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CATEGORICAL APPROACH TO THE
RELATIONAL MODEL OF DATA

UDK 519.713

INFORMATICA 3/87

Mara Alagi¢ & Suad Alagi¢

University of Sarajevo

Abstract. The categorical approach to the basic concepts of the relational model of data is presented.It is
Shown:that the fyll family of functional dependencies, when viewed appropriately, is in fact a category. This
category= (of* intemtions) is the domain of an appropriately defined functor which captures the notion of an ex-
tension.Extensions are objects of yet another category, whose arrows are database updates - natural transfor ~
mations of category theory. Furthermore, the natural join of two relations is proved to be a categorical con -
struction known as the pullback (of a pair of suitably chosen arrows). Categorical generalizations of some fa-
miliar results in the theory of the relational databases are proved.

SaZetak. Kategorijsii pristup relacionom modelu podataka predstavlja jedan formalni pogled na teoriju podataka.
Pojmovi su definisani strelicama i komutativnim di jagramima. Puna familija funkcionalnih zavisnosti,posmatrana
na odgovarajuéi nadin je kategorija (intencija) i domen je pogodno definisanog funktora koji odgovara pojmu
ekstenzi je.Ekstenzije su 1 objekt druge kategorije, ¢ije su strelice aZuriranja baze za koje je pokazano da su
prirodne transformacije.teorije kategorija.Prirodno spajanje relacija poznata je kategorijska konstrukcija spa-
janja (pullback) nad parom pogodno izabranih strelica. Dokazana su kategorijska uopStenja nekih poznatih rezul-

tata u relacionom modelu podataka.

Introduction

One of the major advantages of the relational model
of data over the modeis which preceeded it is the higher
level of abstraction in viewing the objects in the model
and the operations upon them. Rather than providing
primitives for operating upon particular data elements,
the relational model of data contains operations upon
sets of h-tuples and in such a way it provides a higher
level, rionprocedural (or at least much less procedural)
users’ interface. But the way the theoretical foundation
of the model is commonly presented is still based on de-
fining the basic 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 all the fundamental éoncepts may be
defined in terms of arrows and conmut:atiw}e diagrams
with virtually no need for r'ef"errin,g to particular data

elements. Qur approach is based on some basic-and fairly -

simple condepts of category theory introduced in section
1. Further, we present our approach to the functional
dependencies. We show that the functional dependencies
are hot functions, but rather arrows of a.category which
'd4f{grs considerably from the category of sets and
functions. This category is constructed on the basis of

a given set of attributes and functional dependencies -

among them. Its properties and the relationship to the
full family of functional dependencies are analysed in
the paper.

Research presented in the paper was supported by Repub-
1idka zajednica za nauéni rad SR BiH.

The fact that the functional dependencies are, in the
usual approach, treated as time-varying functions, just
as the relations are time-varying sets, is characterized
by the categorical notion of natural transformation. The. '
condition that the changes of relations in time must re-
spect given functonal dependencies leads to the charac -
terization of database updates as natural transformations .
of category theory. While the category of- intentions
determines the abstract structure of all the relations
which may be defined over a given set of attributes and
a set of functional dependencies among them, the actual
sets which correspond to these abstract relations are
specified by arrows whose domain is the category of in-
tentions and codomain is a suitable category for which .
the category of sets and functions is an obvious choice.

1. The Category of Intentions

A graph consists of a set O of objects,.a set A of
arrows and two functions: dom: A —e O, cod: A —e O
where "dom" assigns to each arrow f an object X = dom(f)
called the domain of f, and "cod" assigns to each arrow
f an object Y = cod(f), called the codomain of f. These
operations on f are best indicated by displaying f as an
actual arrow : ‘ v

f: X ——e Y.
and the set of all such arrows f with dom(f) = X and
cod(f) = Y is denoted by hom(X,Y).

- A category is a-graph with two additional functions:
Identity, which assigns to each_obJect X an arrow 1x,

1x:

X s X
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Composition, which assigns to each pair (g,f) of arrovs,
with dom(g) = cod(f) an arrow fg, called their composite
where gf: dom(f) —-—= cod(g). .

