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INFORMATICI NA POT INFORMATICA 1/87 

UDK 681.3(05)(497.1):519.7 Anton P. Železnikar 

Informatica praznuje desetletnico svojega izha­
janja. Namesto statističnih, i zda jatel jsl<lh In 
vsebinsliih podatl(ov Jo ob njenem praznil(u spre­
jemam z dobrodošlico o njeni prihodnosti. Vivat 
Iniorraat i ca! 

Umetna inteligenca se je v zadnjem desetletju 
razvila v razgibano In širno znanstveno, razi-
slcovalno, tehnoloSIco in Icomercialno dejavnost. 
V njej so se zaoela smiselno povezovati idejna 
In kons t rukcl jsl<a razmišljanja, katerih dotok 
je prihajal Iz Čelnih področij človekovega uma 
in raziskovanja, kot so filozofija, psiho­
logija, 1 ingv.l s t i ka , nevrof i z iologl ja, informa­
tika pa tudi matematika in tehniške znanosti. 
To medpodroCno oplajanje umetne inteligenci pa 
je rodilo tudi povratni vpliv na njena prvotna 
izhodišča, saj so se nekatera vprašanja postav­
ljala stvarno in predmetno in ne zgolj filozof­
sko. Danes je mogoCe brez posebnih pomislekov 
govoriti o vzpodbudnem vplivu 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 in razvojno področje dobili poseben pou­
darek: oblikovali naj bi podstat prihodnjih ra­
čunalniških sistemov. Zamisel vzporednih siste­
mov temelji Se na stari tehnološki miselnosti, 
ki prihaja iz Šestdesetih let. Procesorji so v 
sistem povezani s komunikacijsko mreZo, pri 
ceraer Je vsako procesorsko vozi 1 SCe dovolj zmo­
gljivo za opravljanje posebnih ali tudi sploš­
nih računalniških operacij. Cilj tega razvoja 
Je računalniški sistem za sploSno uporabo. Da­
nes se značilni vzporednoprocesorskl sistemi u-
porabljajo za posebne namene. 

učinkovita in sploSna uporaba vzporednih proce­
sorskih sistemov zahteva nekaj, kar je celo za 
Človekov zavestni um dokaj novo: vzporedno raz­
stavljanje vhodnih prot>lemov. Človek govori 
svoj zunanji (naravni, formalni) jezik zapored­
no, saj to ustreza fiziološkemu ustroju njego­
vih možganov, govorno sprejemnih in Izraznih 
organov. Vzporedno razstavljanje pa bi zahteva­
la hkratno govorjenje vec pomenov tako, da bi 
ti pomeni ustrezali vhodnemu zaporednemu ali 
zaporednovzporednemu pomenu. Vzporedno razstav­
ljanje problema naj bi opravil stroj, vendar bi 
moral ta stroj Človek Se zgraditi. Problem 
vzporednega razstavljanja zaporednega ali zapo-
rednovzporednega vhodnega problema do danes Se 
ni resen. Na vidiku so samo posebne rešitve za 
posebne, ocitno paralelne probleme (npr. vzpo­
redno izračunavanje matričnih Členov, dohodkov 
uslužbencev). 

To, kar Je znaCilno za razvoj novih računalni­
ških generacij, je preseganje t. i. von Neuman-
••ovega načela, s katerim se utemeljuje zapore­
dno delujoči stroj, na katerem se Izvajajo za­
poredno konstruirani programi. V ZlvCnih siste­
mih deluje biološka substanca vzporedno In v 
tej substanci se izvajajo tudi vzporedni infor­

macijski procesi. Vendar je potrebno tudi tukaj 
poudariti, da so določeni korteksnl procesorji 
ne samo specializirani, temveč so tudi enkrat­
ni. Delfin lahko govori In posluSa veC (do tri) 
popolnoma loCenlh pogovorov, ker razpolaga z 
ustreznim številom korteksnih območij ter z 
ustrezno prirejenimi (usmerJalnlmi in frekven-
Cnokanalniml) sluSntml in govornimi organi. Za 
določeno vzporednost je tudi v biološkem siste­
mu potrebna vzporedna substancna podstat, v 
njej pa je omogočena vzporedna procesnost. 

Preseganje von Neumannovega naCela zahteva tako 
aparaturno In programsko vzporednost. Japonski 
projekt pete računalniške generacije si je Iz-, 
bral za cilj navzgornji razvoj vzporednoproce-
sorskega sistema. Najprej poskusa zgraditi novo 
(vzporedno) aparaturno substanco, ki bo omogo­
čala vzporedno procesiranje programov. Ta nav­
zgornji razvoj pa mora predpostavljati tudi 
razvoj vzporednoprogramske metodologlje, ki pa 
se posredno ali neposredno vključuje v okvir 
umetne Inteligence. Tu velja poudariti, da je 
razvoj umetne inteligence značilno navzdolnji, 
saj Izhaja Iz zamisli visokostrukturiranih 
informacijskih struktur Človekovega uma (sama 
Inteligenca je višja Informacijska funkcija 
korteksov) In se odtod spuSCa na posamezna 
uporabnostna področja. Razvoj umetne inteligen­
ce je tako navzdolnje-pragmaticen celo na ti­
stih področjih, ki so do nedavna veljala kot 
formalno trdna <npr. mehanično prevajanje jezi­
kov). Cilj enega In drugega razvoja je v sreca-
vanju obeh, v stremljenju, da se nekoC zlijeta 
v celoto, da eden drugega dopolnita. 

Področje načrtovanja In 
skih pa tudi današnjih 
macijskih sistemov po 
filozofsko zahtevno, s. 
tudi njihova struktura 
ki segajo v samo bistvo 
ZI vem, povezave med b 
Načrtovanje strojev in 
va tudi meje biološko 
ko izreka prepričanje. 

graditve hovogeneracij-
raCunalnlSkIh in infor-
staja tudi Čedalje bolj 
aj se uporaba strojev pa 
približuje vprašanjem, 
filozofije, procesov v 

lloskim In tehnološkim. 
procesov tako Ze uposte-
In tehnološko mogočega, 
kaj danes ni mogoCe. 

Pred nami je novo razumevanje spoznavanja, ki 
bo bistveno tako za razvoj Človekove misli kot 
za razvoj njegovih strojev; od obeh bo odvisno 
preživetje Človeških populacij. 

Slovstvo 

S. Ohsuga: Artiflcial Intelllgence as New Gene-
ration Computing Technology. New Generation 
Computing, 4 (19.86) 223-224. 

M. Nagao: Current Status and Future Trends in 
Machine Translatlon. Future Generation Computer 
Systems, 2 (1986) 77-82. 

T. Wlnograd and F. Flores: UnderstandIng Compu-
ters and Cognitlon: A New Foundation for De­
sign. Ablex Publ Corp, Norwood, NJ (1986). 
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ON THE WAY TO INFORMATION 

Anton P. Železnikar 
UDK 681.3:003:519.76 Iskra Delta, Ljubljana 

Povzetek. Kaj je Informacija? Kaj je Jezik? Kako Je mogoCe prek 
poti do jezika priti na pot do informacije? Kaj je Inforraatlcno 
mogoče? Kaj je informatizacija in kaj prot1informaclja? Ta Članek 
je "informacijski" esej o teh vprašanjih In okoli teh vprašanj; z 
njimi In okoli njih odpira vprašanja o smiselnosti in potrebnosti 
filozofije o informaciji, o Informacijski biti. Kakšen bi lahko 
bil tehnološki informacijski stroj? Zakaj taksen stroj danes ni 
mogoC in pod kakšnimi pogoji bi se lahko pojavil? Filozofija 
informacije je nujna zaradi raziskave tehnoloških moZnostl pa tu­
di kot razumevanje spoznavanja v bitju in okolju. Zakaj informa­
cija inf ormat izi ra, sporočilo le Icomunlclra ali sporocuje in 
podatek le podaja? Tehnološka informacija se ne Informatlzlra In 
v tem je njena nemoC, nelnformatiCnost, neintelIgenCnost. 

Abstract. What is Information? What is language? How it is possl­
ble to come across the way to language on the way to Information? 
what is intormatlvely posslble? What is the process of Informlng 
and what is counter-informatIon? This article is an "Information" 
essay deallng vvith these questlons directly and lndirectly. These 
questions are opening new questlons about the meaning and needs 
of Information philosophy, on Belng of Information. What could 
the technological Information machlne be? Why is such a roachlne 
not posslble today and under which clrcumstances could it come 
into existence? Phllosophy of Information is a necessity In 
researching the possibl1 i t les for technological machlnes and also 
in understandlng cognitlon in a livlng belng and Its enviroment. 
Why Information Is Informlng, messages only communlcatIng, and 
data only gtving? Technological Information is not Informlng yet 
and here lles its weakness, its non-Informlng, and Its non-
intel1Igence. 

Unterweg8 zur Information 

Zusaramenfassung. Was Ist Information? Was Ist Sprache? Wle ge-
langt man ueber den Weg zur Sprache auf den Weg zur Information? 
Was Ist das Informatlsch 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 Notwendigkelt der Phllosophie der Information, 
Seins der Information tvelterhln geoefnet. Was koennte eine tech-
nologische Informatlonsmaschlne schon seln? VVarum ist elne solche 
Maschine heute noch nicht moegllch und unter welchen Umstaenden 
koennte sie erreichbar werden? Die Plllosophle der Information 
Ist eine Notwendlgkelt bel der Untersuchung technologlscher Moeg-
lichkeiten und auch bel der Auffassung der Kognltlon Im Selenden 
und selner Umgebung. VVarum sagt man: elne Information informatl-
slert, doch elne Nachrlcht kann nur komnunlzleren und eine Angabe 
(ein Datum) nur elngeben? Elne technologlsche Information infor-
matisiert noch nlcht und hler zelgt sich Ihre Schwaeche, Ihre 
NIcht-InformatIsierung, ihre Nlcht-Intel1igenz. 
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(Terry Kinograd in Fernando Flores: Razume­
vanje računalnikov in spoznavanja: novi te­
melji oblikovanja, xii) * 

Kaj je informacija? Na to vprašanje je potreben 
izCrpnejSi odgovor, ker je pojem "informacija" 
v pogovornem jeziku bistveno zozen. Kakšen je 
SirSi pojem? Latinski samostalnik informatio 
(informat ioni s, f.) ima pomene, kot so predsta­
va, pojem, razlaga, pojasnltev. Današnji pomen 
pojma informacija je lahko Sirsi, ni le statič­
na, marveč je predvsem dinamična lastnost pred­
stavljanja biti, vsakrsnje pojavnosti v 21vem 
in neživem svetu. Ta lastnost informacije Je 
tedaj tudi informiranje. Latinski glagol Infor-
mare ima pomene, kot so upodobiti, obrazili, 
izobraziti, uciti, predstaviti, predoclti, opi­
sati, misliti si. Informiranje, ki je glagolnlk 
iz informirati, ustrezno dopolnjuje, razširja 
pomen samostalnika informacija, ki Je tako 
tudi upodabljanje, oblikovanje, uCenJe Itd. Ta­
ko postane pomen informacije tudi informacij­
sko procesiranje, procesiranje informacije, na­
stajanje informacije, informatiziran Je itd., 
kar Je lahko primerno pri obravnavanju 21vlh 
informacijskih sistemov, informacijske tehnolo­
gije in pri načrtovanju inteligentne informaci­
je in inteligentnih strojev. 

Oxtordski slovar nudi v kontekstu pomena infor­
macije le tri uporabne besede: inform, Informa­
tion, intormative, pri Cemer je pomen besed in­
form in Informative Izveden le iz besede Infor­
mation, katere pomen je v angleščini značilno 
zožen tako, da je informacija pasivno informa­
tivna. V nadaljevanju bo postopno razvidno, 
kakšna je razširjena pomenskost pojma informa-

* Angleški naslov knjige Je večpomenski. Možna 
pomena sta Se tale: "Razumevanje računalnikov 
in spoznanje" in "Razumevajoči računalniki In 
spoznanje". Tu je večpomenskost bržkone namer­
na. 
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(Terry VVlnograd and Fernando Flores: Under-
standing Computers and Cognition: A New 
Foundation for Design, xll) 

What is Information? Thls question needs an ex-
haustive ansviier, because, in colloquial langua-. 
ge, the notlon of "Information" Is essentlally 
narrowed. What Is the extended not ion? The La-
tin noun Informatio (InformatIoni s, f.) has va­
rious meanings such as: representation, notlon, 
interpretatIon, explanatlon. The present mea­
ning of the notlon of Information can be broa-
dened; Information is not only static, it is a 
dynamic property, vvhich represents Being as 
various phenomena in a living and non-llvlng 
world. Thls process of Information Is also 
Inforraing. The Latin verb Informare has the 
followlng meanings: to form, shape, Instruct, 
teach, represent, show clearly, describe, ref-
lect. Informing, whlch Is the gerund of inform, 
adequately completes and broadens the meaning 
of the noun Information, whlch is also for-
ming, shaplng, arlsing, Instructlng, etc. Thus, 
the meaning of Information also beeomes Infor­
mation Processing, processlng of Information, 
the coming of Information into exlstence, In­
forming, etc. Thls notlon of Information can be 
useful In deallng wlth living Information sys-
tems, Information 'technology, and deslgnlng 
Intelllgent Information and intelligent ma-
chlnes. 

In t 
t ion 
info 
nlng 
dedu 
Info 
mat I 
that 
thls 
mean 
It 1 

he context of Information, The Oxford Die-
iary only offcrs three valld words: Inform, 
rmatlon, and informative, where the mea-
s of the words inform and informative are 
iced solely from the meaning of the word 
rmation. In Engllsh, thls meaning of Infor-
on Is substantIally narrowed in the sense 

Information Is passlvely Informative. In 
article, it will become clear, how the 

ing of Information must be extended so that 
s active. Although, In many languages in-



cija v smislu njene aktivnosti. Čeprav v vrsti 
drugih Jezikov obstajajo izvedenke pojma infor­
macije, pa so v angleščini nadaljne izpeljanke 
nedopustne, Čeprav bi bile za razširjeno obrav­
navo pomenskosti informacije koristne zlasti 
pri razvoju filozofije o informaciji, ki lahko 
postane izhodišče pri odločanju o tehnoloških 
možnostih prihodnjih informatICnlh projektov. 
Mozne izpeljane besede In njihovi posebni pome­
ni bi lahko bili v slovenščini: 

informirati: informiranj«, 
ranost, informirajoč, i 
vos t; 

informacija: informacijsk 
forraacijskost, informac 
nost, informacibi len, i 

informativen: informativi 
informati v i cen, informa 
vljiv, informati vi j 1 vos 

informatika: informati Cen, 
maticnost, informati kal 
informati ki J i v, informa 

informati z 1rat1: informati 
ranizem, informatizira 
len, informatiziralnos 
i nformat iziraljivost; 

informatizacija: informat 
zacizem, informatizacij 
bilen, 1nformatizaclbi 1 

informizem, informl-
nformljlv, Informljl-

i, informacizem, in-
IJalen, 1nformacijal-
nf ormaci biInos t; 
zem, informati vnos t, 
tivicnost, informatl-
t; 
informatizem, infor­

en, Informati kalnost, 
tikljivost; 
ziranje, informatizl-
nost, informatizira-
t, informatiziralj Iv, 

izacljskl, informati-
skost, informatizacl-
nos t. 

v cera j 
pr i vede 
je kot 
na kater 
predstav 
obCevaln 
domala v 
predstav 
torej po 
sveta, 
ko, je 
spoznava 
biti in 
Cene bi t 

smi sel, da se 
S i rs i pomenski 
lika informaci 
so mo2ne t. 

anje znaciInih 
fizikalnih, 

krsnj i h po Javo 
veni temelj r 
tat vsakrSnje 
formac i ja, ki 
ahko univerzal 
a, predstavi j 
r je Se pornerob 
to velja tudi 

pojmovanje 
kontekst? 
jskega proč 
i. predstav 
miselnih, 
bioloških. 

Informac 
azumevanja 
procesnos11 
se pojmuje 
ni temelj 
anja sveta 
nejse, tudi 
za bit inf 

informaci Je 
Informacija 

esa temelj, 
itve oziroma 
tehnolosk i h, 
kemi Jskih in 
i Ja Je lahko 
pojavnost i, 
vesoljnega 

dovolj slro-
razumevanJa, 
v določeni 
izven dolo-

ormaclje! 

Informacija ne pozna omejenosti, disciplinira­
nosti, utesnjenosti, ki so značilne za filozo­
fijo, literaturo, znanost, umetnost ali 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, kar 
vse so v bistvu kulturne, zunanje, ideologlzi-
rane oblike, ideološko in medijsko pogojene ob-
likovnosti. Informacija ima v sebi vselej svojo 
svobodno, neomejeno, nepredvidljivo komponento 
nastajanja, oživljajoče razvojnosti. Prav zara­
di te vseobseznosti, svobodnosti, razvojne po­
tence informacije je potrebno razvijati mišlje­
nje o njej, o njeni nas tajalnost i , tj. filozo­
fijo informacije. To raziskovanje Informacije, 
nastajanje znanja o nastajajočem, o mogoCem 
nastajajočega Je potrebno tudi zaradi ocenjeva-' 
nja mo2nosti in nemoZnosti realizacije Informa­
cijskega v 2ivem in tehnološkem. Veliki Infor­
macijski projekti začenjajo brez nujne filozof­
ske predpriprave o Informacijsko mogoCem in 
vobce ne dosegajo obljub, pričakovanj In napo­
vedi, ki jih na svojih začetkih izpovedujejo. 
Projekti umetne inteligence in novih računalni­
ških sistemov so jasni dokazi filozofske nedo­
rečenosti Informacije In projektne neuspešnosti 
zaradi filozofske neraziskanosti informacije In 
njenih s i s t emo v. 

formation has a number of derivatives, in En-
glish these derivatives are not available. 
Hovvever, they could be useful for the extended 
treatise of the meanlng of Information and in 
the development of Information philosophy. This 
enables a realro for deciding what the technolo-
gical possibi111 les of future Information pro-
Jects are. Mechanlcally derived words and their 
particular meanings rolght be the following: 

inform: 1 
forming 

1nformat i o 
formati 
nali ty, 

i n f o rma t i v 
f o rma t i 

i n f o rma t i c 
mat i ene 

i n f o r m a t I z 
format i 

i n f o r m a t I z 
zatIoni 
tlonabl 

nf orm 
ness, 
n: In 
onal I 
info 

e: in 
vity 
s: I 
ss, i 
e: in 
zenes 
it Ion 
im, 

Ing, Informism, Informness, in-
lnformlty, Informable; 

formational, Informationism, in-
sm, 1nformatloness, informatio-
rmat i onable; 
formativism, informativness, in-
InformatIvable; 

nformatical, Informatism, infor-
nformatIclty, Informaticable; 
formstizing, Informat1 zel srn, In-
s, informatI zabiei 
: informatIzatlonal, informati-
Informatizatloness, informat iza-

e. 
VVhat does the notlon of Information in a broa-
der context of meanlng enable? Information, as 
a form of an Information process, is the foun-
datlon on which the so-called representatlons 
or character1 s t le representIngs are possible, 
e. g. as there exlst mental, technological, 
communicatlonal, phystcal, blologlcal, Chemi­
cal, and almost ali kinds of phenomena. Infor­
mation can be the representatlonal foundatlon 
of phenomenal understanding, and by this, the 
substance of varlous processIng In thre entlre 
world. Information, when understood in a broa-
der sense, can be a universal foundatlon for 
understanding, cognitlon, representati on of the 
world in a Belng, and what Is even more impor-
tant, representatIon the world outside of a 
Being. This is also valid In the čase of the 
Belng of Information. 

Unllke in Information, phenomena of limiting 
appear characterIstically. In the form of dis-
clpllnes and obstacles, in philosophy, litera­
ture, Science, art or even in an external, 
natural language Itself. Information is coming 
into exlstence and so It surpasses a H prohibi-
tlons, taboos, myths, and idols by recognizing 
them In Itself. On this route lles its advan-
tage, Independence, al1-embracing, and superlo-
rlty. Also on this route lles its relatlvity in 
comparison to philosophical 8ystems, literary 
forms, sclentiflc theorles, artistic styles, 
and linguistlc legality, ali of which are es-
sentlally cultural and external forms, which 
are belng ideologically and medlally conditio-
ned. Information Is always In the possession of 
its tree, unlimlted, non-foreseeable component 
of arislng, whicb Is coning into exlsience and 
developlng llfe. Because of Its al1-embracing, 
freedom, and development power, Information 
can be useful in developlng the notlon of In­
formation and Information arislng, i. e. the 
phllosophy of Information. This research of 
Information, of the arislng of knovvledge of 
arislng, and of the possibillty of this arislng 
Is also necessary for the evaluations of the 
possibi1 i ties and Impossibi111 les of Informa­
tion realizatlon in the llving and technologi-
cal surroundings. Large Information projects 
start without the necessary philosophical pre-
parations concernlng the Information posslbili-
tles. In general, these projects are not rea-
ching their promise, expectatlons, and foreca-
stings whlch are glven in their Inltial stages. 
Some artlflclal Intelllgence and new generatlon 
Computer systems projects are becoming evident 
proof of the philosophical Indis tinctness of 
Information and of the projects unsuccessful-
ness due to the lack of philosophical Informa­
tion and Information systems Invest Iga t lons. 



... Kako je mogoče domišljati bit drugaCe, 
kol to, kar se nikoli ne spremeni? Kako je 
mogoCe domišljati Cas drugaCe, kot minljivo, 
nenetino spremenljivo domeno bivanja? 

(Joan Stambaugh v Martin Heideggrovem: O Aa-
su i n b i t i , ix ) 

Kaj je jezik? Jezik je posebna oblika informa­
cije. Po Heideggru je jezik pot k jeziku. Jezik 
govori, prav za prav jezikuje sam s seboj. Z 
jezikom bo govorjeno o informaciji, o njeni 
pojavnosti, o njenem obstoju, nastajanju. Pred­
vsem o nastajanju. Informacija Je nastajajoč 
pojav, je na poti k informaciji. Jezik Je viso­
ka informacijska oblika in prek njega, njegove­
ga govorjenja, jezikovanja jezika bo vodila pot 
k informac i j i. 

Formula, da Je informacija razumljiva sama po 
sebi, Je smiselna. Uporaba te formule nalaga, 
da se z informacijo oblikuje pot do informacije 
z govorjenjem jezika na poti do jezika. To je 
pot do Jezika o informaciji. Ali sploh obstaja 
Se 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 informacijska rekurentnost? Z mate­
matičnim pojmom rekurzivnos t i , detinitorne, 
funkcijske rekurzi vnos t i ni mogoCe razkriti 
poti do Informacijske rekurentnosti . Ce bi bilo 
to raogoce, bi matematična rekurzivnost Ze lahko 
zgradila pot do jezika. Jezikovna abstraktnost 
rekurzivnos t i Je formalen Jezik, metajezik. 
Formalnost je Ze sama po sebi pod Jezikovna, 
met a jezi kovna, slovnična, bistveno pomensko 
okrnjena, poenostavljena, formalizirana Jezl-
kovnost, za pot k informaciji pa je potrebna 
vsa raznollcnost Jezikovnost i, razvijajoča, 
nastajajoča Jezikovnost, ki zmore graditi pot 
do informacije s potjo do informacijske reku-
rentnosti. Ta rekurentnost pa Je razen tega Se 
informacijsko generativna, sestavljajoča, novo-
nastajajoca. Je pa tudi paralelnostna, paralel-
noinformaciJska, proces irnoparalelna . Gradnja 
poti do informacijske rekurentnost i. z Jezikom 
je svojevrstno omejena z jezikovno neparalelno-
stjo, s ibkoparalelnostJo. Jezik Se ne jezikuje 
zadovoljivo veC svojih poti hkrati, paralelno 
Jezikovnost mora v sebi Šele vsakokrat razvi­
jati s posebno obliko zaporedne pomenskosti. 
Toda kako? Sicer bo sam govoreCi, Jezlkovani 
Jezik nezadosten za pot k informaciji, ki ji je 
paralelna procesnost temeljna. Implicitna, in-
formaciJskopogojna. Jezik lahko 1nformatiCnost 
le modelira, s tem pa jo hkrati tudi oblikovno 
filtrira, Jezikovnopovratno modulira, pomensko 
poenostavlja in s tem popacuje. 

Bit informacije je paralelnoserijsko informa­
cij skoproces i rno spletanje, prepletanje, nasta­
janje, izginjanje, nenehna spremenljivost, pa­
ral elno-ser i Jska procesnost njene biti same. 
Informacija je spreminjanje njene trenutne 
oblikovnosti , defi nitornosti , paralelnosti, je 
naraščanje in izginjanje njene zapletenosti, 
prepletenosti in Širjenje v novo oblikovnost 
vedno znova na nove načine. Informacija je 
proces, je dinamičnost. Statičnost informacije 
je podatkovanje , sporoCevanje, torej posebna 
oblika statične informacijske dinamičnosti. 

... How can Belng be thought other than as 
that which never changes? How can t ime be 
thought other than as the perishable, con-
stantly changing realm of existence? ... 

(Joan Stambaugh in Martin Heidegger's: 
Time and Being, ix) 

On 

What is language? Language is a particular form 
of Information. According to Heidegger, langu­
age is on the way to language. Language is con-
versing, is actually apeaking with language 
itself. Language has the capability to speak 
about Information, Information phenomenon, In­
formation existence, and how Information is 
coming into belng. The most Important subject 
of this essay is the corolng of Information into 
existence. Information is a grovving phenomenon 
and is on its way to (new) Information. Lan­
guage Is a highly informative form and acrpss 
it, across its conversing, its speaking of 
language Itself, It wlll lead the yiray to Infor­
mation. 

The formula that Information can be understood 
by Itself is meaningful. This formula requires 
that the vfay 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 vvhether a non-1 Inguistic way on 
the way to Information, on the way to Informa­
tion cognition, can exlst at ali? 

This introduction Is necessary, actually indis-
pensable for remaining on the way to Informa­
tion. Being of Information Is recurrent. What 
Is Information recurrency? By using a mathema-
tical notlon of recursivness, i. e. definltio-
nal or functlonal 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 to 
language. The linguistic abstraction of recur­
sivness is a formal language, a metalanguage. 
Formalism by itself Is subl Ingui st I c , inetalin-
guistic, gratnmat I cal, and truncates essential 
meaning from a language. Formalism itself is a 
formalised language. However, on the way to 
Information, a H linguistic heterogenei ty, lan-
guage's abllity of development and grovvth is 
needed, so that the way to Information can be 
bullt up by the way of Information recurrency. 
In addition, this recurrency Is Information 
generatlve, assembllng, new-growing, and also 
parallel, i, e. inforroation and processIng 
parallel. Building the way to Information re-
currency by language Is speciflcally limited by 
either language's non-parallelIsm or weak-
parallelism. Language does not speak satisfac-
torlly In more than one way simultaneously, so 
anytime it becomes necessary, it is forced to 
develop an equivalent form of sequential mea­
ning. But In what manner? A self-speaking, 
conversing language would not be sufficient 
for the v»ay to Information, to whlch the paral­
lel processIng is fundamental, implicit, and 
Information conditloned. Through language, a 
procesa of Informlng can only be modeled, and 
therefore it Is formally flltered, language 
reversely modulated, siraplifIcatIon of the 
meaning of Informlng and consequently, distor-
ted. 

The Being of Information Is parallel-serial 
Information processIng, whlch Is twistlng, 
interweaving, grovving, vanlshlng, continuously 
varying, and parallel-serial processIng of the 
Information Being itself; Information is vary-
ing In Its moroentary pattern, def ini t enes.s, 
meaning, and parallelism. It is growing and 



Informacija ima lastnost prot1 informat iCnost i. 
Tu se pojavlja informatiCna posebnost, ki je 
zaenkrat le poimenovana. Kaj je protiInformacI-
ja? Kakšna je njena pot, po kateri poti doseg­
ljiva? Prot1informacija bo ha poti do informa­
cije, pa tudi do proti informaclJe. Informacija 
je vselej tudi proti informaciJska, je njena 
lastnost nastajanja Informacije v informaciji. 
ProtiInformaticnost je lastnost živega in brž­
kone tudi neživega, vesoljnega; vendar tehnolo­
ške proti informatiCnost i na poti Informacijske­
ga nastajanja na vseh mogoCih informacijskih 
ravneh, višjih in zlasti nižjih, Se ni. Zaradi 
tega je razvoj filozofije Informacije s filo­
zofsko protiinformaticnostjo nujen kot razume­
vanje bitja in kot možnost bitjevsklh informa­
cijskih strojev; ta filozofski. Jezikovni raz­
voj Je bistven za razumevanje Zivlh strojev, 
strojev za preživljanje In s tem tudi za spoz­
navanje možnosti razvoja tehnoloških Informa­
cijskih strojev. 

Bit informacije je informacijska. Informacijska 
bit je ne samo spremenljiva. Je nastajajoča; to 
ni bit vseh moznih Informacij, Je tudi bit ne-
moznih informacij, ki bodo v sami biti o biti 
nastale. Bit informacije Je Živa, nepredvidlji­
vo nastajajoča bit, ki je filozofsko ni mogoCe 
kar tako uokviriti. 

vanishing In Its complexlty and lnterweaving 
and propagating In a new pattern In a repeated-
ly new manner. Information Is both, a process 
and Information dynamlcs. Statics of Informa­
tion are data transfer and coninuni cat ion. These 
are particular phenomena ot the static Informa­
tion dynamlcs. 

Information has the nature of counter-lnforma-
tlon Processing. Here Information philosophy Is 
faced wl th Information peculiarity. VVhat Is 
counter-lnf ormat Ion? VVhat Is the way to coun-
ter-informatIon and by whlch way is it attaln-
able? Counter-lnformat Ion wlll be on the way to 
Information, but also on the way to counter-
informatlon. Information Is also always coun­
ter-lnf ormat I ve ; thls Is the way Information 
comes Into belng tvlthin Information. The pro­
cess of counter-Informing Is a property of the 
living vvorld and probably also of lifeless 
space, of cosmos. A technologlcal process of 
counter-Informing on the way to Information, 
vvhich can grow and appear at ali possible In­
formation levels, e. g. higher and particularly 
lower ones, has never exlsted. However, the 
development of Information phllosophy which 
incorporates philosophical counter-Informing is 
becoming lnevltablely necessary for the under-
standlng of living belngs, and also for the 
possibility of understanding the belng's Infor­
mation machines. New philosophlcal, linguistlc 
development has to be elaborated for future 
understanding of living machines, of machines 
for survival and of cognltlon, whlch may lead 
to the possibi 1 i t les for future development of 
technologlcal Information machines. 

Cas je pot, na kateri informacija informatlzl-
ra, na kateri informat i z iranje postaja protiln-
tormatizlran je. Toda informatiziran Je ni niče­
sar drugega kot pojav, v katerem se pojavlja 
informacija. Tako je Cas samo drug naCln, s ka­
terim se pove, da informacija nastaja; v tem 
smislu Je pot k Casu zamenjana s potjo k Infor­
maciji In bit Časa je del biti informacije. Ta­
ko je Cas regularna informacija na področju In­
formaci je. 

The Being of Information Is Information. The 
Information Belng Is not only varlable, it is 
also coming into existence; it is not only the 
Being of ali possible Information, of ali that 
exists, but also the Belng of Irapossible Infor­
mation, vvhich may come into existence in the 
Being and concerns the Being. The Being of 
Information Is allve and unforeseeable becoming 
Belng, vvhich cannot be phi losophi cal ly framed 
at al 1. 

Time Is the way in which Information informs, 
in vvhich Informing is becoming counter-Infor­
ming. But Informing is nothlng else than the 
phenomenon in whlch Information Is coming Into 
being. So, tirne Is only another way of statlng 
that Information is coming Into exlstence. In 
thls respect, the way to time Is replaced by 
the way to Information and Belng of Time Is be­
coming a part of the Belng of Information. 
Here, tIme is becoming a regular Information in 
the Information realm. 

... Kajti mišljenje mora, da bi bilo resnič­
no, misliti tudi proti samemu sebi... 

(Marko UrSiC: Enivetok, 87) 

... For remalning slncere, mlnd also has to 
thlnk agalnst Itself... 

(Marko OrslC: Enivetok, 87) 

Kaj je informacijska oblika in kaj Informacij­
ski proces? Informacijska oblika je označitev 
za značilen informacijski proces. Informacijski 
procesi se pojavljajo v Živi substanci, kot so 
Zlve molekule, celice, organizmi, Zlvcnl siste­
mi, možgani, bitja, množice bitij, Zlve popula­
cije, bitjevska in populacijska okolja; v neži­
vem svetu, v tehnoloških napravah so infor­
macijski procesi prisotni v različnih statičnih 
in dinamičnih stanjih materije, energije, pro­
stora in easa. Informacijski proces je tako 
lahko kateri koli informacijsko doumljeni pro­
ces, stanje, oblika unlverzuma. Mišljeno pre­
prosto, poenostavljeno: informacija v nezivem 
svetu je kot materialni, energijski, prostorki. 

VVhat is an Information form and what Is an In­
formation process? An Information form is only 
a designatlon for a characterIst1c Information 
process. Information processes are appearing In 
living substance such as molecules of life, 
cells, organisms, nerve sy8tems, brains, be­
lngs, groups of belngs, living populations, be­
lng and populatlon environments. In the non-
llvlng vvorld, e. g. technologlcal equlpments, 
Information processes are present In varlous 
static or dynamlc states of matter, energy, 
space and time. Thus, an Information process 
can be any information-comprehended process, 1. 
e. any state or form of the universe. Thls 
can be thought of in a slmple or simpllfied 



easovnl proces; informacija v živem svetu je 
kot nadgradnja neživega, od žive molekule do 
bitja, informacijska oblika oziroma Informacij­
ski proces obvladuje tako živo In neživo pojav­
nost. 

way: Information In a non-llvl-ng world exists 
as matter, energy, space, and time processes; 
Information in a livlng world is a construc-
tlon above the non-llvlng, from molecule to 
belng. Theretore, an informatIon/form or an 
Information process can govern phenomena of 
llfe and non-llfe. 

Katera koli procesnost neživega in živega sveta 
je lahko doumljena, perclpirana, spoznana kot 
informaticnost, kot to, kar je Informacijska 
pojavnost. Bitje doživlja svet, sebe in okolje 
kot svojo informacijo, s filozofskega vidika 
kot svojo metafiziko oziroma ontologijo; blt-
jevska informacija je namreC subjektivna, sub­
jektivno filtrirana zunanja Informacija, sub­
jektivno poabstraktnjena, okoliško zgodovinsko, 
spominsko oblikovana, vendar v sebe, v bitjev-
sko individualnost in prav z njo projecirana in 
s tem le metafizično, ontološko v bitje pre­
stavljena, prevedena. Ta metafiziCnost, ontolo-
skost je na informacijski ravni razvijajoči 
dejavnik, dejavna informatiCnost, ki z nenehnim 
procesiranjem oblikuje novo informacijsko po­
javnost bitja, bitje pa z njo vpliva na okolje 
z obnašanjem, povzročenim z njegovo Informaci­
jo. Ontoloskost, ki je abstrahlrana , pomensko 
zgoseena informat1Cnost na ravni bitja, je vl-
sokofunkcionalizirana Informacija, imenovana 
protiinformacija. Ko se bitje svoje ontolosko-
sti zaveda,, se ji upira, vstaja proti njej z 
zavestjo proti informatiCnost i, z objekt1vizacl-
jo informaticne subjektivnosti in vstopa tako v 
novo ontoloskost (metat Iz 1Cnost>. 

Ontologija bitja je med drugim bltjevsko razu­
mevanje sveta, notranji bltjevskl model sveta, 
ki vpliva na njegovo obnašanje v povezavi z me-
dialno senzorsičo informacijo, oblikovanjem Ču­
stev, odloČitvenim mehanizmom volje In s povra­
tno senzorsko informacijo obnašanja. Tu bitje 
spoznava svet, razumeva to spoznavanje, kopici 
izkušnje o spoznavanju, o razumevanju, o razu­
mevanju spoznavanja. Tu je vsaka subjektivna 
zavest značilno ontološka In vsako bitje si s 
tem pridobiva svojo ontologijo, ki se predstav­
lja s svojskim načinom mišljenja in obnašanja, 
ki je pogojena s svojskim informatiziran jem bi­
tja. Subjektivnost bitja Je zajeta v njegovi 
ontologiji, ki je zanj značilna, namerna, ce­
lostna bitjevska informacija. 

Vsaka ontologija, tako ali drugaCe subjektlvi-
zlrana. Je subjektivni pojav bltjevske slepote 
(Heidegger). Informacijska ontologija oblikuje 
osnovo za razumevanje spoznavanja, ki Je tublt, 
bitje samo, bitjevska celostna informacija, 
ontologija bitja. Ontologija ni niC drugega, 
kot stopnja informacijske slepote, ko bitje 
vrženo v svet, živi in se obnaSa s to slepoto, 
jo kot zanj bistveno informacijo spreminja, ko 
se prilagaja, medlalno obnaSa. Tu se pokaže, 
kako Je refleksivno mišljenje nemogoCe brez 
tiste oblike abstrakcije, ki je slepota, ali 
slepilo samo. , 

Any Processing of the non-living or livlng 
vvorldcan be understood, perceived, and recog-
nized as Information, 1. e. the essence of an 
Information phenomenon. A livlng belng expe-
riences the world, itself, and the environment 
as its Information. From a philosophical polnt 
of vlew this experience Is its metaphyslcs or 
ontology. That Is. to say, a livlng belng's 
Information Is subječtlve, Is subjectlvely fil-
lered external Information, subjectively ab-
stract, envlromnentally hlstorlcal, and memory 
shaped. But in Itself, in the indi v,ldual i ty of 
a belng and partlcularly through the projectlon 
of this Indlvidual1ty, Information Is metaphy-
slcally or ontologlcally displaced or transla-
ted. This ontology Is a developing activity on 
the Information level, an actlvlty of Infor-
mlng, which is modeling new Information pheno­
mena of a belng by continuous processing. 
Through its own ontology, a belng is influen-
cing Its environment behaviaurally, where beha-
viour is a consequence of Information. Ontology 
is abstract, syrabollcally condensed Information 
of a belng; it is a highly functlonal Informa­
tion, called counter-lnformatIon. As a livlng 
being becomes aware of Its ontology, it is 
resisting, rising agalnst this ontology by the 
consciousness of counter-lnformatIon and by 
objectlng to thls Information subJectiveness. 
Hence, It enters Into a new ontology (meta-
physles). 

A belng's ontology Is also a belng's understan-
dlng of the world or more precisely a belng'8 
internal world model. This model Influences a 
being's behavlour which Is dependent on the rae-
dlal sensory Information, the torming of emo-
tlons, decislon mechanism of the wlll, and 
feedback Bensory Information concerning the 
behavlour. At thls polnt, a belng Is recognl-
zlng the world, understanding cognition and ac-
cumulating experience of cognition and general 
understanding. On thls level, every subječtlve 
consciousness is characterlstIcally ontologl­
cal, so that every belng Is galning its ontolo-
gy. This ontology is represented by a characte-
ristic way of thinklng and behaving which is 
conditloned by a characterlstic Informlng of a 
belng. Subjectlvity Is scoped In a belng's 
ontology and It represents a belng's characte-
ristic, Intentlonal, and total Information. 

Each ontology, whlch Is subječtlve in one way 
or another, is a partlcular phenomenon of a be-
ing's blindness (Heidegger). An ontology of In­
formation can becoroe a foundation for the un­
derstanding of cognition, which is the being-
in-the-world, a being by itself, a being's 
total Information, and a being's ontology. .An 
ontology is nothlng more than a degree of In­
formation blindness. When a belng is thrown 
into the world, Its ontoloKy is developed by 
livlng and behaving wlth the blindness, alte-
rlng thls blindness as the. belng's essential 
Information, and adaptlng and medially beha­
ving. At thls polnt It becomes clear, how ref-
lexlve thinklng Is not possible wlthout a form 
of abstractlon, whlch Is the blindness or lllu-
sion i tself. 

Vsako živo bitje je tudi informacijsko zaslep­
ljeno; zaslepljenost Izvira iz naCina nastaja­
nja informacije v živem; to nastajanje je in-
formaci j sko-transformat ivno, strukturno-abstra-

Each livlng belng Is also fasclnated or blinded 
informatlvely. This blindness Is arlsing in the 
same way, In whlch livlng Information is co-
ming into existehce. Becaiise thls'arlsing is 
Information transformatIve and structurally ab­
stract, il Is In thls respect subječtlve and 
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ktno In v vsem tem subjektivno, ontološko ozi­
roma metafizično. Zaradi tega Je bitje tako ali 
drugaee vrženo v svet, v okolje, v svoje biva­
nje in tako soočeno z okoliškim pritiskom na­
stajanja bitjevske informacije. 

metaphysical. Therefore, a belng vvhich Is 
thrown Into the world, into its environment, 
and into Its existence, In one way or another, 
is faced with the environmental pressure on 
originatlng its Information. 

... "Naprej" - v tisto naslednje, kar vse­
skozi prehitevamo, kar nas vedno znova vtu-
juje, ko ga zagledamo. 

(Martin Heidegger: 
UZS, S9) 

Iz pogovora o Jeziku, 

... "Vor" - In jenes Naechste, das wir 
staendlg ueberellen, das uns Jedesmal neu 
befremdet, wenn wlr es erbllcken. ... 

(Martin Heldeggert Aus elnem Gespraech von 
der Sprache, UZS, 99) 

Informacijski proces oziroma Informacijska ob­
lika ima lastnost posebne Informaticnost1, ime­
novane protiinformaticnost. Informacija Ima 
lastnost procesnosti, in sicer informacijske 
procesnostl, ki je tudi sama informacija. Pro-
cesnost Informacije je informacijska. Informa­
cija nastaja s svojo procesnost jo. Procesnost 
je Informaciji imanentna, je v njej sami vsebo­
vana kot dejavnost, pojavnost informacijske 
razvojnostl, spremenljivosti. Ta lastnost in­
formacije je proti 1nformatienost. Prot1informa-
cija je z informacijsko procesnostjo Iz infor­
macije nastajajoča nova Informacija in nova in­
formacijska procesnost. To je moC, zmogljivost 
informacijske procesnostl v sami informaciji, 
kjerkoli se informacija pojavlja. Delovanje 
lastnosti protiinformaticnosti Je mogoCe opazo­
vati v najenostvnejsih In v naJzapleteneJSih 
informacijskih procesih Živega sveta, od 21vlh 
molekul do najvišjih organizmov. 

Molekule Življenja, kot so DNA, RNA in beljako­
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 vobCe tudi nove In­
formacijske, reaktivne lastnosti. Molekularna 
protiInformatiCnost ni samo genskomutacijska 
slntezna preslikava, je tudi okolIskoodvisna in 
v neznanem okolju nepredvidljiva, nenapovedlJi-
va. Na celiCni ravni Je informacijska diferen-
clranost Se veCja. Pojav novih virusov, bakte­
rij, celic z njihovo novo Informacijsko organi­
zacijo je nepredvidljiv. Organizem odgovarja 
bolezenskim napadalcem s pripravo novih imun­
skih in imunskopomniInlh molekul, ki napadalce 
razpoznavajo in organizirajo njihovo nevtrall-
zacijo. Ti molekularni procesi so povezani z 
branjem In razpoznavanjem molekularne informa­
cije, z 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 živega, evolucij­
skega in ZiviJenskega. Razvoj Je esenca Infor-
maticnosti, protiinformatiCnost pa bistvo In­
formacijskega razvoja, razvoja informacije Iz 
manjše v večjo zapletenost pa tudi obratno, v 
novo pomenskost, biološko ucinkovalnost. 

Miselnost bitja Je kot korteksna procesnost 
razvijajoča od bitjevske zaploditve do njegove 
smrti. Informacija uravnava prek dednih zasnov 
biološko rast bitja, nastajanje bitjevske bio­
loške substance, organov, bitja kot osebka, 
uravnava pa tudi vse procese v tej substanci, 
Zlvljenske, prav za prav informacijske procese. 

An Information process or an Information form 
has the property of counter-Informlng, whlch is 
a special form of Informing. Information has 
the property of processlng, namely Information 
Processing, which is, by Itself, Information. 
Processing of Information is Information. In­
formation is comlng into existence or Into 
belng by its own processlng. Processing is 
immanent to Information and it is a part of In­
formation itself; it is an Information actlvi-
ty, phenomenon of Information development and 
Information varlablllty. Thls processlng of In­
formation is counter-Inforrolng. Counter-infor-
mation comes Into exlstence from Information. 
As Information Informing or Information proces­
slng acts on Information, the con5equence is 
new Information and new processlng. Thls is the 
power and abllity of Information processlng 
wlthin Information Itself, irrespective of 
where Information Is comlng into existence. The 
functioning of the property of eounter-Infor-
mlng can be observed in the slmplest and most 
complex processes of the llvlng world, from 
molecules of life to the hlghest organisms. 

Molecules of life like DNA, RNA, and proteins 
are Information objects, Information archives,-
and Information roachlnes slmultaneously. They 
dlversely synthesize new molecules on the basis 
of stored Information and molecular environmen-
tal States. In general, new molecules carry new 
Information and new reactlng properttes. Mole­
cular counter-Informlng Is not only a synthesl8 
mapping of a gene mutatlon, it is also environ-
mentally dependent, not expected In an unknown 
environment, and not foreknown. On the celi 
level, Information diverslty is becoming even 
greater. The appearance of new viruses, bacte-
ria, and cells having new organizatlon of In­
formation is non-foreseeable. Organisms respond 
to pathological Invadors by productng new iimu-
ne and immunlty storage molecules which are 
able to recognize invadors and to organize neu-
tralizatlon of them. These molecular processes 
are closely connected wlth readlng, recognlzing 
and transcriblng molecular Information, rear-
rangement of amino acids, or with the transla-
tlon of thls Information by molecular synthe-
sis. Through these processes new molecules are 
comlng into belng which have new informatIon 
belng stored. A consequence of thls Information 
dynamics Is the development of existlng, of 
evolution, and of Itfe. Development is the 
essence of Informing and counter-Informing is 
the nature of Information development, of deve­
lopment from Information having a lovver comple-
xity to Information having a higher complexity 
and also vlce versa. Thls is a development into 
a new meaning and a new blologlc effect1veness. 

The mind of a belng is more preclsely the 
development of the being'i9 cortices, cortical 
and other Information processlng from the 
belng's conception to its deatb. Here, Informa­
tion whlch ušes hereditary schemes is not only 
controUlng the arising and growth of biologlc 
substance, organs and cortices of the being. 
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v korteksu človeka doseže informatiCnost svoj 
zavestni viSek, notranji govor, ali natančneje 
zavestno notranje jezikovanje bitjevakega Jezi­
ka, bitjevski protijezik, primerek protiinfor-
raatlCnega abstrakta bitja, njegove biti. 

but also a H processes In thls substance and 
processes of llfe, both of which are actually 
Information processes. In tBe human cortex thc 
process ot Informlng Is reachlng the hlghest 
point of consclousness, the Internal speech or 
more preclsely a consclous Internal speaking of 
a being's language, and a oelng's counter-
language, whlch is a čase ot being's counter-
Informatlon abstractlon, of belng's Belng. 

... Ostajajoče v mišljenju je pot. In poti 
mišljenja vsebujejo v sebi skr1 vnostnopol-
no, da jih lahko hodimo naprej in nazaj, da 
nas celo Šele pot nazaj vodi naprej. 

(Martin Heidegger: 
UZS, 99) 

Iz razgovora o Jeziku. 

... Das Bleibende Im Denken ist der Weg. Und 
Denkwege bergen in sich das Oeheimnisvolle, 
dass wir sle vorwaerts und rueckwaerts gehen 
koennen, dass sogar der Weg zurueck uns erst 
vorwaerts fuehrt. 

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

Kaj je bitjevski jezik? Informacija bitja Je 
struktur i rana oblikovno in pomensko, z bitjev-
skbznacilno, individualno 1ingvistiCnost Jo. Na­
stajanje bi t jevske informacijske s truktur1rano-
sti je bržkone nujno, pogojeno z imperativom 
informacijske nas tajalnos11, razvojnosti. In­
formacijska jezikovnost bitja nastaja kot in­
formacija, kot odgovarjanje bltjevske procesne 
informatiCnošt i na zunanjo, senzorsko informa­
cijo in njenih posledic, razpoznanih skozi bit-, 
jevsko obnašanje v danem okolju. Čeprav okolje 
sproZa nastajanje informatiCne strukturirano-
sti, ostaja ta bitjevsko značilna, značilnost 
bitja glede na njene poudarke, specifične obli-
kovnosti in pomenske svojskosti. V tem struk­
turnem kontekstu nastaja notranji jezik, bit­
jevsko miselno jezikovanje, bitjevska jezikovna 
razvojnost. To je le ena izmed mogočih predstav 
o bitjevski o jez ikovl jenost i informacije. 

