (razni
specialni zxznaki za pisanje matemati&nih in teh-
niénih izrazov oz. formul). 8859/6 definira
kodno tabelo za nabor znakov, ki se uporabljajo
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v zaloinidtvu za forwatiranje tekstov, 885977

definira kode za gr&ko abecedo in 8859/8 defini-
ra cirilico za ruski, scbski, wakedonski, bol-
gnrsgl. ukrajinski in beloruski jezik. Inaki iz
kodnih tabel 8859/5/46/7/8 ne nastopajo v naboru
znakov v 180 4&937/1/2 in zato so v pripravi

dodatki k IS0 6937, ki naj bi vsebovali manjka~
Jjode znake.

2, Izbor kodne strukture

Po objavi 180 6937/1/2 4in 150 8859/1/2 je v
ckviru uradnih wmadnarodnih teles za standardiza~-
cijo, kot je CCITT, IS0 in zlasti ANSI prifilo do
velikega razburjenja. Ieplementatorji iz kro-
gav  proizvajaleev radunalnidke in telematske
oprém@ so se¢ zna#li pred uganko. Katero B8-bitno

kodo implementirati v nivoju &, za posamezno
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aplikacijaZnano je, da udinkovita komunikaocija

in izmenjava podatkov v odprtih sistemih povezo-
vanja ni mogoBia brez enotnih in standardiziranih
Odstavki, ki sledijo obravnavajo problems

-



1zbora kodne strukture in stalidéla bodogih
rabnikov ozirowma proizvajalcev. Odloditve, ki
bodo sprejete v svetu po tem vprasanju, bodo
vplivale tudi na razvoj telematekih storitev in
izdelkov v Jugoslaviji (kot so na primer taerwi-
nali za teletex, videotex, vedjezilne tipkaovnice
terminalov za vnos podatkov ter razliéne aplika-
cije v akviru JUPAKa).

upo-

2.1 Nekatera znanas dejstva

1S0 6937 je aplikacijsko orientiran standard, ki
poleg grafi&nih znakov za pisanje teksta togo
definira tudi krmilne {funkoije. 180 6937 jJe
izdelan za potrebe nivoja predstavitve pri pre-
nosu teksta zza aplikacije kot so Teletex in
Videotex. Za te storitve so v uporabi posebej
razviti terminali, ki omogodBajo sprejem in prud-
stavitev sprejetih podatkov. Sprejeti podatki
s@ prikazujejo na zaslonu ali pa na tiskalniku,
Posebna izbira in shranjevanje teh podatkov
zaradi nadaljne obdelave ni predvidena. V po-
stopku izdelave je &aetrti del standarda, ki
definira krmilne funkcije za preformatiranje

teksta (tistega, ki je 2e formatiran in tistega,
ki ni),

Vedina proizvajalcev in uporabnikov je priSako-
vala, da bo IS0 6837 standard z najbolj splosdno

uporabo. Ta standard je zadovol jeval potrebe
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zahodnega dela sveta, ki 3je 4istoGasno tudi
najbelj razviti del sveta. V tem delu sveta s¢
nahaja 90 najmo&nejdih proizvajalcev raBunal-
nidke in komunikacijske oprewma ter najvedje

8tevilo uporabnikov sodabnih telematskih
tev.

stori-
Kmalu po sprejewu IS0 6937 se je izkazalo,

da red#itev, ki jo doloda standard;, ni spreje-
mljiva za sisteme za obdelavo podatkov, ker se
pa tem standardu nekateri od grafilnih. znakav

prenasajo kot dvozlogovne informacije, nekateri
pa kot enozlagaovne. Tak%en nad&in prenosa je
nesprejeml jiv pri prenosu podatkov za nadal jno
obdelavo, kot je na primer prenos datotek (file
transfer). ~Razprava v zvezi z IS0 6937 se je

zatela po opozorilu IS0 TC97/SC2/WG4, da je
tehnika uporabe grafi&nih znakov z razli&no
dallino kode (eno in dvozlagovno) za vedino

prévajalnikov programskih jezikov nespra jeml i~
va. Ve&ina aobstojele programeke opreme je nare-
jena po principu en znak en zlog.

Po tprejetju

teh pripomb se CCITT javna
ogradil od

Je
splodne uporabnosti 1S0 6937 in
izjavil, da je bil 180 4937 razvit in namenjen
le za prenos in ne 2a obdelavo tekstovnih
podatkov, torej le v sklopu storitev Telaetaxa in
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Videotsxa. V tah telematskih storitev je tekst
zapisan v strogo forwmaticani obliki (strani), se
v taki obliki prenasa in ni nawenjen nadaljni
obdelavi. Tocre) se tekst prenada v konéni
obliki po owrelju' od radunalnika (host) do
terminala ali od terminala do terminala. Upo-
rabnik tekst le vidi ali pa ga izpise. Sodobni
sistemi =za avtomatizacijo pisarnifkega paslova~
nja pa zahtevajo uporabo telematskih storitev,
ki omogotajo tudi obdelavo in predelavo spreje-
tega oziroma odposlanega teksta, kot je prefor-
matiranje, dodajanje in arhiviranje teksta. Mo-
gota je ravno ta omejenost Videotexa ter izjemno
zastarele metode preiskovanja informacij (dreve-
sne strukture, ki o prepofasne), botrovala
slabi uveljavitvi te usluge na tleh IDA. Pri-
mer java obeh standardov nas pripelje do slede&ih
ugotavitavs .

2.2 Prednosti
180 8859

in pomanjkljivosti 180 6937 in

Gledano iz zornaga kota razvitih dr2av zadostuje
za latinidno pisavo le nabor grafi&nih znakov iz
180 6937/1/2. TYo pomeni, da v 8~bitnem oholju,
Se imamo opravka s Gistim tekstom (isto velja
tudi za slovensko latinico), ni potrebno prekla-

pljati iz wene kodne tabele v drugo 5 pomodjo

tehnike za razdiritev 8-bitnega okolja (za raefe-

renco glej IS0 2022 ali 150 4873 ali 1.B1.010 -
tehnike raz@icitve v 7 in 8~bitnem okol ju). 8.
bit v kodni tabeli nam pokale, kateri del kodne
tabele je v uporabi, levi (8.bit je ni&la) ali
desni (8.bit ja enica). 160 B8SY? za prikaz vseh
latinidnih pisav sveta potrebuje 4 kodne tabele.
V primecih, ko potrebujemo 8rke vseh & jezikov-
nih podrotij, Jje potrebno preklapljanje (switc-
hing). Ta trditev dr2i 1le do neke meje, ker
nekatere od kodnih tabel 180 8859/1-4/ vsebujejo
znake za vas kot eno podro8je oziromwma so redun-
dandne. Ta prednost (S0 6937 se takoj spremeni
v pomanjkljivost, &e bi zahtevali znake iz
abaeced, ki nigo latinidne. Tak primer je Jugo-
slavija, kjer bi potrebovali istotasno latinié&no
in cirilidno pisava. Podobno velja za Gréijo,
kjer uporabljajo dve pisavi, latini&no in gréko.
Namen IS0 standardov Jje, da zadosti potrebans
veSjemu dtevilu delel in ne le defelaw, kjer se
uporablja izkljubno latinidna pisava. Torej
dolgoro8no gledano ta predneost IBO 6937 ne drii.