The following axioms are required for a category:
Associativity.For given objects and arrows in the confi-
guration

f h

X Yy £.2 W

one always has the equality h(gf) = (hg)f.
Unit law. For all arrows f: X —wY and g: ¥ —= Z
composition with the identity arrow 1Y gives

'IYf z f and g‘lY = g.
A familiar example of a category is Set. Its objects are
sets, its arrows are all functions between them.

In order to illustrate the categorical approach we
present the categoricai generalization of the notion
of isomorphism. Two objects A and B are isomorphic in a
category C if there exists a pair of arrows f; A —= B
and g: B— A in C such that the following diagrax'ns
are commutative:

A_.f.'_‘

B
ng r
! ‘

B

=

-
/,
An isomorphism between objects A and B is denoted by the

following: A ¥ B.
An arrow m: A — B is monic in C when for any pa-

rallel pair of arrows f1:D = A and f‘z: D —= A the
equality mt‘1 =z mf2 implies f‘1 = fz. In the category Set
monic arrows are injections, i.e.,the functions which are
one - one into.

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

arrows g,: B —= C and -8 B —— C the equality g1h =
= Bpe In the category Set the epi arrows
are the surjections, i.e.,the functions onto.

let A be a finité set of symbols, called attributes,
The category of trivial functional dependencies T is de-
fined as follows: For each subset X of A there exists an
object X of T. If X and Y are objects of T, then hom(X,Y)
consists of only one arrow X —e Y whenever Y is a sub-
set of X, otherwise hom(X,Y) is empty set. If f: X —= Y

85h implies 8,

and g: ¥ — Z are arrows of T then we obtain X — 2
since Y is a subset of 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 associative
and its identity 1x: X — X follows from X T X . So T
is a category.

The category of intentions I is constructed in three
steps starting from the underlying graph of T to which
some arrows (nontrivial functional dependencies) are ad-
ded.Denote the graf obtained that way by G. Before proc~
ceding to the next step we complete the graph G in a cru-
eial way by adding to it an arrow W —e XUY whenever G
already has arrows W —e X and W —= Y and apply this
rule until it does not produce any new arrows of G. In

the second step we construct a category whose objects are
those of G,whose arrows are [inite strings:

A 1)

composed of n objects A1, AZ' ey An of G and n-1 ar-
rows t‘i: Ai —_— Ai+1 of G where each string like (1) is
regarded as an arrow A1 B An. The composition of these
arrows is defined by juxtaposition (concatenation) of
strings, identifying the common ends. This composition is
associative since the operation of concatenation of
strings is.The identity arrows are strings An’

The category I constructed in this manner has the fol-
lowing properties:
(1) The category I has finite products,i.e. given objects
X and Y there exists an object Z of I with a pair of ar-
rows py: 2 —=X, py: Z —= Y (called projections) such

that for any pair of arrows f: W Xand g: W ——= Y
of I there exists a unique arrow h: W — Z with the
property that pxh = f and th = g.The desired objects 2
corresponds to XUY and the projections are the unique

arrows - trivial functional dependencies. It may be il-

lustrated by the following commutative diagrams:

X
W h XY
k /
Y Y

A generalization to a finite family of objects follows by
induction, and instead of ¥LYUZU.. W it will be deno-
ted by XYZ...V.

(11) ‘The category 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 category I has a terminal object,i.e.,an object
O such that for any other cbject X of I there exists a
unique arrow X — 0O,

Example 1. Let { X,Y,Z7} be a given set of symbols. Its
power set is {X,Y,Z,XY,XZ,YZ,XYZ’) .The underlying graph
of T is easy to construct. Suppose that we are given two
additional functional dependencies XY —w= Z, Z —= Y,
Then, the category of intentions contains the category of
trivial functional dependencies T, XY —= 2, Z —= Y,
and derived functional dependencies: XY — YZ,XZ — Y,
XY e XYZ, XY — X2, Z — YZ, X2 — XYZ,X2 ~= YZ.
Now, the underlying graph of all functional dependencies

/W\

ISt
\@/

in T is:




2. The Full Family of Functional Dependencies and
the Category of Intentions

Given a set of attributes A, a full family of fufx:ti-
onal dependenncies may be characterized by the following
set of axioms (cf. /Codd/) in which X,Y,Z and W are sub-
sets of A, and X —e Y denotes a functional dependency:

