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CATEGORICAL APPROACH TO THE 
RELATIONAL MODEL OF DATA 

INFORMATICA 3/87 

UDK 519.713 
Mara Alagič & Suad Alagič 

University of Sarajevo 

Abstract. The categorioal approach to the basio ooncepts of the relational model of data is presented.lt is 
ĥ9Wf);tf»ftf, ti>e f\4i farnily of funotional dependenoies, when vlewed appropriately, is In fact a category. Ihls 
oategory= (,of intentiona) is the domaln of an appropriateljr defined funotor whioh oaptures the notlon of an ex-
tension.Extensions are objects of yet another oategory, whose arrovs are database updates - natural trapsfor -
mations of category theory. Furthermore, the natural Join of two relatlons is proved to be a categorioal con -
struotlon knovm as the pullback (of a pair of 3Uitably chosen arrovs). Categorioal generalizations of some fa-
millar results in the theory of the relational databases are proved. 
Sazetak. Kategorljskl prlstup relaclononi modelu podataka predstavlja Jedan formalni pogled na teoriju podataka. 
Pojmovi su definisani strelicama i komutativnim dijagramima. Puna familija funkcionalnih zavisnosti,posmatrana 
na odgovarajučl način je kategorija (intenoija) i domen je pogodno definisanog funktora koji odgovara pojmu 
ekstenziJe.Ekstenzije su i objekt druge kategorije, čije su strelice azuriranja baze za koJe Je pokazano da au 
prirodne transformacije-teorije kategorija.Prirodno spajanje relacija poznata Je kategorljska konstrukcija spa­
janja (pullback) nad parom pogodno izabranih strelica. Dokazana su kategorljska uopštenja nekih poznatih rezul­
tata u relaoionom modelu podataka. 

Introduction 
Cne of the major advantages of the relational model 

of data over the models which preceeded it is the higher 
level of abstraction in viewing the objects in the model 
and the operations upon them. Rather than providing 
prlmltives for operating upon particular data elements, 
the relational nxxl6l of data oontains operations upon 
sets of n-tuples and in suoh a way it provides a higher 
level, rionprooedural (or at least much less prooedural) 
users' interface. But the way the theoretioal foundatlon 
of the model is coiimonly presented is stili based on de-
fining the basio concepts in terms of elements. 

In this paper we show that the relational model of 
data may be founded in a rather different.more abstract 
fashion, in which ali the fundamental ooncepts may be 
defined in terms of arrovis and ooramutative diagrams 
with virtually no need for referring to particular data 
elementa. Our approach is based on some basio and fairly 
slmple ooncepts of category theory introduoed in seotion 
1. Further, we present our approach to the funotional 
dependenciea. We show that the functional dependenoies 
are not functions, but rather arrows of a oategory whioh 
differs considerably from the category of sets auid 
functions. This category is coastructed on the basis of 
a given set of attributea and funotional dependenciea 
among them. its properties and the relationship to the 
full faml ly of functional dependenoies are analysed in 
the p^per. 

Research presented in the paper was supported by Repub-
lioka zajednica za naučni rad SR BiH. 

The fact that the funotional dependenciea are, in the 
usual approach, treated as time-varylng functions, just 
as the relatlons are time-varying sets, is charaoterized 
by the categorioal notion of natural tranafonnatlon. The 
condltlon that the changes of relatlons in tlme must re-
spect glven functonal dependenciea leads to the charac -
terizatlon of database updates as natural tranafonnatlona 
of oategory theory. Hhile the oategory of- tntentions 
determlnes the abstract structure of ali the relatlons 
Nhich may be defined over a glven set of attributea and 
a set of functional dependenoies among them, the actual 
sets whlch correapond to these abstract relatlons are 
apeoified by arrow3 uhose domaln Is the oategory of In-
tentlona and codomain Is a siaitable categor/ for uhlch 
the category of sets and functiona is an obvious cholce. 
1. Tbe Categpry of Intentlotis 

A graph consista of a set O of objects,.a set A of 
arrowa and two functiona: dom: A — » • O, eod: A — » O 
where "dom" assigna to each arrow f an objeot X = doin(f) 
called the domaln of f, and "cod" asalgns to each arrow 
f an objeot Y = ood(f), oalled the oodomaln of f. TTiese 
operations on f are best indioated by dl3playing f aa an 
actual arrow : 

f: X m. Y 
and the set of a l i such arroMS f vilth d<»(f) z X and 
cod(f) = Y is denoted by hom(X,Y). 

• A tiategor/ is a :4raph vrt.th two additional flinctlons: 
Identlty, whlch assigna to each object X an arrow 1v, 
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Composition, whieh asslgna to eaoh pair (g,f) of arrows, 

with dom(g) = co<l(f) an arron fg, called their composite 

Hhere gf: dom(f) — cod(g). 

The folloving axioms are required for a oategory: 

A3soolativity.For given objeots and arrons In the confi-

guratlon 

one alvajrs has the equality h(gf) = (hg)f. 

Unit law. For ali arrovjs f: X — — Y and g: Y — » - Z 

composition with the identltjr arrou 1„ gives 

Ijf = f and gl^ = g. 

A familiar example of a oategory is Set. Its objeots are 

sets, its arroKs are ali funotions betneen them. 

In order to illustrate the categorioal approaoh we 

preselit the categorioal generalization of the notion 

of isoinorphism. TVio objects A and B are Isomorphic in a 

oategory C if there exists a pair of arrovs f: A —— B 

and g: B —— A in C such that the folloHing diagrams 

are conmutative; 

' B A-S- B 

B 

An isomorphisra between objects A and B is denoted by the 

folloving: A = B. 

An arrow m: A — — B is nonlc in C when for any pa-

rallel pair of arrous f, :D — — A .and f,: D — — A the 

equality mf^ = raf- implies f̂  = f_. In the category Set 

monic arrous are injeotions, i.e.,the funotions which are 

one - one into. 

An arrow h: A — ^ B is epi in C when for any parallel 

arrous g,: B C and g^: B C the equality g^h s 

gjh implies g- = g,. In the oategory Set the epi arrovis 

are the surjections, i.e.,the funotions onto. 

Let A be a finitš set of symbols, called attributes. 

The category of trlvial functional dependencles T is de-

fined as follow3: For each subset X of A there exi3ts an 

object X of T. If X and Y are objeots of T, then hom(X,Y) 

oonsists of only one arrow X - Y whenever Y is a sub­

set of X, otherwise hom(X,Y) is e!iipty set. If f: X — Y 

and g: Y ̂ — Z are arrous of T then we obtain X —^ Z 

sinoe Y is a subset pf X and Z is subset of y implies Z 

is a subset of X so that we have a composite arrow gf, 

gf: X — Z. This composition is obviously assooiative 

and its ldentity 1̂ :̂ X X follows from X ? X . So T 

is a category. 

The catcgory of intentlons I is constructed in three 

steps starting frora the underlying graph of T to which 

some arrow3 (nontrivial functional dependencles) are ad-

ded.Denote the graf obtained that way by G. Before proc-

oeding to the next step we oomplete the graph G in a oru-

cial way by adding to it an arrow W —— XuY whenever G 

already has arrows W — — X and W »- Y and apply this 

rule until it does not produoe any new arrows of G. In 

the seoond step we oonstruot a categorv vhose objeots are 

those of G,whose arrows are finite strings: 

'1 
— A^ 

'n-1 

ooraposed of n objects A., A,, 

(1) 

A of G and n-1 ar-
n 

rows fj A. . of G where each string like (1) is 

The composition of these 
i' "i 

regarded as an arrow A^ - A . 

arrows is defined by juxtapositlon (conoatenation) of 

strings, identifying the ooirmon ends. TTiis composition is 

associative since the operation of conoatenation of 

strings is.The identity arrows are strings A . 

The category I constructed in this manner has the fol-

lowing properties: 

(i) The oategory I has finite products.i.e. given objeots 

X and Y there exi3ts an object Z of I with a pair of ar-

rows Pj,: Z — X, p^: Z — — Y (called projeotions) such 

that for any pair of arrows f: W —— X and g: W — — Y 

of I there exists a unique arrow h: W — Z with the 

property that p„h = f and Pyh = g.The desired objeots Z 

corresponds to XuY and the projeotions are the unigue 

arrows - trivial functional dependencles. It may be 11-

lustrated by the following coramutative diagrams: 

XUY 

A generalization to a finite family of objects follows by 

induction, and instead of'i(uYuZ>->.. jJV it will be deno­

ted by XYZ...V. 

(ii) The oategory I has an initial object,i.e., an object 

P such that for any other object X there is a unique ar-

row P X. 

(iii) The oategory I has a terminal object,i.e.,an object 

O suoh that for any other object X of 1 there exists a 

unique arrow X - O. 

Bxaiif>le 1. Let {X,Y,Z^ be a given set of symbols. Its 

poner set is {X,Y,Z,XY,XZ,YZ,XYZ'} .The underlying graph 

of T is easy to oonstruot. Suppose that we are given two 

additional functional dependencles XY — ~ Z, Z — — Y. 

Then, the category of intentlons oontains the category of 

trivial functional dependencles T, XY — — Z, Z Y, 

and deri ved functional dependencies: XY ̂ -»- yZ,XZ ̂ — Y, 

XY -.XYZ, XY XZ, Z YZ, XZ XYZ,XZ - ~ YZ. 

Mow, the underlying graph of ali functional dependencies 

in I is: 

XYZ. 



z. Tbe FUU Faniily of FUnctional Dependencles and 
the CiateBory of Intentions 

Given a set of attributes A, a fUU faniily of fUnctl-
onal dependenncles may be charaoterized by the folloving 
set of axioms (cf. /Codd/) in vihich X,y,Z and W are sub-
sets of A, and X — Y denotes a funotional dependenoy: 

1. Reflexivity: Y subset of X implles X Y; 
2. Augmentation: X i- Y and Z subset of W implies 

XW _ YZ; 
3. P3eudotransitivity: X — ^ Y and YW Z implies 

XW — — Z. 
In addition to those axioais funotional dependencles may 
be oompcsed and there may be at most one funotional dep-
endenoy X — — Y for any two subsets X and Y of a set A. 

It is an usual categorical argument to prove the fol-
lowing: 

The category of intentions I satisfies the axioras 
which characterize the full family of funotional depen­
dencles . 

3. The Category of Grtenslons 

For categories B and C a fUnctor K: B — » - C with 
dom(K) = B and cod(K) = C oonsists of two suitably rela-
ted functions: The object funotlon K, which assigns to 
eaoh object X of B an object KX of C, and the arrovi funo­
tlon (also vritten K) whioh assigns to each arron f, 

Y of B an arrow Kf; KX KY of C in such a f: X . 
way that: 

'̂ '̂ X̂  - ^KX • 

K(gf) = KgKf ? (Kg)(Kf), 

the latter uhenever the composite gf is defined in B. 

Given two functors K, L: B » C, a natural trana-
formation t: K — ^ L is a function which assigns to eaoh 
object X of B an arrow tX: KX LX of C in such a 
way that for each arrovi f: X Y In B, 

(Lf)(tX) = (tY)(Kf). 

We call tX, tY, ... the ooraponents of the natural trans-
formation t. 

, Let C and B be categories and K: B — — C a functor. 
We say that K preserves products If it maps a product 
(XX Y, pjj: XXY X, p^: XXY — Y ) in the oategory 
B into the product in the category C , given the 
object KXX ICY and the corresponding prbjectlons Kp„ and 
Kpy, Kpjj: KXxlCY KX and Kp^: KXX.KY ^ iCY, i.e., 
K<X)CY) = KXXKY. 

Given a category of intentions I, a specification of 
dooains is a functor D: I »- C, vrtiere C is a 3uitably 
ohosen categDry,whlch preserves finite products. 

The category X of intentions speoifies in an abstraot 
fashion ali the relations vihich iiiay be defined over a 
given set of attributes and which satisfy a given set of 

integrity constraints (funotional dependencles). In order 
to interpret I in this way one has to speclfy the dcanains 
(i.e., the actual sets) which oorrespond to particuiar 
attributes and subsets of oartesian products of domains 
(relations) which oorrespond to objeots of I. In addition 
to this, for a given specification of domains, the actual 
subsets uhich corrspond to the subsets of the given set 
of attributes ohange over tirne and this also has to be 
taken into account.lhese ohanges are called updates of 
extenslons. 

Observe that with the presented definition of specifi­
cation of domains the functor D specifies not only the 
domains vihich oorrespond to particuiar attributes, but it 
also States that a doraain of a subset |̂  A^ jA,,.. .,A } of 
attributes frora A is the product of the corresponding 
domains, namely D(A.)x D ( A , ) X ...XD(A ). Equally Impor-
tant is that the functor D assigns to each funotional 
dependenoy f: X — — Y a function Df: DX — DY. Thus D 
interprets funotional dependencles as functions. The ac­
tual specification of relations whioh oorrespond to par­
ticuiar subsets of A ulthln this framework is perfonned 
as follows. 

Let I be a category of intentions, and D: I — — Set 
a specification of domains. Ihen an eitenalon of I is a 
natural trans forma tion e: R " m D vrtiere R: I — » Set i-s 
a functor such that each component eX: RX • DX, for 
X object of I is an injeotive function. Therefore an ar­
rovi eX Is simply a specification of a subset RX of DX. If 
X is the set f A„Ap,...,A \ then RX Is some subset of 
the product DA.5t DA-S ... UDA . But more than that, e is 
a natural transformation vihich means that for each arron 
f: X — Y of I the functions Rf and Df are related by 
the equallty (Df)(eX) = (eY)(Hf), vihich simply means that 
Rf is a "subfunction" of Df, as it should be. Let X,Y,Z 
and W be subsets of A such that W = XYZ. This means that 
W is the product of the objects X, Y and Z In I. W i3_ 
equiped nith the projections Pj,: W —— X, p«: W — Y, 

PZ= " ^ Z. 
Suppose now that there exists an arrovi (funotional de-

pendenoy) f; X - Y in I. We say that the funotional 
dependenoy f is enbedded into RW If and only if 

(Rf)(RPj() = RPY_ 

An essential property of an extension is stated in the 
following: Let R: I • Set be an extension, and X,Y and 
W objects of I suoh that X and Y are subsets of W. Then 
if there exists an arrov f: X • Y in I it Is embedded 
into RW. 

More precisely we would like to have (eW)(Dp„) = 
(RPjj)(eX), (eW)(Dp^) = {lip^)(eX), (eV^Dp^) = (RP2)(eZ) 
vhere eW: RW Dtf, eX: RX DX, eY: Ry DY and 
eZ: RZ . DZ are the injections. But e is a naturčil 
transformation and for given funotional dependency Py, 
p„: W — X, the above equalities are valid. Therefore, 
the images under an extension of trivial funotional de­
pendencles are preoiselyre3trictions of projections. 



4. Katural up<btes and the CategDiy of Extenslons 

For a glven speoifioation of domalns D: I " Set an 

CKtension R —:~ D is a specification of the actual rela-

tiona at a given point in tirne. At some other point in 

time these relations (i.e. sets) are different due to up-

dates which occured in the meantiine. Ihese updates are 

sueh that they must respeot funotional dependencies. More 

ppeoiseljr, if R — ^ D and S —^«- D are extensions vrtiich 

correspondto these two points of time, then we define an 

I4>date of eztenslons as a natural transformation R —^^ S. 

This definition means that t: R — ^ S translates the pic-

ture of I under R into a picture of I under S. These pic-

tures, of course, lie in Set, as shown in the folloving 

diagrama, uhere X, Y and W are objects of I such that X 

and Tt are subsets of W: 

RX tx 

Rf 

RY • 

sx 
RW • tw X 

* / 
sw (£) 

TT •SY 

Ail the above diagrams (triangular and rectangular) 

are oommutative under the adoptei assumption and thus we 

have the following: 

Let R: I — . - Set and S: I • 

R —:— S a natural update, theh if f: X 

Set be exten3ions and 

- Y is em -

bedded into RW, it is also embedded into SW, and in such 

a way that ali the diagrams (£) are oommutative. 

As one m i ^ t have suspeoted we can construct a cate -

gory uhose objects are extension3 and uhose arrous are 

natural updates in the follovrlng precise sense: 

For a given category of intentions I and a speoifioa­

tion of domains D: I —•- Set, there exists a oategory E 

Hhose objects are exten3ions R —^— D, and nhose arrous 

are natural updates t: R — V S such that the following 

diagram is conmutative: 

R, 

Bxaiqile 2 . Consider again Example 1. Let 
R(XYZ) =/" xyz, x'yz, x " y ' " z " 3 , and 
S(XyZ) = {xy2', x"yz'}. 

Denote by t a natural update R — ^ S. There are only two 

cholces for the speoifioation of such an update. One of 

them is 

t: R • • S 

xyz 

X yz 

xyz 

xyz and 

X y 2 X yz 

5. PiiUbacks and Jolns 

In this sectlon «e ahow that the Join operatlon of the 

relatlonal algebra is, in fact, a categorlcal conatructlon 

whlch is called a pullback. The notion of a pullback ia 

defined as folloua: Glven pair of arrowa f: 1 ~ X and 

g: Z X (with a conmon oodomain), a pullback of (f,g) 

Is an objeet If 0„ Z with a pair of arrous p«: Yo„ Z — Y , 

P-: Yo„ Z —- Z such Oiat gp_ = fp«. FUrthermore, given 

any other pair of arroush: H — - Y and k: W • 

gk = fh, there is a unigue arrow r: H • 

that k = p_r and h = p^r. 

Since we will show that the natural join is the pull­

back of a pair of suitably ohoaen arrous, it is certainly 

of interest the fact that the category of intentions pos-

sess pullbacks. Actually, glven a pair of arrous f and g, 

f: Y X and g: Z — X their pullback is the objeot 

YZ together uith a pair of arrous p„: YZ » Y and 

p^: YZ • Z uhioh are trivial funotional dependencies. 

That is the oonsequence of the follouing commutativitles: 

.Yo,Z 

Z uith 

such 

We are nou in a position to present a generalized de -

finition of the join operation of the relatlonal algebra. 

Given funotional dependencies f: Y — — X and g: Z — — X 

the funotional Join of f and g, denoted by R(Y;OJJR(Z) ia 

defined aa the pullback of Rf and Rg.Therefore it conaiats 

of an objeet R(y)oJi(Z) together uith a pair of arrous 

r^: R(Y)oj^(Z) R(Z), r^: R(Y)pj^(Z) R(Y), 

sutii that CRg)r2 = (Rfjr^ . 

In the usual terminology a natural Join of the rela­

tions R(XY) and R(XZ) is the set of triples (x,y,z) auch 

that (x,y) belongs to R(XY) and (x,z) belongs to R(XZ). 

The relations R(XY) and R(XZ) are equipped uith (restrio-

tiona of) projections p̂ :̂ R(XY) - ^ — H(X) and, 3imilarly 

<iy,% R(XZ) — ^ R(X), uhere R nou denotes an exten3ion. 

So, one can prove the follouing characterization of 

the natural join: In the category Set the natural join of 

the relations R(XY) and R(XZ) ia precie3ly the funotional 

join of the palr of projections ?„: R(XY) — — R(X) and 

q„: R(XZ) — - R(X). 

Further, it is given a sequenoe of properties that 

may be proved using standard categorlcal tools, havlng 

in raind ali introduoed conoepts: 



(a) Let X and Y be objeots of I suoh that there 

exl3ts a functional dependencjr X - X. Then 

R(X)OjjR(Y) s H(Y) 

(b) R(X)OgR(Y) 2 R(X) X R(Y) 

(c ) R(X)OxR(X) s R(X) (idenipotency) 

(d) R(X)Oj^R(Y) s R(Y)o^R(X) (cominuta t iv l ty) ,where 

two functional dependencies, X •• A and Y » A, are 

gi ven. 

(e) Glven functional dependencies X • A, Y — » AB 

and Z B, one has associativlty in the follouing 

form 

(RCX)o^R(Y))OgR(Z) s R(X)o^CR(Y)OgR{Z)). 

The r e l a t i o n s h i p ' b e t v r e e n R(XYZ), R(XY)Oj.R(XZ) and 

R(X) X R(Y) X R(Z) i s t h e sub jeo t of the f o l l o u i n g (two) 

p r o p o s i t i o n s : 

(1) There e x i s t s a canonioa l vray t o c o n s t r u c t the 

a r rows : 

e : R(XYZ) R(X) x R(Y) x R(Z), 

f; R(XYZ) R(XY)OjjR(XZ), 

g: R(XY)OjjR(XZ) R(X) X R(Y) X R(Z) 

suoh that e = fg and e and g are injective functions. 

(2) There is a canonioal way to construct injective 

k: R(XYZ) -

g": R(XYZ) 

R(XY) X R(XZ), 

R(XY)o^R(XZ), 

h: R(XY)o^R(XZ) 

such that hg = k. 

R(XY) X R(XZ), 

In both p r o p o s i t i o n s , the proofs a r e based on the 

cominutativlty of the .correspondlng diagrams: 

R(XYZ) 

6. Equatlonal Propertles of Jolns 

The ldeiiipotency, ooininutatlvity and associatlvity of 

functional Joins imply a number of interesting propertles 

out of Khioh, here are selected a few: 

(a) Glven functional dependencies X -—- AB, y —•AB, 

Z ». AB, one have 

(R(X)o^R(Y))OgR(Z) ? R(X)Og(R(Y)o^R(Z)) 

(interchange of Join attributes). 

(b) Interchange of Join relations: 

Glven functional dependencies X 

—•- AB, one has 
A, Y 

(R(X)o^fl(Y))OgR(Z) ? (R{X)o^R(Z))OgR(Y) 

(c) Given functional dependencies Z • B and Y 

(R(X) X R(Y))OgR(Z) (R(X) X R(Z))OgR(Y). 

' AB and 

B, 

A or (d) Glven funotlonal dependencies X — » A and Y 

Z A, the folloKlng Isocnorphisni exist: 

(R(X)o^R(Y)) X R(Z) S (R(X)o^R(Z)) x R(Y), 

(R(X) X R(Y))Oj^R{Z) S (R(X) x R(Z))o^R(Y), 

(e) The existence of the functional dependencies Z — - B, 

X B implles 

(R(X) X R(Y))o^R(Z) s (R(X)o^R(Z)) x R(Y)- and 

(R(XB) X R(Y))o^R(ZB) ? (R(XB)o^R(ZB)) x R(Y). 

(f) 

7. Tie Uhiversal Relation Model 

The unlversal relation model alms at achieving com -

plete access-path Independence in relatlonal databases. 

There is a seqeuenoe of assumptions that are frequently 

made implicitly when talking about It. In the categorioal 

approach, those assumptions have the following form: 

(1) There is a unlversal relation scheme vhenever a 

speolfioation of doraains is given for the oonsidered ca-

tegory of intentlons, l.e. there exlsts a domain-functor 

D: I Set. 

(2) Access paths are embedded in attribute names in 

the follouing manner: projeotlons in the oorresponding 

category of intentlons,from the product-attribute in to 

the single attribute. For example, 

NAME = N^Nj.-.Nj^ N̂ ,̂ 

vhere N. stands to denote different names for different 

i, 1=1,2,...,k (names of employees, custoroers.suppliers, 

managers, ...) 

(3) For a speciflc category of intentlons there is a 

unique relationship that the user has in mind. TTiere -

fore, it has to be chosen an extenslon e: R — : — D, 

namely €„: RX ~ DX is the collection whioh deter-

mlnes the most basic relationship, one the user is 

interested in, and by that I is "transformed" to the 

desired relations,and therefore, not only attributes are 

expected to play unigue roles, but oombinationa of attri­

butes llkewlse have a unlque meaning. 

C*) Specifylng for every attribute set A a uhique 

access path to compute R(A) does not mean in general that 

there are not any other access paths for computlng R(A). 



R(A) may be realized through the joln operation, for 
exainple, R(A) 3- R(X)o,R(Y).It is knovm that the folloHing 
proposition holds: 

R(XY) S R(XZ)Oj,R(YZ) if and only if elther Z ^ X 

or Z — — Y exlsts, 

and in such a čase R(A) = R(A). 

Sometimes, this property is called "one flavor assump-
tion". 

(5) The assLunption that query prooessing consists of 
two steps: 
i. For the set of attributes mentioned in the qLiery con-
struct e^: RX DX ("binding") 
ii. Hhatever op)eratlon3 must be applied to ansver the 
query are then applied to RX ("evaluation"). 

8. Cbncludlng Regarks 

The result presented in the paper have already been 
sumnarized in the abstract and in the Introduction. In 
this concludlng seotion we ooncentrate on one aspect of 
the paper which is particularly important.lt has not been 
emphasized throughout the paper since it requires further 
oareful research. 

The generallty of our approaoh ccmes from the fact 
that the eategory C does not have to be the category of 
sets. If it is we obtain the usual approaoh where rela-
tions are simply sets of n-tuples. But it has been point-
ed out that this is too simple an approach if we want to 
take into aooount the pos3ibility that the values of some 
attributes of an n-tuple may be undeflned. That kind of 
approach (/Codd/, /Vasslliou/) lead to conclusion that 
it is neces3ary to impose additional structure upon re-
lations. The approach /Codd/ would, roughly speaking, 
correspond to taking for C the category of sets with a 
selected paint - the null point Cundefined value) and 
defining the arrows of this category appropriately. If 
we define its arrows as null - polnt preserving functlons 
we obtain the oategory Set whose properties have been 
carefully studied. This category suits nlcely for most 
cases (almost ali of the material in the paper applles 
to it wlthout changes, varlous types of joins defined in 
/Codd/ may be captured). But there are the cases in which 
it turns out not to be quite appropriate (null-points 
must be preserved, which does not correspond to the usual 
database updates). So more work is necoessary in order 
to define appropriately the oategory C which would cap -
ture the approach /Codd/. 

Another mathematioal approach to the undefined values 
/Vassiliou/ would correspond rou^ly to taking complete 
lattices for the objects of C and continuous (or perhaps 
Just monotone) functlons for its arrows. In this approach 
a considerable amount of structure is added to the sets 
of n-tuples, but our prelimiriary investigations show 
that this category also exlbits some undesirable prop­

erties ( there are problema in oonstructing pullbaoks , 
i.e., joins). So this aspect requires further investiga­
tions too. 

We conclude the paper with a remark that one of our 
souroes of motlvation for this work was our hope for the 
development of a general and unified approach uhich 
would oapture the particular ones mentioned above. 

Beferenoes 

/Aho/ Aho A.V.,Beeri,C and Ullman, J.D. Itie Theory of 
Joins in Relational Databases, ACM Tcans.Database 
Syst. a, 3 (Sept.79), ZSl-SI'*. 

/AM/ Alagič, M. Kategorija višeznačnih preslikavanja, 
Magistarski rad, Beograd (1975),1-8«. 

/AS/ Alagič, S. Natural State Transformations, Journal 
of Computer and System Sciences (April 75), 
Aoademio Press, 10, 266-307. 

/Bernsteln/ Bernstein.P.A. Synthesizing Thlrd Normal Form 
Relations from Functional Dependencies, ACM Trans. 
Database Syst. 1,1 (Dec.76), 272 -298. 

/Codd/ Codd,E.F. Extending the Database Relational Model, 
Proč. ACM SIGMDD Conf.,Boston 1979, 29-52. 

/Fagin/Fagin, R. Normal Forms and Relational Database 
Operators, Proo. ACM SICMOD Conf. Boston 1979, 
153-163. 

/Maier/ Maier, D..UlLman.J.D., Vardi,M.Y. On the 
Foundatlons of the Universal Relation Model, ACM 
Trans.Database Syst. 9, 2 (June 8«) 283-308. 

/Mac Lane/ Mac Lane S. Categories for the Working 
Matheraatician, Springer-Verlag, Berlin,Heidelberg, 
New York, 1971. 

/Vassiliou/ Vassiliou, Y. Null Values in Bata Base Mana­
gement. A Denotational Semantics Approaoh, Proč. 
ACM SIGMOD Conf., Boston 1979, 162-169. 

/AS/ Alaglo, S. Relacione baze podataka.SvJetlost, 1985, 
Sarajevo,1-168. 

/AS/ Alagič, S. Relational Database Technology, Sprlnger 
Verlag,New York, Berlin, Heidelberg, Tokyo,1986, 
1-259. 

Alagič Mara 
Odsjek za matematiku 
Prirodnomatematički fakultet 
Vojvode Putnika 13 
71000 Sarajevo 

Alagič Suad 
Odsjek za Informatiku 
Elektrotehniški fakultet 
Toplička bb 
71113 Sarajevo 

http://important.lt


PRINCIPLES OF INFORMATION INF0RMAT1CA 3/87 

UDK 519.72 
Anton P. Zeleznikar 

iskra Delta, Ljubljana 

Abstract. Thls essay deals wlth prlnclples, consequences, and eiainples 
of Informational forms and Informational processes. First, the 
prlnclples of Informatlonal spontanelty, Information, and counter-
Information are posted and then several prlnclples of Information 
Processing are revealed; Informing, embeddlng, arising, and Counter-
Inforroing of Information. The so-called clrcularity properties of 
Information for these prlnclples are Investigated, which explain the 
circularity, recurrence, parallelness, and serlalness <sequentlalnesa ) 
of Information. Informatlonal form and informatlonal process are 
descrlbed on the basis of informatlonal prlnclples and Informatlonal 
consequences and as partIcularly, Informatlonally structured and 
organized phenomena (Informatlonal Enframing). Several informatlonal 
forms and Informatlonal formulae are presented as examples, expllcatlng 
the posslbl111 les of a soft informatlonal formalization. Examples of 
Intelllgence as Information, of an Informatlonal machine, an 
informatlonal program, and llving Information are examlned and 
discussed In thls framevrork of developed prlnclples of Information. At 
the end, a short conclusion concerning formalIzation of Informatlonal 
prlnclples Is given. 

... The first condition for language to work 
is that the hearer be open to enter Into a 
conversation with the speaker. No amount of 
loglcal or beautlful or stlrrlng language 
inakes sense If tt is not listened to. There 
Is no use talklng if the backgrounds of 
speaker and hearer are too dlfferent to 
create open and serlous llstenlng - even if 
the words are read, they wlll be too 
dlstantly relnterpreted. 

(VKlnograd, OUC, p. 257) 

0. introduction 

One of the alms of thls es8ay Is to open a new 
conversation, to artlculate the power of the 
human Informatlonal mind, and Just begin to 
reveal consequences of some Informatlonal 
prlnclples. Thls conversation and its power are 
grounded in the phenomenology of Information, 
in the so-called prlnclples and con8equences of 
Information. Information prlnclples and thelr 
consequences, both of whlch are expllcated In 
thls essay, have to be understood as an arising 
beglnnlng, orlgin, conmencement, source, root, 
supposition, and foundatlon, as well as the 
perspecttve openness of the developing 
philo8ophy of Information. 

In general, natural prlnclples are (logically, 
ontologlcally) Inconsistent. Does It also hold 
true for the proposed Information prlnclples? 
In some way, we are always uslng the faculty of 
free choice, playing a garae wlth formal or even 
metaphysical notlons and thelr symbols. 
Prlnclples are only constructlons, for reallty 
has to be constructed, it is not waitlng to be 
discovered (SCC). 

The term 'Information', Its 
and understanding are usua 
glven (ready-to-hand), whlch 
into comprehensIonal (p 
cognltlonal) details of th 
phenomenology. In some way, 
Information also becomes a 
system of informatlon, part 
context of computer bas 
Interactlon, appllcatlon, and 
In the context of cognltlve se 

notlon, meanlng, 
lly accepted as 

does not enter 
erceptual and 

InformatIonal 
the notlon of 

processlng and 
lcularly in the 
ed man-machine 
organizatlon and 
lence. 

The princlpled questlon of Information can 
develop several new questionings which offer 
new consequences wlth a sufflclent, 
llnguistlcally formal rigorousness. In thls 
e8say, the eplstemology of infornatlon wlll not 
be presented; it was expot«d in <OWI) and, In 
even more detall, in (IDI) . Information 
possesses a Bemantlcally circular and dynamic 
meaning, and thls meanlng can be pursued 
through human history (for example, from the 
Oreek 'eidos', 'morfe', and 'poiesls', to the 
Latin 'Informatio' and today's colIoquial 
meaning of Information, informing, intormative, 
informatlonal, Information processlng, e t c ) . 
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informatlonal (intel1Igent) technological 
posslbi111 les. On the way to informatlon 
several new adventures are hidden which have to 
be investlgated In much greater detall. 

1. Informatlon and Counter-InformatIon 

... Every trlumphant theory passes through 
three stages: flrst It Is dismlssed as 
untrue; then It Is rejected as contrary to 
rellglon; flnBlly, it is accepted as dogma 
and each scientist clalms that he had long 
appreclated the truth. 

(Oould, ESD, quoting embryloglst von Baer) 

We experlence informatlon as a spontaneousIy 
developing phenomenon of thought in our mind. 
This experience tells us that Information is 
not only developing, spontaneously coming into 
exlstence, and arislng, but that It is also 
vanishlng, changlng, etc. Under these 
circumstances, Information appears to be an 
extremely free and dynamic process of our mind. 
Thls various Informatlonal processlng is 
lllimitably circular concerning the entlre 
informatlon of a belng. In general, we assume 
that informatlon informs In a spontaneous way, 
and that on its way to Information It is faeed 
wlth its own observatlon, investigation, and 
cognition, whlch result into a newly arised 
informatlon, the so-called counter-information. 
On the way to Informatlon, counter-informatIon 
becomes regular informatlon through its 
embeddlng in existlng Informatlon and yet, 
regular Information qua Information is going to 
inforra forvvard on Its subsequent way. 

Informatlon qua Information Informs in several 
domains. . An obvlously essential domain of 
Informatlon is the so-called comprehenslonal 
domain, by whlch Information observes, 
investIgates, and recognizes Itself and other 
informatlon. Froro the perspective of this 
domain, informatlon is in an observaht, 
Investigatlonal, and cognitional relation to 
Itself and to other Information. According to 
thls comprehenslonal infornational component 
(domain), Information can generate a new, 
controversial part of Itself and of other 
informatlon, whlch contradlcts the entlre 
existlng Information and causes the appearance 
of counter-lnformation. In this manner, the 
arislng counter-information Is nothlng else 
than a comprehenslonal Informatlon of 
Information. In general, Informatlon Is 
informatlonal and counter-lnformational 
slmultaneously. Because informatlon is self-
comprehenslonal, it Is counter-lnformational. 
Potentially, to some extent, informatlon Is 
non-informatlonal or is outslde of exlstlng 
Information when it generates counter-
informatlon. 

On the basls of this short 
InvestIgation, we can state 
prtnciples of informatlon. 

Informat ional 
three basic 

THE PRINCIPLE OF INFOHIVIATIONAL SPONTANEITV. 
Information is a oircularly spontaneous 
phenomenon of informatlon. Circular 
informational spontaneity is informatlon by 
Itself. 

In thls prlnciple, circular Bpontaneity raust be 
understood as a fundamental informational 
property, which Is In no way limlted, bounded, 
or restricted Information and Is unforeseeably 
free in its arislng, embeddlng, counter-
Intormlng, and clrculating. Spontanelty also 
stands outslde of and above an autopoietic 
system whlch is autopoletIcally bounded. 
Usually, spontanelty is understood also as 

ehaos or chsnce; chaotic dynamlcal, random, or 
Irregulsr phenomenon; turbulent flow, 
unpredictable evolutlon (of blological species, 
economic prices), chaotic behavlor, 
Irreversible approach (process), irreversible 
evolutlon (CCH), etc. 

The spontaneous has a condensed meaning of 
coming into existence, of the volatlonal, free, 
unexpected. It is not possible to be 
spontaneous without the coming into exlstence 
of something that comes, that takes plače. 
Spontaneous means that it is not known yet what 
and how the spontaneous wlll arise, even If one 
States that something was spontaneous. The 
'was' is not spontaneous anymore, it lost Its 
spontaneity as soon as It became a fact. The 
spontaneous points to the future, for which it 
is not glven in advance what wlll appear, 
happen, arlse, come into existence, counter-
Inform, etc. The spontaneous points to 'it-
wlll', however to the yet unknown 'it-wiii'. In 
thls way, spontanelty, for example, does not 
concern sclenee (or even ideology), because 
Science can only be the already known. In this 
respect, science eannot be spontaneous. In 
contrast to sclences, InformatIon's flrst 
prlnciple is Informationally circular 
spontanelty which surpasses any prlnciple of 
truth, falsehood, correctness, identity, 
objectivlsm, traditlonalism, etc. Spontaneity 
points to the openlng, inkling of the horizon, 
awareness beyond the horizon of knoiving, 
opening out to new horlzons, and standing open. 

The spontan 
That what 
Informat ion 
Informat ion 
spontaneous 
subsequent p 
ct rcularly 
deslgnates a 
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THE PRINCIPLE OF INFORMATION. Informatlon 
Informs means that informatlon eircularly and 
spontaneously generates informatlon qua 
counter-lnformation, clreularly and 
spontaneously embeds new Information into the 
exlsting one, or that informatlon is elrcularly 
and spontaneously arislng, coming into 
exlstence, changlng, vanishlng, embeddlng, etc. 
through Information Itself. Informatlon 
possesses the mastery (formlng and processlng) 
over Itself. 

On the basls of this prlnciple a philosophy or 
theory of Information can be developed in a 
much more deta!led form. The observatlon one 
can make with this prlnciple is that the 
circular and spontaneous formlng and processlng 
nature of informatlon represents an 
(mathemat ically, algor i thmicany, formally, and 
even 1Inguistically) unusual problem of 
formalIzatIon standing outslde of the so-called 
rational1 s t le tradltlon. 

THE PRINCIPLE OF COUNTER-INFORiVIATION. 
According to the prlnciple of informatlon, 
informatlon Is coming into existence as 
counter-lnformat ion. Counter-lnformatIon 
Informs as Informatlon. Counter-lnformation is 
coming into existence as a comprehension of 
informatlon by Informatlon, as a regular 
informational form or informational process. 
Counter-lnformation Is Information by itself. 

These princlples are In no way closed 
statements because they depend on completely 
open notions, some of tvhich will be captured in 
the follovving prlnciples, consequences, and 
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the principles of circularity, recurrence, 
parallelness, and serlalness oC inCormatlon 
(see the follovving principles). Informing of 
Information Is Information by Itself. 

THE PRINCI PLE OF EMBEDDINO OF INFORMATION. 
Embeddlng of Information means the Insertlon, 
nestlng, or depositlon (also Interpreting, 
coding, meaning, understandlng, etc.) of some 
tree, arislng, counter-lntormational 
Information Into a glven eomprehensi ve body or 
realra of Information. Through embeddlng, 
Information is put into a regular Informational 
context (possible informat1onal relatlons), 
into the realm of existing Information 
(possible meaning). On a linguistic level, the 
semantlc relation between new Information and 
exlsting Information is coming into existence. 
Embeddlng of Information Is Information by 
itself. 

THK PRINCIPLE 
Ar i s i ng of in 
developing, v 
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appearance, the 
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THE PRINCIPLE OF COUNTER-INFORMING OF 
INFORMATION. Counter-Informing of Information 
means that Information, which through Its 
Informing of Information, is eomprehens1vely 
informed. The produet of thls Informing is 
counter-information. Counter-Informlng is the 
productlon of the observant, InvestIgational, 
and cognitional Information in the process of 
Informing. Counter-Informing of Information is 
Information by itself. 

THE CONSEQUENCE OF INFORMING. Informing of 
Information is a form and/or a process of 
circular and spontaneous Informing, embeddlng, 
arislng, and Counter-Informing of Information. 

AN EKAMPLE OF INFORMING. The last consequence 
can be expressed in a formallzed way as 

Informing 
means 

Informing, embeddlng, arising, 
Counter-Informing; 

Thls formula is recurslve in Informing, 
embeddlng, arising, and Counter-Informing. Ali 
of these entlties are Informatlonally 
lnterwoven. 