Druga prednost 180a 46937 je, da je to standard,

ki se e neka} Sasa uporablja (sprejet je bil
1.1980), za razliko od 180 885%9/3-8, ki je % v
fazi DIS. Ta prednost se bo zgubila v kratkem,

ko bo IS0 8859/3-8 postal vel javen standacd.

Izbor kodnih tabel v 180 8859 Jje narejen po
cagijah, v katerih se nahajajo sorodne driave.
Leva kodna tabela je ASClI, kar ne velja za IS0
6937, Vesina delel sveta je svoje nacionalne
kodne tabele razvila na podlagi ASCIl kodne
tabele (IS0 &44) 2z nacionalnimi raz8iritvawmi,
spacificiranimi v 180 646, mednarodna verzija.
Tako Jje 180 8859 kompatibilen z valiko vedino
nacionalnih standardov. o .

180 8859 predutavlija laiji prehod iz obstojedih
7bitnih kod v 8bitno kodo. 150 8859 predstavlja
tudi laljl prehod iz 8-bitnega okolja v 16 bitno
okol je (dvozlogovno kodiranjel), vsak znak Vv
16~bitni kodni tabeli bo potreboval za predsta-
vitev le& eno 8-bitno kodno kombinacijo. IS0
S§C2/WG6 trenutno dala na razvoju standardizirane
16-bitne kodne tabele. Zaradi 8iroke uporabe
ASCl1l kodne tabele v veliki vetini delel lahko

rettemo, da je 180 8859 kompatibilen z obstojedo
praogramsko opremc in obstojedimi podatkovnimi
bazawi.

180 8859 je bil 2e v fazi nastajanjs sprejet v

vedini detel kot nacionalni
znakovy kodiranih

standard
z 8bitno kodo,

za nabor
tak primer je



tudi Jugoslavija. 180 6937 ni bil sprejet kot
nacionalni standard nikjer, z izjemo ZR Nemdi je,
ki je kljub temu sprejela Se IS0 885%9. 180 8859
omogota lazje povezovanje (interworking) izdel-
kov z ASCII in EBCDIC kodo, lzmenjava znakov iz
1SO 8859 v okolju z 180 6937 je moina z uporabo
16S-~a (ldentity Graphic Sub-repertoar).

180 4937 in

Uporaba obeh kodnih sistemov 180

8859 v okvicu enega ratunalnitkega sistema je
komplicirana in neuSinkovita. Uporaba 150 6937
bi morala biti omejena na telematske storitve,

konverzija kade iz IS0 6937 v 1S0 8859 bi bila
potrebna le pri vhodu podatkov v radunalnik.
Taka strategija bi bila zlasti pomembna za
sledele kategorije uporabnikov in proizvajalcev:
a)za implementatorje in razvijalce izdelkov kot
s0t terminali, tiskalniki in programski paketi,
b) za nacionalne odbare in organizacije za
standardizaci jo za podro&je kodiranja, avtomati-
zacije pisarniéke opreme in komunikacij ter

c)za vee ostale odbore 160 in CCITT, ki se
ukvarjajo s standacdizaci jo medijev in komunika-
cij.

V primeru, da bo to sprejeto in da se zahteva
izlotitev IS0 6937 in pospe&ena wuporaba IS0
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8859, bi lahko nastali slededi problemis

~obstojeli terminali 2z iwplemantirano 180 6937
kodno tabelo bi postali neuporabni (na primer
Xerox terwminali).

-1t evropskih proizvajaloev je obljubilo, da
bodo podpirali 150 6937 in bi nova odloditev
poviraofila zmedo

~CEN/CENELEC, ki je sprejel obveznost, da pod-

pre 180 6937 bo postavljen v nerodno situacijo.

3. ©Stalista glede implementacije
1S0 8859

160 6937 in

3.1 Ilpln-antabija na terminalih in tiskalnikih

e Jje v terminalu implementiran 150 4937, potem
ni problem implementirati tudi 1S0 8859, ker je
mnotica znakov enaka. Spremeniti je traeba le
del strojne opreme (firmware), ki namesto gane-
riranja znaka kot kombinacije diakritidnaega zna-
ka in navadnega znaka generira le en znak.

V primeru, ko imamo naprave z visoko resoluci jo,
kjer za vsak znak potrebujemo veliko dtevilo
bitav, se akcentirani znaki generirajo kot kom-
binacija zgornega in spodnjega akoenta ter same
¢rke. Pri napravah nizke resolucije se akcenti-
rani znak generira naenkrat brez kombinacij.
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Pri tiskalnikih z marjeticami, kjer je &tevilo
Znakov omejeno, ima prednost IS0 8859, Tiskal-
niki z dvema marjeticama imajo moinost uporabe

veeh &rk 180 8859, ena marjetica (190 znakov) bi
pokrivala ASCII in druga abe desni strani kodnih
tabel dveh delov 180 8859. Pri tiskalnikih, ki
uporabl jajo verige, te je veriga relativno veli-
ka (na primer od 350 znakov) ni problem imple-
mantirati obeh standardov, seveda s &im manjdim
dtevilom dvojnih ¢&rk. Pri teh tiskalnikih ni
korespondence ned kodo in prikazovanjem dolode-
nega zznaka, medtem ko je v sami napravi poske-
bl jeno 28 ustrezno korespondenco. Pri teh na-
pravah bl se pojavil le problem polasnosti
zaradi velikega #tevila znakov v verigi.