Bitjevski jezik je primarna informacijska po­
javnost bitja, bistvo bitja, njegova sprejem­
ljivost, izraZevalnost oziroma obnaSevalJnost v 
informacijskem kontekstu bitja in njegovega 
okolja. Bitjevski jezik je vobce večplasten, 
vecglobinski, organiziran hierarhično, struk-
turnoznaciIno. Do tu Je to bitjevski notranji, 
miselni jezik. Od tu naprej se zaCenJa bitjev­
ski zunanji jezik, to je tisti jezik, s katerim 
bitje informatizira svoje okolje in s katerim 
sprejema svojo Informatizacijo in s tem Infor­
matizacijo sebe iz okolja. Zunanji Jezik bitja 
je glede na njegov notranji jezik drugoten,; Je 
le vmesna sporazumevalna stopnja, informacijski 
mehanizem med notranjim, v bitju vdomljenlm 
jezikom in med zunanjo, bitju vtujeno pojavno­
stjo. Ojezikovljena informacijska vdomljenost 
in vtujenosi, njuna razmernost je med drtigim 
izvirnost bltjevske protiinformatiCnosti. Vtu-
Jenost je imanentna zunanjemu, jeziku, vdomlje­
nost notranjemu, razlika med obema jezikoma je 
vselej bistveno informatizacijska. 

Zunanji Jezik bitja so njegovi Čutni, naravni 
in seveda formalni jeziki okolja. To so jeziki, 
ki jih bitje uporablja pri svojem Cutnem-jezi-
kovnem informatiziran ju. Vsi ti jeziki so dru­
gotni glede na notranji jezik bitja in bitje 
jih uporablja v informacijskem kontekstu z 
drugimi bitji, s stroji in z okoljem. 

What is a being's language? 
being is formally and meani 
the being's characteristic, 
stics. When coroing into ex 
Information structure Is pro 
which is conditioned by the 
growth and development o 
being's Information llnguist 
existence as Information, as 
being's Informlng processlng 
sory Information, and as se 
whlch are recognized throu 
viour in a given environment 
ment Is Ignltlng the growth 
structure and thls structur 
ristic of the being accordi 
accents, specific forms, a 
structural context, internal 
a being's mlnd conversing wl 
development of Internal la 
into existence. But this i 
possible models of belng's 
stics. 

Information of a 
ngly structured by 
i ndi v idual 1ingul-

Istence, a being's 
bably a necessity. 
Imperative of the 

f Information. A 
les is coming into 
the answering of a 
to external, sen-

nsory consequences, 
gh a being's beha-
. Even the environ-
of the Information 
e remains characte-
ng to Information 
nd meaning. In this 
language, which is 

th itself, and the 
nguage are coming 
s only one of the 
Information llngui-

A being's language is a primary Information 
phenomenon of a being. It is the essence of a 
being, of a being's acceptlng, expressing or 
behaving In its Information context and in its 
environment. In general, a being's language has 
many layers and great depth, whlch is organized 
hlerarchically and Is structurally characteris-
tic. Up to here, a being's Internal language is 
a language of thought. At thls point, a being's 
external language begins, by which a being is 
informlng its envlromnent, receiving Its own 
Informlng, and Informlng Itself from the envi­
ronment. In coroparison wlth internal language, 
the external language is a secondary affalr, 
which is only an intermediate step of under-
standing. External language, which is a being's 
strange phenomenon, is an Information mechanism 
betvveen the internal language, which is a 
being's native language, and the environment. 
The relatlonship betvveen llnguisttc Information 
domesticlty and llnguistlc Information strange-
ness is condittoning the origlnaltty of belng's 
oounter-Intorming. 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 belng's exte-
rnal language. These languages are used by a 
belng for its sensory-l Ingulst le Informlng. A H 
these languages have a secondary value accor-
dlng to a belng's Internal language and a being 
ušes theramainly in an Information context with 
other beings, machines, and the environment. 
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... pokazali bomo, kako lahko prehod iz ra-
cionali s tICne v heideggrsko perspektivo ra­
dikalno spremeni nase pojmovanje računalni­
kov in nase metode pri računalniškem obliko­
vanju . ... 

(Terry Winograd in Fernando Flores: Razume­
vanje računalnikov in spoznavanja: novi te­
melji oblikovanja, 37) 

Kaj je informatizacija, kaj informatiziran je? 
Informatizacija je najsplošnejši proces nasta­
janja informacije; ta proces je lahko samona-
stajalen, notranjeinformacijski, lahko je pa 
tudi zunanjenastajalen, nastajajoč zaradi zuna­
njih, senzorskih informacij. Informatiziran je 
je posledica informacije, ki spreminja sebe In 
druge informacije na svoji poti, s svojo pro-
cesnostjo k novi Informaciji. 

V informacijski in 
boj le informatizir 
med bitji je posled 
nja informacije v b 
korteksov, kjer pr 
cijskih pojavnosti, 
prek svojega drugot 
po Čutnih poteh, 
ne samo preoblikuj 
obrobnih informaci 
kontekst prvotnega 
jemanje sporočila s 
formacije, informa 
predelavo v bltjev 
regularno Informati 
mevanje sporočila S 
ski kontekst v obl 
(prepričanj, napov 
cijskih mehanizmov, 
obnašanja). 

terakciji lahko bitja medse-
ajo; informatizacijskl pojav 
i ca večkratnega preoblikova-
Itjih na poti do bitjevsklh 
ihaja do opomenjena informa-
Ko bitje sprejme sporočilo 

nega jezika, prihajajočega 
se to sporočilo-informacija 
e, povzroča tudi nastajanje 
j in njihovo integracijo v 
sporočila-informacije. Spre-
proža v bitju nastajanje in-
tizacljo sporočila, ' njegovo 
ski notranji jezik, skratka 
zacljo. Pri tem je za razu-
e kako pomemben Informacij-
iki notranjega modela sveta 
edi), flltrlrnlh in modula-
Custev in volje (trenutnega 

Bitja tako vselej InformatIzlrajo in ne zmorejo 
komunicirati v cistern pomenu. Komunikacija bi 
pomenila bolj ali manj natančno sprejemanje 
tujega mišljenja, tuje zavesti po obliki In po­
menu. Taksen informacijski prenos informacije 
med bitji funkcionalno v informacijsko procesi­
rajoči Živi substanci ni mogoC, kar se oCltno 
kaZe Ze na ravni molekularne "komunikacije". To 
kar bi bilo mogoče razumeti kot komunikacijo na 
korteksni ravni, je le se zaupanje drugim bit­
jem, avtoriteti in pričevanju. Komuniciranje v 
Čistem pomenu bi bilo abstraktno Informatizira-
nje brez informacijskih primesi, kar pa zaradi 
nevrofIzioloSkega ustroja bitja ni mogoCe. 
Komunikacija pa je mogoča med stroji in sporo­
čila so lahko zapisana na papirju v naravnem 
ali formalnem jeziku tako na oddajni kot na 
sprejemni strani. Komunikacija je Informacijsko 
stabilen pojav, v celoti napovedljiv, pričako­
van; informatizacija je vobce nenapovedlJ1va, 
nepredvidljiva, svobodna, pogojena z ustrojem, 
stanjem in pomenom bitjevskega notranjega Jezi­
ka. Delno napovedljiva je le informatizacija 
ustrahovanega, avtoritarno vplivanega, indok-
triniranega, ideologiziranega, informacijsko u-
smerjenega, komunikacijsko sprejemljivega bit­
ja, ki svojo informatizacijo zakriva. Jo podva­
ja, razceplja za različne uporabe. V tem prime­
ru je informatizacija bitja popačena, zanj 
izkrivljena, patološka. Ze na ravni molekul Ži­
vljenja, npr. molekul imunskega sistema bitja 
je roogoce razumeti, kako sta zdravje in bolezen 
informacijska in predvsem tudi informacijsko 

... we will show how shifting from a ratio-
nalistic to a Heideggerlan perspective can 
radieally alter our conception of computers 
and our approach to computer design. ... 

(Terry VVinograd and Fernando Flores: Under-
standlng Computers and Cognltion: A New 
Foundation for Design, 37) 

What is Informing? Informing is the most gene­
ral process in which Information is comlng into 
existence. Thls process can be self-developlng, 
internal Information or It can be external In­
formation which oomes into existence as a con-
sequence of external, sensory Information. By 
processing Itself into new Information, Infor­
ming is a consequence of Information, which Is 
altering the inltlal Information, itself, and 
other Information on its way. 

In interactlons among Information, beings can 
only Inform each other. Thls Informing phenome-
non among beings ts a consequence of multlple 
transformations of Information on the way to a 
beings' cortices, where the meanlng of Informa­
tion phenomena Is comlng Into existence. VVhen a 
being receives a message in the form of its 
secondary (external) language propagating on 
sensory paths, thls message-informat1 on is not 
oniy being transformed, but it also causes the 
growth of additlonal related Information and 
thelr integration into the context of the ori-
ginally received message-lnformation. Hecei-
ving a message fires the growth of Informa­
tion, and brings new Information Into existen-
ce, whlch is the so-called message Informing, 
More precisely, receptlon of a message trans-
forms the message Into the Internal language, 
and performs Informing as a regular way of 
Information. At thls point, the Information 
context of the Internal world model (beliefs, 
forecasts), filtering and modulating mecha-
nisms, and emotions and wl11 (instantaneuos 
behavlour) are of essentlal importance for 
understanding the message. 

Beings, incapable of coarounlcating in a pure 
sense, are always Informing. Communica t ion 
would be more or less the exact recelvlng of a 
strange thought or of a strange consciousness 
by form and meanlng. Thls type of Information 
transfer among beings In their processing sub­
stance of llvlng Information cannot be reali-
zed; thls is becoming evident even on the level 
of molecular "conmunlcatIon". That, which Is 
possible to understand as comnunicati on on the 
cortical level, is only the confidence of a 
being to messages comlng from other beings, 
authorlty, and persuasion. Comnunication 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 being. Pure communica t Ion can be 
reallzed only among machines. Messages, whlch 
can be exchanged between machines, are vvrltten 
in a natural or a formal language. Communi-
catlon is an Information stable phenomenon, 
whlch can be forecasted and expected in its 
vvhole. Informing, in general, cannot be foreca­
sted or foreseen; It is free and condltioned 
only by Its structure, state, and the meanlng 
of a belng's Internal language. Only the Infor­
ming of a being which Is fearful, authorlty 
influenced, IndoctrInated, Idealized, Informa­
tion dlrected', and communlčation acceptable can 
be partly forecasted, ' when this Informing is 
partly hldden, dupUcated, and spi i t for va-
rious usage. In thls čase, the Informing of a 
being Is distorted, bent, and pathological ly 
processed In Itself. On the level of llvlng mo-
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pogojena organizacijska problema bitjevskih 
celic, njihovih populacij in okolij. 

Informatizacija, ki razvija Informacijo, ki je 
proces informatiziranja ali informacijski pro­
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 informacijski proces za nasta­
janje informacij iz informacij v najSlrSem po­
menu, lastnoinformacijskih, tu jeinformacljskih, 
okoliških, se tudi sama razvija, nastaja iz te­
ga, kar jo informacijsko zadeva, v to, kar z 
njeno transformat iCnost jo In njeno nastajal-
nostjo nastaja. Z informacijo nastaja tako 
hkrati tudi njena informatizacija, nastaja tudi 
nastajanje informacije. V tehnološkem jeziku bi 
to pomenilo, da s transformacijo podatka v nov 
podatek nastaja tudi transformacija te njegove 
transformacije. Zaradi te lastnosti Je doseZek 
informatizacije v bistvu običajno nenapoved-
Ijivi informacijsko nastajanje Je nenapovedl j I-
vo In sama napovedi j 1 vos t v informaciji je 
nastajajoea ali biološko prilagajajoča. Bitje 
je informacijski stroj za preživljanje. Tehno­
loškemu stroju manjka celotna informatICnost na 
aparaturni in programski ravni, v njegovi mikro 
in makro strukturi. Tehnološki stroj nI v nobe­
ni svoji komponenti funkcionalno informacijski, 
Se ni informacijski stroj. 

Informatizacija bitja se zafienja z njegovim 
biološkim spočetjem. Vsaka informatizacija ima 
svoje Inlcialne informacije iz katerih se kot 
informacijska lastnost razvija v živi, njej. 
prirejeni, z njo vplivani nastajajoči substan­
ci. Bistvo bitja, njegova smiselnost, slastnost 
Življenja je njegova informatizacija: z njo se 
v bitju razvija Informacija in informacijsko 
orodje za nastajanje informacije, ki je tudi 
samo informacija. Za informatizacijo Je v sle­
hernem trenutku inicialna vsa v bitju tn vanj 
prihajajoča tenutna Informacija. Spočetje samo 
je le začetek nastajanja informatizacije zarod­
ka, ki se skupaj s svojo informatizacijo sub-
stancno, biološko razvija. Bit informacije Je 
zajeta v informatizaciji; v njej je vse, kar je 
Informacijsko relevantno, kar z informatizacijo 
lahko nastane. Informatizacija je tako informa­
cijski potencial in informacijski ekslstencial. 

Ker je informacijski potenc 
neomejen, saj je v njem vse 
in se nemozna informacija, n 
kaj Je informacijsko nemogoče 
naposled sooči s svojo smrt 
smrtjo bitjevske Informacije, 
juje brezkončno nastajanje 
bitjevske Informacije. Info 
javnost Živega sooCa s svojo 
cijsko obliko, ki je tesnobno 
je končnost, prenehanje, 
bitjevske informatizacije, j 
informatizacija lahko nastaj 
macijaml. Bivanje Je torej I 
sebi In drugih. Tu velja: le 
z 1r am, s em. 

lal Informacijsko 
bovana vsaka moSna 
astaja vprašanje, 

Informacija se 
Jo, natančneje s 

Smrt namreč ome-
informaclje kot 

rmaclja se kot po-
posebno Informa-

st končnosti. Smrt 
izginitev, umrtje 
e meja, do katere 
a s svojimi infor-
nformat1zacijsko v 
dokler Informatl-

lecules, e. g. molecules of the immune system, 
Informlng is also unforeseeable. Here, it is 
possible to understand how health and disease 
are Information dependent and how they are 
Information conditloned problems of the organl-
zatlon of a belng's cells, of celi populatlons, 
and of the environment. 

Informlng, vvhich develops Information, which in 
turn Is a process of Informlng or an Informa­
tion procesa, is also Information by Itself and 
for other Information. What is the meanlng of 
this formula? Informlng, which is an Informa­
tion process for Information comlng Into exi-
stence in the broadest sense, I. e. own, stran-
ge and envl rorunental Information, is also deve-
loping and comlng Into existence from every-
thlng whlch Is Information relevant. By its 
transformatlons, Informlng's comlng into exi-
stence is comlng Into exlstence. Slmultaneous-
ly, through Information, Informlng whtch is 
caused by Information is comlng into extstence 
and therefore, also the coming into existence 
of Information Is comlng into existence. In 
technologlcal language, this wouId mean that by 
the trahsformation of data into new data, also 
the process of data transformation is comlng 
into exl8tence. Because of this property, the 
result of Informlng cannot actually be foreseen 
In a usual way. Information comlng into exl-
stence cannot be torecasted because forecastlng 
wlthln Information Is coming into exi8tence or 
adapting biologtcally. A belng is an Informa­
tion raachine for survlval. In technologlcal 
machines, the property of Informlng on a hard-
ware and software level In elther a technologl­
cal mlcro or macro structure Is not .currently 
present. No component of a technologlcal machl-
ne is functlonally "informatlon-1Ike", i. e. a 
technologlcal Information machine does not yet 
exls t. 

A belng's Informlng has its roots In Its biolo-
gic conceptlon. Each Informlng has its' own 
Initlal Information, from whlch it develops and 
adapts according to the Information property 
In llfe and by this property the developlng 
substance is Influenced. The essence of a 
belng, the being's sense, and dellght of its 
llfe Is the belng's Informlng. In a belng, 
Information and Information tools (which are 
also Information) for Information development 
are comlng Into exlstence through Informlng. 
For Informlng, the entire Information of a 
glven tirne realm whlch Is both existlng in a 
belng and arrivlng to a belng Is initlal. Con­
ceptlon is only the beginntng of Informlng as. 
It comes into exlstence In the embryo. So, the 
embryo Is developlng together wlth its own 
substantlal and blological Informlng. The In­
formation Belng is Included in Informlng. In­
formlng contains everythlng vvhich is Informa­
tion relevant and ali that comes into existence 
through Informlng. By this, Informlng Is Infor­
mation potentlal and Information exlstence. 

Because the Information potentlal has 
matlon llmits and because it Include 
possible and Impossible Information, 
tlon whlch arises Is, what informat 
possible. Eventually, Information 
faced wlth Its death or more precis 
the death of a being's Information 
this death is llmltlng the unllmlted 
tlon which is growlng as a form of 
Information. As a phenoroenon of llfe 
tlon Is faced wlth a particular i 
form, vvhich is the anxlety of the end 
the end, the ceasing, dlsappearing, 
of a being's Informlng. It is the 
whlch Informlng by its Information c 
existence. Thus, a belng, Belng, an 
are ali Informlng in themselves and 
Hence, the foUovving Is essential: as 
being Is informlng, it is belng. 

no infor-
s both ali 
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... Nas Japonce ne zaCuduje, Ce puSCa pogo­
vor dejansko mišljeno v nedoločnem, celo po­
vratno skriva v nedoločljivo. ... 

(Martfn Heigegger: Iz pogovora o jeziku. 
UZS, 100) 

Kaj je informacijski stroj? Zakaj se kajstvo 
stroja tu sploh pojavlja? KakSna je v okviru 
tega vprašanja blstvenost Informacijskega? 

Današnji računalniki so dosegli svoj višek v 
arhitekturni in podatkovni rekurzivnosti, v lo­
gični in algorltroicni s trukturiranost i svojih 
modulov, v organizaciji svoje fizične, logične, 
abstraktne in programske strukture. Računalniki 
so s tem 2e dosegli zgornjo mejo t. 1. informa­
cijske statičnosti, podatkovnost i, katere viSek 
je strojna abstraktnost in jezikovna formalnost 
računalniške uporabe. Današnji računalniki so 
primerni za reševanje problemov informacijske 
statičnosti, podatkovne dinamičnosti, informa­
cijske trdnosti, ki obsegajo tudi današnje kon­
cipiranje paralelnih računalniških sistemov, 
paralelno procesiranje, umetno inteligenco, 
ekspertne sisteme, pa tudi novogeneracijsko 
tehnologijo z visoko integracijo, statično 
aparaturno arhitekturo itd. Višek današnje upo­
rabe statičnih informacijskih strojev predstav­
ljajo formalni (programirni) jeziki, ki so se­
veda bistveno reducirani jeziki za opisovanje 
bistveno informacijsko reduciranih problemov. 
Ti formalni jeziki so glede na bitjevske sekun­
darne jezike, kot so naravni, mimlcni in kre-
tenjskl jeziki, le nekasnji ne-jeziki, brez-je-
ziki, slepi jeziki, le tehnična orodja, ki jih 
bitje lahko uporablja tako, kot vsa druga, 
vsakdanja priročna orodja. 

S po javi tv i jo 
projekti novih 
pilo v ospredj 
strojev in int 
diki inteli gen 
oCitno posegaj 
maci jske oblik 
di se veckra! 
skozi opravicu 
nenaravna, nel 
genca pa je p 
dinamičen poja 
v 21vem. Pod 
današnjih stro 
algor i trni Cna 
genca, brez-i 
teligenca. 

umetne in te 
raCunalni Sk 
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jskega procesa, Cetu-
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informacijska oblika 

"umetna" inteligenca 
amov je le statiCna, 

v bistvu ne-intell-
II značilna slepa in-

V okvir vprašanja inteligence spada tudi vpra­
šanje jezika, ki je večplastno In raznovrstno. 
Jezik je abstraktni pripomoček uporabe današ­
njega in jutrišnjega stroja, danes predvsem 
formalnega, brez-intelIgenCnega stroja, jutri 
pa inteligenčnega oziroma splošneje informacij­
skega stroja. Obstaja veC ravni, plasti jezi­
kovne predstavitve v stroju, saj ima danaSnjI 
stroj svojo fizikalno, logiCno in abstraktno 
strukturo. Čeprav je strojna fizikalna struktu­
ra ena sama, so v tej strukturi mo2ne različne 
jezikovne predstavi tve,''predstavi tvena vgnezde-
nja, ki so na najnižji ravni f Izikalnoprocesne, 
na nekoliko višji ravni logiCnoelementarne in 
naposled jezikovnoabstraktne. Načrtovanje stro­
jev mora obvladovati vse te ravni, na abstrakt­
ni ravni pa mora upoštevati zlasti moZnostl 
strojne uporabnosti, tj. strojne In uporabniške 
jezi kovnost i, njune združljivosti. 

... Uns Japaner befreradet es nicht, wenn ein 
Gespraech das eigentlich gemeinte im Unbe-
stlmraten laesst, es sogar Ins Unbes t imnibare 
zurueckbi rgt. ... 

(Martin Heldegger: Aus einem Oespraech von 
der Sprache. UZS, 100) 

What is an Information machine? Why is the 
querylng whlch concerns thls machine coraing 
into exlstence at ali? What is the essence of 
Information In thls context? 

Present-day computers have attained their ze-
nlth In architectural and data recursivness, 
loglcal and algorIthmical structure of their 
functional modules, and In the organizatlon of 
their physical, loglcal, abstract, and program-
ming levels. Thus, computers have reached the 
upper Umit of the so-called Information sta-
tics or data processing, whose culminating 
polnts are the machine abstraction and language 
formallty of computer usage. Today's computers 
are suitable for solvlng problems of Informa­
tion statics, data dynamlcs, and Information 
solidness, a H of whlch embrace today's design 
of parallel computer systems, parallel proces­
sing, artlficlal intel1Igence, expert systems, 
and also new generatlon technology using very 
large scale integratlon, static hardware archl-
tecture, etc. The highest polnt of static In­
formation machine usage Is tormal (programming) 
languages. These are of course essentially re-
duced languages and they only describe problems 
vvhose essential Information is reduced. Wl th 
re-gard to a being<s secondary languages, e. g. 
natural, mimic, and gesture languages, forroal 
languages are only examples of non-languages, 
crippled-languages or bllnd languages. They are 
only technical tools, which a belng can use 
like other everyday sklllful tools. 

With the merging of artlficlal Intelligence and 
current projects on new computer generations 
the questlon of the so-called Intelligent ma­
chine and Intelligent 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. Hovvever, they are repeatedly belng 
reduced to that whlch Is continuously belng 
exculpated as only an artlficlal, non-essen-
tlal, and non-tnformatIon Intelligence. Bul in­
telligence In Its nature is at least an Infor­
mation dynamlc phenomenon and a characteri s t le 
Information form of llfe. In their nature, data 
or "artlficlal" Intelligence of today's machl-
nes represent only non-Intel1Igence, crippled-
intelllgence or characterIstIcally bllnd intel-
lIgence. 

The framework of Intelligent problems also con­
cerns the language problem, whlch Is a multl-
layered and heterogeneous one. Language is an 
abstract resource of today'8 and tomorrow's 
machine usage; today It Is a tool for formal 
and seml-lntellIgent machine usage, but tomor-
row It wlll be for Intelligent or, more gene-
rally, for Information machine usage. There are 
several levels and layers of language represen-
tation.in a machine, because today's computers 
have their physlcal, loglcal, and abstract 
structure. Though each machine has only one 
physlcal structure, in this structure several 
language representatlons and presentation em-
beddings are possible. On the lowest level are 
physical processes, on a hlgher level logical 
elements and at highest level language abstrac-
tlons. Not only must the design of machines 
master ali these levels, more importantly It 
must conslder the the possibl111 les of machine 
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Problem nastajanja informacijskega stroja je v 
postopnem prehodu iz tehnologije današnjega po­
datkovnega, ne-informaeijskega stroja na tehno­
logijo jutrišnjega informacijskega, inteligen­
tnega stroja. Fizikalno strukturo informacij­
skega stroja je mogoAe Se znatno dopolniti z 
raznovrstnimi novimi fizikalnimi elementi pa 
tudi z (biološkimi) nadlogicniml elementi. V 
fizikalni strukturi današnjih strojev se pojav­
ljajo pretesno prevodniski In polprevodniSkl 
elementi statične, stabilne narave, manj pa 
magnetni in elektromagnetni elementi dinamične, 
nestabilne narave (dinamični prenosniki, ante­
ne, valovodi), molekularni elementi (DNA, RNA, 
proteini, encimi) in tudi viSji biološki meha­
nizmi (celični, celifinopopulaclJski). 

applicabi1 ity on the language abstraction le-
vel, i. e. compati bi 1 i t les of machine and lan-
guages has to be taken Into account. 

The problem of designing an Information machi­
ne lles in a step by step transition from 
today's data and non-lnformation machine into 
tomorrow'8 Information and tntelllgent machine 
technology. The physical structure of an Infor­
mation machine can be Improved considerably by 
various new physlcal components and also by 
higher loglcal (blologlcal) elements. In the 
physlcal structure of today'8 machine, conduc-
tor and semlconductor elements of static and 
stable nature are predominant. In future machl-
nes also magnetic and electromagnetIc elements 
of a dynamic and unstable nature (dynamic tran-
sducers, antennas, and wave guldes), molecular 
elements (DNA, RNA, proteins, and enzymes), and 
higher blologlcal mechanisms (celi and celi 
population-1Ike) have to be applied. 

... Celo tako majhen organizem kot je Crv z 
nekaj sto nevroni, je visoko strukturiran In 
vecji del njegovega obnašanja je posledica 
vgrajene strukture, ne uCenja. ... 

(Terry VVinograd In Fernando Flores! Razume­
vanje računalnikov in spoznavanja: novi te­
melji oblikovanja, 103) 

V okviru informationosti stroja prihodnosti je 
mogoCe oblikovati vefi bistvenih vprašanj. Novi 
računalniki lahko postanejo informacijski v 
vseh svojih strukturah; te strukture so fizi­
kalne, logl(!ne, abstraktne in jezikovne. Zna­
čilni- pomen informat1Cnosti se skriva v infor­
macijski dinamičnosti, spremenljivosti, tudi v 
umetni nekonstantnost i, nedoloClJ i vos 11 teh 
struktur. Dinamičnost naštetih struktur je mo­
goCe dosegati z dinamičnostjo na najnižji stru­
kturni ravni, tj. z dinamično fizikalno struk­
turo stroja. Tu se seveda (vsaj zaenkrat) ne 
more pojavljati nastajanje fizikalne strukture; 
to praktično, tehnološko Se ni mogoCe, je pa 
lahko umetno tako, da temelji na funkcionalnem 
vključevanju in Izključevanju posameznih fizi­
čnih elementov in podsistemov, pri Čemer sta 
vključevanje in izključevanje krmiljena s sig­
nali, podatki, sporočili na razllenih struktur­
nih ravneh. Na ta naCin bi bilo roogoCe Ze danes 
konstruirati signalno odvisno strukturo raču­
nalnika podobno, kot se to predlaga za paralel­
ne superracunalniSke arhitekture, vendar le za 
mreZno komuniciranje. 

Informacijsko krmiljenje fizikalne arhitekture 
je v bistvu modeliranje dinamične strojne arhi­
tekture s preklapljanjem na najnižji ravni In s 
tem tudi na logični in abstraktni (ukazni, 
zbimiSkojezi kovni) strojni ravni. Informacij­
ski stroj potrebuje tudi dinamično jezikovnost, 
to pa Je lastnost, ko se jezikovno izraženi 
programi lahko pomensko oziroma problemsko mo­
dificirajo v procesu svojega Izvajanja. Ta 
princip dinamične programirlj ivostI programov 
je nekje v načelnem nasprotju s principi t. I. 
dobrega ali strukturnega programiranja, ki je 
programiranje z vgrajevanjem permanentne Infor­
macijske slepote. To, kar naj bi postalo infor­
macijsko programiranje, se mora konceptualno 
Sele razviti skupaj z orodji, ki bodo omogočala 
preizkušanje in uporabo Informacijskih progra­
mov . 

... 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-ln structure, not learning. ... 

(Terry Wlnograd and Fernando Flores: Under-
standing Computers and Cognltlon: A New 
Foundation for Design, 103) 

In the framevvork of future machine Informing, 
several important questions may arise. New ma-
chines can become informative (inlormatlon-
like) in ali their structures, vvhich are physi-
cal, logical, abstract, and linguistic ones. 
The character i s t le meaning of Infornjing Is 
hidden in the Information dynamlcs, variablll-
ty, artificial non-constancy, and non-determi-
nation of these structures. Dynamics of these 
structures can be achieved through dynainics on 
the lowest structural level, I. e. by the dyna-
mic physical structure of a machine. At this 
level, an arlsing of physical structure is not 
possible (yet), Sueh an arislng is practically 
and technologically Impossible, but it can be 
artiflcially constructed by the functional 
switchlng-on and switchlng-off of particular 
physlcal elements and subsystems. Here, swltch-
ing Is controlled by signals, data, and messa-
ges on different structural levels. In this 
way, even today it would be possible to con-
struct a signal dependent computer architec-
ture, which could be similar to some proposals 
of a parallel supercomputer with dynamic archl-
tectures. 

Information control of a physical architecture 
is more preclsely the modellng of dynamie ma­
chine architecture using swltching on the lo-
west structural level. In this way the logical 
and abstract machine level (Instructions, as-
sembly language) become dynamlc. But an Infor­
mation machine .also requlres dynamic llngul-
stlcs as a property, where 1Inguis t ically ex-
pressed programs can be meanlngly and problema-
tlcally modified In the process of their ma­
chine executlon. This principle of dynamlc 
prograranlng for Information programs is in 
fundamental opposltlon to the principles of the 
so-called good or structured programming, whlch 
requires programming with a permanently built-
ln Information bllndness. What Is termed as 
Information programming has to be developed 
together with the tools whlch will enable the 
testing and appllcation of Information prog­
rams . 

An Information machine can have its pseudo-in-
formation structure and thus, logical and ab­
stract, structure, in whlch information-1Ike 
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Informacijski stroj iraa lahko psevdoinformaclj- programs ean be executed. Th 
sko fizikalno in s tera logično in obstraktno grams would be written In n 
strukturo, s katero sprejema v izvajanje Infor- are generative and today stil 
macijsko izražene programe, ki so lahko napisa- languages cannot be charact 
ni v novih, Se neznanih generativnlh programir- lized, as are today's progr 
nih jezikih. Ti novi jeziki ne morejo biti veC because they must achieve no 
značilno formalizirani, kot so danaSnJl progra- plng, and meaning. These p 
mirni jeziki, saj morajo dosegati neformalnost, found in natural languages. 
oblikovnost In pomenskost na ravni naravnih je- like physlcal structure has 
zlkov. Informacijska fizikalna struktura naj bi various loglcal and analogi 
bila obogacena z raznovrstnimi logičnimi In ana-loglsmos) elements, in or 
analoglzmicnlmi (Iz grSkega ana-loglsmos) ele- a dynaralc architecture. 
raenti tako, da bo delovala kot dinamična arhi­
tektura. 

e Information pro-
ew languages whlch 
1 unknonrn. These 
eristically forma-
amroing languages, 
n-forraal1ty, sha-
roperties are also 
The informatton-
to be enrlched by 
srnic (from Oreek 
der to function as 

... hermenevtleni krog. ... Kar razumemo. Je 
utemeljeno s tem, kar Ze znamo in kar 2e 
znamo, prihaja Iz sposobnosti razumevanja. 

(Terry VVlnograd in Fernando Flores: Raziime-
vanje računalnikov In spoznavanja: novi te­
melji oblikovanja, 30) 

Kdo bo lahko prvi zgradil informacijski stroj? 
Kakšne osnovne raziskave bodo pri tem potrebne? 
Kakšna je lahko nova tehnološka podlaga? 

Na ta vprašanja je bilo delno 2e odgovorjeno. 
Informacijski stroj bo Imel vsekakor dinamično 
fizikalno strukturo, s tem pa bosta postali di­
namični tudi njegova logična in abstraktna 
struktura. Dinamična fizikalna struktura bo do­
volj enakomerno porazdeljena v celotnem tehno­
loškem kompleksu InformaciJskega stroja. Na do­
ločen naCin bo porazdeljen skladno z dinamično 
logično strukturo tudi pomnilnik, saj Je pom-
nenje (spominjanje) bistvena lokalna lastnost 
žive informacije. Ko bo informacijski stroj en­
krat zgrajen in eksperimentalno razpoložljiv, 
bodo omogočeni nekateri fundamentalni informa­
cijski preizkusi, kjer se bodo lahko pokazale 
specifičnosti informacijske programske opreme. 
Novi programi bodo informacijski in generirall 
bodo vobce procese s povratnimi vplivi na pr­
votno, začetno, izhodiščno pomenskost progra­
mov. Pomen programa se bo med njegovim izvaja­
njem spreminjal, naraSCal, krčil, nastajal v 
odvisnosti od lastnega izvajanja in od paralel­
nega izvajanja drugih programov. Podatki, ki 
bodo nastajali z izvajanjem informacijskega 
programa, bodo kot signali, vrednosti in sporo­
čila krmilili dinamično izvajalno strojno arhi­
tekturo. Informacijski stroj se bo z Izvajanjem 
informacijskih programov postopno približeval 
temu, kar bo podobno nastajanju informacije v 
Zlvi substanci. Taksen informacijski stroj bo 
lahko le rezultat skupinskega dela filozofov s 
področja informacije, tehnologov z novih podro­
čij fizike in biologije. Izvedencev za logicno-
tehnolosko načrtovanje informacijskih arhitek­
tur, programerjev za informacijsko programira­
nje itd. 

... hermeneutlc clrcle. ... What we under-
stand Is based on vvhat we already knovv, and 
what >ve already know comes from being able 
to understand. ... 

(Terry VVinograd and Fernando Flores: Under-
standing Computers and Cognltlon: A New 
Foundation (or Design, 30) 

Who will be the first to have the capablllty of 
bulldlng an Information machine? Which funda-
mental research wlll be necessary for the Im-
plemetation of sucti a project? What wlll be the 
new technologlcal foundatlon? 

Partlal ansvvers to these questlons have already 
been glven. As stated, an Information machine 
will have a dynamic physlcal structure and this 
structure wlll sufriciently be distrlbuted 
equally vvithln the entire technologlcal struc­
ture of thls Information machine. In a simllar-
ly determined way, according to the dynamic 
loglcal structure, the memory w i U be distrlbu­
ted. Thls distribution ol storing (memorlzlng) 
is as essentlal In the machine as it is in 
llvlng Information. When an Information machine 
Is already bullt and experImentally functlo-
ning, some fundamental Information experlments 
vvlll become posslble. Thls will brlng particu-
lar charaoteristles of Information software 
Into vlew. New programs wlll be Information-
Itke and, In general, they wlll generate pro-
cesses which have a continuous influence on the 
meaning of the program at its original starting 
point. The meaning of a program wlll be al-
tered, increased, and contracted, i. e. aris-
Ing-dependent In the parallel execution of this 
and other programs. By means of signals, values 
and messages, data whlch arlses during the 
executlon of an Information program wl11 con-
trol the dyna0iic machine archI tecture. In exe-
cuting Information programs. the Information 
machine gradually approaches a state which is 
slmilar to Information coming Into exlstence in 
a llvlng substance. Such an Information machine 
vrl 11 only be the result of co-operation among 
philosophers developing Information philosophy, 
technologlcal engineers applylng new components 
of physlcs and blology, experts for logical-
technologlcal design of Information architec-

' tures, programers tor Information programmlng, 
etc. 
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The basic research for the implementation of an 
Information machine wl11 comprise new phllo-
sophy, theory, and technology of Information. 
Also a new phllosophy in regard to Informatlon-
llke, technologlcal, and Implementational fea-
sibility Is needed. La8tly, new research of 
tools for dynamlc architecture and generative 
program design, etc. Is necessary. Here, It is 
important to polnt out, that the dynamic archi­
tecture will be paralleled, thus enabling both 
a potentially unlimlted execqtion of parallel 
processes and the executlon of generative prog­
rams whtch wlll cause the arlslng (beglnnlng) 
of new parallel processes. In general, archite-
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informacijski stroj se bo s to svojo lastnostjo 
lahko čedalje bolj približeval mehanizmom ilve 
informac i je. 

Tehnološka osnova informacijskega stroja bo v 
marsičem inovativna. Uporaba elementov fizike 
trdne snovi (prevodniki, polprevodniki, magne-
tika, elektromagnetno polje, supraprevodnost, 
molekularni in kvantni pojavi itd.) in biološ­
kih substanc bo omogočila potrebno funkcionalno 
raznovrstnost na fizikalni in logični ravni In­
formacijskega stroja. 

cture processlng and processing of parallel 
programs wlll be unpredictable. Through these 
properties, an Information machine will conti-
nue to approach the mechanisms of living Infor­
mation. 

... Intelligence is a part of Information, 
an essentlal Information inechanlsm which is 
commanded by hlgher cerebral functions, hl-
gher forms of Information In the Information 
hIerarchy. ... 

.;. . Inteligenca je del informacije, njen bi­
stveni mehanizem: tako nareku jejo v i S je mo­
žganske funkcije, visja oblika Informacije v 
Informacijski hierarhiji. ... 

(Anton P. 
P12) 

2eleznikar: Razvoj nesposobnosti. 

Kaj je inteligenca drugega kot Informat1Cnost? 
Kakšna je posebnost Inteligence kot Informaci­
je? TI vprašanji sta nujni, ko je potreben 
odgovor, kaj je inteligenca v zlvem in kaj naj 
bi bil inteligenten stroj. 

inteligenca je poseben informacijski proces, ki 
nastaja kot posledica dane problemske nastajal-
nostl, v kateri se problem razrešuje. Inteli­
genca je problemskoreSevalni informacijski pro­
ces, katerega informacije se uporabljajo za 
problemsko reagiranje oziroma za obnaSanje bi­
tja v problemski nas tajalnost i. Inteligenca je 
problemskoreakt ivna informacija in njen smisel 
je, da k danim vhodnim ali začetnim informaci­
jam generira novo, od problemske in bltjevske 
informacije odvisno protiInformacljo, ki nasta­
ja z razvojem problemske zavesti in s problem­
skim razvojem v realnem Času. 

Informacija brez inteligence v bistvu ne bi 
bila vec tista značilnost, ki je lastna prav 
Informaciji. Ce je smisel Informacije njeno In-
formatizlran je, je smisel inteligence v Infor­
maciji neko problemskoreSevalno In clljnousraer-
jeno 1nformat1ziran je. Vendar, kaj pa je infor­
macija drugega, kot prav to, kar je inteligen­
čna značilnost? Ali ni zivljenska vloga inte­
ligence kot informacije v preživljanju, v ob­
stoju in razvoju bitja? Inteligenca se tedaj 
pojavlja kot informacijsko smiselna oblika same 
informacije, katere smisel je prejle opisano 
informati z i ran je v osnovnejSem, sploSnoinforma-
eijskera inforraatiz i ran ju. 

Inteligenca v živem je strategija preživetja. 
Strategija je razumljena vselej kot vodilna, 
usmerjevalna, nadzorna, občutljiva, ciljnous-
merjena, problemskoreSevalna informacija. Smi­
sel Inteligence je nastajanje določenega infor­
macijskega kompleksa, s katerim se aktivirajo 
podinformaclje In dovolj sploSna informacija 
bitja, z njimi pa se dosegajo trenutne, inteli­
genčno smiselne informacije; te sprožajo ustre­
zno bltjevsko prezivetveno obnaSanje. Prav tu 
pa se kaze, kako je inteligenca informacijska 
regularnost, vrZenost v informacijsko strukturo 
bitja na različnih informacijskih ravneh te 
strukture, od perifernega Živčnega sistema do 
bitjevskih korteksov. 

Inteligenca lahko tedaj nastaja le kot informa­
cija, ja značilno nastajajoč informacijski po­
jav. Inteligenca ne more nastajati in s tem ob­
stajati kot nastajanje, Ce nima Informacijsko 
nastajajoče podstatl. Ta razmislek je potreben 
zaradi tega, ker je nemogoče govoriti o pojavu 
inteligence, Ce niso Izpolnjeni osnovni pogoji 
informacijskega nastajanja. Hierarhija intell-

<Anton P. Zeleznlkar: Development of Incapa-
billty, P12) 

What is intelligence other than Informing? What 
is the pecullarlty of Intelligence as Informa­
tion? These questlons are indispensable when 
addresslng such questions as: what is intelli­
gence in llving beings and what should the 
Intelligent machine be. 
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Information without Intelligence would no lon-
ger be the characteris t le way which is proper 
to Information. If the essence of Information 
is In Its Informing, then the essence of intel­
ligence vvlthln Information is In problem sol­
vlng and goal dlrected Informing. But, what can 
Information be other than what is prlmarily 
charaeteristle for intelligence Itself? Is the 
role of Intelligence in llfe not like a being's 
survival, existentlal, and developmental Infor­
mation? Evldently, intelligence is an informa-
t lon-essentlal form of Information, whose esse­
nce was descrlbed as Informing withln a more 
baslc and general Informing of Information. 

Intelligence In llfe is a strat 
A strategy can always be unde 
ding, directing, supervlslng, 
dlrected, and problem solvlng 
essence of Intelligence Is ari 
ticular Information complexlty, 
lng's sub-lnformatIon and suffi 
Information are activated. Thls 
access to temporal and Intel 
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Thus, intelligence comlng Into existence only 
as an Information process Is a charaeteristi-
cally regular Information phenomenon. Intelli­
gence cannot arlse and exist as arising if it 
does not have an Information-Iike arising sub­
stance. Thls consideration is necessary, be-
cause it is not possible to speak about the 
phenomenon of Intelligence if some baslc con-
ditlons of Information arising are n<^ present. 
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genCnega nastajanja je tedaj tale: najprej na­
stajanje Informacije in Šele v oltvlru tega na­
stajanja nastajanje Inteligence. 

Oolcler t., i. inteligentni stroji niso Informa-
cijslii, je tudi nemogoče govoriti o njih Icot o 
inteligenčnih strojih. To so le stroji, Icaterih 
avtorji si želijo, da bi ti stroji imeli videz 
InteligenCnosti, da bi zbujali vtis In v dolo­
čenih primerih reagirali podobno, kot inteli­
gentna bitja. Umetna inteligenca, ki je trdno, 
algorltmiCno In interaktivno domISljano znanje, 
pri tem ne more bistveno inteligenčno napredo­
vati, saj formalizmi matematizaciJe <npr. dre-
vesologlje, kombinatorike), algoritmlzaciJe 
(nelnformacijskega programiranja oziroma struk-
turirne programlrne metodologije) In interak-
tivizaeije (povezave stroja in bitja) v lunetno-
intelIgenCnih procesih niso informacijsko na­
stajajoči, so le statične strojne zmogljivosti. 
Umetna inteligenca bo morala najprej razbiti 
svoje vrednostne tablice In napisati nove, do­
živeti svojo dekadenco in preživeti svojo Inte­
ligenčno krizo In sestaviti novo osnovo, da se 
bo lahko dejansko ukvarjala s problematiko, ki 
je Inteligenčna. To pa se bo v skladu z razvi­
jajočo informacijo lahko zgodilo v naslednjih 
sto al i t isoc letih. 

10 

So, some hlerarchy or embeddtng of Intelligence 
arising exlsts. Fundamental to thls hlerarchy 
is Information arising and within this arising 
is the arising of Intelllgence arising. 

As long as the so-called Intelllgent machtnes 
are not Information-1ike. It is not possible to 
speak about them as belng intelllgent. These 
are only machlnes, whose deslgners wish to give 
them an image of intelllgence, to avvaken im-
pressions and in some way to have them react 
simllarly to intelllgent belngs. Artificial 
intelllgence, which is a hard, algorithmic, and 
Interactive discipline, cannot make any essen-
tial progress Into real intelllgence. Forma-
llsms of mathematlcs (e. g. tree-methodology, 
combinatorics, fuzzy sets, e t c ) , algorlthms 
(non-lnforraation or structured programming rae-
thods), and Interaction (man-machine comniunica-
tion) which are used In artificial intelllgence 
processes have not the nature of arising, and 
thus are not Informatlon-1Ike. They are only 
performlng as statlc machlnes. First, artifi­
cial Intelllgence has to break Its hard tablets 
of value Into pieces and It must vvrite new 
ones. It has to llve through its decay and 
survive Its crisls of intelllgence. It must 
also assemble a new foundatlon, so It can deal 
more precisely with problema of intelllgence. 
A H this could happen according to arising 
Information in the next hundred or thousand 
years. 

Pri pisanju tega Članka v slovenščini sem na­
stajajoče besedilo prevajal tudi v angleščino, 
v kateri pa sem si dovoljeval le uporabo velja­
vnih angleških besed, ki se nanašajo na 
informacijo in njene izpeljanke (The Oxford 
Dictlonary). Seveda pa angleSkI prevod ne bi 
dosegel jezikovne zadostnosti In vsebinske 
pretanjenosti brez pomoci Johna D. Freyderja, 
filozofa po izobrazbi. Z njim sem pri lekturi 
svojega prevoda lahko tudi razpravljal o vse­
binsko problematičnih delih rokopisa. Za ta 
njegov bistveni prispevek se mu hvaleZno zahva­
ljujem. 

Andrej Bekeš je prevedel povzetek tega članka v 
Japonščino. Tudi nJemu izrekam svojo zahvalo. 

10 
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ABSTBACTt This paper tvill present two approaches in developping 
large scale parallel processing sy8tem. First approach we eall 
the INKEHENT approach. It ts prlniarely concerned wlth developping 
parallel systein uslng standard products avallable on the marlcet. 
The other approach we call the NOVEL approach. Wlth this 
approach, the design ot a large scale parallel processing syBtein 
is solely based on the custom build components. 

This paper is roostly concerned wlth the INHERENT approach. We 
glve (ull and detailed architectural and organteational concept 
in transforming and adapting standard avallable roicroprocessor 
system into the parallel processing environinent. We describe a 
detailed design of the ea8y to add REOOHFIOUBABLB INTBLLIOENT 
KEMCaiV MODULE. This module is the. key component in approach ing 
and achleving hlgh goals that we describe as the main prlnciples 
in designing a large scale, general purpouse, fault tolerant, 
parallel processor. We notice some deficiences ot the system 
designed using the INHERENT approach. These deficiences are the 
result of a hard adaptability of the market avallable products 
to the parallel processing environment. Therefore, we otfer the 
NOVEL system design approach that ellmlnates those defIciencies. 

Key wordst parallel procasslng, tlgtly and looily coupled 
miil t i processor*, eomputer arehi teetura, Intaroonnaotlon networkt, 
tault toleranca, eontent adressable memortati routlng, meiDory 
eontentlon, multlplailng, Intarlaaving, random aeeaai, quaualng, 
algoritbms 
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VVhen designing a large scale, general purpouse 
parallel processing syatem one can take two 
approaches: 

- MOVBL approach: developping custom built 
components and using them in the overall 
Bystein design (custom bullt processors, 
interconnection switches, memory modules, 
parallel language, operating systeni, 
software, e t c ) , 

- INHKRKNT approachi using standard products 
avatlable on the maricet (talclng "of the 
shelf" microcomputers, standard software and 
the minimuni of custom build loglc to 
Intelligently Incorporate large number of 
processors to the parallel processing 
envi ronnient). 

The NOVEL approach can be considered as 
an architectural, organizational and 
techological approach to the large syBtem 
design. The INHERENT approach, hovvever, only as 
the architectural and organizatIonal. 

Organizational approach Is the cost/performance 
approach. Organlzatlonal concepts are generally 
unknovvn to tha system programners and do not 
Influence the systein archi tecture. One can 
thlnk of cache as a typlcal organlzatlonal 
concept. A cache Is used either to reduce the 
cost of nieinory subsy8teni whlle maintalnlng 
performance, or it is used to improve the 
performance of niemory subsystem at constant 
cost. In a parallel processing envi ronnient, 
cost/performance components are usually fast 
Interconnectlon swltches, Intelllgent memory 
modules, etc. 

Architectural approach is the functional 
enhancement for a Computer system. System 
progranmers must be aware that a given computer 
has, for example, vlrtual raemory, process 
schedullng, etc. The cost/perforraance benefits 
are Indirect, through more effective 
utillzation of memory, processors, peripheral 
devices, etc. 

Technologlcal approach Is concerned with a 
design of the components. Technologlcal 
concepts are In general, either hldden or 
Irrelevant to the 8ystem architect or system 
prograimer. 

Only close collaboration of ali three classes 
of experts: archltects, tvorking on the 
organlzatlonal concepts, system programners, 
vvorklng on the archi tectural concepts, and 
design englneers, worklng on the technological 
concepts can lead to a successfull general 
purpouse, parallel system design. 

The main advantage of the INHERENT approach is, 
that tt ušes only the arhitectural and 
organlzatlonal concepts. A time of the overall 
sy8tem design is short, The system is low 
priced and very modular, too. The main 
advantage of the NOVEL approach is a fine 
balance of ali three concepts, resulting in the 
Improved system performance and increased 
systera generallty. 