AN EXAMPLE OF INFORMATI ONAL EMBEDDING. The 
principle of Informational embeddlng can be 
interpreted by the following formula; 

embedd1ng 
means 
or 

1s_equal_to 
semant icalconneet ionof 

counter-informat i on 
and 

ex 1 stinginformat ion; 

where . each entity is wrltten on a separate 
line. The metaphorical presentatlon of thls 
formula expllcates the meaning and other 
possibl1 11 les of a formuIa's expression. In the 
Polish (pretix) notatlon thls formula Is 
longer: 

or means 
embeddlng semantlcal_connection_of 
and 

counter-i nformat ion 
exlstInginformatIon 

1 s_equal_to 
embeddlng semantlcal_connect ionof 
and 

counter-informat ion 
exist ing_informatlonj 

In thls čase, the blnary (or multiple) 
operators 'or', 'means', 'and', 'is_equal_to' 
can be understood as parallel operations, 
'semanticalconnection_of' functlons as a unary 
operator, 'counter-informatton' and 
' existing_information' as parallel processes, 
and 'embeddlng' as a parallel, two-part result. 

EKAMPLES OF INFORMATIONAL ARISING. Examples 
of formulae concerning the principle of 
informat1onal arising are: 

(1) The formula of informational deductlve 
inference (impl1cation) is: 

Information generates counter-informat1 on; 
counter-informat1 on isembeddedin Information; 

counter-information becomes 
regularlntormat ion; 

(2) arise 
has_the_meaning_of 
appear , arise, be, 

br ing_to_the_comprehens ional_surface, 
come_in_presence , come_lnto_be i ng, 

oome_into_exlstence, contradict, counteract, 
counter-inform, creale, develop, disturb, do, 
emerge, enable, establish, evolve, expose, 

form, generale, grow, Imagine, Inform, 
Innovate, Inspire, mal<e, mutate, oppose, 

orlglnate, process_anew, produce, set_up, 
shape, sprlng_up, unfold, ... ; 

(3) Information generates Information 
Is_equal_to 

Information ls_generated_frora Information; 

AN EXAMPLE OF A COUNTER-INFORMING FORMULA. 
Counter-Informing as Information has Its 
orlgin In Informing of Information. It Is the 
eomprehens!ve part of Informing whlch observes, 
investIgates, and recognizes Information and 
Informing of Information. It arises during 
Informing of Information as an informational 
counter-part. It sprlngs up from Informing or 
is generated by Informing. Hence, the following 
informational formula is possible: 

Counter-Informing 
or iglriates_f rom or i s_generated_:by 

Informing_of_lnformatIon 
as 

observlng, investigating, recognizing 
of 

Information, Informing of Information; 

Several other formulae of Counterlnformlng are 
possible and can be determlned in a more 
detalled manner. 

3. Principles of Informational Circularity 

How is Information arising in a circular way? 
What is the nature of Informational 
circularity? Hovv does It concern the realm of 
Information? Some answers to these questlons 
wlll be glven by the subsequent principles, 
consequences, and examples. 
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the principles of circularity, reeurrence, 
parallelness, and serialness of informatlon 
(see the follovvlng principles). Informlng of 
Information is Information by itself. 

THE PRINCIPLE OF EMBEDDINO OF INFOKMATION. 
Embedding of Information means the insertion, 
nesting, or deposition (also interpret1ng, 
coding, meaning, understanding, etc.) of some 
free, arislng, counter-informational 
Information into a given oomprehensi ve body or 
realm of informatlon. Through embedding, 
Information is put into a regular IntormatIonal 
context (possible informational relations), 
into the realm of existlng informatlon 
(possible meaning). On a lingulstlc level, the 
semantic relatlon between new Information and 
exlsting Information Is coming into exlstence. 
Embedding of Informatlon is Informatlon by 
itself. 

THE PRINCIPLE OF ARISING OF INFORMATION. 
Arislng of Information is the generating, 
developing, vanishing, and coming of 
informatlon into existence. Arislng of 
Informatlon has the power of new 1nformatIonal 
appearance, the coming of new Informatlon Into 
the present. Informationally, arislng of 
informatlon Is not 1Imlted in any way; It Is 
clrcular and spontaneous. Through arislng, any 
informatlon can come Into exlstence. Arislng of 
informatlon is informatlon by itself. 

THE PRINCIPLE OF COUNTER-INFORMING OF 
INFORMATION. Counter-Informing of informatlon 
means that Information, whlch through its 
Informing of Information, is oomprehensively 
Informed. The product of thls Informlng Is 
eounter-informatIon. Counter-Informing is the 
productton of the observant, investigational, 
and cognitional Information in the process of 
Informlng. Counter-Informlng of Information is 
Information by Itself. 

THE CONSEQUENCE OF INFORMING. Informing of 
informatlon Is a form and/or a process of 
clrcular and spontaneous Informing, embedding, 
arislng, and Counter-Informlng of informatlon. 

AN EKAMPLE OF INFORMING. The last consequence 
can be expressed in a formalized way as 

Informing 
means 

Informlng, embedding, arislng, 
Counter-Informing; 

This formula Is recursive in Informlng, 
embedding, arislng, and Counter-Informlng. Ali 
of these entitles are informatIonally 
interwoven. 

AN EKAMPLE OF I NFORMAT I ONAL EMBEDDING. The 
principle of Informational embedding ean be 
interpreted by the follovvlng formula; 

embeddi ng 
means 
or 

i s_equal_to 
semantlcal_connectlon_of 

counter-lnformatIon 
and 

exlst inglnformatIon; 

where each entlty is wrltten on a separate 
line. The metaphorical presentation of this 
formula explicates the meaning and other 
possibi 111 les of a formula's expression. In the 
Polish (prefix) notation this formula Is 
longer: 

or means 
embedding semantlcal_connectlon_of 
and 

counter-informat ion 
exlst ing_lnformat ion 

i s_equal_to 
embeddIng semant ical_connectlon_of 
and 

eounter-informati on 
exist ing_Informat ion; 

In this čase, 
operators 'or', 
can be understood as ^^.^..^. ^^^.a,.,^,,^, 
'semant1cal_connection_of' functlons as a unary 
operator, 'counter-lnformation' and 
'existing_informatIon' as parallel processes, 
and 'embedding' as a parallel, two-part result. 

the blnary (or multlple) 
'means', 'and', 'ls_equal_to' 

parallel operations, 
t)ary 
and 

EKAMPLES OF INFORMATIONAL ARISING. Examples 
of formulae concerning the principle of 
InformatIonal arislng are: 

(1) The formula of Informat1onal deductivc 
inference (implIcati on) is: 

Information generates counter-lnformation; 
counter-lnformation is_cmbedded_ln Information; 

eounter-information becomes 
regular_lnformatIon; 

(2) arise 
has_the_meanlng_of 
appear, arise, be, 

brlng_to_the_eomprehenslonal_surfaee, 
come_in_presence, come_lnto_being, 

eome_into_existenoe, contradlet, counteract, 
counter-lnform, create, develop, disturb, do, 
emerge, enable, establish, evolve, expose, 

form, generale, grow, Imagine, Inforra, 
Innovate, insplre, mal<e, mutate, oppose, 

originate, process_anew, produce, set_up, 
shape, spring_up, unfold, ... ; 

(3) informatlon generates informatlon 
Is_equal_to 

Informatlon ls_generated_trom Informatlon; 

AN EXAMPLE OF A COUNTER-INFORMING FORMULA. 
Counter-Informlng as Information has its 
origin in Informing of informatlon. It is the 
eomprehensive part of Informing whleh observes, 
investIgates, and recognizes Information and 
Informlng of Information. It arises during 
Informlng of Informatlon as an informatIonal 
counter-part. It springs up from Informlng or 
is generated by Informlng. Hence, the follovvlng 
InformatIonal formula is possible: 

Counter-Informlng 
orIginatesfrom or ls_generated_by 

Informlng_of_information 
as 

observing, InvestigatIng, recognizing 
of 

Information, Informing of Information; 
Several other formulae of Counter_Informing are 
possible and can be determined In a more 
detailed manner. 

3. Principles of InformatIonal Clroularity 

How Is Informatlon 
What Is the 
circularity? How 
Information? Some 

arislng in a clrcular way? 
nature of informational 
does It eoncern the realra of 
ansvvers to these questions 

wlll be given by the subsequent principles, 
consequences, and examples. 
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THE PRINCIPLE OF CIRCULARITY OF 
Information la apontaneoua 
eoncerning Inf orisat Ion. 
elrcularlty eoncerna the entt 
Information (ebunter-lnformation 
embeddlngi ariaing, Counter-Inf 
lnformatlonally tranaparent. Dl 
and proceaaea of Informatlonal c 
reeurrenee, parallelneaa, 
(8equentlalneaa), and yet no 
clrcular forma and proceaaea of 
Clreularlty of Information la 1 
Itaelf. 

tNFOBMATICM. 
ly clrcular 
Informatlonal 

re realm of 
Informlng, 

ormlng) and ta 
fferent forma 
ircularlty are 

•erlalneaa 
t Identlfled 

Information, 
nformatlon by 

THE PRINCIPLE OF RECUBRENCE OF INFORMATION. 
Informatlonal r«currence la the Informatlon-
Inherent and Informatlon-tranaparent property 
of clreularlty of Information which la 
phenomenological, methodologleal, recuralvely 
formal, lingulatlc, blologlc, etc. Thla 
property la apontaneoua, comprehenaive, 
lnformattonally generative, parallel, serlal, 
aequentlal, etc. Informatlonal reeurrenee la 
Information by Itaelf. 

THE OmSBOUENCE OF INFORMATICMJAL RECURRENCE. 
The word 'reeurrenee' haa the meanlng of the 
coming back of Information Into ezlatenee, 
embeddlng, Inforrolng, and Counter-Informlng, in 
a apontaneoua ctrcle whlch la underatood aa 
Informing In the broadeat meanlng. An example 
o'f atatic, conatructive Informatlonal 
reeurrenee Is a mathematlcal reeursive formula, 
by whlch It la poaalble through the uaage of 
formal llnguiatlcal means to obtaln a new 
formal or numerical (loglcal) result 
recuralvely. Informatlonal reeurrenee la 
dynamic, ao that, for Inatanee, the mentloned 
recuralve formula la changed and developed by 
the procesa of reeurrenee. Besldes thla, 
Informatlonal reeurrenee has to be underatood 
aa an InformatIonally parallel and/or 
lnformationally serlal (aequentlal) reeurrenee. 
Serlal reeurrenee aeems to be obvloua and 
Imaglnable, although the poaaiblIity of ariaing 
of Information wlthln Berlally atructured 
Information has to be taken Into account. 
Hovrever, parallel reeurrenee haa to conslder 
the possibll11 les of ariaing of parallel 
Information wlthln already exlatlng parallel 
and aerlal Information. In thla reapect, 

reeurrenee Is not limlted In any 
Information and I ta Inforrolng can 
arlae In an lnformatlonally 

Flnally, It haa to be mentloned 
that Information also eoneerns Informatlonal 
reeurrenee as Information elrcularly, counter-
lnformatlonally, and wlth Inner Informatlonal 
comprehenaion, whlch Is a property of 
Information itaelf. . 
AN EKAMPLE C^ A GENERAL INFORMAT I(»lAL 
RECURRENCE. Informatlonal reeurrenee, in whlch 
the parallelness and/or serlalneaa of 
Informatlonal forma and/or Informatlonal 
proceaaea are not expllcltly determlned, can be 
demonatrated by the tolloivlng Informatlonal 
tormulat 

informational_recurrenče 
meana_that 

Information ariaes_from Information 
as counter-lnformation after_whlch 

counter-Information l8_embadded_ln Information 
and_ln_thi8_way 

arlslng_of_and_embeddlng_of 
Information Is spontaneoua; 

In this formula the operator after_whlcb la 
clearly serlal in coneern to the previous part 
of the formula. The- operator 
arislng_of_and_embeddlng_of represents a 
parallel structured operator, by whlch ariaing 

Informatlonal 
way, ao that 
apontaneoualy 
clrcular way. 

and embeddlng of Information have to be 
understood as parallel Informatlonal proceaaea. 
Certalnly, the explleitness of parallelness and 
aerlalnesB can be eipreased by the Introductton 
of aeparate operations <e. g. la_parallel_to, 
i8_ln_8erles_with, ete.). 
THE PRINCIPLE OF PARALLELNESS OF INFORMAT!«!. 
Informatlonal parallelneaa ia a eireularity 
ot Information whieh is topologleal, apatlal, 
alternative, multlserlal, parallel-generatlve, 
parallel-comprehensive, etc. Informatlonal 
parallelneaa ia Information by Itaelf. 
THE CC»{SEQUENCE OF INFORMATIONAL PARALLELNESS. 
The exlstence and ariaing of parallel 
Information needa the pOBslblllty of parallel 
appearance of Informatlonal forma and 
Informatlonal proceaaea. In thls eaae the wprd 
'possibllity'' represents the notlon oY parallel 
atructure arhicb enables parallel Informatlonal 
appearance. Thla structural parallelness is in 
some way topologleal, spatlal, alternative,-
spontaneoua, etc. The eilstence and ariaing of 
a parallel informatlonal atructure qua 
informatlonal substance is the necessary 
eonditlon for Informatlonal parallelneaa as 
stated in the previoua prlnclple. 
A populatlon ot llving betnga la a good example 
of informatlonal aubatanee, in whieh parallel 
Information appeara in apontaneoua and varioua 
way8. This parallel Information influeneea 
belnga In their Interactions, so that these 
belngs are lntormatlonally interaroven to aome 
extent. Thla example shows how parallel 
Information as an informatlonal unity ot 
populatlon la unforeaeeable In Ita exlatence 
and ariaing, depending from the elreumstancea 
ot population'a envlrpnment or from the 
environmental Information. The parallelneaa of 
Information appeara when an exlatlng 
informatlonal pathway is spltt in two or more 
pathways. 
AN EXAMPLE OF THO PARALLEL PR0CES6ES. Let US 
introduee two distinet informatlonal entities, 
label them ipl and ip2 and let them repreaent 
two parallel proceaaea. Theae two proceases are 
informing mutually independentt however, 
counter-lnformation ariaing from a proceaa Is 
enbedded In Itself aa well aa In the other 
proceaa. Informing of the proceaa Ipl and Ip2 
dependa 8oIely on their own counter-
lnformation. In thla way, Information ia 
ariaing dependently on both of proceaaea, 
Informing of eaeh proceaa |8 ariaing only 
arlthln each reapect i ve procesa. Ne can 
conatruct the followlng formula: 

Ipl la_parallel_to ip2 
1 n_the_way_i»here 

counter-lnTormatlon of 11 
Influeneea 

Information of 11 and 12 and Informing of 11 
and_parallfll_to_thls 

counter-lnformation of 12 
influeneea 

Information of II and 12 and Informing of 12; 
So far, thl8 formula, eoncerning the previoua 
text, la clearly underatood. The operator 
'Influeneea' has In tact the more preclae 
meanlng of 'ls_embedded_lnto'. 
THE PRINCIPLE OF 8ERIALNES8 OF INFCHtMATIGN. 
Informatlonal serlalness (seguentialneaa) is 
a temporal, looplng, unidirectional, memorlal, 
apatially cloaed, etc, 8pontaneoualy ariaing 
circularlty of Information. informatlonal 
serlalness is Information by itaelf. 

THE OC»fSEQUENCB OF INFOSMATIONAL SERIALNESS. 
The exlstence and ariaing of serlal Information 
needs the posalbllity of aerlal appearance, ot 
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interpolating, of tnsertlng 1 
Information and of serial 
serial information. Altho 
serialness Is temporally st 
also be understood in 
Serialness of information po 
that temporality or tlme lias 
as an tnformatlonal differe 
the relation between informa 
information. There is no 
between informatlonal 
informational parallelness, 
this distlnctlon may be usefu 

nformation between 
reconfiguring of 

ugh informatlonal 
ructural, it can 
a paral lel way. 
ints to the faet 
to be comprehended 
nce appearlng in 
t ion and counter-
clear distlnction 
serialness and 
but In some cases-
1. 

AN EXAMPLE OF SERIAL AND PAHALLEL QUEST10NING. 
Consider three serial processes which are 
labeled by question, questionlng, and 
interrogatIng. The question process is 
producing questions as its counter-information, 
and this counter-informatIon is embedded into 
the information of the question and questioning 
process and into thelr Informings. The 
questionlng process is producing questioning as 
its counter-information, and thls counter-
Information is embedded Into the information of 
the questionihg and interrogatIng process and 
Into their Informings. The interrogating process 
is producing interrogating as Its counter-
informatlon, and this counter-informatIon is 
embedded into the information of the 
interrogating, question, and questionlng . 
process and into thelr Informings. Thls process 
scheme is circular concerning questlon and 
questioning, questioning and InterrogatIng, and 
interrogating and question. We can state the 
foJlowing formula: 

serial_process_of_qucst ion_questloning_ 
_interrogating 

Is 
question Informs and 

counter-informat ion_of_quest ion 
is_embedded_in 

Information of question, questloning 
and_ln Inforroing of question, questlonlng 

afterward 
questioning informs and 

counter-information_of_quest Ion Ing 
ls_embedded_in 

Information of questlonlng, interrogating 
and_ln Informlng of questloning, interrogating 

afterward 
interrogating informs and 

counter-information_of_interrogatIng 
ls_embedded_ln 

information of interrogating, questlon 
and_ln Informlng of Interrogating, question 

af tervvsrd 
s er ia l_prooes s_o f_ques t ion_quest ioning_ 

i n t e r r o g a t i n g 
Is repeated; 

A . parallel Informatlonal formula, where 
question, questionlng, and interrogating are 
parallel processes, is the folloivlng: 

parallel_process_of_questlon_questloning_ 
_lnterrogat ing 

is 
question, questionlng, interrogating 

is_informing and 
counter-Informati on of 

questlon, questloning, interrogating 
i s_embedded_ln 

information and Informlng of 
question, questionlng, interrogating; 

The circularlty of thls formula is expressed by 
the postfix operator is_lnforming. 

4. Informatlonal Form and Informational Process 

If Information Is understood as belng-in-the-
form and being-ln-the-process, then It Is 
reasonable to introduce the notions of 
informatlonal form and Informational process. 
Being-in-the-form concerns any imaginable form 
as information. Being-in-the-process concerns 
any Imaginable phenomenon or phenomenal 
complexity as information. Thls point of v iew 
is acceptable tor Ilving beings In vvhich 
information is coming into existence. Even 
Ilving beings themselves can be comprehended as 
informational forms and informational 
processes, whlch are informlng themselves and 
which are being informed by outside 
Informational forms and informational processes 
concerning them. On the basls of this 
consideration the following principle can be 
accepted: 

THE PRINCIPLE OF I NFORMAT IONAL FORM AND 
INFORMATIONAL PROCESS. The entire Ilving 
and non-livlng phenomenology can be 
considered, perceived, observed, Investigated, 
recognized, understood, etc. as a phenomenology 
of informatlonal forms and Informat1onal 
processes. Forms and processes of the physlcal 
and psychical world inform and are mutually 
Informed, that is, they disturb each other 
passively and actively as well as themselves. 
Any phenomenology is a phenomenology only to 
the extent by which it is an Informatlonal 
phenomenology, by vvhich phenomenal forms and 
phenomenal processes are perceived as 
information and Informlng of information. 
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THE CONSEQUENCE OF INFORMATIONAL 
informational form constitutes 
vvhich It gives through its In 
receives from an informationa 
Although, informational form i 
phenomenon, It can cause Inform 
receptor. In this way, an informati 
informlng and a sharp distinct 
informational form and informationa 
not possible. Informlng of an i 
form is the possiblllty of its 
investIgation, and cognition, 
informational form is producing I 
information. In this respect, an i 
form is a very general informationa 
and is information by itself. 

FORM. An 
i nformat ion 

forming or 
1 
s 
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onai 
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form is 
betvveen 

process is 
nformatlonal 
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vvhere an 
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1 principle 

THE CONSEQUENCE OF INFORMATIONAL PROCESS. An 
informational process is a dynamic 
informational image of a phenomenon, it is a 
process wlthin information, vvhich activcly and 
passively informs information vvithin itself as 
a process. An informational process changes 
itself through Self-Informing and through 
Informlng of other informational processes. It 
generates counter-information by itself and 
tal(es this counter-i nformat ion and to-itself-
outvvard Information into Its ovvn i nformat i onal 
consideration. An informational process is 
generating informational forms and 
informational processes inside and outside of 
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itselt. Every inTormatIonal 
Information by itself. 

process 

5. Structuring and Organizing Information 

What is the fundamental distinction between the 
structure and organization of Information? Is a 
rigorous separation betvveen them possible at 
ali? 

THE PRINCI PLE OF INFORMATIONAL STRUCTURE AND 
INFORMATIONAL ORGANIZATION. Informat ional 
structure is a constitution of 
Information, that is, a constitution of 
informational forms and informational processes 
that are composed as Information. These forms 
and processes are informational components. The 
informational relations among informational 
components which determine a composite 
Information constitute informational 
organization. In terms of informational 
episteinology, inf ormat ional structure is closer 
to the form, whereas informatIonal organization 
is closer to the process. VVithin Information, 
informational forms and informational processes 
are informationally interwoven components. 
Informational components integrate Information. 
Informational structure and informational 
organization are Information by themselves. 

THE CONSEQU£NCE 
ORGANIZATION. 
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EKAJVIPLES OF CULTURAL FORMS. Cultural forms (e. 
g. philosophy, ethics, ideology, science, art, 
etc.) qua Information are ripe examples of 
partlcular Informational structures and 
informational organizations. The structural and 
organizational particularity of a cultural form 
is called informational Enframing. Such ah 
Enframing, regularly embedded in Information, 
exlsts outside of a particular cultural form. 
In general, an informational Enframing, 
representing a cultural form, is going to be 
embedded in a broader inf ormat ional realni, 
which forms the bacl<ground of the given 
Enframing. For example, mathematics as a 
discipline is enframed in a . mathemat i cal 
structure and organization to preserve its 
mathematical rigorousness, i. e., its 
mathematical Enframing. This Enframing is 
embedded in a broader informational realm, in 
several other scientific discipllnes, in 
philosophy, language, e t c , where mathematics 

has its roots, appllcation, influence, etc. 

The structure and organization of Information 
constitute informational Enframing, which is 
informationally embedded in a broader 
informational context. In this respect, no 
scientific discipline or cultural form can be 
purely scientific or purely cultural, that is, 
closed purely in itself as a scientific 
discipline or a cultural form. Informational 
Enframing is the principle of informational 
structuring and organizing and is Information 
by itself. 

6. Intelllgence as Information 

... The essence of intelllgence Is to act 
approprlately when there is no simple- pre-
definltion of the problem or the space of 
States in which to search for a solution. 
... Heldegger demonstrates that the essence 
of our Intelllgence Is in our throvvness, not 
our reflection. Slrailarly, Maturana shows 
that biological cognitive systems do not 
operate by manipulatlng representations of 
an external vvorld. 

<Winograd, Flores, UCC, 98, 99) 
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THE PRINCIPLE OF INTELLIGENCE. Intelllgence, in 
vvhich embedded Information Is Intentional; 
informationally enframed, grounded Information 
(1. e.. In a consequent structure and 
organization) and in a speciflc doma In 
(discipline, realm), is arising to the 
informational surface for speciflc problem 
solving (behaving, thlnl<ing, acting). 
Intelllgence comprehends ' (to observe, 
investlgate, recognize) only a speciflc problem 
domain and It Is only In this domaln that it 
influences behavior and actlon Intel 1igently, 
Intelllgence Is speclallzed Information, which 
is problematlcally enframed, closely concerns a 
problem domaln, and strictly comprehends in the 
metadomaln of a problem domain. For this 
purpose intelllgence needs other Information, 
comprehension (processlng) of other 
Information, Instructlon, Icnoviledge, and a 
characteris t le informational expertlse. 

THE CONSEQUENCE OF INTELLIGENCE 
Intelllgence is Information, wh 
into a speciflc problem domain, 
solving performance, expe 
characteri s t le methodologica 
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expertlse, methodologies, cone 
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7. InformatIonal Machine and 
Informational Program 

. ..' Even If a Computer program consistently 
wins games of chess, Winograd and Flores 
would say that thls is not intel1igence. 

(Clancey, Al, p.243-244) 

The not Ion of an informational machine and an 
informational program concerns the contemporary 
philosophy, science, and technology. The 
question of future machine and program 
development must consequently be founded upon 
the informational point of view, that is, from 
the point of view of philosophical and 
implementational possibi1 i ties of machines and 
programs as informational entities. 

THE PRINCIPLE OF 
machine is info 
(substance, torra, 
its organizatio 
relat ions, proces 
structure of a ma 
archi tecture 
const i tut ion). Th 
concerns its fuhct 
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ine performs as Information. 

THE CONSEqUENCE OF THE PRINCI PLE OF 
INFORiVlATIONAL MACHINE. Because an informat ional 
machine possesses informational attributes 
(Informing, embedding, arising, Counter-
Informlng in an informationally circular 
manner), its performing is informational. This 
performing can be achieved through its 
informational architecture and through its 
informational programnabi1 ity. A dynamic 
architecture (architectural swltchlng without 
architectural arising) already represents an 
informat ional ly bounded machine. Thls iveakness 
in informational dynamics can be ellminated by 
informational programs. Hence, an informational 
machine possessing the full (or even partial) 
informatIonal power is currently not 
technologically available. 

Several new research and development projects 
hav.e to be initiated in order to diseovcr 
Informational architecture components whioh 
would have a richer InformatIonal variability, 
especially parallelness and the feaslblllty to 
be used in dynamic architectures. These 
architectures could temporarlly change and can 
even arise or develop as a eonsequenee of their 
changlng and arising environing conditions. 

THE PRINCIPLE OF AN INFORMATIONAL PROGRAM. An 
informational program would simply be 
Information which spontaneously informs, 
embeds, arises, and counter-informs In an 
informationally circular way uithin an 
informat1onal machine, An informational program 
informs itself and other 1nformational programs 
and Is used and embedded in an 1nformational 
machine for production of Information (e. g., 
intel1igence, dedicated informat1onal 
funct ions , etc. ) . 

Evidently, there is an essentlal difference 
betvveen a computer program and an i nf ormat ional 
program. The former is algorithmic 

(mathematical, procedural, informatIonally 
static), »hereas the later is Informational 
(Intel 1igent, informationally dynamic). As a 
rule, a computer program has a stable, non-
variable program structure and program 
organization. Its definition can not be changed 
dynamically during its execution by the 
parallel executlon of itself and other 
programs, data, etc. 

THE CX)NSEQUENCE OF THE PRINCIPLE OF AN 
INFORMATIONAL PRCX3RAM. An 1 nforma 11 onal program 
performs as Information. In this respect, such 
a program Is also an informational ob]ect whlch 
can be informationally changed during its 
Processing. A typlcal computer program Is 
always performing as a subject, by which non-
program objects can be changed and can arise as 
results of its performing. In principle, the 
request to informatize a program concerns 
essentially different progranmlng tools as 
compared to those that are stili used today. 
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AN EXAMPLE OF AN INFORMATIONAL PROGRAM. An 
example of informational program is a cortical 
(brain-like) function. Such a program is not 
only performing as Information, it is also 
influencing its subsequent substance 
(architecture) in which it is developing (in 
vvhich it is processing). In this respect, it 
can be understood that the mind (as 
Informational program) is influencing the 
development of the brain (as informational 
architecture with its components) and that such 
an arising architecture is offering new 
possibi1 i t ies for the arising of mind. 

8. Living Examples of Information 

In the previous two examples a living 
informatIonal machine (brain) and a living 
informational program (mind) have been 
described. According to Maturana and Varela 
(AAC), the theoretical treatlse of living 
organisms can be understood as autopoiesls. 

THE PRINCIPLE OF A LIVING INFORMATIONAL 
MACHINE. A living informat i ona 1 machine 
represents a subclass of possible (imaginable) 
informat1 ona 1 machines. The living 
informational machine is constituted by its 
blological structure and organizatlon, by its 
autopoiesls (Maturana, Varela, AAC). Such a 
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machine is organized as an 1nCormational 
network of Informational forms and processes 
for production, transtormation, and destpuction 
of its own inCormation. A living informational 
machine governs the lite of . the machine, 
preserves its own life, and produces itself and 
its information. 

Obviously, as a product of their functioning, 
living informational machines have something 
which concerns themselves, their own identity, 
unity, and llfe processlng. Functioning whlch 
does not concern the machine itself is 
characteristic for artiflcial, allopoietic 
machines. These machines do not develop and 
presepve themselves, however, they produce 
functions for other purposes (e. g., computers, 
mechanlcal machines). 

THE PKINCIPLE OF LIVING INFORMATIONAL 
PROCESSING. Living InformatIonal processlng Is 
the biological phenomenology of autopoletic 
informational systems in the living world to 
the extent where this processlng depends in one 
way or another on the autopoiesis of one or 
more autopoletic informational units. The 
domain of ali interactions in which an 
autopoletic informatIonal system can enter is 
its cognitive domain. VVIthln this informat ional 
domain the autopoletic ldentlty cannot be lost. 

AN EKAMPLE OF LIVING INFOHMATIONAL MACHINES AND 
LIVING INFOHMATIONAL PROCESSING. Evldent 
examples of a living Informational machines are 
molecules of llfe, cells, cells populatlons 
(organlsms), cortlcal nuclel, cortices, brain, 
and a living belng as a whole. Liylng 
informational processes in these machines are, 
for instance, synthesls of proteins, iminunity, 
evolutionary learning, variatlon, selectlon, 
repllcation, mind, etc. 

9. FormalIzation of Informational Princlples 
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The question which now arises is how an 
informat i on-related, informatlon-
characteri Stic, or informatlon-substantial 
system can be formalIzed. It is more or less 
evldent that this formalization cannot be a 
mathematIcal, algor1thmical, or logically 
formal presentation. There do not exist means, 
a formal apparatus, or a mathematical formalism 
whleh could be used for a soft and satisfactory 
1nformational formalization. 
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In this paper we descrlbe and analyze Decision Support Systems (DSS) as a class of Information 
Systems. We first state a short definition of DSS, explain its relation to Management Information 
Svsteni, and the objeotlves of DSS. Aftervards, our major discussions are devoted to the following 
issues respeotively: (i) The iterative design for DSS (prototyping approach) as part of the broa-
der aspeot of DSS building, where we consider cost and benefit impacts and the posaible problems 
and bottle-necks of this approach. (ii) The current oomputer and information technology that sup-
ports DSS, e.g.: on-line oomputer sy3tems with the necessary software support for ioteraotive use, 
softkiare paokages for oomputer graphics, statistics, operations research, financial planning, etc, 
quick hit DSS programs,fourth generation languages, database management systems and so on. The 
advantages, disadvantages, and limitations in practioe are discussed. (iii) The current status and 
application of DSS for marketing analysi3, sales forecasting, financial planning, transportation, 
human resources management, use of graphics in decision iiiaking, etc. (iv) The future trends in 
DSS. We give a broad overvien of the expeoted development and use of DSS, in partioular the furt-
her impact of technology and the neoes3ary changes in organizations and decision processes. 

Some methodologies and program paokages that were listed above were developed in the research 
programs carried out at the Craduate School of Business, Indiana University, Bloomington, Indiana, 
USA, and Ekonomska fakulteta Borisa Kidriča, Ljubljana, Yugoslavia. 

1. INTRODUCTION 
In this paper we descrlbe and analyze Decision 
Support Systems (DSS) as a class of Informati­
on System3 (IS) that support deoision-making 
activities of managers and others who are in-
volved in deoision-making prooedures and pro­
cesses, the technology of DSS and its applica­
tion, and the trends and future directlons of 
DSS and supporting teohnologies. 
We first discuss the relations betveen Elec­
tronic Data Processing (EDP), Management In­
formation Systems (MIS) and DSS. Differeot 
views about this issue are briefly stated and 
explained, taking into consideration the per-
sonalities of various authors. The practition-
ers and the theoreticians frequently view the 
problems differently. We then concentrate our 
attention on the variety of different teohno­
logies and their applications in DSS.'We de-
tall more the most important teohnologies in 
DSS, emphasizing those on which some reasonab-
le amount of research has been conducted 
uithin the high sohools the.authors belong to. 
For instance, data base management, analytical 
raethods, oomputer graphics, spreadsheets, pro-
totyping and fourth-generation languages 
C^GLs). In conclusion we summarize the general 
views and believes on the future trends and 
developments in DSS and DSS technology. Short-
term trends up to 1990, and long-term trends, 
after 1990, are briefly discussed. We believe 
these forthcoming technological and organiza-

tional changes in DSS will have a significant 
impact on future high school curriculum and 
pedagogy in the MIS area. 

2. DECISION SUPPORT SYSTEMS VERSUS MANAGEMENT 
INFORMATION SYSTEMS AND THE OBJECTIVES OF 
DECISION SUPPORT SISTEMS 

Withih the steady advanoement of oomputer-based 
IS in organizations a new stage has been reac-
hed where the term DSS has been introduced. 
Different explanations of DSS have been provi-
ded. Some view DSS as another step in the natu-
ral evolutionary advanoement of information 
technology and its use in the organizational 
context, following EDP and MIS. Others view 
DSS as an important subjeot of MIS or just a 
type of system that has been developed and 
used for several years already but has only 
reoently been uniquely defined. Some olaim that 
the term has been introduced merely to attract 
people but it does not deflne anything partiou­
lar new in the fleld of oomputer-based IS. We 
discuss briefly these issues in the following 
lines, state some definitions on DSS and in 
this way define the subject which we present 
and analyze in this paper. 

Hany vague, either restriotive or very broad, 
definitions of DSS vere put forward in the 
1970s. They didnit help to clarify which of 
the above stated explanations were appropriate 
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and which were not. The first definitlon of DSS 
as an interactive oomputer-based system that 
helps decision makers utilize data and modela 
to aolve unstructured problema was later exten-
ded to ali the sy3tems that oontribute to deci­
sion makihg. Some exaraple3 of complex systems 
were also examined. More promising than the de-
finitional approaoh or the example approaoh 
vas the "characteristics" approaoh of DSS 
[2, 11] that assooiated with DSS the follouing 
characteristics: 

- they are aimed at the less well struotured, 
underspecified problems that upper-level 
managera faoe 

- they combine the use of models of analytic 
techniques with traditional data acoess and 
retrieval functiona 

- they focua on featurea that make thera eaay 
to use by noncomputer people in an interac­
tive mode 

- they eraphasize flexibility and adaptability 
to aocommodate ohanges in the 'environment 
and the decision-making approaoh of the user 

In short, DSS should support managers in their 
decision-making aotivities. The ideas and re-
search resulted in the form of programmed pac-
kages for building DSS, first used on raainfra-
mes and later on personal computers. 

Based on the previoua developraent and research, 
Sprague and Carlson [21] gave the following 
definitlon of DSS: 

"Computer-baaed 3ystems that help decision 
makera confront ill-structured problems thro-
ugh direot interaotion with data and analysls 
models". 

Aooording to them a good DSS should have the 
folloving three capabilities: 

- it should be easy to use and should support 
the interaotion with nonteohnical users 

- it should have access to a wide variety of 
data, and 

- it should provide analysis and modeling in 
a variety of ways 

In order to make a clear disti 
the terras MIS and DSS we must 
in our analysi3. There are two 
on what MIS and DSS should be. 
the theoretioal view, is the v 
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Connotational view on EDP-MIS-DSS differentla-
tes the three terms on the following basic cha-
raoteristica: 

- EDP emphaslzes optimum data prooessing with 
the outputs aimed and used at the operatio-
nal level 

- MIS emphasizea integrated Information acgui-
sition environment based on DBMS with the 
outputs aimed at the taotical level 

- DSS emphasizes user decision-making real-
-time Information acquisition environment 
aimed at top managers and executive decision 
makers 

The view is partlally supported by oase studies, 
but it is nevertheless inapprophiate as far as 
the future developraent of DSS is concerned. 
Decision-making is not the exclusive domain 
of the top le*el management. Decision-making 
must be diatributed across aH three funotional 
levela. 

The theoretical view pro^eeds from and is ba­
sed on the folloving objeotives of the IS 
funotion: 

- improving performanoe in order to get the 
right Information to the right person at 
the right tirne 

- users involved in IS are knouledge workers, 
auch as managers, professionals, and other 
employees, who also are responsible for furt­
her developraent of Information technology 

- the paradigm of IS ia a goal-seeking organi-
zation 

This view places DSS among other major techno-
logy subsystem3 of IS which are interacting 
with each other and other application systeras 
and whioh are supporting users on ali vertical 
levels of management, not only at the very top 
level. Other major technology sub3ystems are 
(i) the system to support oomraunication needs 
and (ii) the struotured reporting system. This 
standpoint is defended by a general merging of 
Information teohnology, operations research, 
statistics and management science approaches 
in the form of interactive modeling [21] . DSS 
is acoepted as evolutionary advancement in the 
systems diraension of a three-dimensional IS 
model which evolved from the two-dimensional 
model of MIS. DSS requirea new strategies in 
design of the Information systems teohnology 
and its Interactive usage, from those used in 
MIS. 

Hackathorn and Keen [1 O] interpret DSS in term 
of the number of people that participate in the 
decision-making prooess as 

- independent decision-making where a deoision-
maker makes decisions. This approaoh requires 
personal support 

- sequential interdependent decision-making 
vhere a decision-maker makes part of a deci­
sion, vihioh is then paased on to someone 
else. The approaoh requires organizational 
support 

- pooled interdependent decision-making uhere 
several decision-makers negotiate and inter-
aot in order to make a decision. This requi-
res group support 
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Traditlonal data prooessing 3y3teras (suoh as 
payroll, inventory, alrline and similar reser-
vation systeras) sinoe the early 1950s have 
typically taken the form of predefined reports. 
Infomation is produced by either aggregating 
or disaggregating data within the system. The 
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informatlon is static and rigid and any question 
that had not been inoluded in the process would 
demand a dlfficult and tlme-oonsuraing procedure, 
including new programa and changes to the data 
structures. Traditlonal EDP and MIS are not 
"user-frlendljt" (require programmers), their 
technologjr, whioh the programmers use, is rlgld, 
hard to change and demands a lot of programraer 
tlme in order to produce results. Ouestions to 
the aystem must be predeflned and not some 
unusual requests from the hlgh-level deelsion 
makers. 

DSS commonly oopes with problema that are not 
structured, i.e., no prooedures for their so-
lutlon are known. Such problems-decisions, 
are for example: plannlng the amount of orga-
nizational expendlture, deoidlng whether to 
Introduce a neK product or program, such as a 
new airllne, or a new technology procedure. 
Declslon-making Involves multiple crlteria and 
results in a number of trade-offs which are 
analyzed and modified iteratively by the deoi-
sion-maker possesslng great experlence C 73. 
It requlre3 an interaotlve computer 3ystem 
wlth ali the neces3ary support software and a 
oonsiderable amount of data which the deoision-
maker ušes while explorlng the problem. The 
syst«m must support the decision-maker by sug-
gesting Solutions and the possible oonsequen-
ces of acoepting a particular solutlon. Withln 
the 3ul>sequent steps of the iterative process 
the deoislon-maker may baok-traok, modify, 
reflne and introduce more sophistlcation into 
the solution several times until, he flnds a 
satisfaotory final solution. Thus, in this way, 
a DSS beoomes a tool for building a model or 
oreating a solution of the future state of 
the business, based upon sets of assumptions 
and relationships supplied by managers and 
other users. 