Glqdano 8 stalilta doloSenega geo obmotja je
bolj var&no in gospodarno iwmplementirati IS0
8859, dle telimo implemanticati vee kadne tabetle
1S0 8859, potem ta prednost glede varénosti
odpade. Enako velja, 8e hkrati implementicramo
latinitno in oirilitno pisavo, ker v tem primeru
spet potrebujemo dve kodni tabeli in wuporabo
tehnike raz#iritve v 8-bitnem okolju. e upora-
bl jamo tehnolagije z dizmenljivimi tiskalnimz
alementi, potem ima prednost 1S5S0 8859. Vsak
tiskalni element ustreza dolaoleni kodni tabeli.
To pomeni, da obstojede tiskalnike z marjetico
de naprej uporabljamc in po potrabi izmenjujemo
marjetico v skladu & kodno tabelo. Kot zaklju-
Sek temu lahko povemc 8e, da je cena tiskalnikav
in tecminalov sorazmerno nepomembna glede na
ceno progranske opreme.

3.2 Ilwmplementacija 180 6937

programski opremi

in IS0 8857 v

Prednost kode,
enim zlogom,
tno doliino.

v kateri je vsak znak dolofen 2
je neprimerljiva 8 kodo z nekonsta-
Velika ve&ina obstojede programske

opreme zelo lahko obdeluje 8-bitno kodo iz 180
88ese. Problewmi se pojavljajo v primerih, ko
talimo, da nada programska oprema sprejema dve
kodni tabeli, na priwer IS0 885%/2 in 1S0
8859/3. V teh primecih uporabljamo ali:

-poseben krmilnl znak (“gingle shift" funkcijo),
ki nam kaZle, da so prihajajoBly, znaki predsta-
vljeni 2 dvema zlogoma, prvi 2lo0g je koda za 561
in drugli za sam znak,

-poseben znak (“locking shift*
katerim spremenimo ocelo desno stran kadne
le.

Nekateri od zagovornikov IS0 6%37 trdijo, da je
prednost te kodne tabele v moinosti njene upara-
be kot 7 in 8-bitno, v odvisnosti od sprejemne
naprave. Pri terminalih se da problems sprejema-
nja znakov z razlidno dolgiwi z2logi dokaj lahko
rediti, pri prograwmski opremi pa se zatakne, ker
vemwo, da je tefko pisati programe, ki sprejewajo
hkrati 7 in 8-bitne zloge. Pri 7-bitnih zlaogih
va&dina zahodno evropskih pisav uparablja $51 in
L81 funkcije za potrebe generiranja akcentiranih
znakov. Pri tem 180 6937 kale na dolodene
prednosti, ker ni pojava redundaninega kodicanja
(v kodni tabeli ni enakih znakov). To velja le,
te se uporablja samo I80 6937/1/2. Pri uporabi
drugih kodnih tabel iz 180 6937, $0 Vv
pripravi (na primer grike Srke iz grike abecede
in iz kodnae tabele za tehnildno uporabo) ge ta
pradnost zgubl.

funkei jo), s
tabe-

ki

4.Aplikacije in uporaba 180 6937 in IS0 8859

Problewmi, ki lahko
6937 pri obdelavi

nastanejo pri uporabi 1850
podatkov, 8o mogo&e najbolj
vidni pri sortiranju. Kako lahko primerjamo dva
znakay; od katerih je eden brez akcenta in je
zapisan z 8-biti in drug akoentiran znak, ki je
zapisan s 16 biti Ce v programski opremi za
sorticanje to ni posebej specificirano, lahko
nastanejo telave. Pogosta tehnika pri sortira-
nju je transformacija vesakega znaka v numeri&no
vraednost in uporaba te vrednosti za primerjavo.



Ve&ina CPU~jev ima (tako kot IBM 370),
ukaz prdvy za to operacijo.
te namesto na 8-bitni zlag
bitov Tudi ostali programi za konverzijo med
ASCI1l in EBCIDIC kodo so narejeni na podaban
nadin ~ translacija le 8&-bitnih zlogov.

vgragjen
Kaj se bo 2godilo,
naleti ukaz na 16

Orug problem, ki lahko nastane pri uporabi 150
69§7, je urejanje teksta. Vedina zaslonsko
orientiranih urejevalnikov je narejenih na po-~-
dlagi predpostavke, da masto, ki ga zavzame 8rka
na zaslonu, odgovarja enemu znaku, zakodiranemu
2z B8-biti. Tehnika, s katero pozicioniramo kur-
sor, sloni na predpostavki, da Jje veak znak
zakodiran z enako dolgiwm zlogom. Pozicioniranje
kursor ja ter aluriranje zaslona v primeru imple-
‘wmentacije 150 6937 bo zahtevalo spremembe v
gpremi zaradi prilagajanja na spremenljivo dol~
%tino kode. Podobni problemi lahko nastajajo pri
specifikacijah dal%in palj. Koliko znakav bamo

spravili v polju z dolo&eno dol2ino, bo odvisno
od tega, kak3ni znaki bodo nastopali. Na pri-
mer: ukaz “enter last name, up to 12 oharaoter"”

nam ne zagotavlja, da bomo dobili pravilen zapis
v podatkovni bazi, ker je to, koliko znakov bomo
pobrali, odvisno od tega, kateri so ti znaki.

5. Bklepne misli

Iz vsega povedanega lahko izlo&iwo slededaet

180 6937 je aplikacijska orientican standacd
namenjen za implementacijo v storitvah Videotex
in Teletex ter za naprave, ki to aplikaoijo
omogodajo. Po definiciji 1S0-ja in CC1TT-ja jJe
tekst informacija, namenjena 1ljudem, ki to in-
formaoi jo sprejemejo, jo obdelajo in jo naprej
pasredujejo, zato sta 8-bitni ASCII in 1S0 8859
standarda namenjena predvseem za prenos in obde-
lavo teksta, IS0 4937 pa le kowunikacijam s
tekstovnimi podatki. To pomeni, da je treba 150
6937 wuporabljati le pri Sistem prenosu in v
primerih, ko je tekst shranjen na magnhetnih
medijih, le za prikazovanje. Prvotna ldeja §C2
WG4 pri’ razvoju 180 &937 je bila izdelati
splofno uporaben standard za prenos in izmenjavo
podatkov. Opozorila strokovne Javnosti, da je
ta standard neprimeren za spladnc uporabo zaradi
problemov pri obdelavi, so povzro&ila, da Je 8C2
W64 dobil nalogo, da Se enkrat obdela 1S0 4937
in omeji natandneje njedpvo uporabo.

Eden od glavnih motivov za razvoj IS0 8859 je
bilo zavratanje nekaterih proizvajalcev, da im-
plementirajo IS0 6937. Kljub tamu, da bo dirok
sprejem 150a 8859 obsodil terminale z impleman-
ticanim IS0 4937, ve&ina proizvajaloev tedi, da
obstojedae terwminalne naprave v najvedi woini
meri podpiraja 8-bitne kode s podobnimi la-
stnostmi kot IS0 8859, PrifSakovati je, da bo to
$tevilo %@ vedje po sprejemu IS0 .8859/3-8 v
‘akviru 180 SC2 in ANSI BBR X3.134.2. Ka%e, da
Je veéina amecidkih proizvajalcev pripravl jena
podpreti ASCIl terminale, v katerih bo vkl juena
tudi najnovejsa ASCII 8-bitna koda. V primeru,
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ti 180 6937.