1. Reflexivity: Y subset of X implies X —e Y;

2. Augmentation: X — Y and Z subset of W implies
XW —— YZ;

3. Pseudotransitivity: X —e Y and YW —— Z implies
XW—— 2.

In addition to those axioms functional dependencies may

be compcsed and there may be at most one functional dep-

endency X —e= 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 axioms
which characterize the full family of functicnal depen-
dencies. »

3. The Category of Extensicns

For categories B and C a functor K: B —w C with
dom(K) = B and cod(K) = C consists of two suitably rela-
ted functions: The object function K, which assigns to
each object X of B an object KX of C, and the arrow func-
tion (also written K) which assigns to each arrow f,

f: X—= Y of B an arrow Kf: KXT-Kth‘cinsucha
way that:
K(1x) 4 1KX H

Kgf) ¥ KgKf ¥ (Kg)(Kf),

the latter whenever the composite gf is defined in B.

Given two functors K, L: B~ C, a natural trans-
formation t: K —~ L is a function which assigns to each
object X of B an arrow tX: K{ —e LX of C in such a
way that for each arrow f: X — Y in B,

(LEY(EX) = (tY)(KF).

We call tX, tY, ... the components of the ﬁatur‘al 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 ¥, pyr XXY X, Pyt XY e ¥ ) in the category
B into the product in the category C , given the
object KXx KY and the corresponding projections pr and
pr, pr: KX KY —e KX and KpY: KX®X KY — KY, i.e.,
K(XXY) = KXXKY. .

Given a category of intentions I, a specification of
domains is a functor D: I —= C, where C is a suitably
chosen category,which preserves finite products.

The category I of inbe‘ntions specifies in an abstract

fashion all the relations which may be defined over a
given set of attributes and which satisfy a given set of

integrity constraints. (functional dependencies). In order
to interpret I in this way one has to specify the domains
(i.e., the actual sets) which correspond to particular
attributes and subsets of cartesian products of domains
(relations) which correspond to objects of I. In addition
to this, for a given specification of domains, the actual
subsets which correspond to the subsets of the given set
of atiributes change over time and this also has to be
taken into account.These changes are called updates of
extensions.

Observe that with the presented definition of specifi-
cation of domains the functor D specifies not only the

domains which correspond to particular attributes, but it
also states 'that a domain of a subset {APAZ' ...,An} of
attributes from A is the product of the corresponding
domains, namely D(’A,)" D(Az)x .e- XD(An). Equally impor-
tant is that the functor D assigns to each functional
dependency f: X —e Y a function Df: DX — DY. Thus D
interprets functional dependencies as functions. The ac-
tual specification of relations which correspond to par-
ticular subsets of A within this framework is performed
as follows.

Let I be a category of intentions, and D: I —— Set
a specification of domains. Then an extension of I is a
natural transformation e¢: R ——e D where R: I — Set is
a functor such that each component eX: R{ — DX, for
X object of I is an injective function. Therefore an ar-
row eX is simply a specification of a subset RX of DX. If
X is the set { AyAs,... Ay then RX is some subset of
the product DA1>( DAZ*A . %DAn. But more than that, e is
a natural transformation which means that for each arrow
f: X —~ Y of I the functions Rf and Df are related by
ﬁhe equality (Df)(eX) = (eY)(Rf), which 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 is,'
equiped with the projectibns Pyt W—X, Py: W—1,
pz: Woe—— Z.

Suppose now that there exists an arrow (functicnal de-
pendency) f: X — Y in I. We say that the functional
dependency f is embedded into RW if and only if

(RE)(Rpy) = 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 such that X and Y are subsets of W. Then
if there exists an arrow f: X — Y in I it is embedded
into RW.

More precisely we would like to have (ew)(Dpx) =
(Rpy)(eX), (eW)(Dpy) = (Rpy)(eY), (eW)(Dp,) = (Rp,)(e2)
where eW: AW — DW, eX: RX —« DX, eY: RY — DY and
eZ: RZ —~ DZ are the injections. But e is a natural
transformation and for given functional dependency Py
Py: W —-e X, the above equalities are valid. Therefore,
the images under an extension of trivial functional de-
pendencies are preciselyrestrictions of projections.