Hov do the INHERENT and NOVEL approaches 
relate to parallel processing enlronment? 

Let us conslder, for exaniple, MIMD (multiple 
Instructlon, multiple data) type processing, 
using a general purpouse roultiprocessor. The 
NOVEL approach conceptualIy leads to a tightly 
coupled, shared memory, easy to use, hlghly 
parallel system that can be realized In 5 to 10 
years. On the other hand, the INHERENT approach 
leads to more relaxed, serol-t)ghtly coupled, 
shared memory system, whlch Is more rigid to 
use, but can be realized In short tirne. 

Both approaches, when complementing each other, 
are desirable and advlsable In developping well 
organized and well managed parallel processing 
system. The INHERENT approach is usefull in the 
first stage of the project development, so the 
system prograniners can test softvvare, target 
parallel language and algorithms. The NOVEL 
approach can be pursud in 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, that both approaches 
can be separate projects, too. 
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This paper Is the flrst of three papers 
presenting a design of a general purpouse, 
highly parallel processlng systeni. - We descrlbe 
both approaches, however, we emphasls more the 
INH E R E N T ' approach. Ali ideaš that we present 
for the INHERENT approach could be also applied 
to the NOVEL approach. 

take trully. objective problem solving approach. 
This means that ali preconclved notlons of what 
can and cannot be done must be ellminated. 

Flrst group of "expert8" Is mlsled by the 
trulsm that the solution to general purpouse 
parallel processlng is not approachable because 
of the followlng "facts": 

We can dlvlde parallel processlng visualization 
into three niutualy excluslve levels (vlews). 

1) UKCBO level or the way appllcatlon 
progranmer vlsualizes the systero. This Is 
the hlghest and the most abstract parallel 
processor visualIzatIon. Programner Is not 
avvare of the number of processors, thelr 
interconnection, realization of procesa 
coramunlcation, scheduling, memory managment, 
etc. His šole concern is to get from the 
machine as much parallellsm as posslble by 
deslgnlng the parallel algorithm, 
adequately. 

Z) MICBO level or the way system programmer 
vlsualizes the sy8tem. This level enables 
the appllcatlon programner to vlsuallze the 
machine as inflnltely large and general 
enough to implement easy to wrlte parallel 
algorithms. Systeni programner is not avvare 
of the processors connectlon realization, 
roemory confllct elimination or any such low 
level operatlon. Problems on this level are: 
process scheduling, coramunlcatIon, memory 
management, compller and ltnl<er vvritlng, 
etc. 

3) HANO level or the way system archltect 
vlsualizes the system. This level represents 
the actual machine configuaration. Problema 
on that level are: processor connections, 
routing, elimination of meraory conflicts, 
fault tolerance, meraory protectlon, etc. 

This paper describes only the NANO meta level 
of the general purpouse hlghly parallel sy8tem 
design. Two other levels wlll be described tn 
two papers that follow. In the flrst one to 

show some of the MICRO level 
process scheduling, process 

compller and llnker 
the second one, we wlll show 

the MACRO level problems: parallel 
constructs, technique and 

come, we wlll 
problems: fast 
synchronizat ion, 
techniques. In 
some of 
language 
conceptuali srn 
aIgor 1thms. 

RATIONALE 

of tvrlting fast and efficient 

2.1 philoaophical motivatlon 

Most of the people in the computer sclence 
comnunlty fallaciously clas8lfy parallel 
processlng into two extreme categories. Ones 
consider parallel processlng sclence fiction. 
On the other side, there are people who thinl( 
of parallel processlng is such a rudimentary 
form as two processors connected together. 
Consequently, they vlsuallze parallel 
processlng as "nothlng special" or "everyone 
does it" task. 

- Both groups are WR(X«3! ! 

The solution to parallel processlng lies in the 
approach. The solution is not dlfflcult tf we 

- parallel processlng is inherently, special 
purpouse, 

- Inoreasing coroputing power by adding 
processors result in slgnlficant overhead of 
comnunlcation and synchronlzation, 

- there is a technologlcal liroitatlon called 
fan-ln that prevents large number of 
processor interconnections, 

- performance of the machine is dependent of 
the cleverly arranged Interconnectjon of 
processlng elementa, 

- dynamic fault tolerance is Imposslble. 

The whole phllosophical idea lles In belief 
that those problems are approachable and most 
of them achievable. It is only to understand 
some phllosophical Ideas whlch are fundamental 
in understanding of the solution: 

- to get maxlmuni use of ali the hardware, work 
must be equally distributed, 

- there must be an abundant supply of usefull 
wo r k, 

- users should not be avvare of processors or' 
' thelr interconnection, 

- there should be no distInguished processlng 
elements, 

- faults should be detected dynamically, 

- increaslng computlng povver should not 
slgniflcantly increase overhead, 

- interconnection should allow very large 
numbers of processors. 

These prlnclples are the essence of defining 
trully gereral purpouse, highly parallel 
machine. This paper wtll show that most of 
these prlnclples are achievable, and that the 
proposed practical solution eliminates the 
trulsra of the flrst group of "experts" that 
parallel processlng Is sclence fiction. 

What about the second group of "experts"?. 

The definltlon of a trully parallel, general 
purpouse system, absolutely excludes thelr 
"nothlng special" or ''everyone does It" claim. 
Moreover, we are not aware of a coranerclally 
avallable system that meets ali of the stated 
prlnclples. If that Is so, is parallel 
processlng really so slmple as they try to 
claim?. 

The problem is in the definltlon. Even a 
system vfith large number of processors, (there 
are hundreds of such systems on the market) 
does not mean that a system is a parallel 
processlng system, unless that system meets the 
prlnclples and requirainents that we define. 

It Is, therefore, important to keep these 
prlnclples In mind when reading the paper. 
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DEGREE OF PARAU-ELISh 

GENERAL PURPOSE SPECIAL PURPOSE 

-+- -f- -f-

»ERIAL CACHt OVtRiAP D i< i r "*"-^ 

•+- •+• -+-
' VCCTOR SISTOLIC ARRAVS SPEar iC x,/̂ T& F L O W 

riCSHCS C0NMecTON& 
AUOCIATIVK 

figure 2.2.1 

1.1 Wh]r multiproeetsor t SERIAIi executlon 

In the previos section we deflned some 
objectlves experts clalm why the solution to a 
trully parallel processing is not achlevable. 
The result is thelr fallure to percelve the 
capabllity of the solution. Thus, niany o( the 
Solutions have been proposed for one or few of 
the problems. The result has been a niyriad of 
designs for the exploatatlon of parallel 
processing in special purpouse envlronnient. 
These range from vector processors, meshes, 
arrays, binary trees, permutatlon exchange 
netivorks, systolic processors, to data flow 
machines. 

General purpouse machines, on the other hand, 
improve thelr performance using fast caches, 
pipellnes, silicon compilers, large number of 
registers, faster components. Unfortunately, 
they push technology to Its 1iroltatatIon. A 
huge degree of parallelism available in most of 
the algorithms siroply eludes them. Figure 2.2.1 
shows a slmple architecture complexity diagram 
3f most of todays machines, based on a degree 
>f parallelism. 

m-CYcU 

I 1 1 1 (. n 
H 1 

Each line represents a meta cycle. M-cycte is 
an abstract represention of a full Instructlon 
cycle: fetch, decode, fetch operands and 
execute operatlons. We assume that m-cycles are 
Identical for ali intructions. A serial 
executlon of n inst ruct tons , taltes n m-cycles 
of program executlon. 

8E&IAL •laeutlon * CACHE 

General purpouse machines do not exploit hlgh 
degree of parallelism and are bounded by the 
current technology. Caches and pipellnes are 
only the organizational concepts in improvlng 
a performance of the serial machines. RISC 
architectures are only the technologlcal 
enhancements and offer no organizational or 
arhitectural solutions to parallel processing. 

On the other slde, there is an exploltation of 
parallelism either In very rigid form (meshes, 
vector processors, permutation nelwork8, 
sistollc arrays, etc), or in the hlghest and 
richest possible form (data flovv). 

It has been proven both theoret1cally, and 
pratically that a parallelism based only on the 
uniform flovv of data Is useless for general 
purpouse environraent. Data flow machines, 
however, uvl th thelr richest degree of 
parallelism, requlre enormous computational 
self-synchronlzing overhead, and are therefore, 
not feasible for general purpouse envlronroent. 

It can be very helpfuU if we could lllustrate 
a degree of parallel computation for each class 
of Computer architecture in figure 2.2.1 using 
a pictorial representatIon of the program 
executlon graphs. 

-.i^-^ -r^ 1̂ -̂  I " . 

Some m-cycles shortened. The reason for It is, 
that some instructlons and operands reside in 
cache, whlch has a shorter access tirne. Not a H 
m-cycles shorten, bacause of cache miss 
effects. 

SERIAL ezeoution * PIPELINE 

A 1 3 4 5 6 7 8,9 4o ni n 
^—^—II I 1—I—I—I—I 1- H—I—1—t-i 

A processor has a mul t ifunctional capability: 
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while it is fetohlng instructlon 1, it Is 
simultaneously decoding Instruction 1-1, 
fetching operands for instruction 1-2 and 
exec-utlng instruction i-3. Degradations are due 
to junips and Interrupts in the program. 

MESHES, ABBAYS, ASSOCIATtVB FSOCBSSCaS 

-+..-f-

i-M 
-+•••+-

SI8C ezeeutlon 

nn-cycle 
I 1 

M I I t I I I I I I I I I > I I I 

The overall computatlon shorten because ot 
the following: 

1) m-cycles are shorter due to hlgher 
technology (m'-cycle), 

i) pipelining Is optlmized using large nuinber 
of fast registers and sllicon compllers. 

-+•••• t-

Data is dlstrtbuted among the processors in 
such way that each processor gcts specific data 
and works on it slmultaneously with the olher 
processors. Instructlons come from the master 
processor and each processor executes the same 
Instruction, but using dlfferent data set. 

DATA FLOW maehlnss 

VECTCS PBOCESSINO ezecution 

m - c y c L E 
I I 

n - c y C L E 

M5( 
l l l l l l l l l i l l l l l 

The overall computatlon is a combinatlon of m-
cycles and n-cycles. When a machlne Is In a 
serlal mode of operatlon it executes wlth the 
speed of m-cycle. Hovvever, when the machlne Is 
In a vector mode, computatlon is faster (n-
cycles). 

Thls Is the rlchešt posslble parallellsm. Each 
processor represents a program Instruction. A H 
processors can work in parallel, provided that 
ali operands are avallable to each processor. 

MULTIPBOCESSOItS 

SI8TOLIC executlon 

s - cyc\e 

I 1 

1 2. a 4 5 
I 1 1 1 1 1 1 r 

1̂  
H 1 

It we deflne s-cycle, as a cycle of each 
slstolic celi, and if ali cells have Identlcal 
operations, the speed of the overall 
computatlon is determined by the speed of the 
slowest celi, provided that enough problem 
unlformlty Is supplled. 
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Thls Is a comblnatlon of serlal and data flow 
executlon. Parallellsm Is on a level o( tasks. 
The overall speed Is determlned by the 
successfull program decomposlt ton Into large 
number of independent tasks. 

Where do we put our general purpouse, 
parallel machlne? 

hlghly 

Data flow machines with the Inherent 
parallellsm have the potential to become the 
most prosperous arhltecture of parallel 
processlng. Hovvever, wlth the enormous self-
synehonlzlng overhead of keeplng the track of 
ali dependencies, they represent no Imraedlate 
solutlon to the general purpouse envlronment. 

Vector processors are doomed to dle both as 
speclal or general purpouse machines. 

Other special purpouse machines, such as 
meshes, array processors, blnary trees, 
associative, sistolic, and others, will 
contlnue to produce optlmal results only in the 
speclflc appllcatlon areas. 

On the other side, general purpouse machines do 
not explolt high degree of paral lel Istn. RISC 
archltecture is the typical examples of It. The 
speed of a RISC machine comes from the 
techologlcal innovations incorporated in the 
component design, not from the expIoatatlon of 
parallellsm. As such, they represent excelent 
technologlcal, but not archltectural buildlng 
blocks of the future parallel systeniB. 

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 
lett Is: multlprocessor«. 

Most people express strong antagonlsm for such 
machines. They thlnk that Cmmp, Cm», HEP and 
other multlprocessor projects are good examples 
of how not to build large parallel systems. 
Thls statement is false, when we conslder ali 
phllosophical concepts that these projects 
motivated. Some genulne ideas, although were 
not implemented, should be a foundatlon for any 
good, general purpouse parallel systems. These 
Ideas are: shared memory, capability based 
addresslng, posslbillty that each processor can 
access any n>emory location, vlrtual processes, 
processor mul tiplexlng, etc. Unfortunately, a 
poor reallzation and the preconcleved notlon 
that sotnething cannot be done, resulted that 
these systems were abandoned. We offer some 
practlcal solutlons to the problema that Oimp, 
HEP and other mul tIprocessIng projects did not 
and could not implement and as such have become 
obsoli te. 

using today8 standard available 
hardware/software products and the minimum of 
the custom bulld loglc. The goals for the 
INHERENT approach systems are 8llghtly 
dlfterent frora the goals when a parallel 
system is developped from the "scratch". 
However, these goals must be general enough and 
should stili foUow the prlnclples stated in 
sect ion 2.1. 

3.1 Ooals 

goal 11 

ttghtly eoupled, thared iMmory multIproesttor 

This goal represents the most abstract 
visualization of the parallel processlng 
machine; it Is the way programmers want and 
should visuallze the machine. 

figure 3.1.1 

There are "inflnitely large number of 
processors, wlth lnfinltely large memory". 
System progranners and 8ystero architects should 
make posslble that the system supports this 
view in a fast and efficlent way. 

Tightly eoupled, shared meroory concept has 
many advantages; most of them concern 
appllcatlon programmers. Programning 1» easy 
and natural. It is not hard to design an 
algorlthm when there are no 
regarding the number of 
interconnectlon, allocation, 
decomposlt ion, etc. Furthermore, 
shotvn, that the tightly eoupled mul t Iprocessors 
are more effectlve for large scale parallel 
problems i 

- ... taking ali In ali, we come to the 
optlmistlc conclusion that effectlve use 
of extremely large parallel computlng is 
posslble ... (whenl N Identical processors 
share a comnion memory ... |Schw80], 

- ... vector and array processors were 
designed of solving fluld type problems 
efficiently ... In general, these machines 
do not lend themselves to particle 
t račk ing ... [RodSO] 

eonstaints 
processors, 

program 
It has been 

}. IHHEEENT DESIGN APFTtOAOi 

The INHERENT design approach leads to a 
parallel processlng system that is feasable 

Let us illustrate the way an appllcation 
programraer could conceptualize a problem on a 
multiprocesslng machine. This conceptualization 
Is a direct Impllcation of goal 1. An example 
is taken from the companlon paper[Bra86], where 
we give technique8 and conceptions on how to 
program l&rge scale tightly eoupled 
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mul tiprocessors efrtclently. 

In the follovvlng sorting algoritlun It is 
assumed that a progranmer is clever enough to 
thinic o( an algorlthm that will take advantage 
of the machine by vlsualizing it as an infinite 
resource of processors and memory space. 

Let us assume that we want to sort n numbersi x 
= S 4 8 1 10 3 7 2. We w i U use nxn matrix in 
the (ollowing way: 

1) 'l.j 
if Xi > xj i2i ali 1.J 

otherwi se 

step 2! collect_result 

Element summation can be done p(log2n) tirne. 
Here, we also suggest fibonacci collectlon 
technlque. 

Any programner wlth the tralnned concept o( 
parallel processlng, and an Idea of n "things" 
occurlng simultaneouslv, can design easy to 
write algorlthms, uslng parallel primitives 
added to the standard progranming language. 
These primitives are: proeass, send, raeelve, 
ereate proces*, sharad, signal, abort. 

1) ai,j = 1 • ai,j + a2,J • ... an,] 

3) yi = xj such that a^,] = 
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The best serial algorithm for sorting involves 
0(nlog2n) operations. It is easy to see that 
for this algorithm, N^ operations are 
independent and can be perfornned in parallel. 

The tirne necessary for step 1 and 3 is 0(1). 
The sunmation of the comparlson results in step 
2 can be performed in OClogjn). Thus, for the 
application progranmer, this algorithm is of 
Odog^n) tlrae complexity. The whole algorithm 
is glven in figure 3.1.2. 

This program is written in C*, standard imiX C 
plus some parallel primitives that we consider 
sufficient for effective parallel programming. 
New parallel progranming primitives are 
distingulshed in bold. 

There are two 
ment ionlng: 

steps in the program worth 

step 0; fibonacci_create_process 

This is a dynamic creatlon of N^ processes in 
0( log4n*log2n-l) tlrae. This is one of the 
technlques in decreasing the overall t ime of 
the algorithm. User could easily write a double 
loop to generate N^ processes. The difference 
In t ime i s obv ious. 

«define N U 
shared Int x[Nl,y[Nl; 
signal int a[N][N]; 

proeess parallel_sort () 

main() 
I 
/* read n Integers Into vector x •/ 

eraate proeeaa sortd.l); 

/* wrlte n sorted integers from y •/ 

irocess sort() 
) 
ma In(I,] ) 
int i, j; 
1 

Int result; 
step Ol fibonaccl_create processe8(I, ]); 
step li If (x[il < xl]))~result = O 

else result - 1; 
step SI collect_result(re8ult,i,j)i 

1 

fibonaccl_create proces8e8(1,j) 
int I,J; 
1 
If (]=1) then 

f 
if (2*1 < n) 

ereat^ procass sort(2»l,l); 
If (2*1+1 < n) 

ereata proeess sort(2*1*1,1); 

If (2*] < n) 
ereat^ proeess sort(l,2*J); 

If (2*]+l < n) 
ereat^ proeess sort(1,2*]+l); 

\ 
collect_result(res,l,]) 
int res.I, J i 
t 
Int part_su]n 1 ,part_8um_2 ,part_sum; 
If (2*1 <= nT 

reeelve (part sum 1) from(a[2*1.11); 
if (2*1+1 <= n) 

reeelve (part_sum_2) f roin(al 2*1 + 1,] 1) 
part sum = part_sum_l + part_suiii_2 + res 
It (~l=l ) 

step SI y[part_Bum+l] ° x[]l 
else send (part_8um) ^o (a[i,]l)i 

I 
\ 

figure 3.1.2 
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goal 3t 

N procaiaori ar« eonnacted to N iB«iDory modulet 
vla sbarad mamorjr eontrollar 

This goal Is an abstract vlew of a systein 
'Prograimer visual izat Ion o( a parallel machine.' 
t>ur goal is to desing a memory controller in 
such way.that wlll enable N^ processor-memory 
connectlons. N*̂  connectlons are posslble using 
general ized connectlon networlcs (OCN). A OCN Is 
a switchlng network wlth N inputs and N outputs 
capable o( Implementlng any mapplng of inputs 
onto outputs. Our goal is to design a shared 
meniory contoUer as an Intelltgent OCN. A 
systero programner must be aware of the 
functlons of the shared iiieniory contoller; 
however, '| the implementat Ion of these functions 
should be in general hldden to him. 

This goal is a typical exaniple of the INHERENT 
approach sy8tem design. The objectives to this 
goal are: 

- processor meroory cnnnection on most of the 
standard inicroprocessors is flxed, 

- OCNs are very expensive, 

- OCNs are not modular (it is hard to sdd new 
processors and meraory banics). 

Our goal Is to transform a shared memory 
controller Into N sroaller and modular 
intelligent memory modules, such that the 
propertles of the intelligent OCNs remain. 
Furthermore, the intelligent memory modules 
should be added easily to any standard 
avallable computer. 

S H A R E D M E M O R y 

CONTROULER 

M. ^^ 

figure 3.1.3 

This view Is the way system archttect 
visualizes the system. It is his tasic to design 
an intelligent n)emory module that will enable 
system prograimer to vlsualize a machlne as in 
figure 3.1.3. 

fcoa.1 4t 

a •yst«iD in f i g u r e 3 . 1 . 4 thould bava shared 
iBeiiiory eoneapt 

Figure 3 . 1 . 4 8hows each processor having I t s 
l o c a l meroory. However, I t i s our goal that- a 
p a r a l l e l p r o c e s s i n g roaohine behaves as a 
t i g h t l y coupled, shared inemory system as in 
f igure 3 . 1 . 1 . 

Itoal 3i 

ezpanalva and eentraliBed shared iteiaory 
controller in figure 9.1.1 must be transforned 
into N simpler and daeentraltsad modulea 

\MM - IMTELLIOENT KIEMORy MOOOLE 

P - •PROCESSOR 

M • MEnoay 

figure 3.1.4 

goal 5t 

systea should support paeket switehing neiBory 
aeeeaalng 

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

pacicet 

iB^b 

CONTROL ADDRESS 

47 48 ^ \i7 

Control bits contaln Information regarding 
pacicet routing, access modes, fault tolerance. 
Address and data bita are the same as for the 
conventloftal meroory accesses. 

goal 6i 

intelligent 
pacicets 

ineiDory modules should routa the 

It is Important to free processors from 
uneccessary sy8tera worlc. Pacicet routing is one 
of the system operatlons that can be done by 
the intelligent meroory controller. The 
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slmpler and advantage is: routing Is taster, 
hidden troin the progranmer. 

goal T: 

routing Is determlnlstle 

This goal is not quite clear at this polnt. 
Readers wl11 see how the deterministle routing 
can be used in roemory contention eltmlnatlon. 

Deterministi C routing means that a memory 
requcst pacicet trom processor 1 to roemory ] 
travels the same path as the memory response 
pacl<et from memory J to processor i. 

several processes, •severe degradatIon 
results. ... It Is necessary to avold 
decomposit Ion whlch requlres a single 
shared varlable to be accessed 
repeatedly... memorv aeeesi patterns must 
be Included in a usefull model oX parallel 
computation...[Ost831 ^ 

These statements are hard acqutsltions oC goal 
1, which, States that a progranmer is free trom 
programnlng and organizing data In a sprecific 
and determlnistle form. 

Therefore, It Is our task to prove that: 

- C.rnnp designers were wrong, 

- if a nuraber of processors acceas the same 
memory locatlon, sevare degradatlon does 
not result, 

- the memory access pattern should be hidden 
trom the programner. 

goal 8i 

Intelligent memory modules thould deteet 
tallures and allow bypast 

In a real lite parallel processlng, it is to 
expect that an Intelligent memory module falls. 
Other intelligent memory modules should 
dynamically deteet a tailure and talce actlon In 
bypasslng the tal led intelligent roemory module. 

Ali other goals such as shared global memory, 
determlnistic routing, etc. should not be 
eftected by this system dynamic adaptivity to 
the intelligent memory module tailure. 

goal ti 

Intelligent memory module should ellminate 
problema concerning: 

- memory contention 
- alonr process sehedullng 
- Blow procesa svnchronlEation 

We show in this paper, not only that the memory 
contllcts can be ellminated, but thai they can 
be quite usefull, too. 

b) scheduling cost 

In a general purpouse machine trotu 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 
executed by whicb processor. This involves 
computatlonal overhead because the internal 
State of a process (local varlables, PC, 
registers) need to be saved, another process 
then seiected for executlon and the Internal 
State of that process loaded Into the 
processor. 

We will show some practtcal solutlons to this 
problem that Involves both an intelligent 
approach: using ideas from parallel queue 
access by Cache and Add (practlcal realization 
of Fetch and Add[Oot83j,[Sto8S1), and brute 
torce: uslng intelligent 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 is responsible 
for preparing the internal state for possible 
process rescheduling. 

This is one of the most important and hardest 
goals, and theretore requires some additlonal 
explanatlons. 

a) memory contention 

There are two types ot raemory contention: 

- two or more processors access the same 
memory location, simultBneously, 

- two or more processor access dltferent 
memory locations, in the same memory bank, 
s imultaneously. 

Memory contention has been the largest problem 
for the general purpouse mul tiprocessors. Let's 
see what the designers ot the C.rimp 
mul tiprocessor wrote about memory contention 
problem: 

... it a number ot Cms repeatedly access 
the same memory, as might happen it the 
memory contains a variable Bha'red between 

These ideas will not be presented In this 
paper; they belong to the MICRO level ot the, 
parallel processor complezity design, and wlll 
theretore, appear in some of the future papers. 

C) synchronlzation cost 

This cost is very slmilar to the scheduling 
cost, except that the appllcatlon progranmer is 
aware of it, If not responsible for It by 
Issulng synchronizatIon primltlves such as send 
and recelve. 

Synchronization cost results when: 

- a process issues reeelve call and the desired 
Information Is not present. Reseheduling 
takes plače. 

- process issues «end call and the "mailbox" is 
full. Reseheduling takes plače. 
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A programner is very responsible for the 
synchronization cost. He must design an 
algorithia in such a way to requlre as little 
synchronizat ton prirnitives as possible. 

A systeiD »rctiitect or system programner can do 
very little to ellminate the synchronization 

If ttie algorithni is designed in such a 
that It does not exploit parallelIsm, or 

cost 
way 
has 
even 

"trown in" unnecessary sends and reeelves. 
the "Paracomputer"[SchSO] would not take 

the advantage of its inflnltely large conilict 
(ree machlne. 

An assumption that a programner "del iberately" 
serializes the algorittun is contrary to the 
seconf principle in section 2.1 whlch says that 
there must be an abundant supply of usetull 
work. Therefore, as the 8ystein designers we 
must rollow the principles, not the bad 
example8 of real computation, and therefore. 
treat Bynchronization cost nothlng more than as 
the scheduling cost. 

Shared memory contoller: 

1) Stores and forwards the first access, 
2) Stores 

access. 
but does not forward the second 

Only one access reaches the memory bank. 

On the way back, shared meroory controller 
intercepts the requested result, finds out 
that both processors reque8ted the result and 
therefore, sends the result to both of them. 

The procedure is the same for the slmultaneous 
vvrites to the same meraory locatlon. N-1 
requests are stored, only the first request is 
forwarded to the memory. 
Other possible combinatlons. such as 
simultaneous wrltes and reads are also covered 
in sectlons S.2 and S.S, where vre give a 
detailed design of what we call the Conflict 
Filter, a key feature of the Intelligent roemory 
module. 

goal lOt 

Intalllgant meioory module should 
ali good ideas froni other projeets 

Ineorporat« 

We consider parallel processor systero design 
both a research task (trying to develop 
somethlng new), and an indu8try oriented 
product. As an industry oriented product, 
parallel processor should, therefore, "steal" 
ali good ideas from other slmilar projects. Two 
of such ideas are: 

"Conflict Free 
pro]ect[Sul83J 

Memory" from CHoPP 

"Fetch and Add" from IBM RP3 project[Oot83] 

b) Fetch and Add 

Fetch and Add is a synchronizatlonal mechanlsm 
used in NYU Ultra and IBM RP3 projects, and can 
be described as the most promlsslng 
synchronlzational mechanlsm which permlts 
highly parallel execution of operating system 
primi tives. 

The format of Fetch and Add is F&A(V,e), where 
V Is a varlable, and e is an expresslon. If V 
Is a shared varlable and many F6cA's 
sImultaneoualy address V, the effect of thls 
operatlon is exactly the same as It would be If 
the access occured in some serlal 
semantics of F&A Is: 

order. The 

Assume that processor P{ executes ANSj = 
F&A(V,ej), and that simultaneously processor Pj 
exec. es ANS^ FiACV.ej). 

Then 

a) Conflict Free Memory 

Conflict Free Memory is a philosophical, not 
the implementational feature of the parallel 
Processing system design. The realization of 
the Conflict Free Memory could differ from 
project to project. In sectlons 5.2 and 5.5 we 
give a detailed Conflict Free Memory 
realization for the proposed parallel 
processor. 

Conflict 
features. 

Free Memory has the following 

Ali processors may read the same locatlon 
slmultaneously. 

Ali processors may write to the same locatlon 
simultaneously, however, only one processor 
updates the memory. It is programner's 
responslbl1 ity to Impose serlal Ization for 
operations that requlre simultaneous write 
accesses. Hardware should be free from such 
tasks. 

Let us first consider tvvo simultaneous reads to 
the same roemory locatlon. 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 locatlon. 

ANSi = V and ANSj = V+e| 

or 

ANS] = V+ej and ANSj = V, 

and , in elther čase the value of V is V-^ej^ej. 

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

Shared memory controller Intercepts both FiScA's 
and finds out^that they require the same shared 
varlable V. 

Shared memory controller: 

1) Stores both accesses, 
2) formards'F&ACV.ei+ej). 

Let us assume that the value of varlable V was 
R. On the way back, shared memory controller 
returns R to the processor that requested 
F&A(V,ei), and R+ei to another processor. Kew 
value of V is R+e[+ej. 

An example of an airline ticket reservatlon can 
lllustrate the usefullness of the Fetch and Add 
operatlon. Let us assume that 5 processors 
slmultaneously request F&A(tickets,1). Inltial 
value of varlable tickets Is 43. Shared memory 
controller intercepts the requests, and 
forward8 F&A(tIckets,5) to the memory bank. 
Varlable tickets Is incremented to 48. On the 
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way back, each processor gets a dlfferant, but 
correct update of the variable tlckets. 

In sections 5.2, S.5, and 8.4 we give details 
of Cache and Add operation, a real world 
Implementat Ion of Fetch and Add, uslng 
intelllgent nieinory modules. 

goal lil 

the ULTIMATE goalt prof i t 

Petini toni 

Excluslve OR (EOdt) has an unigue relation: 

8 E ^ d - r and r BOB d - s 

or 

8 EC« d E ^ d E ^ = s. 

Exclustve OR is a functlon that unlquely and 
determlnlst1cally relates r,s and d. 

This notlon we ineorporate Into our routlng 
procedure. A shared nieniory controller ušes EOR 
when forvvarding a packet from P| to Mj. 

The Intelllgent iiiemory module can be used as 
the Iraporlant buildlng block of a large 
parallel processor. Therefore, we can use It as 
a part of a mul tIprocessor that we develop 
ourselves, and that can be used In various 
areas of applications: numerical calculatlons, 
data processlng, artlflclal Intelligence, 
Vision and image processlng, computer graphics 
and CAD, etc. 

There is another very iroportant profitable 
aspect of the Intelllgent memory module. It can 
be used stand-alone by other projects involved 
in developping parallel processors. An 
intelllgent memory module is general and 
modular enough, and can be used as an add-on 
unit for any parallel processlng sy8tein uslng 
the INHERENT design approaeh. 

Therefore, the intelllgent 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 
mul tiprocessIng system that can be sold to 
various appllcatlon oriented users. 

Let's assume: 

s = source address (processor number) 
d = destinatlon address (niemory bank number) 

DefInltlom 

Routlng Tag r, is a functlon result of s ECa 
d, vvhich tells to the shared memory controller 
how to route packets from processor s to memory 
bank d. 

Let So...Sn-i, do...dn-l and ro-.-rn-l be the 
blnary representations of r,s and d. 

If there exists a path between s and d, then by 
the deflnition of EOR: 

Sn-i...so E ^ dn-i...do = rn-i.-.ro, 

and r gives a unlque path traversal betvveen s 
and d. 

4. INTEROONNECTIGN 

In this 
1,2,3,4,5,6 

sectIon 
ind 7. 

Implement goals 

We start with an abstarct systera in figure 
3.1.3 that has N processors connected with N 
memorles uslng a shared raemory controller. This 
shared raemory controller is an intelllgent 
generalIzed network connector (GCN). 

4.1 determini^tle routlng 

It Is clear by now that concepts such as Fetch 
and Add and Conflict Free Meniory requlre that 
packets travel the same path to and from 
memorles. 

Therefore, we must develop a mapping that 
supports N N connections, and has the routlng 
determlnls t i C property. 

In a fleld of cryptography, excluslve or (EOR) 
functlon Is used for slmple coding and 
decoding. 

f igure 4.1.1 

Slnce r uniquely relates s and d, then a path 
from Pg to Md, and a path from M<i to Pg are the 
same, where: 

forvsrard path Is: rorir2. . .rn-l. 

backward path Isi rn_irn-2'••'l^O• 

Each ri can have two .states: O and 1. 
Therefore, a contact point (represented by I's 
In figure 4.1.1) Inslde a shared memory 
controller must have two Incoming and two 
outgoing llnks, 

If a packet comes to a contact point J, It vvlll 
be forvvarded to one of the outgoing llnks. 
Shared memory controller decldes which I Ink to 
choose and the decislon Is based on value of 
rj. 



30 

Theorem 1i 
An unique path between each processor and each 
roeinory Is posslble through log24'l stages o( 
contact polnts, such that each contact point 
(switch) at level J wlth a blnary 
representatlon (bn-l'>n-2---'']*"''0>J) 
connected to swltches (bn-ibn-2'••' 
and (bn_ibn.2..-bj...bfl.J*l) at level J+1, 
where c stands for bit complement. 

tuple 
Is 

proot; 
A proof is based on induction of coupllng 
logether two processor aets, each one havlng 2^ 
processors Into one set ot 2'*' processors. 

If Pi wants Mo, routing tag is: 
reverse routing is the same. 

1 EOR 0 = 1 ; 

111) simple čase for n=2'' < Ulustrat Ion only) 

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

- switch 00 i« connected to sivltches 10 and 00 
- svvltch 01 Is connected to Bwltches 11 and 01 
- svvltch 10 is connected to swl tches 00 and 10 
- switch 11 is connected to sivltches 01 and 11 

1 ) s iraple čase for n = 2'' the following connections result: 

M. 

r igure 4.1.2 

Routing Is de termini s t le and unique, since 
there exlsts a slngje processor memory 
connect1 on. 

li) simple čase for n=i^ figure 4.1.6 

Let's assume that there are two independent 
processors frora figure 4.1.2 that we want to 
connect. If we reenumerate thera, add a new 
level and apply Theorem 1, so that each swltch 
at level O is connected to a swltch at level 1: 

- switch O is connected to switches O and 1 
- switch 1 Is connected to switches 1 and O 

the following connections result; 

Routing is unlque and determlnls tic. 

t: i 
€V<.I ^ 

t\ ^ 

n. f i , 

tIgure 4.1.4 

Routing is unlque and determlnlstic. 

If Po wants Ml, routing tag is: O E ^ 1 = 1 i 
reverse routing is the same. 

If processor 
M u , a shared 
routing tag: 
represents a 
1; leftmost 
level 1 to 
rIghtmost 

Poi want8 to access memory bank 
memory controller generates a 
01 EOR 11 =• 10. The rlghtmost bit 

a transltlon from level O to level 
bit represents a transition from 

level 2. We showed in li) that the 
bit transltlon is unlque and 

determinlstic; here, we show that the leftmost 
bit transition is unlque and determinI s 11c, 
too. 

Iv) Induction čase for n=2l+l 

Let's assume that there are two Independent 
sets of 2' processors, for whlch Theorem 1 
ivorlcs. Or in other words, routing Is unlque and 
determlnl st le for two sets of n = 2'i processors. 

ik.tt kbitb 
iv---\ o-*o •••«* 

kv«! .,9? - 9n9? • ? 
D D ••• • [ _ ] [ _ ] ••• U 
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SHARED 

MEMORy 

CONTROLLER 

MEMORIES 

figure 4.1.9 

We see that the swltches of the flrst group 
have O as the leftmost bit, and that the 
switches of the second group have 1 as the 
leftmost bit. 

In figure 4.1.U we 8how the graphical 
representat Ion of the shared roeroory controUer 
tor n=2^ processors. 

Let's apply Theoreni 1: each swltch at level 1 
Is connected to a svvltch at level 1-̂1 as 
followlng: 

- swltch OX|_^...xo is connected to swltches 

lyi_l...yo and Oxi-i...xo> 

- swltch 1X|_I...XQ is connected to 8Witches 
Oyi_i...yo and lxi-i...xo 

where xi = yj for a U i . 

Le t ' s cons lder a s lmple ezample: P^g wants to 
send a pacicet to ineniory banic Mg. A shared 
meniory c o n t r o l l e r generatea a rout ing tag: 

1010 0110 1100 

Reading the routing tag fron right to left: 

Slo,o sends a pacicet to Sxo,l (flrst bit 0), 
^10,1 sends a packet to Sio,2 (second bit 0), 
^10,2 sends a packet to 814,3 (thlrd bit 1), 
^14,3 sends a packet to 85,4 (forth bit 1). 

4.3 tnteroonneetlon tran*format ion 

In figure 4.1.9 we see that a proposed shared 
inemory controller conslsts of 80 svvitches 
(nlogon+n), and 128 (2nlog2n) I Ines 
Crossing each other in a coropllcated manner. 
Obviously, such a structure Is unacceptable and 
too expenBive for practlcal VLSI 
Implementatlon. 

ir we assume that the routing from stage O to 
1 Is unique and determlnistle, than it Is 
obvious, from lil), 11) and I) that the routing 
from stage 1 to stage 1+1 (leftmost bit) Is 
determlnls tic and unlque, too. 

QED. 

Theorem 2i 

Shared memory controller can be transformed 
into N Independent, smaller and modular 
Intelllgent memory modules. 
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proofI 

Let's isolate any processor in figure 4.1. 

0110 0110 

® 
o^'\^ 

on i 

0M1 't—h 

OIOO" «0 

^ ' " i f f T ! ^ 

1110 

1110 

00(0-"—id 

1110 • — < • 

From thls plcture we see that: 

- swltch[^j has an outgoing llnli to 
swltchi4j l( 

swl tch_ J ti ̂  J lias an Incoming link from 
swlteh i.l< 

where swltchf_q represents a switc>> at stage r, 
of processor q. 

This oservatlon is an consequence of Tiieorem 1. 

HypeCube Interconnection tuncttons can 
defined as: 

be 

cubei(pn,.i...po) = Pm-i. .-Pl •! ,ci ,P|-i . •PO 

ivhere O <= 1 <= m, O <= P <= N, and cj 
represents bit complement. Or in other vvords, 
each processor P is connected to log2N 
processors, such that these processors differ 
only in one bit o( their binary representation. 

From Theorem 1, Theoreni 2 and a definltion of 
HyperCube, it is obvlous that the transformed 
inteconnection structure represents HypeCube. 

n 

-> Ph-vPc p-

-OfVl-p... p. 

-*^-pc p. 

QED. 

Figure 4.2.1 shows the way 16 processors could 
be connected to a parallel processor systeni 
using HyperCube connection, and the Intelligent 
niemory inodules as the connection inechanism. 
Figure a) represents llnear, brute force 
connections; figure b) represents the optiinized 
Shared HyperCube connection«. Note that In 
figure b) no llnes cross each other vvhen 8 
processors are put atop of other 8 processors. 

In this paper, we use a structure that is more 
figurative far understanding 8y8ten> functions, 
algorlthms, etc. A reader sbould l<eep in mind 
that the structures from figures 4.1.S and 
4.2.1 are the same, and represent only a 
different system visualizations, not the 
different structures. 

('L-i'j-.x.,p 

(x„...Xj...vi.i) 

k-V-^.j) 

()C ••Xj..X,j«) 4.s intareonnaetton eoiBpl«zity 

Therefore, an outgoing and inconining linlts are 
the same. 

QED. 

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

eollorarv 1i • 

Transforroed Interconnection structure is 
equival.ent to HvperCube. 

In secttons 4.1 and 4.2 we showed an 
Interesting transformation In converting a very 
compllcated shared memory controller into N 
small Intelligent memory module, in such a way 
that these intelligent meroory module connect 
each other using HyperCube structure. There are 
at least three advantages of the proposed 
Interconnection scheme compared to regular 
HyperCube. 

1) Thls Interconnection scheroe is more 
powerfull, because It supports shared memory 
concepts (HyperCube is typlcal local memory 
parallel processIng interconnection scheme). 

2) It is faster than HyperCube, because routing 
is done by the intelligent memory module 
and not the processors. 

3) We can use "of the shelf" processors and add 
to them the Intelligent roemory modules to 
design the parallel processIng machine. 

Pfoof: 

Lot P=Pm-l••.PlPo ^^ *he binary representation 
of an arbitrary line label. 

In comparison to other interconnection schemes, 
our proposed interconnect Ion networi( of N 
Intelligent memory modules is as cheap and as 
fast as HyperCube, and therfore, belongs to a 
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m n - INTELLIGEMT MCnORV nODULC 
p • PROCCSSOR 
n • MCMORV 

^ 1 2 3 4 5 G 7 8 9 10 1 

, ' J . 

1 \l 13 14 15 

a) 
class of networks that are consldered to be the 
most prosperous i nterconnect Ion netvvorks for 
large scale parallel processors such as: ornega, 
baseltne, Indirect binary n-cube, benes, 
shuffle, etc. 

4.3.1 t trne eomplezlty 

Adaptlng the intelllgent memory module to a 
standard mlcroprocessor in most examples 
results in the intelllgent roeroory module 
connection to the mlcroprocessor's bus 
controller. 

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

It Is true that the time Is increased when a 
bus controller Is used in processor, 
Intelllgent memory module connection. We wtll 
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 
tirne delay. 

In general, a processor ušes a direct 
connection to Its local memory; only when 
reffering to the perlpheral devices, processor 
ušes the bus controller. When a processor 
requires a memory location that is not in lt's 
local domaln, it ušes a bus controller and 
through the intelllgent memory modules, 
processor accesses a global Information. 

P 

n BC 
i & 

• 
ir^n 

^ P 
I M M - INTELUGCNT n t h . nODULE 

p = PROCCbSOK 

n - MeMony 

b) 
f igure 4 . 2 . 1 

A claim that a conmunication using a bus 
contoUer Is top slow and that the time 
overhead Is too large compared to a direct 
processor roemory connection is val Id only If 
the number of processors-Is very small. 

Let'8 conslder the foUowlng sltuatlon: 
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4.3.2 spaee eoaiplazlty 

P 
n -il 

T 

p 

M 

tm - nieniory acces t ime 
^BC ~ '"" controller access tirne 
^IMH ~ intelligent ineniory module tirne 
*OH " overhead t Ime 

In order to connect N processors, we requlre N 
intelligent memory modules. Each intelllgent 
niemory module is connected to log2N other 
equlvalent modules. 
Hence,' there are N/2*log2N connect lons. For a 
16 processor system, assumlng that each 
connectlon is 16 wires wlde * 4 wires for 
synchronizatlon, we have 640 »rlres: 
(m-»8)n/21og2n, where m repreients number of 
lines per connection, and s a number of llnes 
for synchronisatIon. 

Overall acces t Ime T = tm + toH> where 
»OH = 2(tBC * tlMM>-
A bus 'contoller acces tirne Is the most dorainan 
factor. in determlnlng the overall speed. 
Therefore, such a systero can be considered 
Ioosly coupled. 

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

INTELLICIENT MEMQRY MODULE 

We have the following situation: 

H 

Again, T tOH-
However, ton = 2(tBC * *r) * 'q 

where 
adn 
conges?ion. 

tlNW*'°82" represents routlng delay, 
tg queuing delay due to interconnectIon s?i 

We see that tg^ 's too small compared to tf to 
be considered a dominant factor In the overall 
speed, and therefore, a systeni cannot be called 
loosly coupled. 

What about t, and tq ? 
A routlng tirne t^ has been shownIBra86] as the 
best price/performance t Ime for any large scale 
parallel processing systera. Only two 
InterconnectIon schemes have better performance 
than t.: crossbar swltch, and fully connected 
network. However, both scheme are so expenslve 
that they are unfeasable for large number of 
processors. Other schemes: buses, rlngs, starš, 
etc. whlch are cheaper, are not powerfull 
enough, and should be avolded for large n. 
We have not measured the queulng time delay tq, 
yet. Future studies and simulatlon runs will 
teli us more about it. However, we are very 
optlmistic about tq. At this moment, we can 
only speculate that using conllct fllters 
(sections S.2), random interleavlng (sectlon 
8.3), cache and add (sectlon 5.3), we 
distribute enough memory accesses that no 
bottlenecl(S creste on any Intelllgent memory 
module or memory bank. 

In the previous sections of the paper we 
detlned an intelllgent meroory module as the 
main bulldlng block of the multiprocessor 
system. 
It would be uaefull to sumnarize again 
the functions that we expect that the 
intelllgent memory moduel should do In order: 

1) to increase the speed of the systera, 
2) to free processors froro doing unessesary 

work, 
3) to Increase the roodularlty of the system. 

There are numerous lunctlons we should 
considert some new ones we expect to appear in 
the course of an actusl maehine design. To name 
the few: 

1) packet routlng 
II) ellmination of memory conflicts 

lil) detecting and solving fallures 
iv) addresi translation 
v) packet creation 

vi) roemory interleavlng 
vil) Implementatlon of Cache and Add 

vlit) sbared nieinory scceis Implementatlon 
lx) routlng tag generation 
X) fault tag table maintalnance 

XI) protection 
xil) procesa schedullng 
xiil) process fynchronizatlon 
In this paper we wlll show how to implement 
first ten functions; they are part of the NANO 
level, and as such, they represent problems for 
the system arhitects. 
It Is Important that some of the functions of 
the intelllgent meinory module take plače 
stmultaneou8ly. 
Therefore, we divide the intelllgent 
module Into two bloeksi 

1) routlng units 
2) global memory unlt 

memory 
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There are log2N routlng unlts In each 
intelligent raemory module. They are responslble 
for packet routing, memory conHlcts and fault 
tolerance. Global raeiiiory unlt Is concerned wlth 
packet creatlon, address translation, memory 
InterleavIng, implementation of Cache and Add, 
and access to the global memory. 

S.l routlng untti 

Lel'8 assujne that we have a systeni with N=2" 
processors. Each Intelligent memory module has 
n routing units. 

Let mj = mn-imn-2'• •'"O ^^ *" intelligent memory 
module number of processor ]. 

Then, each routlng unit i (RU( ) is connected 
to three other routing units: 

1) if i O O then HUi_i 
else global memory unit 

2) If 1 O n-1 then RUi+j 
else global memory unlt 

3) RUj of tlie intelligent memory module 
rap_i...Ci...mo, where c stands for 
bit complement 

Each BU^ routes a packet: 

1) to RUi^i, if i-th bit of the routing tag 
Is O and a packet represents memory 
request, 

2) to RUj_i, if i-th bit of the routlng tag 
is O and a packet represents raemory 
reply, 

3) to RUj of an intelligent memory module 
m„_j...cj...mo, if i-th bit of the routlng 
tag is 1. 

4) to global raemory unit, if i=n-l and i-th 
bit is O and a packet represents memory 
request, 

5) to global memory unit, if 1=0, 1-th bit ,of 
the routing tag is O and a packet represent 
memory reply. 

ifin m^Bij jn, ( h . 

' 

1 — • 
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GLOBAL MEMORV 
ONIT 

*—* RU, «—1 RIJ, 4 1 
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figure 5.1.1 

If we consider the interconnection structure as 
in figure 4.1.9 we can notice two propertles of 
the structure, that ar« Important for the 
Conflict Filter ImplementatIon. 

1) Memory requests and memory repi les travel 
the same path. Thls Is a consequence of 
Theorem 1. 

2) On the way to the same memory locatlon, two 

packets meet each other In on of the 
swltches. 

Let'8 assume that processors Pp, P2. P5, and P7 
access the same locatlon in Mg, as it Is shown 
in figure S.2.1. 

Figure 5.1.1 shovvs the block diagram of the 
intelligent memory module m3m2mimo, wlth the 
corresponding connectlons to other intelligent 
naemory modules and tts looal bus controUer. 

For example, if r3r2riro represent a routlng 
tag, then, if a packet is in RU|, then RUi wlll 
send the packet: 

1) to RUj if ri=0 and packet=forward 

2) to RUg if ri = 0 and packet-backvuards 

3) to RUj of rasrajcimo If ri=l 

i.2 eonfllet filter 

0O00O 
r T r i l 

0 1 2. 3 ^ 

•)©© 0 
n 1 r' 

J U DMJ 

1 Jk 

in section 3.1, goal 8, we described the 
functlon of the Conflict Free Meraory. 

figure S.2.1 
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Let's call the corresponding request8: Rg, Rj, 

Then, 

1) Ro and R2 meet at swltch 82,2; if Ro cames 
flrst, S2 2 aends Ro. and stores R; in its 
local buffer. Otherwise, Rg Is stored and 
R2 Is senf. 

2) H5 and R7 meet at switch 66,2> ^5 '* sent, 
P7 Is stored. 

3) Rg and R5 meet at swltch Sg^s. R5 is sent, 
Rg Is stored. 

4) R5 accesses memory, alone. 

No queuelng at memory banic Mg, although 4 
accesses tool< plače, s iroul taneously. 

On tbe way back, 

D answer A5 arrives at Sg,3. Sg_3 sends back 
botti A5 and Ag. 

i) answer Ag arrives at S2,2• ^2,2 sends back 
Ag and A2. 

3) ansKver A5 arrives at Sg, 2 • ^6,2 sends back 
A5 and A7. 