DSSs need subsystems with data and algorithms 
that a decision-maker can use. These subsy-
stems can sometimes act independently but they 
can also be inte rated. Examples of such ap-
plioatlon are: (1) to retrieve a sifflple data 
itero whlle processing an order for a particu­
lar commodity, (2) to generate a report of 
ali the flrm's forelgn customers In the last 
year, (3) to use mathematical prograraning 
algorithra in order to perform allocation plan­
nlng, (t) to perform a formal statistical 
analy3is to find the correlation betneen dif-
ferent variables, (5) the use of models, 
uhere an expert DSS system has been created, 
based on the past many years' experlenoes and 
deoislon-making prooedures of some expert. 
The preaent decision-maker gets help by 
uslng this model when he has to make a deel­
sion, 
The DSS approaoh is a user-friendly approach. 
Users acqulre informatlon from a DSS nithout 
the help from a programmer. They do this by 
uslng a query language and/or a request gene­
rator. Instead of procedural languages, like 
COBOL, FORTRAN, etc, DSSs use the fourth-
generatlon languages. In tCLs one statement 
is equivalent of many statements in a proce­
dural language. These languages also use sy-
stem prompts and help oommands in order to 
make them easler to use and understand. 

In the follovflng paragraphs we discuss the 
technology necesaary for implementlng the DSS 
concept. We restrict ourselves mainly to the 
computer software and techniques used In prob-
lem-aolving. 
One of the most iraportant raethodologies is a 
DATA BASE MANAGEMENT. The DSS user (manager) 
frequently retrieves data items from a DB 
randomly, produces reports frora a DBMS or 

creates and manipulates more eomplex logleal 
data structures for a sy3tem which allows him 
to produce raodels involving data of certain 
properties. Present DBMS are stili part of the 
aoftnare, although in the future they wHl 
probably beoome part of hardvare or firmnare. 
They are also a.vailable on microoomputers and 
personal oomputers, not only on large and po-
werful mainframea. Software produots with im-
beded DBMs such as FOCUS, RAMIS II, N0MAD2, 
EXPRESS, GADS, EIS, REGIS, GMIS, etc. are 
avallable on the market. They are expenslve to 
buy (but prices are hopefully declining) and 
they require large amounts of oomputlng resour-
ces [7, 21, 222. Therefore, initially many 
of these systems were belng used in independent 
domputing oompanies or in coraputers manufacturers 
Effičient use of this technology is based 
largely on the adequate supporting documenta-
tion, such as: 
- data flow dlagrams, which present a graphlc 
model of processing, the storage of data and 
the movement of data 

- data dictionary, Hhioh oontains the terms and 
their definltons 

- process descriptions, where each process 
bubble must be deseribed in sufficient detail 
[18] 

Hhen building the DB management part of DSS we 
must choose one or more basio data structures, 
i.e., a method of representing and retrievlng 
data in a computer. In addltion to the four 
well-known data models used in MIS — the re-
oord model (flat file), the hierarchio model, 
the netvfork model, and the relational model, 
one more model, the rule model, is belng uaed 
in DSS environment 121^ . This model is oommon 
in artlficial intelllgenoe systems and in so-
called "knouledge-based" DSS. It apecifles 
produotion rules and enables making inferences 
based on the data. The rule model describes 
data by a set of rules, i.e., a set of data 
definltions. The ehoice of model should not be 
based on the representation of the data, but 
on the operations and integrlty oonstralnts. 
Among the ANALYTICAL METHODS that DSS needs 
for analyais and modellng are statistical pro-
cedures, data projectlon or slmulation and 
optimizing models. Statistical packages, such 
as SPSS and IDA are belng used In many univer-
sities and firms ali around the uorld. The In­
teractive Financial Plannlng System (IFPS) Is 
an example of the flnanoial planning modelling 
languages for data projectlon and slmulation. 
It can be used on VAX and some other minicom-
puters, and malnframes. IFPS has been taught 
and used in the Graduate School of Business, 
Indiana University, Bloomington, Indlana, USA 
as an effičient programming tool for several 
years, and it has been widely adopted in the 
USA, in both industry and univeraltles. Its 
impetus oame from the desire to model rlsk in 
a way whlch oould easlly be understood by 
executives. IFPS haa a self-contalned non-
prooedural language whioh is easy to underst­
and and use [ 8^. The loglc and output of IFPS 
resemble those of apreadsheet paokagea. A 
number of third-party computer software pac­
kages compatible with IFPS are available; For 
instance: SENTRlf for data entry in a form com­
patible Hith IFPS; DATASPAN for converting 
data bases In arbltrary format to a form 
usable by IFPS; GRAPHICS for presenting IFPS 
reaults on oolor graphica di3plays; and OPTI-
MUM for flnding optlmal solutions of IFPS mo­
dels by linear, nonlinear, or integer program­
ming. Optimizing models are usually based 
upon mathematical programming algorithraa. A 
group of reaearchers at Ekonomska fakulteta 
Borisa Kidriča, Ljubljana, Yugoslavia has pur-
sued this field of researeh for many years, 
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developed several program procedures in Ope-
rations Research (linear and dvnamio program-
ming) and published numerous researoh papers 
Cl, 5, 19]. Part of this softnare development 
waa supported by Intertrade, Ljubljana, the 
IBM repreaentative in Yugoslavia, the lugoslav 
Computer manufacturers firm Iskra-Delta, 
LJubljana and the 3oftware house Iskra-CAOP, 
LJubljana. 
INTERACTIVE COMPUTER CAPABILITIES must be 
available in DSS environment. The followlng 
approachea of DSS computer Implementation.are 
now possible: 
- DSS 30ftware on a large-scale general com­
puter whloh users acoess from terminals in 
an Interactive mode 

- DSS softHare on a dedlcated minicoraputer, 
Hhere users are involved in different DSS 
applicationa simultaneoualy through their 
terminala. Here the special DSS softvare 
doea not 3low down other Jobs being run on 
the mainframe. A disadvantage of this ap-
proach is that the required central data 
must often be transmitted to the minicora­
puter through magnetic tape, eto. which 
makes the system slov* 
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personal computers to host DSS 
size. This approach is popular 
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advantages are far leas powerful 
n is available on mainframes 
puters and relatively small 
torage oapacity. Also the abs-
d loading of central data on 
ers are even more awkward than 
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being labeled Exeoutive Informa-
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ess applications (auditing, ma-
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An especially important technology for busi-̂  
ness probleo-solving and decision-making is 
COMPUTER GRAPHICS. It helps managers to 
acguire visual representations of data, rela-
tionships and summaries for Information aoti-
vities are not based on predefined processes 
or procedures. Graphics allows the users to 
view or search the data in new and creative 
way3 in the context of their particular prob­
lema or goals. Several graphics forms can be 
generated by computers, such as texts, tirne 
series charts, bar charts, motion graphics, 
scatter diagrams, maps, hierarohy charts, 
seguence charts, etc. They can be used in DSS 
In many different ways such as: reports, pre-
sentations, management traoking of performan-
ce, analysis, planning and scheduling, com-
mand and control, for design, engineering and 
prodiction drawings. Graphics can also be 
used in coraputer-aided design, computer-aided 
manufacturlng, teleoonferencing and videotex 
systems. The benefits of computer graphics 
over manual graphics are in oosts and tirne. 
Formats, scales and colors can be tested in' 
order to obtain the best comprehenaion of the 
information. Objections to computer graphics 
are that high resolution graphics are stili 
very expensive; sometimes the graphs are of 
low quality, and require skilled and experien-
ced users who can produce good graphics. Some 
of these objections vili become irrelevant 
with the new computer graphics products. 

The Operations and Systems Management department 
at the Graduate School of Business, Indiana Uni-
versity, Bloomington, Indiana has made in the 
last decade extensive research on the effects of 
different forms of computer graphics presenta-
tions, their complexity and color of presentation 
on the human decision-maker, see for example [93. 
This line of research is a part of a broader pro­
gram of research, called PRIMIS - Program of Re­
search for Investigating MIS, which focuses on 
the user-system interface of DSS. A theory of 
graphics information presentation has been forma-
lized: Performance with a given information pre­
sentation is a function of question difficulty, 
information complexity, the form of presentation 
and color. 
Another widely accepted DSS teehnology are SPREAD-
SHEETŠ. They are self-documenting systems with 
explanatory Internal documentation and prompts 
that help the user to prooeed his dialog with the 
computer from one step of the problem solving 
procedure to another. Their main advantages are 
that the user gets the data in a table form on 
video soreen and the relationships betveen data 
series in a form of report. The user may test 
the impact of some particular data item or group 
of data items and/or relations aoong them on the 
model'3 output. He can do this by ineraotively 
entering different values for data items, tempo-
rarily changing the algorithm and analyzlng the 
oomputed results. This "uhat if" oapability is 
present in many spreadsheet packages on the 
market. These spreadsheet packages are aimed at 
problem-solving and model-development in fields 
of financial planning (amortization, depreclati-
on, lease-versus-buy, discounted oash flows and 
net present value), real-estate investments (fi-
nanaing alternatives,impact on taxea, payoffs, 
cash flows), busineaa reoord-keeping and accoun-
ting, budgeting and statiatics. Deapite their 
popularity, theae apreadaheeta have many inherent 
Keakneaaea, such aa the difflculty of specifying 
ali data requirements a priori, data-model depen-
dence, limitation of the relations that represent 
the model and model's complexity by the spreads-
heefs table format, user'3 session cannot be 
recorded and little flexibility in report uriting 
featurea. It is estimated that 20 to 30 percent 
of the users will become dissatisfled with spreads-
heets and wlll ask for more ponerful tools L22l. 
Spreadsheets appear to be most useful for smaller 
problema. The poaaible solution to the existing 
variety of many different spreadsheet 3ystems 
which the users have to learn, would be integra-
ted packages that uill conbine spreadsheets, 
word Processing, data management, graphics, data 
Communications, and other resources. SVMPHOlflf is 
a (not too successful) example of this trend in 
the software market. SYMPH0NY expands the capa-
bilities of LOTUS 1, 2, 3-

QUICK HIT DSS 1163 is a term that explalns a 
special procedure used more and more in DSS. 
It stands for a rather simple DSS prototype 
which the decision-maker creates and processes 
before he decides vhether to build a full DSS 
or not, Three types of quiok hit DSS include: 
- reporting DSS 
- short analysis programa 
- DSS generators 
Reporting DSS is a very frequently used form 
of decision support which includes simple data 
manipulations (selecting, summarizing, and 
listing data from files, some other arithmetic 
operations on theae data, presentation of trenda 
and variances, by means of computer graphics) in 
order to meet some information needs of decision-
maker. 

Short Analy3is Programa are uaed for analyzing 
data. They need small amount of data and are 
usually written by deciaion-makers themselves 
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In BASIC or some other high-level programming 
language. Functions that help the declslon-
maker to make deolsions Include projeotion of 
oosts, income, and proflts; allooation of 
fixed oosts among produotsj project manage-
ment; graphing of some activity output figu-
res, etc... Exaraples of short analysis pro­
grama are atudied In [1, 6, 163. 
Deeision Support Sy3tem Generators are pro-
ducts which Include languages, interfaoes, 
and other faoilities that help to frame up 
specific DSS. DSS generator can be used to 
build more specific DSS within a olass of 
applications. In recent year3 users are gene-
rally interested in DSS generators and fourth-
generation languages and not much in the 
other two types of quick hit DSS. 

These quiok hit approaches are not appropria-
te in areas suoh as forecaating or allooation 
of resourcea where a deep understanding of 
aophistlcated methoda, tebhnlques and the 
whole appllcation area is neces3ary and the 
final modela cannot be replaced by aome ap-
proximationa of them in order to make some 
starting deeision C33-
PFOTOTYPING has been defined in many different 
ways: as a philoaophy, a methodology and a 
procedure. Klthin each of theae clasaea of 
definition are further differenoes. For exam-
ple, aa a methodology for the development of 
Information ay3tem3 two definitlons are very 
evident: the "rapid prototyping" approaoh 
from Computer scienoe and the "prototyping 
methodology (PM)" from MIS. The PM Dslia 
moat appropriate in disoussing DSS and is 
broad enough to encompaas the various more 
limited definitions found in the DSS litera­
ture. Under the PM the prooess for building 
an operational prototype is described and 
this operational prototype raay be used in 
various waya, e.g., atand alone, with life-
scale methodologies, as pilots or prototypes 
and as "throwaway" prograras. Senn desoribes 
prototyping as one of the seven aotivities 
within the system development llfe cyole['20] : 
preliminary inveatigation, determination of 
requirementa, development of prototype aya-
tem, design of 3y3tem, development of soft-
ware, system3 testing, and implementation. 
This approach ia used when we cannot define 
ali the featurea of the 3y3tera in advanoe, 
due to the lack of experience or Information, 
or when we face high-cost and high-riak 
situations. In auch caaea an inexpensive 
small-soale version of the softvare is pre-
pared in order to provide some preliminary 
Information about the environraent in uhlch 
the ay3tem ia going to work. The prototype 
ia a simple worklng sy3tem that captures the 
essence of the real sy3tem it represents, and 
it may be refined and redone aeveral times 
uithin the iterative prooess, in order to 
find the optimum solution for the defined 
problem. 

Prototyping approach needs a 3oftware that 
enables a guick and simple building of a 
Korking system. Conventional programming 
languages and methods, or more adequate soft-
ware products, like program generators can 
be used for this purpose. The erophaais is on 
trying out ideaa and providlng assumptions 
about requirement, not on system efficiency 
or completeness L20l • According to [l2l, the 
ideal softvare prototyping environment has 
four components: 
- a 1GL or other development tool to allow 
quick creation of the prototype 

- well-raanaged data resources for easy access 
to corporate data 

- a user who has a problem, uho has consldered 
the idea of uslng the new tool, uho knows his 
or her funotional area well, and who seeka 
assiatanoe from data processing 

- a prototype builder — an Information sy3tem3 
professional Hho is versed in uaing the varioua 
development toola and understands the organiza-
tiona's data resources 

The same author also auggeata an ideal team size 
for prototyping -- one user and one builder. 
Larger teams impose more uncertainty into the 
problem definition and solving procedure, need 
more tirne for coordination, etc... Proper anavers 
to the key output que3tion3 represent an important 
issue of prototyplng. These questions are: 
- who will receive the output — vhat is its 
planned use 

- hov much detail is needed 
is the output needed, and 

- by what method 

Hhen and how often 

There are three main usea for aoftware prototy-
pea [22]: 
- to olarify uaer requirementa. Host users cannot 

fully describe their current requirements and 
their future needs. By building, using, and 
changing a prototype, users can make further 
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type can show 
tem how the ne 
eiency and its 
the 3y3tem ina 
to create a fi 
may become par 
peoially, when 
very often, it 
the production 
easier 

feasi 
the e 
sy3 
cost 

dequa 
nal 3 
t of 
the 
is u 
vers 

bility of desi 
nd users of a 
tem viould oper 
3. The end uae 
te and stop or 
y3tem. Part of 
the production 
syateB ia expe 
sefully to use 
ion. This make 

gn. A proto-
designed 3ys-
ate, its effi-
rs may find 
change it 
the prototype 
version. Es-
cted to change 
MCL also for 

3 future use 

d with prototyping 
tičdted~ software 
ng brings forward o 
a sy3tem, based on 
requirement3 and a 

needed syatem. This 
eling of reguireraen 
pecifications based 
nefficienoies and e 

For this reason, 
ctive when used to 

the eatablished 
information 3y3tem 

are (i) 
toola and 
nly the 
user 
quiok 
does not 
ts and 
on proto-
rrors of 
proto-
enhance, 
analysis 
develop-

The problems relate 
the need for sophis 
(ii) that prototypi 
physical aspects of 
demands of physical 
realization of the 
support loglcal mod 
Solutions. System s 
type3 may inherit i 
the original system 
typing is most effe 
rather than replace 
process in computer 
ment[l8;). 
According to [i 3"! the commereial FOURTH-GENERA-
TION LANGUAGES (UGLs) have provided a significant 
contribution tonards making the concept of proto-
typing practloable as a methodology for sy3tem 
design and development. They have also helped to 
create a new information prooesslng environment, 
referred to as "End-user Computing", despite 
their primary objective — to speed up develop­
ment and maintenance by professional programmers. 
It is claimed that the productivity in applica­
tions development when using MGLs is 5 to 10 
times over that when using third-generation 
languages, particularly C0B0L[17]. 
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modeling - IFPS, business graphios, statiatics, 
etc). Anothep signiflcant event, related to 
the '4GLs"evolution was the development of IBM'3 
DB2, uhioh is a member of a faraily of relatio-
nal DBMS produots from IBM, ali supportlng a 
comnon relatlonal language called SQL (Struc-
tured Query Language). IBM announeed its entry 
into the l)GL market in mid 1986, Cross Sy3tem 
Product (CSP). 

The features of MCLs that coraprise the funotio-
nailty that is inoluded in fourth-generation 
3oftware tools are several [22], like: DBMS, 
data dictionary (DD), non-procedural language, 
Interactive query faoilitles, report genera­
tor, aelection and sorting, soreen formatter, 
word prooessor or text editor, graphlcs, data 
analy3i3 and modeling tools, programming in-
terfaoe, softuare development library, backup 
and recovery, links to other DBMS, records and 
flle maintenanoe, etc. The heart of a IGL is a 
DBMS, which can manipulate formatted data re­
cords, as well as unformatted text and graphios 
data. Just as important as the DBMS is the DD, 
for storing the data definitions used by the 
i*CL. In contrast to 3GLs, UCLs eraploy an 
English-like 3yntax, and are eventually non-
procedural in nature — they allOH statements 
to ocour in the logioal order that a user 
would think, rather than imposing a aeguence 
reguired by the computer. Besides an underlying 
comm.ind language, many IGLs provide a variety 
of interfaoes that help end-users in using 
them. As far as the results (output) are con-
cerned, some IGLs generate only slngle prog­
rama (oode generators), and produce an inter-
mediate step code in 3GL, usually in COBOL, 
while others generate coraplete Integrated ap-
plications (application generators), and do 
not produce any 3GL intermedlate step code 
(FOCUS, RAMIS II, N0MAD2, . ..).• 

The functions performed by tGLs vary greatly 
from product to product. Some tGL products 
have highly fooused but limited functionality, 
oriented tonards speclfic applications, like 
decision-support/modeling tools suoh as IFPS; 
graphies generators suoh as Tell-A-Graf; 
query and report-generating tools suoh as 
DATATRIEVE, and INTELLECT. Some «GLs are more 
powerful and comprehensive in terms of their 
functional oapabilities, and represent more 
nearly integrated software sy3tems rather than 
"programming languages" as the terra is oommon-
ly understood [131-

First thoughts, that the emergence of IGLs 
means the demise of COBOL have been revised 
when i)GL-related softuare (analyzers, genera­
tors, and programmer uorkbenches) began emer-
ged. It is now believed that COBOL will con-
tinue to be the dominant language of business 
Into the twenty-first century. The MGL market 
has not roatured yet. The current effort to­
nards 5CL hardware impose a questlon uhether 
MGL softuare Mili mature at ali or simply 
blend into 5GL softuare. 

14. THE FUTURE TRENDS IN DSS AND DSS TECHNOLOGY 

The short-term trends, from 1986 to 1990, will 
be an extension of today happenings, vith a 
substantial inoreasa in personal and organiza-
tional use of computer teohnology, as hlgh as 
70 to 90 percent inorease in computer Proces­
sing power per year. In less than five years, 
for instance, there are 8 million users of 
personal computers with an inorease by more 
than 30 percent annually. But even more impor­
tant than the above stated advanoements are 
the trends in the change in the application of 
Information teohnology to the point uhere 
users no longer face technical intermediaries 

betveen technology and its application. The 
follouing major trends can be expected [223: 

- personal computer-based DSS will continue 
to grow, vith spreadsheets and other creati-
vity supportlng packages taklng more and more 
functions in analysis and declslon making 

- grouth in distributed DSS, with close linka-
ges betvieen mainframe DSS languages and gene­
rators and the PC-based faoilitles 

- group DSS approach, suRTirted by looal area 
networks and group Communications services, 
like electronlc mail, wlll become much more 
oommon 

- DSS products will incorporate products (tools 
and teohnique3> of artificial intelligence, 
instead of the statistical and management 
science models of the past. "Iritelligent 
DSS" will assimilate expert systems, knowled-
ge representation, natural language query, 
voice and pattern recognition, etc..., and 
will be able to "suggest, learn, and under-
stand" tasks and problema 

More user friendllness is expected from the 
computer technology, such as dialog support 
hardware (light pens, touch screens), high-
resolution graphlcs, speeeh recognition and 
synthesis, raenus, windows, etc... It has been 
proven, for exarople, that for data manipulation 
the users strongly preferred volee over keying, 
because they could continually look at the 
screen while they dictated operations. It is 
also believed that expert 3ystems, as part of 
DSS, will be used more than they are nov. Many 
experts stili argue on vhat is and is not an 
expert system. For this reason, some authors 
t22'3 prefer to speak only about praotical 
"expert-like" systems. These are systems, that 
oapture logic of the application problem by 
means of a small number or even hundreds of 
IF...THEN...rules, and can be programmed in 
any high-level language, such as COBOL, FORTRAN, 
APL, BASIC, LISP and PROLOG or be expressed in 
a decision table form. Vhat really matters is 
that they must help users in making better 
decisions. 

Future trends vili shou no major changes in 
basic hardvare teohnologles, though speeds and 
oapaoities vili be improving 3teadily at about 
10 to 20 percent per year rate, physical rate 
vili be dirainishing, vhile the product life-
cycle vili remain at about three years. In some 
areas of applications,for example in transacti-
ons prooessing systems, the trends to replace 
procedural languages vith more poverful tools 
vili be very slov. 

In the 1990s the personal computer is going to 
become a management support facility (MSF). 
It vili be videly used in organizations ali 
around the vorld because of its technological 
attrlbutes and lov cost. Many decision-makers 
vili have MSF both in the offioe and at home. 
MSF vili have memorv sizes of 10-15 megabytes, 
and sooondary disk storage of up to 250 mega-
byte3. Very u3er-friendly l4GLs, vhich integrate 
oomputing, modeling, data management, and text 
processing vili be available on ali devices. 
More interesting functions of the technology 
vili be related to the deciaion-support funct-
ion: the mainframe databases that are neces-
sary in an organization'3 transactions proces­
sing system vili be created and comblned vith large 
sub-databases at MSF. Certain system3 vili be 
developed to vork vith their local databases 
in a problem-finding mode vhich vili help the 
manager in decislon-making. One mode of this 
type of operation is the use of expert systems 
in order to locate and solve problems. These 
problems can be categorized as: dealing vith 
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a erises, evaluating the overall effect of a 
change, balanclng the use of resources, deci-
slons that must be inade on resource replaoment 
or acqulsltlon, and trylng to foreoast the 
future. Todajfs largest expert sy3teins involve 
thousands of loglcal rules and thousands of 
objects to which the rules apply. The goals 
for the 19903are the expert sy3teins wlth tens 
of thousands of inference rules and up to 100 
mlllion objects C22]. 
Technologlcal and organlzatlonal changes vili 
also cause changes in the process of manage-
ment. Three posslble manager groups are fore-
seen: 
- Information syste(n3 managers, who are res-
ponslble for the creation, maintenance, and 
developoeht of the over-all informatlon 
sy3tems and Its resources; 

- user managers, who use the centralized In­
formation resources, and create, develop 
and use their personal and funotlonal area 
Information 3y3tems; 

- senior managers (executive management) who 
pursue the Information systems and resource 
allocatlon policies. 

The impllcations drawn frora the application 
of DSS across ali forms of enterprise has 
great importanoe to higher education. Univer-
sities must produce Information llterate as 
well as Computer literate graduates who can 
function in the environment of the modern 
organization. There is, therefore, a need to 
provlde a general course in informatlon sys-
tems that would be taken by ali students re-
gardless of their major discipline. We need 
to produce intelligent users of IS. 

niversities offering a 
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hanges in technology 
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Intelligence could be the informational 
embedding and the Informational arising. In 
this context, the question of artificial 
intel1Igence's blindness and its possible 
breakdowns can be put onto the horizon of the 
dlacussion which follows. 

1. Information, Its Background, and Its 
Foreground 

It is believed that higher cortlcal tunctions 
and forms or modes of intelligence (the general 
and factorial ones) are grounded as fundamental 
neurophysiological forms and processes in a 
specific biological substance. On the level of 
a biological substance and processes within 
Ihis substance, dlfferent sciences are 
introducing a preferably neutral grasping of 
understanding these processes, using the notion 
whlch they call Information. Through the 
centuries, in the development of philosophy, 
the notion of Information has been the 
understanding of different forms and processes. 
In brain research and neural science, 
neurophysiologlcal substance and 
neurophysi61ogical processes are concerned with 
a particular phenomenology, which can be' 
understood as neuroinformatles. 

Informatics is the neural, scientlfic, 
technological, and social discipline, the 
central and maln subject of which is 
Information, informational forms, and 
Informational processes. In the abyss of a 
phenomenon understanding, the ground of this 
abyss is Information. Information is 
recursively embedded in existing and arising 
Information. However, on the level of a livlng 
being, a belng's Information is falling into 
its own abyss, whose bottom is 
neurophysiologlcal. It seems that Information 
of a belng Is embedded in a being's 
neurophysIologlcal system. At the current stage 
of sclentific development it is not possible to 
construct a platform connectlng the top and the 
bottom of a being's Informational abyss, to 
determine the embedding of Information In a 
structured and organlzed neurophyslological 
substance. However, this does not mean that the 
neurophysiological bottom, whlch represents the 
surrounding for embedded Information, cannot be 
brought Into Informational eniightenment, At 
this point, Information is clrcularly 
concerning Information. Therefore, grasping of 
Information, in which intelligence Is embedded, 
has to be understood by Information itself. In 
this . basic arising of the problem of 
Information, it becomes necessary to expllcate 
and to articulate the questlon of Information 
in a more definite and constructive way. 

In this essay three informational levels can be 
described: the neurophysIologlcal, the 
Informational, and the intelllgent one. Even 
though the bacicground o( Information Is 
neurophysIologlcal, it can be llluminated 
lnrormatlonally. Information Is circular 
concerning Information. The foreground of 
Information is Intelllgent because 
Informational forms and Informational processes 
are informational constructs and informational 
compositlons explicatlng various informational 
propertl.es. It can be understood that 
intelligence Is embedded in Information and 
that Information is the sought environment of 
Intelligence. Thus, Investigation of 
informational phenomena is becoming fundamental 
and relevant for the design of future 
Informational subjects, informational objects, 
or Information machines, ali of whlch 
possessing some Intelllgent properties. 

2. The Nature of Blindness and Breal<down 

How does man understand cognition and how is 
this cognition bllnded? On the way to human 
cortices, sensory Information is extensively 
transformed by neurophysiological converslon, 
internal world model's and emotional flltering 
and moduiatlon, and not lastly, by individual 
processes of retlection and abstraction. The 
basis for this type of understanding is being-
in-the-world (Heidegger). Man's ability to 
treat his own experience as Involving present-
at-hand objects and properties is derived from 
a pre-conscious experience of them as ready-to-
hand. When man is being thrown in a (new) 
situation of acting with his pre-ref1ecti ve 
experience, he does not have the opportunity or 
need to disengage and function as detached 
observer. In this situation, retlection and 
abstraction are not the basis of a man'5 
everyday actlon. VVhenever a man treats a 
situation as present-at-hand, analyzing it in 
terms of objects and thelr properties, he 
thereby creates a blindness. His v i ew is' 
llmited to what can be expressed In the terms 
he has adopted (VVInograd, Flores). Reflective 
thought is impossible without the k ind of 
abstraction that produces various phenomena 
(Informational processes) of blindness. 

Information of objects and properties is not 
inherent in the world, but arises on the 
corti?al level onl> in events of breaking dovvn 
in whioh it becomes present-at-i.-md 
(Heidegger). A hammer as such, being used bv 
someone engaged in drivlng a nail, does not 
exlst. It is a part of the background of 
readiness-to-hand that is taken for glven 
vvlthout expllcit recognition as an object, The 
hamnier presents itself as a hammer only when 
there is some kind of breaking down or 
readiness-to-hand (for example, if it breaks or 
cannot be found). In a more general way, a 
State of pre-reflectI ve blindness can be 
changed only through events of breaking dovvn. 

The nature of blindness in the field of 
artificial intelligence is resting on the 
traditional (pre-reflecti ve) givenness 
(experience) of rat Ional is t ic thlnklng, vvhich 
is grounded in mathematical methodology, 
algorthmic approach, formal languages, 
deduetlve and inductive inference, and other 
hard sciences, ali of which are characterIstic 
ways of thinklng which use the left-heraisphere 
of the braln (or isolated to rouch from the 
right hemisphere). The blindness of a 
discipline can be broken-down through new 
phi losophlcal orientatlons whose groundings are 
essentially different from those of 
ratIonalIstic tradltion. Artificial 
intelligence as an encyclopaedic and 
rationalis tlcally hard-oriented discipline is 
not yet understanding and recognizing the real 
and soft problems of natural intelligence, so 
it is not in the position to set new 
intelllgent methodologies or construct programs 
or machines which could be, in fact, 
intelllgent. Intelligence wlthln artificial 
Intelligence Is not treated informatlcally at 
a H . It is not belng considered that 
intelligence is a particular or composed form 
or process of Information and therefore the 
question of Information, of its Being, vvithin 
artificial intelligence has never been 
exhaustlvely raised and questloned. 

The questlon of Information is generating a 
que5tionlng, and through this questioning it is 
delivering the interrogated, ivhich is 
illumlnating the notion of Information, to 
obtain sight into the essence of Information. 
This questionlng represents one of the possible 
breakdowns in comprehending of intelligence. 

http://propertl.es
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Hence, intelligence Is eomlng on the way to 
Intormationi It Is eomlng Into exlstenee as 
Information, as a particular informatlonal form 
or informational process following the 
Informatlonal prlnciples of structuring and 
organizing, i.e. of embeddlng and arlslng. 

3. Some Stupid Manners of Artlfictal 
Intel 1Igence 
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A relevant source of simple-mindedness 
(bli:dness vvithout occurrlng breakdourns) in al 
irograms is the use of wishful mnemonics like 
'understand', recogr ^r', 'understander ' , 
'goal', 'resolver', 'paramodulator', 'context', 
' natural-language-interf ace ' , Ms-a', eto. to 
refer to programs and data structures. To a 
great degree, such programs are unsolved 
problems rather than solutlons. Although a 
researcher does not have the means to 
understand an 'understander', he thlnks he can 
corae closer to a solution If he innocently 
States the question of 'understand'. So, he Is 
mlsleadlng hlmself and others that through tirne 
this identifier will lead to the wishful 
solution. Many examples of wishful mnemonics 
come to the mlnd. For example, GPS (short for 
General Problem Solver) caused a lot of 
needless excltement and distraction and Its 
proper identifier should have been LFGNS 
(Local-Feature-Guided Network Searcher). 

A pervasive sloppiness in ai thinking Is the 
tendency to see a natural source of problems 
and solutlons in natural language. The 
obsession with natural language seems to have 
caused the feeling that the human use of 
language Is a way to the cognltlve psyche. 
Natural language is only a particular form of 
Information, only a part in a belng's entlre 
Information, disturbing a belng which is a 
speaker or a llstener In an informationally 
subjective way. In no way is a natural language 
close to the language of a being's thought, to 
a being's complex internal inforraing. Language 
nuclei in the cortices are only particular 
areas in the entire brain structure, only 
stralghtly speclalized co-processors in the 
parallel brain configuration. Natural language 
Is a klnd of secondary language, a mediator 
betvveen a being's internal Information and a 
being's envlronment. As of now, thcre is no 
Idea at ali how belng experlences its thoughts 
In images and words, how It experlencc3 its 
thoughts at ali. 

4. What is the Crisis of Artificial 
Intel 1igence 

Crisis Is a controverslal Information occurrlng 
between the exlsting bllndness and the arising 
breakdowns whlch have to interrupt the 
bllndness' ruling and whlch have to start a new 
orientation. Crisis is an informatlonal process 
of decldlng how to progress Into bllndness' 
context and how to change this context 
accordlngly to breakdovvns' requl rements. 

Ai.'s bllndness is rooted In the »estern 
rat ional ist le traditlon vvhich is appropriate 

for ideally orlented and arbitrarily simplified 
and formalized sciences like mathematics, 
however it is not appropriate and sufficlent 
for sciences concerning livlng Information 
systems or even intelligence on the level of 
the human cortex. Bllndness of ai's exlstlng 
orientation lies In the bellef that today's 
algorithmlc approaches which are evidently non-
intelligent wlll, in time, reach the level of 
Intelligence by gathering more and more data 
and more and more algorithms, altering them In 
an intelligent way. It Is not clearly 
understood yet that artificial Intelligence qua 
intelligence needs an arising machlne and 
program substance. This last part of the 
prevlous statement represents the framework of 
the most relevant breakdoivn and requires that 
the foundatlons of today's ai have to be 
changed in a way to become informatlonally 
founded. 

S. Structuring and Organizing Information 

Information Informs. Informing, whlch is an 
action of producing and recelvlng Information, 
is governed by two basic Informatlonal 
prlnciples: Informational embeddlng and 
Informational arlslng. Arlslng of Information 
generates «ew Information whlch Is denoted as 
oounter-information. Thereupon, this new 
Information becomes a part of informatlonal 
embeddlng ready to be used for the generation 
of subsequent counter-InformatIon. What are the 
forms and processes for structuring and 
organizing Information? VVhat Is Information 
which structures and organizes Information? 

Information is circularly concerning the 
structuring and organizing of Information. 
These Informatlonal self-structuring and 
Informational self-organizing prlnciples have 
to be explained for comprehension of Belng of 
Information. There are two basic informational 
prlnciples whlch constitute structuring and 
organizing of Information qua Information: 
embeddlng and arlslng. From everyday experlence 
it is known that a new Information must be 
embedded in the exlstlng one, otherwlse its 
Informational comprehenslon would be not 
possible. Thus, a nevir Information is 
informationally 'expresaed' by the existlng 
one. However, new Information informs in. a nevv 
way and after its arising it is becoming a part 
of a new informational embeddlng. In this way. 
It Is possible to enlarge and to enrich the 
existlng informatlonal embeddlng by 
informational arising. Embeddlng and arising of 
Information are both simultaneousIy and 
dynamically Interactive informatIonal 
phenomena, which change, enlarge, or 
semantically enrich the realm of Informational 
embeddlng. Evidently, through Informatlonal 
arlslng, Inf ormat lonal embeddlng l,s also 
arlslng changlng, enlarglng, or enriching the 
realm of informational. 

Informatlonal embeddlng and Informatlonal 
arlslng can be explalned statically by the 
example of a co.mputer system. A computer system 
is appllcable, user-frlendly, or ready-to-hand 
if its usage has reached an adequately 
symbollcal or 1ingulstIcally appropriate level 
of appllcation, This readiness-to-hand Is a 
consequence of an alternate appllcation of 
system embeddlngs and system arising (In this 
čase, adding computer hardvvare and computer 
software) by an outvvard (system engineering) 
action of arising. In this way, a computer 
system is readled-to-hand by readyIng-to-hand 
when a new functlonal module Is embedded into 
the exlstlng computer structure and through 
this embeddlng it Is becoming a part of a nevv 
structure, changlng, enlarglng, or enriching 
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the previous structure and enabling 
addltlons of functlonal modules. 

further 

6. Artiflcial and Natural Intelligence 

tntelligence is a conjoined principle resulting 
from a speciflcally informational, spontaneous, 
and intel1igently orlented structuring, 
organizing, and arlsing of Information. Natural 
intelligence is al«vays an arising principle 
which is embedded each tirne in the existing 
intelligence, vvhere intelligence itself is 
embedded in a belng's entire or total 
Information. Intelligence is coming into 
exlstence through several Informational 
arisings and Informational embeddlngs, where 
the arising structure and the arising 
organization are determinlng the course or 
orientation of intelligence development up to 
the glven tlme slice. Thus, Intelligence is 
nothing more than presently structured and 
organized Information in the informatIonally 
orlented Interactlon of arising and embedding. 
The course or orientation of intelligence 
generation is by itself Information vvhich Is 
Influencing the coming of intelligence into 
existence. Acoordingly, the principle of 
intelligence can be stated in the follovving 
way! arising of intelligence, or coming of 
Intelligence into existence, is the consequence 
of informationally and Interactively orlented 
structuring, organizing, and arising of 
Information including Intelligence. 

On the contrary, artiflcial Intelligence Is not 
based yet on the InformatIonal principle of 
arising In a dynamic, Informational way. 
Simllarly, the embedding of ai structure and al 
organization is not arising In a dynamic 
manner. Ai is not even arising in a way slmilar 
to the loivest Inf ormat Ional forms and processes 
of llvtng Information. The consequence of these 
static al principles of arising and embedding 
is that al is intelligent only through its 
outvsrard maintenance, however not by itself. 

7. Intelligent Machine and Intelligent 
Information 

The objectlves of al in the future are to 
enable the construction of intelligent machlnes 
for which intelligent Information can be 
applled. Since Intelligence Is the phenomenon 
whlch Is embedded in Information, an 
Intelligent machine Is nothing more than 
informational machine, and intelligent 
Information Is a consequence of Informational 
programning. An intelligent machine is embedded 
in an informatIonal machine whlch comprises an 
informationally dynamlc architecture (belng 
swltched by slgnals, messages, or Information). 
An Intelligent program must have the property 
of Informational arising during its execution. 
In thls respect, the intelligent program is 
varying, arising, or vanishlng during its 
executlon, so, it can not be developed by means 
of today's programming methodology (e. g., 
structured prograramtng). Both, Intelligent 
machlnes and Intelligent programs have an 
informationally dynamlc structure, 
organization, embedding, arising, counter-
Informlng, etc. 

8. The Nevv Perspective of Artiflcial 
Intelligence 

Thls new perspective of ai Is in no way 
pessimistic, although it is conditloned by an 
entirely new, informatIonal foundation. Thls 
foundatlon is the most important breakdown 
essentially Influencing the progress in a new 
orientation. It is becomlng evldent that short 
term goals of approaching intelligent computer 
systems are not reachable. It is becomlng even 
evldent that the splltting of today's computer 
systems into non-lntellIgent and intelligent 
ones wlll become e.conomical ly reasonable. 
Intelligent machlnes and, Intelligent programs 
have to be develope'd In thetr own, 
Informational way by technological 
reconstruction and intelligent speclaltzat Ion 
of today's computer aystem. In thls respect, 
the aim of ai today is not so mueh In searohing 
fo; intel1igently impossible solutions on 
existing computer technology as searching of 
nevv ways, on whlch nevv, dynamic technological 
archi tectures and nevv, intelligent tools for 
Information programming have to be discovered. 
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1. INTRODUaiOH 

Optimization methods of manufactured assortments are 
generally not used frequently enough withln the basic 
production process activities in most industrial esta-
blishments. Defined in a oommon linear programme form 
these methods could be particularly useful in those 
Industries where they offer the market many different 
products or their variants and where the maln pro-
portlon of the products, aimed for an unknown puroha-
ser, is to be stored in a narehouse for a certain 
period of tirne (KRSTIC, 3)- There are two main reasons 
why the usage of the production problem linear progra­
mme has not been adequate within the establishments 
where it could have proved' both possible and profitab-
le. One reason is the lack of knouledge of optimization. 
methods among the management who therefore are not in 
a State to draw and build up the necessary schemes and 
models, of possible applications. The seoond reason is 
the rather awkward and demanding presentation of the LP 
input data and the complex interpretation of the LP 
output results which makes them hard to understand and 
explain to the end-users. Three years ago in the Iskra 
enterprise, Ljubljana, we drew up adequate models and 
organized the necessary education oourses for end-
-users. We have been runnlng on the computer some opti­
mization methods for single members (faotories) of the 
enterprise sinoe then. Unfortunately ali the computer 
programs are batch orientid and are not linked toge­
ther with other parts of the Information system, despi-
te the use of some Interactive equipment. This leads 
to a substantial redundancy in data within the Iskra 
Information systera. 