4. NMatural updates and the Category of Extensions

For a given specification of domains D: I —e Set an
extension R —e D is a specification of the actual rela-
tions at a given point in time. At some other point in
time these relations (i.e. sets) are different due to up-
dates which occured in the meantime. These updates are
such that they must respect functional dependencies. More
precisely, if R —=— D and S —« D are extensions which
correspondto these two points of time, then we define an
update of extensions as a natural transformation R —e S,
This definition means that t: R —« S translates the pic-
ture of I under R into a picture of T under S. These pic-
tures, of course, lie in Set, as shown in the following
diagrams, where X, Y and W are objects of I such that X
and Y are subsets of W:

x\ Rx\ £X sx\ .

1[‘ W Re| W —L{_‘ SW (£)
e yd s/

Y RY ———— SY

All the above diagrams (triangular and rectangular)
are commutative under the adopted assumption and thus we
have the following:

Lét R: I — Set and S: I —— Set be extensions and
t: R —= S a natural update. Then if f: X — Y is em -
bedded into RW, it is also embedded into SW, and in such
a way that all the diagrams (£) are commutative.

As one might have suspected we can construct a cate -
gory whose objects are extensions and whose arrows are
natural updates in the following precise sense:

For a given category of intentions I and a specifica-
tion of domains D: I —e Set, there exists a category E
whose objects are extensions R — D, and whose arrows
are natural updates t: R —e S such that the following
diagram is commutative:

R\
.l / °
3 3
Example 2. Consider again Example 1. Let
R(XYZ) = { xyz, x'yz, x**y**z""}, and
s(xyz) = { xyz", x'yz' }.
Denote by t a natural update R —2» S. There are only two

choices for the specification of such an update. One of
them is

t: R S
Xy e Xy
xyz_‘{% [— Iz‘:—-c\'xyz‘ ,
\y — i
x‘y»—— Xy
x‘yz\é% — %}'xyz , and
\y — Y

IR

Xy 2 -

5. Pullbacks and Joins

In this section we show that the join operation of the
relational algebra 'is, in fact, a categorical construction
which is called a pullback. The notion of a pullback is
defined as follows: Given pair of arrows f: ¥ —e X and
g: Z — X (with a common codomain), a pullback of (f,g)
is an object Y % Z with a pair of arrows Py: Yox 2 Y,
Pyt Yox Z — Z such that g, = fpy. Furthermore, given
any other pair of arrowsh: W —= Y and k: W —e Z with

gk = fh, there is a unique arrow r: W — Y o such

X 4
that k = Pr and h = Pyr.

Since we will show that the natural join is the pull-
back of a pair of suitably chosen arrows, it is certainly
of interest the fact that the category of intentions pos-
sess pullbacks. Actually, given a pair of arrows f and g,
f: Y —= X and g: Z —e X their pullback is the object
YZ together with a pair of arrows Py: YZ —e Y and
Pa YZ —== Z which are trivial functional dependencies.
That is the consequence of the following commutativittes:

We are now in a position to present a generalized de -
finition of the join operation of the relational algebra.
Given functional depender;c‘:ies f: Y—Xand g: Z =X
the functional join of f and g, denoted by R(Y)oxR(Z) is
defined as the pullback of Rf and Rg.Therefore it consists
of an object R(Y)oxR(Z) together with a pair of arrows
£yt R(Y)oxR(Z) —— R(2), Py R(Y)QXR(Z) ——— R(Y),
such that (Rg)rz = (Rf')ry .

In the usual terminology a natural join of the rela-
tions R(XY) and R(XZ) is the set of triples (x,y,z) such
that (x,y) belongs to R(XY) and (x,z) belongs to R(XZ).
The relations R(XY) and R(XZ) are equipped with (restric-
tions of') projections Py: R(XY) — R(X) and, similarly
Qy: R(XZ) —= R(X), where R now denotes an extension.

So, one can prove the following characterization of
the natural join: In the category Set the natural join of
the relations R(XY) and R(XZ) is preciesly the functional
Join of the pair of projections Py R(XY) w—e= R(X) and
Qy: R(XZ) — R(X).