Let'8 consider the (ollovvlng scenarlo: 

P5 sends a packet to Mi. When Ag Is on the way 
back, P4 sends a packet to the same roeroory 
locati.on as Pg. Both requests meet at S4 2- A* 
that time Ag arrives at S4, and Ignites A4 and 
Ag. Processor P4 recelves a packet in much 
shorter time than It vvould be If the packet 
needed to go through the vvhole network. 

Thls is why we consider memory confllcts 
sometimes uteful1. 

Thls Is really science fiction for C.mmp, Cm*, 
and other mul tiprocessor projects. 

What tre the hardware requiraments for the 
Confllct Filter? 

Eacb routing unit should conslsts of: 

1) loglc for packet composi tlon/decomposlt Ion, 

2) queueing synchronlzatIon, 

3) logic for determining routing actlon, 

4) CAM - content addressable memory for 
Implementlng Confllct Filter. 

5.1 eontant addratsabl« memory 

TA G 
REG 

T »— 

ARGUMENT REG 

v 

kEy REG 

' • 

CAM 

1 

OUTPUT 

MATCH 
REG 

— i M 3 3 -

figure S.3.1 

Each word In memory Is compared In parallel 
wlth 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 8equential access to 
memory for those words whose corresponding bits 
In the match register hava been set. 

A word Is deleted from inemory by clearing the 
bit tag. 

VVords are stored In memory by scanning the tag 
register until the flrst O bit Is encountered. 

In the InterconnectIon scheme from figure 
4.1.9 and the example In sectlon 5.2, we see 
that only two accesses to the same locatlon can 
meet in a partlcular RU(. That simpllfies CAM 
read operatlon. 

When a packet arrives at RUi, RUt associatively 
compares the address wlth the other entrles In 
the CAM. It the match occures, packet Is not 
sent. Since two packets differ In thelr routing 
tags, only control bits are stored In CAM in a 
locatlon on whlcb the match 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 packefs routing tag 
and the routing tag .of the matched CAM 
locatlon. It the match occured, only one packed 
is sent back. Thls situation occurs when only 
one access went through RUj. If the match did 
not occur, two packets are send back: one 
packet generarted by RU| from the routing tag 
In CAM, and the other one that arrlved to RUj. 

Content addressable memory is a memory unlt 
addressable by content. Thls type of memory Is 
accessed simultaneously and In parallel on the 
basls of data content rathar than by speclflc 
address or location. Because of Its 
organizatIon, the assoclattve memory is 
unlquely sulted to do parallel searches by data 
assoclatlon. Moreover, searches can be done on 
an entlre word or on a speclflc field wlthln 
the word. 

The block diagram of a CAM is shown in figure 
S.3.1. 

9.4 caoh* and add 

In sectlon 3.1, goal 8, we glve a deflnition 
of a Fetch and Add operatlon. We also mentloned 
that F&A Is consldered the most promislng 
synchronlzatlonal mechanlsm for parallel 
Processing. Then, It Is obvious that every 
parallel processlng project Inoorporates Fetch 
and Add. 
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fact 1: Fetch and Add Is not Impleinented In our 
Intelllgent memorjr module, 

fact Z: Fetch and Add does not work for real 
process ing. 

Unfortunately, this scheine works only If 
the reque8ts come to the swltches trully 
simultaneous. However, thls is not the real 
picture of parallel processing. Meniory requests 
to the same shared variable may vary In time. 

Let'8 expand the philosophical definition of 
Fetch and Add onto our model of the 
interconnection network of intelligent memory 
modu.les. Then, according to the authors of F&A, 
each module should funtion as in figure 5.4.1. 

figure 5.4.1 

Let's conslder the following ecenarlo: 

F&A(V,e|) arrives at swttch B[ j at time tg. 
Some t units later F&A(V,ej) arrives at Si,j. 

What should Si^j do at time to? 

Switch S|^j has four options; 

I) to walt for F&A(V,ej) and then send 
F&A(V,ei+ej) 

ii) to send F&A(V,ei)i later, F&A(V,e]) 

ili) to send F&A(V,ei); later, F&A(V,ei+e]) 

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

L e f s assume that switeh S^ n receives froro 
^l.k packet F&A(V,ei) »nd from Si j packet 
F&A(V,ej). Then, switeh Sm.n' 

1) sends F&A( V,e [-f ej) 
2) Stores in the local buffer e^ 

On the way back, as the result of F&A 
operation, Sn,̂ n receives a value of V: R. 

Switch S„_n: 

1) sends R*ej back to Sj^j 
2) sends R to S|(, i 

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

iFA(v,1) tFA(v,<) iFA(V,l) 

In O(l0g2N) steps m processors simultaneously 
update shared variable and recelve the proper 
update of the variable. 

Is that so? 

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

Options ili) and iv) are Incorrect. They result 
in improper update of V. 

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

Optlon ii) results in memory conflicts 
(Conflict Filter Is not valid for F&A packets). 

Optlon i) results In unnece8sary waiting. It is 
possible that F&A(V,ej) does not arrive at a H ; 
hence, F&A(V,ej) was delayed unneceBsary. 

It is our opinion that Fetch and Add is 
extremely uselull concept for operating systeni 
primltives (thlnk of stroultaneous queue 
updates) and that It Is worth of Implementing. 

We Introduce a new concept called Cache and 
Add. It ušes optlon ii) but ellminates 
conflicts using CAM cache that resides in each 
global memory unit of the Intelligent memory 
module. Therefore, a global memory unit is 
responslble for Cache and Add packets. Routing 
unlts are tree from any work concerning C&A 
packets. 

First C&A(V,et) request, Is a request to a 
global memory unit to brlng V from memory into 
cache (8olely for C&A operatlons). Any other 
C&A packet results In cache update of V: adding 
ei to the content of V, storing the suinnation 
Into V, and returnlng the the original value of 
V. Accordingly, each routing unit slmply 
forward8 the C&A packets 

A result is: 

I) access time for C&A packet is O d o g j N ) , as 
It Is by the F&A definition, 

ii) tr^fic among the intelligent memory 
modules is increased, since each C&A 
packet is torwarded, 

lil) global memory unit loglc is more complex, 

iv) routing unit logic is less complex. 



38 

5.S routtng unlt algorlthni 

We have deTined aH tunctions relevant to the 
routlng unlt. Let's assume that the systeni 
consists of N=2" processors, and that we 
observe RUj of an Intelllgent niemory module mj. 
A bloek diagram ot RUi Is shown • In figure 
5.5.1. 

3 - recontIgurable path packet 

4:5 - type ot data 
00 - 16 bit data fleld 
01 - 32 bit data fleld 
10 - 64 bit data fleld 
n - 128 bit data fleld 

6:15 - 10 bit routing tagi 
up to 1024 processors 

RU.* •- Ru... 

RU; of m ••• R";-•• m . 
n•^ ^ » 

f i g u r e 5 . 5 . 1 

Each RU consists of: 

i) log t C unlt: composition and decomposit ion 
of packets, routing bit determlnation, 

li) CAM and CAM loglc: confllct filter 
realizatlon, 

lil) translevers: transfer of packets between 
RU's (translevers work in parallel wlth 
RU's). 

B^ 
CAM 
+ 

CAr\ l<gi« 

C ONTROL 

LOGIC 

I, 

—(IIE— 
-311— 

J¥ 

1-1 

Let's call Ij-i, an Input queue to RUj from 
RUl_l. Oi_i is an output queue to RUi-i from 
RU). There are three palrs of such queues. Each 
input queue has an EMPTY line, too: queue 
status line. 

Routing packet consists ot: 16 bit control, 32 
bit address, up to 128 bit data. 

Control bits: 

0:1 - memory access types: 
00 - read 
01 - wri te 
10 - C&A ^ 
11 - dlagnostics 

0 forward packet 
1 bacward packet 

On the tlrst step of operations, each module 
reads a packet from one of the input queues: 

repent 
II not empty(l|_i) »nd not CAM_full th«n 

proce8s_packet(i-1)i 
It not empty(Ij) then process_packet(1); 
If not empty(li + i) tban proce8s_packet( 1+ 1) ; 

forever 

Each RU indeflnitely repeats 
operations. 

read queue 

process_packet (k) 
bagln 

read_packet(k); 
If control(2:21 = O th«n forward_route(k) 

•Is« backward_route(k) 
end ~ 

A read operatlon Involves packet decompos11 Ion 
and packet storing Into correspondlng 
reglsters: control register, address registers, 
data registers. 

read_packet(k) 
beg in 

c o n t r o l := r e a d ( k ) ; 
If c o n t r o U 2 : 2 ] = O tban 

beg in 
read_address(k)i 
if control(0:l) = 01 or 

controllO:H •= 10 
then read_data(k) 

•nd 
else 

b«gin 
read_address(k)i 
if control[0:11 O 11 tb^n 

read_data(k) 
•nd 

and 

Read_addres8( ), readO and read_data( ) are 
algorlthra Independant tunctions. They consist 
of selecting input and output lines and 
enabling the READ tlag. 

Write_packet() procedure is simllar to 
read_packet() function, except that it cheeks 
It the output queue Is tuli. 

1 procesa ditferently memory request packets RU 
(forward), 
(backward). 

and memory replay packets 

A forward packet can corae to RUj from I j or Ii_ 
!• If It comes from I|, it can go only to 
Oi^j^. RU| does not need to make declsion where 
to forward a packet. However, RU| needs to 
execute a Confllct Filter operatlon. 

If the packet comes from Ii_i, and a routing 
bit Is 1, a packet Is simple fortvarded to Oj . 
No Confllct Filter operatlon is needed. RUj of 
the remote Intelllgent memory module will do 
the Confllct Filter operatlon. Otherwlse, It 
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the routing bit is O, RUj executes Confllct 
Filter operation, and forwards a packet to 

1-1 

L«1 

The Compare_CAM<) (unction sets value 1 in the 
roatch register for each entry that matches an 
argument register. Consequently, a MATCH bit Is 
a result of OR function on a H blts in match 
register. 
There is another Invlslble compare_CAM() 
operation that talces plače when the match 
occurs: an output_CAM register receives a value 
of the stored control bits froro the matched CAM 
entry. 
compare_CAM() 
begin 
argument_reg(O:31] :- address; 
lcey_reg := FFFFFFPFOOOOiei 
compare_CAM_enable := 1 

end 

Notice that C&A packets (control(O:11=10) 
sliiiply pass through RUj . 

forward_route(k) 
begin 
if k = i tben 

It control (O ! 11 = 10 then wr i te_packet (i-»1) 
• Is« 
begin 

forward_conf1lct_fi 1 ter O J 
tf not match tban write_packet(i+1) 

end 
• Is« 
begin 

routc_blt := shlftr(control[6:151,1)i 
it route_bit = 1 tben wr1te_packet(i ) 
els« 
tf controUO: 11 = 10 then 

wr 1te_packet(I + 1) 
• Ise 
begin 

forward_confllct_fllter(); 
If not match then write_packet(i + 1) 

•nd 
end 

end 
A routing bit determination is done using the 
rlght shi(t.er operation. 

These are the invisible operatlons of 
the compare_CAM() function: 
do 

if CAM(0:311| =• a rgumen t_ reg [0 :311 tben 
mateh_reg i : • 1 

p a r a l l e l : O <= i <° MAXi 

MATCH 1= OR(match_reg) i 

if MATCH tbah 0Utput_CAM :•> CAM( 32 :47 ])(; 

THe Insert_CAM() function finds the flrst empty 
entry in CAM, and Inserts an address and 
control blts in that entryi 
lnsert_CAM() 
begin 
argument_regl Oi 311 :<= address; 
argumemt_regj32:471 := control; 
key_reg := FFFFFFFFFFFFij; 
1 := 0; 
wbil« t a g d l •> 1 do 1 := 1 + 1; 
t a g l U : • 1; 
select := CAM_decode(1); 
write_CAM_enable := li 
CAM_full i" AND(tag) 
end 

A Confllct Filter loglc is the most important 
part of the routing unit. It conslsts ot CAM 
and CAM logic that e]tecutes CAM operatlons: 
compare_CAM, lnsert_CAM, add_^CAM, delete_CAM. 

CAM logic consits of: 
- CAM wlth m entries (16 entrles we expect to 

be enough), 
- argument register (48 bits) for storing 
address and control register, 

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

- tag_register (m bits) each bit representing 
if the entry is empty (0), or full (1), 

- match register (m bits) representing matched 
CAM entrles, 

- output_CAM register (16 blts) representing 
CAM output value, 

- CAM_full bit: AND(tag register), 
- match bit: OR(match register), 
- logic for decoding and encoding CAM 
addresses. 

The Add_CAM() function, in comparlson to the 
insert_CAM() function, adds only the control 
blts to CAM. This operation takes plače when 
the flrst packet is in CAM, and the second 
packet with the same address has Just arrlved: 

add_CAM() 

begin 
arguroent_reg[32:471 := c o n t r o l ; 
key_reg := OOOOOOOOFFFFu; 
1 := 0; 
whil« match_tag[l] - O do 1 i=> 1 
select :- CAM_decode(1)i 
wrlte_CAM_enable ;= 1 
end 

1; 

Delete_C:AM operation Is very simple, 
conslsts of tag bit invalidation: 

and 

delete_CAM() 
begin 
1 := 0; 
whlle match_reg[ 11 
taglll := 0; 
CAM_full := O . 
end 

O do 1 1; 
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Now, we can describe the forvvard ConTllct 
Filter loglc. There are tour possible 
sltualions that the Conflict Filter should 
process: 

1) first packet is read access, the second is 
read access, too, 

2) first packet is read access, the second Is 
wrlte access, 

3) first packet is write access, the second Is 
read access, 

4) ftrst packet Is write access, the second Is 
wrlte access, too. 

There are no probleros wlth situatlons 1 and 4. 
They are described in sectlons 5.3 and 3.1. 

There is no problem with the thlrd situation, 
either. The second packet is stored, but not 
forwarded. The only requirament is that the 
write packet, on the way back, carries the 
data 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 Is not sent back. 
When a write packet comes back to RU), both 
requests are sent back. There are two problems 
wi th this solutlon: nettvork traffic is 
increased and two requests collide at the same 
memory bank; meraory conflict occurs. However, 
we do not expect, in general, this kind of 
nondetermini s t i C prograraraing, and therefore, do 
not expect similar situatlons to occur very 
often. 

forward_oonflict_tllter() 
beg In 

match := compare_CAM(); 
If match = O tban insert_CAM() • !•• 

bagin 
if controUO: 1 ] = 01 and 

output_CAM[0:11=00 tben 
match := O i 

add_CAM() 
•nd 

• nd 

A backward packet can come to RU| from either 
II or 11-1. If a packet comes from I|, it can 
go only to output queue Oj.i. RUi needs neither 
to make decision where to forvvard a packet, nor 
to execute Conflict Filter operation. 

L-1 

CF 

backward_route(k) 
beg In 
If i=k tben wrtte_packet(l-l) 

elf« 
tf controllOi1|°10 tban 

bagtn 
route blt;>shlftr(control(6:151.1); 
If route_blt-0 tb«n 

wrlte_packet(1-1) 
•!•• wrlte_packet(i) 

end 
elie backward_conf1ict_f11ter() 

end 

On the way back, RU) compares the address of 
the returning packet wl th the conlent of CAM. 
If the result of comparison says that only one 
access took plače, a packet Is simply sent back 
to either Oj.i or Oj . Matched CAM entry Is 
d e 1 e t e d. 

OthervKise, RUj returns both requests back. CAM 
entry is deleted, too. 

backward_conf1lct_fllter() 
begin 
match i= compare_CAM()i 
tf control = output_CAM tban 
beg In 
delete_CAM(); 
route_blt := shiftr(control[6:151,1); 
tf roilte_blt = 0 tben wrl te_packet (1-1) 

•!•• write_packet(1) 
•nd 

• 1»« 
If controllO!ll=00 and output_CAMlO:11^01 

tban add_CAM() 
elae 

beg In 
r o u t e _ b i t ! = 8 h l f t r ( c o n t r o U 6 : 1 5 1 , I ) ; 
If r o u t e _ b l t = 0 tban w r i t e _ p a c k e t ( 1 - 1 ) 

alaa w r i t e _ p a c k e t ( i ) ; 
c o n t r o l := output_CAMj 
c o n t r o l ( 2 t 2 1 := iT 
rou te_b i t :==sh i f t r ( c o n t r o l ( 6 : l S ] , i ) ; 
If r o u t e _ b l t « 0 tban w r l t e _ p a o k e t ( 1 - 1 ) 

~ a laa w r l t e _ p a c k e t { i ) ; 
delete_CAM(> 

and 
and 

5.6 tumnarjr 

A routing unlt Is a simple but very valuable 
part of the Intelllgent roemory module. In the 
prevlous sectlons we shoived complete and 
correct functlons of routing unit that are 
used in ellninating memory conflicts and 
achieving fast routing. We presented the 
functlons In terms of algorlthmic procedures. 
We thInk that the procedures can be Improved in 
terms of speed and loglc complexlty, and that 
the rootivated VLSI designer can find enough 
operatlons that can be parallellzed either by 
Introducing overlapping, plpellnlng, or 
dlstrlbutlng tbe loglc components Into more 
independent groups. 

If a; packet comes from Ii>i> a speci f le 
Conflict Filter operation takes plače: 
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REODNFiaURABLE ItrTEBOOHNECTICNS 

In a section 3.1, we detined a goal that the 
intelllgent nieniory module should be capable of 
detecting fallures and allowlrig bypa8s. 

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 glven memory bank. An 
intelligent memory modules cannot change 
routing procedure, or change coimunicat ion 
connect ions. 

Therefore, if there is a fault on the path from 
P| to Mj, no conmunlcation is posslble, and Mj 
is permanently disconnected (rora Pj. 

There are two type8 of switch faults. 

i) So^i Is faulty; 0<:=1<°N 

Lefs assume the routing tag: rn.i...ro. If 
ro=0, then a new routing tag is rn-i...ri, 
^0,i bypass Is enablaftl. 8i,,|( bypass is 
enabled, too. 

If ro=l, then a new routing tag is also r^-
l...ri. So I bypass Is enabled. Sn,j bypass 
Is disabled. 

ii) Sjj is faultyi K^K-^N, 0<-J<=N 

^n,k t>ypass is disabled. A new routing tag 
is Tji-i.. .ricg, Sg,! bypas8 is disabled, 
too. 

We Introduce an improvement to the shared 
iDemory controUer in figure 4.1.8, 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 these two requirements in mind, we 
propose a reconfugurable shared memory 
controller, as shown In figure 6.1. 

A reconfigurable shared memory controller has 
the rollowing additional functlons: 

1) it is posslble to bypass switch Sg^i 

^) ^n-1,1 '8 connected to 5̂ ,1 in the same 
way as So,i is connected to 8i,j 

3) it is posslble to bypass S„ i 

Nhen the reconf igurable shared ineiDory 
controller functlons normally, a path from Pi 
to Mj goes through So j, then through suritches 
at levels 1 to n-1. Aowever, the path bypasses 

Sn.l-

Lefs assume that Pg want8 to aecess M3, and 
that a switch 87^2 falled. The Initial routing 
tag Is 101, 80,6 bypas8 Is disabled and the 
routing tag Is changed to 100, ae it is shown 
in figure 6.2. 

figure 6.2 

figure 6.1 

6.1 slngl* siriteh tallur« 

Fault tolerance could be acheived by havlng 
redundant paths from P^ to Mj. 

Theoreu 3i 

In the reconfIgurable shared roemory controller, 
there exlt exactly two dlttlnet paths between 
any P| and any Mj. 
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prootI 
Theorcm 1 states that there exlsts an unlque 
path from a glven processor to a glven nieinory 
bank. A new stage In the recofIgurable shared 
memory controiler enables two paths to share 
the same destinatlon. 

L...I *| 

U: 

L«"«!n 

1) So,I ts faultyi 0<=1<=N 
So,I must be bypassed. Lenna 1 showed that 
the secondary and prtmary paths have no 
links or sNltches In coninon. 
SInce So I Is bypassed, there are stili n 
swltches Irom level 1 to level n to enable 
fault (ree path. 

11) Si,j Is faulty; 1<=I<=N, 0< = j<=N 
Slnce one switch fallure results onIy tn 
one path dlsconnectton for a glven Pj and 
Mj , then by leiona 1, at most one of the 
paths Is raulty. Therefore, fault free path 
extst8. 

QED. 

Therefore, as slngle svvltch fallure does not 
result in path dlsconnectIon. 

The proof Is sufflclent for shovving the 
eilstance of tNo paths. Hotvever, we must show 
also, that two paths that share the same 
destinatlon, do not have links or 8witches In 
C onmo n. 

lemma Xi 
Two p a t h s frora Pj to Mj have no l i n k s and no 
s w l t c h e s In conrnon. 

proofI 

Lefs conslder figure 4.1.9. 
Let's also assume the following source-
destlnatlon connectlons: 
Pl to M2J and Pi to M2jtii i == I0,l...n/21. 
From Theorem 1, routing tags from P^ to Mjj and 
Mjj+j dlffer only In the rlghtmost signtflcant 
bit. The rest of the routing bits are the same. 
Let's conslder now figure 6.1. 
Each S2j,n_i is connected to S2]*x p. 
Also, each S2j+i,n-l ia connectei to S2j,n' 
Slnee the routing tags dlffer only In the 
rlghtmost slgnlflcacnt bit, then the path from 
Pi to M2j called the prlmary path, and path 
from P] to M2J+1, called then ••eondary path, 
have no links or swltches In comnon. 

q£0. 

fault free path 

Theoren 4i 
There exl8ts at least one 
between any Pi and any Mj. 

proof1 

There are two posslble faults to considers 

6.2 flndlng fault fr«e p«tb 

It is Important that each switch can 
dynamically dlagnose a fallure of the 
nelghbouring swltches and links. 

posslble fallure of eli 
l{ner i 

can broadcast b80l< a 
8 1*1.J or S 1*1,k to 

Fop example, s ivi tch S[ < c 
" l{her 

the 
- '1,1 o 

Information about switcn fallure^ Accordlngly, 

S|_i,j and S\ 1-1. At the end, each processor 
ušes el{ner Sj + j,) or Si + i,|( receives an that 

the reconfIgurable shared meroory controiler 
updates the routing tags by uslng the secondary 
path Instead of the prlmary. 

Theorem it 

Each processor ušes the prlmary path: 
i) rn-l"'fOI So,i bypa88 dlsabled; Sn,j 

bypass enabled 
or the 8econdary path In a čase of a swltch 
fallure: 

11) Fn-l-••'ICfli So,i and Sp j bypass 
dlsabled, for Sjj,! fault and k > O 

ill) rn_i,.,ri, Sn.j bypass enabled; So i 
bypas8 enabled, for So,| fault and r=o' 

Iv) rp_i...ri, Sn,j bypas8 dlsabled; So | 
bypass enabled, for Sg,] fault and rô î 

prooft 
i) Proven by Theorem 1. 
11) Ali blts of the routing tag are equal 

except rfl. Slnce path rn-i...rxl and path 
rj,_l...riO have no links or stvitches in 
conmon, by Lenina 1, and slnce there exlsts 
a transitlon from level n-1 to level n, 
the secondary path routing tag Is correct. 

111) A routing tag rn_i...riO and a routing tag 
rn_i...ri with So,j bypas8 enabled are 
Identical. Therfore, the seeondary path Is 
same as the prlmary path, from level 1 to 
level n-1. 
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iv) It is the same as for ii) if we oonsider 
that the bypass o( SQ J nieans the same as 
havlng ro=0. 

QED. 

Each svvltch dynaroically recelves and (orwards a 
(ault label of the falled stvitch. At the end, 
each processor receives coordinates of the 
(a 1 led swlteh. 
Let's assume that S|( j failed. 

6.3 multiple fault tolerance 

In the prevlous sectlon we showed that a single 
swltch fallure does not result in processor 
memory dlsconnectIon. Moreover, for certain 
Instances o( multiple ffvvitch faults, the 
reconflgurable shared memory controller should 
also roalntain fault free capability. 
Multiple fault tolerance is prIce/performance 
feature. The neccesBary and sufficient 
condltion for our approach is that the primary 
and the secondary paths are not both faulty. 

Def Inl tlom 
Fault Tag f, is a function result of ECat. 
and k (failed switch level), which tells to the 
reconfigurable shared memory controller where 
the location of the failed stvitch is. 

Fault Tag = Pj E ^ M] 
where, x = don't čare. 

XX.. .xfi{.. .fo 

This means that for a path from Pj to cross 
S|( ] , a routing tag must not be equal to the 
fault tag: XXX. . .xf iff |4_i. . . f 0. This 
sunniarized in the following theorem. 

is 

An extreme example of an expensive multiple 
free fault reconflgurable shared memory 
controller would contaln n-1 8econdary paths, 
or n extra levels. 
Our approach is different. We allow multiple 
switch faults. However, If both the primary and 
the secondary paths are faulty, rescheduling 
must be used. For a processor that has both 
paths to Mj faulty, it is equivalent as havlng 
Mj not operational. 

Theorem 7i 

Theorem 6: 

If the routing tag, rn_i...riri_i...rQ, and the 
fault tag XXX,..xfjfi_i...tQ agree in i*l low 
order bits, the routing path ušes a fault 
swlteh. 

proof; 
The proof is by the induction on 1, number of 
low order btts. 
Let's consider onIy r|...ro and {[...tg; lefs 
also assume that they meet at stage i, but have 
different paths. 

i) čase O (two paths meet at level 0) 
If rg O fo> two paths cannot meet at level 0. 
Tberefore, rg = fo-

Let' Li=x.. .xt i . . .tQ and I.2°x. .xg j.. .go be two 
fault routing tags, ] O I. 
The interconnectlon structure li fault free if 
there are no two fault tags that have: 

I) fo O «0 
II) fi...fi = g|...gl 
i 1 i ) else don't čare 

proof1 
The proof is obvlous, slnce we have proven that 
there exlst two paths, such that the first 
rlghtmost signitlcant bit of the primary path 
Is different from the most slgnlflcant bit of 

seoondary path; the rest of the bits the 
the same. 

are 

Therefore, the interconnectlon Is fault free If 
elther the prlmary or the 8eeondary path is 
fault free. 

i i) čase i (two paths meet at level i) 
Let assume that rj...rQ = fj...fo for ] < i. 

QED. 

For two paths to meet at stage J+1, rj+i=fj+x. 
Hence, for two paths to meet at stage I , they 
must have a H I bits the same: 

fn-l-->'i" •'O .Xfi • .fc 

QED. 

In order to implement the fault tolerant 
procedures, a reconflgurable shared memory 
controller must maintaln a fault tag table. 
When a new routing tag r is generated , r Is 
assoclatIvely compared with a fault tag table. 
If the match occurs, a secondary path must be 
used. 

6.4 interoonnaetlon trantformtlon 

For the very same reasons as in sectlon 4.2, It 
Is important that a reconflgurable shared 
roemory controller can be transformed into N 
simpler and less expensive reconflgurable 
intelligent memory modules. 

Theorem B> 

Reconflgurable shared memory controller can. be 
transformed Into N Independent, smaller and 
roodular reconflgurable intelligent memqry 
modules. 



44 

proofI 

We wlll use the same procedure as In Theorem 2. 
Let'B Isolate any processor from figure 6.1. 

\*o 440 

© 

M( 

•o—frloo 

pa-ooio 

^ 

RBCXXIFiaURABLE »lUTINa UNIT 

In thls sectlon, we wlll expand the design of 
the routing unlt that we started In section 
S.l, by adding to the routing unlt the 
reconfIgurable functlons deftned In sectlon 6. 
Unfortunately, In the procesi of adding the 
reconfIgurable functlons to the Intelllgent 
memory - module hardtvare some modularity was 
lost: 

1) routing unlts nUo, RUi and RUn-i are 
dlfferent from other unlts. They can 
forward packets not only to 0|,-x. On-2> *̂ n> 
but also to an output queue that we call 
Op. Furthermore, they ean receive packets 
from lo. 

2) each routing unlt haa additlonal logic such 
as: loglc for generatlng and checklng 
fallures, loglc for broadcastlng dlagnostlcs 
packets. 

3) extended hardware In the global memory 
unlt: tault tag table, loglc for choosing 
prtmary and secondary path. 

Slnce modularlty is the key prlnclple of a 
successfull VLSI design, we belelve that ali 
routing unlts should have the same hardware 
complexlty and functlons. 

Slnce the connectlon between level n-1 and 
level n Is the same as the connectlon between 
level O and level 1, then by applylng Theorem 
2, »e prove that the reconfigurable shared 
iDemory controller can be transformed Into N 
modules, too. 

Q£D. 

CollorarT S: 

Reconfigurable shared memory controller from 
figure 6.1 can be transformed Into 
raeonfIgurable Hyp«rCube. 
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The proof Is the same as for Collorary 1. 

At the tirne of system Implementation, RUn-1 
tvlll be connected to RUo using por t 0. RUi is 
connected to the global memary unlt using port 
0. The rest ot the connections Is the same as 
descrlbed in 5.1. 

n 

-•P^,-Pi-.p. 

QED. 

T.l »tror ebaeking genarater 

There are two approaches to dateet routing unlt 
failure: 

i) checklng error« dynamloaIly, 

li) performlng dlagnostlcs prior to system 
operatlon. 

The most important feature ot the presented 
metamorphisl s is, that aH the propertles of 
the powerfun, general and complicated 
reconfIgurable shared roemory controller have 
not been lost in a process transformation to a 
slmple structure such as HyperCube. 

To identlfy a faulfs locatlon, an error 
checklng hardware must be bul Id Into each 
module. We will assuroe the second approach, 
just for the presentatton slmpllclty, although 
the algorithm that we present is general 
enough to glv« Insight Into approach using 
dynamlc error checklng. 
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We suggest inethod called cycllc reductlon code 
or CRC code. The basic Idea Is to append^ a 
checksum to the end of the packet In such a way 
that the polynoinlal represented by the 
checksumed packet is dlvlsible by a generator 
polinomi al known to each RU|. 

Each RUj can eheck a fallure of RUi or RUi+j 
dynaniically and independently. RUi is fault 
free If RUi-i announces to Rj that RUi Is. 
functional and ellgable for checklng fallure of 
RUi and RUi>i. Iriitlally, the global meii)ory 
unit checks if RUo Is operatlonal. If so, RUg 
can check a status of RUi or RUo of another 
Intelllgent memory module. 

A diagnostics packet has dlfferent control 
blts: 

0:1 - 11 represents a dlagnostic packet 

2:3 - RUi State 

01: recelve-return state 
11: check State 
00: wait State 
10: operatlonal; can broadcast 

fallures back, 

report_failure(k) 
beg In 

addresB!°k! 
controlC6il5iJi = llllllHlll) 
broadcaat_back_fallure(k) 

•nd 

brodcast_back_fallure(k) 
begln 
if k=̂ l then 
beg in 
controlfISilSjt^l; 
wri te_packet(1-1) 
end 

else 
beg in 
shlfti(control[15:1sJ ,1); 
controlCl5:153:-0; 
wrlte_packet(1)t 
wrl te_packet< i-1) 
end 

end • 

4:15 - nuraber of fal led RU 

7.2 reconfigurablllty algorltbm 

\n operatlonal RUi, sends a packet to 0| and 
3l<.l and waits. If the returning packet does 
not arrlve, or it arrives with the changed 
checksum, a fallure is reported back to ali 
operatlonal units. If not, the unit is 
acknoMledged to be operatlonal. 

diagnostics(k) 
beg In 
if controlC 2:3:3=-01 then 
beg In 

controli:2:33 : = 11; 
write_packet(k) 

end 
elee If controli:2: Ŝ l̂ ll then 
K check_parity() O OOOOOOOjg tben 
begin 
oontrolC2:33:=10i 
report_fallure() 

. end 
else If k=l-l tben 

begin 
control[2:3j:=00j 
wrl te_packet(k) 

end 
elfe if control[Z:3>00 then 
begin 
wrlte_packet(i); wri te_packet<1+1)s 
ti:=walt(Ii); t2:=walt(Ii+i) i 
" Tn,ax > ti then reportf al lure( 1 ); 
'* Tn^x > '2 then report_fallure(l+l) 

end 
else broadcast_back_fallure(k) 

end 

Each entry in a fault tag table is of the form: 
z.. .zf I.,,tg, whlch means that there ezists 
RU), whlch Is not operatlonal. For a packet to 
reacb RU a processor needs to generale a 
followlng routing tag: x...zrj...rg. A fault 
tag can be generated dlnamlcally, so that each 
RU that Is on the way to RU), adds the 
corresponding bit of the fault tag. 

For ezample, if BUj flnds out that RUi+j Is 
faulty, then the fault tag Is xxx..xO. If RU| 
receives a dlagnostic packet wlth x...zl011 
fromRUi^^, it generates X..xl0110 diagnostics 
packet, and sends It to RUi-i and RU). 

The main idea In deslgnlng a reconfigurable 
routing unit Is to use as little addltlonal 
hardware as possible, compared to the standard 
routing unit descrlbed In sectlon 5. 

A block diagram of the reconfigurable routing 
unit is given In figure 7.2.1. In thls sectlon 

present ali addltlonal features of the we 
routing unit that involve fault tolerance 
reconfIgurable routing. 

and 

Hnr-
-3U— 

CAM 

CAMUf* 

-ml-
CONTROL — n H — 

LO»IC Oc 

1.-1 

figure 7.2.1 

Each unit reads a packet from one of the Input 
queue8. Only RUp, RUj and RUn-i can read troir 
lo. For other modules Ig is always empty. 
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repeat 
If not e m p t y ( I i _ i ) and not CAM_full th«n 

process_pacicet< 1-1) ; 
I t not e m p t y ( I | ) then p rocess_pac l t e t ( i ) j 
If not e m p t y ( I i « i ) then process_paci<et ( i -^1) ; 
If not empty( Io) then p rocess_paclce t (O) 

(orever 

process_packet (l<) 
bagin 

read_pacl{et (k); 
If controlfOil ] = 11 then diagnost i cs (k) 
elae 
If control(;2:2J = O then 

prooess_forward_packet(k) 
elie process_backward_packet<k) 

end 

7.3 suninar/ 

It is posslble with very little extra 
to achieve a reconftgurable, (ault 
Intelligent roemory module. 

hardware 
tolerant 

The routlng unit functlons are the lowest level 
functions of a large scale, general pitrpouse 
parallel sy8tem. We developped extremely 
povverfuU and general, but simple and fast 
routlng unit that supports fault tolerance. 
Thls routlng unlt Is the key element in the 
overall sy8tem pertormance. 

When a processor is using the secondary path, 
as the result o( some RU fallure, RUo of the 
last intelligent memory module is used as an 
extra stage. We call RUQ a detour routing unit. 
K a packet represents a memory request, then 
RUn_i of the last Intelligent raeraory module 
sends a packet to its RUp through Og. 

i»r i t e_packe t_0 ( ) 
beg in 

Jf c o n t r o i r 3 ! 3 j = l and l = n - l then 
write_packet(0) 

alee wrIte_packet(i+ 1) 
end 

RUo will send a packet to RUo of the 
corresponding intelligent memory module. That 
RUo will access his global memory unlt. 

proce8s_rorward_packet(k > 
beg In 
If control!;3:3>l and 1 = 0 then 

forward_detour (k) 
elsa forward_route(k) 

end 

forward_detout (k) 
beg In 

If k=0 then wrIte_packet(1) 
elae wr1te_packet(i-1) 

end 

A forward_route() procedure Is the same as in 
section 5.Š. 

On the way back. a packet will travel the same 
path. It tirst arrives at the detour RUp, than 
at RUo of the intelligent memory module that 
has RUp_] and so on ali the way back. 

process_backward_packet(k) 
beg in 
If control[3:3j=i and (1=0 or 1=1) then 

backward_detour(k) 
else backward_route(k) 

end 

backward_detour(k) 
beg in 
if 1=0 tben 
If k=m-l then write_packet(I) 

elte write_packet(0) 
elie 
If controlClS: 15j = 0 then write_packet(O ) 
else write_packet(i-1) 

end 

8 OLOBAL MEHKSV UNIT 

In section S we defined 13 functions that we 
consider key functions in achieving fast and 
general purouse parallel processing. We decided 
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: 

i) routing unlt functions (we described these 
functions in prevlous sectlons), 

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

iii) global memory functions that support MICRO 
level• 

Third group of functions need not to be 
impleraemented into the intelligent memory 
module hardvvare. Functions, such as process 
sceduling, memory protection, e t c , can be done 
on a processor level, too. 

In thls section we are concerned only with the 
second group of functions. In other wordB, we 
want to describe the overall routlng algorlthro, 
from address encoding to global memory access. 
We devide global memory functions that support 
routlng (group 11) into two classes: 

i) pre routlng unit operatlons, 

11) post routing unit operatlons. 

A tlow diagram of pre routlng unit operatlons 
is as followlngi 

1) get address, data and status 

2) determine memory bank number 

3) generate routing tag 

4) compare routlng tag and Fault Tag Table 

5) generate access packet 

6) send packet to RUp or RUi 

A flow diagram of post routing operatlons Is as 
following: 

1) read packet from RU^.j 
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i) decompose packe t 

3) e x e c u t e OScA 

4) access Olobal Memory 

5) generale return packet 

6) send packet to RU^-i or RUo 

Ttiese functlons wlll not be described In 
details, as It was (or the routing unit 
functlons. It is obvious, even from the (low 
diagrams, that these functlons are slmpler and 
easler to implement. In figure 8.1 we give a 
block diagram of the intelligent memory module 
wlth some emphasis on global memory untt. 
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figure 8.1 

8.1 pr« routing unit logie 

8.1.1 address tranalatlon 

In general, when a system conslsts of a number 
of memory banks, a memory controller must 
select which bank to access. Slnce we 
transformed the memory controller Into N 
Intelligent raeraory unlts, the pre routing unit 
logic (preRUL) of each intelligent raeroory 
controller must select whlch bank to access. 

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

- How do we solve meraory access conflicts that 
occur when N processors access different 
locatlons in the same raemory bank? 

Most of today's general purpouse computers, 
and almost ali special purpouse computers use 
what is call "low order interleaving", or 
slmply Interleavingi Meraory banks are selected 
by decodlng the low order blls (the least 
slgnificant bits) of the memory address: 

or anal1tlcally! 

niemory bank number •• address MOD N 
offset - address / N. 

In general, meniory banks are arranged so that N 
•equental memory addressess 1, 1*1, ... i*N-l 
fall in N dlstlnct banks. A key word in 
deflnlng and Implementlng Interleaving 
effectively is: sequentlal. In other words, as 
long as the generatlon of the next memory 
access Is not dependant on data received trorii 
the prevlous access then sequential accessing 
can keep ali banks busy slmultaneously. 

It is therefore, Iroportant to arrange data in 
such ways that the memory access patterns take 
advantage of the interleaving scheme, 
effectlvely. However, this Is contrary to our 
goal 1. We don't want and don't need this klnd 
of Interleaving. 

The foUotving theorem shows the degradation of 
Interleaved memorles wlth respect to 
nonsequentlal memory accesses. 

TheoremfKogSl] 

Assuining that a memory design conslsts of N 
indlvidual memory banks, and the access tirne 
for any bank is T, then for an address sequence 
with uniform spacing of 8 the average tirne per 
element access Is; 

1) 

i t ) 

proof: 

i ) S < = 

ST 

N 

T 

N 

for 

for 

S <= N 

S > N 

Let's assume spacing S. Then, each memory 
access involves k memory banks: S, 2S, 3S, 

kS, such that k = H/S. Hence, the 
avarage access t Ime is: T/k, or ST/N. 

ii) S > N 

On the flrst meroory access one memory bank 
Is busy. On the second memory access, also 
one bank is busy, etc. Hence, the average 
access time is T/l = T. 

qED. 

Varlous different schemes have been proposed to 
mlnlmize Theorem 9, such as havlng prime nurober 
of banks, skewing, eto. However, they a H 
assume, either vector or SIMD (single 
Instruction nultiple data) mode of operatlon. 
In other word8, they assume unl form 'spacing. 
In the mul tiprocessor syBtems, where each 
processor can execute Independent and different 
task, memory access patterns are, in general, 
nonunlform. 

We propose random interleaving for ellminating 
memory conflicts that occur when N processors 
access different locatlons in the same memory 
bank. 

0 9 
mem. boolc * 

10 

offset 
51 
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8.1.1.1 random Interleavlng 

It has been shovvn that the uniform interleaving 
is ineffective even for uniform meniory access 
spacing. 

Let's assume figure 3.1.2 and the foUovvlng 
shared inemory controller operatlon. 

Shared memory controller intercepts an address 
and sends It to memory banl< 1; second address 
it sends to banic 5, third to banl( 15, ... and 
so on. Memory accesses are distributing by some 
pseudo randoro, but flxed function. We call this 
scheme random interleaving. 

- How good is randoro interleaving ?. 

On the average, there are less than N requests 
entering the shared memory controller. Since 
these requests are randomiy distrlbuted, 
intuitively, there is on the average 8lightly 
less than one request going to each memory. 

fir liri rt'-") 

Probabllity P(l<i-K|) calculations involves a H 
possible combinatlons of Ki<s that 
satisfy: iK| suimation. For example, for 
a 16X16 processor memory 8ystem, there are 136 
such comblnations. We developped a program for 
calculating P<IC|=Ki). We wl 11 glve only an 
illustration analysis for 16X16 sy8tem. More 
thorough analy8is is left for some future 
papers. 

Let's define PjNB, a probability that there are 
no memory conflicts at memory banlc Mi. 

In other words, PjNB = Pi(m=0) • P|(m=l), is a 
probability that at most one request arrlves at 
Ml. 

Then, 
Pl(m=0) 

Pi(ro=l) 

N-l \ M 

-] 
1 /MN /N-1 

u 
for N=M, N -> oo 

P,NB = 2e-<N-l)/N. 

M-1 

There are three interestlng results froin the 
analysis of 16X16 sy8temi 

1) access dlstrlbutlon with the highest 
probabl1 ity: 

lc = l l<-2 k=3 1<=4 lc=5 l( = 6 

7 3 1 O O O 14% 

14% of tirne there are 7 banics with one 
memory access, 3 banics wlth 2 accesses, and 
1 banlc with 1 access. 

If we define f^^(m=\), a blocktng probBblllty 
with one memory access waiting, then 

2) expected number of memory banics with k 
accesses: 

PlB(m=l) = 2.5e-(N-2)'<N. 

k=l k=2 k.3 k=4 k=5 k=6 

6T08 3T04 0.9S 0T20 0.03 OTOO 

Unfortunately, these probabi1 i t les offer no 
practlcal visualization of the whole systero, 
since these probabi1 i 11es concentrate only on a 
particular memory bank Mi. They say, for 
ezample that a choosen memory bank Mi has 
p,NB=o.26, or PiB(ni=l ) = 0.08. However, other 
Mj's are not involved in the calculation. 

Hence, we are more Interested In probablllty 
that is a function of a H accesses and a H 
memory banks. 

Let'i define P(ki=Kj,k2=K2 ki=Ki), a 
probablllty which says what the probabillty is 
that Ki memory banks have ki memory accesses, 
for l<=i<=N. 

For ezample, let's assume 4 memor.y banks, and 4 
meinory accesses. Then, 

- P(ki=4,k2=0,k3=0,k4=0) is probablllty that 4 
banks recelved 1 access. 

- P(ki=2,k2=l,k3=0,k4=0) is probabillty that 2 
banks recelved 2 accesses, and 1 bank 2 
accesses. 

- P(ki = 0,k2 = 0,k3 = 0,k4 = l) is probabHlty that 1 
bank recelved 4 accesses. 

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

3) probabi1 ity at least one memory bank has 
more than k accesses 

k>l k>2 k>3 k>4 k>S k>6 

100 80 23 0.4 0.0 % 

It is 80% that there exliti a roemory bank 
that has more that 2 accesses. 

These results are very enoouriging. The 
queues that generate In front of the memory 
banks are very sbort. Furthermore, the results 
are obtaines under the most conservative 
constraints: K accesses entering N banks. We 
expect even better results (or smaller number 
of request. 
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Let's assume low order interleavlng. Ten low 
order blts represent nieraory bank number. The 
rest of the bits represent an offset Inslde the 
fne>nory bank. 
We have to build a hashing function that will 
raindoniize low order 10 bits. Let' call them S 
blts. A sufficlent constraint Is that the 
function is fast and simple on S. For example, 
mul tIplication of S by itself and uslng mlddle 
10 bits. 

8.1.1.2 routing tag generator 
From newly generated low order Interleavlng 
bits, S blts, we generate a routing tag by 
s 1 mp 1 y : 

R-tag = S BOR P-nuraber 

where P-number represents processor or 
intelllgent meroory module number. 

8.1.2 fault tag table 
In Theorem 6, we state that if the routing tag 
and the fault tag agree in l^l low order blts, 
the routing path crosses a fault swttch. We 
also mentioned that a reconfIgurable 
intelllgent memory module must malntaln a fault 
tag table. The pre routing unlt hardvvare 
consiats and jxecutes functions concerning. 
reconfigurable, tault tolerant routing. 
A fault tag table Is a content addressable 
memory. Its organization and functions are the 
saoe as for the Conflict Filter. 
Duripg diagnostics, a pre routing unit logic of 
each' intelllgent niemory module receives 
the corespondlng fault tags of not operatlonal 
routing units. 
During norroal intelllgent memory module 
operatlon, a pre routing unit checks If the 
generating routing tag matches the fault tag 
table. If so, a reconfigurable path is cbosen 
using operations defined In Theorem S. 

8.1.8 packat ereatlon 
A pre routing unlt hardware, generates a packet 
that conslsts of: 
1) 16 eontrol bitš from status blts that caroe 

trom processor and from generated routing 
tag, 

2) memory bank offset as address, 
3) data If wrlte or C&A access. 

8.2.1 Caebe and Add Tabla 
As we descrlbed in sectlonV3.1> 5.5 and 5.5, 
we changed Petch and Add synchronlzational 
primitive Into Cache and Add. 
PostRUL process each C&A request as followlng. 
Let's assume the followlng C&A format: 
C&A(V,e). 
PostRUL compares V with C&A table. CicA table Is 
content addressable memory, too. 
If match occurs, PostRUL increments V by e. 
If match does not ocour, PostRUL brlngs V from 
global memory, Increments V and Inserts V Into 
C&A table. 
In both instances, PostRUL returns a non 
Incremented value of V to either Ii+j queue of 
RUji-i for normal opeartlon, or to li-i of RUo 
for bypass opeartlon. 

8.2.2 global maiBory 
One of the characteristles of the INHERENT 
design approaeh, Is a tight connection between 
a processor and Its local meroory. In general, 
processor works locally, uslng data and 
instructlons from its local memory. These 
operations are (ast. Only when a processor 
requlres a shared Information, It generates a 
global memory access. That global access 
arrives at PosBUL of some remote Intelllgent 
memory controller. 

- What should PostRU dor 
An access to a local memory of the processor 
from an Intelllgent memory module is 
Inefticlent and expensive. It Is inefficient, 
because It has to interrupt processor's 
operatlon, and go tbrough a bus controller to 
access local memory. It Is ezpensive, because 
the Intelllgent memory module looses its easy 
to add'modularlty. 

fact: memory eleiaents are the cbeapest and the 
most compact digltal components 
Furthermore, the trenda ahonr that the roemory 
capacities wlll Increase whlle their priče 
decrease, both absoIutely and relatively. 
Typical ezamples are large supercoroputers wlth 
hundreds megawords of raeinory. 
We declded to follow the trend. Intelllgent 
memory module contalns a bank of a global 
memory. 
Thls Is the reason why we call our contrlbutlon 
to the parallel processing intelllgent meroorv 
module. 

A packet is sent to an Input queue Ii-i of RUn 
for normal oerations, or to lo queue of RUi ir 
RUg is not operatlonal. 

8.2 poat routing unlt logie 

reads a packet either trom RUn-i for PostRU 
normal requests, or from RUg for bypas8 
requests. There are two raaln operations of 
PostRU: C&A operations and Olobal Memory reads 
or wrltes. 

8.8 naaaMTy 

The Intelllgent roemory module can be considered 
as an add on memory to a standard computer 
system, whlch connected wlth the other 
Intelllgent memory modules can create a large 
scale, general purpouse parallel processor. 
Even wlthout MICRO level functions, that we 
also plan to inoorporate into an Intelllgent 
memory module hardware, an intelllgent memory 
module can be advertized and aold as tha memory 
for th« ftttura. Blnce it incorporates simple 
and modular logie of the routing units, PreRUL 
and PostRUL, a priče of the intelllgent memory 
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module is bounded by the price of the inemory 
chlps that It Incorporates. Therefore, for a 
sllghtly hlgher price of an ordinary memory, 
and addltlonal price for noiseless fiber optics 
cables, a user can buy and Incorporate into his 
system a powerfull structure that supports 
parallel proceaslng in the highest possible 
form wi th: 

i) fast routlng, 
ii) fault tolerance, reconfigurabl1 ity, 
iii) nieniory confllct el Iml nat Ion, 
iv) fast global memory access, 
v) mechanisms for fast scheduling and 

8ynchronizat ion. 