A nevj programme package is being developed at present 
comprising different models of LP which ali together 
build up a much more sophistioated system for pro­
duction planning and decision making. By means of it 
the necessary fundamental information will be genera­
ted which the top management of a manufaturlng company , 
is asking for. The input data are [DOStly extracted 
from a data base and partly generated interaotively by 
means of an applioation orientated matrix generator. 
By generating different aplication matrioes with dif­
ferent objective functions, various produotion plans 
could be studied. The optiraal solutions obtained by LP 
are further processed by a computer aided expert 
system. In the man-oomputer interfaoe the most sultable 
production assortment is selected. Useful sugestions 
for the elimination of production bottle-neoks and 
other complementary information could also b̂e obtained. 
The management and planning functions that link toge­

ther the finanoial and production parts are two impor-
tant domains of the program system applioation. 

The present LP program package, whlch is written in 
the APL programming language is of a prototype form. 
The final version will be in PASCAL. It solves linear 
prograrames with up to 200 constraints and with up to 
500 variables. The revised simplex method Is applied 
where the basis matrix is presented in product form 
with špike seleotions. Great attention has been paid 
in order to make the package as user friendly as 
possible and less attention has been paid to the pro­
gram' s effioiency in execution. 

In this paper we describe our approaoh and experience 
in developing the necessary softuare for solving LP in 
this particular fleld of applioation. 

2. CHARACTERISTICS OF THE PRODUCTION PROBLEM MODEL 

Let us first describe the general production (assort­
ment) problem of linear programming. 

Suppose that a company produces n products P., P-, ..., 
P by means of m different elements of the availlble 
pPoduction resources, such as machines, human capaci-
ties, finanoial means and other, the amounts of vihich 
are restricted by b,, b,, ..., b nithin the dlscussed 
period of tlme. The oonsunption of eaoh element of 
resources per unit of the produced product P. is knovm 
and we denote it by a.^, for ali j = 1, 2, ..., m and 
k = 1, 2, ..., n. There exist upper and loner pro­
duotion quantity bounds for each product due to the 
limited production resources, marketing restrlctions 
(possibllities) and the signed oontraots that impose 
certain obligations in production planning. The problem 
that arises most often is to define such an assortment 
and the corresponding quantities of the products which 
assure the maximum value of the profit after šale. 
Sometimes we try to optimize the net profit o. of pro­
duct Pĵ ,i.e. difference betueen its net selling priče 
and iti direct production costs. 

Denoting by L. the lower, by U. the upper possible and 
by Xĵ  the optimum production quantity of P̂^ we obtain 

\-^\ <U„ for k = 1, 2, 

or in a matrix notation 
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L < x < U 

Similarly we inay introduce 

^11 •••• ^In 

a-jT . > . • a^ 

• A = 

"21 "2n 

C = [c^ , Cg, . . . . o j 

•ml 

and define the general produotion problem LP in the 
folloving way: 

Find Coompute) the solutlon of produotion quantities 
vector X, satisfying relations (1) and 

Ax < b 

for nhich the value of the objeotive function f(x) i s 
niaximum, vrtiere 

f (x ) = (c,x) , 

We can solve this problem by means of the general 
siinplex method. 

The specifio characteristics of the produotion problem 
LP for the needs od the Iskra enterprise take Into 
account the folloviing two characteristics of the 
present state of the econoiny in Yugoslavla: 
(I) The need for the olosest posslble balance 

between exports and imports vithin each parti-
cular enterpise 

(II) Very high rate of inflation and very high rates 
of bank interest oharges (MO % - 70 % ) . 

The possibilities of coping with the oonditions that 
aocompan/ the two characteristics differ very muoh 
among dlfferent enterprlses. We explaln here only 
briefly the basic characteristics of the foreign 
currency balanoing assortment problem which incorpora-
tes both the resouroes and users of foreign ourrenoy 
at the same tirne. More detalls on the subject are 
given in (KRSTiC and KLUCAR), I)). 

The basic inequallty which we add to the system of 
oonstraint functions is 
^n (E-I) ̂  > D 

in 

where <E-I)|^ stands for the export - import trade 
balance of product Pĵ  exported to some foreign 
customer. The same pPoduot may differ in the export 
priče E and the amount (priče) of the imported raw 
material I from one country to another one. We there-
fore consider it in the LP as a dlfferent product for 
each dlfferent oountr/. The values of the export -
- import trade balance for ali the products are stated 
in the same foreign currency unit, usually in DM or in 
US dollars. Product P. produced for the Vugoslav 
market would have a negative export - import trade 
balance (-1,), according to the above definition. D 
the above relation means the neoessary surplus in 
foreign trading which the enterprise needs for some 
other purposes such as the import of the nece3sary 
equipment, advertising in foreign countries and 
similar. 

The example of treating each product as a dlfferent 
one for each diferent cour.try shows that we have to 
deal with a large amount of LP input data (usually we 
optimize the produotion programme tvrioe a year, 
accomplishing S-"* consecutive oomputer runs each tirne 
and enabling the users to exchange some of the para-
meters). Here we use eleotronic spreadsheets as an 

additional and helpful resource for presentlng the ori­
ginal data in the LP input form. Nevertheless we are 
nowadays not satisfied with this kind of approach. We 
have decided therefore to develop a new program packa-
ge which is better orientated to the end-user. It is 
based on the results and experlences of the suooess-
fully performed produotion plannirj; model adjusted 
to the real environment and givine reasonable financial 
effeots both in Yu^oslav and foreign currencies. 

3. CHARACTERISTKS OF THE PRODU(n'ION PROBLEM INTERA-
CTIVE-TYPE MODEL (PACKAGE) DESIGN 

The discussed model (program package) consists of three 
modules: 

- LP input data preparation module; 
- LP module and 
- postoptimization module. 

In the folloMing we describe the basic oharacteristios 
of each of these modules. 

3.1. LINEAR PROGRAMME INPUT DATA PREPARATION MODULE 

It consists of three parts that handle the followlng 
aotivities: ' 
- retrieval of data from the Iskra enterprise MIS data 
base; 

- Interactive input and modification of the additional 
data; 

- building up the LP input data matrix. 

In order to retrieve data from the data base the user 
States the name of the product and the corresponding 
attributes that he uants. New products and new attribu-
tes can be added into the data base and raodificatlons 
to the retrleved data (prices to-oorae, expenses, .,.) 
can be performed interactively. The user can further 
state and define his conditions and demands with regard 
to restriotions on the production problem solution. He 
either accepts the already existir.g restriotions vithin 
the LP or imposes some new ones. 

From the user standpoint there exi3t two ways (modes) 
of LP data preparation: 
(i) The general mode which enables the comroon approach 

to the LP prooess definition (min of max value of 
the objectlve function, optional relation opera-
tors of the oonstraint functions, etc). 

(11) A mode oriented solely tovrards the produotion 
problem LP. It is user-friendly approach with 
additional references (options) explaining the 
raanageraent view and demands on standards and the 
pollcy which should be taken into account uithin 
the production process optimizlng procedures. The 
computer/user dialog inoludes question3 and 
ansviers about the chosen objectlve function vrtiich 
should be added to the LP data matrix of the 
oonstraint functions. In a sirailar way the user 
also gets the list of existing and available pro­
duction resources uhich he may use in the LP pro­
gramme. Here too he raay insert dlfferent rela-
tional operators. 

3.2. LINEAR PROCRA.MME MODULE 

The most efficient methods for solving LP problems are 
dlfferent variants of the simplex algorithm. Due to the 
dimensions of onr problem we could not use the standard 
siraplex method. It was necessary to employ the revised 
simplex method wlth basis matrix in a product form 
(MURTAGH, 5). HoMever, the expected dimensions of our 
problem don't require the use of the most sophisticated 
variants of this method. The most advanced feature used 
in our program is probably the algorithm for periodio 
refactorisation of the basis matrix with the "bumps and 
spikes selecting procedure". 

We must mention, however, that this module prograraned 
in APL shows relatlvely high ineffioienoy in execution 
corapared with a similar FORTRAN program vjhich is about 
ten times faster. 
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3.3. POSTOPTIMISATION MODULE 

Similarly to the LP input data preparation module, the 
piostoptimisation module enables two modes of operation. 
In the general mode, the oommon postoptinBlity (senai-
tivity) analysis is performed. It includea: 
a) computing the intervala vithln which the values 

of particular coefficients of the objective 
function can range and yet maintalning the same 
optimal solution (providing ali other elementa 
remain the same), 

b) computing the intervals within which the values 
of particular ooefflecients of the right-slde 
vector b can range and yet malntaining the same 
optimal basis (with changed values of the basic 
coefficients of x). 

Other standard type3 of LP output (MURTAGH, 5) are 
also provided. 

For our particular application another ncde of opera­
tion is available uhich is more user-friendly. It 
expresses ali LP output data in terms of production 
and finance. Using this mode production bottle-neoks 
beoause of teohnologioal oonstraints of foreign 
currency availability can be studied muoh more easily 
by the average end-user. Such interpretations also 
raise the level of user interesi and expertise in LP 
models within Iskra. 

t. PROTOTYPING APPROACH 

We extensively used the prototyping approach when 
working on these problems. Prototyping (BOAR, 1) is a 
relatively new method for extracting, presenting and 
refining a user's needs by building a vorking, 
user-friendly model of the ultimate system quickly and 
in context. The prototyping approach, by lnorementaly 
refining the model, leads to a bistter understanding of 
the problem and hence helps in the development of 
effective and efficient solutions. 

There are four basic stages in the prototyping life 
cycle: 
(i) Identify user's needs - define the problems and 

define the functions and data needed to solve 
them. 

(ii) Develop an Interactive model - quickly create a 
preliminary Korking model that incorporates the 
key items.identified in the previous step. 

(iii) Demonstrate the Interactive model - while demon-
strating the small system encourage the active 

role of the user - to add to and Ijnprove the 
systeii). 

(iv) Revise and evaluate the sy3tem - the prototype is 
altemately revised and implemented in the user'g 
environment until the system is aoceptable to 
both users and developers. 

For prototype building we use the APL prograinning 
language. This is a high level language which is parti-
cularly useful for the quick development of interaotive 
programnes (GILMAN, ROSE, 2). Its ability to perform 
vector and matrix operations make it also a povierful 
tool for testing mathematical algorithms. The main 
obstaole for uide use of APL is its inefficiency in 
execution. Nevertheless APL proved to be very. useful 
as a prototyping language for our particular type of 
application. We feel that our APL based prototype is a 
very good basic bor the development of a production 
solution, which will be in the PASCAL language. 

5. CONCLUSION 

Our project to build an LP production problem intera­
otive prototype is not finlshed. Up to nou our main 
attention was devoted to building an adaptively desi-
gned optimization model and appropriate LP module. The 
data preparation module and postoptimlsation module are 
not yet fully integrated into the system. 

The experience obtained in solving production problems 
for both particular factories and the uhole enterprise 
has encouraged us to continue and expand this project. 
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hIgh form of abstraction from mach 
and more conclse algorlthms and d 
class of problems. In general, ru 
loglcal deductlve procesa may be 
forward chalnlng and backward c 
differences between these two a 
Information (i.e. facts) generated 
strategies used. Methods to incre 
the path of Inferencing are discuss 
modeled after those used In aut 
provers and inay Include subsiunptlon 
control, variable free resolutlon 
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pproachea are the type of 
and the flexlbility of search 

ase efflclency and to control 
ed. These methods are largely 
omatlc mathemattcal theorem 

dlrectlve reasoning, search 
and proof by contradiction. 

Introduct ion 

Progranming languages and systems*, which are 
based on Predicate Logic, offer a wide number 
of advantages over "conventional" 8equential 
progranming languages. Thls is largely due to 
thelr high level of abstraction from the 
worklngs of a bare machine. One, who is 
famillar vvith both Assembler and Pascal, knows 
the relative advantages Pascal has in problem 
definlng, algorithm development, and loglcal 
constructlon for flow of control. These 
advantages come from the structure of the 
language Itself (its form of abstraction from 
machine code) which detines how the language 
represents and manipulates data. The form of 
abstraction for progranming languages or 
systeins, which are based on some form of 
loglcal reasoning, is not only one step hlgher 
than conventional programning languages, but 
also one step away from 8equentlal programning 
languages. That Is, these languages are 
declarative rather than sequential. Also, they 
generally incorporate (implicltly or 
expllcitly) a high degree of recursion. 

Systems, whlch simulate varlous forms of human 
reasoning and logtc, have opened and are 
employed In a number of new areas. Slnce the 
late 60's, development in programa whlch where 
based upon Mathematical Logic and where 
destgned as automattc theorem provers have 
helped lay one foundatlon for reasoning 

• the term 8ystera is used because, 
although programning languages based on 
Predicate Logic (such as Prolog) do exl8t, 
there are other optlons, such as ITP 
(Interactive theorem prover developed at 
Argonne National Laboratory), which are far 
more extenslve then a programning language. 

slmulatlon programs. Programs whlch use this 
foundatlon employ some form of Predicate 
Calculus and may be vteived as rule based 
systems. Although languages which incorporate 
Inferencing mechanisms and strategies are 
currently avallable (Prolog, OPS5, ect.), 
understandtng the structure and loglcal 
formalIsm whlch such a language incorporates is 
very valuable. For system8 based on Predicate 
Logic, varlous notatlons are avallable, e.g. 
pollsh notatlon, frames and semantic nets 
l^unS^. However, the clearest and most concise 
notatlon for a short discussion is predicate 
(or functional) form. 

Oeneral Background 

In functional form, t 
Its corresponding ar 
and f whlch repr 
respectively, are al 
represents a relatlon 
returns a truth valu 
predicate is P(X1,X2 
for 1 = 1,2 n eac 
a variable or a funct 
The convention, i 
represented in upper 
lower-case, Is used. 
predicates within the 
which onIy have con 
always assumed to hav 
are often referred to 
system ralses no obje 
following four exampl 

here is the predicate and 
guments (the predicates t 
esent true and false, 
so Included). A predicate 
betvveen its argumenta and 

e. The general form for a 
,Xn) where n => I and 

h Xi Is elther a constant, 
ion which returns a vslue. 
n whlch varlables are 
-čase and constants are in 
Because a H variable free 
sy8tem (I.e. predicates 

stants as arguements) are 
e the truth value t, they 
as facts. Note that the 

ctlons to false facts. The 
es represent predicates. 

1: =(4 4) 
2; connect(wlrel,wireS,wire3) 
3: node3(edge4,Y) 
4: connect(X,y,Z) 
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Froro a set of predicates, rules are constructed 
In order to deduce new relations between 
objects <i.e. new tacta). A rule conslsts of an 
antecedent and a consequence and la bullt by 
using the three boolean connectlves v, &, 
(or, and, not, respectively) and the 
Implicatlon arrow, >. A slngle predlcate or 
the negatlon of a stngle predicate vuhich ia in 
a rule (or in a clause) is often referred to as 
a llteral. Deductions are made by chooslng a 
rule and attempting to satisfy each literal in 
the antecedent of the rule. If the antecedent 
can be completely satlsfied then the 
consequence is generated and the newly deduced 
facts are added to the current set of facts. 
The sati8fying of a literal in the antecedent 
is achteved by instantlat ing the unbound 
variables in the literal with the values of the 
argumenta of a valld matching predicate in the 
current set of facts. The general form of a 
rule is P > Q, where both P and Q oonsist 
of one or more llterals. As an example, glven 
the following two rules: 

1: P1(X,Y) & P2(Z) & P3(X,Z) > 
R1(Y,Z) & R2(X) 

2: R1(X,Y) > qi(X,Y) 

and the followlng facts, 

3: Pl(a,b) 
4: P2(d) 
5: P3(a,d) 

The two facts which are deduced wlth Rule 1 are 
listed below. The Instantlat ion of the 
variables found in the rule is listed to the 
rlght. 

6: Rl(b,d) (X a, Y b, Z d) 
7! R2(a) 

and then from Rule 2 the followlng fact is 
deduced 

Backvvard Chalning 

The goal directed approach, implemented by a 
depth first search, often allows backward 
chainlng great efficiency. The path of 
Inference begins wlth a "goal" (l.e. the 
deduction tvhich is desired and which represents 
the root of the tree). Given the goal, the 
consequence of each rule is matched against the 
goal. If a rule contalns a literal in Its 
consequence which matches the goal, then an 
attempt is made to sati8fy each llteral in the 
antecedent of this rule. In this attempt to 
satl8fy the antecedent, each literal in the 
antecedent Is sequentially taken as the current 
"goal", ali necessary variables are 
instantlated and an attempt is made to satlsfy 
it. If a H literals in the antecedent are 
satisfled then the con8equence is generated. 
Due to the fact that the rules are selected by 
their consequences, often the robustness of 
reasoning Is cleanly insured when rules are 
wrltten In a form such that the length of each 
consequence Is not longer than one (e.g Horn 
clauses as used in Prolog). 

Conslder the following example of a depth first 
search strategy implemented by backward 
chainlng. Olven the following goal, facts and 
ruleS! 

Goal; aoal(X,Y) 

Facts: 
1) Pl(a) 

Pl(b) 
P K c ) 
P4(d) 
P4(e) 

2) 
3) 
4) 
5) 

Rules : 
6) P1(X) & P2(Y) > Goal(X,Y) 
7) P3(X) > P2(X) 
8) P4(X) > P3(X) 

81 Ql(b,d) (X b, Y d) 

Note that in order to make the deduction uslng 
the second rule, the deduction using Rule 1 
(<6) was needed first. 

Given a set of facts and a set of rules, 
various paths to a solution are often posslble 
depending on the order in whlch deductions are 
made. The order In which the rules are used 
generally deterroines the path of inference 
taken. That is, the order In which the 
antecedent of the rules are satisfled dlrectly 
determines the order In which the new facts are 
deduced. This order is usually determined by 
choosing a predicate in some manner wtth which 
the antecedent of matching rules may be 
satlsfied. If one views the path of inference 
as a tree, then the path taken In order to 
reach a solution represents a search of the 
tree. In this manner, depth first and breadth 
first searches, among others, may be 
implemented in flnding a solution. Forward 
chalning and backward chainlng are the two 
methods generally Impleroented for choosing a 
rule from the set of rules, and thus, in part, 
influence the path of inference. Wl th forvvard 
chalning, rules are choosen by matching a 
llteral in the antecedent of a rule. For 
backvvard chainlng, rules are choosen by 
matching a literal in the consequence of a 
rule. As one would expect the choice between 
which method to implement implies a trade-off 
between flexlbility and efflclency. 

The tree in Figure 1 represents a depth first 
strategy to generate the six posslble 
deductions which satlsfy the goal ' and are 
listed belovv. The solld edges represent that 
part of the tree whlch has been searched,' 
whereas the broken edges represent the nodes 
vtfhich will be searched. 

9) GoaKa.d) 
10) Goal(a,e) 

11) Goal(b,d) 13) O o a K c d ) 
12) Ooal(b,e) 14) GoaKc.e) 

Forward Chalning 

Although efflclent, baekivard chainlng only 
generates facts (l.e. Information) whlch 
satisfy a specific goal. Other. Information 
ivhich does not lle dtrectly on the path of 
satisfying the goal is never generated; 
although it may be very Informative and 
pertinent. Such Information may be useful in 
problem solving where goals are either not 
clearly deflned or very general. Wlth forward 
chainlng, the facts generated may tend to be 
more general. This Is due in part to rules 
vvhich may be represented differently and whleh 
yield more general facts from thelr 
consequence8 than Is poaslble uslng backward 
chainlng. Also, due to the fact that a 
forward chainlng system lacks a specific goal 
to satisfy, it deduces ali posslble deductions 
glven a set of facts and set of rules. 
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Pl(a) 4 P2<y) 

I 
P3(X) 

'I P4(X) 

/ ' ^ 

PKc) & P2(Y) 
I 
I 
1 

P3(X) 
\ 
1 

P4<d) P4(e) 

Figure 1: Oepth (Irst search with backward chalning. 

Rules and Facts 

Forward chalning allows greater (lexlbility In 
search strategles and generates more general 
Information at the cest of greater 
Inefficlency. Wlth the absence of the goal-
dlrected approach, as described above in 
backward chalning, Horn clauses (and otber 
fortns where the consequence Is a single 
literal) no longer offer an advantage as a form 
for the rules to be wrltten In. Rather, 
removing the restrlctions Horn clauses Impose 
on clausal form Is more suitable and 
advantageous when uslng forward chalning. A 
clause Is simply defined as a dlsjunctlon of 
literals and the length of the clause Is equal 
to the ntunber of Its literals. If clausal form 
is loosely Implemented, then for each rule (as 
represented In the comnon P > Q form) the 
antecedent consists of a conjunction of 
literals, whereas the consequence may be elther 
a dlsjunction of literals or a conjunction of 
literals. The key to translating these rules 
Into clausal form Is that P > Q is IogicaUy 
equlvalent to -P v Q. Thus, each rule of the 
form Pl &...& Pn > Ql is logically 
equlvalent to the clausal form -Pl v...v -Pn v 
Ql. Extending this, each rule of the form Pl 
&...& Pn > <}1 v...v qn is logically 
equivalent to -Pl v...v -Pn v Ql v...v Qn (this 
is known as KowalBkl forra). Finally, each 
rule of the form Pl &...& Pn > Ql &.. .& Qn 
may be vlewed as a compact notation for the 
logically equlvalent set of rules (which are 
Horn clauses) 

-Pl v...v -Pn v Ql 

-Pl v... v -Pn v Qn. 

Note that literals in the antecedent may also 
be negations of predlcates. Hence, Pl & -P2 & 
P3 > Ql v Q2 Is often translated Into 
clausal form as -Pl v P2 V -P3 v Ql v q2 
which, by association, is equal to -Pl v -P3 v 
P2 v Ql v Q2. This represents the loglcally 
equlvalent rule Pl 4 P3 —-> P2 v Ql v Q2. 
Hovrever, In order to retaln the full Intention 
behind each rule, the follovvlng loglcally 
equivalent clausal form is used: -Pl v -(-P2) v 
-P3 v Ql v Q2. 

Set of Support 

.Wlth forward chalning, 
can be directed by a s 
facts) called the Set o 
the "current clause", 
of Support and a lit 
clause is matched agal 
antecedent of each rule 
current clause can sa 
antecedent of a rule, 
to Batlsfy the remal 
antecedent. If the 
completely satisfied 
generated and placed in 
tbe current clause has 
then each literal in 
sequentially from left 
literals In the curr 
matched agalnst each r 
is removed from the Set 
procesa Is repeated unt 
exhausted (i.e. empty). 

the path of Inferencing 
et of clauses (whlch are 
t Support. One clause,' 
is removed from the Set 
eral from the current 
nst the literals In the 

If the literal of the 
tisfy a 11teral in the 
then an attempt is roade 

nlng literals in the 
antecedent can be 

then the consequence is 
the Set of Support. If 
length greater than one, 
the clause is taken 

to right. After ali the 
ent clause have been 
ule, the current clause 
of Support. Thus, this 
11 the Set of Support is 

If one vievvs the Set of Support as a stack, 
then the manipulatlon of this stack m8y 
represent a number a various search strategles. 
If each newly generated fact is placed on top 
of the Set of Support (i.e. the atack Is First 
In Last Out), then a depth flrst search 
results. However, if each newly generated fact 
is placed on the bottom (I.e. the stack is 
First In First Out), then the Set of Support 
implements a breadth first search. In 
additlon to these two standard. search 
strategles, a number of other strategles may be 
implemented which may be more effective for 
particular problema. For example, the length 
of a clause being generated may be used as a 
crlteria for chooslng the current clause from 
the Set of Support. Thus, the Set of Support 
is ordered such that the shortest clauses are 
always on top. This helps to control looping 
and to prune branches from the tree in which 
clauses may slmply ezpand themselves 
inflnitely. Often even more desirable, each 
clause generated may be welghted elther by a 
predefined weight for each predleate or 
interact1vely. This later approach can be very 
effective because (human) intelligence coraes to 
bear on the direction of reasoning belng taken. 

As a short example descrlblng the Set of 
Support and its Implementation of search 
strategles, consider the following problem. In 
order to minimize boolean functions which are 
in disjunctive normal form, the siraple 
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observation that xlx2-x3x4 v -xlxZ-x3x4 can be 
reduced to x2-x3x4 is otten used (note that in 
this dlsjunctlon xt and -xl offset each other 
and the truth value ot this dlsjunctlon Is 
determined by x2-x3x4 v x2-x3x4). In order to 
tnlnlmize (unctlons of four varlables, the 
tacts describing a H the possible reductions 
(or four variables and for three varlables are 
needed In order to begin. They may be 
represented by the tollowing predlcates: 

Reduce4(xlx2x3x4 Xlx2x3-x4 Xlx2x3) 
Reduce4(xlx2x3x4 Xlx2-x3x4 xlx2x4) 

Reduce4(xl-x2-x3-x4 -xl-x2-x3-x4 
Reduce3(xlx2x3 xlx2-x3 xlx2) 
Reduce3(xlx2x3 xl-x2x3 xlx3) 

-x2-x3-x4) 

Reduce3(xl-x2-x4 -Xl-x2-x4 -x2-x4) 

Only the followlng two rules are needed: 

1: Var4(X) & Var4C!f) & Reduce4(X,Y,Z) > 
Var3(Z) 

2: Var3{X) & Var3(Y) & Reduee3(X.Y.Z) — > 
Var2(Z) 

Taklng the function: 

F = -Xlx2x3-x4 v Xl-x2x3-x4 v 
v Xlx2-x3-x4 v -Xlx2-x3-x4 

lnitially, the Set of Support is: 

3; Var4(-xlx2x3-x4) 
4: Var4(xl-x2x3-x4) 
5: Var4(xlx2x3-x4) 
6: Var4(xlx2-x3-x4) 
7: Var4(-xlx2-x3-x4) 

Xlx2x3-x4 

Figure 2 glves a snap shot view of the Set of 
Support. At each step. the current clause being 
used to make deductions Is removed froni the Set 
of Support and a H facts whlch were deduced 
uslng thls clause are placed on the bottom of* 
the stack. The numbers to the rlght of the 
deduced facts represent whlch facts were used 
to make the reductlon. 

At thls polnt, the remaining clauses wlll 
siinply be popped from the Set of Support with 
no new facts belng deduced and the Set of 
Support will thuB exhaust Itself. From the 
results, If we use the number of a fact, which 
represents a term In the equatlon (rather then 
the term itself), it is easy to see that: 

P ^ «3 v *4 v #5 v «6 v «7 

«14 = »9 v *11 

«9 <= *3 v »7 
«11 ^ «S v »6 

hence, 

«14 = «3 v «5 v «6 v «7 and 
F = »14 v «4 

theretore, 

F = -Xlx2x3-x4 v Xl-x2x3-x4 
Xlx2-x3-x4 v -Xlx2-x3-x4 

v xlx2x3-x4 v 

= x2-x4 v Xl-x2x3-x4. 

The precedlng example exhlblts a breadth-first 
search of a H possible reductions. That is, a H 
reductions to three variables are made first 
and then, after this, a H reductions to two 
varlables are made. However, tf the deduced 

1) Current: Var4(-xlx2x3-x4) 

SoS: 

8i 

Var4(xl-x2x3-x4) 
Var4(xlx2x3-x4) 
Var4(xlx2-x3-x4) 
Var4(-xlx2-x3-x4) 
Var3(x2x3-x4) 

9: Var3(-xlx2-x4) 

3) Current: Var4(xlx2x3-x4) 

SoS: Var4(xlx2-x3-x4) 
Var4(-xlx2-x3-x4) 
Var3(x2x3-x4) 
Var3(-xlx2-x4) 
Var3<xlx3-x4) 

11: Var3(xlx2-x4) 

2) Current: Var4(xl-x2x3-x4) 

Sos: Var4(xlx2x3-x4) 
Var4(xlx2-x3-x4) 
Var4(-xlx2-x3-x4) 
Var3(x2x3-x4) 

4,5 
3,5 
3,7 

,6 

10: 

4) Current: 

SoS: 

12: 

Var3(-xlx2-x4) 
Var3(xlx3-x4) 

Var4(xlx2-x3-x4) 

Var4(-xlx2-x3-x4) 
Var3(x2x3-x4) 
Var3(-xlx2-x4) 
Var3(xlx3-x4) 
Var3(xlx2-x4) 
Var3(x2-x3-x4) 6,7 

5) Current: Var4(-xlx2-x3-x4) 6) Current: Var3(x2x3-x4) 

Sos : 

7) Current: 

SoS: 

14: 

Var3(x2x3-x4) 
Var3(-xlx2-x4) 
Var3(xlx3-x4) 
Var3(xlx2-x4) 
Var3(x2-x3-x4) 

Var3(-xlx2-x4) 

Var3(xlx3-x4) 
Var3(xlx2-x4) 
Var3(x2-x3-x4) 
Var2(x2-x4) 
Var2(x2-x4) 

SoS: 

13: 

Var3(-xlx2-x4) 
Var3(xlx3-x4) 
Var3(xlx2-x4) 
Var3(x2-x3-x4) 
Var2(x2-x4) 8,12 

9,11 

8) Current: Var3(xlx3-x4) 

SoS: Var3(xlx2-x4) 
Var3(x2-x3-x4) 
Var2(x2-x4) 
Var2(x2-x4). 

Fig 2 : Set of Support wlth breadth first search 
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facta were placed on top of the stack rather 
than on the bottom, a depth flrst search 
results. Then wlth the first reduetlon to three 
varlables, (and with every reduetlon 
thereafter) an attempt Is made to reduce this 
new fact linnediately. Although thls example Is 
rather trlvlal, It Is possible to percelve how 
one can control the path of Inferencing by 
nianipulat Ing the Set of Support In a number of 
different ways. Weightlng each clause as It Is 
placed In the Set of Support and then popping 
the clause with the lowest weight can also be 
very effectlve. Ftnally, due to the rapld 
growth of "long" facts, It Is also advantageous 
to plače the clauses of the shortest length on 
top of the Set of Support. 

Varlable Free Resolutlon and Subsumptlon 

VVith clausal form, the generation of facts 
requlres speclal attentlon. Thls is due to 
facta whlch have a length greater than one. 
These facts are generated In one of two ways. 
First, glven the rule Pl & ... & Pn > Ql v 
v.,.v Qn Is generated. Second, glven the rule 
Pl 4...4 Pn > Ql and the faets P2,...,Pn and 
the fact Pl v SI v...v Sn, the fact Ql v St 
v...v Sn is generated. Normally, In an 
automatic theorem prover the goal of the system 
Is to reach the null clause. However, If one 
makes the goal of the aystem to attempt to 
determine the truth values for each predlcate, 
then the clause of the shortest length is most 
deslrable. In order to keep the facts as 
conclse and short as possible, wlth each 
deductlon two final steps are taken with the 
deduced fact - varlable free resolutlon and 
subsumpt ion. 

By definitlon, facts are clauses whlch are 
varlable free. Hence, we may use varlable free 
resolutlon and trom the facts themselves 
produce new facts wlthout the use of a rule. In 
general, glven the two facts Ll v Cl and -Ll v 
C2 where Ll Is a Uteral and Cl and C2 are the 
remainlng disjunctions of llterals (l.e. 
clauses) wlthln thelr respectlve facts, then 
the fact Cl v C2* may be deduced. There are two 
Instances In whlch varlable free resolutlon is 
advantageou8ly applied to facts. The flrst čase 
Is glven one fact whlch has length greater than 
one and a second fact of length one which can 
be resolved wlth the flrst fact. For example, 
If the followlng two facts exlst Pl v Rl v...v 
Rn and -Pl, then the fact BI v...v Rn Is 
generated from them. The second čase is glven 
two facts, 8ay, Pl v Cl and -Pl v Cl, where Pl 
and -Pl are llterals and Cl Is the remaining 
clause, then the fact Cl v Cl whlch equals Cl 
Is generated. Por example, from the two facts, 
Pl v Ql and -Pl v Ql, the fact Ql is resolved. 
UnfortunateIy, other applleatlons of varlable 
free resolutlon to facts do not tend to yleld 
useful facts. To see thls, take Pl v Cl and -Pl 
v C2 and resolve the fact Cl v C2. Any further 
deductlons wlth the fact Cl v C2 using the 
rules may also be generated uslng one of the 
two initlal facts (e.g. for any deductlons made 
uslng a llteral in Cl, slmply take the deduced 
fact and replace C2 by Pl. Llkewlse, for ali 
facts deduced uslng C2, slmply replace Cl wlt>f 

• To see thls remember that Pl & ... • & Pn > 
Ql v...v Qn Is loglcally equlvalent to -Pl 
v...v -Pn v qi v...v Qn. Then, Ll v ci Is 
equlvalent to -Cl > Ll and -Ll v C2' Is 
equlvalent to Ll > C2. From thls -Cl > 
C2 whlch Is equlvalent to Cl v C2. 

-Pl). Furthermore, any varlable free 
resolutions uslng the fact Cl v C2 or any of 
Its descendant may also be reached by uslng the 
to tnltlal facts. For example, 8ay -Cl extsts, 
then thls may be used wlth Pl v Cl to resolve 
the fact Pl. Then this fact Is used wlth -Pl v 
C2 to resolve C2, whlch may be dlrectly 
resolved uslng the facts -Cl and Cl v C2. 

The generation of facts as clauses also 
produces ineffIclencles due to redundant or 
less specific facts. The use of subsumptlon 
helps control the rapld growth of these facts. 
Agaln, If the goal of the sy8tem Is to find the 
truth values of each predlcate then facts which 
are less specific are subsumed (l.e. slmply 
dlscarded). Thls Is possible because a H the 
descendants of these facts can be reached by 
shorter more specific facts. aenerally, any 
fact Ll v L2 V ... V Ln subsuntes another fact. 
Ml v M2 v ... v Mr If n <• r and for I • 
1,2 n Ll = Ml. For example, If the two 
facts Ll and Ll v Al v BI both exlst then Ll 
wlll subsume Ll v Al v BI. That is, for any new 
Information to be deduced about the truth 
values of Al or BI, the fact -Ll must exist In 
ord«r to flrst resolve the clause Ll v Al v BI 
to the clause Al v BI. However, thls is 
Impossible without having a contradictton In 
the systero. Likevvise, ali new facts deduced 
from Ll v Al v Bi using varlable free 
resolutlon vvlth elther llteral Al or llteral BI 
wlll contain the llteral Ll and hence, wlll 
also be useless. Flnally, ali deductlons using 
rules wlll result ln one of two cases. If 
elther llteral Al or BI Is used to resolve the 
antecedent of a rule, then con8equence whlch 
wlll be generated wlll also contain the llteral 
Ll. Second, If the rule Ll > Cl v...v Dl 
exists, then the fact Al v BI v Cl v...v Dl may 
be deduced uslng the fact Ll v Al v BI. 
However, Ll may also be used dlrectly.to deduce 
Cl v...v Dl, whlch In turn subsumes Al v BI v 
Cl v... v Dl. Hence, the syBtem slmply discards 
Ll v Al v BI. 

ContradictIon Clause 

Often, If a solutlon Is reached, It Is 
deslrable to stop the deductlon process even 
though the Set of Support has not been 
exhausted. To do thls a speclal clause called 
the contradictIon clause Is accepted by the 
system. If a contradictIon generated by the 
system Is acceptable, then the systeni stops. 
aenerally, If the solutlon to a problem 
consists of a conjunctlon of llterals, say, Pl 
&...& Pn, then the contradiction Is entered as 
-Pl &...& -Pn. Thls 18 loglcally equlvalent to 
the clause Pl v...v Pn and roay be interpreted 
as the rule -Pl &...& -Pn > whleh, when 
satlsfled, generates the null clause (whlch 
represents the contradictIon), AS there may be 
a set of Solutions (aH of whlch are not 
necessarily acceptable), upon reaching a 
contradictlon, it Is best to query where the 
current contradictlon Is satisfatory. If not, 
the system continues to attempt to generate 
other contradictlons. 

Conclusion 

A system based on Predlcate Logic, uslng 
forward chalning, can be designed for general 
problem solving. Such a system requires methods 
for controlling IneftIclencles whlch arise when 
using clausal form. Automatic theorem provers, 
developed to verify mathematlcal proofs, offer 
varlous structures for Improvlng efflclency and 
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insuring sound reasonlng. Such svstems, based 
on forward chainlng offer great flexibllity In 
searchlng strategles as well as more general 
Information when facts are generated In clausal 
form. 
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possible to keep the continuation of our 
collaboration on force. 



KOMUNIKACIJSKI VMESNIK SPI - 11 INFORMATICA 3/87 

UDK 681.324 

Lojze Vogel 
Institut Jožef Štefan 

Ljubljana 

Clanak pradatavlja vaasnik SPI-11. Razvit Ja bil za potraba 
•Ikrorabunalnika PHP-ll z naaanoa, da se povafiajo njagova 
koaunikaoijska ZBoglJlvostl. Opisana Ja izvirna aparaturna 
zgradba in prikazana aadularna zasnova vaasnika. Prograaski 
in aparaturni zdrutlJivosti z Za razvitiai aoduli PHP-li i» 
bila v razvojni fazi naaanjana posabna pozornost. 

COnnUHICATION INTERPACE BPI-lli In thls papar tha ooaaunioati-
on intarfaoa 8PI-11 is dascribad. It «MS davalopad for 
•ioropracaasor PHP-11 to anhanoa its oonaunioatian oapabiliti-
as. Original daslgn and aodular approaoh of tha intarfaoa is 
prasantad. Spaolal attantion (»as pald to softMara and hardwa-
ra coMpatibillty with alraad/ davalopad PHP-11 aoduls. 

2 MEDBTAVITEV VMEBHIKA 

2.1 IshodlM« pri caanovl 

* UVOD 

Sarljski in paralalni koaunlkaoljski vaasnik 
SPI-lt pradstsvlja anaga od aodulov, ki dopol-
njujajo aikrorafiunalnik PHP-11 ( anokartifini 
BlkroraBunalnik na osnovi Dlgital-ovaga alkro-
prooasorja DCT-11, ki Ja prograasko v oaloti 
skladan s slstaal PDP-11 in L8I-11 tar doaafio 
drutino računalnikov Iskra Dalta pod oparaoij-
skia slBtaaoB RT-11 ). Vsi uporabiniki nikro-
raOunalnlka PHP-ll, ki pri svojaa delu potra-
bujajo vaCJa koaunikaoijska zaogljivosti ( v 
sistaau braz SPI-11 sta na voljo dva asinhroni 
sanjski liniji RS-232 s hitrostjo 19200 bau-
dov >, lahko z dodania VBasnlkoa pridobijo ta 
nadaljnih sadaa sarijskih Unij. Pri taa 
lahko dva od sarijskih kanalov direktno kral-
lita aodOB, nadaljna dva pa podpirata konuni-
kacijo preko 2QaA tokovnih zank. Potrebo po 
paralalnaa koBuniolranJu s poljubno uporabni­
kovo periferijo pokriva 24-Blgnalni paralalni 
vaasnik, ki Ja sestavni del novega koBunika-
oijskega aodula. 
Odlika SPI-11 vaasnika Ja njegova aodularna 
zasnova, ki oBogofia enostavno paralelna pova-
zovanja nadaljnih 8PI-11, Ce se pokaZe potreba 
po razllrltvi koBunlkaolJsklh zahtev. V aa-
ks4aalni konfIguraoiJI Ja dovoljena paralelna 
povezava ttlrlh 8PI-11 na en alkroraCunalnlk. 
Ta povezava Ja v oaloti aparaturno In prograa­
sko skladna s krailnikoa trdega < hlnohester ) 
dlaka, ki Ja priklju6an na PHP-11 I/O vodilo 
'na enak naOin kot koBunlkaeiJskl vaesnik-i. 