.2 doloSenimi

da bo IS0 6937 8¢ naprej podpiran od nekaterih
proizvajalcev kot previadajod standard za s}ep?
prenos, ni treba pridakovati, da bodo ameridki
proizvajalei in njihavi uporabniki prilagajall
svoje aplikaoije temu standardu.

Dosedanja razprava kate, da bo najverjetneja v
kratkem (na plenarnem zasedanju I80 &C2 nwmarec
1987) sprejeto priporodilo ANSI X3 in IS0 5C2, s
katerim bo 1S0 8859 postal prevliadujot standard
za pranos in obdelave podatkov, vkljutno 2
uporabo pri izmenjavi tekstovnih podatkov v
okalju avtomatiziranih pisarn. Ugotovitev, da
mora uporaba radunalnikov sloneti na enakih
standardih ne glede na to, kje se ralunalnik
pahaja, ali v pisarni ali nekje drugod, je bila
eden od pomembnejdih dejavnikov, ki so pripelja-
1i do zdrulitve med IS0 TC95 (office systems) in
1S0 TC97 (information processing). V tem konte-
kstu Jja wuparaba razlidnega nabora znakov v
avtomatizirani pisacni in v poslovno proizvodnem
sistemu podjetja skrajno nezalelena.

Obstaja verjetnost, da ne bo mogole zaradi
obstojedih telematskih mrel popolnoma izpodr;ni-
150 4937 je koda, ki je narejena

uporabo (Videotex in Teletex) in
Terminali in tiskalniki
dodatki lahko interpretirajo oba

je treba prilakovati, de bo
njithova uporaba in prodajs ostala neprizadeta.
Te naprave lahko uporabljamo pri telematskih
storitvah,. lahko pa kot periferijo ralunalnikov
s splodno uporabo. Konverzija med 180 6937 in
150 8859 bo relativno enostavna, ker vsebuje IS0
6937 podmnoZico znakav IS0 8859. . Translacijo
podatkov, ki 8o namenjeni nadaljni obdelavi iz
formatiranih podatkov lahko zmeraj opravamo =&
programom za preformatiranje strani.

za spacifidéno
taka mora tudi ostati.

standarda, zato

lz vsega navedenega sledi, da je 150 8859 boljda
tehni&na refiitev in da je bolj splodéna uparabna.
Tako Je pridakovati, da bo 180 najverjetneje
priporo&il kot saploéno uporaben standacd IS0
8859. Priporo&ati le @no moino re8itev pomeni,
da baodo nekateri pri tem prizadeti in da bado
drugi pridobili na ra&un prvih. Na&a naloga je,
da podpremo bolj8o tehniéno reditev v interesu
bol jée swtandardizacije in refevanja nas#ih potreb
(uporaba tudl cirilice).

bé.Reference

1.Delovni dokumenti 180 TC97/8C2, WG4 in WG2
2.0elavni dokumenti ANSI X3L2
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Understan-

Terry Winograd je danes prva avtoriteta umetne
inteligence (Center for the Study of Language
and Information, Stanford University), center v
stanfordskem univergzitetnem taboru pa je sve-
tovno sredisSete umetne inteligence. Fernando
Flores (podjetje Action Technologies) je bivsi
minister za gospodarstvo in finance v vladi
Salvadorja Allendeja (1970-73). Knjiga "Razume-
vanje racunalnikov in spoznavanja: novi temelji
oblikovanja" je posvecensa ¢ilenskemu 1judstvu.
Knjiga je posebnost, ki ji ne najdemo primerja~
ve v svetovni znanstveni, tehnoloski, informa-

tiéni, umetnointeligenéni in rac¢unalniski lite-
raturi. Knjiga je svojevrstno odkritje za teh-
nika, ki mu je trdna znanost 1in tehnoloska

stvarnost z2ivljensko vodilo, ki pri
tn° tehnoloSkem oblikovanju ne vidi
smisla v filozofski raznovrstnosti. Vendar je
knjiga tudi novost za filozofa, ki iz nje lahko
razpoznava ontologi¢nost (bolj domace metafizi-
énost in s tem relativnost vsakrSnje filozofske
resnieénosti) - polpretekle in danasSnje filozofi-
je. Knjiga obravnava dve, navidezno razhajajoel
se usmeritvi: racunalni8ko tehnologijo in nara-
vo ¢lovekovega obstoja. Tu pokaz2e, kako so rag-
hajanja v bistvu povezana in soodvisna.

svojem delu
in ne najde

To, kar je za tehnika presenetljivo, je prav
gotovo filozofsko ozadje knjige. Domala here-
tieno za tehnika zveni doveéerajsSnje pojmovanje

hermenevtike in njeno vpeljevanje v tehnolosko
problematiko oblikovanja. In kaj naj imata
tehnika in tehnologija skupnega z razumevanjem
biti, ki je na Slovenskem le nekaksna zakasnela

Filozofska bit? Vendar se bralec kmalu spri jaz-

ni z umestnostjo razumevanja ontologije, 2z ilu-
stracijo vr2zenosti (v svet), s tubitjo, z evo-
luei jo, jezikom, avtopoiesis, racionalistieno
usmeritvijo itd. Knjiga je razdeljena v tri
poglavja: teoretidno ozadje; racunanje, misel
in jezik; oblikovanje.

Kaksna je prav za prav pot knjige, ki je pred
nami? Namen knjige je, da razvije novo usmeri-
tev z nastajanjem dvogovora med njo in bralcem.
Nekatera (llozofska dela iz bliznje preteklo-
sti so dovolj fzzivalna v teoretitnem predpo-
stavl janju t. §. racionalisti¢ne tradicije, ko
se postavl jajo vprasanja o stvareh, ki se nam
dozdevajo podarjena z naso tradicijo. Ta tradi-
cija je pripeljala na povrsino pojavnost, ki je
znaé¢ilna tudi za danasnjo rac¢unalnis$ko tehnolo~
gijo. Ta pojavnost iSée nove alternativne usme-
ritve pri oblikovanju racunalni8kih orodij.