It is lcnown that with good hardvvare must also 
come good softvvare for hardvvare to be 
effectIve . 

The Intel llgent meniory module cannot be sold 
successfully without adequatelly tvell written 
compiler or part of the operating system. The 
whole idea of the INHERENT design approach' is 
to use as much avallable standard products as 
possible. That means softvvare, too. 
Unfortunately, we cannot say that we succeeded 
In that respect. The Intelligent niemory module 
that we designed, differentiates local 
processor memories from global menories. It 
requires from a compiler to associates 
different memory allocatlon patterns for local 
and for shared variables. This requirement 
results in more changes in šotvvare, 
particlarly, memory management, then that we 
expect for the INHERENT design approach. 
Therefore, It is 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 
wr i ters. 

Even when the system software is done "from.the 
scratch", it Is better for the system 
prograimer to visualize the whole memory space 
as one contigent unit. In the next sectton we 
offer some ideas how to eliminate the 
difference betvveen the local and the global 
memories wlthout perforraance degradatlon. In 
other words, we show some Ideas how to design a 
better system using the NOVEL design approach. 

NOVEL DESION APFBOACH 

There are few deficiencles of the 
reconfIgurable intelligent memory module that 
result in either speed or generality 
degradatlon. One of these deficiencles is a 
remote memory access latency time. Or in other 
words, a t Ime it talces a processor to recelve 
data from the remote global memory. In section 
4.3.ti we shovved that the latency tirne is a 
funo-tlon of the routlng unit delays plus the 
queuiJ:ng delay. In this section we brlefly show 
hov« _ it Is possible to eliminate the memory 
latency tlme. 

Intel 1igent 
general Ity 
n general, 
t that the 
om global 
ow how to 
natlng the 
memorIes. 

o vi suali ze 
e them to 
management 

The other deficiencles of the 
memory module result In 8yatem 
degradatlons more than in speed. I 
these deficlences come from the fac 
system dlfferentiates local fr 
memories. We wlll also brlefly sh 
increase system generallty by ellmi 
difference between local and global 
This wlll enable sy8tem prgranmers t 
memory as one huge bank and enabi 
wrlte more effective meroory 
funct ions. 

9.1 parallel prooe»aor 

The key solution to this problem Is stated in 
the principle number two In section 2.1 whlch 
says that there must be an abundant supply of 
usefull work. What doeš it mean? 

The algorlthms that progranmers develop must be 
organized in terms of indlvidual processes 
which are designed to generally operate 
asynchronously in parallel. For most of the 
algorlthms, number of generated processes Is 
much larger than number of processors. 

The trick now Is not to concieve of the 
processor as belng assigned to a single process 
unttl Its completion. Rather think of the 
processes as the set of activitles to be done 
and the processors as a set of objects whlch 
can perform the activitles. 

Let's consider the foUovvlng scenario. A 
processor takes a process from the set of 
processes and begins working on it. It 
continues to work on this process until the 
process generates a memory requests which must 
be sent to the remote global memory. The 
processsor then sends the request to the 
intelligent memory unit, but does not sit and 
walt 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 n]emory 
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 wlth the process that 
requlred global memory access. 

The number of processes nece8sary to keep 
processor busy is bounded by 0(log2n). 

the 

- Hov« do we Implement processor mul t iplexlng? 

Current VLSI technologlcal trenda, with RISC 
architectures as the processor design examples, 
incorporate, In general, large number of 
reglsters. These register« are used by 
compilers to optimize overlapping and 
pipelining. We can use these large sets of 
reglsters Inside each processor for 
eliroinating global memory latency time, too. 

Let's call pr 
counter), SP ( 
register), MAR 
(memory buffer 
and other 
proce8sor's dy 
assume that a p 
DPCs. This 
technology, ev 
that we can e 
process multip 
exchange. 

ocessor reglsters: PC (program 
stack pointer), IR (Instruction 
(memory address register), MBR 
register) S (status register) 

general purpouse reglsters, 
namic context (DPC). Lefs also 
rocessor can have 0(log2n) such 
Is possible using current 

en for large n. Henee, we see 
ffectlvely and qulckly execute 
lexlng or what we call DPC 
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There are some requlrements in order to 
implement DPC exchange effectlvely. Addressing 
must be indirect,. through the active process 
register (APR). For example, APR = O, 
represents flrst set of reglsters, APR = 1, 
represents a second set of registers, and so 
on. A load R5 Instrustlon is actually a load 
H S C A P R J Instruction. APR is incremented when a 
DPC exchange oceurs: 

APR (APR • 1) MOD n 

where n is a number of register sets. 

It is very important to execute DPC exchange 
f'ast. This can be achleved only If the 
processor and Its Intelllgent memory module 
effectively complement each other. 

Another requlrement to the effective processor 
utilization is that the number of processes is 
larger than the number of processors. Let'8 
explaln thls statement. 

Note that the processor multlpleilng does not 
deerease memory latency. Processor multlplexlng 
results- in increased throughput and Increased 
processor utilization. Let's assume that a rate 
of a processor is P units. Then the processor 
mulliplexlng with k sets of registers is 
equivalent of icP processors each one with rate 
of p/lc. Therfore, it is important to have at 
least Pit processes to talce advantage of 
processor mul tiplexing. 

Let's assume standard fetch, decode, fetch 
operands, execute memory cycles. Let's also 
assume that we have le vlrtual processors. That 
means that the degree of processor multiplexing 
Is it. When a virtual processor generates an 
address, that address comes to an intelllgent 
memory module. The intelllgent memory module 
quickly decodes the meraory bank number 
corresponding to that address: 

1) new_address 

2) bank_nuraber 

random_HASH(address) 

new_address MOD N 

If the bank_number Is the same as the 
processor number, than the address is in 
processor's local memory. The intelllgent 
memory module signala a processor to wait for 
the memory access completlon. 

If the bank_number dlffers from the Intelllgent 
memory module number, than the address res Ide 
In some remote roemory bank. In order to access 
that memory bank it is nece8sary to travel 
through O(log2n) routlng unlts. The intelllgent 
memory module signala to the vlrtual processor 
not to walt for the memory access completlon, 
but to execute DPC exchange. 

Each Intelllgent roemory module is capable of 
storing data and status Into each vlrtual 
processor's MBR or status register. Thls is 
necessary since vlrtual processors and 
intelllgent memory modules work a8ynchronously. 
For example, If a virtual processor V request 
memory address A, and A resides In some remote 
memory bank, A Is sent to the routlng units. 
When the reque8t returns, lt's Information is 
stored into V's MBR or status register. Next 
time when the vlrtual processor V becomes 
active, it wlll have the requested Information 
available. If the 8y8tem is deslgned such that 
a minimum multiplezlng tlme is larger than the 
remote memory latency, V needs not to cheek if 
the Information ii present or not. It can go 
dlrectly on wlth the next mlcrolnstruction. 

- VVhat happens wlth a processor when the 
intelllgent meroory module slgnals that the 
meroory access is remote? 

There are two things that a processor must 
accomplish It must save the status of the 
current vlrtual processor and it must start the 
next vlrtual processor. Both operatlons can be 
done very fast. In order to save the status of 
the current vlrtual processor, a control loglc 
must save the current mlcrolnstruction into a 
Vlrtual Processor Table, indexed by APR. 

In order to start a new vlrtual processor, 
the control loglc must increment APR, and must 
set the mlcrolnstructIon program counter to 
value of V P T [ A P T ] . 

It is important that the random 
functlon in 1) is fast and simple. 

hashlng A block diagram of the proposed 
processor is glven in figure 9.1. 

parallel 
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Besldes the operations concerning vlrtual 
processors, ali other performance enhancement 
operations such as pipellnlng, overlapplng, 
multi functional units, reduce Instructions, 
e t c , can be Implemented In the parallel 
processor. 

The gratest advantage 
Is that it nuUlfie 
Therefore. the Intell 
become even more 
consuming eleinents o 
more power and mor 
wlthout expecting spe 
very important when 
intelligent memory 
(unctions such a 
synchronizatIon sche 
system prlmltlvea tha 
traf(ic. 

of the parallel processor 
s the routtng tlme delay. 
igent memory roodules could 
eomplei and more tlme 
f the system. We can add 
e IntelUgence to thero, 
ed degradatlon. Thls Is 
we have In mind that the 
module should process 

process schedullng, 
dullng and other operatlng 
t result in large network 

Most ot the functlons of the proposed parallel 
processor are to be dtscovered, yet. The 
principles are known, but the practical 
Impleroentatlonal solutions or even simulational 
Solutions are stili beyond current research 
State. The NOVEL design apprach has been the 
least studied area of the system design, 
because we do not expect to bul Id the parallel 
processor In close future. However, it is 
important to keep In mInd functlons of the 
parallel processor and bulld the intelligent 
memory module In such a way that the processor 
could be easlly Incorporated with the 
intelligent memory module Into a powerfull and 
fast parallel system> 

a.% addrais distrtbutlon 

Using an intelligent memory controller as the 
address translator, memory bacomes more 
transparent to the system software, particulary 
to the meinory management routines. In the 
INHERENT design approach, a compiler must 
determine which varlables are local, and which 
are global, and accordingly must preceed wlth 
the memory allocatlon. One of the problema of 
the separate local and global memory design Is 
the program code dupllcation. If N processes 
execute the same process code, then N roultlple 
copies of the process code reside In respective 
local memorles. The problem Is also with 
process schedullng, For exarople, if a process 
runs on a processor Pj, and synchronizatIon 
takes plače, than the process Is blocked. Nezt 
tlme when the process is reactlvated, It could 
be allocated to some other processor Pi, tvbich 
needs not to have process code in its local 
memory. Unnecessary overhead takes plače. 

Let's eonsid 
In thls sch 
code eopy 
the whole pr 
allocated o 
also part o 
a H addresse 
tbe local 
InstructIons 
only global 

A single 
implemented 
operations. 
occitr. 

er the address dlstributlon scheme. 
eme there exists a single process 
or In other words a single cppy of 

ogram. Local program varlables are 
n the stack; therefore, they are 
f thls huge bank of memory. Slnce 
8 are randomly distributed, so are 

varlables and program code 
In the INHERENT design approach 

varlables are randomly distributed. 

code in memory could not be 
without the Confllct Filter 

Too many meraory eonfllcts would 

In section 8.3 we mentloned that eacb 
Intelligent memory module contalns lt's own 
mefflory. For the INHERENT design approach w« 
ealled that memory a global memory. Thii meniory 
ean be used as cache for memory addresses that 
are not present In the proce8sor's local 
meniory. Thls could ellminate frequent Virtual 
processor DPC exchanges, whleb occur wben the 
code is distributed randomly among the memory 
banks. 

S.S luimar; 

The NOVEL desing approach leads to a processor, 
whlch In combinatlon wlth the intelligent 
iDeiBory module can acomplish ali tbe postulates 
that w* defined for the large seale parallel 
processIng. 

10. CONCLUSIGN 

The prlmary goal of thls project is prof 11. If 
we, In the process of achieving thls* goal 
succedded in finding some new ideas, or 
developped tools, luechanlsms or algorlthnis that 
are novel to the computer sclence comnunily, we 
conslder these tools and algorlthms Jus fied 
and usefull only tf they help us in approachlng 
thls goal, faster and more effeetive. 

There are very few computer flrms that can 
compete, for example, wlth IBM, In building a 
parallel roachlne, such as thelr RP3. Therefore, 
we offer a different course In taking over the 
parallel processIng oriented coniiiunity. We 
propose multlstage project developpment. 

On the first stage, whlch we call the 
intelligent m«iDOry development stage, we offer 
a reconfIgurable intelligent memory module, 
Mlthout MICRO functlons. Thls module is 
marglnally more expenslve than memory that It 
contalns, but with a H the Inovations and 
parallel concepts incorporated, it is 
attractlve enough to be sold profitable. With 
cleverly wrltten eross-compller, and cleverly 
modlfled operating system, the personal 
computer oriented coiiniunity Interested in 
parallel processIng could be taken over. 

On the next stage, MICRO level operations could 
be added to the reconfIgurable Intelligent 
memory module hardwarei creating even more 
attractlve and more powertuH building block 
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 
prevlous stagei to bul It a custom made 
processor, optimized compiler and custom made 
operating system to utiliza the intelligent 
memory module functlons. Wlth a machine 
designed using thls NOVEL approach, vre could 
enter the market of large scale parallel 
processors and compete suc«ssfuHy with the 
giants. 
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U ovom radu opisan je jedan prlstup definisanju informacionih saarjžja 
bale podatakai zasnovan na Nijssenovoj metodologiji projektovanja cais 
podataka. Predloženi postupak obuhvaca pocetne faze j razvoju 
infornaclonog sistema - analizu aktivnosti i informacionu analiiu 
Konceptualni model, dobljen predloženim poetupkom. osnova je za dalje 
projektovanje loglcke strukture baze podataka. Cilj postuoka je da Domoqns 
analltlcarlma sistema 1 projektantima baza podataka u xzgraar.ji 
konceptualnog modela baze podataka. a korisnlcima u definisanju svojih 
InFormaclonih potreba. 

Ključne reci: 
informaclonl tok. 

aktivnosti, analiza, baza podataka. Inforinacioni sisf^m, 
konceptuallzaclja. konceptualni model, realni sistem 

A HETHODOLOGICAL APPROACH TO DEFININC THE INFORMATION CONTENTS OF 
DATA BASE 

In thls paper a methodologlcal approach to deflnlng the information 
contents of data base is presented. The proposed approach deals uiith 
Initlal InTormation sustem development phases - activity and Information 
analusis. Thls method intends to help tha sistem analijets and data base 
designers in conceptual development phase of data base and to help Lhe 
users In deFlnlng their Information needs. 

KevjHords: activlty. analusis. conceptualizatlon. conceptual model. 
data base. Information Flou. Information sistem, real sistem 

U V O D 

Iskustva pokazuju da ja projektovanje baze 
podataka kritična Faza u razvoju InFormaclonog 
sistema CS. 4.8.14]. Nalme. dvosmislenosti. 
netacnosti 1 nepotpunosti u speclFlkacljama 
Informacionih zahteva (to je etapa na koju se 
zasniva konceptualno modeliranje baze podataka) 
prouzrokuju dalehosezne posledice. ne samo u 
fazi projektovanja strukture baze podataka. vec 
i u kasnijim Fazama razvoja InFormaclonog sis­
tema i na njegovu upotrebljlvost u celini. 
Uspešno projehtovana baza podataka rezultat je 
usvojenog metodoloskog prlstupa deFlnisanju in-
Formacionih zahteva korisnika i usvojene meto­
dologije konceptualnog modeliranja njene struk­
ture. 

U cilju deFlnlsanja jedlnstvenog metodo­
loskog prlstupa. koji bi vodlo uspesnom razvoju . ^ u ^ n u ^ f.r x » « . u p a . n u j j . u x V U W . L U UBf^eB>iw». . O A v u j u 
InFormaclonog sistema i njegove baze podataka. 
naclnjen je pokušaj da se slstematizuje redo-
sled postupska projektovanje baze podataka 1 

(1) strateško planiranje potreba (analiza 
aktivnosti). 

(3) InFormaclona analiza (Formulacija 1 ana­
liza InForaaclonih zahteva). 

(3) modeliranje podataka i 
(4) Fizicko projektovanje baze podataka. 

Kolika je painja usmerena projektovanju oaze 
podataka može se oceniti i po lome sto se prve 
tri Faze projektovanja preporucuju u samom 
pocetku razvoja informacionog sistema Iz ovih 
razmatranja postaje takodje jasno zasto se sve 
vise naglasava važnost temeljite analize 
realnog sistema i informacionih zahteva kao 
bitnih pretpostavki za razvoj uspesnog informa-
cionog sistema i zasto se u literaturi razmatra 
1 predlaze sve vise metoda i tehnika za 
obuhvatanje svih informacija Koje bi sadrzavaia 
njegova baza podataka Cl. 3. 9, 11, 12] 

Analiza podataka. kako se u C17] jednim 
imenom nazivaju informaciona analiza i koncep­
tualno modeliranje, je proces obuhvatanja in­
formacija i njihove transformacije u konceptu­
alni model podataka. Analiza podataka je. prema 
tome. proces uzlaine (botlom-jp) -analize inFor-
macionih zahteva korisnika, koja rezultira u 
konceptualni model 

Medjutim. kako se informacioni sistem gradi 
za realni sistem koji se ooicnc sasLoji od vise 
grupa korisnika. zavisnc oc njegove organiza-
clone podale, potrebno je ore jnaliie podataka 
izvršiti analizu aktivnost; realnog sistema 
111. kako se u nekim izvonma naziva, struk-
turnu funkcionalnu analizu To je s-vrha 
(top-doi»n) analiza realnog sistema s ciljem da 
se otkriju njegove aktivnosti odnosno funkcije 
koje ce biti informaciona podriane i informaci­
oni tokovi kojima se (ili ce se) odabrane 
aktivnosti opskrbljivati trazenim informaci­
jama. 

Analiza aktivnosti rezultira u takozvanu 
shemu informacionih tokova realnog sistema. 
Time je olaksana analiza podataka koja koncep­
tualni model gradi na osnovu analize informaci-
onlh tokova. 
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Definisanje informacionih sadriaja baze po-
dataka je skup poctupaka kojina treba odrediti 
njen sadriaj i 5trukturu< radi ladovoljavanja 
informacionih zahteva korisnlka> postujuci pri 
tome organizacione aspekte realnog sistamar 5 
jedne. i odnose i veze izmedju podataka< s 
druge strane. Taj skup postupaka u opstem 
slučaju podrazumeva primenu razlicitih metodo­
logija u nedosiatku jedinstvena integralne me­
todologije projektovanja baze podataka. Tako 
se> na primeri za funkclonalnu analizu koristi 
HIPO ili SADT matodologijai a za informacionu 
analizu i konceptualno modeliranje PSL/PSA ili 
Chen-ova E-R metodologija C16]. U ovom radu 
prikazujemo metodološki pristup deTinisanju in-
formacionih sadrzaja baze podataka inTormaci-
onog sistemai zasnovan na NijBsenovoj metodolo­
giji projektovanja baza podataka [13i153 koja u 
sebi integrise prve tri pocetne faze u razvoju 
informacionog eistena: analizu aktivnostii in­
formacionu analizu i modeliranje logicke struk­
ture baze podataka. 
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ETAPE KONCEPTUALNOC MODELIRANJA 

ASPEKTI INFORMACIONOG SISTEMA 

Nijssenova metodologija projektovanja baze 
podataka zasniva se na opstoj postavci informa-
cionog sistema u odnosu na realni sistem (pri­
kazano' na slici 1). . 

Osnovne pretpostavke u meLodolskom pristupu 
definisanju konceptualne strukture baze poda­
taka o kome je ovde rec su: 

(1) realni sistem, za koga se informacioni 
sistem gradi, sastoji se od skupa ak­
tivnosti) 

koristi 
infonsacije 

'bazo podataka 
• pravilo 
- proctdurc 

'komjRiltacija 

Slika 1. Odnos i medusobni uficaj realnog sistima, infomocionog 
sistema i okruženjo 

O ) informacioni sistem se sastoji od skupa 
funkcija koje informaciono podrzavaju 
aktivnosti realnog sistema i 

(3) informacije u realnom sistemu teku -
preko informacionog sistema - informa-
cionim tokovima. a nosioci informacija 
su dokumenti razlicitih vrsta i formi 
(izvestaji, tabele, pisma i si. ) , 

Uzevsi u obzir navedene pretpostavke i 
aspekte na koje se gradi Nijssenova metodologi­
ja, pristup konceptualnem modeliranju baze po­
dataka mozemo podeliti u 5 koraka: 

(1) odredjenje aktivnosti realnog sistema 
koje ocekuju informacionu podrsku; 

(2) odredjenje funkcija informacionog- sis­
tema 5 kojima ce informacioni sistem 
informaciono podrzati aktivnosti realnog 
sistema; 

(3) odredjenje informacionih potreba koris-
nika, odnosno, odredjenje informacionih 
tokova i dokumenata - nosilaca informa­
cija; 
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(4) analiza inforiiiacionxh tokova i 

(5) konstruisanje konceptuainog modela baze 
podataka. 

Za prikaz shema inTormacionih tokova. in-
foraacionih struktura i konceptualnog modela 
usvojiceno graficku notaciju koja se uobicajeno 
koristi u vec poznatin postupcims informacione 
analize i konceptualnog nodeliranja CS>12.133 

ODREOJENJE I ANALIZA AKTIVNOSTI 

Pocetna faza u razvoju inTornacionog sis-
taaa i njegove baze podataka ja funkcionalna 
analiza odnosno analiza aktivnosti realnog sis-
taoa. Odredjenje i analiza aktivnosti je s-vrha 
pristup realnoo sistemu radi: 

4, a OdredjenjB informaciDnih tokova 

Nakon odredjenja aktivnostx potrebno je da 
obuhvatimo i specificiramo informacione potrebe 
okruienja za njihovo obavljanje. Usvojili smo. 
naime. pretpostavku da su u okruienju 
uspoBtavljeni informacioni tokovi koji 
omogucavaju komuniciranje iimedju njegovih 
elemenata. Svaki informacioni tok u t.om smislu 
oinacava strujanje poruka. a prikazuje 
komunikaciju iznedju dva elementa iz okruzenja. 

Ovde cemo usvojiti jos jednu pretpostavku. 
a to je da poruke Infornacionim tokovima struje 
samo u jednom smeru - od izvorista ka odredistu 
(izvoriste i odrediste su. jasno, elementi ili 
delovi okruzenja). Svaki informacioni tak je na 
ovaj način odredjen smerom i sadrzajem Smer 
informacionog toka pokaiuje kretanje informaci­
ja od izvorista ka odredistu. a sadriaj otkriva 
prirodu komunikacije izmedju njih. 

(1) odredjenja aktivnosti ili funkcija real­
nog sistema i selekcije onih aktivnosti 
koje treba informaciono podrzati. 

(2) odredjsnja ulaznih i izlaznih informa-
cionih tokova selektiranih aktivnosti i 

(3) konstruisanja' globalnog modela informa-
cionog sistema. 

Pazljivim i celovitim posmatranjem realnog 
sisteaa i intervjuisanjem njegovog okruzenja na 
svia nivoima (od najvisih rukovodilaca do 
krajnjih korisnika) mozemo stvoriti opstu sliku 
o zadacioa i aktivnostina realnag sistema i o 
vitalnim informacionim tokoviaa. Nakon toga. 
posebna paznja se posvečuje upravo informaci-
onia tokovima. zato sto oni sadrze podatka od 
kojih treba saciniti bazu podataka. 

4. 1 Selekcija aktivnosti realnag sistema 
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(1) detaljno opisati njihova transformacija 

(2) oarediti dokumente - neposradna nosloca 
informacija. 
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4.3 Konstruisanje sheme informacionih tokova 

Sledeči korak u ovoj fazi je konstruisanje 
globalnog modela informacionog sistema kao skup 
funkcija koje podrzavaju odredjene aktivnosti 
realnog sistema. Svaka funkcija se postavlja sa 
zadatkom da informaciono podrzi pridružene ak­
tivnosti tako da: 

(1) ostvaruje komunikaciju izmedju elemenata 
okruzanjai 

<2) obradjujB informacije sa ulaznih infor­
macionih tokova i osvazava bazu podataka 
novim infornacionin sadrzajima i 

(3) ganarisa potrebna informacije i izlaznim 
informacionim tokoviaa isporucuje ih 
okruzanju. 

Tako postavljene. ' funkcije informacionog 
sistema mozamo shvatiti kao transformatore in­
formacionih tokova. 
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Dokumenti se mogu shvatiti kao skupovi 
podataka ili. slobodnije. kao skupovi 
specifično konstruisanih recenica kojima sa 
iskazuju odredjene informacije. Uopsteno 
rečeno, kao dokumenti sa aogu prihvatiti sva 
vrste pisanih poruka. Dokuaenti kao nosioci 
informacija su poznati i iz sira literature. 
kao prirodan i široko prihvacen način 
komuniciranja okruzenja s bazom podataka infor­
macionog sistema Cl. 2. 113. 
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Odredjenjem i analizoin aktivnosti realnog 
sistema mi razvijamo funkcionalni model sistema 
identifikacijom globalnih aktivnosti ili 
funkcija i njihovih odnosa. Funkcionalni model. 
Moji se sastoji od glavnih aktivnosti realnog 
(i informacionog sistema), informacionlh tokova 
i veza izmedju funkcija i korisnika. može se 
opisati pomocu iakozvane sheme informacionih 
tokova C13]i kao na slici S. Ova shema sadrzi 

Faza odredjenja i analize/ aktivnosti je 
ključna za razumevanje realnog sistema i za 
odredjenje njegovih informacionih potreba, In-
formacione potrebe. odredjene ovom analizom i 
»intetizovane u obliku dokumenata, biče nam 
polazna osnova za projektovanje konceptualnog 
modela baze podataka 

INFORMACIONA ANALIZA 

' D odabrane aktivnosti realnog sistema i 
pridružene funkcije informacionog sis­
tema - prikazane pravokutnlcima. 

O ) okruzenje - prikazano elipsama i 

(3) dokumente koji kao nosloci informacija 
kolaju informacionim tokovima. posred-
stvom funkcija, izmedju okruzenja i baze 
podataka. 

Informacioni tokovi prikazani BU strelica-
ma. a baza podataka poluelipgom. Dokumenti su 
ovde jedini informacioni mediji za transfer 
informacija. Strelice pokazuju smerove kretanja 
dokumenata informacionim tokovlma. 
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Sliko 2. Globalno shemo infornacionih tokovo sistciu uprovljanja 
projektom 

Shema infornacionih tokova predstavlja 
mrežni model realnog i pridruzenog informaci-
onog sistema jer oba sistema prikazuje preko 
njihovih komponenti i infornacionih veza izme­
dju komponenti. On je dinanlcki model. jer . 
prikazuje kretanje informacij« kroz komponente 
oba sistema. On je osnova za sledeče dve faze u 
razvoju informacionog sistema: analizu poda­
taka (analizu infornacionih tokova) a analizu 
procesa (analizu funkcija informacionog sis­
tema ). 

Proces specificiranja dopustenih infornaci­
onih sadrzaja baze 
nezaobilaznom faiom t 

podataka smatra se 
•razvoju informacionog 

sistema [4.143. Ova se faza. u okviru informa-
cionog inzenjerstva, razvila do nivoa 
discipline i nazvana je imenom "informaciona 
analiza" C4. lE. 13J. Informaciona analiza se 
bavi problemom potpunog i nedvosmislenog prika­
za semanticke strukture informacija koje okru­
zenje zahteva od informacionog sistema. 

Infornacionoj analizi se. u razvoju infor-
macionog sistema, pristupa nakon analize aktiv­
nosti, odnosno nakon odredjenja informacionih 
tokova i dokumenata - nosilaca informacija. 
Analizom dokumenata otkrivaju se strukture in­
formacija koje struje informacionim tokovina. 
Upravo te informacije su osnova za odredjenje 
infornacionih sadrzaja baze podataka 

Cilj ove faze je prenos znanja o svakoj 
aktivnosti. prikupljenog u prethodnoj fazi. u 
formalni prikaz koji se naziva konceptualna 
shema (informacioni model). U fazi konceptual­
nog modeliranja podataka. naša paznja je 
usmerena samo rta konceptualne objekte Koji se 
prate iz realnog sistema.- na njihova svcjstva, 
opisana njihovim atributima. i na relacije koje 
su uspostavljene izmedju objelota. Fizikalna 
ili racunarska reprezentacija objekata je 
irelevantna na ovom mestu 

Da bi prikazali konceptualne objekte 
potreban nam je racunarsko-neiavisan semanticki 
model koji: 

može obuhvatiti znacenje konceptualnih obje­
kata. 

ima dobro definisana pravila interpretiranja 
tako da i drugi ljudi. osim projektanata i 
korisnika sistema. mogu razumeti znacenje 
podataka. i 

ima dobru dokumentacionu podrsku (tekstualnu 
i graficku) i operatore visokog nivoa za 
njegovu transformaciju 

3. 1 Konceptualni model 
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Objekti su realni ili apstraktni pojmovi 
koji postoje u realnom 
tfvojstva pomocu kojih 
razlikovati, a prikazuju 
realnog sistema za koga 
podataka i informacioni 
primer. objekti: projekt. 
zator i si. . postoje u 

sistemu i poseduju 
se mogu medjusobno 
klase elemenata iz 
se projeMtuje baza 

s i s t e m . Tako. rta 
realizator. organi-
realnom sistemu i 
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poseduju svojstva pomocu hojih se nsdjuaobno 
raziikuju. Svaki alcoant klase elemenata naziva 
se pojava objekta. 

Atrib 
ktima i 
karakteri 
kata uspo 
je matema 
objekata 
elementar 
atributa, 
ta. broj 
se pomoč 
odredjeni 

uti Bu Bvojst 
omogucavaju in 
u. klaslfikuj 
stave odredjeni 
ticka funkcija 
a kodomena jo 
na vrednost at 
Atributi BU> n 
izvestaja i al 

atributa pr 
h skupova vredn 

va koja pripadaju obje-
da se identirikuju. 

u i da se izmedju obje-
odnosi. Svaki atribut 
domena je skup pojava 

skup vrednosti. Svaka 
ributa naziva se pojava 
a priner: ine projek-
Svakoj pojavi objekata 
idruzuju vrednosti iz 
osti. 

Relacije prikazuju odnos izmedju razlicitih 
klasa (skupova)^objekata i izmedju objekata i 
atributa. Relacije BU binarne, a kod njihovog 
uspostavljanja moguca su samo dve kombinacije 
odnosa: nzmedju dva objekta 1 izmedju atributa 
i objekta. Relacije izmedju dva atributa nenaju 
smisla. 

Ogranicenja BU pravila uhljucana u koncep­
tualni model koja opisuju ponašanje realnog 
sistema. Svrha im je sprecavanje protivrecnosti 
izmedju sadrzaja bazo podataka 1 aktivnosti u 
realnom sistemu. Ona omogucavaju precizniji 
opis odnosa izmedju objekata. atributa i rela­
cija u realnom sistemu, prenoseci te odnose na 
nivo konceptualnog modela. 

Osnovno ogranlcenje koje se postavlja nad 
ulogama koje odredjeni objekti/atributi igraju 
u relacijama sa drugim objektima/atributima je 
jedinstvenost. Tako. na primer. u recenici 
"RAONIK ima IHE-RADNIKA" uloga "ima" je jedin-
stvena jer svakom radniku pripada sano jednp 
ime iz skupa imena. Pri tomc u opstem slučaju 
obrnuto ne vazi. jer jedno isto ime može 
pripadati vise nego jednom radniku. U tom 
smislu je ogranicenje jedinstvenosti preslika-
vanje tipa l̂ n. 

Svaki objekt, madjutim. mora imeti jedin-
stvenu identifikaciju. Ona se ostvaruje s 
jednim ili vise atributa, tako da ja preslika-
vanje izmedju skupa objekata i Kartezijevog 
produkta skupova vrednosti atributa jednako 
1:1. Skup od jednog ili vise atributa, 
pridružen odredjonoa skupu objekata. koji 
jednoznacno identlFikuje njegove elemente zove 
se kljuc objekta. Ako uopsteno postoji vise 
skupova atributa kojl jednotnacno odredjuju 
elemente skupa objekata. onda s« jedan od tih 
skupova atributa bira za kljuc i naziva se 
primarnim ključem. 

U konceptualnem modeliranju znacajno je jos 
jedno ogranicenje. koje so nože postaviti nad 
skupovlna objekata. i naživa sa ogranicenje 
podskupa. Skup objekata ol je podskup skupa 
objekata o2 ako se svi elementi iz ol 
pojavljuju u o2. dok obrnuto u opstem slučaju 
ne vazi. 

Ogranicenjima Be u konceptualnom modelu 
može naglaslti da eventualno usvojeni sistem 
ili druga specifična programska podrska za 
upravljanje bazom podataka treba da odrzava 
samo dozvoljena stanja baze podataka. Zato se 
ogranicenja cesto nazivaju pravilima za 
ocuvanje integriteta baie podataka. 
S.2 Odredjenje elemenata konceptualnog modela 

Osnovni problem informaclone analize je 
kako iz dokumenata izvuci elemente konceptual­
nog modela. I u ovoj fazi. isto kao u prethod-
noj. naglasava se uloga okruzenja u otkrivanju 
trazenih elemenata, U dokumentlma. koji sluze 
kao medij za transfer informacija, najcesce 
dominiraju samo vrednosti atributa. dok se 
ostali elementi (objekti. relacije. ograni­
cenja) neposredno ne pominju, Duznost projek­

tanta je da. u saradrvji. sa hori.snxcima< ana-
lizoffl dokumenata i poznavanjem reainog sistema 
izvucs pripadnost atributa objektima i odnosa 
izmedju njih. 

Ako se prihvati tvrdnja oa se dokumenti 
uopsteno sastoje od skupa recpnica. kao speci-
jalni Blucaj recenica u prirodnom jeziku, onda 
se njihovom analizom mogu otlirili traieni ele­
menti. Neki opsti algoritam za ot.krivanje ovih 
elemenata ne postoji, ali zato mozemo usvojiti 
dva pravila pomocu kojth je to otkrjvanje 
znatno olaksano, premda i dalje treba racî nati 
na saradnju korisnika 

Prvo pravilo je otkrivanje imenica, gj.agola 
i prideva u recenicama dokumenata, na osnovu 
kojih se elementi konceptuainoa modela otkriva-
ju tako sto se Imenice prihvacaju kao objekti, 
glagoli kao relacije, a pridevi kao atributi 
Prednost ove tehnike je sto objekti, atributi i 
relacije otkriveni na ovaj nacin imaju smisao 
za korisnika zato sto ukazuju m pojmove iz 
reainog sveta. Nedostatak je, medjutim, sto je 
ovaj proces imenovanja veona subjektivan i 
razliciti projektanti mogu dati razlicita imena 
istim objektima, atributima ili relacijama 

Drugo pravilo, na 
Nijssenova metodologija 
vanjB. naziva se "konc 
je proces u kome se r 
transformisu u elementa 
tarne rocenice u objekt 
sve ono sto može uci 
informacioni sistem mote 
i jednostavno opisano 
objekata. specifikacijo« 
jekata mogu igrati u el 
specifikacijom ogranicen 
odredjenin tipovima obj 
gama. 

koje se upravo oslanja 
konceptualnog projekto-
eptualizacija" [15]. To 
ecenice iz dokumenata 
me recenice, a elemen-
-uloga parove. Naime, 
ili se vec nalazi u 
biti potpunoi formalno 
specifikacijom tipova 
uloga koje tipovi ob-
ementarnim recenicama i 
ja koja su nametnuta 
ekata u odredjenim ulo-

Formalno. recenica se može prikazati kao 
skup jedne ili vise elementarnih recenica, koje 
u smislu konceptualizacije predstavljaju 
binarne relacije: 

R = < <(OBJ-i. UL-j), (OBJ-k/ATR-1, UL-m)>. . . > 
gde su 

OBJ - objekt 
ATR - atribut 
UL - uloga 
<. . . > - binarna relacija 
(...) - objekt-uloga/atribut-uloga 

par 
/ - operator "ili" 
O < i. J, k. 1, m < n 

Formalni opis recenice pokazuje da je ele­
mentarna recenica binarna relacija izmedju ob­
jekta i atributa ili izmedju dva objekta, 
odnosno. da se u elementarnoj recenici mora 
pojaviti najmanje jedan objekt 

Ogranicenja se postavljaju nad ulogama koje 
objekti igraju u relacijama s drugi« objektima 
ili atributima, a neka ogranicenja se namecu 
nad skupovima objekata Ona su seaanticka 
znacajka konceptualnog modela i cesto se ne 
mogu prepoznati neposredno iz dokumenata i 
njihovih recenica, vec tek iz odnosa objekata 
sa drugim objektima ili atributima 
5. 3 Craficka reprezentacija 

dela 
konceptualnog mo-

U fazi informaclone analize neophodno je 
usvojiti prikladnu notacionu tehniku ili jezik 
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za opis konceptualnog modslai koji bi bio 
razumljiv i za projektanta bazo podeiaka i za 
okruienjs i koji bi olaksao kpmuniciranjs izme-
dju njih, 

RazmotrifflOi na pMner> dadacu rocenicu: 

RADNIK sa brojaa 1S34S<> 
radi ha 

PROJEKTU sa brojam 654321. 

objBkta/aiributa koja je jedinstvena. Na 
primar. u ralacijl RAONIK-IME. RADNIK ina saao 
jBdno IME« pa je črtica postavljena iznad ulogs 
"ima". IMEt Bedjutin> može pripadati vise nego 
jednon RADNIKU. pa zboo toga iznad uloge 
"pripada" nija postavljenir ogranicenje jedin-
Btvenosti. Odgovarajuce toms. u relaciji n̂  « 
nema jedinstvenosti> kao sto je to ne primer 
relacija ZADATAK, pa se iznad uloga 
objakata/atributa ne postavljaju črtice. 

Ovc je slozena recenica koja Be> upotrebom 
pravila za anallzu recenice i odredjenje 
elemenata konceptualnog nodelai opisanih u 
tackl 5. Z, ffloze rastavitl na cak 6 elementarnih 
recenica: 

(1) RADNIK ima BROJ-RADNIKA 
(2) BROJ-RAONIKA pripada RADNIKU 
(3) PROJEKT tna BROJ-PROJEKTA 
<4) BROJ-PROJEKTA pripada PROJEKTU 
(5) RADNIK radi na PROJEKTU 
(6) PROJEKT izvraava RADNIK. 

K tome joB treba dodati sledeča ogranicenja: 

(1) RADNIK iaa samo jedan DRbJ-RADNIKA 
(2) BROJ-RADNIKA pripada samo jednom RADNIKU 
(3) PROJEKT ima samo jedan BROJ-PROJEKTA 
(4) BROJ-PROJEKTA pripada samo jednom PROJEKTU 
(5) RADNIK radi na vise PROJEKATA 
(6) PROJEKT izvrsavB vise RADNIKA. 

Daljom analizom recenica i ogranicenja 
dolazimo do sledečih zakljucaka: 

<1) iznedju RADNIK 1 PROJEKT uspoatavljena 
je relacija> koju nozemo nazvati ZADATAK 

(2) iznedju RADNIK i BROJ-RADNIKA uspostav-
Ijena js relacija> koju nozemo nazvati 
KLJUC-RADNIKA 

(3) izmedju PROJEKT i BROJ-PROJEKTA usposta-
vljena je relacija« koju nozemo nazvati 
KLJUC-PROJEKTA 

I< na krajui zaključujemo da su u slPzenoj 
recenici RADNIK i PROJEKT objekti. a 
BROJ-RADNIKA i BROJ-PROJEKTA atributi koji 
pripadaju odgovarajucim objaktina. 

Konceptualni: model sačinjen je od prikaza­
nih rezultata analize recenica kojl su 
predstavljeni u tekstualnoj.formi. Iz primera 
se. nedjutin> vidi koliko je takav . opis 
konpleksan i nedovoljno razumljiv. Zato je u 
opisanom pristupu usvojena graficka reprezenta-
cija konceptualnog modela CS> 13]> kao na si. 3. 

Usvojena notacija omogucava jasan i aazat 
prikaz objekata <punl ..hrugovDi atributa 
<iscrtkani krugovi) i relacija (dvodelni 
pravokutnlci). Uloga. koja pdradjeni objekti 
igraju u relacijama sa drugim objektima ill 
atributima. prikazana su u odgovarajucim delo-
vlms pravokutnika koji pripadaju odredjenim 
relacijama. 

Ogranicenja jedinstvenostl i jednoznacne 
identirikacije prikazane su črticama koje se 
postavljaju iznad uloga koje objekti/atributi 
igraju u odgovarajucim relacijama. Tako je 
jednoznacna identirikacljs nakog objekta prika­
zana sa po jednom crticom iznad obe uloge u 
relaciji sa drugim objektom/atributom. 
Relacija 1-. n prikazana ja crilcom iznad uloge 

,' BROJ- \ 

T i 
11 

Stil<a 3 Grafitki priKaz dela konceptualnog modela sistema 
uprovljonja projektom 

-Ogranicenje podskupa se. po definiciji.. 
postavlja izmedju objekata. U grafickoj 
notaciji se klasa objekata 01 kao podskup klase 
objekata 02 oznacava tako da se od 01 prema 02 
načrta dvostruka črta sa strelicom prema 02. 
Tako je. -na primer. REALIZATOR podskup skupa 
RADNIK. pa su u grafickom prikazu na slicl 3 
odgovarajuci objekti povezani dvostrukom crton 
i strelicom prema objektu RADNIK 

ZAKLJUCAK 

Projektovanje infar»acxonog sistema je 
složen proces koji traje odredjeno vreme i 
zahteva odgovoren i metodološki pristup. s 
jedne strane. i aktivno ucesce vellkog broja 
strucnjaka (analiticara. projektanata. pro-
gramera i dr. ) i. jasno, korisnika. i to u svia 
fazama projektovanja. s druge strane. Premda 
jDs uvek ne postoji jedinstven metodološki 
pristup koji bi obuhvatio celokupen proces 
razvoja i projektovanja informacionog sistema, 
nacinjen je pokušaj da se sistematizuje redo-
sled postupaka koji vodi uspesnom razvoju in-
formacionog sistema i nazvan je imenom "infoi— 
maciono inzenjerstvo". U poslednje vreme, a 
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posebno zbog , narastanja prinene sistema za 
upravljanje bazana podataka, razvoju metodai 
Forinalnih jezika 1 alata za podrsku pojedlnlh 
faza o razvoju Informacionih sistema poklanja 
se sve veča paznja. 

Baza podataka je kljuc uspešnosti InForma-
cionog sistema CS. bi. Struktura baze podataka 
je odraz informaclonih potreba Dkruzenja> stoga 
jB jasno lasto se u njeno« definisanju i 
projektovanju poclnj* od realnog sistema i 
zaeto se nastojl da se okruzenje aktivno 
ukljuci u njenoa razvojui kao i u svin fazana 
razvoja informacionog sistema uopste CA> lli 121. 

Analiza Infornacionih zahteva je realno 
gledano polazna osnova za uspešno projektovanje 
informacionog sistema. Jedna od faza u procesu 
projektovanja baze podataka koja je od najveceg 
zanimanja u ovom radu je obrada informaclonih 
zahteva i konstrukcija konceptualnog modela 
koji specificira te zahteve. 

Osnovna pretpostavka u ovo« pristupu pro­
jektovanja informacionog modela je da se kon­
ceptualno modeliranje nože zasnovati na to kako 
informacije teku izmedju sistema 1 njegovog 
okruzenja i izmedju komponenti sistema. Mi 
posmatramo konceptualno modeliranje kao tehniku 
za specificlranjB objekata i relacija. u 
formalnom jezlkui koja doprinosi razumevanju 
informacionog modela 1 od strane korisnika 1 od 
strane projektanata. 

Predmet analize informaclonih zahteva je 
razumevanje aktualnog stanja realnog sistema i 
skupljanje svlh Infornacionih zahteva. Informa-
cioni zahtevi ce nakon toga biti upotrebljeni u 
konceptualnem modeliranju podataka za ugradnju 
kod generisanja konceptualnog modela. U fazi 
modeliranja sva paznja projektanta je usmerena 
na karakteristike objekata 1 relacije medju 
njima. Naravnoi na ovon nlvou se ne razmišlja o 
načinu na kojl ce ti objekti biti prikazani na 
racunaru. 

Opisani metodološki pristup definisanju in­
formaclonih sadrzaja baze podataka upravo 
podrzava takva nastojanja. Osnova ovog prlstupa 
sastoji se u odradjenju aktivnosti realnog 
sistema koje treba Infornaclono podrzati. 
odredjenju tokova lnformaclj»i usnoravanju in­
formaclonih tokov* na pravcu okruzanje - infor-
macioni sistemi otkrivanju sadrzaja informacl­
onih tokovai razlaganju informaclonih sadrzaja 
na objekte, atribute, relacije 1 ogranicenja. 
te u strukturlranju tih elemenata u konceptual­
ni model, postujucl pripadnost atributa obje-
ktlma iz realnog sistema 1 postojece odnose 
(relacije 1 ogranicenja) izmedju njih. 

Konceptualni aodal baza podataka. dobljen 
opisanim pristupoB. osnova je za dalje projek­
tovanje loglckog aodala baze podataka. 
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The article reviews same selected data flow camputer arhitectures. 
Ali the architectures are designed far VLSI implementation to provide 
large throughput, law power consunptloni and reduced size and weight. 
Uhile some are in the phase of sloulation and VLSI chip floor-plan 
contruction the others already ekhibit real VLSI implementation. 

PREGLED IZBRANIH PODATKOVNO PRETOKOVNIH RAČUNALNIŠKIH ARHITEKTUR - V 
eianku podajava pregled izbranih podatkovna pretokovnih računalniških 
arhitektur. Nekatere arhitekurs so bodisi v fazi simuliranja oziroma 
izdelovanja logifinih natirtov za VLSI vezja, druga' pa so ie implementi­
rane v VLSI tehnologiji. 

Inbroduction 

In spite of the conceptual break uith 
previous coaputers, the harduare of the fifth 
generation computers will be based on VLSI of 
seaiconductor cooponents. Vet it is to be 
expected, that the hardware of each type of the 
fifth generation camputer will be much more 
closely tailured to the application area than 
it is the čase at present. 

For a nuober of reasons, one of the most 
promising architectural models is data flow 
architecture. It is (lexlble and ektensible, 
it has the potential for very high data thro-
ughputs, and it reflects, at harduare level, 
the inherent parallelism of the processing. 
Thus, the potential realm of use includes 
problem solving i inference machine and intel-
ligent interface machine as it was proposed in 
the JIPOEC 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 conputing has already passed initi-
al, purely.academic discussions. 

In the article ue review some evisting data 
llow 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 airchi-
tectures. 

HanchBster data (low coaputar 
The machine org 

data llou ooaputar 
nication organizati 
bie-86D and is s 
structure is a ring 
to a host system vi 
modules operate ind 
iashion with pack 
rate of 4.37 M pack 
ned for the same i 
her in the aatching 
storage capacity, 

anization o 
Ceurd-85] i 
on with tok 
houn in F 
of four 
a an I/O BW 
ependently 
ets transfe 
ets/second. 
nstruction 
unit. T 
so that an 

f the Hanchastar 
s a packet commu-
en roatching CHo-
ig.1 . The basic 
odules connected 
itch module. The 
in a pipelined 

r red at a maxiiiiuiii 
Paokets desti-

are paired toget-
his has limited 
overtlov unit is 

required for programs with large data sets. 
Paired packets and those destined for unary 
instructions, fetch the appropriate instruction 
from the instruction stara, which contains the 
nachine-code for the executing program. The 
instruction is forwarded togethec with its 
input data to the prooassing unit, where it is 
executed. Output packets are eventually produ-
ced and transnit.ted back to toward to the 
matching unit to enable subsequent instructi­
ons. The return path passas through the' I/O 
switch module, which connects the 5ysteiii to a 
host proosssor, and to the token queue, which 
is FIFO buffer for smoothing out an even rates 
of generation and consumption of packets. 

10 Host (168 Kbvtes/second maM ) 
(14 Klokefis/second niax.) 

token packcis 

MalChing Unil 

l /OS*ilch 
lohen pâ r 

packets 

InsifuctlOr StOfO 

executable pacitets 

PfOcoss"tgL'i 

Ifom tHost (168 KbytM/socond max ) 

(14 Ktol^ens/second tna«) 

Fig.1. Manchester dataflow system structure. 
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The I/O switoh oiodule gives prlority to 
input froffl the ring and selects the output 
route by perlorming a deoode of certain marker 
bits. It is organized as a simple two-by-tuo 
cooaon bus swltch. 

The token queue comprises three plpellne 
bufier registers and a circular buffer memory. 
The later has a capaclty of 32K packets, each 
beeing 96-bit wide. 

The aatching unit is based on a 1,2S MU 
pseudoassociative oieoory uith six pipeline re-
gistere in the nain ring and two buffere 
interfacing with the overflo« unit, The roemory 
is used to store oatched packets while auaiting 
their partners. Its associative operation is 
achieved by accessing a parallel store using an 
appropriate hash function. Recall, that pac­
kets destined for unary instructions do not 
need to oatoh uith partners; instead, they pass 
straight through the unit. The overflo« unit 
handles packets that cannot be placed in the 
parallel hash table becouse they encounter a 
(ull hash entry. Overflow packets are stored 
in linked lists in the ovarflou unit, uhich 
contains a oicrocoded processor together uiith 
data and pointer nemories. 