Standardni foraat tiskanina za PHP-11 < diaen-
zlje 162 X 141 aa ) bistveno doloea doaet 
koaunikaoijskega vaasnika. Poleg foraata pa 
so na zasnovo vplivale <a druga zahteva in 
oaejitve. Najpoaeabnajta zahteva Je hkratna 
aparaturna in prograaska skladnost z aikrora-
fiunalnlkoa in krallnlkOB trdega diska. Pri 
taa Ja potrebno upottevatl, da Ja lahko na 
PHP-11 I/O vadilo paralelno priklJuCenih vefi 
krailnlkov ozlroaa vaesnlkov. Vaasniku 8PI-11 
Ja dodeljenih tast poanllnitkih lokacij iz 
naslovnega prostora I/O strani. Tea naslovoa 
so v 8PI-11 dodeljeni registri, ki so dostopni 
procesorju. Kar alkroraCunalnlk PHP-ll pred 
vsakla vplBoa zahteva tudi branje pcanllnitke 
lokacija, aora krailna enota aparaturno oneao-
gofiitl branja v prlaaru registra, ki dovoljuje 
saao vpisovanje < tak slufiaj predstavlja kr-
ailnl register eleaenta 8255A ). Upottevanja 
podobnih zahtev in oaajitev Ja privedla do 
koaproBlsna ratltva, ki Je narekovala izbiro 
Zeljanih funkolj. 

Aparaturno Je serijski In paralelni koaunika-
aijski vaesnik tako zasnovan, da Je aoln« 
paralelna povezava dveh, treh, naJveC pa ttl­
rlh VBasnikov na en aikraraCunalnik PHP-ll. 
Na ta naOln Je dana aoZnost, da se oses 
koBunlkaolJsklh kanalov ( 7 serijskih linij in 
en paralelni vaesnik > raztlrl na 16, 24 
ozlroaa 32 kanalov. V prlaeru uporabe vefi 
8PI-11 Je potrebno na vsaki tlskanlni nastavi­
ti razlieno kodo aodula. Hodul Je aktiven 
saao v BluOaJu, kadar se njegova fiksno izbra­
na koda ujeaa z naslovoa, ki ga potlje alkro-
rafiunalnik v trenutku, ko izbira koaunikaoij-
ski kanal. 
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Na SPI-11 sta zastopana samo dva osnovna ko­
munikacijska elenentai serijska linij« RS-232 
in paralelni vmesnik. Na eno tiskanino je 
bilo mofi razporediti najveC sedem serijskih 
linij in en 2*-Bignalni paralelni vmesnik. 
Razpoložljiv prostor je namenjen Se dvema 20mA 
tokovnima zankama in vezju, ki podpira modem­
ske signale za dve serijski liniji. 

2.3 Barijmka linija 

2.2 Krmilna anota 
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Izbor kanala, s katerim 2eli 
vzpostaviti zveza, se izvede na 
sistem poSlJe komunikacijskemu 
beljenega kanala, ki ga vme 
naslovni register, dekodira in 
no linija, po kateri vzpostavi 
priključena periferno napravo 
obstojeeiiB kanalom se prekine, 
nalnik po€lje krmilni enoti nov 
ren naslov kanala, s katerim 
komunicirati, je sestavljen 
take da trije najmanj pomembni 
vljajo naslov kanala znotraj iz 
Dva najbolj pomembna bita pa 
izmed Štirih komunikacijskih v 
lahko hkrati priključeni na mik 
vhodno/izhodno vodilo. 

mikroračunalnik 
ta način, da 

vmesniku naslov 
snik shrani v 
aktivira izbra-
komunikacijo s 

Povezava z 
ko mikroraCu-
naslov, Bina-
želi procesor 

iz dveh delov, 
biti predsta-

branega SPI-ll. 
izbereta - enega 
mesnikov, ki so 
roračunalnikovo 

2.4 Prekinltvana zahbava 

Na vhodno/izhodnem vodilu mikroračunalnika je 
ena sama linija IRO, po kateri periferija 
javlja procesorju potrebo po takojšnjem servi­
siranju prekinitvene zahteve. Na to linijo Je 
priključena tudi skupna prekinitvena zahteva, 
kot rezultat združitve posameznih zahtev na­
stalih na serijskih kanalih SPI-ll vmesnika. 
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Prekinitveno logiko sestavlja poleg registra 
prekinitvenih mask Se PAL vezje, ki združuje 
vse parcialne zahteve v skupno prekinitveno 
zahtevo. Tako preprost prekinitveni mehanizem 
je bil izbran z namenom, da zavzame čim manj 
potrebnega prostora na tiskanini, kar pa ima 

za posledico več potrebnih mikroračunalnikovi-
ukazov ob servisiranju prekinitvene zahteve, 
saj Je potrebno z branjem statusnih registrov 
v USART-ih ugotoviti na kateri liniji je 
prekinitev nastala. 

2.S Paralelni vaasnlk 
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3 ZAKLJUČEK 

V naSem centru 
je bila na osnov 
tipna tiskanina 
doživela Se par 
delu je nastaja 
voljo je delovno 
in paralelni k 
Navadila za upor 
skaninl SPI-ll 
konf iguriranja 
lahko izbiramo 
Ckov. Postopek o 
dakumentaciJa, k 
pri generiranju 
razvita tudi ust 
ra za SPI-ll ( 
Jožef Štefan ). 
liranih že več k 
različnih uporab 

za načrtovanje tiskanih vezij 
i logičnih shem razvita proto-
, ki je v fazi testiranja 
manJSih popravkov. Hkrati ob 
la potrebna dokumentacija. Na 
poročila z naslovom Serijski 

omunlkaclJski vmesnik SPI-ll. 
abnlka Opis mostlčkov na tl-
predstavljajo funkcije, način 
In opcije vmesnika, ki jih 
z ustrezno nastavitvijo mosti-
žlvljanja tiskanine SPI-ll je 
i služi tehniku kot pripomoček 
novih SPI-ll. V ta namen je 
rezna Testna programska podpo-
avtor Igor Ozimek, Institut 
Ooslej Je bilo uspeSno insta-

omunikacijskih vmesnikov pri 
nikih mikroračunalnika PMP-11. 

Fatogr«<skl pasnatak vaaanlka 
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Povzetek 
Članek opisuje predlog pristopa k snovanju ra­
čunalniško podprtih informacijskih sistemov, 
ki naj ti reSil probleme konsistentnosti sis­
temov, ki nastopajo zaradi tega, ker obstoje­
či pristopi običajno ločijo projektiranje ba­
ze podatkov od projektiranja programov, ki te 
podatke uporabljajo. 

Summary 
In this paper an approach to oomputer suppor-
ted information sj-stem design is presented. 
Vith described approach we caa solve the pro­
blema of system consistency whioh ooour in 
oase of usual design when in separated way8 
is approached to the data base design and to 
the programs design. 

1 U V O D 
Predlagan pristop se nanaša na izgradnjo 
tistega dela poslovnih informacijskih si­
stemov, ki so determinirani in Jih Je mo­
žno detajlno strukturirati. Pri tem izha­
jamo iz dognanj teorije in prakse baz po­
datkov. 
Pri snovanju večjih kompleksnih program­
skih proizvodov se srečujemo s problemi, ki 
se nanašajo na konsistentnost celotnega si­
stema, ker obstoječi pristopi v veliki me­
ri ločijo projektiranje baze podatkov od 
projektiranja prograaov, ki te podatke upo­
rabljajo, kar pomeni, da ne upoštevajo ča­
sovne povezanosti med snmimi programi, ka­
kor tudi med programi in podatki. Rezultat 
vsega tega se kaze v nerešenih problemih 
sinhronizacije. 
RazreSitev opisanih problemov lahko doseže­
mo z uporabo pristopa, ki ga opredeljujeta 
sledeči fazi (6): 
- izdelava sheme koncepcije informacijskega 

sistema in 
- izdelava interne sheme informacijskega 

sistema. 
Rezultat prve faze Je "SHEMA KONCEPCIJE 
INFORMACIJSKEGA SIST33U", ki zagotavlja: 
- celovito, 
- konsistentno, 
- neradundantno in 
- Jasno 
semantično predstavitev proučevanega 
pojava. 

Naloge in prednosti - sheme koncepcije infor­
macijskega sistema so enake kot pri shemi 
in podshemi baze podatkov, vendar s to raz­
liko, da daje navedena shema kompleksnejši 
prikaz obravnavanega readnega pojava, ker 
upošteva tudi element časa. V naslednji fa­
zi, ki obsega izdelavo "interne sheme infor­
macijskega sistema", pa dopolnimo rešitve, 
ki smo Jih dobili z izvedbo prve faze, s 
tehničnimi karakteristikami in parametri, 
ki smo Jih pre^ izpustili. Rezultat interne 
sheme informacijskega sistema nato uporabi­
mo za implementacijo programskega proizvoda, 
ki ga v tem kontekstu zaokrožuje struktura 
podatkov, ki Je zbrana v bazi podatkov, zbir­
ka programov in ustreznih transakcij v bazi 
programov ter zbirka kontrolnih ukazov, ki 
Jih aktiviramo s pomočjo povezovalca infor­
macijskega sistema, ki sproža programe in 
transakcije med posameznimi podatki. Na 
sliki 1 imamo ilustrativen prikaz postopka 
izgradnje tako zasnovanega programskega 
proizvoda. 

SHEMA 
KONCEPCIJE 

FAZE 
> NAČRTOVANJA 

INTERNA SHEMA 
INFORMACIJSKEGA 
SISTEMA 

POVEZOVA­
LEC IS 

Slika 1 
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Vlogo povezovalca infoi-macijskega sistema 
lahko prevzamejo različni akterji, k^t so 
na primer: ročni postopki, za to posebej 
izdelani programi., kombinacije obeh omenje­
nih , sistem za upravljanje z bazo podat­
kov (i)BMS) ipd. 
V nadaljevanju se bomo omejili na prikaz 
prve faze predlaganega pristopa, ki obse­
ga izdelavo sheme koncepcije informacij­
skega sistema. 

2 IZDELAVA SRtiraJ KUN0EK3IJ1:' INFORMACIJSKEGA 
SISTEMA 

2.1 Izhodišča izdelave sheme koncepcije 
informacijskega sistema 

Pri izdelavi sheme koncepcije informacij­
skega sistema veljajo enake zakonitosti, 
kot pri izdelavi logične sheme baze podat­
kov, vendar s to razliko, da je shema kon­
cepcije delovanja informacijskega sistema 
obravnavana s širšega vidika. Pri izdelavi 
omenjene sheme upoštevamo vse vidike real­
nega pojava in ne samo statični vidik or­
ganizacije kot je to slučaj pri bazi podat­
kov. Tukaj imamo v mislih predvsem transak­
cije, ki vsakokrat povzročijo vzpostavitev 
novega konsistentnega stanja znotraj siste­
ma baze podatkov. 
Zaradi opisanih lastnosti transakcij jim 
pravimo, da predstavljajo "vedenjske eno­
te" baze podatkov. S tran''akcijami generi-
rsuno torej novo stanje baze podatkov, ki 
ustreza dejanskemu stanju evolucije real­
nega pojava. 
Pri opazovanju realnega pojava zasledimo, 
da le ta reagira na vsak dogodek, s tem, de 
s pomočjo izvedbe določenih aktivnosti 
vzpostavi novo stanje. Podobno situacijo 
imamo pri sistemih podatkov, ko s transak­
cijami vzpostavimo novo stanje, ki zrcali 
stanje zasledovanega realnega pojava. 
Da se izognemo nekoordiniranosti delovanja 
sistema baze podatkov glede na delovanje 
realnega pojava, morajo biti transakcije, 
s katerimi spreminjamo stanje baze podatkov, 
preslikava aktivnosti zasledovanja realnega 
pojava. 
Na osnovi zapisanega lahko podamo sledeči 
ugotovitvi, in sicer da (J): 
. s podatki ponazarjamo podatkovne pojme 

(entitete) realnega pojava in da 
. s transakcijami ponazarjamo vedenje pro­
učevanega, realnega pojeva. 

Tako razširjeno gledanje nam Je osnova za 
pristop k izdelavi sheme koncepcije infor­
macijskega sistema, ki ga izdelamo brez 
upoštevanja kakršnihkoli tehničnih paramet­
rov, ki jih je potrebno upoštevati za im­
plementacijo modela na konkretnem računal­
niškem sistemu. 
V našem gledanju modela koncepcije informa­
cijskega sistema imamo torej fomializirano 
integracijo treh vidikov, in sicer: 
. statične strukture elementov modela in­
formacijskega sistema, 

. transakcije med elementi modela informa­
cijskega sistema in 

. časovni vidik relacij med posameznimi 
elementi modela informacijskega sistema. 

če proučujemo realni pojav z opisanih treh 
vidikov, pridemo do sledečih ugotovitev W-
. da obstajajo tî i osnovne kategorije po­
java, ki jih je možno opisati glede na 
njihove lastnosti kot: 
- objekte 
- dogodke in 
- operacije. 

. da je možno dinamične odnose med našteti­
mi kategorijami izraziti s POVEZAVA?«, 
ki Jih glede na vrsto povezave delimo 
na: 
- modifikacijo (povezava: OPEHACIJA-
OBJEKl') 

- spoznanje (povezava: OBJEKT-UOGODEK) 
- sprožitev (povezava; DOGODEK-OPERACIJA) 

V nadaljevanju si bomo opisane kategorije 
in njihove medsebojne povezave nekoliko po-
bliže ogledali. 

2.2 Opisi kategorij realnega pojava in njihove 
povezave 

Videli smo, da obstojajo tri osnovne kate­
gorije realnega pojava, in sicer; 
. objekt-predstavlja trajno konkretno ali 
abstraktno proučevano komponento organi­
zacije, ki jo lahko detajlneje opredeli­
mo, 

. operacija-predstavlja nalogo, ki jo je 
potrebno realizirati v organizaciji ob 
določenem času, 

. dogodek-predstavlja spoznanje o spremembi 
• stanja enega ali več objektov po izvedbi 
operacij 

Med posameznimi opisanimi kategorijami ob­
stojajo povezave, ki jih opredelimo slede­
če: 
. spoznanje-Je povezava, ki združuje dogo­
dek in enega ali več objektov. Izraža 
spremembo stanja objektov, ki Je povzro­
čena 8 pojavom nekega dogodka, 

. sprožanje-Je povezava, ki združuje dogo­
dek in eno ali več operacij. Pove, da 
določen dogodek sproži eno ali več opera­
cij, 

. modifikacija-predstavlja zvezo med opera­
cijami in oojekti. Izraža kako operacija 
preoblikuje objekt. 

Iz opisanega Je moč razbrati, da so dogod­
ki tista kategorija, s katero opredeljuje­
mo dinamiko realnega pojava. 

2.5 Opredelitev dinamike realnega pojava 
Dinamiko realnega pojava opredeljujejo do­
godki, ki jih ločimo na (7;; 
. pasivne dogodke in 
. aktivne dogodke. 
Pasivni dogodki povzročijo samo novo stan­
je proučevanega objekta, medtem, ko aktiv­
ni dogodki sprožijo izvajanje ene ali več 
operacij. 
Opisana dinamika realnega pojava temelji 
na Jasnem razlikovajjju med: 
. stanjem, 
. spremembo stanja, ki jo povzročijo pasiv­
ni dogodki in 

. spremembo stanja, ki jo povzročijo aktiv­
ni dogodki. 
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Stanje nekega objekta je lahko trajno, med­
tem, ko je sprememba stanja dogodek in je 
trenutna. Pasivni dogodek izraza prehod i-z 
enega stanja v drugo. Alctivni dogodek se 
razlikuje od pasivnega po tem, da spremen-
ho stanja povzroči tudi izvajanje ene ali 
vec operacij. 

2.4 formalna opredelitev realnega pojava, 
njegovih kategorij in njihovih lastnosti 

2.4.1 Opredelitev na nivoju realnega pojava 
Realen pojav, ki ga v našem primeru zaokro­
žuje temeljni proces poslovnega sistema, 
bomo skušali opredeliti na sledečih nivo­
jih (7): 
. nivoju realnega pojava 
• nivoju pojmovnega modela in 
. nivoju podatkovnega modela 
Pri proučevanju temeljnega procesa na nivo­
ju realnega pojava ugotovimo, da ga je mo­
žno opredeliti z množico veličin, s kateri­
mi opišemo njegove karaJcteristike. Te veli­
čine označujemo kot objekte (OBR). Objekt 
(OEH) proučevanja v temeljnem procesu po­
slovnega sistema je lahko "kupec'', "naro­
čilo", "proizvod" itd. Dogodki (DG.̂ ) pa 
povzročajo spremembe stanja opazovanih ob-
jekto-vr (S"5f ), ki po dogodku preidejo v neko 
novo stanje. 

2.4.2 Opredelitev na nivoju pojmovnega modela 
Preslikava temeljnega grocesa na nivo poj­
movnega modela nam sluzi za prikaz našega 
gledanja temeljnega procesa, ki abstrahira 
za nas nepomembne vidike gledanja tega 
procesa in prikazuje samo tiste elemente in 
njihove medsebojne odnose, ki so za nas po­
membni. S ciljem takšne opredelitve modela 
temeljnega procesa (TPp) smo ugotovili, da 
je v osnovi sestavljen iz treh temeljnih 
gradnikov - kategorij in sicer: objektov 
(OBp),dogodkov (DGp) in operacij (OPp).To 
lahKo zapišemo takolo (7): 
TPp = (OBp. DGp, OPp) 
pri čemer je: 
0B_ 

(1.1) 

DG_ 
0P_ [OPJ; 

i = 1 , 2 , 3 , . . . , n | 
i = 1 , 2 , 5 , . . . ,nrij 

k = 1 , 2 , 5 , . . . , 1 J 

(1 .^) 

(1.3) 

( l . '^) 

Povezave, ki nastopajo med posameznimi ka­
tegorijami, pa napišemo takole: 
.modifikacija (MO ) predstavlja preslikavo o 
operacije (OP ) ̂ v objekt (OP ) 

M0_ 0P_ —> 08^ (1.&) 

.spoznanje (S2 ) preds tavl ja presl ikavo ob­
jek ta (OB ) v*'dogodek (DGp) 

3Z_ 0B_ "^ DĜ  (1.6) 

.sprožitev (SP ) predstavlja preslikavo do­
godka (DG ) v^operacijo (OP_) 

P P 

Stanje (op) proučevanega pojava (1P_) ugo­
tovimo tak.J, da zasledujemo opisane^kate-
gorije in njihove medsebojne povezave (FV ). 
Pri tem je potrebno izpostaviti, da nas ^ 
z'5nimajo samo tista stanja, ki so dogodki. 
Formalno izrazimo to taJiole (7): 
S = (TP , PV ) p ^ p' p' 
pri čemer je: 

PVp = (nop, ssip, sPp) 

(i.e) 

(1.9) 

(1.10) 

Spremembo stanja (3p) povzroči izvedba tran­
sakcij, ki predstavljajo osnovne elemente 
poslovanja v temeljnem procesu poglovneca 
procesa. Transakcijo sproži dogodek 
(DGp), ki povzroči izvajanje ene ali ve5 
operacij (OPR), s katerimi se izvede spre­
memba na ustreznih objektih (OB^). V prou­
čevanem pojavu ^TPp) se lahko izvaja spro­
žanje dogodkov t,DG j)): 
.v kronološki odvisnosti ("̂0 ) ali pa 
.v pogojni odvisnosti (PO ). 

Dogodek DG^ je v kronološki odvisnosti 
(KOp) z dogodkom DG^ takrat, 
kadar dogodek DG nepogojno sproža operaci­
je OFZ, ki povzroči sprememoe stanja objeK-
ta OB£, kar spoznamo z dogodkom DG'' P P-
Dogodek DG" je v pogojni odvisnosti (Po ) 
z dogodkom DG taOcrat, l̂ adar dogodek DG 
pogojno sproži operacijo OP ali kadar 
Bprememoa stanja, povzročena z operacijo 
OP^ ne povzroči vedno dogodka DG". 

2.4.5 Opredelitev na nivoju podatkovn'?ga mode­
la 

Proučevanje realnega pojava (TPD) Z nivoja 
podatkovnega modela predstavlja preslikavo 
pojmovnega modela z vidika opredelitve in 
analize potrebnih podatJcov. Pri proučevanju 
kategorij realnega pojava (0B_, DGj. in OP j.) 
ugotovimo, da pripadajo oziroma, da so po­
vezani s posameznimi podatkovnimi razredi 
(R_). iSnačilnosti, ki združujejo posamezne 
kategorije realnega pojava znotraj podatkov­
nega razrisda, lahko formalno zapišemo tako­
le (7)! 
(VR^) (Vx) (K^) (xfiK̂  => ^>h.j^ 

3P_ DGp - ^ OPp (l.V) 

čie pravi, da pri danem podatkovnem razredu 
(H^) in opredeljeni lastnosti (L), ki je 
smiselna za atribute (X) podatkovnega raz­reda, i,ixeksistira kategorija /,,nv, ki ima (.rilj) (Kjj; 
za atribute natanko tiste atribute podat­
kovnega razreda /ui',, ki iraajo lastnosti 
(L). '•''D-' 
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V našem primeru imenujemo podatkovni model 
"shema koncepcije informacijskega sistema". 
Da bi zadostili potrebam izdelave predlaga­
ne sheme koncepcije in v formalni obliki 
opr"delili prej opisane karakteristike in 
lastnosti proučevanega pojava, moraaio najti 
ustrezen ns.iin formalnega prikazovanja. To 
dosežemo z (5): 
. uporabo ^lipiziranega modela preslikav 
. uvedbo tipov preslikav, s katerimi pona­
zorimo različne kategorije in 

uvedbo dejavnika časa. 
Povezavo med podatkovnimi razredi in opisa­
nimi kategorijami dobimo tako, da: 
. vsaUc podatkovni razred in vse vrste pove­
zav prikažemo z eno ali več preslikavami, 

. lastnosti podatkovnega razreda prikažemo 
z atributi preslikav in 

. uporabimo za prikaz podatkovnega razreda 

. množico tipiziranih preslikav, ki jih 
označimo kot: 
-R-objekt, 
-R-dogodek in 
-R-operaoija (6). 

Navedene tipe preslikav izrazimo v tretji 
"normalizirani obliki grupiranja podatkov 
v stavke. 
iJa potrebe dekompozicije podatkovnega razre­
da na elementarne podatkovne zapise se pos­
lužujemo tipov preslikav, V nadaljevanju bo­
mo podali kratke definicije posameznih ti­
pov omenjenih preslikav: 
. preslikava "H-objekt" (H-03j,) je perma­
nentna preslikava,kjer je vsak atribut 
v permanentni odvj snosci od kijuoa pre­
slikave. "R-ohjekt" predstavlja elementarni 
položaj opazovanega podatkovnega razreda 
v sistemu. Ta preslikava nam omogoča, da 
prikažemo elemente proučevanega pojava in 
njihovo strukturo. Se bolj precizno pove­
dano, ta preslikava nam omogoča časovno 
konsistentni vidik opazovanega realnega 
pojava. 
Pemanentna odvisnost med dvema atributo­
ma A in 3 je elementai-na, direktna in kano-
nična odvisnost, kjer je vsak dogodek a, 
ki pripada atributu A, odvisen od dogodka 
b, ki pripada atributu B. Dogodka a in b 
imata enako življensko dobo. Zapisano trdi­
tev lahko izrazimo tudi takole (7): 
A — ^ B =[(a,b): (Va) (Vb) (aC AAb 

Atribut A implicira atribut B, pri čemer 
je a dogodek atributa A 3 :i b dogodek atri­
buta B. Za vsak dogodek a in b velja, da 
sta elementa množice dogodkov atributa A 
oziroma B in da imata lastnost L. 

. preslikava "H-operacija" (R-OPp) je per­
manentna preslikava, ki se nanaša na do­
ločen podatkovni razred in je v tesni po­
vezanosti s preslikavo "fi-objekt" (H-OB|,). 
S to preslikavo opišemo spremembo stanja 
(TIP SPREMEMBE), ki se izvrši na določenem 
"E-objektu". 

llormalizireui zapis relacije "R-operacija" 
mora odgovarjati naslednjim zahtevam (6): 
i-OP^ - > H-i OBD 

R-OPT, -> TIP SPREMEMBE 

(1.13) 

(l.l'*) 

H-OPjj — > TEKST OPERACIJE (1.15) 

Spremembe se lahVo pojavijo kot kreacija, des-
trukoija ali modifikacija. 3 tekstom operaci­
je je mišljen kratek opis vsebine operacije. 
Iz zapisa (l.lj) vidimo, da se R-operacija 
nanaša na točno določen_R-objekt in da z njo 
točno opredelimo, s kakšno vrsto stanja imauno 
opraviti (l.l4 in 1.15). 
. preslikava "R-dogodek" (R-DGj,) je permanen--
tna preslikava. Njena normadizacija mora za­
dostiti sledečim pogojem: 
- da se nanaša na točno določen fi-objekt 

(1.16) 
- da identificira nastalo spremembo izmed 
možnih tipov sprememb, ki smo jih opisali 
že pri opredelitvi preslikave "fi-operaci-
ja" (I.IV) 

- da opiše nastalo spremembo (1.18) in 
- da identificira operacije, ki se sprožijo 

z opisanim dogodkom (1.19) 
Navedene pogoje je možno zapisati tudi slede­
če (6): 
R-DG- -> R-OB„ (1.16) 

R-UG- ~ > TIP SPREMEtIBE ( 1 . 1 7 ) 

R-DGjj ~ > OPREDELITEV SPREKEtlBE ( 1 . 1 6 ) 

( 1 . 1 9 ) H-DGj3 ~ > R-OP^, 

Sprožanje operacije, ki jo povzroči dogodek, 
je lahko "pogojeno" ali "iterativno". V prvem 
primeru se odgovarjajoča operacija sproži sa­
mo v slučaju, ko so izpolnjeni določeni pogo­
ji, ki jih poprej definiramo. Pri iterativnem 
sprožanju pa se sproži izvajanje operacije o\> 
vsakem pojavu ustreznega dogodka. 

2.t' ouatiSni in dinamični vidik sheme koncep­
cije informacijskega sistema 
V predhodnih izvajsujjih -mo prikazali iz­
hodišča in osnove za pristop k izdelavi 
sheme koncepcije informacijskega sisteme. 
Temeljni proces poslovnega sistema smo 
oprridelili ra nivoju realnega pojava, ni­
voju pojmovnega modela in nivoju podatkov­
nega modela. V procesu snovanja informa­
cijskega sistema nas zanima predvsem nivo 
podatkovnega modela, ki predstavlja nivo 
opredelitve predlagaiie sheme koncepcije 
informacijskega sistema. 
Samo shemo koncepcije informacijskega 
sistema delimo na dva dela, ki ju ločimo 
glede na vidik prikazovanja in obravnave 
na: 
. statično podshemo (logična shema baze 
podatkov) in 

. dinamično podshemo (shema interakcij 
informacijskega sistema) 
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Statična podahema oz. logična shema baze 
podatkov zajema opredelitev preslikav ob­
jektov (R-03jj) realnega pojava ter njiho­
vih lastnosti. Pri tem smatramo objekte 
kot podatkovne pojme, ki jih opredeljuje­
jo ključi njihove identifikacije in atri­
buti opisa njihovih lastnosti. S pomočjo 
sintakse, ki jo predvideva izdelava logi­
čne sheme baze podatkov, izrazimo poveza­
ve med tako opredeljenimi podatkovnimi 
pojmi. 
Dinamična podshema oziroma shema interak­
cij informacijskega sistema pa obsega po­
pis dogodkov (R-UGj.) in operacij (H-OPj.), 
s katerimi ponazarjamo dinamiko informa­
cijskega sistema ter ilustrativen prikaz 
informacijskega sistema. 
Za potrebe grafičnega prikaza uporabljamo 
sledeče simbole: 
SIMBOL 

O 

v 

POMEN 

R-objekt (H-OBjj) 

R-operacije (R-OP_) 

R-dogodek (R-DGjj) 

iterativno sprozanne 
H-operacije (R-OPj.) 

pogojno sprožanje 
H-operaoije (R-OPp) 

"spoznanje", kot rela­
cija med R-objektom 
(R-OBjj) in fl-dogodkom 
(H-OPj) 

"sprožsmje", kot rela­
cija med R-dogodkom 
(R-BG,,) in E-operacija-
mi (RiiOPj,) 

"modifikacija", kot re­
lacijo med R-operacijo 
in H-objektom 

Slika J; Simboli, ki se uporabljajo pri 
izdelavi dinamične podsheme de­
lovanja informacijskega sistema 

ZAKI«fUCKI 
Pri proučevanju realnega pojava in njegove 
dinamike pridemo do spoznanja, da ga opre­
deljujejo tri kategorije:objekti, dogodki 
in operacije, ki jih je možno ustrezno op­
redeliti na nivoju realnega pojava, nivoju 
pojmovnega modela in nivoju podatkovnega 
modela. 
če podatkovnim zapisom na nivoju podatkov­
nega modela, ki so nomializirani v tretji 
normalni obliki (JNF), dodamo še časovno 
omejitev, dobimo elementarne gradnike in­
formacijskega sistema, ki jih opredelimo 
kot preslikave objektov ustreznih podatkov­
nih' razredov, ki smo jih označili kot 
H-objekte. 
Z kategorijami R-objekt, R-dogodek in 
R-operaciga je na nivoju podatkovnega 
modela možno izdelati grafični prikaz de­
lovanja informacijskega sistema. Pri tem 
ima takšen prikaz podobno vlogo kot logič­
na shema baze podatkov in ga imenujemo di­
namična shema koncepcije informacijskega 
sistema. Takšen prikaz se od logične sheme 
baze podatkov razlikuje v tem, da omogoča 
prikaz dinamike delovanja informacijskega 
sistema. 
Opisani pristop sodi v družino sodobnih 
metod sistemske analize, ki temeljijo na 
analizi podatkov. Zaradi konsekventnih pra­
vil, ki veljajo pri izdelavi dinamične in 
statične podsheme informacijskega sistema, 
je možno paralelno delo več strokovnja­
kov pri izvajanju sistemske analize komp­
leksnih informacijskih sistemov, ki ob za­
ključku dela svoje reziiltate brez proble­
mov vskiadijo. 
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V nadaljnjem procesu snovanja informacij­
skega sistema nam dinamična podshema (she­
ma interakcij) služi kot osnova za izde­
lavo ustreznega programskega proizvoda, 
medtem, ko nam statična podshema služi 
kot logična shema baze podatkov, ki je 
izhodišče za načrtovanje ustrezne fizič­
ne zasnove baze podatkov na konkretnem 
računalniškem sistemu. 
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v prlapevku so teoretieno in praktično obdelani fraktali kot 
pripomoček pri kreiranju grafičnih alik. V neskončni množici rešitev 
in motnosti prikaza iterativnih matematičnih postopkov so 
bili nekateri med njimi obdelani in prikazani na mikroračunalniku 
TRIGLAV XEN-16 v viBjem programskem jeziku C. Podane so 
smernice nadaljnega raziskovanja fraktalov in možnosti trenutne 
praktične uporabe ob ustrezni programski in strojni opremi. 

In this article, fractals , which are used as a tool for creating 
graphic pictures are dlscused in both theoetical and practical 
aapects. Some of the infinite numbera of solutions and possibilitiea 
of representing iteratlve roathematical proceaBes are diacuaed and 
presented on the microcomputer TRIDENT XEN-16 in the progranming 
language C. Some hinta are given for future development and current 
posaibilitiea for the practical applications. Problems in generating 
fractal geometry, using current programmlng technlgue and available 
hardware, are alao preaented. 

I. DVOD 
V svetu velja prepričanje« da nihCe ne bo 
znanstveno pismen, kdor ne bo seznanjen s 
fraktali!21. Fraktali so namreC začrtali in 
zasnovali novo pot v razmišljanju o strukturah 
in oblikah. Veliko pojavov se danes ne 
moremo matematično opisati. Z uporabo nove 
veje geometrije bo to mogoce razsvetliti in 
razrešiti. Matematična osnova fraktalne 
teorije je preprosta, aaj temelji na 
ponavljanju. Omogoča nam matematično 
preučevanje struktur in postopkov, ki so 
nepravilni, neredni in neregularni, torej jih 
ne moremo opisati z doalej znanimi orodji. 
Rezultate fraktalne računalniške grafike 
najbolj nazorno prikažemo vizuelno. V 
določenih iterativnih načinih izračunavanj 
naletimo na o'8upljivo zanimive predstavitve. 
Tako so fraktali postali učinkovit naCin 
generiranja grafike, a dejstvo je, da brez 
ponoči računalnika ne gre. 

II. RAZVOJ IN DEFINICIJA FRAKTALOV 
Teorija fralctalov se je razvila iz praktične 
potrebe določiti dolžino angleške obale. 
Problema se je lotil leta 1967 Benoit B. 
Handelbrot in ugotovil, da je dolžina morske 
obale, nedoločljiva in odvisna od merila. Ako 
merilo zmanjšuješ, se dolžina povečuje in s 
tem tudi natančnost, to pa je mogoce 
nadaljevati v neskončnost. Leta 1975 je kot 
raziskovalec IBM Thomas J. Hatson Research 
Centra v Vorktovn Heights, Nev Xork, definiral 
besedo fraktal v svojem najbolj znanem delu 
'Les objects fractals forme, hasard et 
dinension'. Beseda naj bi spominjala na 
drobljenje, lomljenje (fractus iz lat. pomeni 
zlomljen). 

Po definiciji je fraktal oz. fraktalna 
geometrija matematični študij nepravilnih, 
večkrat kaotičnih oblik s fraktalninl, 
matematično opisljivimi dimenzijami. Večji del 
teh oblik, struktur in procesov ohranja 
bistveno nespremenjeno stopnjo kompleksnosti 
ne glede na merilo. DrugaCe reCeno, to so 
oblike ali vzorci, ki se zdijo, kot da bi bili 
sestavljeni iz majhnih in Be manjših oblik 
enega samega aploSno izbranega vzorca. 

Primer fraktala iz narave je drevo. Ce gledaš 
od daleC, vidiš le krošnjo, Ce se približuješ 
opaziš rogovile, veje ,Se bližje razločiš da 
ao veje aeatavljene iz vejic. Ce tako 
nadaljuješ po nivojih vej, prideš koncno do 
posameznih vejic, ki se v vzorcu ponavljajo. 
Neskončno ponavljanje preprostih vzorcev v 
globino v naraščajočem merilu se imenuje 
saraopodobnost (autosirailiarlty) in je osnovna 
in najbolj zanimiva lastnost fraktalov. 

S' pomočjo svoje teorije je B.B. Handelbrot 
opisal poplave reke Nil, obliko oblakov in 
strel, Brownovo giljanje, vreme ipd. - vse z 
namenom vzpostaviti matematični red v "neredu" 
narave(7]. 

III. VRSTE IN OBLIKE FRAKTALOV 
Praktale delimo v dve veliki skupini glede 
same generacije na: 

naključne 
geometrične 
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Pri uporabi računalniške grafike je mogoce 
simulirati naključne fraktale in upodobiti 
umetne pokrajinske slike, ki jih je težko 
ločiti od naravnih 15), (4). Lep primer 
naključnih fraktalov iz narave so meandri rek 
in vzorci dreves, iz celuloidne Industrije je 
Pixar [51 do ostalih uporab v fiziki, 
biologiji, sociologiji in drugod [11, [31. 
Na sliki 6 in 7 sta dva primera omenjene 
skupine. Obe sliki sta bili prikazani na 
barvnem monitorju in zrisani na grafični 
tiskalnik Fujitsu DPL24C. Listing programa 
prikazuje slika 8. Pot do takih in podobnih 
oblik je opisana v IV. poglavju. Na sliki 6 je 
izhodišče v toCki C-2,-1.2) z dolžino stranice 
1.5 , na sliki 7, ki je povečan delček slike 
6, je izhodišče v toCki (-1.45,0.0) in dolžino 
stranice 0.005. 

A 
slika 2. Kochova snežinka (D=1.26) 

Geometrične fraktale pa so si izmislili 
matematiki ob prelomu stoletja, ko so 
nasprotovali Newtonovi dinamiki in klasični 
Evklidovi geometriji (krivulja je gladka, 
dimenzija more biti celo število). Načrtovali 
so nove oblike krivulj, ki so postajale 
Čedalje bolj vijugaste in s tem daljše, dokler 
niso zapolnile celotne ravnine. S tem so 
krivulje postale neskončno dolge in 
nedefinirane globine. Premica 
enodimenzionalna tvorba 
enodimenzionalnost in se 
dvodlmenzionalnosti, 
tridimenzionalnost in tako naprej. Pot do 
izračuna zvijuganosti krivulje je 2e leta 1919 
kvantitativno opisal Felix Hausdorff. Indeks 
je poimenoval fraktalna dimenzija krivulje (D) 
in je definirana z izrazom 

naj bi kot 
izgubljala 

približevala 
ravnina 

N •D 
N Število odsekov pri deljenju iniciatorja 
R - oblika deljenja 
D - fraktalna dimenzija 
Kako oblikujemo geometrični 
poglejmo na primeru. 

fraktal 

Na sliki 1. vidimo primer Mandelbrotove 
kvadratne snežinke s parametri N=8 in R=4, ter 
na sliki 2. Kochovo snežinko s parametri N=4 
in R=3. Vsak tak geometrični fraktal se 
sestoji iz veC nivojev. Prvi je Crta, ki jo 
imenujemo iniciator. Izberemo si poljuben 
generator (nivo 2), ki iz vsakega iniciatorja 
generira izbrani vzorec. 

Ta proces se sukcesivno nadaljuje in ob vsaki' 
prisotnosti iniciatorja generator ponavlja 
svoj vzorec v neskončno število nivojev. Po 
teoriji fraktalov se ponovi le končno 
mnogokrat, v praksi pa zadostuje 2e nekaj 
nivojev za lepo sliko. Z menjavanjem 
generatorja lahko ustvarimo prav nemogoče 
vzorce. Tri izmed njih prikazujejo slike 3,4 
in 5. 

slika 3. Mandelbrotova kljukasta 
snežinka (0=1.8687) 

_ [ slika 4. Gosperjeva zvita kača 

slika 1. Mandelbrotova kvadratna 
snežinka (D=1.5) slika 5. Abelsonov vgnezden trikotnik 
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slika 6. Kopija grafične slike na tiskalniku 
Fujitsu DPL24C 

IV. OPIS ALGORITMA ZA GENERACIJO FRAKTALOV 
Do oblikovanja slike obstajata dve poti: 

1. Pomikamo se od točke do tocke na ekranu 
in izračunamo dano vrednost. Prvo se 
postavimo v izhodišče (levi spodnji 
kot). Iterativno izračunamo vrednost 
f(z) = z**2 + C ,kjer sta z in C 
elementa kompleksnih števil. Vseskozi 
kontroliramo vrednost z in Števec ki 
šteje iteracije. Ce Število iteracij 
preseže določeno mejo, ali z dobi 
vrednost 2, število iteracij delimo po 
modulu s številom barv in narišemo točko 
v izračunani barvi. Pogoj z=2 je merilo 
zato, ker bo po teoriji kompleksnih 
števil število iteracij vodilo z v 
neskončnost takrat in le takrat, ko bo z 
dosegel vrednost 2. Opisan postopek 
ponavljamo za vsak element ekrana 
posebej. Posebej zanimiva so naslednja 
področja raziskave kompleksne konstante 
C I 

Druga pot je hitrejša, saj ne gledamo 
obnašanje vsake toCke posebej. Najprej 
poiščemo inverzno enačbo, to pomeni, d? 
funkcija premika toCke v obratni smeri. 
S tem lahko eno tocko premikamo 
ponavljajoče in ta bo skakala okoli 
fraktalne krivulje. Preko iteracij 
funkcija lahko porine toCko daleC od 
izhodišča, medtem ko druge omeji na 
določen prostor. Sliko, ki nastane kot 
rezultat takega postopka, opremimo z 
barvami. Mejo med barvami imenujemo 
fraktalna krivulja. Pri tej poti 
uporabimo enačbo f(z) = C*z*(l-z). 
Posebej zanimiva so sledeCa področja 
kompleksnega števila C: (3,0), (0,1), 
(1,0), (1.475,0.9061 in (0,1.06). 