Prvi del knjige (poglavja 1-6) oplisuje raciona-
listieéno tradicijo in prikazuje tri locene
predmetnosti tega dela, od katerih je vsaka v
nasprotju s tradicijo, ¢eprav te predmetnosti
bistveno vplivajo na nase razumevanje. Pri tem
postane jasno, Kkako najpomembnejse iluzije ra-
cionalisti¢ne tradicije temeljijo na preprica-
nju, da je znanje sestavijeno iz eksplicitnih
teorij.

Drugo poglavije opisuje podrobneje racionalisti-
éno tradicijo in pokaze, kako ta tradicija ute-
meljuje razumevanje kulturne zdrave pameti je-
zika, misljenja Iin racionalnosti. Cilj tega po-
glavja je v razkrivanju nagnjenosti (predsod-
kov) In podmen, ki se skrivajo, zamoleéujejo in
prikrivajo za svojimi pojavnostmi v ozadju na-
Sega jezika.

Tretje poglavje se ukvarja s tradicijo, ki
buje hermenevtiko (raziskovanje predstavljanja)
in fenomenologijo (filozofsko preucevanje teme-
ljev izkustva in delovanja). Ta tradicija se je

vse-

razvila {2z bumanistienih ved in je povezana 2
razmerjem Iindividualnega in kontekstnega, 8e
posebej socialno kontekstnega, Vv katerem posa-
meznik 2ivi. Tu se poudarjajo tista podrocja
¢lovekovega fzkustva, v katerih imata individu-
alna predstavitev in intujtivno razumevanje (v
nasprotju z logienim izpeljevanjem in zavestno
refleksi jo) osrednji pomen. Tu se postavljs iz-
ziv preprictanju, da je formalno analitic¢no ra-~
zumevanje teh pojavov sploh mogoce.

Osnova tega razmiSljanja so dela Hansa
Gadamerja in Martina Heldeggra. Tudi
gih filozofov je raziskovala
vkl ju¢éno s fenomenologisti

Ricoeur ipn Merleau-Ponty, 2z
kot je Sartre,

Georga
vrsta dru-
sorodne ideje,
kot so Husserl,
eksistencialisti
s pragmatisti kot sta Mead in
Dewey, 2z dana8njimi politiénimi filozofi kot
sta Habermas in Apel in kot 80 celo nekatert
filozofi 2z bolj analitieénim ozadjem, npr.
Wittgenstein, Heidegger in Gadamer sta bila iz-
brana zaradi vpliva njunih del na danaSnje naje
ucéenje in zaradi pomena njunih del v danasnji
tradiciji. Heldegger tu prav gotovo izstopa kot
sodoben filogzof, s8aj je opravil najtemeljitej-
80, najprodornejBo in najradikalnejso analizo
vsakdanjega {zkustva. Njegove ideje ostajajo
marsikje na poti drugih filozofov in so vkore-
ninjene v danasnje usmeritve. Gadamer je bil
najbolj sistematiden pri uporabi te usmerjeno-
st{ na problem jezika, ki ostaja prej ko slej}
osrednji problem danasnjosti.

Cetrto poglavje prikazuje delo ¢ilenskega nev-~
robiologa Humberta R. Maturane, ki je postal
8iroko znan 8 svojim delom o nevrofiziologtii
vida., Njegova osnovna {zobrazba je bioloska In
ne filozofska in danes preutuje Maturana naravo
bioloskih organizmov =z vidika mehanistienih
strukturnodeterminiranih sistemov. Njegova dela
so bistveno prispevala k razumevanju spoznava-
nja in k perspektivi racionalisti{c¢ne tradicije.
Od njega prihaja tudi ideja, da Iinterakcije med
zivimi bitji niso komunikacljske., Drevesi, ki
rasteta eno ob drugem, ne razpravljata o delit-
vi razpolo2ljivega prostora, vendar eno drugegs
vznemirjata tako, da rasteta nesimetriéno. Ma-
turana poudarja, da to, kar ljudje izmenjujejo
medseboj, ni{ komunikacija, temvee perturbaci ja
(zmeda, =zmeS8njava, venemirjenje, motnja, ne-
mir). Nasmeh ni isto kot fzjavs "Srecen sem",.

Pisci kot Heidegger so lzpostavili dominantni
vidik uma, ko so izjavili, da spoznavanje ne
temel i na sistematieni manipulaciji predstavi-
tev. Ta perspektiva je bila uporabl jena kot os-
nove za veeékratno kritiko umetne inteligence
(H. L. Dreyfus: What Computers Can't Do; J.
Haugeland: The Nature and Plausibility of Co~
gnitivism), ki je bila na svojem zatetku misti-
¢no podro¢je za druge gznanosti. Pri vpraseva-
nju o splosnem razumevanju razmerij med percep-
cljo, predstavitvijo in mislijo, to sklicevanje
na prvl pogled zanikuje fiziéne temelje ¢love-
kovega delovanja. Maturana ponuja dvoje uporab-
nih uvidnost! (razumevanj), s katerima je omo-
gocena jzognitev tako omejenemu pred-razumeva-
nju: vloga opazovalca pri oblikovanju pojavno-
stnih domen in zamisel strukturnega povezova-
nja, ki dopuS¢a razumevanje obnasanja, ko je
to sicer mehaniéno generirano, vendar ni prog-
ramirano. Kot biolog poudarja Maturana koncep-
tualni okvir, v katerem nastajajo pojavi pred-
stavljanja kot nujna posledica zgradbe biolo~
skih bitij. Hkratl nas poziva, da sprejmemo
novo razumevanje o nac¢inu, 8 katerim govorimo o



fizieni naravi in da to-razumevanje uporabimo
na nas same. .

vprasanja o spoznavanju so prepletena z vpraSa-
nji o naravi jezika. Peto poglavje pokaze naj-
prej, kako je uvidnost v hermenevtiko pomembna
za tradicijo, ki se je razvila z lingvistiko in
analitieéno filozofijo jezika., Tu je poudarjensa
vioga poslusalca pri aktivnem generiranju pome-
na in pokazano je, zakaj je ldealizaecija "dobe-
sednega pomena” nemogo¢a na ravni navadnega
jezika. Nadalje se v tem poglavju uvaja teorlja

govornega akta, kot sta jo razvila J. L. Austin
(How to Do Things with Words, Cambridge, MA:
Harvard University Press, 1862) in J. R. Searle

(Speech Acts, Cambridge: Cambridge University
Press, 1969 in se vrsta drugih del tega avtor-
ja) in je bila kasneje sprejeta pri soctialnih
filozofih, kot je Juergen Habermas. Ceprav se
je ta teorija razvila iz analiti¢ne filozofske
smeri, je njen vidik jezika kot govornega akta
izzval racionalistiéno tradicijo s predpostav-
ko, da je jezik in z njim tudi misel konee kon-
cev osnovana na socialni interakciji. Teorija
govornega akta je zacetek doloCenega razumeva-
nja jezika kot dejanja socialne Kkreacije. V
zadnjem delu poglavja je prikazana nova sinteza
teorije govornega akta in hermenevticnega razu-
mevanja jezlka, .razvitega v tretjem poglavju.
Ta sinteza predstavlja osrednjo zamisel pred-
stavitve racunalniske tehnologije v drugem delu
knjige in nas pripelje do sklepa, da oblikujemo
svet skozi jezik. To pa lahko Se kako bistveno
vpliva na oblikovanje (tehnoloSko nac¢rtovanje).