Further, it is given a sequence of properties that
may be proved using standard categorical tools, having
in mind all introduced concepts:



(a) Let X and Y be objects of I such that there
exists a functional dependency ¥ — X. Then
R(X)oyR(Y) = R(Y)

(b) R(X)OQR(Y) 2 R(X) x R(Y)

®

(c). R(X)oxR(X) € R(X) (idempotency)
¢d) R(X)oAR(Y) H R(Y)oAR(X) (commutativity),where

two functional dependencies, X —— A and Y — A, are
given. . ’ )

(e) Given functional dependencies X —e A, ¥ —e AB
and Z —= B, one has associativity in the following

form
(R(X)OAR(Y))OBR(Z) E] R(X)oA(R(Y)oBR(Z) ).

The relationship between R(XYZ), R(XY)oyR(XZ) and
R(X) x R(Y) x R(Z) is the subject of the following (two)
propositions:

(1) There exists a canonical way to construct the
arrows:

.e: R(XYZ) ———= R(X) x R(Y) x R(Z),

£ R(XYZ) —— R(XY)oxR(XZ),
g: R(XY)oxR(XZ) ———« R(X) x R(Y) x R(2)
such that e = fg and e and g are injective functions.

(2) There is a canonical way to construct injective
arrows:

k: R(XYZ) ——= R(XY) x R(XZ),
g : R(XYZ) — R(XY)oxR(XZ).
h: R(XY)oxR(XZ) —— R(XY) x R(XZ),
such that hg =
" In both propositions, the proofs are based on the

commutativity of the corresponding diagrams:

R(XYZ)

K \R(XY)O RD\—— R(XZ)
'\\H(XY)XR(XZ) ay
R(XY)

S

R(X)

/ R(2)

R(X)xR(Y)xR(Z)

R(Y)

6. Equational Properties of Joins

The idempotency, commutativity and associativity of
functional joins imply a number of interesting properties
out of which, here are selected a few:

(a) Given functional dependencies X - AB, Y —+ 4B,

Z —e AB, one have

(H(X)OAR(Y))OBH(Z) g R(X)OB(R(Y)OAR(Z))
(interchange of join attributes).
(b) Interchange of join relations:

Given functional dependencies X — A, Y — AB and
Z —— AB, one has

(R(X)o,R(Y¥))ogR(2) ¥ (R{X)o,R(Z))ogR(Y)

(¢) Given functional dependencies Z — B and Y — B,
(R(X) x R(Y))OBR(Z) = (R(X) xAR(Z))oBR(Y).

(d) Given functional dependencies X —e A and Y — A or
Z — A, the following isomorphism exist:

(R(X)OAR(Y)) x R(Z) E’-(R(X)OAR(Z)) x R(Y),
(R(X) x R(Y))OAR(Z) £ (R(X) x R(Z))OAR(Y),

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

(R(X) x R(Y))o R(Z) = (R(X)o R(Z)) x R(Y)' and

(R(XB) x R(Y))oAR(ZB) E (R(XB)oAR(ZB)) x R(Y).
(f)
7. The Universal Relation Model

‘The universal relation model aims at achieving com -
plete access-path independence in relational databases.
There is a seqeuence of assumptions that are frequently
made implicitly when talking about it. In the categorical
approach, those assumptions have the following form:

(1) There is a universal relation scheme -whenever a
specification of domains is given for the considered ca-
tegory of intentions, i.e. there exists a domain-functor
D: I — Set. "

(2) Access paths are embedded in attribute names in
the following manner: projections in the corresponding
category of intentions,from the product-attribute in to
the single attribute. For example,

NAME 2 N.N .N

127" N

i

‘where Ni stands to denote different names for different

1, i21,2,...

managers, ...)

,k (names of employees, customers,suppliers,

(3) For a specific category of intentions there is a
unique relationship that the user has in mind. There -
fore, it has to be chosen an extension e: R ——= D,
namely = e,: RX — DX is the collection which deter-
mines 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 unique roles, but combinations of attri-
butes likewise have a unique meaning.

) _Specit‘}:ing for every attribute set A a unique
access path to compute R(A) does not mean in general that
there are not any other access paths for computing R(A).