Realna os 
-0.76 do -0 
-1.26 do -1 
-0.27 do -0 

74 
24 
26 

Imaginarna 
0.01 do -0 
0.01 do -0 
O.OO do -0 

os 
03 
03 
01 
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* 
•̂:ANDELBROT SET RUNNING ON TRIDENT XEN-16 * 

A v t o r : A n d e j T e r c e l j * 
* 

# include <math.h> 
t include <stdio.h> 
» define X 640 /• velikost zaslona v x smeri »/ 
# define t 480 /* velikost zaslona v y smeri */ 
# define MAX 450 /* velikost okna */ 
# define OFFSET O /»prostor za napis*/ 
# define A (X/2)-(MAX/2) 
t d e f i n e B < V/2 ) - tMAX/2 ) ••OFFSET 

main() 
i 

int x,Y,iter; 
float angleR , anglel ; 
float stran , vel; 
double cr,ci,zr,zi,a,b,1; 
puts("V kateri tocki zelis koordinatno izhodišče? <Re,Im>\n"); 
scanf ("%f%f" ,6iangleR,{.anglel) ; 
puts<"Kakšno velikost stranice zelis? »n"); 
scanf ("%f " ,Sistran ); 
vel = stran/MAX; 
grinit(); 
setcol(5); 
rect(A-1,B-1,MAX»2,MAX+2,2); /* narise okvir v rumeni barvi */ 
setxy(A,B); /* postavim se v izhodišče */ 
for( y=0 ;y<MAX ;y**) 1 

for ( x=0 ;x<MAX ;x*«)l 
cr = x*vel -»angleR; 
ci=y*vel+anglel; 
zr=cr; 
zi =:ci; 
iter=0; 
do 1 

a = z r * z r ; 
b=zi*zi; 
l-sqrt(atb) ; 
zi=2*zr*zitci; 
2r=a-b*cr; 
if 11 •••= 2. ) break; 

1 while( iter+t<100); 
setcol(iter%8); /* postavi eno od osmih barv */ 
dot(Afx,B*y); /* narise točko v x,y */ 

} / * X * / 
/ • v * / 

puts ("Zelis sliko printat fy/n>: " ) ; 
if(toupper (getchar()) != 'N' )f 

chdcpy (0,0,639,479,8,1);/* barvni hardcopY on Fujitsu DPL24C •/ 
grend();) 

ilika B. Izpis programa ki oblikuje slike 6 in 7 



50 

slika 7. Povečan deJ grafične slike 6 

VI. LITERATURA IN NADALJNJA BRANJA: 
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Abstract. Thls paper offers an open platform tor academi 
the possibi111 les of research In the fleld of f 
archltecture and Information. It covers the followt 
lntroductory survey of sy8tem parallelness and Intelll 
criteria for future orlentatlons, how to develop a 
Information and conjoin It wlth other sclentlflc dl 
problems of intormational machlne implementatlon and of 
programnlng, hlnts about nevv- technologlcal posaibilltle 
concernlng living and artlficlal systems, and a conclusi 
strategy of computer industry Investment, research, 
design, and marketing for the next decade. 
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1. Inlroduction 

Evldently, the understandlng of computers and 
thelr applicatlon is developing more and more 
in the direction of Informational machlnes and 
informational programs. From thls basis, 
Information Is becomlng the substance of the 
so-called future Intelllgent sy8teros. It is 
upon these new concepts, which include new 
arlslng notlons, comprehension and posslble 
Implementatlons, that future parallel and 
mul tIprocessor computer systems and their 
intelllgent propertles are being founded. These 
objectives are already built-in as basic 
motives In ali of today's academic, 
governraental, and Industrial projects of new 
generation computer raethodology and technology. 
Projects wlth such orlentatlon are found In 
Japan, USA, Great Britaln, Oermany, France, 
Soviet Union, Indla, China, etc. and have also 
begun to develop In Slovenla (under protectlon 
of unlversities and computer industry). 
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2. Philosophy of Information 

Intelligence of machlnes and intelllgence of 
programs can be implemented mercly by 
considerlng a consequently and baslcally 
Intormational comprehensIon, whlch is grounded 
in several intormational prlnctples, i. e., 
Informing, embeddlng, arlslng, and counter-

Informlng of Information and 
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circularity, parallelness, se 
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processes. In this way, sooner or later, the 
notion of intelligence wlll become a senseful 
complexity of more f undarnental, but also higher 
informational processes. At this stage, 

is being understood as a highly 
organized, and connected 

as well as a coniplex and niutually 
Informational arising and 

intellIgence 
structured, 
Information, 
interwoven 
Processing. 
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dependently, messa'ge-variably, or generally 
informationally controlled (swltched) basic 
architecture. This ts the so-called dynamic 
machine architecture. The effect of this 
control d'ynamics Is a Virtual archi tectural 
varlabllity with actual, virtual, and needed 
dynamlc consequences. Architectural variability 
is modular on the elementary level, subsystem-
Btructured, and finaUy aystem-structured. In 
this respect, it Is variable in Its details 
(in the finest technological structure) and in 
Its subsystems (in a rough machlne-1Inguistical 
structure). 

New computer systems will have to satisfy some 
given standarization requirements concerning 
their parallel and mul tiprocessIng 
archltectures. These standarda wlll arise on 
the basis of experimental, appllcation-
dependent, industrial, and marketing experience 
which will be a consequence of marketing 
successfulness, of readiness-to-hand 
(administration, buslness, and special purpose 
parallel computer and supercomputer systems), 
and of process-technological applicabillty 
(process-applIcable or industrial parallel 
computer systems). 

4. Informational Prograimiing 

3. Informational Machlne 

A technological machlne is in no way a copy of 
a Itvlng machine or organism. An automobile Is 
not like a horse, an airplane is not like a 
bird, a computer is not a copy of the braln, 
and a robot is not like a llvlng being. In 
spite of this, the designing of machines is 
becoming more and more connected wlth 
philosophy and knowledge concerning life, e. 
g., with the philosophy of Being, experience, 
and Information and with the knowledge 
concerning braln structure and organization, 
neurophysiological processes, and functions of 
thought. To the majority of professionally 
molded scientists and englneers it seems quite 
Incredible that phtlosophlcal thinking can have 
a practlcal value for their work (1, 3). Hard 
Sciences and engineering which have their roots 
in European rational1 s t le traditlon are 
becoming invalid, helpless, inefficlent, and 
inadequate for solvlng m o d e m Informational 
problema. This deficlency is coming to the 
surface in a most diatinct way, as mode of 
thinking, and as methodology of artificial 
Intelligence and of research ivhich concerns the 
development of new-generation computers, for 
which project designers have/ promised and 
forecasted intelligent behavior. 
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From an Informational perspective, an 
inforraational machlne is becoming the synonym 
for an intelligent machlne. On the way to 
machine Intelligence, methodology and 
technology must assure informational arising in 
the subsequent technological substance (in 
material architecture of a new computer) and in 
Information belonglng to this substance (by 
variable, methodologlcally non-structured 
programs). Arising vvhich must be implemented in 
computer architecture is a dynamically, signal-

An informational machlne 
architecture vviU enable the 
so-called informational 
informational program wlll be 
Is character1 s tically non-stru 
during Its runtime, and a 
computer programs do not have 
or they have them on)y in a c 
trivial form. Even now, 
program, which would be In 
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result of today's programmi 
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The development of a massively parallel, non-
massively mul tiprocessing, and new-generation 
computer systems is being confronted with the 
S0'called crisis of programming. After a nevv 
machine or new-generatIon computer is 
archltecturally Implemented, the first two 
problems ivhich arIse are its operating system 
implementation (determination and elaboratlon 
of a system, which is an applicable functlonal 
collectlon of mutually compatible basIc 
programs for a general or dedieated machine 
usage) and Its compat 1 bi 1 i ty vvith machines of a 
previous technological generatlon. A 
development and Implementation of these 
programs, by considering operatlonal and 
compatIbl1 ity criteria, could be demonstrated 
as practlcally insufficient or even impossible. 
In this way, some large developmental projects 
are not reachlng objectives whlch were stated 
at their beginning. Ooals whlch In general 
cannot be reached are, for example, 
Intelligent system behavior, Intelligent man-
machlne speech conmunication, expert properties 
of computer systeras (comparable to human 
experts), conmuni cat Ion In vvritten natural 
language, etc. Slmultaneously, the programming 
crisis is a crisis of artificial intelligence 
and of its rationalistic methodology (of 
matematization, algorithmization, formal 
linguistics, scientific hardness). 

An essential element of the progranming crisis 
is the complexlty of operatlonal and 
applicative programs. This element of crisis is 
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practtcally solvable by the development of 
prograiming tools and of course, by a sensitive 
project management of large progranmlng teams. 
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6. Living and Artificial Systems 

From molecules of life to cortices, the central 
nervous systems remains an exemplary model of a 
senseful informational system, which we wish to 
copy by technological machines. At this point, 
a new interdisclplinary understanding of neural 
science and Information science as well as some 
other marginal flelds (philo8ophy, psychology, 
technology) Is coming into the foreground. As a 
discipline, artificial intelltgence Is on the 
way to reconstruct its own foundation and to 
recognize in itself a new orientation (1). The 
research of living and artificial systems is 
becoming more and more interdisclplinary 
dependent and accelerated. In this respect, the 
organization of interdisclplinary research 
projects and tearos in academia and industTy are 
becoming urgent; otherwise it wlll be not 
possible to expect the necessary results of 
research which would guarantee a sufficient 
progress in the field of intelligent machines 
and intelligent programs. 

7. Conclusion 

Research and development of computers and 
Information whlch are based on a new, 
informational, and intelligent foundation will 
be more intensively pursued in the next 
technological era. Today's parallel, 
supecomputational, and vector systems, which in 
connection with today's artificial intelllgence 
and through their functional performances 
articulate the so-called fifth computer 
generation, wlll not perforro intel1igently. 
However, on this basls, some standarda 
concernlng parallel archltectures, system 
buses, operatlve systems, conmunlcatIon and 
graphlcs standards and new flelds of 
appllcation will be put into effect. Through 
this development, new technologically advanced, 
academic, and industrial projects wl 11 come 
Into existence. 

Even stronger than before, 
lndustry will stay on the front 
as the maln carrier of research 
in the field of Intelligent 
intelligent methodologies. As up 
the future, academic researc 
llmlted to preliminary, marginal 
initializing projects. Sooner 
computer industry has to talce i 
larger investment Into the deve 
system concepts, designing 
methodologies, parallel architec 
operating systems, systero 
intelligent communlcation, 
areas, etc. In this new 
development, the so-called nat 
Industries cannot expect essent 
benefits, or prlvlleges on natl 
a considerable social suppor 
development of International i 
exchange of marketing l(nowledge, 
success can yield a real tactor 
the computer lndustry. 
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Članek opisuje razvoj In trenutno stanje MAP-a In TOP-a. MAP (ManufacturIng Automatlon Protocol) 
definira mnotlco standardov za komunikacije v avtomatizirani računalniško vodeni proizvodnji, TOP 
(Technlcal Office Protocols) pa komunikacijske standarde za poslovna In Inienlrsko uporabo. 

Thls paper describes the development and the present situatlon of MAP and TOP. MAP (ManufacturI ne 
Automatlon Protocol) Is a selectlon of currently avallabte standards for manufacturing 
automatlon. TOP (Technlcal and Office Protocols) specifIcatIon Is Intended to provide data 
Communications for the technlcal and offlce envlronment. 
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Druga prednost, ki Jo daje tak integriran 
sistem. Je Izboljtanje kvalitete izdelkov In 
zoilanje proizvodnih stroikov, zelo pogosto pa 
tudi humanlzacija dela. Integrirani sistemi so 
praviloma tudi zelo fleksibilni. . To omogoCa 
hitre spremembe proizvodnih programov In 
prilagajanje zahtevam trliiCa ter zelo hitro 
uvajanje najnovejllh dosežkov v proizvodnjo, saj 
sta CAD in CAM tesno povezana. 
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letu 1984 zaCell zanimati tudi drugI uporabniki 
In proizvajalci raCunalnlJke opreme la 
obdelovalnih ' strojev ter robotov. S sodelovanjem 
vseh zainteresiranih pod vodstvom GM so bile 
določene zaCetne specifikacije za MAP. 

Vzporedno s tem pa se Je pojavila tudi potreba 
po standardizaciji raCunalnl Iklh komunikacij za 
tehnično In poslovno rabo. Skupino standardov s 
tega področja so Imenovali' TOP (Technlcal and 
Office Protocols), glavni koordinator pa Je bila 
firma Boeing. 

TOP ima Iste cilje kot MAP, le da gre pri TOP za 
drugačno okolje. TOP obravnava komunikacije, ki 
Jih zahtevajo elektronska poita, procesiranje 
besedil, Izmenjava tekstovnih in drugih 
dokumentov, prenos datotek, prenos grafike, 
upravljanje baz podatkov, videotezt In poslovne 
obdelave. Predvidene so priključitve različnih 
tipov računalnikov, od mIkroraCunaInl«klh 
delovnih postaj do velikih računalnikov 
(malnframes). 

V letu 198S sta se skupini tudj formalno 
povezali v MAP/TOP User's Group znotraj 
združenja Soctety of ManufacturIng Englneers 
(SME). Pomen, ki ga pripisujejo prizadevanjem na 
področju standardizacije komunikacijskih 
protokolov za CIM, Je mogoCe razbrati tudi Iz 
seznama Članic MAP/TOP U8er's Group, Ce 
naštejemo samo najpomembnejše: IBM, 
Renrlett-Packard, DEC, Boaeywell, Motorola, 
Intel, ATAT, General Motors In Boeing. 

2. ZGODOVINSKI RAZVOJ 

Ameriška avtomobilska industrija ima velike 
probleme z Japonskimi konkurenti In zaradi tega 
so se lotili posodabljanja svoje proizvodnje. 
General Motors (GM) je naletel na velike tetave 
pri povezovanju obstojeCe opreme v Integriran 
sistem in zato so se lotili standardizacije. Za 
njihova prizadevanja na tem podroCJu so se v 

3. MAP/TOP ARHITEKTURE 

MAP in TOP sta specifikaciji za skupino 
standardov, zasnovanih na ISO/OSI referenčnem 
modelu, ki omogočajo povezovanje različnih tipov 
računalnikov In računalniško krmiljenih strojev. 
Standardi obsegajo vse aspekte komunikacijskega 
procesa, od flzlcnlb povezav do vlsoko-nlvojsklh 
aplikacijskih Jezikov. 

Razlike med MAP In TOP so prikazane na sliki. 
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Repeater Je naprava, ki Je namenjena povezovanju 
mre2 na flzlCnem nivoju. To pomeni, da morata 
Imeti mreti, ki Ju povezujemo, 'enak fiziCni 
nivo. Glavni namen uporabe repeaterjev Je 
povetatl dovoljene razdalje med postajami, ki so 
omejene s fizikalnimi lastnostmi prenosnega 
med i J a. 

USER USER 

(lEEEiOaj) 
Ncnmmc 
(lEEEUlJ) 

BrIdge Je namenjen za povezovanje m r e 2 , ki se 
razlikujejo na 1. in 2. nivoju (npr. CSMA/CD In 
podajanje t e t o n a ) . 

MAP predvideva dve osnovni arhitekturi: 

MAP hrbtenična 
arch i tecture ) , 

arhltektura (backbone 

MAP celiCna arhitektura (celi archItecture ) . 

Trenutna specifikacija MAP (verzija 2.1) 
vključuje samo prvi tip arhitekture, vendar sta 
v kasnejših verzijah (verzija 2.2) predvidena 
oba tipa. V hrbtenični arhitekturi Imajo vse 
priključene postaje Imp1ement1 ranih 6 od T 
ISO/OSI nivojev. V trenutni implementaciji Se ni 
definiran predstavitveni (6.) nivo. Vsaka 
postaja lahko komunicira z vsako drugo postajo v 
sistemu ali tudi izven njega (preko javnega 
digitalnega komunikacijskega o m r e ž j a ) . Standard 
doloCa uporabo Širokopasovnega vodila (broadband 
bus ) . 
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Tako arhitekturo imenujejo tudi EPA (Enhanced 
Performance Archl tecture). 

TOP predvideva arhitekturo, ki je identična MAP 
hrbtenični arhitekturi. 

MAP/TOP predvideva povezovanje mrež ali mrežnih 
segmentov, ki so lahko tudi geografsko zelo 
oddal Jeni. 

Za povezovanje uporabljamo 4 arhitekturne 
elemente: repeater, bridge, router In gateway. 

USER 

JT 

USER 

f 

NETWOnX 
(KEEMl.I) (IEEEWa.4) 

Obe mreži morata Imeti enoten naslovni prostor. 
Bridge lahko poveCa mrežo preko dovoljenih 
omejitev znotraj segmenta ali fizično loCI 2 
segmenta v mreži. 

Router omogoča povezovanje na mrežnem nivoju ne 
glede na tip prenosnega medija in naCIna dostopa 
do medi Ja. 

X NCTWORKA NCPNCRKC 

PEEEIOU) 

Router Ima naslov, ki je poznan v vseh mrežah, 
ki so priključene n a n j . Router opravlja Izbiro 
poti In preklaplja sporočila glede na mrežne 
naslove In stanje priključenih m r e ž . 

Gatewav pa omogoCa priključitev mrež, ki nimajo 
OSI strukture. Tu so mišljene predvsem obstoječe 
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lokalne nrete. Javna komunikacijska omrežja In 
podmrete z nepopolno OSI strukturo. 

USER 

a 
F 
E 
D 
C 
B 
A 

OSINETVIMRK 

STANDARDI V MAP/TOP 

NOH-Oa NETMODK 

MAP ostaja 
definlral a 
organizaci Ja 
Interconnect Ion) 
tudi vse druge 
Del MAP-a Je 
standardih IEEE 

zvest mretnim protokolom, ki Jih Je 
mednarodna standardizaclJska 
(ISO). OSI (Open System 
referenčni model so sprejele 
standardilaclJske organizacije, 
zasnovan na priporočilih In 

802, pri £emer nekateri ie niso 
dokončno definirani (draft standarda, draft 
proposal). 
Podnlvo kontrole dostopa do medija (MAC) Je v 
novejših verzijah MAP/TOP postavljen na flzlCnl 
nivo, ker taka razporeditev bolje ustreza 
konceptu tega podnlvoja. Tudi ISO predvideva 
tako spremembo IEEE definicije MAC podnlvoja. 
FlzlCnl nivo OSI referenCnega modela omogoCa 
flzlCno povezavo za prenos podatkov med 
postajami v mretl. Izvaja pretvorbo podatkov v 
električne signale za prenos po mediju In 
upravlja dostop do posameznega medija. 
MAP In TOP se razlikujeta prt izbiri standardov 
za flzlCnl nivo. 
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v /IEEE 8023/. 

TOP predvideva v bodoCe te vklJuCltev drugih 
medijev In MAC protokolov, ki bi bolj ustrezali 
specifičnim potrebam uporabnikov. Predvidena Je 
uporaba IEEE 802.S Token Passlng Rlng na 
oklopljenlh paricah in IEEE 802.6 Metropolitan 
Aera Netvrork na optičnih vlaknih. 
V MAP Je za osnovni medij Izbran TS-ohmskl 
(CATV) koaksialni kabel za hitrosti do 10 Mbps. 
Širokopasovno vodilo (broadband) Ima zelo veliko 
kapaciteto prenosa podatkov. Poleg tega omogoCa 
hkratno prenašanje govora In slike (video). 
Razdalje ne predstavljajo problemov, saj so 
signali modulirani In se ojačujejo v glavi na 
koncu kabla (head-end), kjer se Izvril tudi 
frekvenčni premik signala. Vse to omogoča veliko 
ifflunost proti motnjam, ki so zelo pogoste v 
industrijskem okolju. Zaradi velike frekvenčne 
Slrlne Je možno sočasno delovanje do 100 
lokalnih mrež na Istem 

kablu, kar Je zelo koristno pri uvajanju MAP-a v 
delujoče tovarne, kjer nI mogoče vseh naprav 
povezati v enoten komunikacijski sistem v enem 
koraku. Poleg tega Je CATV kabel že instaliran v 
mnogih tovarnah. Žeton na vodilu (token passlng 
bus) Je Izbrana metoda dostopa do medija. Ta 
metoda Je primerna za MAP, saj zagotavlja vsaki 
postaji dostop do medija v nekem vnaprej 
določenem času In zagotavlja konstanten pretok 
podatkov tudi pri velikih obremenitvah. 

Llnllskl n Ivo OSI referenčnega modela 
vzpostavlja In upravlja komunikacijsko povezavo 
med dvema postajama. Funkcije tega nivoja so Se 
kreiranje paketov, preverjanje pravilnosti 
prenosa, naslavljanje In ostale funkcije 
potrebne za točen prenos podatkov med postajami. 
Delovanje linijskega nivoja Je neodvisno od 
Izbrane metode dosega uporabljene na fizičnem 
nivoju. In obratno. 

IEEE 802.2 specifikacija za logično kootrol.o 
zveze (LLC) Je ISO standard za linijski nivo 
/ISO 8802/2/. Standard določa tri tipe sistemov: 

1. brezpovezavno orientiran tip, 
2. povezavno orientiran tip In 
3. tip s posameznimi podatkovnimi paketi (slngle 

frame). 

Tretji tip Je predviden za podporo aplikacij v 
realnem času v MAP EPA arhitekturi. V standardu 
sta dva razreda servisov: 1. razred, 
brezpovezavnI servis, ki vsebuje samo sisteme 
tipa 1 In 2. razred, povezavno orientiran 
servis, ki vsebuje vse tri tipe. 

Sicer Je za MAP In TOP Izbran sistem tipa 1, 
servis razreda 1. Ta omogoča zvezo med dvema 
postajama brez vzpostavljanja povezave. Ta tip 
ne omogoča oštevilčenja paketov, potrjevanja 
kontrole pretoka In popravljanja napak. Za vse 
to poskrbijo vlSJl nivoji. 

Mrežni nivo skrbi za preklapljanje in usmerjanje 
paketov med postajami v Isti mreži ali med več 
mrežami, neodvisno od uporabljenega 
transportnega protokola. Mrežni nivo vrti tudi 
kontrolo pretoka. Servisi mrežnega nivoja so 
neodvisni od razdalj med mrežami. 
Funkcije nivoja 3 v MAP In TOP so enake, le da 
TOP uporablja noveJSl arhitekturni opis, kjer je 
nivo razdeljen na Štiri podnlvoje. 
Podnivoji so povezani s spreminjanjem 
informacije o globalnem naslova v informacijo o 
usmerjanja paketa v mrežah, vzdrževanja tabel 
ali algoritmov za usmerjanje, vzpostavljanjem 
ter prekinjanjem povezav in preklapljanjem 
vhodnih sporočil v . vozliSču na pravo Izhodno 
pot. Del informacij zagotavlja tudi podnlvo 
aplikativnega nivoja, imenovan upravljanje mreže 
(network management). 
Uporabljeni brezpovezavnl mrežni protokol (CLNS) 
je definiran s standardom ISO DIS 8473 /ISO 
8473/. 
Transportni nivo (nivo 4) skrbi za zanesljiv 
prenos podatkov za osebke na nivoju seje, ne da 
bi se le.-tl morali ukvarjati s podrobnostmi za 
zanesljiv podatkovni prenos. 
Transportni nivo tudi optimizira uporabo 
razpoložljivih mrežnih servisov nivojev 1, 2 In 
3, da Izpolni zahtevek nivoja seje. 
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Protokol definiran za transportni nivo, 
zagotavlja povezavo med končnimi uporabniki, med 
dvema osebkoma na transportnem nivoju. 

Transportne funkcije na transportnem nivoju 
zagotavljajo zahtevano kvaliteto servisa, ki Je 
odvisna od kvalitete servisa mrežnega nivoja. 

Transportni protokol definiran s standardom [SO 
IS 8073 /ISO 8073/ Je povezavno orientiran 
protokol, ki ga sestavlja pet razredov servisov. 
Servisi so razvrSCenl po zahtevnosti. Najbolj 
kompleksen Je razred 4. 

Servis razreda 4 opravlja kontrolo pretoka in 
omogoCa združevanje veC transportnih povezav v 
eno samo. Servis tega razreda tudi dopufiCa 
uporabo zanesljive mreže In zna odkrivati in 
popravljati napake s preverjanjem vrstnega reda 
sporočil In detekcljo Izgube paketov ali njihovo 
poškodbo. Zaradi teh lastnosti Je v MAP/TOP 
I zbran razred 4 . 

Povezavno orientiran transportni servis Je 
sestavljen iz dveh delov: upravljanja povezave 
In prenosa podatkov. K upravljanju povezave 
spadajo vzpostavitev povezave (connect s e r v l c e ) , 
prekinitev povezave (disconnect service) in 
poročanje o statusu povezave (status se r v i c e ) . 

Prenos podatkov podpirata dva servisa, normalni 
podatkovni prenos In pospeSenI podatkovni prenos 
(expedlted data s e r v i c e ) , ki omogoCa prenos 
omejene količine podatkov Izven normalnih 
podatkovnih tokov. 

Sivo seje zagotavlja organizacijo In 
sinhronizacijo komunikacije med osebkoma na 
nivoju predstavitve in upravlja Izmenjavo 
podatkov. Za upravljanje prenosa uporablja 
transportno povezavo. V Času vzpostavljene 
povezave na nivoju seje servisi nivoja seje 
služijo osebkom na predstavitvenem nivoju za 
urejanje konverzacije In zagotavljajo urejeno 
Izmenjavo sporočil na povezavi. 

Nivo seje razSIrJa transportni servis z 
mehanizmi za upravljanje in s truktuIranJe 
zanesljivega podatkovnega prenosa, ki ga 
zagotavlja transportna povezava. Povezava na 
nivoju seje je lahko s trukt ur Irana tako, da se 
Izmenjave podatkov med uporabniki Izvajajo 
simultano dvosmerno (ful1-dupIex), Izmenično 
dvosmerno (hal f-dupIex) ali enosmerno (slmplex). 
ISO protokol nivoja seje predstavljajo 4 
podmnožtce servisov: jedro, osnovna kombinirana 
podmnožica, osnovna s inhron I z 1 rana podmnožica In 
podmnoilca osnovnih aktivnosti. V Jedru so 
osnovne funkcije: vzpostavitev in prekinitev 
povezave ter prenos podatkov. Osnovna 
kombinirana podmnožica poleg funkcij Iz jedra 
omogoCa Se pospeSen prenos podatkov |expedlted 
data) ter upoštevanje Izida pogajanja o 
parametrih povezave In Je lahko simultano 
dvosmerna ali Izmenoma dvosmerna I ha If-dup1ex). 

MAT/TOP specifikacija uporablja ISO Basic 
Connectlon - Orlented Sesslon Service Deflnltlon 
(ISO S326) In ISO Basic Connectlon - Orlented 
Sesslon Protocol Specif1 ca t i on /ISO 8327/. 

Implementacija ISO nivoja seje sestavljata Jedro 
in dvosmerna . simultana podmnožica osnovne 
kombinirane podmnožlce. 

Predstavitveni nivo 
verzijah prazen. 

MAP/TOP je v trenutnih 

ApI Ikac i IskI nivo, sedmi. naJvlSJl nivo v OSI 
referenčnem modelu omogoCa uporabniku ali 
aplikaciji uporabo servisov, ki jih nudijo nItJI 
nivoji. Uporabnik dosega In uporablja mrežne 
servise preko množice mrežnih orodij 
Iprocedurnlh knjižnic In mrežnih uslužnostnlh 
p r o g r a m o v ) , ki so realizirani na aplikacijskem 
nivoju, Na sedmem nivoju MAP doloCa uporabo 
petih protokolov. 

ČASE (Common Application Service E l e m e n t s ) , ki 
je doloCen s standardom /ISO 8650/, MMS 
(Manufactur Ing Message Service) z osnutkom 
standarda RS-511. upravljanje mreže (Network 
Management) določenim z /IEEE 8802/1/ in FTAM 
(Flle Transfer, Access and M a n a g e m e n t ) , ki ga 
doloCa /ISO 8571/ . 

TOP na aplikacijskem nivoju doloCa le uporabo 
FTAM. 

ČASE služI za vzpostavljanje komunikacije, torej 
za povezavo med MAP aplikacijami, ČASE tudi 
skrbi za upravljanje in prekinitev Izmenjave 
podatkov. Ostali Štirje protokoli .n-a 
aplikacijskem nivoju uporabljajo ČASE. 

RS-:il Je nadzorni jezik. ki Je bil razvit za 
lokalne mreže v industrijskem okolju In omogoCa 
centralnemu računalniku nadzor In vodenje 
perifernih računalnikov, robotov In 
numer1Cno-krml1 j en I h strojev. V EPA arhitekturah 
pri aplikacijah v realnem Času Je možna tudi 
direktna komunikacija z linijskim nivojem. 

Servisi RS-511 so razvrščeni v naslednje opisne 
enote : 
SploSnI servisi. dostop do spremenljivk v 
perifernih enotah. spremljanje dogodkov v 
perifernih enotah. neposredno krmiljenje 
perifernih naprav, upravljanje In usklajevanje 
dostopa do krltlCnlh zmogljivosti, razvrSCanje 
poslov, enostaven prenos in upravljanje z 
datotekami, komunikacija z operaterjem, 
beleženje poteka proizvodnega procesa in 
nalaganje programov na periferne enote. 

SploSnI servisi omogoCajo uporabniku, da 
poizveduje o definiranih Imenih v drugih' RS-511 
sistemih. Izbrišejo nelzvrSene zahtevke, ki Jim 
Je potekel Cas In vrnejo sporočilo za sporočilo, 
ki ga nI mogoce pravilno dekodirati. 

Funkcija dostopa do spremenljivk v perifernih 
enotah omogoCa branje, pisanje, definicijo 
spremenljivk in definicijo tipov. Branje in 
pisanje ohranjata tip podatka, kar je pomembno 
zaradi različnosti interne predstavitve podatkov 
v različnih sistemih. Možno Je tudi oblikovanje 
sestavljenih spremenljivk, kjer ^Je z enim 
namenom definiranih veC enostavnih spremenljivk, 
kar predstavlja prenašanje loglCno povezanih 
podatkov. 

Spremljanje dogodkov v perifernih napravah 
omogoCa hitro ukrepanje v doloCenih primerih in 
sinhronizacijo ostalih dejavnosti glede na 
doloCene dogodke. Neposredno krmiljenje omogoCa 
neposredno krmiljenje doloCenih naprav v 
sistemu. Upravljanje In usklajevanje dostopa do 
kritičnih zmogljivosti je potrebno zaradi 
nezdružljivosti doloCenih akcij. 

Servis razvrščanja poslov Izbira posel, ki ga 
mora IzvrSItl enota, ki Je konCala prejSnJl 
posel. Osnovni protokol v MAP za delo z 
datotekami Je sicer FTAM, vendar je le-ta za 
doloCene primere preveč kompleksen. Zato RS-511 
doloCa enostaven nabor servisov za delo z 
datotekamI. 
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Komunikacija z operaterjem omogoCa Izpis omejene 
količine Informacije, kot so navodila operaterju 
pri stroju In sprejem Informacij od operaterja. 
Za pretok veCjlh kollCln so definirani servisi 
ISO VTP (Virtual Terminal P r o t o c o l s ) . Beleženje 
poteka proizvodnje omogoCa zapis In shranjevanje 
pomembnih parametrov proizvodnega procesa, ki Je 
nujno v nekaterih dejavnostih (npr. farmacevtska 
Industr1J a) . 

Nalaganje programov v periferne enote se 
razlikuje od dela z datotekami zato, ker mora 
biti enota In njene vhodno/Izhodne vrednosti v 
znanem stanju, ko nalotlmo program. V nasprotnem 
primero lahko pride do nepredvidenih dogodkov, 
ki poikodujejo Izdelke ali naprave. 

Servis upravljanja mreže zagotavlja, da Je 
proces prenosa podatkov uClnkovlt, pravočasen, 
zanesljiv in varen. Upravljanje mreže lahko 
razdelimo v dve funkcionalni enoti: zbiranje 
podatkov o mreži in vodenje In nadzor mreže. 
Oboje Je povezano z izkoriščenostjo, statusom, 
položajem, zmogljivostjo ter razpoložljivostjo 
In napakami elementov mreže. 
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The paper gives short survey over general RISC principles, 
characteristics, problems, and achievements on the area of re­
duced architectures. 

J. UVOD 

Razvo i v svetu ka?e, da se bodo rai^unalm Ski 
sistemi v bodoče nauibali k vse bol i poenotenim 
in mani raznolikim arhitekturam. VeC ali mani 
novi principi naCrtanih raCunalniSkih arhi­
tektur , ki so se ro ievali od sredine 70-1h 1et 
do danes, pa slone na doka i razliCnih pristo­
pih. 

Obravnavani pristop Je pravzaprav presenetljiv 
ra danaSnii itas. ZnaCilen je po vse boli kom­
pleksnih in zamotanih računalniških arhi tek-
turah. VeC je raCunalniSke zmogljivosti so za­
htevale tudi veCJo ceno tako za materialno kot 
programsko opremo. Zgled predstavija Intelov 
iAPX 432, ki je bi 1 posebej naCrtovan sa to, da 
podpira Jezi k Ada. V taksnem, ti. CISC sistemu 
(Compiex Instruction Set Computer), »e modoCe 
povečevati računalniško zmoaliivost predvsem r 
dodajanjem posebnih namenskih procesorjev ozi­
roma naprav, kot so procesor za ari tmeti ko v 
plavajoči vejici, matrični ali vektorski proce­

sor, posebna enota za upravijan ie s pomnilni­
kom, csche pomniIni k in večkratna vodi 1 a. Zara­
di takSnih, dokaj neugodnih pristopov, in ne 
nazadnje zaradi kompleksnih mi kropropramsk i h 
arhi tektur v CISC i stemih z večni vo]Bkimi ope-
raciJami, na kakrSne naletimo pri VAXu. obsta­
jajo poskusi poenostavijan ja procesorski h 
struktur in rabe takSne programske opreme, ki 
omogoča Čim optimalneiSo računalniško zmogl.ii-
vost. To ie tudi eden od bistvenih razlogov za 
obravnavani pristop, ki pa niti ni tako nov. 
Sevmore Cray i ž Crav Research je bil vodiIni 
zagovorni k RISC arhi tekture v posledn Jih 20-i h 
letih; arhitekture, ki je bila vse do danes le 
objekt raziskav velikih raziskovalnih laborato­
rijev. Najvidnejši raziskovalec na tem področju 
je David Patterson iz Un i ver s i t v o-f Cal i fornia 
at Berkelev, ki Je novi arhitekturi tudi prvi 
nadel ime RISC. 

2 omenjenim premikom v arhitekturi je moč dose­
či zavidljive hitrosti procesiranja tudi pri 
man j Si h stro jih, ki se bodo lahko kosal i z 
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DEGovim Micro VAXom II, Napori razvi lalcev v 
nasledniih letih bodo Se nadal le usmer ieni 
predvsem v povefevan ie procesne moCi . ki io ie. 
kot domneva io, mat povefiat i Se posebno pri 
cenenih delovnih postaiah vsa.i ra dva velikost­
na razreda. 
Videti le. da le v poaledu rahtcv po naraSCan.iu 
procesne matt i vodi 1 na ratf unal ni Sl:a ar h i tek t ur a 
Rise. fa arliitektura bo v bodoCe . sloneč na 
i de 1 i poenost avitve osnovni h procesorsk i h arhi­
tektur, i mel a da I el: osel; en vpliv l<jdi na pro--
pramsko opremo. Izvedenci na tem področni pri­
ča ku je lo: 

RISL 28002 VAX~ F-DF"-
I 68000 11/780 11/70 

- da bodo delovne posta le !fe v 
nosti delale v območlu nad dva 
(mil )on instrukci i na sekundo; 
- da bodo sredn le vel i k i proč 
Cunalniki) delali s hitrostjo 
F'redvi doma bodo takSne t"iitroBt 
do konca desetletia 
- da bodo procesor.i i z RISC 
zmoaljivostJO 2 do 10 MIPS doba 
terih alavnih prodajalcih 2! 
cev do eneaa leta 
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jezike (Li sp. Proloo in drua 
RISC arhi teUturi 
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a vi sokon i vo jske 
e) z asnovani na 

in mikroraču-
zasnove do pro-
i celo man j. 

2. KARAKTERISTIKE IN PRINCIPI RISC 

RISC arhitektura i ma neka i sp1oSni h znač i 1nos-
ti, ki lih le moooče strniti v naslednje ali-
f 1 e 1 e : 

- Man 1Se Število instrukci i, ^ 
po preprostost i. Značilno Ste\ 
instritkci i. medtem ko ima 
instrukci i. 
- VeČina instrukci i se izv 
ciklu. Preproste so tudi 
1oad/store. 
" Instrukci ie so fiksne do 
materialno opremo laSie d 
- Arhitektura je boosta na r 
k i upravija io č i p, 
- Preva jalni k je i ntepralni 
Uporaba programske opreme 
primernejša, kot n\iy roioča v 
- Arhitektura je boaata na n 
konstruktih in podpira vi 
lako zmaniSuie semantične vr 
jem in jezikom, 
- Odlično je razmerje v pop 
ri alne/proqramske opreme (pr 
tehnolopi je>. 

i se odi i ku je JO 
i 1 o ie pod S".' 
VAX kar 30<:' 

aja v enem samem 
instrukci ie tipa 
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epi strsk i h skladi h , 

del arhite^:ture. 
(prevajal ni kov) je 
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Prednost RISC arhitekture je tem. 

- da jo je sorazmerorna 1 ahko i mplement i rat i v 
VLSI tehnolooi ji 
- da omogoča gradnjo sistemov, ki so sestavlje­
ni iz posamezni h gradni kov < modul arnost) 
- da DmoaoCa uč i nkovi to preva .lan ie 
- da te mogoče doseči izjemno kratek čas izva­
jan i a programov 
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Slika 2. Primerjava nekaterih osn,karakteristi k 
RISC procesor jev,ki so bili proiz vede-

ni v letih 1980 do 83. 

Or togoualriost, Podatkovni tipi, naslavljan.)e 
in instrukci je mora.io biti definirani vsak 
posebej, v medsebojni neodvisnosti. Npr., vča­
sih uporabIjaio različne instrukcije različne 
načine naslavljanaja. 

Zdr u^ 1 11 voirt, DopuSa se moSnost uporabe vseh 
načinov naslavljanja pri kakršnemkoli tipu 
operatorja ali podatka. Mpr., programski jeziki 
upoštevajo tip kot posebnost podatka, medtem ko 
veČina strojev upoSteva tip kot posebnost ope-
r ator .lev. 

Eden <»'i vseh. Izvajanje je moSno le na en sam 
način, ki se lahko izbere med vsemi moijnimi 
načini. Npr. ali samo .EQ. in .LT.. ali vseh h 
relaci iskih operator jev. Najbol j pogosto so 
triiealiStirie. 

RISC arhitektura kaže vse več io uporabnost tudi 
v večnamenskem procesnem ok;ol iu; trdi tev, ki je 
bila doslei močno vpraSl iiva. 

UspoSnost arhitekture sloni na njeni skladnosti 
s prevajalnikom. Zato, da se takSna skladnost 
doseS: e, se uporabi ia jo nasl edn ii principi: 

Regularriost, Nekaj, kar se 2e izvajia nekje na 
nek način, se na enak način ne sme izvajati 
nikjer drugie. Npr., včasih se nastavljanje cc 
bitov razlikuje po zlogovnih ali besednih ope-
raci jah. 

Podpora gradnikom, in ne integracija. Problem 
ni v generirenju koda. ampak v kodni optimiza— 
ci.ii. Jezi kovni stavki FDR i n C ASE so neuporab­
ni . 
Nas lav J tan ie. Naslavljanje ne sme biti omejeno 
le na naslavlianie preprosti H poli in zapi sov. 
Večina strojev ne zagotavlja ustrezne podpore 
z apl e t enemu nasl avl jan.ju. 