Sesto poglavje je zamisljeno kot prehod na na-
daljevanje knjige s povzetkom bistvenih tock iz
prejsnjih poglavij. Tu se dokontno srecdujemo 2
zavractanjem spoznavanja kot oblike manipulacije
znanja objektivnega sveta, § primarnostjo akei-
je in-.njene osrednje vlioge v jeziku in z nezmo-
znostjo popolnega zajetja ozadja, Ki vpliva na
kritiko danasnje racunalniSke tehnologije.

Drugi del knjige (poglavja 7-i0) postavlja kon-
kretna vprasanja o delovanju racunalnikov. Tu
je cilj razumevanje in prevrednotenje sedanjega
razvoja in predvidevanje prihodnjega.

Sedmo poglavje opisuje, Kkua)] se dogaja s Clove-
kom, ki programira. Poudarek je na razmerju med
namerami programerjev {n obnasanjem strojev, ki
izvajajo oblikovane programe. Programiranje je
postopek oblikovanja simbotiénih predstavitev,
ki bodo interpretirane na neki ravni v. okviru
konstruktne hierarhije 2z razliénimi stopnjami
abstrakecije. interakcije med predstavitvenimi
ravnmi so lahko zapletene, ker je vsaka raven
odvisna od nizjih ravni. Ta opis oblikuje teme-
lje za razpravo o rac¢unalniski inteligenci. v
naslednjih poglavijih.

Osmo poglavje raziskuje rac¢unalne metode, ki so

bile predlozene kot osnova umetne inteligence.
Tu se izhaja iz nasprotja doloCenega preprica-
nja: danes ni mogoée konstruirati strojev, ki

bi izkazovali
tno obnasanje.
sujejo

ali uspesno modelirali
Tu se vpraSuje,
umske lastnosti

Inteligen-
zakaj se pripi-
le ratunalnikom in ne
tudi drugim strojem, ki procesirajo informact-
jo. Temeljiteje se opisujeta delo v umetnt
inteligenci in analiza omejitev. Vee¢ina tezav
danasSnjih raziskav izvira iz tistih temeljnlh
usmeritev, ki izenacCujejo inteligeneco z racio-
nalisti¢énim problemom reSevanja z uporabo hev-
ristieéenih procedur.

Deveto poglavje nacenja tematiko racunalniskih
programov za obdelavo naravnih jeztkov. Tu je
pokazano, zakaj se vrsta programov, ki so bill
razviti v sedemdesetih letih, ni priblizala
sposobnosti interpretacije pomena. Kl jub iznaj-
dljivim analiznim in razpoznavnim metodam, je
ostalo obzorje razumevanja bistveno omejeno.
Ceprav obstajajo praktic¢ne aplikacije racunal-
niskega procesiranja formalizmov naravnih jegzi-
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kov, bodo racunalniki prej ko slej ostall
sposobn! za uporabo jezika na naé¢in, ki je zna-
cilen za ¢lovedko bitje; ta omejitev bo veljala
tako za interpretiranje kot za generiranje in-
formacije, ki je jezikovno bistvena. J. Fodor
(Methodological Solipsism Considered as a Re-
search Strategy in Cognitive Psychology) je po-
kazal, kako so jasno opredel jeni modeli umetne
inteligence na splosno ekvivalentni starejsi
filozofski analitieni tradiciji, ki ¢rps svoje
fdeje iz obdobja Aristotla {n pred njim,

ne-

Deseto poglavje kritisko osvetljuje nekatere
glavne raziskovalne usmeritve na podroé¢jih, kot
so tehnika znanja, izvedenigki sistemi in t. ij.
racunalniki pete generacije. Tu je opisan pre-
mik iz sploSnega cilja oblikovanja programov,
ki lahko razumejo jezik in misel v smer obliko-
vanja programske opreme za posebne nalogovne
domene; :oplisana in ocenjena je projekecija raz-
voja v naslednjih letih.

Tretji del (poglavji 11 in 12) prikazuje alter-
nativno oblikovalno usmeritev, ki temelji na
teoretitnem ozadju, razvitem v knjigi. Tu ni
bistveno vpraSanje primerjave med racunalnikom
in ¢lovekom, temveé vprasanje odprtja racunal-

niskega potenciala, smiselnega za elovekovo
zivljenje 1in delo. Ko se enkrat odmaknemo od
slepote, generirane s starimi vpraSanji, se nam

odpre Sirsa perspektiva o tem,
zmorejo.

kaj racunalniki

Enajsto poglavje se ukvarja 2z nalogo oblikova-
nja racunalni8kih orodij v organizacijskem kon-
tekstu. Tu je v sredi8éu pozornosti dejavnost
"upravl javeev", ki nastaja tudi v socialni in-
terakeciji . in pri naporih sodelovanja. S heid-
eggrsko razpravo o "vrzenosti" in "porusitvi"
prihajamo do sklepa, da modeli racjionalistic¢ne-
ga reSevanja problemov ne odra2ajo tega, kako
so akecije dejansko determinirane in da progra-
mi, ki temeljijo na takih modelih, ne morejo
biti wuspeSni. Neglede na to, pa ostaja vlioga
racunalniske tehnologlje kot podpora upravljav-
cem pri soocanju z zapletenimi konverzaci jskimi
strukturami v okviru organigacije ohranjena.
Vetina dela, ki ga opravljajo upravijalci, je
povezana z zacenjanjem, spremljanjem in koordi-
niranjem mre2e govornih aktov, ki sestavljajo
socialno akeijo. )

Dvanajsto poglavje se vrata k osnovnim
njem oblikovanja in pregleduje mo2nosti
nalniske tehnologlje, ki se odpirajo z razume-
vanjem snovi{, razvite v prejsnjih poglavjih. Po
kratkem pregledu pomembnih teoretiénih izhodise
se preutujejo ‘oblikovalni pojavi s prikazom
novega pristopa v dejanskem primeru.

vprasa-
ratu-

Ta knjiga je v nekem smislu delo o racunalni-
kih, ¢eprav posega v moznosti, kaj racunalniki
zmorejo. In tu odpira problematiko o0 razvoju
racunalnikov v naslednjih desetletjih. Prepri-
canje avtorjev knjige je, da racunalniki ne mo-
rejo razumevati jezika in da po sedanjih poteh
umetne inteligence ne bo mogoce doseCi inteli-
gentnega obnasanja strojev. Raziskovalei Ul
¢esto  poudarjajo, da - 80 njihovi programi
pomanjkljivi in verjamejo, da bo te pomanjklji-
vosti st¢asoma mogoée odpraviti. Avtorja poudar-
jata, da ta pot Ul ni pot tistega izboljSeva-
nja, ki bi vodila do inteligence. Vetina knjige
je prepredena z metodiénimi napadi na misljenje
1judi, ki delajo z racunalniki.