The instruction store coraprises two pipeli­
ne buffar registers, a segment lookup table, 
and a random-access instruction store to hold 
the program, The segment field of the inconing 
packet is used to. access the instruction froo 
the store. The instruction is 70 bits uide, 
The instruction is conblned uith a destination 
fiald and the data iield of the inconing packet 
and Is sent to the perocassing unit as a 
'tA6-bit eiiecutable instruction packet, 

The processing unit comprises five pipeli-
ned buffer registers, a special purpose prepro-
cessor, and a parallel array of up to 20 
hoaogeneous oicrocoded funotion units uith lo-
cal buffer registers and cominon buses for input 
and output, A soall nuober of instructions are 
executed in the preprocessor but the iiiaJorlty 
ara passed into one of the funotion units vla 
the distributlon bus. Each funotion unit con­
tains a oicrocoded bit-slice processor with 
input and output buffering, 51 internal regi­
sters, and 4 KU of uritable nicrocode inemory. 
Instructions are enecued independently in their 
allotted funotion unit, and the output is 
oerged onto the arbitration bus and thence out 
of the processing unit touard the I/O suitch. 

In the nanohester archltacture a haruare 
nashing schene is used to simulate the associa­
tive neaory uhich turns out to be Isss exBpen-
cive, Unfortunately, this scheme does not 
produce very good results in terns of uaiting 
tiso. In order to reduce the uaiting tirne, a 
•ultiple aatching units scheoe is incorporated 
in the EIHAN - EXtended MANchester data flou 
coaputer CPatnaik-863, 

NIT data flou ooaputor 

The HIT data ilav ooaputar bases on a 
static concept of data flou architecture CDen-
nis-B03 in uhich the instructions of machine 
leval prograo are loaded into specific iiiermory 
location in the nachine before conputation 
begins, and only one instance of an instruction 
is active at a tine. 

Instructions are held in the local niesories 
of the proovsalng alaaant PE, Each instruction 
includes an ooeration code, spaces for operand 
values, and destination fields that spacify 
uhere resuls should be sent. Each PE is 
equlpped to recognise uhich of the instructions 
it holds havs been enabled for execution by 
arrival of needed operand values, If an ena­
bled instruction calls for a scalar arithoetic 
operation, the instruction, including its ope-
rands, is sent to a functlonal unit FU capable 
of perforaing that operation. The array •a*ory 
units AH are provided to hold arrays of data 
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Fig.2o The HIT data flou computer. 

making up the data base of coiaputation, and are 
accessible through the seaorv routing network. 
Instruction eKecution in FU or AM ylelds result 
packets each of uhich consiets of a data value 
and 8 destination field that specifies the 
targat instruction for the result packet. The 
result packets are sent to PEs that hold the 
target instruction through the distributlon 
routing natuork. Other instructions, such as 
those calling (or duplicata data values, for 
boolean operations, and for simple tests, are 
performed uithin the PE. 

The current status of the HIT data flou 
projeot ie that hardueire for the above conputer 
architecture is under development. For this 
sake, a data flou engineering model C0ennis-S33 
consisting of eight processing units coupled by 
a paket coaouniation nstuork built of tuo-by-t-
uo routers is designed for aoulating the de-
scribed architecture. 

Data llou coaputar SIGHA-l 

8ieHA-1 is a data flou oultiprocessor sy-

steo for soisntific conputations CShifflada-86]. 
The configuration o( the 5ysteci is depicted in 
Fig.3. Four processing elenents PE and four 
structure eleoents SE are connected by local 
netuork and oalled a group. Sroups are connec­
ted by global nstuork. The purpose of using 
hiorarchlcal netuork is to executQ prograns 
afficiently by utillzlng prinoiples of locali-
ty. 

Fig.3o Global configuratlon of the SIGHA-l, 

The procassing slammnb consists of five 
units, uith the units organized as a tuo-stage 
plpellne as shoun in Fig.4. PE enecutes ali 
Instructions except those that sianipulate 
struoture Beaory. The buffar unit (B KU of AO 
bits) is an Interface betueen the netuork and 
the PE. The length of the incoaing packet is 
88 bits. It is divided into tuo parts (top 
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48-bit and bottom *0-bit) and passes through' 
the network as aonsecutive parts. The most 
signifficant 8 blts are a network address, next 
40 bits are tag, and the remalning 40 bits are 
data type and value. Hhen there is no gaiting 
packet in the buffer iiieinQry and the nent units 
are not dealing with an other packet^ the 
incooing packet bypasses this unit and proceeds 
to the subsequent units. The (stoh unit is 16 
KM, 40-bit-wide program memory. The link num-
ber carried by an incotning packet is used to 
access the address o( an Instruotlon to be 
letched. The operation field of the fetched 
instruction /indicates an operation code and is 
sent to the Bxecution unit. The destination 
field of the fetched instruction gives addree-
ses of destination instructions Cwaiting for 
the result) and is sent to the destination' 
unit. The matching flags from the destination 
field are sent to the matching unit. The 
•atohlng unit is a 16KH, 80-bit-wide associati-
ve fflemory to find a partner packet of an 
incooiing packet. The matching-flag indicates 
whether the operation is unary or binary. When 
it is a unary, the incoraing data packet is 
bypassed to the execution unit. If the in­
struction is binary operation the incoming 
packet is stored in the associative memory if 
it is a first arrived packet of the two 
operands. Otheruisei the matching unit succe-
eds to find a partner packet in the matching 
aemory and sends both data of packet pair to 
the executlon unit. The •Ksoutlon unit con-
sists of an ALU, a shift unit and a floatlng 
point arithffletio unit. The word length is 32 
bits. It receives an operation code from the 
fetch unit and data from matching unit. The 
destination unit nakes output packets by combi-
ning the destination addresses and results from 
the execution unit. 
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used for the module at each stage of the global 
netuork. 

Judging from the performanpe of 1.35 MIPS 
of the pratotype harduare for the benchoark 
prograns, the performance of the next version 
of a processor with CMOS LSI technology should 
be about 1.? MIPS. 

|iP07281-baaed data flow architaotura 

The pPD7281 is the first VLSI device on 
Silicon using data flou architecture CNEC-8S:]. 
ThB pPD72ai image pipeline processor is desi-
gned to be used as a peripheral processor with 
a mini- or aicrocomputer serving as the host. 
Fig.S shows a general system configuration 
exafflple of uhich four pP07281s are used connec-
ted to the neaory in a ring shape with the 
entlre ring interfacing with the host computer 
Via a standard bus. 

For the above architecture, NEC is develo-
ping a support chip HAGIC, nefflory Access and 
General bus Interface Chlp. It handlee aH 
packet flow between the pP07281s, the image 
ffleaory, and the host processor. 
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Fi4.4. Structure of the processing element. Fig.S. )iPD7281-based data flcv architecture. 

The atruotur« aleaent comprises 64KU, 
35-bit-wide memory te store arrav data and a 
control unit to nanage free «emory uords and 
uaiting queue8. When an array is deolared in a 
program, a contiguous area corresponding to the 
array size is allooated in the structure memo-
ry. Once the uord is allooated, the used bit 
of each uord in the area is turned on, Each 
word has two other special bita. The presence 
bit aeans that data has already been vritten in 
the word. The waiting bit indicates that at 
least one read request packet exists in the 
uaiting queue. Hhen data is written in the 
word the data is sent to the instructions 
indicated by the walting packets. 

A 10 by 10 crossbar is adopted for a looal 
natuork. This is realized by bit slice ohip. 
The global nctvork is organlzed as a nultistage 
netuork CHavrie-863. The same orossbar chip is 

The pPb72ai uses an internal circular pipe­
line and the powerful instruction set Ceilc-86tl 
to allow high end immage processing. A data 
flow architecture allows the processor to maxi-
Bize efficiency in a variety of multiprocessing 
applications. As shoun in the block diagram in 
Fig.6, the nPD7281 is formed by ten functional 
blocksi the Input oontrollcr IC, the link table 
LT, tha funotion tabl« FT, the address genera­
tor and flow oontraller A6&FC, the data acvir/ 
DH, the queue G, the processing unit PU, the 
output fueue 08, the output controller OC, and 
the refreeh eontroller RC. 

Before any processing occurs, the host 
processor down-loads the object code into the 
LT and FT by using specially fornated input 
packets. The contents of the LT and FT are 
closely related to a data flou graph. The arcs 
represent the entries in the LT uhlle the nodes 
represent the entries in the FT. 
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Fig.6. Block diagram of tha pPD72B1, 

prooaaaing aleaants (PEs). The PEs are allowed 
to be functianally nonldentical in order to 
capitalize the eKisting high speed architectu-
res for fixed signal processing algorithas. 
Frequently usad operations inay be executed in 
dedicated PEs having the appropriate hardware 
structure. The I/O functions take plače in 
speoial PEs called I/O processors. This is 
oonvenient in signal processing applications, 
beoouse signal sources and sinks lend to inlro-
duca specialized requirenents. 

The control section schedules instruotions 
lor the PEs using fiiced-format messages. Re-
oall, that initially ali the informatlon about 
tha data flou graph of the application program 
resides in the local menories of the PEs. Each 
result packet carries the neccessary part of 
this information to the control section where 
it is temporarily stored in the activity store 
until the destination operation may be schedu-
led for the execution. The eKecution is per-
foraed by sending an operation packet to one of 
the PEs. 

The aotlvlty atora contains the activlty 
tenplates of those operations which ^-.Ave reoei-
ved at least one of the operands, Di:t, whi.ch are 
not Echeduled for the eKecution. Conceptually, 
tha activity store contains a representation of 
tha active part of the data flow graph. 

The contains of the result packet are used 
by the updata unit for locating the activity 
teaplate (of the destination operation). It 
also contains the the address of a block in the 

When a data packet enters the pPD7281, it 
fetches fro« the LT the address of the instruc-
tion in FT, uaiting for the incoming data. 
After the destination instruotion has been 
fetched, the ASFC unit deteraines whether the 
instruotion is unary or binary. If it is 
unary, the operation packet, consisting of the 
instruotion and the data is oomposed and sent 
Via 9 to the PU. If it it binary, the ASFC 
Stores the inooaing data to the 011 if it is the 
first arrived operand for the instruotion. 
Otheruise, it fetohes tha flrst operand from 
the on and sends it together uith the incoming 
packet and the instruotion to PU via a. The 
result packet froa PU can either be sent out of 
the pPD7281 <via LT, O, 09, and OC) or 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 oonpression, and enhancement, pat-
tern recognition, radar and sonar processing, 
FFTs, digital filtaring, speech processing, and 
nueeric proessing. 

DFSP - a dat« flow signal prooessar arohltectu-
r« 

A block dlagraa of the DFSP arohitacture 
CHartiao-S&] is shown in Fig.7. A bank cf 
processing elesents constitutes tha •xaoution 
unit, uhich parforas tha aotual digital signal 
processing coaputation* and I/O operations. 
Other parts of the architaotura fora a oontrol 
••otion, which is essentially a data flovi 
instruotion execution pipeline. In orther to 
inorease conmunication bandwidth, data trans-
fers are separated physically froa executlon 
control using a double bus architecture. Si­
gnal data is transfarred via tha shaded buses 
of the figure, The unshaded buses are used for 
operation and results packets, whioh do not 
contain operand andrecult values, respective-

A host conputer is requlred to load the 
application prograas of the DFSP. Programs are 
ooded as saparata high lavel operations, which 
are copied into the looal •••ories of the 

11 
ACTIVITV 
STOHAGE 

Fig.7. Block diagram of the DFSP architecture. 

data storag«, where the value of the operand 
has been stored. If the operand is the first 
one, the update unit creates a new activity 
teaplate and stores the result packet into it. 
Otheruise, the result packet is stored in the 
located activity template. Finally, it puts a 
transfer coamand into the result queue. 

After the rasult tranafar unit detects the 
coaaand from the queue it transfers the updated 
activity teaplate. Each activity template con­
tains a TRIGCER field whose value indicates the 
nuaber of the arrived operands. The result 
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transfer unit decrenents the TRIGSER field of 
the destination teoplate and checks for the 
resulting value. If TRIGGER equals zero the 
teaplate address iE put into the queue, sihce 
the operation is exectable. 

After the tetoh unit gets a teaplate ad­
dress (rom the queue, sends the operation 
packet to an Idle PE, and puts a data transfer 
coaaand into the data queue. 

Finally, the data transfer unit initiates 
the transfer of the operand data block fron the 
data store to the PE. 

The perforaance of the DFSP architecture 
was evaluated on a deteroinistic discrete event 
slaulator. The update unit has been the major 
bottleneck in the simulated control section. 
However, considerabl/ uniforn utilization of 
the (four) processors has generally been achle-
ved. Also, a VLSI iaplementation of ths con­
trol section is under develcpuient. 
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HDFH - Huges data flou •ultiprocacsor 
The HDFN is a proposed high performance, 

foult tolerant, high level language prograoina-
bls processor targeted for enbedded signal and 
data processing applications CGaudlot-85]. The 
HDFPI consists ' of one to hundreds identical 
procasming alMants PEs connected by global 
packet-swltching netuork. This netwark is a 
three-diaensional bused-cube network as shaun 
in Fig.8. Packet transmlssion proceeds via a 
store-and-foruard protocol, uhich allows any PE 
to transfer data to any other PE. 

y^ 

Fi«.a. 

1X1X1CONFICURATION 

Ths HDFn Gubic bus interoonnatlon nat-
work. 

Fig.9. Tha structure of the PE. 

to another allways take the sane path. This 
prinoipla, oalled single path routing, is requ-
Ired to preserve tha order of packets in 
tlne-ordered data groups such as strings. Each 
PE consists of four partsi ooaaunioation ohip 
con, proiMssliio ohip PROČ, dastinatlon Basor/ 
DH, and t«aplat« Ma«ory TH. Tha Con receives 
packets troa the routing netuork and either 
forwards thea onto other PEs or sends thea to 
Its attached PROČ. Uhen the PROČ receives a 
packet, it datarnlnates uhether the packet has 
enabled a teaplate to fire. If so, the tenpla­
te opcode and the operands stored in the TK are 
fatched, coobined with the incooing packet, 
uhich enabled the teaplate to fire, and sent to 
ALU. Sioultaneously, the destination addresses 
to uhich the result should be sent are fetched. 
The ALU perforos the operation and the results 
are aatched uith their destination address to 
fora packets. The packets are sent either back 
to the saoe PE or out into the routing netuork. 
If the teaplate is not ready to fire, the 
arriving paoket is storad in the TM. Since a 
teaplate result aay naad to be sent to nultiple 
destinations, there is additional destination 
overflou storage in the DH to acconodate lists 
of destinations. for a' node. 

Siaulation results desonstrate high-perfor-
•ance operation uith high-.level language pro-
graoaabllity. For exaaple, the results of the 
deterainistic siaulation of tha aachine shou 
that a 64 proaessing eleaent aachine nay provi-
da real throughput of 6«̂  HIP6. 

Each PE can execute the instruction set and 
perfora the data flou sequencing and addres-
sing. ' Each PE has its oun local mBaory for 
both prograa and data storage. There is no 
global aeaory. The program, uhich consists of 
data flou graph nodes, is allocated to the 
local aeaories of the PEs at coapile tioe. 
Uhen nodes are implenented in an architecture 
they ara called teaplates. A teoplate consists 
of an opcode, slcts for operands and destinati­
on pointers, uhich indicate the nodes to uhich 
the results of the operation should be sent, 
Each PE has a unique 9 bit address oorrespon-
ding to its position in the oube (plane, 
coluan, rou). This allous up to 8 PEs per bus 
for a aaxiaua configuration of 512 PEs. Hithin 
each PE ara aultiple teaplates, each of uhich 
has unique teaplate address. To iopleoent the 
data flou nodel, the results of one teaplate 
ara sent to another in the fora of packets. 
Each paoket consists of a type field, a desti­
nation ' address, and data. The destination 
address indioates the PE address and the tea­
plate address of the teaplate to uhich the data 
is to be sent. Packets travelling froa one PE 

PlH-0 - the datallov-based parallel inferenoe 
•aohln« 

The research and developaent of the paral-
lel inferenca nachine includes the data flou 
aeohanisa to rapldly executa inference operati-
ons. The data flou eodal has also siailarity 
to the logio prograoaing languages. E^ecution 
of logio prograoB is parforaad in a goal driven 
aanner) a olause in tha prograa is initiated 
uhen a goal is given and returns the results to 
the goal. The logio pr.ograas are ccopiled into 
data flou graphs CBic-S43. PIH-D is an exaaple 
arhiteoture to support parallel version KUl of 
the kernal language for ICOT's fifth generation 
ooBputers Clto-863. 

PIM-O is, siailarly to S16HA-1, constructed 
froa oultiple proaasslng eleaents PEs and 
struotur« eecorles SHs interoonnected by a 
netucrk. 

Each PE has saveral stagas. The packets 
transferred betueen these stages include result 
packets and exeoutabla instruction packets. A 
result paoket consists of three fields: identi-
fier, destination and the data. The identifier 
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specifies the Invoked procedure instance to 
which the result packet belongs. The destina-
tion specifies the destination instruction ad-
dress of the result paoket. It also specifies 
Mhether the destined instruction receives a 
single operand or two operanda. The data field 
contains the operand data to be sent to the 
instructuion. Fig,10 depicts the configuration 
of each PE. Paokat ^uaue unit PSU is a FIFO 
queue oeiiiory to store the result packsts froin 
the token bus. Instruotlon oontrol unit ICU 
receives the result paokets (roai PSU and checks 
if the destination instructions are enecutable 
or not. An Instruction is executable if it 
receives a single operand, or i( the partner 
operand is already in the operand aaaorv in the 
ICU vhen it receives two operands. In the 
later čase, the ICU searches in its operand 
aeaory whether the partner operand exists or 
not. If it does, the partner is removed from 
the aeiaoryt otherwise, the result packet is 
stored in the operand nemory. This searchlng 
is perforaed associatively by hardvare hash 
using the identlfier and the destination ad-
dress as the key field. If the instruction is 
axecutable, the ICU fetches the instruction 
code in its instruotlon aaaory and construots 
an exeoutable instruction paoket and sends the 
packet to the next stage, one of atoalo proces­
sing unita APUs Via the inatruotion bus. Ths 
APU interprets the instruction packets and 
eends result packets to the PSU in its PE or 
other PEs, or sends structure aocess conand 
packets to SHs via the token bus. The BMs are 
responslble for the structure acoess conmands, 
perform structure aanipulatlon operations, and 
return results to tha destination specified by 
the conaands. 

Actual inpleaentation of the experifflental 
oachine is currently beeing dsveloped. The 
aachine includes fi PEs, 7 SHs, and one host 
ooaputer used to aonitor or debug the s;̂ stein. 
The APUs and Sds are Inplemented as micropro-
graa control units using bit-slice oioroproces-
eors or special harduare to reoognlze the data 
tag. The ICUs are also microprograo controlled 
to iapleaent hashlng harduare. A software 
siaulator for OR-parallel and Concurrent Prolog 
was developed. Perfornance evaluatlon results 
froa the softwara sinulator lshow that about one 
aillion head unifloations per seoond can be 
achieved by eiiploiting parallelis«. 

Sinos about 
and uldespread res 
ooeputer architec 
ninated in nany de 
ter systems, seve 
in the process of 
re. 

The major lo 
techniques uiti b 
perfornance of 
partlculary inpor 
systeffis should b 
in VLSI, and to 
software techniqu 
the hardware. 

Conclusions 
1970 there has been a groving 
earch interest In data flcu 
ture. This interest has oul-
signs for data-driven coapu-
ral of which have been or are 
being implemented in hardva-
ng-terffl interest in dataflou 
e in the construction ar.č 
ultiprocessor systeiiis. It is 
tant to knou how dataflow 
e designed for implementation 
be oertain that elfiotive 
es are avaiable for utilizing 
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SAZETAK. Ovaj članak prikazuje , ali ne dokazuje , koliko se različitih 
E ulerovih formula može prihvatiti . Dalje če se posmatrati neke prakti­
čne primene u modeliranju graniSnom geometrijom. 

A3STRACT. In this article would be demonstrate , but do not prove , hov 
different versions of the Euler formula can be obtained . We then consi-
der' some praotical applications in boundary geometric modelling. 

Kompjuterska grafika koristi mnoge različite 
tipove modeliranja čvrstih tela (Solid Modeler) 
kao što su CSG (Constructive Solid Geometry), 
Octree , poluprostor (Half-space) itd /1/. 

CSG eodelari opisuju kompleksno telo putem 
Booleove kombinacije jednostavnih zapremina ko-
je se nazivaju primitivama. Modelari sa granič-
nOB reprezentacijom (Boundary Modelers) koriste 
graničnu geometriju (površi , krive , tačke) i 
najčešče veze izmedju tih geometrijskih suseda. 
Ove veze se proučavaju u topologiji . Takode je 
moguče CSG modele prevesti na granične modele. 

Za ocenu gore poaienutih veza i odnosa koristi 
se u literaturi poznata Eulerovs ili Euler-Poin-
careova formula , odnosno Eulerovi operatori/2, 
?/. Ovaj rad 6e diskutovati problematiku vezanu 
z& r̂aair.f.ie sodele J pokazati kako modelari ko-
ji bM?,ir-ri.;i> ns žičanoj ili čvrstoj predstavi mo-
gu da koriste Eulerove operatore. 

GRANIČNI OBJEKAT I OPNA 
LICE ^POVBŠ I — PETUA 
TVICA 

•-TEME 
-KEIVA 
-TAČKA 

SI 1 Hijerarhija topoloških entiteta 

ma. Za dalje , lakše , pračenje možemo smatra­
ti da su figure koje če biti opisane na nared-
nim slikama napravljene od hartije , sem u 
slučaju kada bude bilo reči o žičanim modelima 

Razmotrimo prvo lik dat na si 2a. Važne 

TOPOIOGIJA 
Postoje razne grane topologije . Rad če se 

baviti topologijom susedstva (Adjaoency Topolo-
gy)/2/. Geometrija počiva na veza-iia izmedju geo­
metrijskih entiteta : površi , krivih , tačaka. 
Topologija počiva na vezama izmedu odgovaraju-
čih topoloških entiteta koji se nazivaju lioi-
ma , ivicama i temenima . Veza izmedju osnovnog 
i proširenog skupa topoloških i geometrijskih 
entiteta je data na si 1. 

Za razliku od geometrijskog topološki prostor 
predstavlja "rastegljiv" prostor , odnosno to­
pologija ne barata sa dimenzijama več sa oblici- Sl 2 Primeri pojedinih likova 
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osobiDo ovog lika su da ima ograničenu površinu 
i da 1 linije ne dopuštaju njegovo Sirenje . 
Ako bi ovaj lik bio napravljen od gume mogao bi 
da se izvitoperi onako kako je dato na si 2b. 
Ova dva lika imaju po 4 ugla , '̂  temena i '̂  
ivice . Govoreči jezikom geometrije objekti 2a 
i 2b su različiti objekti , ali u topolo$kom 
smislu to su isti objekti . Na si 2c je dat ob-
jekat koji se u obnosu na prethodne objekte raz 
likuje i u topoloSkom i u geometrijskom smislu; 
on ima 8 temena , osam ivica i jedan.i otvou. 
Kao što se sa slike 1 vidi može se uvesti analo 
gija izmedju topoloSkoh i geometrijskih enti­
teta : teme (topološki) je tačka (geometrijski) 
i ivica (topološki) je kriva (geometrijski) , 
uz napomenu da su prave specijalni slučajevi 
krivih . 

POJAM OTVORENIH I ZATVORENIH OBJEKATA 
Ako se objekat sa slike 2a "preseže" na dva 

dela dobiče se objekat kao na slici 3BI tako 
da sada poštoje dve figure. Ova dva objekta 

l»i ».»^ 

ic) 

SI 3 Razdvajanje i spajanje likova 
mogu da se spoje pa da daju isti objekat kao 
i pre sečenja (si. 5b). ažalost , ova dva li­
ka mogu da se spoje na različite načine , kao 
što je prikazano na si. 5. Na slici 5o je pri 
kazan spoj po ivici , a na si. 3cl po temenu . 
Ovaj poslednji ne može da se izvede kao "čvr­
sti spoj" , tj on "visi" . Modeli 3b i 3c de 
se zato smatrati ispravnim , a 3d neispravnim. 

Znajuči ovo , od lika na slici 3» moiemo 
spajanjem napraviti krst t-b ili kutiju (si 1-c) 
Modeli ovakvog tipa se nazivaju "otvorenim" 
objektima . Ako se takvom liku doda šesti lik, 
objekat postaje kocka , kako Je prikazano na 
slici 5. Ovakvi objekti se nazivaju zatvorenim 
objektima . 
Se isti način kao što se spajaju likovi da bi 
se dobio zatvoreni objekat isto tako mogu da 
se spajaju i zatvoreni objekti . Na si. 6 Je 

non 
L — I I I t l—J 

D"' 
r 
v. 

\ 
SI 

VK 

SI 4 Spajanje likova 

:? ^rTiz. 
SI 5 Dodavanje šestog lik« (a) da bi se 

napravila kocka 

/C7 

'ibi 

0 
1/,-. 

SI 6 Spajanje dva zatvorena objekta 

Je prikazan spoj dve kocke. Ne sme se dopusti­
ti da objekti budu spojeni po temenima i ivi-
cama (si 6c , d). 

PETUA 
Petlja je zatvoren uredjen skup ivica i te­

mena koJi se ne presecaju medju sobom . U gra-
ničnom slučaju petlji može da sadrži Jednu 
tačku. Primer petlje je dat na al. 7. 

LICE 
lAce je deo površi objekta . Čini ga skup pet-
Iji a povrSinu objekta definišu u geometrijskom 
smislu . Samo Jedna petlja definiše spolJaSnJu 
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SI 7 Primeri petlji TABEU 1 
PolJKonalni ob.lekti bez otvora 

SI 8 Lice sa jednom petljom bez rupe (a), aa 
dve petlje i jednom rupom (b) i sa tri 
petlje i dve rupe (c) 

granicu lica . Unutrašnja granica se može aaa-
tojati od viSe petlji , si 8. 

EULEROVE FORMULE 
Postoji više verzija ove formule . Matemati 

čar Euler je sugerisao pravilo koje se odnoai 
na broj elemenata poliedra : 

T-- I + L = 2 (1) 
gde su T,I,L brojevi temena , ivica i likova 
Jednačina (1) predstavlja dobro poznati Eule-
rov zakon : 

" U svakom jednostavnom poliedru 
broj lica (L) , ivica (I) i teme­
na (T) moraju da zadovoljavaju gor-
nju jednačinu" 

U nastavku rada če biti prikazane razni ti 
povi ove formule koje su proširene uvodenjem 
dodatnih entiteta. 
POLIGONAUII OBJESTI 

Poligonalni objekti su ravanski likovi sas-
tavljeni od pravih linija . Svi dosadašnji ob­
jekti su poligonalni . U tabeli 1 su dati para 
metri ovih objekata . Vidi se da jednačina (1) 
ne vazi u svakom slučaju , pa se ona mora modi 
fikovati . Za otvorene objekte vazi sledeča 
jednačina : 

X 1 = T - I + L - S = 0 (2) 
Za zatvorene objekte vazi relacija : 

X 2 = T - I + L - 2 S . 0 (3) 
' gde su : 
S - broj otvorenih objekata 
S - broj zatvorenih objekata 
OBJEKTI SA ROPAMA 

Posmatračemo objekte na slikama 9 i 10. Ku­
pa ae definiše kao prolaz koji zahvata oeo ob-
jekat . To nije udubljenje u stranici objekta 

Slika S./S_ XI X2 
2B 
58 
3b 
5c 
t^a-

4b 
4c 
5b 
6a 

XI 
X2 

4 
8 
6 
3 
20 
12 
8 
8 
16 

= T - I 
- T - I 

4 
8 
7 
9 
20 
16 
12 
12 
24 

+ L -
+ L -

1 
2 
2 
2 
5 
5 
5 
6 
12 

^ 
2S z 

1 
2 
1 
1 
5 
1 
1 
1 
2 

0 
0 
0 
0 
0 
0 
0 

0 
0 

C ] 
(•) 

SI 9 Primeri otvorenih objekata sa rupama : 
(a) jedna rupa , dva lica , (b) jedna ru-
pa i 4 lica , (o) dve rupe i tri lica 

/M M\ 

SI 10 Primeri zatvorenih objekata : (a) sa jed­
nom rupom , (b) sa dve rupe i (o) sa tri 
rupe ^ 

koje odgovara rupi u ravanskoj figuri . Za dalji 
rad su nam potrebne takodje i informacije o pet-
Ijama (P). Ako se aa E označi broj rupa dobija 
se sledeči par jednačina : 
- za otvorene objekte 

X3 . T - L + 2L - P - (Sjj - R) = O (4) 
- za zatvorene objekte 

X 4 » T - I + 2 L - P - 2(S, - E) = O (5) 
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OBJEKTI KOJI SE SASTOJE OD "KHIVIH" STRANICA 
Prvobitne študije topologije vezane za tela 

tretirale su poliedre sa ravnim stranicama . U 
zavisnosti od toga kako su zakrivljene povrSi 
s egmentišemo u stranice , nije potrebno da re 
zultujuča topologija zadovolji sve uslove koje 
zahtevaju ravni poliedri . Na primer , mogude 
je da posmatramo konusnu povrS kao izolovano 
teme bez ivica , si lla, a konus kao skup teme 
na i ivice . Medjutim , najsvrsishodnije je ra 
zdeliti konus u segmente tako da konus razmat-
ramo kao poliedar . 

SI 11 TopoioSka analiza nekih objekata sa zakriv 
Ijenim stranicama : a) konusna površ , 
b)konus , c)valjak , d)lopta i e)toru8 

Cilindar , si llb, posmatramo kao telo koje 
ima 3 lica (2bazisa + omotač = Jlica), 2 ivice 
(po jedna za granice svakog od bazisa sa jedin-
stvenim omotačem), dva temena (uzima se da sva­
ka kružnica mora da ima po jedno teme , tj. tač-
ku iz koje počinje i u kojoj se završava kruž­
nica ). Cilindar ima jednu petlju i nema rupa. 

Lopta se može razmatrati na primeru pravlje­
nja mehure od sapunice . Mehur nastaje iz diska 
ko ji je "razapet" preko žičanog prstena . Kada 
je mehur naduvan disk se transformiSe u sferu , 
a teme pokazuje poziciju zatvaranja sfere. Ovo 
teme je , ustvari , teme kada se mehurič odvo-
jiĉ -od prstena . Ostali podaci su dati na si lld 

Torus je dat na si lle. Rigoroznija definici­
ja torusa je data u /9/. 

OPNE I RODOVI 
Ranije su rupe opisane kao prolazi kroz obje-« 

kat. Topološki pojam za rupu je rod (genus) . 
Opna je skup lica koja konstituiSu jednu to-

pološku povrsinu objekta . Jedna opna je potreb­
na da ge definiše spoljaanja granica objekta , a 

po jedna opna opna za svaku prazninu u objektu. 
Opna deli prostor na dva dele . 

Može da egzistira objekat prikazan slikom 
12 

SI 12 Kocka sa mehurom u obliku kocke 
Sada se mogu postaviti jednačine za otvore-

ne i zatvorene objekte : 
X5 = T - I + 21. - P - (O - R ) - O (6) 
X6 - T - I + 2L - P - 2(0 - R) = O (7) 

Zbog potreba da se otvoreni i žatvoreni objekti 
posmatraju jedinstveno opšta jednačina dobija 
oblik : 
X7 = T - I + L - P - 2(0 - R) o O (8^ 

i vazi sajno za 5D objekte . 

ŽIČAHI MODELI 
Druga klasa modela , poznata kao žičani mo­

del (wire -frame ) model , sadrži informacije 
o temenima i ivicama , ali ne i o stranicama . 
Za ovakve modele se može postaviti jednačina : 

X ž = T - I + P - 2 - 0 (9) 
gde P predstavlja broj petlji . Ako postoji vi-
Se od jednog žičanog modela izraz (9) se genera 
lizuje 
Xž - T - I + P - 2M = O flO) 

gde je M broj modela . 

.,K1 
e1 \ 

> 

-, D D 
« -D—O-

SI 15 Razni primeri otvorenih objekata 
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Sumarni pregled ovih objekata , ako bi se 

posmatrali kao čvrsta tela je dat u tabeli 2, 
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TABELA 2 
3vi modeli ooamatrani kao čvrsta tela 

Eulerovi operatori koji pomoču vektora tranzi-
oije omogučuju 1 verifikaciji! modeliranja . 

olika LL LP XI X2 X5 X6 Napomena 

2a 
2c 
3a 
5b 
3c 
3d 
4-3 
4b 
*c 
5a 
5b 
6a 
6b 
6c 
6d 
9a 
9b 
9c 
lOa 
lOb 
lOc 
12 
l?b 
15c 
ija 
l?e 

4-
8 
3 
6 
8 
3 
20 
12 
3 
12 
3 
16 
16 
16 
15 
3 
3 
16 
16 
2^ 
30 
16 
4 
15 
14 
13 

4 
8 
8 
7 
9 
9 
20 
16 
12 
16 
12 
24 
24 
25 
24 
10 
12 
20 

24 
36 
48 
24 
5 
18 
15 
21 

1 
1 
2 
2 
2 
2 
5 
5 
5 
6 
6 
12 
11 
12 
12 
2 
4 
3 

10 
14 
13 
12 
2 
5 
2 
2 

1 
2 
2 
2 
2 
2 
5 
5 
5 
6 
6 
12 
12 
12 
12 
2 
4 
3 . 
12 
18 
22 
12 
2 
6 
4 
2 

1 
1 
2 
1 
1 
1 
5 
1 
1 
2 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1̂  

0 
1 
0 
0 
0. 
0 
0 
0 
0 
0 
' 0 
0 
0 
0 
0 
1 
1 
2 . 
1 
2 
3 
0 
0 
0 
2 
2 

1 
1 
2 
1 
1 
1 
5 
1 

• 1 
2 

1 
1 
1 

1 
1 
1 
1 

1 
2 
2 
1 
1 
2 
5 
1 
1 
2 

2 
2 
3 

1 
1 
5 
3 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-1 
-1 
-2 

0 
1 
0 
-2 • 

0 
0 
1 
1 
1 

0 
0 

-2 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 
-1 
0 
0 
0 
0 
0 
0 
0 
, 1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1. î igure. označene zvezdicom su nepravilni objekti 
2. XI » T - T + L - S 

X2 = T - I + L - 20 
X5 . T - I + 2L - P - (O - E) 
X6 - T - I + 2L.- P - 2(0 - R) 

3. Solone označene sa LL i DP su "lažno lice" i "dodatna petlja" za otvorene objekte da bi mogli 
da se računaju po jednačini X6 

ZA5LJUČAK 
Na osnovu pokazanih formula može se sudi-

ti o topološko geometrijskoj ispravnosti ob­
jekta . Ova analiza ima velikog značaja pri 
projektovajiju CAD sistema , a naročito modela 
ra koji baziraju na čvrstim telima . Eulerova 
relacija koja se odnosi na entitete koji uk- , 
Ijučuju lica , ivice i temena ne zadovoljava 
sve objekte . To se postiže uvodjenjem dodatnih 
entiteta. U radovima /3.8/ su dati osnovni 

DODATAK 

Svrha ovog dodatka je da omoguči skup defi­
nicija termina koji su u radu bili manje ili 
više precizno diskutovemi . 
TEME (Vertex) je jedinstvena tačka u prostoru. 

Teme pripada jednom ili više li 
ca . 

rVICA(Edge) je skup od dva temena koji se na-
lazi na preseku dve ravni . Ne 
sme da preseca sama sebe . 
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ŽiSani modeli 

72 

Slika Xž Slika Xž 

2a 
2c. 
3a 
513 
5c 
5d 
li-a. 

'^'b 
H-o 
5a 
5b 
6a 
6b 

4 
8 
3 
6 
8 
8 
20 
12 
8 
12 
8 
16 
16 

i; 
8 
8 
7 
9 
9 
20 
16 
12 
16 
12 
2't 
24 

2 
4 
4 
5 
3 
5 
10 
6 
6 
8 
6 
12 
12 

1 
2 
2 
1 
1 
1 
5 
1 
1 
2 
1 
2 
2 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

6c 
9a 
9b 
9c 
lOa 
lOb 
lOc 
12 
13b 
13c 
13d 
15o 

16 
8 
8 
16 
16 
24 
50 
16 
4 
15 
14 
18 

25 
10 
12 
20 
24 
36 
48 
24 
5 
18 
15 
21 

11 
4 
6 
6 
12 
18 
22 
12 
3 
7 
7 
5 

1 
1 
1 
1 
2 
3 
2 
2 
1 
2 
3 
1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Xž !•+ P - 2M 

LICE (Face) Je deo površi objekta . To Je Jedin-
stvena petlja i istovremeno Jedin-
stvena opna . Površinu objekta defi-
niše u geometrijskom smislu . Ne sme 
da seoe samo sebe . 

PETLJA (Loop) Je uredjen naizmeničan skup teme­
na i. ivica koji se ne presecaju 
medju sobom , U graaičnom slučaju 
petlja može da sadrži samo tačku. 

PHSTEN(Eing). Dok se za petlju smatra da Je spo-
IJašnJa petlja , prstanom se defi-
nišu sve petlje , i one nastale od 
granioa lica i one koje nastaju 
usled postojanja rupa (OvaJ rad 
ooiatovečuje petlju i prsten) 

OPNA(Shell) je SKUP lica koja konstituišu Jed-
nu topološku površinu objekta. Jed-
na opna Je potrebna da definiše 
spoljašnju granicu objekta , a po 
edna opna za svaku prazninu u ob­
jektu. 

ČVRSTA GRAHIČNA REPREZENTACIJA(Solid Boundary 
Representation) Je skup entiteta , topoloških i 

geometrijskih, koJi nedvosmi-
sleno definiSu zatvorene zap-
remine koJe ne seku same sebe . 

EEFEEZENTACIJA ŽIČANIM MODELOH (Wire Boundary 
Representation) Je skup topoloških i geometrij­

skih entiteta koJi definišu 
žiSani model. 
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Članek opisnje sistem za obCasno notranjo diagnostiko S-bltnega enokartICnega nlkroraConalnika. 
EPM'8Sa zaanovanega na mikroprocesorja INTEL 80B5. Diagnostika je Izvedena popolnoma 
programsko. zato se posamezni pristopi in testni postopki lahko enostavno.pri redi je za 
prelzkttianje mlkrorafunalnlkov dragih tipov. 

SELF DIAGN0STIC8 FOR EPM-850 MICROCOMPUTER 

In the followlng article the self diagnostle system for single board B-blt microcoraputer 
EPM-8S0, based on the INTEL 8085 Is described. The diagnostle program teats the compoter 
hardirare upon each reset or power-ap and ensares detecting majority 6f possible faalts In the 
system. Diagnostle procedures run without speeial hardware aupport, therefore the described 
testing approaches can be easely used for other compoter types. 

1. UVOD vendar se veČina pristopov k testiranja 
lahko uporabi tudi la prelzkutanje 
mikroračunalnikov drugih tipov. 

Zanesljivost mikroraCunalniSkih sistemov 
postaja lastnost; ki pri odloCitvah o nakupu 
sistemov za vodenje industrijskih procesov 
prihaja vedno bolj v ospredje. Drugi razlog, 
ki načrtovalce raCnnalnitke opreme sili v 
bolj sistematično obravnavanje te 
problematike je, da pravoCasno odkrivanje In 
lokallzaclja okvar bistveno zmanjšujeta 
stroSke vzdrievanja raCunalniSke opreme. 

Po nekaterih ocenah atroSkI vzdrtevanja 
raCunaIn IikI h sistemov v industriji dosegajo 
do 25 % cene vgrajene aparaturne opreme. Ce 
upoštevamo ikodo zaradi daljie prekinitve 
proizvodnega procesa, postanejo ti stroSkl 
Se veCjl. Z avajanjem enostavnih 
diagnostičnih postopkov in ob podpori 
priučenih vzdrlevaleev, ki bi inali IzvrSitl 
raanJSa popravila, kot so menjava modula 
računalnika ali menjava Integriranega vezja, 
bi lahko te stroSke bistveno zmanjiall, 
hkrati pa bi poveCall razpoložljivost 
računalniškega alstema. 

Za spremljanje pravilnosti delovanja 
računalniškega sistema potrebujemo učinkovit 
sistem za odkrivanje napak in okvar v nJem. 
Napake v računalnikih lahko odkrivamo na veC 
naClnov; od 'roCnega* (s pomoCjo 
osciloskopa, logičnega analizatorja Ipd.), 
ki Je nujen v fazi razvoja In delno v fazi 
proizvodnje, do popolnoma avtomatiziranega 
odkrivanja napak, ki ga vodi raConalnlk sam. 

V tem delu je predstavljen sistem za 
obCasno notranjo diagnostiko 8-bltnega 
enokar11Cnega mikroračunalnika EPM-850, 

2. DIAGNOSITKA MIKRORAČUNALNIKA EPM-850 

2.1 Izbira diagnostične metode. 

Diagnostika računalniškega sisteme 
pomeni odkrivanje In 1okal1zacljo ' napak v 
njem. Znanih Je veC pristopov k diagnostiki 

sistemov glede na Cas 
reallzacljska sredstva In 

strategijo. Pri razvoju 
postopkov je pomemben todi 

računalniških 
IzvaJanj a, 
dlagnostICno 
di agnost iCnlh 
naCIn Izbire testnih vektorjev. 

V naSem primeru smo se lotili izdelave 
diagnostičnega sistema za mikroračunalnik, 
ki Je 2e v nporabi. S stailSCa aparaturne 
opreme je torej dokonCan In se serijsko 
proizvaja. Zato pri zasnovi testnih 
postopkov nismo mogli zahtevati spremembe v 
vezju računalnika. Izdelava zunanje testne 
naprave pa bi bila predraga. Zaradi tega amo 
se odloČili za popolnoma programsko 
diagnostiko, ki bi bila prisotna v sistemu 
samem. 

Pri preizkušanju računalniških sistemov 
ima poseben pomen definiranje diagnostičnega 
Jedra, to Je tistega dela računalnika, ki 
poStlJa testne vzorce na vhode posameznih 
delov sistema in opazuje njihove Izhode. V 
sistemih z notranjo diagnostiko v praksi 
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-Testne vektorje smo določali vnaprej na 
osnovi proneevaaja posameznih komponent In 
napak, kl bi v njih lahko nastopile. Program 
Je zgrajen tako, da lahko veeino programov 
za preizkušanje posameznih delov sistema 
kllCemo tudi med Izvajanjem uporabnliklh 
programov, ob tiatreznem dodeljevanju 
procesor J a. 

2.2 Zgradba mikroračunalnika EPM-850 

Mikroračunalnik EPM-8S0, Izdelan na 
institutu Jotef Štefan, se lahko uporablja 
kot samostojni računalnik za vodenje 
Industrijskih procesov, a H kot periferna 
mlkroraCunalnlSka poataja v distrIbulranem 
sistemu za vodenja kompleksnejših 
industrijskih procesov. Realizirane ima 
naslednje funkcije: 

- mikroprocesorska enota INTEL 808S, 
- e4K besed pomnilnika, kl ga lahko 

poljubno konftguriraao glede na 
dolZlno RAM In EPROM, 

- 2 serijska sinhrona 
povezavo za 

komuni kači Jaka 
v računalniško 

aalnhrona komunikacijska 

kanal a, 
mreto, 
2 serijska 
kanala, 
4 DMA kanali, 
programsko nastaviJlvl Števci, 
12 ntvojska preklnltvena struktura, 
aritmetični procesor IHTBL 8231, 
ura realnega Časa, 
Casovnik za nadzor delovanja 
procesorja (Watch dog), 
24 digitalnih vhodov, 
24 digitalnih izhodov, 
EMV vodilo za priključitev modulov z 
digitalnimi ter analognimi vhodi in 
Izhodi. 
baterijsko napajanje RAM-a. 

2.3 Diagnostika BPM 890 

Pri načrtovanju diagnostičnega sistema 
za EPM-8S0 smo se odloČili za trojno 
preizkušanje računalnika. Najprej se 
računalnik prelkzusl po izdelavi (tako 
Imenovani proizvodni testi), 

DrugI pristop Je uporabljen za preizkus 
računalnika ob vklopu oziroma po Izpadu 
napajalne napetosti alt po RESET-u, kl ga 
lahko IzvrSi tudi enota za nadzor delovanja 
olstema v .realaoia Coou. Predvideno Je tudi 
prel ztiuSen Je is nadzor računalnika med 
vodenjem Industrijskih procesov (ON-LINE 
TEST). 

Ker Je EPM-8S0 mikroračunalnik, kl Je 
ponavadi otalBO priključen na proizvodni 
proces, moramo biti prepričani, da po vsakem 
kraJSem ali dalJSem izpadu napetosti sistem 

pravilno deluje. Zato se ob vsakem vklopu 
ali po RESET-u sistema najprej Izvede 
dlagnostienl program, kl preveri delovanje 
aparaturne opreme mlkroraCuanInika. V 
primeru napake v računalniku diagnostični 
program ustavi nadaljnje delovanje sistema 
in Javi napako. Ce sistem deluje pravilno, 
se po uspeSno Izvedenem testnem programu 
sistem Inclallzlra In se zaCne Izvajanje 
uporabniških programov. 

C VKLOP ) 

RESET 

< DIAGNOSTIKA \ A . 
EPM 850 > — = _ 

NAPAKA? / ne 

MONITORSKI 
PROGRAM 

IZPIS KOOe NAP. 
ALARM 

IZPIS NA TTf 

UPORABNIŠKI 
PROGRAMI ( STOP ) 

Slika 1: Delovanje sistema po vklopu. 

Dlagnostienl program se začne s kratkim 
testom mikroprocesorja, med katerim se 
preizkusi delovanje registrov In se IzvrSI 
ena aritmetriena operacija. Ce Je preizkus 
uapeSen,. se program nadaljuje s preizkusom 
dela delovnega pomnilnika (100 lokacij), v 
katerem bo sklad (delovanje sklada Je pogoj 
za Izvrševanje razve JI tvenih InstrukclJ). 
Test mikroprocesorja se nadaljuje s 
popolnejšim preizkusom registrov, kl mu 
sledi temeljit Instrukcljskl test. Za tem se 
IzvrSi preizkus bralnega pomnilnika, v 
katerem sta shranjena diagnostični in 
monltorski program, ter sistemska programska 
oprema. V tem trenutku Je diagnostično 
Jedro, kl ga tvorijo mikroprocesor, naslovno 
in podatkovno vodilo, EPROM z diagnostičnim 
programom, 100 lokacij RAM in register, v 
katerega vpisujemo kode napak, preizkušeno 
In. lahko samostojno testira ostale elemente 
računalnika. v primeru napake program sproil 
alarm in IzpISe kodo napake v 8-bitnl 
register (Imenujemo ga PORT), kl ga operater 
lahko prebere z bitnim analizatorjem ali 
voltmetrom ter ustavi delovanje sistema. 

Za preizkusom osnovnega diagnostičnega 
Jedra, se preizkusijo komponente, kl 
sodelujejo pri komunikaciji računalnika s 
terminalom. Potem, ko testni program 
ugotovi, da komunikacija s terminalom poteka 
pravilno. Javlja napake tudi z izpisom na 
caslon. Informativno se na zaslon IzpISe 
besedilo "•••DIAGNOSTICS***•, temu sledi 
preizkus prekinitvene strukture računalnika. 

Pred preizkusom delovnega pomnilnika 
mora program ugotoviti ali gre za prvi 
zagon, ali pa za zagon po izpadu napajalne 
napetosti. V EPM-8S0 Je predvideno, da se s 
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pomočjo baterllskega napajanja ob Izpadu 
napetosti ohranijo vsi podatki, Iti se tedaj 
nahajajo v delovnem pomnilniku. Ker 
podprogram, za prelikutanje dekodirne logike 
delovnega pomnilnika zaradi svoje narave med 
pre1zkuianJem untct predhodno vsebino 
pomnilnika, ga Izvajamo le ob prvem zagonu 
sistema. Program za nretikua posameznih 
lokacij pomnilnika ohrs. ° predhqdno. vsebino 
in ga zato lahko Izvrtimo ob vsakem vklopu 
ali RESET-u 

V nadaljevanja se izvrSiJo podprogrami 
za preIzkulanJe- serijskega vhodno/Izhodnega 
krmilnika za peveiavo v računalniško mrežo 
ter podprogram za preizkus DMA krmiInlka. Na 
koncu se izvrSIta De programa za preizkus 
ure realnega Časa in ar ItmetI enega 
procesorja. 

( START ) 

KONTROmi TESTjuP 
TEST RAM ZA SKLAD 1 

IlEST MIKROPROCESORJ/j T 
I TEST EPROM | 

i 

.08 NAPAKI: 
- Iipis kode no PORT 
- olorml 
- STOP! 