Podpora okoltu. F'odpora izvajalskemu okolju. 
ki Se zdaleka ni tako dobra. kot je podpora 
ar i tmet i ki in 1ogiki. se mora povečati. Npr. , 
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Preveden 
program 

] C prevajalnik na VAX 11/780 I 
1 I 

C prevajalnik na RISC 

ime 
obseg 1 na VAX 

(vrstic) I (sek) 
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puzzle.c U B I 5.2 3.6 2.4 

1 
skupaj 257B 1 2 0 . 5 3 7 . 8 

VftX/RISC I VAX/RISC 
na RISC 1 na VAX na RISC 

BMHz 12riHz B 12 I (sek) BMHz 12MHz B 12 
] 

1. 
1. 
1 

1 

.3 

.3 

.4 

. 3 

2.0 
2.0 
2.2 

2.0 

I 
I 
I 

I 

35. 
20. 
7. 

62. 

.2 
, 0 
, 3 

,S 

22. 4 
13.2 
4.B 

40.4 

14. 
B. 
3. 

26. 

.8 

.7 
,2 

,7 

1, 
1, 
1-

1 

.6 

.5 

.5 

.5 

2.4 
2.3 
2.3 

2.3 25.0 

Slika 3. Primerjalni test zmogljivosti C prevajalnikov na strojih VAX in RISC 

skupinam skladov. dinamičnim povezavam, izjem­
nim situcijam ipd. 

Odkloni. Odkloni od osnovnih principov morajo 
biti neodvisni od implementacije. ZnaCilno je, 
da razvoj tehnologije vseskozi zaostaja za 
novimi arhitekturami. 

Podpora materialni opremi v RISC-VLSI tehnolo­
giji so HDL uporabniški programski paketi, ki 
so posebej namenjeni naCrtvanju RISC—VLSI ve-
.zij. Poseben opisni jezik omogoča učinkovit 
opis tovrstnih procesorskih arhitektur. Pri 
MP2D . pakiranju se uporabljajo ustrezna orodja 
za razmeščanje in povezovanje v postopku na­
črtovanja VLSI vezij. 

Med najbolj pereCe probleme načrtovanja RISC 
arhitektur je vprafianje kompleksnosti VLSI 
vezja, ki naj bi se razumno omejila. Z novo 
arhitekturo se poveča tako Število kot kvalite­
ta vgrajenih novih virov, naraste pa tudi zane­
sljivost sistema. Vendar prinaša nova arhitek­
tura tudi negativne vplive na gonilno sposob­
nost (moC) vrat, ki s kompleksnostjo vezja 
upada. Zakasnitve vsled dekodiranja in daljnih 
prenosnih poti podatkov naraSCajo, s tem pa se 
manjka hitrost CPU. Ti negativni uCinki so Se 
bolj izraziti pri CISC arhitekturi, kjer je 
kompleksnost VLSI vezja enega samega izredno 
sposobnega procesorja. nuja, S kompleksnostjo 
eipa se skokoma poveCajo tudi stroSki načrto­
vanja in testiranja procesorja. Zato Je priča­
kovati reSitev le v multiprocesorskih sistemih 
z izkoriščanjem velike stopnje soCiasnosti , 
medtem ko so posamezni procesorji v RIBC-VLSI 
submikronski tehnologiji s sorazmeroma prepros­
to organizacijo zelo hitri in zato uCinkoviti v 
izvajanju. 

Iz gornjega je mogoCe povzeti ^ilozo^ijo ftlSC 
arhi tekturei 

1. Izbor tipa in koliCine virov mora maksiroizi-
rati pozitivne in minimizirati negativne uCiin-
ke. 
2. učinkovitost stroja mora biti ovrednotena s 
Časom izvajanja HLL programov in ne s Številom 
strojnih instrukcij, ki pripadajo enemu samemu 
HLL stavku. 
3. Pomembno je, da se kar najbolj poenostavi 
kodni optimizator, ne pa generator koda. 

3. PREBLEO RAZVOJNIH DOSEHKOV 

Razvoj RISC arhitektur je najpreje potekal v 
raziskovalnih laboratorijih firme IBM (raCu-
nalnlk z oznako 801), Universitv o-f Callfornia 
at BarkelBv (RISC I in RISC II) in Stanford 
Universitv (MIPS). Glej sliki 1 in 2 !. Tri 
manjSe firme so 2e realizirale produkte na 
osnovi Rise tehnologije, veČina glavnih dobavi­
teljev računalnikov pa je priCela dobavljati 
tudi He prve poskusne serije komercialnih Rise 
raCunalni kov. 

IBM 
ka. 
t jo 
ni 
leta 
dveh 
na 
Oba 
ROMP 

je vsekakor 
Ras vi 1 je i 

2 MlPSa. Za! 
loui ki . Zai 

1975, dai 
vsebinsko i 

Rise tehno 
projekta 
. Eden od n 

pre?va jalni Sko | 
aovoricah, v 1 
1 ji v . 

RISC I je bil implementiran v letu 1982. 
RISC II pa v letu B3. Oba imata 32-bitno besedo 
in 4 gigazlo£ni virtualni adresni prostor. 
Razlikujeta se v tem, da ima prvi dvostopenjsko-
cevane instrukcije, 44k tranzistorjev in 500 
nsek uro, medtem ko ima drugi trostopenjsko 
cevane instrukcije, 40k tranzistorjev in 330 
nsek uro. 

pionir razvoja RISC raCunalni-
miniraCunalnik 801 z zmogljivos-
snovan je na emitersko sklopije-
snova tega računalnika izhaja iz 
nes pa IBM £e zakjuCuje razvoj 
povezanih razliCic komercialnih, 
logi ji zasnovanih računalnikov, 
sta poznana pod skupnim imenom 
jiju je veCuporabniSki sistem za 
procesiranje, ki bo, sodeC po 
kratkem tudi komercialno doseg-

Domnevajo, da bo zmogljivost tega raCunalnika 
med 2 in 10 MIPSov. Namenjen je trJfiSCu super-
raCunalnikov, ki so grajeni z 16 in 32 bitnimi 
raCunalniSkimi Cipi , podobnim procesorjema 
68010 in 68020. Za novi raCunalnik je predviden 
operacijski sistem, ki je posebna verzija Uni-
y.a. Drugi projekt je na Riscu zasnovana inže­
nirska delovna postaja, ki dela v obmoCju nad 2 
MlPSa. 

Poleg omenjenih projektov obstajajo ob skupnem 
prizadevanju za Cim tesnejSe sodelovanje (npr. 
med IBM in Austin) Se drugi projekti RISC ra­
čunalnikov. Med njimi so razliCice raCunalnika 
801, ki teCejo kot koprocesorji v sklopu neka­
terih veCjih IBM-ovih centralnih enot. TX je 
eden od rezultatov IBMovih naporov, da bi raz­
vil napredno delavno postajo. Menda je £e raz­
vita. RISC implementacija na nivoju vtiCne e-
note,' namenjena raCunalnikom Serije 1 in PC. 
Ali bo rezultat teh projektov tudi komerecialno 
dosegljiv produkt, je nemogoCe napovedati. IBM 
ima namreC navada, da razvija Številne pro­
dukte, od katerih je marsikateri neuspeSen. 
Zanesljivo je le to. da IBM ne bo hotel iz­
gubljati prednosti, ki jo ima v novi tehnologi­
ji, in bo Se nadalje poskuSal, da bo konCno Le 
uspel in Cim veC iztržil na raCun iJe vloženih 
sredstev. 

MIPS, Sun, Apollo, Silicon Graphics in Conver-
gent so podjetja, ki planirajo prodajo komplet­
nih delovnih postaj. Njihovi RISC raCunalnlSki 
produkti na nivoju vtiCne enote (boarda) so 
predvsem zaradi optimiranih prevajalnikov kar 
desetkrat hitreiSi od standardnih mikroproce­
sorjev. 

Tudi DEC naCrtuje rabo novih RISC konceptov. 
Danes Se teCeta vsa i dva tovrstna projekta. 
Eden od njiju je znan pod imenom Nautilus. 
RaCunalniSki produkt tega projekta v ECL tehno­
logi ii bo imel zmogljivost nekaj 10 MIFSov in 
bo delno združljiv z VAXom. Cilj drugega pro-
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.iekta .ie inženirska delovna postaja, poimenova­
na Titan. Zmogljivost postaie bo 2 MlPSa in bo 
omogočala instalacijo nekatere V A X O V B aplika­
tivne programske opreme, vendar 2 VAXom ne bo 
popolnoma združljiva. 

Na kon-ferenci pred dobrim letom dni je prezi-
dent .' DECa Ken Olsen, ko je najavil VAX 8650 
izjavil, da je bil DECov napor na razvoju RISC 
zasnovanih računalnikov doslej v vetji meri 
neuspešen, hkrati pa dodal, da bodo kljub neu­
spehom tega razvoja Se nadalje vlagali vse 
svoje napore. 

Prav tako kot drugi se je tudi Hewlett-Packard 
oprijel nove tehnologije. Naznanil je, da bodo 
v badotie vsi njegovi pomembnejši računalniški 
projekti zasnovani na RISC arhitekturi. TakSno 
usmeritev izvaja ie pri nadaljni qradnji 
serije računalnikov HP 3000, ki bo združljiva z 
vso Hewlett-Packardovo obstojeCo aplikativno 
programsko opremo. V okviru tega projekta, 
imenovan Spectrum, napovedujejo računalnik, ki 
bo zasnovan na veC procesorjih s 64 bitnimi 
podatkovnimi besedami. Pričakujejo, da bo zmog­
ljivost novega raCunalnika blizu 5 do B MIPSov. 
kar pomeni, da bo njegova zmogljivost napram 
računalniku danaSnje serije 3000 veC kot podvo­
jena. 

Gigantski ATI«T, ki dobavlja L)NIX in C, napove­
duje, da bo razvil na RISCu zasnovan "C stroj", 
ki bo optimiran za C jezik. Lastne in tuje 
razvojne grupe so temeljito ovrednotile rabo C 
programov, tako kot Id.c, sort.c in puzzel.c. 

Tako je reSevanje kompleksnih linearnih enaCb v 
polni natančnosti na raCunalnikih RISC arhitek­
ture pokazala zelo dobre rezultate. Ena takSnih 
grup, kot je Argonne National Laboratorv, je 
objavila rezultate testov, ki Jih Je opravila 
na 15i:«-ih računalnikih z različnimi prevajalni­
ki. Tabela na sliki 3 kaSe primerjalni test 
zmogljivosti C prevajalnikov na strojih VAX in 
RISC. 

Vse bolj je Jasno, da RISC raCunalniki ne bodo 
le domena velikih -firm, ki imajo vse vire za 
razvoj lastnih RISC raCunalni kov. Tudi manjši 
proizvajalci bodo svoje razvojne zmogljivosti 
uporabili za razvoj računalnikov - z vodili 
Multibus II in VME - na nivoju vtiCnih kartic. 
MIPS Computer Svstems Inc. od Mountain Uiev, 
Calif., je He razvil na nivoju vtlCne kartice 
in za VME vadilo RISC raCunalnik, ki je zasno­
van na eni od prvih arhitektur, tj, na Stan-for— 
dovi MIPS arhitekturi. Zmogljivost tega ra­
Cunalnika sega do 8 MIPSov in Je zgrajen okrog 
32-bitnega RISC Cipa, ki ima instrukcijeke in 
podatkovne cache pomnilnike. Temu je dodan 64-
bitni procesor za aritmetiko s pomiCno vejico 
procesne moCi 10 MIPSov (kar pomeni mi 1 Jon 
aritmetičnih operacij v pomiCni vejici na se­
kundo), ki je prav tako v RISC tehnologiji, ter 
odliCno optimiran prevajalnik za UNIX V ali 
4.2BSD. Vse to na eni sami vtiCni enoti. 

Inmos, ena najpomembnejših britanskih -firm 
računalniških komponent. Je ponudila trSliSCu 
16-bitne (T 212 in M 212) in 32-bitne (T 414 in 
kmalu tudi T BOO) RISC procesorske enote, ime-

OperacijB Dperandi Komentar Brezpog.indir.skok 

ecJ-tmetiCne in logiCne OBeraci.je 
Ada 
And 
Ic 
Or 
RIc 
Rol 
'Sil 
Sra 
Srl 
Sub 
Subr 
Xc 
Xor 

Rl,R2,Rd Rd:=R2+Rl 
Rl,R2,Rd Rd!=R2.!<Rl 
Rl,R2,Rd Rdi=2log Rl v Rd se zamenja z R2 
Rl.R2,Rd Rd:=R2VRl 
Rl,R2.R3.Rd Rd:=R2yR3 rotiran preko Rl pozic. 
Rl,R2,Rd 
Rl.R2,Rd 
Rl,R2,Rd 
Rl,R2,Rd 
Rl,R2,Rd 
Rl,R2,Rd 
Rl.R2,Rd 
Rl.R2,Rd 

Rd:=R2 rotiran preko Rl pozicij 
Rdi=R2 pomak.levo preko Rl pozic. 
Rd:=R2 pomak.desno'preko Rl poz. 
Rdi=R2 pomak.desno preko Rl poz. 
Rd:=R2-Rl 
Rd:=Rl-R2 
Rdi=zlog Rl iz R2 
Rd:=R2(+)Rl 

Ergnosne gegracije 
Ld 
Ld 
Ld 
Ld 
Ld 
Mov 
St 
St 
St 
St 

A(R),Rd Rdi=M(A+R) 
<Rl+R2),Rd Rd:=M(Rl+R2) 
(Rl>>R2),Rd Rdi=M(Rl pomaknjen preko R2) 
A,Rd Rd:=M<A) 
I,Rd Rd:=I 
R,Rd Rdi=R 
R1,A(R) M(A+R):=R1 
R1,(R2+R3> M(R2+R3):=R1 
R1,<R2>>R3) M(R2 pomaknjen preko R3)i=R] 
R.A M(A):=R 

bladzor ECSDSSDib SBeraci j 
Bra~ Rd PČi=Rd+PC 
Brs Co,Rl,R2,Rd PC:=Rd+PC Ce Co(Rl,R2) 
Jmp Rd PCi=Rd 
Jmp A(R) PC:=M(A+R) 
Jump A(R> PC:=M(A+R> 
Trap Co,Rl,R2 PC:=0 Ce (Rl,R2) 

CeloStev. seStev. 
LogiCni "in" 
Vstavitev zloga 
LogiCni "al i" 
Kombini.rotaci j a 
Rotaci J a 
Log.levi pomi k 
Ar itm.desni pomik 
Log.desni pomik 
CeloStev. odStev. 
Obrnjena Sub 
IzloCitev zloga 
Log.ekskluz. "ali" 

Nalag.(baz.nasl.) 
Nalag.(baz.indeks) 
Nalag.(baz.pomika) 
Nalag.(nepos.nas.) 
Nalag.(takoj.nas,) 
prenos (zloga/reg) 
Shran.(baz.nasl,) 
Shran.(baz.indeks) 
Shran. (baz.pomi ka) 
Shran.(nepos.nas.) 

Brezpog.rBlat. skok 
Pogojni skok 
Brezpog.skok nepo. 
Brezpog.skok baz. 
Brezpog.skok posr. 
"Trap" instrukciJa 

Qcy9§ 9E§C§£iig 
Save PC A 

Set Co.R.Rd 

MA(A):=PC(-3) 

Rd:=-1 Ce Co(R,Rd) 
Rd:=0 Ce ni Co(R,Rd) 

ReSi veCstop. 
PC po pasti/preki. 
Pog.nastavitev 

Slika 4. Strojni kod, ki je znaCilen za procesor z RISC arhit*ektLiro 
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novane transpi.iterie, ki so med sebo j popol noma 
2dru.^l ii ve. 1 ranspuLer ie raCunalni k na Cip , H 
omogoCa izva.iariie veC procesov hkrati in tudi 
sam skrbi za komunikacijo med njimi- Komunika­
cija pote^sa preko skupnepa pomnilnika. VeC 
transputer .iev se lahko povesu ie med seboj preko 
kanalov v veifproceftorsk i sistem. ki omopoCa 
konkurenčno i s va ian ie veC i h procesov. Tak Sne 
sisteme ..ie moC! tJe nadal ie povezovati v Se 
veC.ie sisteme in tako praditi sisteme s po-
1 jubnim ijtevilom transputer .iev. Transputerski 
sistemi niso vetf zasnovani na von Neumannovi 
arhitekturi, kakršno ima sam transputer. 2ato, 
in zaradi sposobnega transputerja lahko daseqa-
.jo ali celo presegajo smogl ji vos t današnjih 
superr ačlunal ni kov . Zakl juCen i transputer" s k i 
sistemi se povesuieio med seboi in s standardno 
mikroprocesorsko periferijo preko posebnih v-
mesnikov t.1menovanimi "link adaptorji" IMB 
0001 in IMS C002, ki skrbi io za medsebojno 
sinhronizaci io veCih sistemov oziroma sistema z 
n jegovo p e n +£?r i .lo. 

-32~bitni transputer T 414 ie splošno 
in ::mare 10 MIPSov pri 20 NHz. Prav 
sp1oSnanamenski n ieaov predhodni k T 21 
ko ie M 212 namenski transputer zs 
1ntel1oentneoa diskovnega sistema. T 4 
pr edstavnik te družine, ie i zdelan v 
ronsk1 GHOS tehnoiooi n s preko 150k 
toriev v 84-pinskem čipu. Procesor ima 
notranie in zunanie izhode za naslove 
ke. ki so mul 11pleksirani in doseoa i 
prenosa '2u megaj 1 oaov . 4-a i gaz 1 ai!n i 
naslovni prostor, PKGH in 2k SRAM p 
ter 4 medtr ansput er sk e komun i l.ac i isk e 
pogledu nabora ukazov transputer od 
obiCaineoa nabora ukazov P TSU arh 
pr ed vsein po številu -/seh ukazov in pr 
ukazov zm fiinoî en le in del jen ie. 

namenski 
tako i e 

2, medtem 
kontrol o 

14, k; i je 
1.5-mik-
tranSIs~ 
32-bitne 

in podat-
o hitrost 
11nearni 

omni1nik a 
kanale. V 
stopa od 
i tekture, 
1sotnost1 

Stavki 

Cal1/return 
Loops 
Assi qn 
If 
With 
Čase 
GoTo 

Pogostost Stro ine Pomni 1. 
uporabe instrukci je re-ference 

13 
21 

45 
26 
15 
13 

SI i ka P o g o s t o s t pomn i 1 - re-f e renc v p r o g r a m i h , 
k i so n a p i s a n i v j e z i k u C a l i Pasca l 

S t r o i / 
p r o c e s o r 

ttd,S 
z va ian .la 

< •/. ) 

^ t e v . i z v , 
i n s t r u k . 

( •/. ) 

pomni 1.dosto 
do podatkov 

VAX-11 
PDP-1] 
6Q0i:'0 
RISC 1 

26 19 
15 
12 

Slika 6. f'r i mer- i ava procesor i a Rl SC 1 z nekate­
rimi drugimi procesorji 

Proizvajalec t ransput er .lev je poskrbel tudi za 
u.C i nkovi t o i ri i a ti k o pr ogr ami r an je v .jeziku 
GCCAM, ki ga le Inmos posebej razvil za tran­
sputer. Prevedli so qa ite tudi za druga okolja, 
npr. VAX in IDM PC. 

Hi:<R <Davton, OH) le prva dru 
trSi^Ku na RISCu osnovano vt 
lo Multibus 1. VtiCna enota 
bitni sistem. ki ima dva vmi 
izhodne podatke 24-bitnega 
VtiCna enota ie instalirana 
temu. ki je zasnovan na st 
dela ali kot koprocesor ali 
intenzivnega procesorja. Ins 
150 nsek, ki izvaja prevaja 
MlPSa. Nadaljni NECovi razs/ 
videvajo vtiCno enoto za 32-1 

2ba. ki le ponudila 
i Cno enoto z& vodt -
NCR/32— /96A je Z2~ 

esnika za vhodne in 
Mul ti bus vodi 1 a. 

razvo inem sis~ 
roju NCFV 320«.>, m 
kot emulator zelo 

trukci jski cikel je 
nje 5 hitrostjo 6.5 
ojni plani pa pred-
bi tno vodi 1 o. 

Dandanes obstajajo trije komercialno doseg] iivi 
raCunaJni fiki sistemi , ki bazirajo na RISC arhi­
tekturah. Ti sistemi so produkti -firm Ridge 
Computer s Inc. o^ Santa Cl ara. Cal i -f . . Pvramid 
ll^omputer Inc. o-f Mountain View. Cali-f. in Cele-
r11 v Computing Inc. o^ San Diego. Calif. Vse 
tri firme dobavi iaio raCunal ni ke. k: i so v raz­
redu zmogljivosti najmanj 2 MlPSa. Ridge 32 ima 
poleg reducirane množice instrukcij tudi veC 
prekrivnih registrov. Serijo Ridge 32 sestav-
i laio 32C. ki je veCuporabnjSki sistem, in 32S, 
ki je majhen enouporabni ftki sistem, posebe j 
naCrtan za DEM uporabnike. Obe enoti imata 32-
bitne podatkovne in adresne poti. 125 nsek 
cikel. cevanie instrukcij v Stirih stopnjah, 
vi rtu.al ni pomn i 1 ni k . procesi ran je s plava .loCo 
veiico in grafiko z bitno preslikavo visoke 
resolucije. Produkt je razliiiica Berkel eyevega 
RISCa. posebei načrtovana za potrebe tr^iSCa. 
le so: podpora materialne opreme hitremu kon-
tekstnemu preklapljanju. ki dovol luje rabo 
*itevilnili vhodno/izhodnih naprav. veC uporabni­
kov in procesov. Poleg tega uporablja Ridoe 32 
namesto enega običajnega VLSI Cipa standardni 
TTL, Operacijski sistem je ROS, izpelian iz 
UNIX V in 4.2BCD. Ta omogoča dodatne znogl n -
vosti . ki ) 1 fi veČina implementaci i UNIXa nima. 
!e so: pageniranje virtuainega pomnilnika, 
visoko zmogl iiv datotečni sistem in hiter tned-
procesni komunikaci iski sistem. ki komunicira s 
sporoči 1 1 . 

Posebna odlika sistema Ridge 32 le učinkovita 
po.dpora grafiki. 19" barvni zaslon ima osemrav-
ninsko resoluci io 1024x768 puselov, kontrolna 
vtična enota pa I28k lastnega pomnilnika za 
grafiko. Ta dopušča osvefevanje 60 zaslonskih 
slik na sekundo. Podobno kot pomnilnik je pagi-
niran tudi vhod in izhod iz diska. ROS ima 
večokenski. zaslonsko orientiran urejevalnik za 
učinkovito streSbo gra-fiki. 

Računal ni ̂ ki si stem Pvrami d 9 0 K ie 32~bitni 
računalnik z virtualnim pomnilnikom do 80 mega-
zlogov. CPU s 125 nsek ciklom je nameSčen na 
treh vtičnih enotah skupaj s procesorjem 68000 
za sistemsko podporo in diagnostiko. Tako kot 
transputer tudi procesor Pvramid odstopa od 
klasičnih RISC kriterijev predvsem v dvociklič-
nih instrukcijah in v rabi bolj tradicionalne 
arhitekture za vhodno-izhodne operacije in 
speci -f i Čnega pr očesi ran ia. Zelo bogat je na 
registrili. 528 regi s t rov je raz vr SCeni h v fo4 
regi strskih skupin. fe skupine regi strov. ki 
imajo RISCu podobne prekrivne registre. podpi­
rajo do 128 uporabnikov. Oba. računalnika, Ridge 
in Pvramid sta zgrajena v MSI in VLSI logiki, 
medtem ko ie Celeritvjev računalnik C1200 zgra-
len okrog NCR-ovega 32-bitnega procesorskega 
čipa. ki ima do 16 kilozlo.*?ni registrski skiad. 

Pvramid 90!; podpiralo HLL za CAD/CAE, podatkov­
ne baze in expertni sistemi UNIX, operaci iski 
sistem s časovnim dodeljevanjem, prevajalniki 
^a C Pascal in F77. Dva do petkrat je ^utrej^l 
od VAX--ll/780 pri mnogo niijji prodajni ceni. 
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4. ODLIKE RISC ARHITEKTURE 

Rise računalniki so primerni za uvajanje šte­
vilnih tehnik, ki so bile razvite Se v pretek­
lih letih z namenom, da se poenstavi in pospefii 
izvajanje programov, predvsem takSnih, ki so 
zapisani v visokonivojskih jezikih, in izvajan­
je funkcij, ki se nanašajo na operacijske sis­
teme. Johan Hennessey, ki je vodil razvoj danes 
Se zastarelega Stan-fordovega MIPS RISC proce­
sorja, in njegovi komercialni naslednji ki, so 
uporabljali pri opisovanju RISC arhitektur 
vzdevek "prodorna" arhitektura. 

Zakaj taksno navdušenje nad RISC 
Odgovor je preprost. Te arhit 
predvsem k preprostejšim notranji 
namenom, da se poveCa hitrost p 
premosti silikonska bariera, ki 
razvoi Cipa in veC lo gostoto 
vez.ia na mikroprocesorski Cip. 
delku so bile Se podane bistvene 
RISC arhitekture, učinkovitost 
nazorno pokaSe Šele z zmogljivost 

arhitekturami? 
ekture težijo 
m strukturam z 
rocesiranja in 
avira hitrejSi 
elektronskega 

V drugem raz-
karakteri Btlke 
le-te pa se 

jo Se obstoje­

čih sistemov z RISC Cipi. Z njimi sta doseJfena 
najmanj 2 MlPSa, kar je skoraj dvakrat veC, kot 
zmore DECov VAX s procesorskim Cipom 7B032. 
Zaradi optimiranega izvajanja programske opretne 
in direktnega izvrševanja kode, je jasno, da 
ima RISC prednost v mnogih procesnih aplikaci­
jah. Kljub temu pa je, in bo tudi v bodoCe, fie 
velika raCunalni jSkih sistemov, ki kode ne izva­
jajo direktno, vkljuCno z upravljanjem program­
ske prekinitve, dodeljevanja virov ter vhodov 
oz. izhodov. 

Raba modernih instrukc 
tudi preproste instru 
ne taksne, kot so sic 
blokov in podobno) in 
se izvajajo v enem c 
drugaCnih procesorski 
teh je moCno poenostav 
ni veC potrebno in b 
kontrolna logika. Vzr 
snovanega procesorja j 
asemblerskega jezika, 
preprost, je prikazan 

Ij, za katere so znaCilne 
kclje tipa load/store (in 
er potrebne za prenašanje 
za katere je pomembno, da 
iklu, narekuje uvajanje 
h Cipov. Načrtovanje 1e-
Ijeno. Mikroprogramiranje 
istveno se zmanjfta tudi 
ok preprostosti RISC za-
e v bistveno manjšem kodu 

TakSen kod. ki je zelo 
na sliki 4 za MIPSov Cip. 

zaporedno izyaian ie 

Instr.l! IF ID OD SX OF 

Instr.I+l! 

Cas 

IF ID OD SX OF 

Instr.1+2: IF ID OD SX OF 

cevano izvaian te 

Instr. 
I + l 

Instr.I: 

Instr.I+li 

Instr.I+2i 
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1 
V 
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1 
I 
1 

OD I SX 
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IF 

1 1 
SX I DF I 

1 1 
1 1-

ID I OD I SX I OF 
1 J 1 
I 1 1 
1 IF I ID I OD 
I 1 1 

I 
I 

5X OF 

Instr 
1+2 

I 
V 

Instrukci jski 
pomni 1nik 

1 
I 
1 
I 
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IF I ID 
1 

Instr. 
I 

I 
V 

Podatkovni 
pomniIni k 

1 
OF 1 

1 
I 3X 
1 
I 

-I 

*> pomeni, da je ALU rezervirana za rabo OD in SX instrukcije I+l 

DODELJEVANJE VIROV MED PREVAJANJEM PRI CEVANJU INSTRUKCIJ RAČUNALNIKA MIPS 

StaTiie Hnemon i k Opr av ila 

Dostava instr ukc i Je IF Dostaua iz PC i rt PC inkreaent ira 
Vekodiran,7e iristr. 
Dekod. operanda 

Shr an . / i zfa.i an J e 
oper anda 

Postavka oper anda 

ID 
OD 

SX 

Dekod i ran Je instrukcije 
Izrattin ef,adr,in nasi.pomn,, te "load/store" 
Izratun nove vsebine PC, Ite r azve J itev, 
sicer se uporabi ALU za reg-reg oper ac i Je 
Vpis oper anda, te "store" 
Raba ALU za komparaciJo, te "compare-and~branch" 
sicer se uporabi ALU za reg-reg oper ac i Je 

OF Odti tanje opreanda, te "load" 

GLAVNE STOPNJE IN FUNKCIJE CEVANJA 

Slika 7. VeČina instrukcij se lahko izvaja konkurenCno s cevanjem 
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v nasprotju z zgoraj opisanimi značilnostmi pa 
dandanes veČina procesorjev uporablja mikropro-
grame, ki omogoCajo izvajanje vsake strojne 
instrukcije. Pri nafirtovanju VLSI vezij postane 
zelo zahtevna ne le dekodirna logika Številnih 
in zapletenih instrukcij, temveC tudi implemen­
tacija fflikroprogramiranja. Nasploh je opazna 
tendenca, da postaja kontrolna logika neregu­
larna in kompleksna ter zato zaseda ie velik 
del silicijeve povrSine. 

Arhitekture s Številnimi registri so tudi manj 
zahtevne v pogledu materialne opreme, ki uprav­
lja klice procedur in ukaze za vrnitev ir pro­
cedure v glavni program. Tovrstni upravljalni 
postopek potrebuje pri veČini programov, ki so 
napisani v C jeziku ali v Pascalu, veC pomnil-
niSkih re-ferenc, kot kaka druga aktivnost. Iz 
tabele na sliki 5 je razvidna v procentih izra­
žena pogostost uporabe posameznih stavkov, ter 
strojnih instrukcij in pomnilniSkih re-ferenc v 
stavkih samih. RISC navadno uporablja 
(pushdOMn) sklad skupin registrov. Vsaki 
proceduri je dodeljena skupina registrov. 
Skupine se med seboj prekrivajo in zato so 
prekoračitve pri prenaSanju parametrov manjSe. 

S kontekstnim preklapljanjem iz ene procedure v 
drugo <reeitev enega okolja, postavitev nasled­
njega) se nalaga oziroma prazni skupina regis-
trav v skladu. Omenjena manjSa zahtevnost regi­
strsko usmerjenih arhitektur - v pogledu sicer 
Se preveC obseiine materialne opreme - in učin­
kovitost taksnih arhitektur je nazorno prikaza­
na s primerjavo procesorja RISC I z nekaterimi 
drugimi procesorji (Glej sliko &!). 

Registrsko usmerjene arhitekture zahtevajo bis­
tveno maniSo pasovno Širino pomnilnika, kot se 
zahteva za podatek v registrskih bankah na 
Cipu samem. Nadalje se Je izkazalo, da se z 
veCanjem registrskih skupin ne veCa tudi učin­
kovitost procesiranja. Pri mnogih aplikacijah 
je osem registrov na registrsko skupino dovolj 
za učinkovito procesiranje pri obCutno manjSi 
rabi pomnilnika. 

6. VLOGA PROGRAMSKE OPREME RISC 

Pri načrtovanju RISC arhitekture je kiJuCnega 
pomena sistemska programska oprema, ki v RlBC 
arhitekturi nadomeSCa sicer kompleksno materi­
alno oprema CISC arhitekture. Med naCrtovanJem 
materialne opreme, bodisi na nivoju kontrolne 
logike, bodisi na nivoju mikrokode, se načrto­
valec sooCamo s Številnimi problemi izvajanja 
instrukcij. Pri RISC arhitekturi so ti problemi 
preneseni na programsko opremo in jih v veCJi 
meri reSujejo prevajalniki. Ne reSujeJo se veC 
med izvajanjem samim. Prednost tega Je, da za 
specifične primere ni potrebno veC vnaprej 
načrtovati izvajanje vsake instrukcije. 

Omenjena problematika se med 
pri koordinaciji procesov, k 
materialno opremo procesorja, 
instrukcij procesorja se lahko 
Cno, vsaka od njih trenutno 
izvajanja. Primer ponazarja si 
cija procesa prepreCuje izvajan 
ka izvajanja instrukcije, ki 
trenutno Se nedostopnega rezu 
prejSne instrukcije. 

drugim pojavlja 
je izvedena z 

VeČina cevanih 
izvaja konkuren-
na drugi stopnji 
ika 7. Koordina­
je tistega kora-
je odvisen od 

Itata izvajanja 

Koordinacija procesov cevanja pri MIPS proce­
sorju ni reSena z materialno opremo, kot je 
sicer obiCajno. Namesto nje skrbi za detekcijo 
koordinacije procesov prevajalnik in njegov 
poprocesor, imenovan reorganizator. Ta s pri­
mernim razvrščanjem instrukcij prepreCuje vsa-
krSne konfliktne situacije. NaCin koordinacije 
s prevajalnikom in poprocesorjem dokaj učinko­
vito zmanjšuje kompleksnost in obsežnost koor­
dinacijske kontrolne logike. 

Med najveCje rezultate naporov za poveCanje 
učinkovitosti instrukcij Štejemo uporabo razve-
jitev v obstoječih arhitekturah, ki izvajajo 
instrukcije s cevanejem. Z omenjenimi razvejit-
vami dodatne spremne instrukcije pri cevanju 
niso veC potrebne, prisotne pa so manjSe Ča­
sovne izgube zaradi primerov ponovnega polnjen­
ja cevi s tokom nove instrukcije. Izgube so 
lahko znatne le v takSnih aplikacijah, pri 
katerih dosega (kot na primer pri VAXu) Cas 
izvajanja raz ve j i tvenih instrukcij do 25y, Časa 
izvajanja vseh instrukcij programa. 

MIPS je naCrtan tako. da prevajalnik najpreje 
pregleduje instrukcije glede na razvejitvene 
izgube, nato pa jih ponovno razvrSa s pomoCJo 
t.im. tehnike zakasnenega razvejevanja (Glej 
sliko 81). S to tehniko se lahko izkoristi do 
90V. najmanjšega molfnega Časa izvajanja. 

MlPSova programska oprema, ki se nanatta na 
materialno opremo, pa se mora spoprijemati Se z 
drugimi problemi. Eden teh je na primer tesno 
povezana prekoračitev majhnih rutin pri vstav­
ljanju koda namesto klicev. 

RISC, tako zaradi svoje navezanosti na program­
sko opremo, kot zaradi odtujitve mikroprogram-
skemu nivoju, dobro podpira viskonivojske Je­
zike (HLL). Praviloma nima treh jezikovnih 
nivojevi viskonivojskega, zbirnega in mikrokod-
nega, ampak direktno preslika dan (obiCaJno 
HLL) jezik neposredno v strojni kod, ki Je z 
materialno opremo Se tudi izvedljiv. In ne samo 
to, zaradi preproste arhitekture je Število 
procesorskih instrukcij, ki so potrebne za 
izvajanje stavkov visokega programskega jezika, 
majhno. 

6. RISC IN VLSI 

Omejene razvojne možnosti. ki so pogojene s 
silicijem, kaSe med drugim tudi zgodovina raz­
voja 32 bitnih procesorjev, kot so Nationalov 
32032. Motorolin MC68020 in Intelov B0386. Pri 
vsakem od njih so bili Številni spodrsljaji in 
težave. tako pri naCrtovanju, kot tudi pri 
proizvodnji. Slika 9 kaže primerjavo znaCilnih 
podatkov o razvoju mikroprocesorjev RISC I in 
dveh novejših mikroprocesorjev. 

Iz slike 9 so razvidne razlike pri naCrtovanju 
logičnih planov (logic lavouts). Za RISC je 
znaCilen nizek procent iregularne kontrolne 

Naslov Normalna Zakasnjena Optimiranje pri 
razvejitev razvejitev zakasnjeni 

raz vejitvi 

100 
101 
102 
103 
104 
105 
106 

LOAD 
ADD 
JUMP 
ADD 
SUB 
STORE 

X.A 
l.A 
105 
A.B 
C.B 
A.Z 

LDAD 
ADD 
JUMP 
NO-OP 
AOD 
SUB 
STORE 

X,A 
l.A 
106 
A.B 
C.B 
A.Z 

LOAD 
JUMP 
ADD 
ADD 
SUB 
STORE 

X.A 
105 
1 .A 
A.B 
C.B 
A,Z 

Slika 8. Razvrščanje instrukcij s tehniko 
zakasnjenega razvejevanja 

logike in velik procent regularne logika, kot 
so registri. Regularna logika omogoCa lažje 
načrtovanje, ki Je zato tudi hitreJSe. S tem se 
bistveno skraJSa Cas, ki je potreben, da staCe 
redna proizvodnja produkta, raCunaJoC ta Cas od 
zaCetka njegovega snovnja. 
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RISC je zaradi svoje relativne preprostosti 
primeren tudi za namenske VLSI procesorje. 
Projektanti produktov, ki so namenjeni procesi­
ranju visokonivojskih jezikov, so se hitro 
oprijeli RISC arhitektur. Projektov te vrste je 
veC. Pri Berkeleyu sta zasnovana dva projekta. 
Prvi projekt predstavlja implementacijo Smal-
Italka na RISCovem Cipu v enoti sistema na 
nivoju vtiCne kartice delovne postaje -firme Sun 
Microsvstems, V drugem projektu pa je RISCov 
Cip namenjen izvajanju jezika Lisp in je vgra­
jen v veCprocesorski kon-f iguraci ji . Sistem 
omogoCa gradnjo kon-f 1 guraci je z najveC osmimi 
kartiCnimi enotami, osnovanimi na RISCu. Vsaka 
teh enot ima velik cache pomnilnik. Povezane so 
na vodilu skupaj s skupnim pomnilnikom, preko 
katerega tudi komunicirajo. 

primeru podpore zahtevnemu veCuporabniSkemu 
procesiranju, ki je bogato na vhodno/izhodnem 
procesiranju. Razvojni dosežki v zadnjem Času 
pa kažejo, da bo RISC prisoten tudi v takSnlh-
primerih. To že danes zagotavlja najnovejSi 
Inmosov procesor T 800, ki je najhitrejši 32-
bitni mikroprocesor na enem tfipu (1.5 MFLOPS 
pri 20 Mhz). Njegov komunikacijski protokol za 
serijske kanale omogoCa 2.4 Mb hitrosti prenosa 
v obe smeri. 

Verjetno bodo RISC arhitekture imele tudi odlo-
č!ilen vpliv na nove generacije računalnikov 
zaradi dejstva, ki je vse bolj deleiino ostre 
kritike na raCun starejSlh arhitektur^ kritike 
na račun tfasa načrtovanja in proizvodnje tako 
zahtevnih produktov, kot sta na primer Cipa 
Motorola MC68020 in Intel 30386. Nova arhitek­
tura bo omenjeni Cas obCutno zmanjSala do tak-
gne mere, da bo zopet sprejemljiv. 

Razvojne karakteris-
mi kroprocesor jev 

Vse pomnil. 
naprave 

Vse pomn.naprave 
brez ROM pomn. 

Pogonske 
naprave 

Regular i zaci jski 
faktor 

Velikost eipa 
(mils) 

PovrSina 
<kv.mil) 

Velikost kontrolne 
pov. < kv.mi 1) 

Kontrola v V. od 
celot.povrS. 

Trajanje razvoja do 1. 
si 1 i C.produk. (meseci) 

Obseg razvojnega dela 
(Človek mesecev) 

Uvajanje v proizvodnjo 
(Človek mesecev) 

Zi log 
Z8000 

17. 5k 

17.Sk 

3.5k 

5.0 

238x251 

60k 

37k 

53"/. 