Anton P, Zeleznikar
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Laboratorij za programsko opremo
Univerza Edvarda Kardelja v Ljubl jani
Fakulteta za elektrotehniko

B.vilfan, V.Mahni¢, T.Mohorie

Ljubl jana, 9.10.1986

Urednistvu casopisa INFORMATICA

vV vaSem c¢asopisu (INFORMATICA S8T.4, 1886, str.
97) je bil objavljen dopis tov. Ranks Smokvine,
ki se nanaSa na ¢lanek B.Vilfan, V.Mahnie, T.
Mohori¢: Ocena programsklh orodij IDA, INFORMA-
TICA 8t. 3, 1986. Kot avtorji omenjenega ¢lanka
in sklicujo¢ se na Zakon o javhem obvescanju
(Uradni list SRS 8t. 2/86) prosimo, da objavite
naslednji odgovor.

Sirinjamo se s tov. Smokvino, da “¢e sve sada-
Snje i buduce korisnike IDA-alata =zanimatf
praktic¢an rad sa [IDA-alatima (i usporedbe sa
ULTROM) kao i rezultati mjerenja performansi".
Kljub - temu smo se odloé¢ili, da v omenjenem
¢lanku ne obdelamo praktiénih meritev (in to
odloe¢itev tudi jasno igrekll v uvodu &lanka) iz
naslednjih razlogov:

1. Preden se lotimo kakr3nihkoli praktiénih
primer jav med razliénimi (a sorodnimi) pro-
gramskimi orodji je potrebno skrbno proucitt
tisto, kar proizvajalei zagotavljajo glede
njih oziroma njihove deklarirane karakteri-
stike. O¢itno je, da so ti podatki{ dostopni
le preko priroénikov.

2. Kvalitets nekega sistema za upravljanje po-
datkovnih baz ima ilzredno mnogo aspektav in
po naSe imajo nekateri aspekti, ki niso po-
vezani =2 regultati meritev, pogosto veejo
tezo (n. pr. podatkovni modelil in fleksibil-
nost ‘modeliranja stvarnosti, podstkovna ne-

odvisnost, soc¢asnost dostopa do podatkov,
za8¢itni mehanizmi, pripomoc¢ki =za razvoj
aplikacij ipd.). Tore] smo 2eleli na prvem

mestu izpostaviti taksne aspekte IDA-orodij.
3. Praktiéne meritve delovanja sistemov gza
upravljanje podatkovnih baz predstavlijajo
dolocen problem s stalisea izbire karakteri-
stik testnega nabora podatkov. V tem primeru
nimamo opravka S tako preprosto situacijo
kot pri merjenju delovanjs racunalniskega

sistema, kjer zadostuje izbrati en testni
primer, pri katerem previaduje vhod/izhod,
enega, pri katerem prevladujejo racunske

operacije (morda izbrane vrste, n.pr. realna
aritmetika) in enega, ki lezl nekje vmes. Na
misel pride vsaj nekaj karakteristik, ki mo-
¢no vplivajo na izmerjene rezultate:

~uporabl jen podatkovni model v zunanji shemi

(n.pr. Logical User View pri Ultri)
~8tevilo socasnih uporabnikov podatkovne ba-
ze
~obseg aktiviranja zasc¢itnih in nadzornih me-
hanizmov
-na¢in fiskanja podatkov (iskanje, ki je bilo
vnaprej predvideno z logi¢no organizacljo
setov alil fiskanje na vnaprej nepredviden
naé¢in)
~fiziéna razmestitev podatkov in obseg re-
dundanc
~gostecti racunalniski sistem (aparaturna
oprema in operacijski sistem)

-uporabl jen gosteci programski jezik
ftd.

Zato smo menili, da merjenje delovanja poda-
tkovne baze pravzaprav predstavl ja dokaj ob-

sez2en samostojen problem, ki mora tudi biti
delezen samostojne obravnave.
4. V svetu obstaja vrsta organizacij, ki anali-

zirajo podbne programske produkte in v svo-
}ih publikacijah objavljajo informacije o

njth, namenjeje uporabnikom (n.pr. Datapro,
Auerbach, Data Decisions {td.). V teh
analigah praviloma ni ocen performans, pa

vendar jth uporabnik! smatrajo za koristne.

Upamo, da podana pojasnila zadostno utemeljuje-
jo nasSo izbiro snovi pri @lanku.
B. Vilfan,

V. Mahni¢, T. Mohorie¢, 1. r.

VELEBIT
OOUR INFORMATICA o.sol.o.
ZAGREB

Zagreb, 29.9.1986
Urednistvu casopisa INFORMATICA

Molim redakeilju da objavi u prvom slijedecem
broju Informatica-e prilo2eno pismo kao odgovor

na ¢lanak "OCENA PROGRAMSKIH ORODIJ [DA", auto-
ra B.Vilfana, V.Mahnféa { T.Mohoric¢a u In-
formatica 3/86.

VELEBIT OOUR INFORMATIKA je =zastupnik [irme
CINCOM SYSTEMS, spomenute u ¢lanku, od 1975.
godine, 8to je zZnano mnogima, a naroé¢ito ISKRA-
DELTA-1{.

Ja Luka Omejeec, sam od prvog dana =zastupanja

jedan od aktivnih sudionika na planu marketinga
{ tehnicke podrske Cincom Systems proizveda u
Jugoslaviji, kao | odgovorna osoba za dogadjaje
u Jugoslaviji prema Cincom-u.

1z navedenih razloga, vjerujem da cete naci
ravdanje 2za objavljivanje priloga.

op-

Drugarski pozdrav - sretno.