TEST 8253 
TEST SK)-A 
INIOAL 8253 M SIO 

KONTROLNI IZPIS 
NA TTY ] 1 

08 NAPAKI: 
- Iipis kode no PORT 
- donn! 
- Iipis no TTY 
rr (STOP!) 

TEST 
DEKODIRNE,. 
LOGIKE RAM 

TEST LOKAOJ RAM j 

i 
TEST SIO-L 
TEST DMA-KRMH«. 

i 
TEST URE R. 
TEST ARITM. 

i 
C END 

ČASA 
PROČ 

) 

PREIZKUS POSAMEZNIH DELOV SISTEMA 

3.1 Preizkus mikroprocesorja 

Ker Je mikroprocesor gonilo raConalnlka, 
Je veČina napak znotraj nJega usodna za 
nadaljnje delovanje sistema. Obstaja tudi 
možnost, da napaka ne povzroCI takojšnjega 
Izpada, temveC se pojavi le ob iivajanjn 
določenih programov (npr. redko uporabljene 
inatrakcije). Dobro zasnovani testni 
programi lahko veČino teh napak detektirajo 
in pravoCasDO ustavijo nadaljne izvajanje. 

Pri razvoju postopka xa preizkus 
mikroprocesorja INTEL 8085 za potrebe 
obCasne diagnostike smo Izhajali Is 
grafičnega modela mikroprocesorja Thatea In 
Abrahama /4/, ki Je zgrajen na nivoju 
reglatrsklh prenosov. Parametri za razvoj 
testnih procedur so bili organizacija 
mikroprocesorja In njegov nabor InstrokeiJ, 
ki Je dostopen v uporabnilkem priročniku 
vaakega mikroprocesorja. Testni postopek 
temelji na modelu napak In na sistemskem 
grafu mikroprocesorja. V tem grafu 
predstavljajo posamezni registri vozliiCa, 
povezave med vozllICi pa ponazarjajo pretok 
podatkov med Izvajanjem doloCene 
instrukcije. Graf vsebuje tudi dve dodatni 
vozlIiCI IN In OUT. kl predstavljata 
pomnilnik oziroma periferijo. 

Za opis testnega postopka amo 
uporabljali naslednje oznake: 

Ij - oznaka instrukcije (J £ l...n), n 
Je itevilo instrukcij procesorja, 

Rj - oznaka registra (J ^ l...m), m Je 
itevilo registrov v procesorju, 
zvornl regi ster , SJ 

DJ.- ciljni regi ster. 

Instrukcije smo razdelili 
razrede: 

itiri 

- razred Tl:8-bltne prenosne InatrnkcIJe 

- razred T2:ie-bltne prenosne instr. 

- razred B :razve j itvene instrukcije ' 

- razred M :lzvrfillne instrukcije 

Izdelan Je bil model napak, ki Je bil 
osnova za izdelavo diagnostičnih procedur. 
Napake smo razvrstili v naslednje skupine: 

Napake funkcij za dekodlranje registrov: 

- Izvor nI selektlran f(SJ/0), 
- selektlran napaCen Izvor f(Sj/Sk), 
- ob pravem Je selektI ran. tudi napaCen 

Izvor f(Sj/Sj*Sk), 
- cilj ni selektlran f(Dj/0), 
- selektlran napaCen cilj f(Dj/Dk), 
- ob pravem aelektiran tudi napaCen cilj 

f(Dj/DJ*Dk). 

Napake 
Instrukci J : 

funkci J dekodi ran Je 

Slika 2: Diagram poteka dtagnoatICnega 
programa. 

- instrukcije se ne izvede f(Ij/0), 
- izvede se napaCna Instrukcije 

f(IJ/Ik), 
- ob pravi Instrokclji se izvede tudi 

napačna f(Ij/Ij<'Ik). 
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Motne napake r e g i s t r o v : 

- ena a l i v e č c e l i c r e g i s t r a s t a l n o v O 
a H v 1 , 

- eden a l i v e č parov c e l i c v m e d s e b o j n e m 
v p l i v u . 

U o t o e n a p a k e p r i p r e n o s u p o d a t k o v 
( v o d i l o ) : 

- ena a l i veC U n i j s t a l n o v O aH v 1, 
- ena a l i veC l i n i j Je v medsebojnem 

v p l i v u z a r a d i k r a t k i h s t i k o v a l i 
k a p a c l t ivn Ih v e z i . 

P o l e g o m e n j e n i h s o mo2ne t u d i n a p a k e p r i 
o b d e l a v i p o d a t k o v v r a z l l i n i h f u n k c i o n a l n i h 
e n o t a h , k o t ao ar i m e t I C n o - l o g i č n a e n o t a , 
p r e k i n i t v e o a e n o t a , e n o t a za I n k r e m e n t I r a n j e 
r e g i s t r o v I t d . 

P r i t e s t i r a n j u r e g i s t r o v je p o p o l n o m a 
u p o l t e v a n podan model n a p a k . N a j p r e j 
p r e i s k u s l m o možnost napak r e g l s t e r s k l h 
c e l i c , n a t o pa f u n k c i j za d e k o d l r a n j e 
r e g i s t r o v . Za d e t e k t i r a n j e napak p r i 
p r e n o s u p o d a t k o v po I n t e r n i h v o d i l i h n i s m o 
i z v a j a l i p o s e b n i h p r o c e d u r , ampak smo p r i 
p r e i z k u s u o s t a l i h f u n k c i j m i k r o p r o c e s o r j a 
u p o r a b l j a l i t e s t n e v e k t o r j e , k i bi o d k r i l i 
tUdI motne n a p a k e v v o d i l i h - t o s o 
v e k t o r s k i p a r i FF^OO, FO-OF, C C - 3 3 In A A - S S . 

P r o g r a m s e z a č n e s t e s t o m r e g l s t e r s k l h 
c e l i c , s k a t e r i m p r e v e r i m o , aH se v s a k a 
c e l i c a v r e g i s t r i h l a h k o p o s t a v i v 1 o z i r o m a 
v 0. To u g o t o v i m o t a k o . da s k o z i v s e 
r e g i s t r e p r e n e s e m o n a j p r e j v e k t o r SS n a t o pa 
AA. Ce se t e s t u s p e S n o I z v r t l , Je to t u d i 
d o k a z , da nI 'napake t i p a f ( S J / 0 ) aH 
f ( D J / 0 ) . Ker Je k a z a l e c s k l a d a 16 b i t n i 
r e g l a t e r , ga p r e i z k u s i m o p o s e b e j , po t e s t u 
pa v a n j vrnemo p r e d h o d n o v s e b i n o . T e s t i r a n j e 
r e g i s t r o v končamo s t e s t o m l o g i k e za 
d e k o d l r a n j e r e g i s t r o v , t o r e j za n a p a k e t i p a 
f ( S j / S k ) , f (SJ/SJ<^Sk), f (DJ /Ok) , 
f (DJ/DJ + Dk) . 

n a p a k e t i p a f ( I J / 0 ) . 
f ( I J / l J * I k ) p r o g r a m 

p o s a m e z n e g a r a z r e d a 

P r e l z k u t a n j e m i k r o p r o c e s o r j a n a d a l j u j e m o 
z I n s t r u k c l j s k l m t e s t o m . Ta t e s t je z g r a j e n 
t a k o . da d e t e k t l r a v s e 
Napake t i p a f ( I J / I k ) In 
d e t e k t l r a samo z n o t r a j 
( T I , T2 , B, M), s čemer n e k o l i k o z g u b i m o na 
k v a l i t e t i t e s t a , z a t o pa p r i h r a n i m o v e l i k 
d e l pomn U n l t k e g a p r o s t o r a . 

3.2 Preizkus pomnilnika 

a) Delovni pomnilnik 

V delovnem pomnilniku se pojavljajo tako 
stalne kot občasne napake. Z nailm programom 
testiramo pomnilnik glede na prisotnost 
stalnih napak. pri tem pa upoitevamo 
naslednji model napak: 

de 
na 
de 
lo 
de 
hk 
en 
ed 
me 
en 
dr 

kodirno vezje 
s lovi jene lokacl Je 
kodirno vezje 
kači Jo, 
kodirno vezje 
rat 1 . 
a ali več celic Je stalno v O ali 1 

več parov celic so 

ne aelektlra 

selektlra napačno 

selektira več lokacij 

en ali 
dsebojnem vplivu (sprememba stanja 
e celice povzroči spremembo stanja v 
ugl celici). 

Poleg tega mora testni program 
ugotoviti, če Je katera llnJJa naslovnega 
ali podatkovnega vodila mikroračunalnika v 
okvari (stalno v O ali 1 ) . če Je kateri par 
llnlJ v medsebojnem vplivu ali pa te Je 
prISlo do napake v prevezavl pomnilnika 

na to, da mora biti podnožje za RAM v 
za vsako konfiguracijo pomnilnika 
prevezano Je verjetnost take napake 

(glede 
EPM-8 50 
drugače 
vel Ika) . 

Delovni pomnilnik 
programoma /6/. S prvim 
delovanja dekodlrne lo 
In nas lovnih linij, 
pomnilnik vpliemo zapo 
ki se periodično pona 
konca pomnilnika. Torej 
2 S 5 0 2 (ker je O 
periode pa so vsi podat 
delu testa ponovno 
zaporedje In ga pr 
pomnilnike. V primeru 
dekod 1 rne 1ogike ali 
vsebina pomnilnika, 
lastnosti zaporedja, 
generlranega zaporedj 
primerjavi javi napako. 

Test dekodlrne 

testiramo z dvema 
J preverimo pravilnost 
glke ter podatkovnih 

Na j prej v detovn 1 
redje 1,2,3 2S9, 
vija od začetka do 
je dolžina zaporedja 
1zpu(čena), znot raj 

ki različni. V drugem 
generiramo omenjeno 
Imerjamo z vsebino 
napake v delovanju 

napake v povezavah se 
zaradi omen Jenih 

nujno razlikuje od 
a In program po 

logike zaradi svoje 
narave mora uničiti predhodno 
p omn i In1 k a in 
računalnika. 

vsebino 
se zato Izvede le ob vklopu 

Z <! 
v vsake 
ozlroma 
C e 11 C am 1 
narejen 

Irugli 
1 ce 
ugo 
ZOI 

taki 
pomniInika 
Izpadu nape 
Vsako lokac 
vsebino m 
zaporedoma 
vektorje AA 
vrnemo predh< 

m programom preizkusimo, če lahko 
llco pomnilnika v p K e m o O ali 1 
tovlmo morebitno odvisnost med 
otraj ene lokacije. Program Je 
o, da ohrani podatkovno vsebino 
in se zato lahko Izvede ob vsakem 
tostl ali pa kot ON-LINE test. 
Ijo preizkusimo tako. da njeno 
ajprej shranimo, nato vanjo 
vpliemo io takoj preberemo 
, SS In 00. Po preizkusu v celico 
odno vsebino. 

b) Bralni pomnilnik 

Napake, ki se pojavljajo v bralnem 
pomnilniku, so podobne tistim, ki nastopajo 
v delovnem pomnilniku, le da je verjetnost 
naključnih preklopov dosti manjta. Napake 
nastopajo tako v dekodirnt logiki kot na 
področju pomnllnltklh lokacij. Model napak 
za dekodlrno logiko Ja enak tistemu v 
bralnem pomollniku. napake na področju 
pomnilniikih celic pa se odražajo kot 
sprememba vsebine pomnllnltklh lokacij. 

Naloga testnega programa za bralni 
pomnilnik je ugotoviti morebitno spremembo 
vsebine v eni ali več pomnilniikih lokacij. 

Preizkus bralnega pomnilnika je zasnovan 
na Izračunu vsote vsebine vseh lokacij v 
bralnem pomnilniku. Program setteje vsebino 

lokacij v pomnilniku In Izračunano 
primerja z vnaprej pripravljeno 

ki je vprogramirana v za to 
v pomnilniku. V primeru, da 
In pripravljena vsota ne 

javi napako In ustavi 

vseh 
vsoto 
le-bltno vsoto, 
določen prostor 
se Izračunana 
ujemata, program 
delovanje mlkoračunalnlka. 



77 

3.3 T e s t i r a n j e o s t a l i h f u n k c i j EFM-850 

Ker se d e l o v a n j e In z g r a d b a teh 
komponent z e l o r a z l i k u j e j o , ne o b s t a j a 
nekakšen s p l o i e n p r i s t o p k n j i h o v e m 
t e s t i r a n j u , temvefi mora n a č r t o v a l e c t e s t n i h 
p r o g r a m o v na o s n o v i p r e d h o d n e g a p r o u č e v a n j a 
v s a k e k o m p o n e n t e p o s a m e z n o I z b r a t i n a j b o l j 
u č i n k o v i t naCin za n j e n o p r e i z k u š a n j e . 

T e s t i r a n j e v m e s n i k o v tn k r m i l n i k o v Je s 
s t a l l s C a s a m o p r e l z k u S a n Ja d o k a j 
p r o b l e m a t i č n o , s a j to z a h t e v a aH 
s o d e l o v a n j e p e r i f e r n i h n a p r a v , aH pa 
s o d e l o v a n j e o p e r a t e r j a , ki s i m u l i r a s i g n a l e 
na v h o d i h o z i r o m a s p r e m l j a doloCene s i g n a l e 
na I z h o d i h . Pri s a m o d l a g n o s t I k 1 mlkro 
r a č u n a l n i k a EPM 850 ne p r i d e v pofttev ne 
s o d e l o v a n j e o p e r a t e r j a , ne s o d e l o v a n j e 
p e r i f e r n i h n a p r a v , s a j Je r a č u n a l n i k 
p r i k l j u č e n n e p o s r e d n a na i n d u s t r i j s k i p r o c e s 
o z i r o m a na r a C u n a I n l i k o mrežo In bi ob 
n a p a k i l a h k o o k o l j u p o v z r o č i l doloCene 
nepr i j e t n o s t i . 

s i s t e m a , v e l i k o p r i s p e v a j o k p r a v o č a s n i 
o d p r a v i napak v r a C u n a l n l i k e m s i s t e m u . TI 
p r o g r a m i p r e i z k u s i j o t u d i n e k a t e r e r e d k o 
u p o r a b l j e n e d e l e s i s t e m s k e l o g i k e In l a h k o 
d e t e k t i r a j o v e l i k o l a t e n t n i h n a p a k . 

N a l o g a , ki SBC ( i Jo l a d a l l . I z d e l a t i 
u č i n k o v i t s i s t e m za n o t r a n j o d i a g n o s t i k o 
e n o k a r t l C n e g a p e r i f e r n e g a m i k r o r a č u n a l n i k a 
EPM-BSO Je b i l a u s p e S n o o p r a v l j e n a . Ker 
a p a r a t u r n e opreme nI b i l o možno s p r e m i n j a t i , 
smo i z d e l a l i p o p o l n o m a p r o g r a m s k o 
d i a g n o s t i k o , ki s e i z v r t l ob v sakem v k l o p u 
o z i r o m a r e s e t u r a č u n a l n i k a P r o g r a m Je 
n a p i s e n v z b i r n e m J e z i k u t a INTEL 8 0 8 5 , ker 
se t a k o laž je p r i b l i ž a m o n o t r a n j i s t r u k t u r i 
m i k r o r a č u n a l n i k a in p r i h r a n i m o na 
p o m n U n H k e m p r o s t o r u . D o l ž i n a p r o g r a m a Je 
n e k a j veC kot l k - b y t e , Cas I z v a j a n j a pa Je 3 
s e k u n d e . T e s t n i p o s t o p k i za p o s a m e z n e d e l e 
s i s t e m a t e m e l j i j o na m o d e l i h n a p a k , ki se v 
n j i h l a h k o p o j a v i j o . Med . r a z v o j e m p r o g r a m o v 
smo v e l i k o napak t u d i s i m u l i r a l i In s tem 
u g o t a v l j a l i u č i n k o v i t o s t p r o g r a m o v . 

Z a t o smo se p r i k o m p o n e n t a h , . . k i 
n e p o s r e d n o v p l i v a j o na o k o l j e , o m e j i l i na 
p r e i z k u š a n j e n o t r a n j e s t r u k t u r e k o m p o n e n t : 
p o d a t k o v n i h v o d i l , k r m i l n i h l i n i j , 
v m e s n i k o v , r e g i s t r o v , d e k o d l r n e l o g i k e , i t d . 
VeČino komponent t u d i in i c l a l Iz l r amo in 
p r e v e r i m o s t a t u s k o m p o n e n t e po 
i n l c l a l l z a c l J i . Komponente , ki s o na doioCen 
naCin i z o l i r a n e od o k o l j a , o z i r o m a na o k o l j e 
ne v p l i v a j o , p r e i z k u s i m o t u d i s 
f u n k c i o n a l n i m i t e s t i , t a k o da p r e i z k u s i m o 
I z v a j a n e d e j a v n o s t i , ki s e i z v a j a j o med 
d e l o v a n j e m s i s t e m a . 

N a d a l j n j e d e l o na tem podroCJu bo v s e b o v a l o 
r a z š i r i t e v d i a g n o s t i k e na d o d a t n e m o d u l e 
m i k r o r a č u n a l n i k a EPM-890 i n , k o t n o v o s t , 
r a z i s k a v e a p o r a b n o a t l d i a g n o s t i k e p r i 
p o v e č a n j u z a n s e l j i v o a t l in r a z p o l o ž l j i v o s t i 
r a č u n a l n i š k i h mrež. 

Čeprav z a r a d i r a z l i k v d e l o v a n j u in 
z g r a d b i komponent nI možno I z d e l a t i s k u p n e g a 
mode la napak za t e k o m p o n e n t e , o b s t o j a n e k a j 
t i p o v n a p a k , ki se p o j a v l j a j o p r i v s e h 
o z i r o m a p r i veCInl e l e m e n t o v : 

- d e k o d i r n o v e z j e ne omogoCa d o s t o p a do 
v s e h r e g i s t r o v k o m p o n e n t e , 

- ena a l i veC l i n i j I n t e r n e g a 
p o d a t k o v n e g a v o d i l a s o s t a l n o v O a l i 
v 1. 

- dve aH veC l i n i j I n t e r n e g a 
p o d a t k o v n e g a v o d i l a s o v medsebojnem 
v p l i v u , 

- onemogočena p r a v i l n a I n I c i a l l z a c i J a 
k o m p o n e n t e . 

Ta ' m o d e l * s k u p a j z n a p a k a m i , ki so 
s p e c i f i č n e za p o s a m e z n o k o m p o n e n t o , Je b i l 
o s n o v a za I z d e l a v o t e s t n i h p o s t o p k o v in 

za p r e i z k u š a n j e p r e k l n l t v e n e g a 
p r o g r a m s k o n a s t a v l j i v e g a 

s e r i j s k i h v b o d n o - ' i z h o d n i h 
k r m i l n i k a za n e p o s r e d e n d o s t o p v 

ure r e a l n e g a Časa ID 

p r o g r a m o v 
k r m i l n i k a , 
C a s o v n l k a , 
k r m i l n i k o v , 
pomni I n i k , 
a r i t m e t r i C n e g a p r o c e s o r j a . 
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u ovom radu t r e t l r a m o .normalne forme (2NF, 3NF,' BCNF, MUF) u r e l a o l o n l m bazama p o d a t a k a . P r l t n j e n o i 

r e z o l u c l j a k e p r o c e d u r e r j e š a v a m o I m p l i k a c l o n e p r o b l e m e o o d n o s u n o r i c a l n l h f o r m i . 

NORMAL FORMS IN RELATIONAL DATABASES: A LOGICAL BASIS 
In t h l s work we have p r e s e n t e d p r o o f s o f r u l e s a b o u t r e l a t l o n a h l p b e t w e e n normal forms {2NF, 3NF, 
BCNF, INF) In r e l a t l o n a l d a t a b a a e s . The p r o o f s a r e b a s e d on a p p l l c a t l o n o f r e s o l u t l o n p r o o f 
pro c e d u r e a . 

0 . Uvod 

U I z b o r u d o b r o g skupa r e l a c l o n l h šema trebamo 
r e s p e k t l r a t l z a h t j e v za n e p o s t o Janjem anoma­
l i j a u n o š e n j a , b r i s a n j a 1 a ž u r i r a n j a . Normalne 
forme su t a k v e deko m p o z l e l Je r e l a o l o n e seme 
kod k o j l h s e I z b j e g a v a j u n a v e d e n e a n o m a l i j e . 
P r o c e a n o r m a l i z a c i j e s e b a z i r a na z a v l s n o a t i m a 
f u n k c l o n a l n o t i v l š e z n a č n o g t i pa [ 1 ] , [2] , [ 1 ] , [ 5 ] , 
S a d r ž a J č l a n k a Je kao s t o s i l J e d i . 
U s e k c i j i 1 . k a r a k t e r l z l r a n c 2NF 1 3NF, t e 
r j e š a v a m o I m p l l k a c l o n l p r o b l e m o o d n o s u n a v e ­
d e n i h formi (Teorem 1 . ) . 

S e k c i j a 2 . p r e d s t a v l j a k a r a k t e r i z a c l J u BCNF 
uz r j e š e n j e 1 mpll k a c l o n o g prob lema o o d n o s u 
BCNF 1 3NF (Teorem 2 . ) . 

U s e k c i j i 3 . u v o d l o o INF , a z a t l m r j e š a v a n o 
I m p l l k a c l o n l p r o b l e m o o d n o s u INF 1 BCNF 
( T e o r e m 3 . ) . M e t o d o l o g i j a r j e s a v a n j a n a v e d e n i h 
1 m p l l k a c l o n l h p r o b l e m a Je b a z i r a n a na r e z o l u -
c l j s k l m procedurama d o k a z l v a n j a , [ 3 ] . 

1 . 2NF, 3NF: 
Odnos Izmedu 2NF 1 3NF 

P o a t u p a k n o r m a l i z a c i j e s e b a z i r a na z a v l s n o ­
a t i m a f u n k c l o n a l n o g 1 v l š e z n a č n o g t i p a . Z a t o , 
u s p e c i f i c i r a n j u r e l a o l o n e s e m e , o s i m k o n a -
č n o g skupa R, moramo z a d a t i 1 skup z a v i s n o ­
s t i J . , k o j e v r l j e d e u R. U ovom radu u s v a -
Jano s l l j e d e č u n o t a c i j u . 
R - k o n a č a n skup a t r i b u t a . 

^ - skup f u n k c i o n a l n i h 1 v l S e z n a č n i h z a v i s n o s ­

t i koJe v r l j e d e u H 

^ - z a t v a r a č od t j . skup s v i h z a v i s n o s t i koJe 

s u l o g i o k a k o n z e k v e n c a o d £ . . 

Sada imamo d e f i n l c i j u . 

D e f i n i c i j a . Ureden par ( R . i ) , u o z n a č i Rj_ , 

zovemo r e l a c l o n o m Semom. 

Č i n j e n i c u da Je X —»Y«. H* i s k a z u j e m o 1 t a k o da 
kažemo da X—»Y v r l j e d i (u R£ j . I s t o s e o d n o ­
s i i na v i a e z n a č n u z a v i s n o s t X-**X . 
Sa iv( X .—» X) , o d n o s n o •>y( X -*-»Y) , naznačavamo da 
X —* Y, o d n o s n o X-»-»Y, ne v r i j e d i (u R^ ) . 
K o r l s t e č i po Jam f u n k c i o n a l n e z a v i s n o s t i u v o d i -
mo pojam k l j u č a . 

D e f i n i c i j a . Neka Je zadana r e l a c i o n a šema R^ , 

g d j e Je Rs { A J , . . , A 1 . Za X £ R kažemo da j e 

k l j u č od H- ako i samo ako v r l j e d i 

1) X. •*r-*n ' 
2 ) V X " f i R ( X ' « : : . X « i » ~ ( X ' _ » A ^ . . A ^ ) ) 

Zahtjev 1) iz definicije ključa obezbjeduje da 
vrljodnost atributa iz X Jedlnstveno odredu-
Ju vrljednoatl svlh atributa Iz R, a zahtjev 
2) daje mlnimalnoat ključa (ključ Je, dakle, 
minimalan identifikator entiteta predstavljeni 
relaoijom za R 
Napomenimo da relaciona šema R^ može imatl 
više od Jednog ključe. U to m slučaju naznačava 
se Jedan kao primarni ključ. SaV(R£^ ) ozna-
čavamo skup ključeva za Rr • 
U daljem pretpostavlJamo da se relaciona šema 
Rĵ  nalazl u INF tj. da su domene atributa iz 
R proste. 
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Sa bismo u v e l i pojam 2NF, treDaao k a r a k t e r l z l -
f*^ti potpiinu funkc iona lnu z a v i s n o s t . 

D e f i n i c i j a . Neka je zadana r e l a o l o n a aema Rj . 
Kažemo da Je funkc iona lna z a v i s n o s t X — • V « ^ * 
potpuna ako 1 aamo ako v r l j e d i 
3) VX' £ R ( X ' c . X » * ~ ( X ' — • Y)) . 
Za funkc iona lnu z a v i s n o s t X—vYcSL kažemo da 
j e p a r c i j a l n a ako i samo ako n i j e potpuna t j . 
ako i samo ako v r i j e d i 
<») 3 X ' C R (X'C. X / \ X '—^Y) . 

Uoolnio da se p a r c i j a l n a z a v i s n o s t X —»V može 
r e p r e z e h t i r a t i kao kompozic i ja X —» X ' * )l. 

D e f i n i c i j a . Za a t r i b u t ACR kaženu da Je p r i -
.T.arni a t r i b u t ako i samo ako Je i spun jeno 
3 K C 3 C (H) (Afi K) . 

U p ro t lvnome , za A kažemo da Je nepriimrni a t r i ­
b u t . 

Kako p o s t o j a n j e p a r c i j a l n i h z a v i s n o s t i n e p r l -
marnih a t r i b u t a od k l j u č a u R uz roku je ano-
ical i je ( u p i s i v a n j a , b r i s a n j a i a ž u r i r a n j a ) , 
2NF ih e k s p l i c i t e z a b r a n j u j e . Zato imamo s l i j e -
ieču d e f i n i c i j u . 

D a f i n i c i j a . Relaolona sema Ry Je u 2NF ako 1 
s3mo ako svak i nep r imarn i a t r i b u t potpuno z a ­
v i s i od svakog k l j u č a t j . ako i samo ako v r l -
.jedi 
5) « A« R VK< 3 e ( R ^ ) (A je n e p r i m a r n i « * K—* A 

j e potpuna z a v i s n o s t ) . 

Alco uvedeno p r e d i k a t e PRIM i POT, gdje PRIM (A) 
o-lnosno POT(X—rT) znač i da Je -A p r l m a r a n , o d -
i.osno da Je X —« X potpuna z a v i s n o s t , 5) ocže -
no z a p i s a t i u o b l l k u 
0) V« A C R V K« 3C(Rs; ) ( - PRIM(A)«i* POT(K-* A)) , 
s to j e e k v i v a l e n t n o sa 
T)-'^3A€ R 3 K C 3 < ( R J - ) (~< P R I M ( A ) - V ~ P 0 T ( K - » A ) ) ' 

l i d e f i n i c i j e 2NF p r o i z l a z i da, ako su s v l a t r i ­
b u t i i z R p r i m a r n i , onda Je Rj;̂  u 2NF. Takoder , 
aKo je svak i k l j u č j e d n o č l a n , onda Je Ry u 2NF. 
Ra lac lona šema može b i t i u 2NF, a da i d a l j e 
p o s t a j e navedene a n o m a l i j e . To govor i da d e ­
f i n i c i j s k i z a h t j e v za 2NF n i J e dovol jno s t r o g , 
fo jačan jem zah t J e v a ( s p e c i f i c t r a n jem n e p o s t o j a -
••;Ja t r a n z i t l v n e z a v i s n o s t i nepr lmarnog a t r i b u t a 
od b i l o kojeg k l j u č a ) do l az ino do 3NF. 
K a r a k t e r i z a c i J a t r a n z i t l v n e z a v i s n o s t i Je kao 
ItO a l i j e d i . 

D e f i n i c i j a . Neka su X, t, Z S fl. Kažemo da Z 
t r a n z i t l v n e z a v i s i od X ako i samo ako v r l j e d i 
8) X —» y 
9) Y —»Z ( r i e t r i v i j a l n o ) 

10) ^ (K •X) 

Svojs tvo 9) t j . n e t r l v i j a l n o a t funkc iona lne 
z a v i s n o s t i !(—»Z znač i da n i j e Z & Y . 
Sada k a r a k t e r i z l r a m o 3HF. 

D e f i n i c i j a . Relaolona šema R^ Je u 3NF ako i 
aamo ako ne p o e t o j l t r a n z l t l v n a z a v i s n o s t b i l o 
koJeg nepr lmarnog a t r l b u t . a od b i l o kojeg k l j u ­
č a . S i m b o l i č k i , Hĵ  j e u 3NF ako 1 samo ako v r l ­
j e d i 
11) ~ 3 A « R 3 K« tJ^CRj^JC^ P R I M ( A ) / V T R A N Z ( K - » A)) . 

U formul i 11) TRANZ(K—»A) znač i da Je K —»• A 
t r a n z l t l v n a z a v i s n o s t . 
U dal jem demo v a r l j a b l e A, X, K i n t e r p r e t i r a t i 
na akupovima R, ' p { R ) , y ( R j ) r e s p e k t l v n o ; t a ­
k o d e r , sa 2NF(R£ ) , 3NF(Rj_ ) , BCNFCR^ ) 1 
llNF(Rj ) oemo n a z n a o i t i da se B^ n a l a z i u od-
g o v a r a j u č o j normalno j f o r m i . 
U odnosu 2NF 1 3NP govor i a l l j e d e č i t eo rem. 

T e o r e m i . 3NF( Rĵ  ) a=!>2NF(R5 ) . 

Za dokaz teorema 1. trebaino r l j e š l t i I m p l l k a -
č i o n l problem 
TI : 3NF(Rt ) 

2NF(Rj; ) 
S t a n d a r d i z a c i jom''3NF<Rj ) / \ ~.2NF(Rs. ) na laz imo 
skup S: 
SSF(3NF(Rt ) ) : , (1). PRIM( A )v ~TRANZ ( K _:» A ) 

SSF( w 2NF(R£): (2)~PRIM(A ) o 
(3)~P0T(K„_». A„) o . o 

Skup r e č e n i c a 3= { (1) , (2) , ( 3)} p roš i ru jemo 
p r a v i l o m 
(P) ! V A V K ( ~ P O K K — » A ) - * TRANZ(K-» A) ) . 
S t a n d a r d l z a c i j o D p r a v i l a (P) dobivamo r e č e n i c u 
(D) POT(K—fA)V TRANZ(K—»A) . 
K o n t r a d i k t o r n p s t skupa S' s S U { ( t ) l d a n a Je na 
s l i c i 1 . , a tirne j e i m p l i k a o l o n i problem 
TI r i J e s e n . 

2 . BCNF: 
Odnos izmedu 3NF i BCNF 

Ni t i 3NF-normal lzao iJa r e l a o l o n a seme R^ ne 
g a r a n t i r a n e p o s t o J a n j e anomal i j a ( u p i s i v a n j a , 
b r i s a n j a i a ž u r i r a n j a ) . 
P o J a č a n j e m z a h t j e v a ( d e f i n i o l j s k o g ) , s p e c i f l c l r a -
njsm sa domena n e t r l v i j a l n e z a v i s n o s t i s a d r ž i 
k l j u č , dolazimo do BCNF(Boyce-Codd normalna 
fo rma) . Ponovimo, da za z a v i s n o s t X—»i k a ž e ­
mo da Je t r l v l j a l n a ako I s a m o ako j e Y . c , x . 
S l l j e d l p r e c i z n a d e f i n i c i j a BCNF. 

D e f i n i c i j a . Za Ve lac ionu šemu R^ kažemo da je 
u BCNF ako 1 samo ako za svaku z a v i s n o s t X —»Y 
i z S.* v r i j e d i 



( 1 ) 

( 5 ) »vTBANZ . tK — » A ) o 

( 6 ) TRANZ (K ^ r A ) 
o o 

a 
S l . l . 
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. ( 5 ) 

R s z . po PRIM u z { A ^ — » A 

R e z . po POT i ° uz / 
1 •'o — 

R a z . po TRANZ u z f K̂  

1 2 ) ~ TBIV(X — • Y ) - - > 3 K (K £ X ) ) . 

Da Je d e f i n i c i j s k i z a h t j e v za BCNF s t r o ž i j l 

nego za 3NF g o v o r i s l l j e d e č l t e o r e m . 

Teorem 2 . B C N F ( R T ) I 3NF(R5. ) , 

l a k a z a n l t e o r e m dokazujemo r j e š a v a j u č l I m p l l -
K a c l o n l p r o b l e m 
^ , . BCNFlRi ) 

3IIF(Rj^ ) 
T r a n s f o r m l r a j u č l BCNFCR^ ) ^ ~ 3 N F ( R j ^ ) u s t a n -
dardnu formu dobivamo s k u p r e č e n l c a S . Prvo 
s t a n d a r d i z i r a m o BCNFCRj. ) . 
I z 1 2 ) n a l a z l o o e k v l v a l e n t n u f o r m u l u 
1 3 ) V X V Y 3 K ( T R I V ( X - - » Y ) V ( K 6 X ) ) . 

E l l m i n a e l Jom e g z l s t e n c l J a l n o g k v a n t i f l k a t o r a , 
u v o d e č l u m j e a t o K Sko lemovu f u n k c l j u f ( X , Y ) , 
dobivamo 
SSF(BCNF{Hj_ ) : 
( 1 ) TRIV(X — » Y) v ( f ( X , Y ) f t X) . 

P r e d l o o na s t a n d a r d l z a c l J u odMSNFCR^^ ) . 

N e g i r a n j e m f o r m u l e 1 1 ) , t e s t a n d a r d l z a c l J o o 

. 1 na t čemo 

SSF( ~ ^ 3 N F ( R ^ ) ) ; 
( 2 ) ^ P R I M ( A ) o 

(3) TRANZ(K *o> 

Rečenlca (3) Je ekvivalentna sa konjunkcljom 
rečenlca (definicija tranzltlvne zavisnosti). 
(14) K v Y 

o o 
( 5 ) Y , A. 

( 6 ) ^ { Y„ K ) o o , 
<7) -v TRIV(Y„_»A„.) . o o 

K o n a č n o , S= { ( 1 ) , ( 2 ) , ( 1 ) , ( 6) , ( 7 ) } . 
Skup S proBlruJemo' p r a v i l o m koJe k a r a k t e r l z l ra 
k l j u č 

( K ) : VK VX ( K — » X ) . 

S t a n d a r d l z a c l Jom I z (K) dobivamo r e č e n l c u 

( 8 ) K—•X . 

K o n t r a d l k t o r n o s t skupa 9 ' « S V j { ( 8 ) ^ Je dana na 

s l l c i 2 . 

tNF: 
Odnos Izmedu BCNF i «NP 

Ktože ae p o k a z a t i da n i t i BCNF-normall z a c i Ja ne 
g a r a n t i r a n e p o s t o j a n j e a n o m a l i j a . Zato uvodimo 
• N F , č i j l Je d e f i n i c i j s k i z a h t j e v J a č l od d e f i -
n l c i j s k o g z a h t J e v B za BCNF'. Dok su 2NF, 3NF, 
BCNF d e f i n i r a n i preko f u n k c i o n a l n e z a v i s n o s t i , 
u d e f i n i c i j i INF k o r l s t i n o v i i e z n a S n u z a v i s ­
n o s t . P r i tome imamo s l i j e d e č u d e f i n l c l j u . 

D e f i n i c i j a . Neka su X , Y S R . Za v l š e z n a č n u z a ­
v i s n o s t X-»*Y kažemo da Je t r i v l j a l n a ako 1 s a ­
mi ako j e Y t XVXY=R. 

S A T R I V V ( X - * * Y ) č e o o o z n a č a v a t l da Je v i š e z n a -
čna z a v i s n o s t t r i v l j a l n a . K a r a k t e r i z a c l J a INF 
Ja kao S t o s i l J e d i . 

D e f i n i c i j a . Kažemo da Je r e l a c l o n a aema Rj^ u 

INF ako 1 samo ako za s v a k u z a v i s n o s t X-»*Y i z 



( 1 ) 

V^' 
( 1 0 ) f(Y ,A ) »• X 

o o 

( 1 1 ) Y • X 

R e z . po TRIV u z . 

Y 
/ 

i ) f f ^ o - ^ o ' •̂ ^ k l j u č {• r ( Y g , A ^ ) - » K 

Y s a d r ž i k l j u č 

uz f K 9 X 
I o 

( 1 2 ) Y_^^K^ i, 

( 5 ) 

X * v r l j e d l 

1 3 ) ~ T R I V V ( X • Y ) ' »^K (K S X) 

D e f i n i c i j a 13) nam k a ž e da Je R j u '4NF ako 

1 samo ako s v a k a n e t r i v i j a l n a z a v i s n o s t , k o j a 

v r l j e d l u flj; , ima domenu k o j a s a d r ž i k l j u č . 

U s l i j e d e č e m t e o r e m u g o v o r i m o o o d n o s u BCNF i 

fNF . 

T e o r e m 3 . l N F ( R j ^ ) —P BCNF(Rj- ) . 

Teo rem 3 . d o k a z u j e m o r j e š a v a j u č i i m p l i k a c i o n i 

p ro b l e o 

tNF(R»: ) 1 3 : 
BCNF ( R-. ) 

S t a n d a r d n e f o r m e za 1 N F ( R ^ ) 1 /<-(BCNF(Ry ) su 

kao š t o s l i J e d i . 

SSF(UNF(R^ ) ) : 

( 1 ) TRIVV(X-»*Y) v ( f ( X , Y) £ X ) . 

U ( 1 ) f ( X , Y ) Je k l j u č k o j i o d g o v a r a z a v i s n o ­

s t i X » » Y (u p r o c e s u e l i m i n a c i j e e g z i s t e n o l -

j a l n o g k v a n t i f i k a t o r a ) . 

N e g a c i j o m 1 3 ) d o b i v a m o rv/BCNF(R,- ) ; . 

I t ) ~ B C N F ( R ^ ) : 

I X 3 Y V K (~ 'TR1V(X — » . Y ) ^ . ^ ( K <^ X ) ) . 

S t a n d a r d i z a c i Jom, i z 1 3 ) , n a l a z i m o SSF( ' vBCNF 

( R £ ) ) : 

( 2 ) w TRIV(Xo—»Y^) 

( 3 ) ^ ( K S X^ ) . 

Za ko m p l e t i r a n j e r j e š e n j a i o p l i k a o l o n o g p r o b l e -

ina t r e b a m o p r a v i l o 
( P l ) : V K V > C V Y ( C ~ T R I V ( X — • Y ) A ~ ( K c X ) ) =<> 

=?.~TRIVV(X -»-•Y)) . 
Standardizaci Jom iz (Pl) dobivamo rečenicu 
O ) TRIV(X—•Y) V (K s X)V«/TRIVV(X-**Y) . 

Stablo dokaza kontradiktornosti skupa 
S = { ( 1 ) , (2), (3), (t)} dajemo na slioi 3. 

4. Zaključak 

U ovom r a d u r a z m a t r a l i smo n o r m a l n e fo rme u r e -

l a o i o n i m bazama p o d a t a k a . K a r a k t e r i z l r a l l smo 

2NF, 3NF, BCNF, I K F , a z a t i m , p r i m j e n o m r e z o l u -

c i j s k e p r o c e d u r e , r i j e š i l i I m p l l k a c l o n e p r o b l e ­

me o o d n o s u n a v e d e n i h n o r m a l n i h f o r m i ( T e o r e m i 

l . , 2 . , i 3 . ) . 



TRiv (X — « y) v ~ TRivv (x„-*-»y) 

f {X 

R e z . po £ u z f X 

R e z . po TRIV uz f Y — . IT 

Rez . po TRIVV u z ^ 

Y — e . Y 

Rez. po u z f f(X_,lt ) . 
^ 0 0 
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KljuCne besede 
Referenčni nodel OSI, nabor grafifinih znakov, 
nivo predstavitve, inplementaoija standardov, 
ISO, CCITT, telematske storitve, odprti sisteni, 
heterogene ra£unalni&ke mreže, ra&unalnittkl si-
steai. 

Key Mords 
OSI Referanos Model, 6raphio oharacter sats, 
prasantatlon lavel, standard iaplanentation, I-
SO, CCITT, Talenatig ••rvloss, open systans, 
heterogeneoua ocmputer natuorks, computer sy-
stens. 

Povzetek 
Referenfini nodel OSI daje teoretiCno in praktič­
no podlago za izgradnja hetarogenih Bral, v 
katere se vklju&ujejo naJrazliAneJti raSunalnil-
ki sisteni in nudijo razliCne telenatske stori­
tve. Sesti nivo modela OSI opredeljuje predsta­
vitev podatkov. V zadnjih dveh letih sta bila 
za ta nivo izdelana in sprejeta dva mednarodna 
standarda za nabor grafi&nih znakov kodiranih z 
a biti. Problematika, ki je nastala v zvezi x 
implementacijo teh standardov v okviru RM OSI <a 
ni razreiena. Prispevek obravnava nastale pro­
bleme in ponuja nekatere reiitve v odvisnosti od 
podrofija implementacije. 

Choioe of the Coded Charaoter Set for TeKt 
Conmunioation in tha Pressntation Level of RM 
OSI" 
Abstraot 
The ISO referenoe model for open system inter-
conneotlon is a theoretlcal (ramevrark for deve-
lopnent of haterogeneous oomputer networks with 
inplemented talcaatib sarvloas. The sixth level 
of the model le the presantation level, respon-
sibls for data prasentation. The paper deals 
with the probleme whioh arleed after the adopti-
on of two International Sblt coded charaoter 
sets for text conmunioation uithin the interna-
tional bodies for standardization. Sone guide-
lines for inplementation of the standarde in 
oonneotion with the applicatlon field are pre-
sented too. 

O.Uvod 
Problem kodi 
razvaja rafiun 
Kodiranje in 
vom raSunalni 
razvojem ra&u 
za kodiranje 
so bile pošto 
odvisnosti od 
nologije. R 
pni prablen 
njihovega ot 
mislih nove t 
tex, telekon 
razlifinih raC 
PBX ipd.) t 
podatkov. 

ranja nabora znakov sega v začetek 
alniStva in njemu sorodnih tehnik. 
kodne iitrukturs so bile pred poja-
fike tehnike predmet telegraflje. Z 
nalniSke tehnike je nastala potreba 
grafičnih in krmilnih znakov. Tako 
poma uvajane 6, 7 in B-bitne kode v 
stopnje uvedene računalniške teh-

azvoj kodnih struktur je danes sku-
računalniStva, telekomunikacij in 
roka - telematike. Pri tem imamo v 
lematsks storitve (teietex, video-

ferenco ipd.) in Široko področje 
unalniSkih mre! (LAN, VAN, PSDT, 
r dietribuirane sisteme za obdelavo 

Razvoj kodnih struktur je treba opazovati iz 
dveh zornih kotovi kot kodne strukture, ki se 
uporabljajo znotraj zaprtih računalniških siste­
mov in kodne strukture, ki se uporabljajo za 
prenos in izmenjavo podatkov. Sedanji trendi 
razvoja distrlbuiranih sistemov, pri katerih ina 
ključni pomen prenos in izmenjava podatkov, se 
gibljejo v smeri izgradnje v skladu z referenč­
nim mcdelon OSI mednarodne organizacije za stan­
dardizacija. 
Hodel OSI daje teoretično in praktično podlago 
za izgradnja heterogenih mre!, v katere se 
vključujejo najrazličnejši računalniški sistemi 
in nudijo različne telematske storitve. Sesti 
nivo modela OSI opredeljuje predstavitev podat­

kov. Ta nivo predpostavlja, da Je prenos podat­
kov opravljan brez napaka. V nadaljevanju pri­
spevka bo obravnavana pmblamatika izbora kodi­
ranja (dodeiiavanja odgovarajoča kombinacije bi­
tov gradfinla: in krailnin znakom iz nekega 
vnaprej dogovorjanaga repertoarja) in dekodira-
nja (predstavitev (prejetih znakov) v b. nivoju 
modela OSI. 
1.Razvoj a-bitnih kod 
izmenjave podatkov 

za potrebe prenosa in 

Izbor in definicija kodnih struktur za potrebe 
prenosa in iznanjave podatkov je predmet dela 
SC2 (podkomiteja 2) Mednarodne organizacije za 
standardizacijo in VIII Studijske skupine CCITT-
Ja. Razvoj prvih standardov za 8-bitne kode 
sega v konec osemdesetih let. Prva standardizi­
rana B-bitna kodna tabala za potrebe prenosa 
podatkov Je bila izdelana konec osemdesetih let. 
Standard Je dobil naslov "Nabor grafičnih znakov 
kodiranih z S biti za potrebe Izmenjave podatkov 
ISO 6937". Standard Ja nastal zaradi potreb 
CCITT po standardiziranea naboru grafičnih zna­
kov za latinlflno pisavo evropskih jezikov, ki se 
Je uporabljal pri prenosu in prezentaciji podat­
kov v okviru teletexa In videotexa. CCITT Je 
objavil predlog standarda v obliki priporočila 
S.61-1981 oz. T.61-198* (la potrebe storitve 
teletexa) in S.101 in T.101 - 19aA (za potrebe 
videoteKa). 

Kodna tabela ISO 6937, ki ja v osnovi identična 
s T.61 in, T.lOl, vsebuje dva nabora grafičnih 
znakov. Na levi strani kodne tabele se nahaja 
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•ednarodna relerenfina verzija nabora grafiCnih 
znakov, bolj znana po svetu kot ISO 646, bzirona 
7-bitni ASCII, na desni strani kodne tabela so 
diakritifini znaki, s katerimi Je notno generlra-
nja akcentiranih latiniCnih znakov. DiakritiOni 
znaki so znaki brez pomika naprej. Vsaka akcen-
tirana Črka latinice se generira kot dvozlogovni 
znak, ki na terninalni napravi zavzame eno 
Besto. Kodno tabalo ISO 6937 smo ponazorili na 
sliki 1. Tehnika, definirana v T.61 in T.101, 
oaogoCa predstavitev repertoarja grafl&nih zna­
kov, ki je po Številu veliko vefljl od nabora 
znakov iz tabele 1. ISO 6937 omogofia predstavi­
tev 350 grafiCnih znakov. S ten standardoB Je 
CCITTa retil problen prenosa grafiCnih znakov 
za potrebe zahodnoevropskih in latinskoameritkih 
drtav. Veliki proizvajalci raCunalnitke opraae, 
zlasti IBM, so po objavi standarda ISO 6937 
sklenili, da potrebujejo enozlogovno 8-bitno 
ASCII kodo. Na spodbudo IBH-a Je ISO TC97/SC2 
razvil ISO 8859, v katerem Je vsak znak kodiran 
z eniB zlogom. Osnovna kodna tabela tega osea-
dalnaga standarda Je prikazana na sliki 2. 
Kodna tabela, prikazana na sliki 2, skupaj z 
definirani« naborom krmilnih znakov CO in Cl, Je 
bila sprejeta tudi v AN5I kot B-bitni ASCII 
(1.198S> in Je znana v svetu pod imenom Latinica 
1. Enako kodno tabela z dodatnimi nabori krmil­
nih znakov Je sprejela tudi ECMA kot standard 
ECnA-94. Tabela na sliki 2 nam kaZe prvi del 
ISO 8&S9, ki Je namenjen govornemu podroCJu 44 
delal (za angletCino, SpanSCino, nenCCino, fran-
cotCino, portugaliClno, flamtCino in Italijani-
Cino). 
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SI. 1. ISO 6937/2 

Ostali deli 150 6859 z izjemo 8859/2 so v fazi 
DIS Cdraft iternational standard) ali OP (draft 
proposal). 8859/2 definira latinico fit.2, ki Je 
namenjena prenosu teksta, napisanega v enem od 
naslednjih jezikovi albanskem, CeSkoslava£keB, 
nemSken, madtarsken, poljskem, ramunsksm In slo­
venskem (oziroma srbohrvaškem). Enako kodno 
tabela, kot je definirana v ISO 3859/2, Ja 
•prejela tudi Komisija za kode in Šifrirna 
sistema pri Zveznem zavodu za standardizacijo 
kot JU3 I.BI.013. 8859/3 pokriva govorno po­
dročja Francije, NemCiJs, Italije, Halte, Južne 
Afrike in Turfiije. 8859/4 pa Je namenjena 
Oonski, Finski, NemCiji, Grenlandiji, Norvaiki, 
Švedski in sovjetakio republikam Estoniji, La-
tviji in titvaniji. ToB kodnim tabalaa Jo 
skupno to, da ima v primerih, ko se ista Srka 
pojavlja v dveh razliSnih kodnih tabelah, zmeraj 
isto mesto, kar pomeni tudi isto kodno konbina-
oijo (tako se Črka ž pojavlja v 8859/2 in 8859/4 
na istem mastu in ima kodno kombinacijo 10/14). 