30 

60 

70 

Motorola 
M68000 

6Bk 

37 k 

3.0k 

12.1 

246x281 

69k 

42k 

62V. 

30 

100 

70 

RISCl 

44 k 

44k 

1.8k 

25 

406x305 

124 k 

7k 

bV. 

19 

15 

12 

Slika 9. Primerjava mikroprocesorskih razvojnih 
karakteris. med RISCl in njemu primer­
ljivima procesorjema ZBOOO in M6BOO0 

7. ZAKLJUČEK 

RISC arhitekture se vse bolj uveljavljajo na 
doloCenih področjih, kot so npr. delovne po­
staje in namenski procesorji. Vendar priča­
kujejo, da bodo obstojeCe arhitekture Se precej 
Časa nepogrešljive, saj bodo morale dalje pod­
pirati obseženo programsko opremo in aplikacije, 
ki so bile razvite za Številne mini in "maxi" 
računalnike. Tako ni pričakovati, da bi VAX ali 
PDP-11 kaj kmalu izginila iz prizoriSCa ra­
čunalniške opreme. 

Lahko p 
ture 
roC jih 
arhi tek 
uporabi 
razvi ti 
lo in v 
Mednje 
materi a 
bogate 
arhi tek 
kjer J 
primeru 
hi trega 

riCakujemo, d 
se pogostejša 
apl i kaci-j , 

ture, kot je 
jale. Veliko 
h za RISC arh 
pelJalo tudi p 
sodi predvsei 

Ine opreme in 
na registrih 

tura procesor j 
e pomembna iz j 
operacij ar i t 
vhodno/j zhod 

a bo uporaba RISC arhitek-
na novejših prodornih pod-
edtem ko se bodo stareJSe 
bilo He reCeno, Se vedno 
tehnik, ki Je bilo posebej 
itekture, se bo prilagodi-
ri starejših arhitekturah, 
m programska optimizacija 
raba arhitektur, ki so 

Kazalo je ž!e, da RISC 
a ne bo sprejemljiva tam, 
emna hitrost, kot npr. v 
metike s plavajoCo vejico, 
nega procesiranja in v 

RISC arhitekture so mejnik na podroCju načrto­
vanja računalnika. Lahko bi rekli, da predstav­
ljajo pravo eksplozija na tem podroCju. Danda­
našnji procesorji so namreC tako zapleteni, da 
je njihovo naCrtovanje postalo vse bolj domena 
velikih dobaviteljev polvodniSklh in raCunal-
niSkih produktov. Z omenjenim mejnikom pa bo 
mnogim Inženirskim organizacijam omogoCen raz­
voj zelo zmogljivih procesorskih sistemov za 
namenske aplikacije. Novi produkti te vrste 
bodo tudi koristen medij za emulactjo obstoje­
čih ali starejših procesorjev, ker Je RISC 
Instrukcije mogoCe preslikati v programsko 
reprezentacljo drugih sistemov. 

Z nastopom RISC arhitektur je nastopil tre­
nutek, ko sta si programska in materialna opre­
ma postala enakovredna v procesu naCrtovanja 
računalnika. Primerov, da bo najpreje razvit 
procesor in Šele kasneje tudi programska oprema 
zanj, ne bo veC. Programska oprema bo postala 
integralni del razvoja materialne opreme. 

Priložena obsežnejSa . literatura Je namenjena 
bralcu, ki si želi pridobiti globlje znanje o 
obravnavanem, vsekakor perspektivnem razredu 
raCunalnISklh arhitektur. 
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NEKATERE IZKUŠNJE PRI UVAJANJU 
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Pri pouku računalništva v srednjih Šolah se uf.encl sezna.Tijo !•> z 
enim od postopkovnih programskih jezikov, ne spozrjaio pa no­
vejših jezikov, ki so priniemejši pri snovanju sodobnejSih if.toc-
macijskih sistemov. Pri programiranju le-teh se veliko uporriblja 
programski jezik prolog. V članku so opisane izkušnje in prs^pro-
s t i primeri programov pri pouku tega jezika na sredn;ii Soli v 
Titovem Velenju. 

1.Uvod 

?c učnem načrtu je pri poukii računalništva v 
srednji Soli predpisan sder. od postopkovnih 
programskih jezikov.V preteklosti je bil v 
uporabi fortran, sedaj pa je priporočen pascal, 
ker omogoča lepši s t i l programiranja.Zaradi ve­
like popularnosti hasica na mikroračunalnikih, 
so se nekatere srednje šole odločile za uporabo 
tega jezika pri pouku računalništva. 
7& programiranje sodobnih informacijskih s i s t e ­
mov pa postopkovni programski jeziki niso p r i ­
merni. Za programiranje takšnih sistemov se naj­
več uporablja prolog. Prolog, je programski je -
zik, ki se močno razlikuje od drugih konvenoio-
nalnih,postopkovnih programskih jezikov. To je 
jezik logičnega programiranja, zato je potrebno 
korenito spremeniti način T^2niSljanja o pr.j-
blemu ter s t i l programiranja. Za delo na mikro­
računalnikih ;e bil razvit mlkrD-prolos,ki se 
le malo razlikuje od prologa. Mikro-prolog je 
nepostopkovni jezik, zato se lahko pri progra­
miranju osredotočimo na problem in ne na algo­
ritem,po katerem bi problem rešili .Algoritem je 
vgrajen že v jezik.Prolog je izjemno učinkovito 
orodje za simbolično, nenuraerično procesiranje, 
manj pa je primeren za minerlčno računanje. 
Je glavni programski jezik za programiranje 
sistemov umetne inteligence.Veliko je pridobil 
na popularnosti, ko je bi l izbran kot osnovni 
jezik pete generacije računalnikov.Kemel lan-
guage Zero CCO) je strojni jezik prvega raču­
nalnika pete gene rac i je . Ta. jezik je r.-;zSlrjeni 
prolog. 

?.Uvajanje učencev v programiranje v prologu 

rte Centni srednjih šol v Titovem Velenju smo 
uvedli na naravoslovne matematičra. usmeritvi 
pri pouku računfl.lrj.štva poleg pasc.ala tudi 
mikro-prolog.'Učenci izvajajo vaje na mikroraču­
nalnikih DIALOTi z LPA mikro-prologom verzije 
3.1 in urejevalrlkon teksta VJord-Star.Pri uče­
nju jim je v pomoč učbenik za nlkro-prolo,s,na-
pisčin za interno uporabo na našem šolskem cen­
tru .Učenci so način logičnega programiranja 
dobro sprejel i in kažejo zanj večje zanimanje 
kot za programiranje v pascalu. Ko učenci spo­
znajo gradnike in sincakso mikro-prologa,začne­

jo 7, gradnjo svojih informacijskih sistemov.In­
formacijske sisteme gradijo za različna podro­
čja kot so geografija,kemija,matematika I td . 
t e r jih pri vsaki uri dograjuje jo.Takšni sl.ste-
mi so zsjrajeri Iz podatkovnih baz in pravil , ki 
omogočajo učinkovito iskanje raj različnejSih 
podatkov iz teh baz.Poglejmo primer ln.'"onnaclj-
skega sistema iz področja geografije. 
V podatkovni bazi Imamo državo, njeno glavno 
mesto ter geografske koordinate glavnega me­
s t a . Podatkovno baza lahko vpišemo direktno; 

((lokacija London Anglija 51 0)) 
((lokacija Rim I t a l i j a 41 -12)) 
((lokacija Madrid Španija 40 3)) 
((lokacija Koskva SZ 55 -37)) 
((lokacija Tokio Japon-ska 35 -139)) 

Enostavneje fa je,če nas pri vpisovanju vodi 
računalrdk po naslednjem programu: 

((vpis) 
(PP Program za vpisovanje ) 
(P Vpi.si gljnesto:)(R X) 
(P Vpisi državo:)(R Y) 
(P Vpisi zemljepisno širino:)(F. Z) 
(P Vpisi zemljepisno dolzlno:)(ri Z1) 
(ADIICL ((lokacija X Y Z ZD) )) 

5rke )c,y,z,X,Y,Z, ki so lahko tudi indeksirane, 
so v mikro-prologu spremenijivke.Imajo lokalni 
doseg-svojo vrednost ohranijo le znotraj enega 
pravila.Do rešitve zastavljenega vprašanja pr i ­
demo s postavitvijo iskalnega vzorca, v katerer:. 
na neznana mesta postavi.mo spremeni jivke,ki se 
jim priredijo ustrezne vrednosti iz podatkovne 
h.aze.Oo postavimo vzorec ((lokacija x y 41 -12) 
) ,se to spremenljivki x pr i redi la v:-ednost ?.in, 
spremenljivki y pa I ta l i ja .Če želimo iz podat­
kovne baze geografske koordinate želenega glav­
nega mesta, napišemo naslednje prp.vllo: 

((koordinate x y z) 
(lokacija r. z^ y z)) 

Torej: Mesto >c ima koordinati y in 
mesto lokacijo y in z. 

če iraa 
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Naslednje pravilo poiSče iz podatkovne baze 
glavno mesto podane države. Ker so intel igentni 
informacijski sistemi sposobni reSevati proble­
me v obe smeri (vhod-izhod a l i izhod-vhod), nara 
i s to pravilo najde tudi državo danega glavnega 
mesta. 

((gl_mesto X y) 
(lokacija x y z zD) 

X je glavno mesto države y, Je ima mesto x 
lokacijo v državi y. 
Naslednje pravilo nara iz podatkovne baze poiSče 
t i s t a mesta, ki so sevemeje od podanega mesta. 

((sevemeje x y) 
(lokacija x z1 X Z) 
(lokacija y z2 Y y1) 
(LE3S Y X)) 

Mesto X je sevemeje od mesta y, če ima x 
zemljepisno š i r ino X, mesto y pa Y in je Y 
man.lši od X. 

a, ki so južneje uu 
ker imamo že defi-

manjši od X. 
Mehanizem, ki najde vsa mesta, ki so južneje od 
mesta y je še enostavnejši, ''"'• "̂"™-- '~ j - r j _ 
ni rano pravilo za sevemeje. 

((južneje x y) 
(sevemeje y x)) 

Mesto X je južneje od mesta y, £e je mesto y 
sevemeje od mesta x. 

Za komunikacijo s sistemom uporabljajo učenci 
poleg vgrajenega pravila za spraSevsmje ? še 
pravili KATERI in JE ,kl ju sami sestavijo. 

KATERI(x(gl_mesto x Italija)) 

Odgovor je : 
Rim 

Ali: 
JE((gl_mesto Rim Italija)) 

Odgovor je: 
DA 

KATERI(x(sevemeje Rim x)) 

Za vstavljeno podatkovno bazo je odgovor: 
London 
Moskva 

Clm obsežnejšo bazo in pripadajoča pravila 
zgradijo,tem več vprašanj je sistem sposoben 
odgovoriti. 
Podobno lahko učenci sestavijo podatkovno bazo 
iz področja kemije. V takšno bazo vnesejo poda­
tke za elemente iz periodnega sistema ter for­
mule za spojine. Ko bazi dodajo še pravila za 
iskanje,lahko iz sistema dobijo najrazličnejše 
podatke.Enostavnost tako oblikovane baze kaže 
naslednji primer: 

((element žveplo 16 S 32)) 
((element aluminij 27 Al 13)) 
((element baker 29 Cu 6U)) 
((element kisik 8 O 16)) 

((foimila voda (H 2 0))) 
((fonnula m_galica (Cu S O 't))) 
((formula glinica (Al 2 O 3))) 

Bazi dodamo Se pravila za iskanje po bazi: 

((simbol X y) 
(elanent y z x X)) 

To pravilo omogoča iskanje simbola za podani 
element oziroma Imena elementa za podani sim­
bol. 

((vsebuje x y) 
(formila y z) 
(elan X z) 
(sljubol X x)) 

Pravilo 'vsebuje' nam Izpiše imena elementov x, 
k i j ih vsebuje spojina y. 

((masa x y) 
(OR((element x z z1 y))((element z z1 x y)) ) ) 

S tem pravilom dobimo maso elementa,če Imamo 
znano Ime a l i simbol oziroma dobimo Ime in 
simbol elementa,če imamo podano maso. 

( ( s t elektronov x y) 
(OR(Telement x y z z1))((elenent z y x z1)))) 

Atom elementa x ima število elektronov y, če 
ima element x vratno š tevi lo y a l i pa tudi,če 
ima element s simbolom x vrstno število y. 
Poglejmo si nekaj vprašanj,ki j ih lahko posta­
vimo sistemu; 
Kakšno formulo ima voda? 

KATERI(x(formula voda x)) 
(H 2 C) 

Katera spojina ima forulo CuS04? 

KATERI(x(formula x (Cu S O >*))) 
ra_gallca 

Kakšen je simbol za kisik? 

KATERI(x(slmbol x k is ik) ) 
O 

Koliko elektronov vsebuje atom kisika? 

KATERI(x(st_elektronov kisik x)) 
16 

Katere elemente vsebuje voda? 

KATERI(x(vsebuje x voda)) 
vodik 
kisik 

Koliko atomov vodika je v molekuli vode? 

KATERI(x(formula voda (z x y))) 
2 

Kaj je poleg bakra še v m_gallci? 

KATERI(x(formula m_galica (ydx))) 
(S O it) 

I td . 

Čeprav prolog ni namenjen za programiranje 
problemov z veliko aritmetičnih operaci j , pa 
lahko učenci preprostejše primere s tega podro­
čja programirajo tudi v tem jeziku.Naslednji 
program je namenjen za računanje volumna te les . 

((izbor)(P "ČA") 
(pp ********* VOLUMEM •**»*•***•***»*)(pp)(pp) 
(PP 1 volumen valja)(PP) 
(PP 2 volumen kvadra)(PP) 
(PP O konec)(PP) 
(PP Pr i t i sn i številko !)(PP) 
RCLEAR 
(RDCH "KBD:" Y) 
(IF (EQ Y "1")( (val j ) ) ( (n lc) ) ) 
(IF (EQ Y "2")((kvader))((nlo))) 
(IF (EQ Y "O")((koneo))((nic)))) 
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((nio)) 
((konec)(PP)(PP K O H E C)) 
((cas)(PP)(PP Pr i t i sn i HEniRN!) 
RCLEAR 

. (RDCH "KBD:" Y)) 
((produkt (x y) z)(TIMES x y z)) 
((produkt (xdy) z)(produkt y X)(TIMES X x z)) 

((valj)(PP Izračun volumna valja) 
(PP R)da3 polmer : )(R X) 
(PP Podaj višino : )(P. Y) 
(produkt (3.1 '! X X Y) Z)(PP)(P Volumen = ) 
(PP Z)(oa3)(l2tor)) 

((kvader)(PP Izračun volumna kvadra) 
(PP fbdaj rob a : )(R X) 
(PP Podaj rob b : )(R y) 
(PP Itodaj višino v :)(R Z) 
(produkt (X Y Z) x)(PP)(P Volumen = )(PP x) 
(PP)(cas) (izbor)) 

Program deluje podobno kot programi,ki j ih p i ­
šemo za reSevčinje takSnih nalog v pasoedu.fod&ii 
je' zato,da lahko primerjamo program v mlkro-
prologu s paskalsklra.ki je večini programerjev 
bolj domač.Ko izberemo telo in podamo zahtevane 
podatke, dobimo izračunani 'Ajlumen. 

3.Zaključek 

V članku so opisane Izkušnje pri uvajcinju logi­
čnega programiranja z mikro-prologora pri pouku 
računedništva v srednji šoli.Podani so prepro­
s t i primeri prograraoviki j ih učenci z velikim 
zanimanjem pri pouku sestavl jajo. Ker je pro­
gramiranje v logiki • način programiranja v p r i ­
hodnosti , je nujno, da se takšen način razmi­
šljanja za reševanje problemov vnese kot stalna 
oblika izobraževanje računalništva v srednje 
šole ,ki so naravoslovno usmerjene, saj bodo 
takrat , ko bodo te generacije na višku ustvar­
ja lnos t i , postopkovni programski Jeziki le malo 
v uporabi. 
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Abstract. Researchers are searchlng for new materlals to construct a 
better computer. They are glvlng attention to blologlcal materlals such 
as bacteriorhodopsln, cytochroro C, porphyrlns and CttiA. A model o( a 
molecular computer bas already been constructed. It Is a computer based 
on enzymes and its program Is represented In the structure ot protelns. 
That Is why the prograinning depends on evolutlon by varlatton and 
selectlon. It ts just one of the many attempts to construct an 
intelllgent machine. 

0. Introductlon 

There are two fundamental approaches that are 
both dlvergent and complementary. The first, 
motlvated by blology, seeks to dupllcate the 
powerful Information processlng capabilitles of 
blologlcal systems, such as pattern and object 
recognitlon, self-organlzatIon and learning, 
and effective use of parallellsm - preclsely 
the abllltles not belng mastered by today's 
computers and robot les. The second approach, 
motlvated prlmarlly by exlstlng computer 
clrcultry, seeks to create a molecular 
electronics that would lead to a smaller, 
faster, less expensive digital computer with 
Increased raemory denslty. 

1. Classlcal Versus Molecular Conputing 

The Important feature of thls new way of 
computing Is that It is context-dependent 
that is, Inputs are processed as dynamic 
physical structures (molocular computing) 
rather than bit by bit (classical computing). 
Because ot thls context dependence, molecular 
computers are partlcularly well-sulted for 
processlng patterns of 8ensory Inputs, such as 
light, temperature, and pressure. 

Molecular computing Is a technology that use.s 
physlcal recognitlon for eomputatlon. And 
Indeed, for now, a major drlve ts to develop a 
intelllgent preprocessor, a sensor that sees 
patterns, feels surfaces, and senses chemlcal 
gradienta, and that feeds the resultlng 
Information to conventtonal computers for bit 
by bit processlng. 

In the classlcal computing machine paradlgm, 
the human progranmer concelves an algorlthm, or 
a method for solving a problem, and codes it as 
a string of 8ymbols. The strlng, or program, 
may act on data from the environment - for 
example, patterns of electrons that code 
sensory Information. The program and data 
control the behavior of the machine, usually by 
using a compiler to code the program into the 
physical state of the machine 

Three facts about this well-known process stand 
out. First, the machine is structurally 
progranmable, since the program it executes is 
represented in Its physlcal structure. Second, 
the machine computes symbolIcally, slnce It 
performs purely formal operations on physically 
distinct patterns. Thlrd, creation of the 
program depends on human intel1igence. So far 
as is known, it is possible to simulate &ny 
process In nature wlth symbollc computation, 
but to simulate the Intelligence of the 
progranmer would strain even the most powerfuI 
digital machine. 

These three facts are modified in blomolecular 
computing. The fundamental swltches are proteln 
enzynes, and the manner of processlng patterns 
Is physical and dynamlc rather than symbollc 
and''pa8slve. The program |s lmplicitly, rather 
than explleitly, represented In the structure 
of protelns and of the system Into which they 
are Integrated. Therefore, structural 
programmabllIty does not carry over; rather, 
programnlng depends on evolutlon by varlatton 
and selectlon. 
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Fig. 1. Classical and biomolecular computlng. In classlcal computlng, 
the machlne is programnable, It computes symbollcally and the program 
depends on programmer. In the biomolecular computer, programmabl11ty 
Is not possible, the processlng is dynamic and prograiming depends on 
evolution by variatlon and selection. 

2. Tactilizing Processors 

A molecular computer design must solve the 
problem of exploltlng geometry-recognitional 
capabilities of enzymes to procesš nontactlle 
Input signals, like photons or electrlc pulses. 
To do this, it will be necessary to embed the 
enzymes In a processor that "tactllizes" the 
input signal - that is, converts it Into 
molecular and phys lochemlcal torras that enzyjiies 
recognize. 

Such a tactilizing proce 
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The "program" of an Indivldual processor Is 
determlned by the physics of the tactalization 
dynamics and of the readout enzymes. Unlll<e the 
mlnimal pattern processors in a classlcal 
machlne, these do not conform loglcally to any 
abstract descrtptlon. The progranming of the 
molecular computer relles primarlly on the 
evolutionary method of varying the readout 
enzyroes or the tacti 1ization dynamics, 
evaluating performance, selecting the best 
performing processors or repllcatlon, and 
repeating the cycle until the desired 
performance is obtained. 

Tactilizing processors owe thelr efficiency to 
massive parallelism at the level of molecular 
activity, rather than to the speed of 
Individual svvltehlng processes. Thus, the world 
of computlng is divided Into two radically 
dlfferent domains. The classical world achieves 
programmabl1 ity at the expense of evolutlonary 
adaptabllity and computational efficlency. The 
biomolecular world is not progranmable, but 
compensates wlth evolutionary adaptabllity and 
Increased efflciency. 
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Fig. 2. Tactlllzing procesaor. Three 
layers oT blomoleoules provlde 
intrjsic general 1 za 11 on capabl 1 i t i es. 
of the proeessor. 

3. Molecular Posslbllitles of Implemetation 

To implement this concept of a molecular 
Computer it Is necessary to search for suitable 
materiala. The supportlng technologles might be 
of a great importance. 

Gene and proteln englneerlng are central to 
tailoring proteins for the receptor and readout 
layers of a molecular computer, as well as 
proteins that use the se 1f-assembly principle 
for self-fabri ca t ion and self-repalr. 

Immunological technlques, especially the modern 
technique of roonoolonal antibody formation, 
make it possible to produce large quantitles of 
identlcal immunoglobulins. This technlque could 
provide a rich source of building blocks for 
molecular computers. iviembrane englneerlng has 
the goal to attach active groups, like dye 
chromophores, to long chain hydrocarbons and to 
embed these in the membrane in a sufficiently 

ordered way to allovv for a useful exehange of 
electrons, - protons, photons, or excitons; a 
sirailar energy process enables plants to 
conduct photosynthesls. There are also other 
interestlng technologles like polymer chemistry 
and dlssipatlve structures. 

4. A Model of Molecular Proeessor 
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5. A Survey of Research and Development 
o( Appropriate Biomolecules 

Many sclentists are now searching for sultable 
materials and technologies that wouid provide 
molecular computing. 

Mitsubishi Electric Corp.'s Central Laboratory 
has establlshed techniques for grovving protein 
film with molecules oriented for stable, uni-
dlrectlonal electron transmlssIon. They used 
cytochrom C molecules to form the oriented 
molecular film using a laser beam technique. 

Researchers at Carnegle-MelIon Universlty are 
working on a high storage device and a fast 
NAND gate based on biologleal raaterlals 
extracted from a bacterla. One such material Is 
Bacteriorhodopsin. This molecule has an 
advantage In belng highly stable and able to 
withstand high temperatures and optical 
radlation. 
Bacteriorhodopsin is also investigated in 
Japan. It is l<nown for its action as a proton 
pump under light irradiation. It has a cls-
trans swltching function and Its practical 
applicatlon is antlclpated for meraory and 
swltch devices. 

Britain spends about US * 7,9 million annually 
on research that falls Into molecular 
electronics orbit. Researches are invest igating 
the electrical properties of metallo-organic 
materials, such as porphyrins or 
phthalocyanines which change when they react 
with certain gases. The materials are used to 
build Chemical sensors in whlch conventional 
chlps sense the varying electrical output. 
Researchers in molecular electronics believe 
that these materials could be used to make 
organic equivalents to transistors. 

6. Conclusion 

Many biologlsts are also vvorklng on this 
problems. They try to find out if there is any 
p03Slblllty to apply, for example, recombinant 
DNA to microelectroniCS. But their main purpose 
iS to construet a model of the molecular 
Computer to knovv better how our own living 
sy8tem works. 

In searching of new concepts, human is trying 
to build an intelligent molecular computer to 
further and advance the knovvledge of its own 
intel1igence. 
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Parsys Expedltlons to NewWorlds (•) 

Anton P. 2eleznlkar 
Iskra Delta, Ljubljana 

0. The Paray8' Background 

But he who is hated by the people 
as a wolf Is by the dogs: 

he is the free špirit, the eneiny of fetters, 
the non-worshlpper, the dweller In forests. 

F. Nletzsehe, TSZ, 126. 

In ancient times, expedltions were sent to 
deserts and to far and unknown countries; they 
were instructed to discover, reveal, and 
conquer new land and people, new inanpower, new 
goods, and also new cultures for the rulers and 
- atter some tlme - also for the beneflt of the 
rulers' populations. Nowadays, expedltions are 
golng to universit les , research Instltutes, and 
syinposia to reveal, conflrm, and obtaln 
Information conoernlng the future poss1 bi 1 i t les 
of development and survival for populations of 
hightec companles. In such expeditlons, in 
addltlon to the Intelllgent actors , - the 
expedltlon's maln players - there have been 
reporters, sllent observers, Investigators, and 
recognizers of such marches, advances, and 
movlngs into new dlreotions. 

In the Par9ys expedition, I was mostly a 
helpless, doubtlng actor; however, a sensltive 
observer, a systematlc Investigator, and last 
but not least, a strategic recognlzer. Because, 
in accordance to my life experlences, my 
freelanoe and Indi vldual 1 st le attltude, iT)y 
scientific and phi losophl cal orientation, iny 
englneering work, my pedagogue (dogmatic and 
didactlc) actlng, niy elapslng llfe stream, I 
have to slmultaneously be lnwardly on the sltes 
of actlon (intelllgent thrownes8) and 
observatlon (medltative thlnklng). 

(technologlcally and philosophlcally avant­
garde) research teams ali over the vvorld 
(U.S.A., Japan, VVestern Europe, etc)? How to 
keep their mental and phystcal conditlon to 
sustain on the Innovative way with their full 
and free Interest? 

A long tlme ago, 
outside of any 
partlcular ideology 
professlonal or se 
because of a rlgid 
be an artiflclal con 
the posslbllity of 
because of my 1 
orientation, qua iny 
slmply how progress 
complex and unforese 
the Parsys project 
mobllize and how 
dlrected movement 
Indlvidual, sel 
technologlcal, and 
prder to implement 
offer them a 
simultaneously pr 
motivatlons? How to 
to the development 
into co-operatl 

I declded to stay open, 
gentile formatlon, any 
any friendly brotherhood, 

ientifie fraternlty. Not 
life principle (vvhlch would 
struction), but to insure 
actlng spontaneously and 
ove for freedom. This 
own experience, showed me 
and chance can proceed in 

elng undertaktngs - such as 
undoubtedly iš. Hoiv to 
to bring into a freely 
certain innovative and 

entlfic, englneering, 
philosophical workers, in 
a large project? How to 
common objective and 

eserve their Indlvidual 
organlze and connect them 

-essenttal Information and 
on with advanced 

* A H rights reserved. No part of this paper 
may be used, reproduced, or translated In any 
manner whatsoever without written permisslon 
except In the čase of brlef quotatlons embodled 
In critical articles and rewievs. For 
Information contact A. P. Zeleznlkar, Iskra 
Delta, Parmova 43, Ljubljana, Yugoslavia. 

Quite at the be 
introduced and Inc 
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lndustry of the de 
with spectflc prob 
even clvi 1izationa 
underdeveloped env 
to this day, th 
Delta - Mr. Jane 
real strateglst o 
optlmlstie fighter 
progress, and th 
arduous, and exhau 
developmental proč 
of this in irr 
changing circumst 
hemisphere. Thus, 
maln initiator and 
and Independent Pa 

ginnlng. Iskra Delta had 
orporated strategic thinking 
managerial declsion making. 

g enterprlse In the field of 
it has been confronted not 

ry basic organizational and 
oblems of modern computer 
veloped hemisphere, but also 
lems of a technologlcally and 
lly (soctally, ideologically) 
Ironment. In these tlmes, up 
e general direetor of Iskra 
z Skrubej - was not on]y the 
f the company, but also the 
, organizer, bellever of the 
e carrler of several hard, 
stlng business situatlons and 
esses of the company. And ali 
egularly and unforeseeab]y 

underdeveloped 
that he was the 
the innovative 

ances of the 
it is to say, 
aupporter of 
rsys project. 

What I am trying to explaln from my 
observational point of view is that the 
background of the Parsys undertaklng can be 
understood only through the overseeing of the 
roots and speclflc condltlons In vvhlch the 
project arose. Mr. Petar Brajak, vvhose 
experience was the most valuable contrlbutlon 
to the beginning of the project, was the flrst 
actor and conquerer In the generally unknown 
conceptual area of the project. Professor Sasa 
PreSern was the flrst comnander and organizer 
of the project's undertaktngs. My own role was 
mostly observant, propagating philosophical and 
futuristio brightness into the proJect's 
perspective. It can be said that startlng of 
the Parsys project happened outside of any 
traditlonal scientific, developmental and 
organizatIonal experlence and - to ali of this 
- in the era of advancing and al1-embraclng, 
general soclal and Intellectual crisis. 

1. Early Phllosophy of the Parsys Project 

Whence things have their origin, 
there they must also pass away 

accordlng to necesslty; 
for they must pay penalty 

and be judged for their injustlce, 
accordlng to the ordinance of tlme. 

The Anaxlmander Fragment (F. Nletzsche) 
In Heidegger, EOT, 13. 

Up to now, I dld not explaln the meanlng of the 
identifler Par8ys. It could be pretty vvell the 
name of a mysterious being from the ancient 
Qreek mythology. However, Par8ys stands for 
Parallel computer system. Its origin, as the 
Iskra Delta Identifler and a possible future 
product, has to be sought In concepts coming 
from the Japanese Flfth Oeneration initiative 
and from some other innovative projects of 
parallel computer architectures over the globe. 

The conception of the Parsys philosophy vvas 
never only archI tectural. The question vvas how 
to bring the problems of applicabi11ty, user-
frlendness, marketabi1 ity Into the 
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Figure 1. Mr. Takashl Kusanagi, the president 
of Ampere, during our second trip to Japan In 
June, 1986. 

Figure 2. Frora right to left; Mr. Ryu Osakl, 
the dlrector for International operations; Mr. 
Takashi Kusanagi, and the author at lunch 
in the Sunshine Hotel in Tokyo (June, 1986). 

lili. "̂  'M'j^ " 'v -? 

Figure 4. Professor Eilchi Ooto had the most 
attractlve introductory speech at the 13th 
Annual International Syinposluin on Computer 
Architecture, presenting his project of the 
ultra-fast supercomputer. 

Figure 3. Professor Eiichl Goto trom the Tokyo 
University. In June 1986 we met again after s 
15 year period. 
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!irv--hi tectural context and also hov to draw the 
necessary motivation of integrative power 
(national and economic interest, nianpower Tor 
research and development, International 
connectiveness, financial investment, etc.) 
into the philosophy oT the project. In this 
respect, two former Investigational trips to 
Japanese universit les, Institutes, companies, 
and syinposiuni have not been incidental. 

In November, 1985, during iny first visi t to 
Japan, I was matnly the observing listener In 
the Iaboratory of protessor Toshio Sata at the 
Tokyo University. Professor Sata was the first 
one who revealed to me the strategic thinking 
of the Japanese academic and governraental 
intellectuals, to the consequences and actions 
which folloHied from such a bethinlclng. In this 
way, he was explaining the national 8trategy of 
ICX)T (Institute for New Oeneration Computer 
Tecbnology) in the most dldactte way, stressing 
the importance of the Japanese intellectual 
capabilities and their concentration. With this 
concept, ICOT's activity loolcs lilce a wedge 
tvhich progresses into unexplored technological 
and conceptual flelds of future computer 
systems and wbich, tbrough its organization, 
government's and enterprises' support talces 
čare of the propagation of Its activity and of 
the comnon investIgational results in the broad 
industrial environraent. This is the way ICOT is 
solving the problems of fast drawing the 
Japanese industry into new technological 
regions. 

In Riicen (the Institute for Physical an 
Chemical Research in Saitama) I have learned 
how a small group of highly sicilled individuals 
can make a real contributton to the most 
pretentious scientific, technological, and 
industrial products. In the Eiichl Goto's 
Laboratory for Information Science, a series of 
original research was performed ivhich resulted 
in the development of top-technological 
equipment (e. g. original Lisp machine, named 
FLATS; electron beam exposit ion system for down 
to 0.1 micron technology; etc.) A demonstration 
of this equipment convineed iiie that scientific 
and technological achievements depend mostly on 
a motivating orientatlon and on the highly 
intelleetual individual capabilities of 
researchers. So, I could eiplain the lack of 
scientific and technological achievement In my 
domestic environment. At that time, I stated 
the question, how a group of 6 researchers in 
Saitama, In the last 10 years, has contributed 
much more to the world's technological progress 
than my prevlous, slmilarly structured 
institute in ivhlch 600 people morked (STL). 

In Japan, we bad several interestlng 
demonstrations of our VME Intel processor board 
(of Iskra Delta's Trtdent System) at some 
Japanese companles (Bug, Sapporo and Ampere, 
Tokyo). The president of Ampere, Mr. Takashl 
Kusanagi, had also arranged. my visit to ICOT; 
it was not possible to arrange this visit with 
the help of different professors from the 
Hokkaido Unlverslty in Sapporo. At Hokkaldo 
University I presented my lecture "Overlapping: 
A Paradlgm of Parallel and Sequential 
Processing" (PPS). So, I was really very happy 
Khen Mr. Ryo Osaki from Ampere called me and 
told me that Dr. K. Furukawa will accept me for 
the visit at ICOT. 

It is interesting to stress that 1 was 
officlally the second Yugoslav who visited ICOT 
(the first one was professor Suad Alagic from 
Sarajevo). In ICOfT, we discussed my overlapping 
principle which seemed to be simllar (in this 
discussion) to the concept of guarded Horn 
clauses (dr. Furukawa's assumption). It became 
clear that I had to develop the overlapping 
principle into a more free and asynchronouos 

model In a way being independent from a 
parallel processor archltecture. Parallel 
Processing was the main subject of our 
discussion at I(X>T. At last they demonstrated 
to me the so called Personal Serial Inference 
Machine (PSIM) functioning as a work station 
for the development of the fifth generatlon 
computer at I<X)T. 

Before living Japan, professor Ellchl Goto 
called me to the hotel. It was a pleasant 
meeting after our previous encounter 14 years 
ago when he explained his extraordlnary 
motivation for his undertakings. This was a 
satisfactory end for my first vIsIt to Japan. 

Our engineering group that visited Japan (In 
fact, two of them - Andrej Bekeš and Drago 
Novak - llved in Japan and Marko KovaCevlč, SaS 
HadžI, Dusan Salehar, and the author were the 
visitors) began In some funny way to chat and 
discuss our own possibl1 i t ies for some klnd of 
the fifth generatlon computer. This funny 
orientatlon grew into a minimal form of 
theoretical possibl1 i t les. So, may be, for the 
first tirne the questions were stated: Can Iskra 
Delta develop, produce, and market a parallel 
machine? Are we able to organize the proper 
development undertaking? And thus, the funny 
idea rose Into strategic thinking. The 
consequence of this thinking was our second 
trip to Japan in June 1986. 
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In Tokyo we met our friends from Ampere (Fig. I 
and Fig. 2), and we had a very pleasant 
conversatlon with professor Goto at the Tokyo 
University (Fig. 4 and Fig. 5). Vlslts were 
arranged to Tsukuba Universlty and to some 
other sites where parallel machtnes have been 
demonstrated. By our second expedltion to 
Japan, the essentlal technological treads for 
IDC Parsys project conception had been 
identifled. 

References 

(EGT) M. Heldegger: Early Greek Thinking. (The 
Dawn of Western Philosophy) Harper & Row. 
San Francisco (1984). 

(TSZ) F. Nietzsche: Thus Spoke Zarathustra. A 
Book for Everyone and no One. Penguin 
Books (1985). 

(PPS) A. p. Zeleznikar: Overlapping; A Paradigm 
of Parallel and Sequential Processing. 
InformaticB 10 (1986). No. 2, 3-17. 

(STL) A. P. Zeleznikar: From Sapporo to Tokyo 
Back to LJubljana (in Slovene). 
Informatica 10 (1986), No. 2. 68-74. 

(Wi11 be continued) 



79 

Figure 6. Mr. PetarBra Jak, M. S e , the chlef designer of 
the IDC Parsys innovative parallel architecture, was the 
ma i n leeturer of the MIT Seminar. His presentatlon awolce 
a 1 ife critical and constructlve discussion, brlnging to 
the surface new elements, influencing the spealcer and 
audi ence. 

Figure 7. Profcssor S. PreSern introdu-
ces the IDC Parsys Project at the Labo-
ratory for Computer Science at MIT, gi-
ving notice to the innovative concept of 
the Parsys architecture and preparing 
the ground tor Petar's perforniance. 

Figure 8. Professor Robert H. Halstead 
(at the left), the host of the Seminar, 
was satisfied as well as the audience. 
Petar Brajak's smiling does not say that 
the lecture was interrupted by several 
counter-questiona and that a creatlve 
effort was necessary to dellver the. 
proper a'nswers. 

Figure 9. Froin left to right: professor 
S. PreSern, professor A. P. Zeleznikar, 
professor R. H. Halstead. and Mr. Petar 
Brajak (April 15, 1987, MIT). 
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Abstraci 
Parsys Is a tlghtlv coupled mbnd parallel processor developrnent projsct founded by Iskra Oella 
Computer; and carrled out by several Instituttons and laculty rMjardi groups in Vugoslavla. Speciricaily, 
the projecl is Involved witti: 
- Developrnent ol prototype tiardvrare and s/stem softwars, 
• Developrnent ot specilic prograinmlng anvironments, 
- Developrnent ol application soltware. 
The architectural design of par5ys Is based upon already provsn yM Innovadve concepts. The prototype 
mactiine will be a shared memory systeni consisting of 64 processors and 271 memor/ modules that are 
connected via a netvvork ol VLSI custom built ISMM (Intelllgent Shared Memory Module) chips in a 
6-cube conliguration. Each ISMM supports fast routing and incorporates functtons and logh: that avoM or 
minimize degradations nx)stly encountsrad In the multiprocessor environments such as: 
• N simultaneous accesses to the same niemor/ k)catk>n, 
- N simulianeous accesses to the sama mamory module, 
- N simuilaneous synchronizatk)n rs<]uestB, 
- sk)w dynamic context switch, 
• huge iaiency. 
In thls presentadon we describe the concepts ol the parsys project and show some ol the ISMM functions. 
Primariiy. we show how ISMMS enabte two or mora processors to read/Whte the same meinory address 
in one msmory cycle and how ISMMS maintain lists of waiting processes wlth a synchronizational 
mechanism that enables N processes to iink up In only one memory cycle. 
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PARALLEL PROCESSOR ARCHITECTURES 

1. PARSVS is a t1ghtly coupled MIHD parallel processor developrnent 
project founded by Iskra Delta Computers and carried out by several 
Institutlons and faculty research groups In Vugoslavla. 

The architectural design of PARSVS Is based upon already proven yet 
Innovative concepts. The prototype machine is a shared memory system 
consisting of 64 processors and 271 memory modules that are connected 
via network of VLSI custom build IS^M chips in an 6-cube configura-
t ion. Each ISNM supports fast routing and Incorporates functions and 
logic that avoid or minimize degradatlon inost1y encountered in the 
multiprocessor environments. 

2. Trident is a 16 b i t microcomputer w1th VME bus wh1ch offers the 
cholce of three high performance CPU's based on microprocessors from 
Intel (80286), OEC ( J l l ) and Motorola (68010). Tr idenfs operating 
$ystem is either XENIX (trn), MS/DOS (tm), UNIX (tm), RSX-11 (tm), 
CP/M 86 OS 9 (tm) and DELTA H (tm). Compatibility with IBM and DEC 
environment assures access to an enormous base of existing 
applications and developrnent tools. 

Figure 10 (at l e f t ) . The pos ter announcing the Parsys 
Seminar at the MIT Laboratory for Computer Sc ience . 

Figure 11 (above) . The pos ter announcing the Parsvs and 
Trident Seminar at the E l e c t r l c a l and Computer Engineering 
Department (ECE) of the U n l v e r s i t y of Arizona In Tucson. 
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