Hvala.

mgr. Luka Omejec, dipl. ing., savjetnik
Prilog
U Informatica 3/86 objavljen je ¢lanak "Ocena
programskih orodij IDA", autora B.Vilfan,
V.Mahnie, T.Mohorie.
Budue¢i da je u ¢lanku spomenuta ULTRA firme

CINCOM SYSTEMS INC., koje je Velebit OOUR In-
formatika - Zagreb zastupnik od 1875 god., sma-
tramo za potrebno da kagemo sl jedede:

Test je naruten od ISKRA DELTA koja je bils
u povoljnijoj pozlieci}i tumatenja svojeg
proizvoda. Iskra Delta nema slugbeno prirué-
nike Ultre.

Na zahtjjev Iskra Delta, izvrSen je bench-
mark test IDA-ULTRA na aplikaciji osobnih
dohodaka, u jednom ERC-u u Jugoslaviji.



Ultra je potrosila jednako vreme kao i
(oboje su radile u TOTAL like modu).

IDA

Autori, po mom saznanju,
od Velebita niti
nike kao ni

nisu trazili niti
od Cincom Systems prirué-
tumac¢enje odredjenih stvari.

Zbog svega toga, vjerujem, da su odredjene
tvrdnje u ¢lanku posl jedica niza nesporazuma
koje bih pokusao navesti.

Nesporazum broj jedan:

1DA- Bazh je DBMS-software tzv.
RACIJE - CODASYL tip

II11. GENE-

ULTRA- je relacijski DBMS 1V. GENERACIJE.

Iz tog razloga trebalo bi prvo | iskljueivo
znanstveno i objektivno utvrditl, ako je to
uopce moguce, prednosti Cullinane-Codasyl
modela u odnosu na Codd-Relaci jski model.

Nesporazum broj dva:

IDA-BAZA je u klasi "one scheme architec-
ture"
ULTRA je u klasi "three scheme archi-

tecture".

lz tog razloga trebalo bi prvo i fskljueivo
znanstveno i objektivno oboriti, ako je to
uopc¢e moguce, preporuke ANSI SPARC iz 1977.

'Nesporazum broj tri:
IDA-COGEN, IDA-EKRAN, IDA-LEKS KON su

pokusaji o2ivljavanja COBOL-A, programskog
jezika II1. Generacije.
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Ay
Nesporazum broj cetiri:

"...glede na to, da relacijski sistemi
upravl janja podatkovnih baz, ki so danes
na voljo po svojih performansah Se vedno
zaostajajo za mreznim,..."

Ve¢ je receno,

viji po narudzbi
bila jednako
"TOTAL-LIKE".,

da je radjen test u Jugosla-
ISKRA-DELTA, te da je ULTRA
brza kao | IDA-BAZA radeci

ULTRA ne "izhaja" iz TOTAL-a (kao IDA), nego

je to potpuno nova relacijska -three scheme-
arhitektura.

Postoji jos eitav drugi niz
koji su kao { prethodni koncepci jsko~
_teoretljskl zasnovani, te u pragmatizmu za-
dataka autora logi¢no prisutni.

hesporazuma,

Ovih nekoliko napomena, smatram, freba!o bi
bitl poticaj teorijskom fundiranju kriterija

sumjerl jivosti sumjerljivog, a ne “"baba i
2zaba,

Spremni, smo u tom smislu, sudjelovati u
svim slijede¢im aktivnostima koje bi inicl-
rala ISKRA~DELTA, UNIVERZA LJUBLJANA, redak-

~elja [INFORMATICA-e, {1t bilo koja druga
institucija.

" Nasa adresa: RO Velebit, OOUR Informatika
Trg J. F. Kennedy 6A

41000 Zagreb

Avtorsko abecedno kazalo ¢asopisa =
Informatica, letnik 10 (1886) =
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EWSL 87

2nd European Working Session on Learning

Bled, Yugoslavia — May 13-15, 1987

'CALL FOR PAPERS ) B

EWSL is an annual meeting on Machine Learning enabling European
researchers to present recent research results and the current
European projects in this area. In particular, this event is also
the main meeting of the participating laboratories of the Machine
Learning and Knowledge Acquisition project which is part of the
European initiative in Artificial Intelligence and Pattern
Recognition COST-13. However, the participation is not limited to
Europeans only, and pspers from non European countries are
expected as well. The first EWSL Meeting, held at Orsay, France,
in February 1986, attracted about 60 participants representing
large majority of the European research in this field.

TOPICS

All topics relevant to Machine Learning, Human Learning and
Computer-Aided Instruction. The emphasis is on Machine Learning.

SUBMISSION ‘OF PAPERS

Authors should submit five copies of full papers of no more than
5000 words no later than 20 January 1987 to the Programme
Chairman: : : .

Ivan Bratko (for EWSL)
Institute Jozef Stefan
Jamova 39

61000 Ljubljana
Yugoslavia

Tel. (+38) (61) 214 399

The following information has to be included on the title page:
author's name, address, telephone number, telex number; abstract
of 100-200 words; keywords.

The timetable is as follows:

- submission deadline: 20 January 1987 .
- notification of acceptance or rejection: 10 March 1987
- camera ready copy: 1 April 1987

The language of the conference is English; all papers submitted
must be written in English. It is intended .to publish a
collection of conference papers in book form.
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PROGRAMME COMMITTEE MEMBERS

Ivan Bratko, chairman Tim Niblett

‘Pavel Brazdil Joel Quinqueton
Alan Bundy Jean Sallantin
Peter Clark Luc Steels

Robert Holte Walter van de Velde

Yves Kodratoff

FORMAT OF THE CONFERENCE

The conference will consist of presentations of submitted
technical papers, short project progress reports, and in-depth
panel discussions on special topics. Contributions for discussion
on these special topics should be submitted directly to the panel
organigers who will decide on the format of the discussions. The
planned themes of the panel sessions and their organisers are as
follows: .

® Generalisation Techniques for Machine Learning

Yves Kodratoff

Laboratoire de Recherche en Informatique
Batiment 490

Universite de Paris-Sud

91405 Orsay Cedex

France

® The Role of Representation in Learning

Robert Holte
Tower C

Brunel University
Uxbridge UB8 3PH
England

® Learning in Presence of Noise

Pavel Brazdil Joel Quingueton

University of Porto INRIA :

Faculdade de Economia Domain de Voluceau

Rua Doctor R. Frias Rocquencourt

4200 Porto B.P. 105

Portugal 78153 Le Chesnay Cedex
France

Communications to this panel can be sent to any address above.

LOCAL ORGANISATION

Nada Lavrac

Institute Jozef Stefan
Jamova 39

61000 Ljubljana
Yugoslavia

tel. (+38) (61) 214 399
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