Lava stran kodne tabala Je povsod enaka t.j. 
ISO 646 ali 7-bitni ASCII. 8859/5 definira 
kodno tabelo za nabor znakov, ki se uporabljajo 
v tehničnih in matsaatiCnlh znanostih (razni 
specialni znaki za pisanje matematičnih in teh­
ničnih Izrazov oz. forsul). 8859/6 definira 
kodno tabalo za nabor znakov, ki sa uporabljajo 
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v zalotnittvu za formatlranja takstov, 8859/7 
dafinira koda za grfiko abaoado in 8859/8 defini­
ra cirilico za ruski, srbski, makedonski, bol­
garski, ukrajinski in beloruski Jezik. Znaki iz 
kodnih tabal 8859/5/6/7/6 na nastopajo v naboru 
znakov v 180 6937/1/2 in zato so v pripravi 
dodatki k ISO 6937, ki naj bi vsebovali manjka­
joče znake. 

2. Izbor kodne strukture 

Po objavi ISO 6937/1/2 in ISO 8859/1/2 Je v 
okviru uradnih mednarodnih teles za standardiza­
cijo, kot Je CCITT, 180 in zlasti ANSI priSlc do 
velikega razburjanja. laplementatorJi iz kro­
gov proizvajalcev raCunalnitke in telanatske 
opreme so se znafli prad uganko. Katero S-bitno 
kodo implaaantirati v nivoju 6, za posamezno 
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SI. 2. ISO 88S8/2 
aplikaoiJaZnano Je, da uCinkovita komunikacija 
in izmenjava podatkov v odprtih sistamih povezo­
vanja nI BogoCa brez enotnih in standardiziranih 
kod. Odstavki, ki sledijo obravnavajo problaa 
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izbora kodns struktura in stalitCa bodoCih upo­
rabnikov ozirona proizvajalcav. OdlofiitvBi ki 
bodo sprejete v svetu po tem vprafianjui bodo 
vplivale tudi na razvoj telematskih storitev in 
izdelkov v Jugoslaviji (kot so na priner terai-
nali za teletex, vidBotex, vefijezi&ne tipkovnice 
terainalov 2* vnos podatkov ter razllfine aplika­
cije v okviru JLJPAKa) . 

2.1 Nekatera znana dejstva 

ISO 6937 Je aplikacijska orientiran standard, ki 
poleg grafifinih znakov za pisanje teksta togo 
delinlra tudi krmilne funkcije. ISO 6937 Je 
izdelan za potrebe nivoja predstavitve pri pre­
nosu teksta za aplikacije kot so Teletex in 
VideoteK. Za te storitve so v uporabi posebej 
razviti terminali, ki omogoSaJo sprejem in pred­
stavitev sprejetih podatkov. Sprejeti podatki 
se prikazujejo na zaslonu ali pa na tiskalniku. 
Posebna izbira in shranjevanje teh podatkov 
zaradi nadaljne obdelave ni predvidena. V po­
stopku izdelave Je Setrtl del standarda, ki 
definira krmilne funkcije za preformatlranje 
teksta (tistega, ki Je ie fornatiran in tistega, 
ki ni) . 

Vefiina proizvajalcev in uporabnikov Je pričako­
vala, da bo ISO 6S37 standard z najbolj splofino 
uporabo. Ta standard Je zadovoljeval potrebe 
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zahodnega dela sveta, ki Je istočasno tudi 
najbolj razviti del sveta. V te» delu sveta se 
nahaja 90 najBO&neJtih proizvajalcev ra&unal-
nitke in komunikacijske oprsne ter najvefije 
itevllo uporabnikov sodobnih telenatsklh stori­
tev. Kmalu po sprejemu ISO 6937 se je Izkazalo, 
da re<itev, ki jo določa standardi ni spreje­
mljiva za sisteme za obdelavo podatkov, ker se 
po tam standardu nekateri od graflCnlh. znakov 
prenafiajo kot dvozlogovne infornaoije, nekateri 
pa kot enozlogcvne. Takien nafiin prenosa je 
nesprejemljiv pri prenosu podatkov za nadaljno 
obdelavo, kot Je na primer prenos datotek (flle 
transfer). Razprava v zvezi z ISO 6937 se je 
za&ela po opozorilu ISO TC97/SC2/Ue^, da Je 
tehnika uporabe grafitnih znakov z razlifino 
delilno kode (eno in dvczlogovno) za vefiino 
prevajalnikov programskih Jezikov nesprejemlji­
va. VeČina abstoJeCe programske opreme Je nare­
jena po principu en znak en zlog. 

Po sprejetju teh pripomb se Je CCITT javno 
ogt-adil od splo£ne uporabnosti ISO 6937 in 
izjavil, da je bil ISO 6937 razvit in namenjen 
le z* prenos in ne za obdelavo tekstovnih 
podatkov, torej le v sklopu storitev Teletexa in 

Videotaxa. V teh telematskih storitev Je tekst 
zapisan v strogo formatlranl obliki (strani), se 
v taki obliki prenata In ni namenjen nadaljni 
obdelavi. Torej se tekst prenata v konCni 
obliki po onretju od rafiunalnika (host) do 
terminala ali od terminala do terminala. Upo­
rabnik tekst le vidi a H pa ga izplSe. Sodobni 
sistemi za avtomatizacijo pisarnKkega poslova­
nja pa zahtevajo uporabo telematskih storitev, 
ki omogoCaJo tudi obdelavo in predelavo spreje­
tega oziroma odposlanega teksta, kot Je prefor-
matiranje, dodajanje in arhiviranje teksta. Ho-
goCe Je ravno ta omejenost VldBOtexa ter izjemno 
zastarele metode preiskovanja informacij (dreve­
sne struktura, ki so prepofiasne), botrovala 
slabi uveljavitvi te usluge na tleh ZDA. Pri­
merjava obeh standardov nas pripelje do sledeCih 
ugotovltevi 

2.2 Prednosti 
180 8859 

In pomanjkljivosti ISO 6937 in 

Gledano iz zornega kota razvitih drŽav zadostuje 
za latiniCno pisavo le nabor grafiCnih znakov iz 
ISO 6937/1/2. To pomeni, da v 8-bitnem okolju, 
fie imamo opravka s fiistln tekstom (isto velja 
tudi za slovensko latinloo), ni potrebno prekla­
pljati Iz ena kodna tabela v drugo s pomofijo 
tehnike za raztlrltev 8-bltnaga okolja (za refe­
renco glej ISO 2022 a H ISO 4873 ali I.BI.010 -
tehnike razfilrltva v 7 in 8-bltnam okolju). 8. 
bit v kodni tabeli nam pokale, kateri del kodne 
tabele je v uporabi, levi (8.bit Je niCla) ali 
desni (8.bit Js enioa). ISO 8859 za prikaz vseh 
latlni&nih pisav sveta potrebuje A kodne tabele. 
V primerih, ko potrebujemo 6rke vseh A Jezikov­
nih podroCiJ, je potrebno preklapljanje (switc-
hlng). Ta trditev drli le do neke meje, ker 
nekatere od kodnih tabel ISO 8859/1-^/ vsebujejo 
znake za vefi kot eno podrofije oziroma so redun-
danCne. Ta prednost ISO 6937 se takoj spremeni 
v pomanjkljivost, Ce bi zahtevali znake iz 
abeced, ki niso latini&ne. Tak primer Je Jugo­
slavija, kjer bi potrebovali Istofiasno latinifino 
in oirilifino pisavo. Podobno velja za Gr&ijo, 
kjer uporabljajo dve pisavi, latlnifino in grSko. 
Namen ISO standardov Je, da zadosti potrebam 
vaCJemu fttavllu dafel in ne le defelaa, kjer se 
uporablja IzkljuOno latlnlOna pisava. Torej 
dolgoroSno gledano ta prednost ISO 6937 ne dr2i. 

Druga prednost ISOa 6937 je, da Je to standard, 
ki se le nekaj fiasa uporablja (sprejet Je bil 
1.1980), za razliko od ISO 88S9/3-8, ki je fte v 
fazi DI5. Ta prednost se bo zgubila v kratkem, 
ko bo 180 8859/3-8 postal veljaven standard. 

Izbor kodnih tabel v 180 8859 Je narejen po 
regijah, v katerih sa nahajajo sorodne drtave. 
Leva kodna tabela je ASCII, kar ne velja za 150 
6937. VeČina detel svata Je svoje nacionalne 
kodne tabele razvila na podlagi ASCII kodne 
tabela (ISO 646) z naolonalnimi raziiritvami, 
speoifiolranlai v 180 6A6, mednarodna verzija. 
Tako je ISO 8859 konpatibilan z veliko veČino 
nacionalnih standardov. 

ISO 8859 predstavlja laljl prehod iz obstoJeCih 
7bitnih kod v Sbltno kodo. ISO 8859 predstavlja 
tudi lažji prehod iz S-bitnega okolja v 16 bitno 
okolje (dvozlogovno kodiranje), vsak znak v 
16-bitni kodni tabeli bo potreboval za predsta­
vitev la eno 8-bltno kodno kombinacijo. ISO 
SC2/U66 trenutno dela na razvoju standardizirane 
16-bltne kodne tabele. Zaradi Široke uporabe 
ASCII kodne tabele v veliki veČini delel lahko 
reCemo, da je IŠO 8859 kompatlbilen z obstoJeCo 
programsko opremo in obstoječimi podatkovnimi 
bazami. 

ISO 8859 Je bil le v fazi nastajanja sprejet v 
veČini detel kot nacionalni standard za nabor 
znakov, kodiranih z Sbltno kodo, tak primer je 
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tudi Jugoslavija. ISO 6937 ni bil sprejet kot 
nacionalni standard nikjer, z izjemo ZR Nemfiije, 
ki Ja kljub teau sprejela Se ISO 8659. ISO 8BS9 
onogô â lažje povezovanje (interworkinq> izdel­
kov z ASCII in EBCDIC kodo, Iznenjava znakov iz 
ISO 8859 v okolju z ISO 6937 je motna z uporabo 
IGS-a <Identity Sraphio Sub-repertoar). 

Uporaba obeh kodnih sistemov ISO 6937 in ISO 
8859 v okviru enega raCunalnitkega sistema je 
komplicirana in neučinkovita. Uporaba ISO 6937 
bi morala biti omejena na telematske storitve, 
konverzija koda iz ISO 6937 v ISO 8859 bi bila 
potrebna le pri vhodu podatkov v računalnik. 
Taka strategija bi bila zlasti pomembna za 
sledefie kategorije uporabnikov in proizvajalčevi 
a)za implenentatorje in razvijalce izdelkov kot 
SOI terminali, tiskalniki in programski paketi, 
b> za nacionalne odbore in organizacije za 
standardizacijo za podroCje kodiranja, avtomati­
zacija pisarnitke opreme in komunikacij ter 
c)za vse ostale odbore ISO in CCITT, ki se 
ukvarjajo s standardizacijo medijev in komunika­
cij. 

V primeru, da bo to sprejeto in da se zahteva 
izločitev ISO 6937 in pospeSena uporaba ISO 
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S<. 2. ISO 8SS8/e 

8859, bi lahko nastali sledeči problenii 
-obstoječi terminali z implementirano ISO 6937 
kodno tabelo bi postali neuporabni (na primer 
Xerox terminali). 
-11 evropskih proizvajalcev je obljubilo, da 
bodo podpirali ISO 6937 in bi nova odločitev 
povzročila zmedo 
-CEN/CENELEC, ki js sprejel obveznost, da pbd-
pre ISO 6937 bo postavljen v nerodno situacijo. 

3. StaliSča glede implementacije ISO 6937 in 
ISO 8859 

3.1 Implementacija na terminalih in tiskalnikih 

Ce je v terminalu implementiran ISO 6937, potem 
ni problem implementirati tudi ISO &S59, ker js 
mnotica znakov enaka. Spremeniti je treba lo 
del strojne opreme (firmware), ki namesto gane-
riranja znaka kot kombinacije diakritičnega zna­
ka in navadnega znaka generira le en znak. 

V primeru, ko imamo naprave z visoko raeoluaijo, 
kjer za vsak znak potrebujemo veliko itevilo 
bitov, se akcentirani znaki generirajo kot kom­
binacija zgornsga in spodnjega akcenta ter same 
črka. Pri napravah nizke resolucija se akoanti-
rani znak generira naenkrat brez kombinacij. 

Pri tiskalnikih z narjaticami, kjer je ttevilo 
znakov omejeno, ina prednost ISO 8859. Tiskal­
niki z dvema marjeticama imajo moinost uporabe 
vseh črk ISO 8859, ena marjetica (190 znakov) bi 
pokrivala ASCII in druga obe desni strani kodnih 
tabel dveh delov ISO 8659. Pri tiskalnikih, ki 
uporabljajo verige, če Je veriga relativno veli­
ka (na primer od 350 znakov) ni problem imple­
mentirati obeh standardov, seveda s čim nanjtim 
ttevilom dvojnih črk. Pri teh tiskalnikih ni 
korespondenoe ned kodo in prikazovanjem določe­
nega znaka, medtem ko Je v sami napravi poskr­
bljeno za ustrezno korespondenco. Pri teh na­
pravah bi sa pojavil le problem počasnosti 
zaradi velikega itevila znakov v verigi. 

Gledano s staliftCa določenega geo območja je 
bolj varčno in gospodarno implementirati ISO 
68S9. Ce želimo implementirati vse kodne tabele 
ISO 8859, potem ta prednost glede varčnosti 
odpade. Enako velja, če hkrati Implementirano 
latinično in oirillčno pisavo, kar v tem primeru 
spet potrebujeno dve kodni tabeli in uporabo 
tehnike raziiritve v 8-bitnam okolju. Ce upora­
bljamo tehnologije z izmenljivimi tiskalnimi 
elementi, potem ima prednost ISO 8859. Vsak 
tiskalni element ustreza določeni kodni tabeli. 
To pomeni, da obstoječe tiskalnike z marjetico 
Se naprej uporabljamo in po potrebi izmenjujeno 
marjetico v skladu s kodno tabelo. Kot zaklju­
ček temu lahko povemo ia, da Ja cena tiskalnikov 
in terminalov sorazmerno nepomembna glede na 
ceno programska opreme. 

3.2 Implementacija 
programski opremi 

180 6937 in ISO 8859 v 

Prednost kode, v kateri je vsak znak določen z 
enim zlogom. Je neprimerljiva s kodo z nekonsta-
tno dolžino. Velika večina obstoječe programske 
opreme zelo lahko obdeluje S-bitno kodo iz ISO 
6859. Problemi se pojavljajo v primerih, ko 
želimo, da nata programska oprema sprejema dve 
kodni tabeli, na primer ISO 8859/2 in 150 
8859/3. V teh primerih uporabljamo ali: 
-poseben krmilni znak ("single shift" funkcijo), 
ki nam kaže, da so prihajajoči znaki predsta­
vljeni z dvema zlogoma, prvi zlog je koda za 5S1 
in drugi za sam znak, 
-poseben znak ("looking shift" funkcijo), s 
katerim spremenimo celo desno stran kodne tabe­
le. 
Nekateri od zagovornikov ISO 6937 trdijo, da je 
prednost te kodna tabela v možnosti njene upora­
be kot 7 in O-bitno, v odvisnosti od sprejemne 
naprave. Pri terminalih sa da problem sprejema­
nja znakov z različno dolgimi zlogi dokaj lahko 
celiti, pri programski opremi pa se zatakne, ker 
varno, da je tažko pisati programa, ki sprejemajo 
hkrati 7 in 8-bltne zloga. Pri 7-bitnih zlogih 
večina zahodno evropskih pisav uporablja SSl in 
LSI funkcija za potrebe genarirarija akcentiranih 
znakov. Pri tem 180 6937 kaže na določene 
prednosti, ker ni pojava redundančnega kodiranja 
(v kodni tabeli ni enakih znakov). To velja le, 
če se uporablja samo 180 6937/1/2. Pri uporabi 
drugih kodnih tabel iz ISO 6937, ki so v 
pripravi (na primer grftka črke iz grSke abecede 
in iz kodna tabele za tehnično uporaba) se ta 
prednost zgubi. 

4.Aplikaoije in uporaba 180 6937 in ISO 8859 

Problemi, ki lahko nastanejo pri uporabi ISO 
6937 pri obdelavi podatkov, so mogoče najbolj 
vidni pri sortiranju. Kako lahko primerjamo dva 
znaka, od katerih Ja eden brez akcenta in je 
zapisan z 8-biti in drug akoentiran znak, ki ja 
zapisan s 16 biti Ca v programski opremi za 
sortiranje to ni posebej specificirano, lahko 
nastanejo težava. Pogosta tehnika pri sortira­
nju ja transformacija vsakega znaka v numerično 
vrednost in uporaba te vrednosti za primerjavo. 
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VeČina CPU-Jev ina (tako kot IBH 370), vgrajen 
ukaz prav za to operacijo. Kaj se bo zgodilo, 
&e naaesto na 8-bitni zlog naleti ukaz na 16 
bitov Tudi ostali programi za konverzijo med 
ASCII in EBCIDIC kodo so narejeni na podoben 
naCin - translacija le &-bitnih zlogov. 
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5. Sklepne misli 

Iz vsega povedanega lahko izloCimo sledefiei 

ISO 6937 je aplikacijska orientiran standard 
namenjen za implementacijo v storitvah Videotex 
in Teletex ter za naprave, ki to aplikacijo 
omogočajo. Po definiciji ISO-ja in CCITT-ja je 
tekst infornaoija, namenjena ljudem, ki to in­
formacijo sprejemejo, jo obdelajo in jo naprej 
posredujejo, zato sta a-bitni ASCII in ISO BaS9 
standarda namenjena predvsem za prenos in obde­
lavo teksta, ISO 6937 pa le komunikaoijam s 
tekstovnimi podatki. To pomeni, da Je treba ISO 
6937 uporabljati le pri Cistam prenosu in v 
primerih, ko je tekst shranjen ne magnetnih 
medijih, le za prikazovanje. Prvotna ideja SC2 
W64 pri razvoju ISO 6937 Je bila izdelati 
•platno uporaben standard za prenos in izmenjavo 
podatkov. Opozorila strokovne javnosti, da Je 
ta standard neprimeren za sploino uporabo zaradi 
problemov pri obdelavi, so povzroCila, da Je SC2 
Ue^ dobil nalogo, da Se enkrat obdela ISO 6937 
in omeji natanCneJe njegovo uporabo. 

Eden od glavnih motivov 
bilo zavračanje nekater 
plementirajo ISO 6937. 
sprejem ISOa 6859 obsod 
tiranin ISO 6937, veČina 
obstoječe terminalne 
meri podpirajo 8-bitne 
stnostmi kot ISO 8859. 
Stavilo *e veCJe po sp 
okviru ISO SC2 in ANSI 
Je veČina anerilkih pro 
podpreti ASCII terminale 
tudi najnovajta ASCII 8-

za razvoj ISO 8859 Je 
ih proizvajalcev, da in-
Kljub temu, da bo iirok 
il terminala z implemen-
proizvajaloev trdi, da 

aprave v najveCi nolni 
kode s podobnimi la-

PriCakovati je, da bo to 
rejemu ISO 8859/3-8 v 
BSR X3.134.2. Kate, da 
izvajalcev pripravljena 
, v katerih bo vklJuCena 
bitna koda. V primeru. 

da bo ISO 6937 fte napraj podpiran od nekaterih 
proizvajalcev kot prevladaJoC standard za slapi 
prenos, ni treba pričakovati, da bodo ameriiki 
proizvajalci in njihovi uporabniki prilagajali 
svoje aplikacije temu standardu. 

Dosedanja razprava kaža, da bo najverjetneje v 
kratkem (na plenarnem zasedanju ISO 8C2 marao 
1987) sprejeto priporoCilo ANSI X3 in ISO SC2, s 
katerim bo ISO 8859 postal prevladujoč standard 
za prenos in obdelavo podatkov, vklJuCno z 
uporabo pri izmenjavi tekstovnih podatkov v 
okolju avtomatiziranih pisarn. Ugotovitev, da 
mora uporaba raCunalnikov sloneti na enakih 
standardih ne glede na to, kje se računalnik 
nahaja, ali v pisarni ali nekje drugod, je bila 
eden od pomembnajtih dejavnikov, ki so pripelja­
li do zdruiitve med ISO TC95 (office systemB> in 
ISO TC97 (Information prooessing). V tem konte­
kstu Je uporaba različnega nabora znakov v 
avtomatizirani pisarni in v poslovno proizvodnem 
sistemu podjetja skrajno nezaželena. 

Obstaja verjetnost, da ne bo mogoCe zaradi 
obstoječih telemabskih mraZ popolnoma izpodrini­
ti ISO 6937. ISO 6937 Je koda, ki Je narejena 
za specifično uporabo (Vldeotek in Telatex) in 
taka nora tudi ostati. Tarainali in tiskalniki 
z določenimi dodatki lahko interpretirajo oba 
standarda, zate Ja treba pričakovati, da bo 
njihova uporaba in prodaja ostala neprizadeta. 
Ta naprava lahko uporabljamo pri talematskih 
storitvah,, lahko pa kot periferijo računalnikov 
s sploino uporabo. Konverzija med ISO 6937 in 
ISO 8859 bo relativno enostavna, ker vsebuje ISO 
6937 podmncZioo znakov ISO 8859. Translacijo 
podatkov, ki so namenjeni nadaljni obdelavi iz 
formatiranih podatkov lahko zmeraj opravimo s 
programom za preformatiranja strašni. 

Iz vsega navedenega sladi, da Je ISO 8859 boljSa 
tehnična reSltev in da Ja bolj aplofino uporabna. 
Tako Je priCakovati, da bo ISO najverjetneje 
priporočil kot sploftno uporaben standard ISO 
8859. Priporočati la ano moino reftitev pomeni, 
da bodo nekateri pri taa prizadeti in da bodo 
drugi pridobili na raCun prvih. NaSa naloga je, 
da podpremo boljfio tehnično retitav v interesu 
boljie standardizacije in reiavanja nafiih potreb 
(uporaba tudi oirilioa). 

6.Reference 

1.Delovni dokumenti ISO TC97/8C2, UG4 in We2 
2.Delovni dokumanti ANSI X3L2 



88 

NOVE KNJIGE 

Terry VVlnograd and Fernando Flores: Onderstan-
ding Computers and Cognition! A New Foundation 
for Design. Ablex Publlshlng Corporation. Nor-
wood, New Jersey (1986). 

Terry Winograd je danes prva avtoriteta umetne 
inteligence (Center for ttie Study of Language 
and InTormation, Stanford Unlverslty), center v 
stanfordskem univerzitetnem taboru pa je sve­
tovno sredlSCe umetne inteligence. Fernando 
Flores (podjetje Aotion Technologies) je bivSi 
minister za gospodarstvo In finance v vladi 
Salvadorja AUendeJa (1970-73). Knjiga "Razume­
vanje računalnikov In spoznavanja: novi temelji 
oblikovanja" je posvečena cllenskemu ljudstvu. 
Knjiga je posebnost, ki ji ne najdemo primerja­
ve v svetovni znanstveni, tehnološki, informa-
tlcni, umetno InteligenCni in računalniški lite­
raturi. Knjiga je svojevrstno odkritje za teh­
nika, ki mu je trdna znanost in tehnološka 
stvarnost zivljensko vodilo, ki pri svojem delu 
In tehnološkem oblikovanju ne vidi in ne najde 
smisla v filozofski raznovrstnosti. Vendar je 
knjiga tudi novost za filozofa, ki iz nje lahko 
razpoznava ontologiCnost (bolj domaČe metafizi-
Cnost in s tem relativnost vsakrsnje filozofske 
resničnosti) polpretekle in današnje filozofi­
je. Knjiga obravnava dve, navidezno razhajajoči 
se usmeritvi: računalniško tehnologijo in nara­
vo Človekovega obstoja. Tu pokaZe, kako so raz­
hajanja v bistvu povezana in soodvisna. 

To, kar je za tehnika presenetljivo. Je prav 
gotovo filozofsko ozadje knjige. Domala here­
tično za tehnika zveni dovCerajSnje pojmovanje 
hermenevtike in njeno vpeljevanje v tehnološko 
problematiko oblikovanja. In kaj naj imata 
tehnika in tehnologija skupnega z razumevanjem 
biti, ki je na Slovenskem le nekakšna zakasnela 
Filozofska bit? Vendar se bralec kmalu sprijaz­
ni z umestnostjo razumevanja ontologije, z ilu­
stracijo vrZenostl (v svet), s tubltjo, z evo­
lucijo, jezikom, avtopoiesis, raclonalistICno 
usmeritvijo itd. Knjiga je razdeljena v tri 
poglavja: teoretično ozadje; računanje, misel 
in jezik; oblikovanje. 
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Prvi del knjige (poglavja 1-6) opisuje raclona-
listlcno tradicijo in prikazuje tri loCene 
predmetnosti tega dela, od katerih je vsaka v 
nasprotju s tradicijo. Čeprav te predmetnosti 
bistveno vplivajo na naSe razumevanje. Pri tem 
postane jasno, kako najpomembnejše iluzije ra-
cionalisticne tradicije temeljijo na prepriča­
nju, da Je znanje sestavljeno iz eksplicitnih 
teori j. 

Drugo poglavje opisuje podrobneje racionalis 11-
cno tradicijo In pokaže, kako ta tradicija ute­
meljuje razumevanje kulturne zdrave pameti je­
zika, mišljenja in racionalnosti. Cilj tega po­
glavja je v razkrivanju nagnjenosti (predsod­
kov) In podmen, ki se skrivajo, zamolcujejo In 
prikrivajo za svojimi pojavnostmi v ozadju na­
šega Jezika. 

Tretje poglavje se ukvarja s tradicijo, ki vse­
buje hermenevtlko (raziskovanje predstavljanja) 
In fenomenologi jo (filozofsko preučevanje teme­
ljev Izkustva in delovanja). Ta tradicija se Je 
razvila iz humanističnih ved in Je povezana z 
razmerjem individualnega in kontekstnega, Se 
posebej socialno kontekstnega, v katerem posa­
meznik Zlvl. Tu se poudarjajo tista področja 
Človekovega izkustva, v katerih imata individu­
alna predstavitev in Intuitivno razumevanje (v 
nasprotju z logičnim izpelJevanJem in zavestno 
refleksijo) osrednji pomen. Tu se postavlja iz­
ziv prepričanju, da Je formalno analitično ra­
zumevanje teh pojavov sploh mogoCe. 

Osnova tega razmišljanja so dela Hansa Oeorga 
Gadamerja in Martina Heideggra. Tudi vrsta dru­
gih filozofov je raziskovala sorodne ideje, 
vključno s fenomenologistI kot so Husserl, 
Ricoeur in Merleau-Ponty, z eksistencial1sti 
kot Je Sartre, s pragmatlstl kot sta Mead in 
Dewey, z današnjimi političnimi filozofi kot 
sta Habermas In Apel In kot so celo nekateri 
filozofi z bolj analitičnim ozadjem, npr. 
Wl ttgensteln. Heldegger In Oadamer sta bila iz­
brana zaradi vpliva njunih del na današnje naSe 
ucenje in zaradi pomena njunih del v današnji 
tradiciji. Heldegger tu prav gotovo Izstopa kot 
sodoben filozof, saj Je opravil najtemelJ itej-
so, najprodornejso in najradikalnejso analizo 
vsakdanjega Izkustva. Njegove Ideje ostajajo 
marsikje na poti drugih filozofov In so vkore-
nlnjene v današnje usmeritve. Oadamer je bil 
najbolj sistematičen pri uporabi te usmerjeno­
sti na problem Jezika, ki ostaja prej ko slej 
osrednji problem današnjosti. 

Četrto poglavje prikazuje delo Cllenskega nev-
roblologa Humberta R. Maturane, ki je postal 
Široko znan s svojim delom o nevrofIziologIJ i 
vida. Njegova osnovna Izobrazba je biološka in 
ne filozofska in danes preučuje Maturana naravo 
bioloških organizmov z vidika mehanis 11 enih 
s trukturnodetermlnlrani h sistemov. Njegova dela 
so bistveno prispevala k razumevanju spoznava­
nja in k perspektivi racionalistICne tradicije. 
Od nJega prihaja tudi ideja, da interakcije med 
Živimi bitji niso komunikacijske. Drevesi, ki 
rasteta eno ob drugem, ne razpravljata o delit­
vi razpoložljivega prostora, vendar eno drugega 
vznemirjata tako, da rasteta nesimetrično. Ma­
turana poudarja, da to, kar ljudje izmenjujejo 
medseboj, nI komunikacija, temveč perturbacija 
(zmeda, zmešnjava, vznemirjenje, motnja, ne­
mir). Nasmeh ni isto kot Izjava "SreCen sem". 

Pisci kot Heldegger so izpostavili dominantni 
vidik uma, ko so izjavili, da spoznavanje ne 
temelji na sistematični manipulaciji predstavi­
tev. Ta perspektiva Je bila uporabljena kot os­
nova za večkratno kritiko umetne inteligence 
(H. L. Dreyfus: What Computers Can't Do; J. 
Haugeland: The Nature and Plau8lbility of Co-
gnltlvlsm), ki Je bila na svojem zaCetku misti­
čno področje za druge znanosti. Pri vpraševa­
nju o splošnem razumevanju razmerij med percep-
cljo, predstavitvijo In mislijo, to sklicevanje 
na prvi pogled zanikuje flzlCne temelje člove­
kovega delovanja. Maturana ponuja dvoje uporab­
nih uvidnosti (razumevanj), s katerima je omo­
gočena Izognitev tako omejenemu pred-razumeva-
nju: vloga opazovalca pri oblikovanju pojavno-
stnlh domen In zamisel strukturnega povezova­
nja, ki dopusca razumevanje obnašanja, ko Je 
to sicer mehanično generlrano, vendar ni prog­
ramirano. Kot biolog poudarja Maturana koncep­
tualni okvir, v katerem nastajajo pojavi pred­
stavljanja kot nujna posledica zgradbe biolo­
ških bitij. Hkrati nas poziva, da sprejmemo 
novo razumevanje o naClnu, s katerim govorimo o 



fizični naravi in da to razumevanje uporabimo 
na nas same. 
Vprašanja o spoznavanju so prepletena z vpraša­
nji o naravi Jezika. Peto poglavje pokaže naj­
prej, kako je uvidnost v hermenevtiko pomembna 
za tradicijo, ki se je razvila z llngvistlko In 
analitično filozofijo jezika. Tu je poudarjena 
vloga poslušalca pri aktivnem generlranju pome­
na in pokazano je, zakaj je idealIzaclja "dobe­
sednega pomena" nemogoča na ravni navadnega 
jezika. Nadalje se v tem poglavju uvaja teorija 
govornega akta, kot sta jo razvila J. L. Austin 
(How to Do Thlngs wi th VVords, Cambridge, MA: 
Harvard University Press, 1962) in J. R. Searle 
(Speeeh Acts, Cambridge: Cambridge Unlverslty 
Press, 1969 in Se vrsta drugih del tega avtor­
ja) in je bila kasneje sprejeta pri socialnih 
filozofih, kot Je Juergen Habermas. Čeprav se 
je ta teorija razvila iz analitične filozofske 
smeri, je njen vidik jezika kot govornega akta 
izzval racionali s t iCno tradicijo s predpostav­
ko, da je jezik in z njim tudi misel konec kon­
cev osnovana na socialni interakciji. Teorija 
govornega akta je začetek določenega razumeva­
nja jezika kot dejanja socialne kreacije. V 
zadnjem delu poglavja je prikazana nova sinteza 
teorije govornega al<ta In hermenevt 1 enega razu­
mevanja jezika, razvitega v tretjem poglavju. 
Ta sinteza predstavlja osrednjo zamisel pred­
stavitve računalniške tehnologije v drugem delu 
knjige in nas pripelje do sklepa, da oblikujemo 
svet skozi jezik. To pa lahko Se kako bistveno 
vpliva na oblikovanje (tehnološko načrtovanje). 

Šesto poglavje je zamišljeno kot prehod na na­
daljevanje knjige s povzetkom bistvenih toCk iz 
prejšnjih poglavij. Tu se dokončno srečujemo z 
zavračanjem spoznavanja kot oblike manipulacije 
znanja objektivnega sveta, s primarnostjo akci­
je in njene osrednje vloge v Jeziku in z nezmo­
žnostjo popolnega zajetja ozadja, ki vpliva na 
kritiko današnje računalniške tehnologije. 

Drugi del knjige (poglavja 7-10) postavlja kon­
kretna vprašanja o delovanju računalnikov. Tu 
je cilj razumevanje in prevrednotenje sedanjega 
razvoja in predvidevanje prihodnjega. 

Sedmo poglavje opisuje, kaj se dogaja s Člove­
kom, ki programira. Poudarek je na razmerju med 
namerami programerjev in obnašanjem strojev, ki 
izvajajo oblikovane programe. Programiranje je 
postopek oblikovanja simboličnih predstavitev, 
ki bodo interpretirane na neki ravni v. okviru 
konstruktne hierarhije z različnimi stopnjami 
abstrakcije. Interakcije med predstavitvenimi 
ravnmi so lahko zapletene, ker je vsaka raven 
odvisna od niZJih ravni. Ta opis oblikuje teme­
lje za razpravo o računalniški inteligenci, v 
naslednjih poglavjih. 
Osmo poglavje raziskuje racunalne metode, ki so 
bile predložene kot osnova umetne inteligence. 
Tu se izhaja iz nasprotja določenega prepriča­
nja: danes ni mogoCe konstruirati strojev, ki 
bi izkazovali ali uspešno modelirali inteligen­
tno obnašanje. Tu se vprašuje, zakaj se pripi­
sujejo umske lastnosti le računalnikom In ne 
tudi drugim strojem, ki procesirajo informaci­
jo. Temeljiteje se opisujeta delo v umetni 
Inteligenci in analiza omejitev. VeČina teZav 
današnjih raziskav izvira iz tistih temeljnih 
usmeritev, ki izenačujejo Inteligenco z raclo-
nallstlcnlm problemom reševanja z uporabo hev-
ristiCnih procedur. 

Deveto poglavje načenja tematiko računalniških 
programov za obdelavo naravnih jezikov. Tu Je 
pokazano, zakaj se vrsta programov, ki so bili 
razviti v sedemdesetih letih, nI približala 
sposobnosti interpretacije pomena. Kljub Iznaj­
dljivim analiznlm In razpoznavnim metodam, je 
ostalo obzorje razumevanja bistveno omejeno. 
Čeprav obstajajo praktične aplikacije računal­
niškega procesiranja formalizmov, naravnih jezi­

kov, bodo računalniki prej ko slej ostali ne­
sposobni za uporabo Jezika na naCIn, ki je zna­
čilen za človeško bitje; ta omejitev bo veljala 
tako za Interpretiranje kot za generiranje in­
formacije, ki Je jezikovno bistvena. J. Fodor 
(Methodologlcal Solipslsm Considered as a Re­
search Strategy In Cognltlve Psyehology) Je po­
kazal, kako so Jasno opredeljeni modeli umetne 
Inteligence na sploSno ekvivalentni starejši 
filozofski analitični tradiciji, ki Črpa svoje 
ideje iz obdobja Aristotla in pred nJim. 

Deseto poglavje kritiško osvetljuje nekatere 
glavne raziskovalne usmeritve na področjih, kot 
so tehnika znanja, Izvedeniški sistemi In t. I. 
računalniki pete generacije. Tu je opisan pre­
mik iz splošnega cilja oblikovanja programov, 
ki lahko razumejo jezik in misel v smer obliko­
vanja programske opreme za posebne nalogovne 
domene; opisana In ocenjena je projekcija raz­
voja v naslednjih letih. 

Tretji del (poglavji 11 In 12) prikazuje alter­
nativno oblikovalno usmeritev, ki temelji na 
teoretičnem ozadju, razvitem v knjigi. Tu ni 
bistveno vprašanje primerjave med računalnikom 
In človekom, temveC vprašanje odprtja računal­
niškega potenciala, smiselnega za človekovo 
življenje In delo. Ko se enkrat odmaknemo od 
slepote, generlrane s starimi vprašanji, se nam 
odpre SIrSa perspektiva o tem, kaj računalniki 
zrno rejo. 

Enajsto poglavje se ukvarja z nalogo oblikova­
nja računalniških orodij v organizacijskem kon­
tekstu. Tu je v središču pozornosti dejavnost 
"upravljavcev", ki nastaja tudi v socialni in­
terakciji in pri naporih sodelovanja. S heid-
eggrsko razpravo o "vrženostl" In "porušitvi" 
prihajamo do sklepa, da modeli racionali s t lene­
ga reševanja problemov ne odražajo tega, kako 
so akcije dejansko determinirane In da progra­
mi, ki temeljijo na takth modelih, ne morejo 
biti uspeSnI. Neglede na to, pa ostaja vloga 
računalniške tehnologije kot podpora upravljav­
cem pri soočanju z zapletenimi konverzacijskimi 
strukturami v okviru organizacije ohranjena. 
VeČina dela, ki ga opravljajo upravljale!, je 
povezana z začenjanjem, spremljanjem In koordi­
niranjem mreže govornih aktov, ki sestavljajo 
socialno akciJo. 

Dvanajsto poglavje se vraCa k osnovnim vpraša­
njem oblikovanja In pregleduje možnosti raču­
nalniške tehnologije, ki se odpirajo z razume­
vanjem snovi, razvite v prejšnjih poglavjih. Po 
kratkem pregledu pomembnih teoretičnih izhodišč 
se preučujejo oblikovalni pojavi s prikazom 
novega pristopa v dejanskem primeru. 

Ta knjiga je v nekem smislu delo o računalni­
kih, Čeprav posega v možnosti, kaj računalniki 
zmorejo. In tu odpira problematiko o razvoju 
računalnikov v naslednjih desetletjih. Prepri­
čanje avtorjev knjige Je, da računalniki ne mo­
rejo razumevati jezika in da po sedanjih poteh 
umetne inteligence ne bo mogoce doseCi inteli­
gentnega obnašanja strojev. Raziskovalci UI 
Cesto poudarjajo, da so njihovi programi 
pomanjkljivi In verjamejo, da bo te pomanjklji­
vosti sCasoma mogoCe odpraviti. Avtorja poudar­
jata, da ta pot IJI nI pot tistega izboljševa­
nja, ki bi vodila do inteligence. VeČina knjige 
je prepredena z metodičnimi napadi na mišljenje 
ljudi, ki delajo z računalniki. 

Anton P. Zeleznikar 
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PISMA BRALCEV 

Laboratorij za programsko opremo 
Univerza Edvarda Kardelja v Ljubljani 
Fakulteta za elektrotehniko 
B.Vilfan, V.MahniC, T.Mohorle 

Ljubljana, 9.10.1986 

Uredništvu Časopisa INFORMATICA 

V vasem Časopisu (INFORMATICA ST.4, 1986, str. 
97) je bil objavljen dopis tov. Ranka Smokvine, 
ki se nanaSa na Članek B.Vilfan, V.MahniC, T. 
MohoriC; Ocena programskih orodij IDA, INFORMA­
TICA St. 3, 1986. Kot avtorji omenjenega članka 
in sklicujoč se na Zakon o javnem obveščanju 
(Uradni list SRS St. 2/86) prosimo, da objavite 
naslednji odgovor. 

Strinjamo se s tov. Srookvino, da "Ce sve sada-
Snje i buduCe korisnike lOA-alata zanimati 
praktICan rad sa IDA-alatima (I usporedbe sa 
ULTROM) kao i rezultati mjerenja performansI". 
Kljub temu smo se odloČili, da v omenjenem 
članku ne obdelamo praktičnih meritev (In to 
odločitev tudi jasno Izrekli v uvodu Članka) Iz 
naslednjih razlogov: 

1. Preden se lotimo kakršnihkoli praktičnih 
primerjav med različnimi (a sorodnimi) pro­
gramskimi orodji je potrebno skrbno prouCIti 
tisto, kar proizvajalci zagotavljajo glede 
njih oziroma njihove deklarirane karakteri­
stike, očitno je, da so ti podatki dostopni 
le preko priročnikov. 

2. Kvaliteta nekega sistema za upravljanje po­
datkovnih baz Ima Izredno mnogo aspektov In 
po naSe Imajo nekateri aspekti, ki niso po­
vezani z rezultati meritev, pogosto vecjo 
te2o (n. pr. podatkovni modeli In fleksibil­
nost modeliranja stvarnosti, podatkovna ne­
odvisnost, sočasnost dostopa do podatkov, 
zaščitni mehanizmi, pripomočki za razvoj 
aplikacij ipd.). Torej smo eeleli na prvem 
mestu izpostaviti takSne aspekte IDA-orodlj. 

3. Praktične meritve delovanja sistemov za 
upravljanje podatkovnih baz predstavljajo 
določen problem s stallsCa Izbire karakteri­
stik testnega nabora podatkov. V tem primeru 
nimamo opravka s tako preprosto situacijo 
kot pri merjenju delovanja računalniškega 
sistema, kjer zadostuje Izbrati en testni 
primer, pri katerem prevladuje vhod/izhod, 
enega, pri katerem prevladujejo računske 
operacije (morda izbrane vrste, n.pr. realna 
aritmetika) In enega, ki leZi nekje vmes. Na 
misel pride vsaj nekaj karakteristik, ki mo­
čno vplivajo na Izmerjene rezultate: 

-uporabljen pod. 
(n.pr. Logical 
-Število socasn 
ze 
-obseg aktivira 
hanlzmov 
-naCin Iskanja 
vnaprej predv 
setov ali is 
naCIn) 
-fizična razme 
dundanc 
-gosteči raCun 
oprema In oper 
-uporabi jen gos 
itd. 

atkovni model v zunanji shemi 
User View pri Ultrl ) 
ih uporabnikov podatkovne ba­
nja zaščitnih In nadzornih me-

podatkov (Iskanje, ki je bilo 
ideno z logično organizacijo 
kanje na vnaprej nepredviden 

stitev podatkov tn obseg re-

alniski sistem (aparaturna 
aci jski s istem) 
teci programski jezik 

Zato smo menili, da merjenje delovanja poda­
tkovne baze pravzaprav predstavlja dokaj ob­
seden samostojen problem, ki mora tudi biti 
deležen samostojne obravnave. 

4. V svetu obstaja vrsta organizacij, ki anali­
zirajo podbne programske produkte In v svo­
jih publikacijah objavljajo informacije o 
njih, namenjeje uporabnikom (n.pr. Datapro, 
Auerbach, Data Decisions itd.). V teh 
analizah praviloma nI ocen performans, pa 
vendar jih uporabniki smatrajo za koristne. 

Upamo, da podana pojasnila zadostno utemeljuje­
jo naSo Izbiro snovi pri članku. 

B. Vilfan, V. MahnlC, T. MohoriC, 1. r. 

VELEBIT 
CX3UR INFORMATICA o.sol.o. 
ZACEREB 

Zagreb, 29.9.1986 

Uredništvu Časopisa INFORMATICA 

Molim redakclju da objavi u prvom slijedecem 
broju InformatIca-e priloženo pismo kao odgovor 
na Clanak "OCENA PROORAMSKIH ORODIJ IDA", auto-
ra B.Vilfana, V.MahnICa I T.Mohorica u In­
format 1 ca 3/86. 

VELEBIT OOUR INFORMATIKA Je zastupnik firme 
CINCX)M SY8TEMS, spomenute u Članku, od 1975. 
godine. Sto je znano mnogima, a naroči to ISKRA-
DELTA-i. 

Ja Luka Omejec, sam od prvog dana zastupanja 
Jedan od aktivnih sudlonlka na planu marketinga 
1 tehnleke podrske CIncom Sy8tems proizvoda u 
Jugoslaviji, kao 1 odgovorna osoba za dogadjaje 
u Jugoslaviji prema Clncom-u. 

Iz navedenih razloga, vjerujem da čete naCi op-
ravdanje za ob javi j 1 vanje priloga. 

Drugarski pozdrav - sretno. 
Hvala. 

mgr. Luka Omejec, dipl. ing., savjetnik 

Prilog 

U Informatica 3/86 objavljen Je clanak "Ocena 
programskih orodij IDA", autora B.Vilfan, 
V.MahniC, T.Mohorle. 

BuduCI da Je u Članku spomenuta ULTRA firme 
CIN(X)M SYSTEMS INC., koje Je Velebit OOUR In­
formatika - Zagreb zastupnik od 1975 god., sma­
tramo za potrebno da kaZemo slJedeCe: 

Test je naruCen od ISKRA DELTA koja je bila 
u povoljnijoj poziciji tumaCenja svojeg 
proizvoda. Iskra Delta nema službeno prlruc-
nlke Ultre. 
Na zahtijev Iskra Delta, Izvršen je bench-
mark test IDA-ULTRA na aplikaciji osobnih 
dohodaka, u Jednom ERC-u u Jugoslaviji. 
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Ultra je potrosila jednako vreme kao i IDA 
(oboje su radlle u TOTAL like modu). 

Autori, po mom saznanju, nisu trazili niti 
od Veleblta niti od Clncom Systems prlruC-
nike kao ni tumačenje odredjenlh stvari. 

Zbog svega toga, vjerujem, da su odredjene 
tvrdnje u Članku posljedica niza nesporazuma 
koje bih pokusao navesti. 

Nesporazum broj jedan: 

IDA- Baza je DBMS-software tzv. III. GENE-
RACIJE - CODASVL tip 

ULTRA- je relacijski DBMS IV. GENERACIJE. 

Iz tog razloga trebalo bi prvo i IsklJuClvo 
znanstveno i objektivno utvrditl, ako je to 
uopce moguce, prednosti Cul 1 inane-Codasyl 
modela u odnosu na Codd-Relacijski model. 

Nesporazum broj dva: 

IDA-BAZA je u klasi "one scheme archltec-
ture" 

ULTRA je u klasi "three scheme archl-
tecture". 

Iz tog razloga trebalo bi prvo i iskljuclvo 
znanstveno 1 objektivno oboriti, ako je to 
uopCe moguoe, preporuke ANSI SPARC iz 1977. 

Nesporazum broj tri: 

IDA-COGEN, IDA-EKRAN, IDA-LEKSIKON su 
pokušaj i ozivljavanja COBOL-A, programskog 
jezika III. Generacije. 

Nesporazum broj Cetlrl: 

"...glede na to, da relacijski sistemi 
upravljanja podatkovnih baz, ki so danes 
na voljo po svojih performansah Se vedno 
zaostajajo za mreZnlm,..." 

Vee je rečeno, da je radjen test u Jugosla­
viji po narudZbl ISKHA-DELTA, te da je ULTRA 
bila jednako brza kao i IDA-BAZA radeCi 
"TOTAL-LIKE". 

ULTRA ne "Izhaja" Iz TOTAL-a (kao IDA), nego 
je to potpuno nova relacijska -three scheme-
arhi tektura. 

Postoji jos eitav drugI niz nesporazuma, 
koji su kao 1 prethodnl koncepci jsko-
teoretljskl zasnovani, te u pragmatizmu za-
dataka autora logično prlsutni. 

Ovih nekoliko napomena, smatram, trebalo bi 
biti pbtlcaj teorljskora fundiranju kriterija 
sumjerljivosti sumjer1J ivog, a ne "baba i 
žaba". 

Spremni, smo u tom smislu, sudjelovati u 
svlm slijedeCim aktivnostima koje bi inici-
rala ISKRA-DELTA, UNIVERZA LJUBLJANA, redak­
cija INFORMATICA-e, ili bilo koja druga 
Inst i tucl]a. 

NaSa adresa: RO Veleblt, OOUR Informatika 
Trg J. F. Kennedy 6A 
41000 Zagreb 

Avtorsko abecedno kazalo Časopisa 
Informatlca, letnik 10 (1986) 
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2iid European Horklng Sesslon on Leamlng 

Bled, Yugoslavia - Majr 13-15, 1987 

CALL FOR PAPERS 

EWSL is an annual meeting on Machine Learning enabling European 
researchers to present recent research results and the current 
European projects in thls area. In particular, this event is also 
the main meeting of the particlpatlng laboratories of the Machine 
Learning and Knovledge Acgulsltlon project vihich is part of the 
European Inltlative in Artlflclal Intelligence and Pattern 
Recognltion COST-13. Hovever, the partlclpatlon is not limited to 
Europeans only, and papers from non European countries are 
expected as well. The first EWSL Meeting, held at Orsay, France, 
in February 1986, attracted about 60 partlclpants representing 
large niaJority of the European research in thls fleld. 

TOPICS 

Ali toplcs relevant to Machine Learning, Human Learning and 
Computer-Alded Instructlon. The emphasls is on Machine Learning. 

SUBMISSION OF PAPERS 

Authors should submit flve coples of full papers of no nore than 
5000 words no later than 20 January 1987 to the Programme 
Chairman: 

Ivan Bratko (for EWSL) 
Institute Jožef Štefan 
Jamova 39 
61000 Ljubljana 
Vugoslavla 
Tel. (+38) (61) 214 399 

The follovfing Information has to be included on the title page: 
author's name, address, telephone number, telex number; abstract 
of 100-200 words; koywords. 

The timetable is as follovrs: 

- submisslon deadllne: 20 January 1987 
notlfication of acoeptance or rejection: 10 March 1987 
camera ready copy: 1 April 1987 

The language of the conference is Engllsh; ali papers submltted 
must be written in Engllsh. It is intended to publlsh a 
collection of conference papers in book form. 
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• Learnlng In Presence of Noise 
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Universlty of Porto INRIA 
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