R(A) may be realized through the 'join operation, for
example, R(A) ¥ R(X)o,R(Y).It is known that the following
proposition holds:

R(XY) = R(XZ)oZR(YZ) if and only if either Z — X
or' Z —= Y exists,
and in such a case R(A) = R(A).

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

(5) The assumpticn that query processing consists of
two steps: . .
i. For the set of attributes mentioned in the query con-
struct ey RX = DX ("binding")
ii. Whatever operations must be applied to answer the
query are then applied to RX ("evaluation").

8. Concluding Remarks

The result presented in the paper have already been
summarized in the abstract and in the introduction. In
this concluding section we concentrate on one aspect of
the paper which is particularly important.It has not been
emphasized throughout the paper since it requires further
careful research. -

The generality of our approach comes from the fact
that the category C does not have to be the category of
sets. If it is we obtain the usual approach where rela-
tions are simply sets of n-tuples. But it has been poiﬁt-
ed out that this is too simple an approach if we want to
take into account the possibility that the values of some
attributes of an n-tuple may be undefined. That kind.of
approach (/Codd/, /Vassiliou/) lead to conclusion that
it is necessary 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 point - the null point (undefined value} and
defining the arrows of this category appropriately. If
we define its arrows as null - point preserving functions
we obtain the category Set.p whose properties have been
carefully studied. This category suits nicely for most
cases (almost all of the material in the paper applies
to it without changes, various types of joins defined in
/Codd/ may be captured). But there are the cases in which
it turns out not to be quite appropriatel(null-points
must be preserved, which does not correspond to the usud
database updates). So more work is neccessary in order
to define appropriately thé category C which would cap -
ture the approach /Codd/.

Another mathematical approach to the undefined values
/Vassiliou/ would correspond roughly to taking complete
lattices for the objects of C and continuous (or perhaps
just monotone) functions fbﬁ its arrows. In this approach
a considerable amount of structure is added to the sets
of n-tuples, but our preliminary investigations show
that this category also exibits some undesirable prop-

erties ( there are problems in constructing pullbacks ,
i.e., joins). So this aspect reguires further investiga-
tions too.

We conclude the paper with a remark that one of our
sources of motivation for this work was our hope for the
development of a general and unified approach which
would capture the particular ones mentioned above.
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Abstract. This essay deals with principles, consequences, and examples

of informational forms and {nformational processes.
principles of informational spontaneity,

First, the
information, and counter-

information are posted and then several principles of {information

processing are revealed:

Informing,

embedding, arising, and Counter-

Informing of iInformation. The so-called circularity properties of
information for these principles are investigated, which explain the
circularity, recurrence, parallelness, and serjalness (sequentialness)

of {information.

Informational form

and Informational process are

described on the basis of informational principles and informational

consequences and &s particularly,
organjzed phenomena (informational Enframing). Several

fnformationally structured and
informational

forms and informational formulae are presented as examples, explicating
the possibilities of a soft informational formalization. Examples- of

fntelligence as Information,

informational program, and living

an iInformational

machine, an
information are examined and

discussed in this framework of developed principles of {nformation. At
the end, a short conclusion concerning formalization of informational

principles 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 -

logical or beautiful or stirring language
makes sense if it {8 not listened to. There
is no use talking Lf the backgrounds of
speaker and hearer are too different to
create open and serlous listening - even if
the words are read, they will be too
distantly reinterpreted.

(Winograd, OUC, p. 257)

0, Introduction

One of the aims of this essay is to open a new
conversation, to articulate the power of the
human informational mind, and just begin to
reveal  consequences of some informational
principles. This conversation and {ts power are
grounded in the phenomenology of information,
in the so-called principles and consequences of
information. Information principles and their
consequences, both of which are explicated fin
this essay, have to be understood as an arising
beginning, origin, commencement, source, root,
supposition, and foundation, as well as the
perspective openness of the developing
philosophy of information.

In general, natural principles are (logically,
ontologically) inconsistent. Does it also hold
true for the proposed information principles?
In some way, we are always using the faculty of
free choice, playing a game with formal or even
metaphysical notions and their symbols.
Principles are only constructions, for reality
has to be constructed, it is not waiting to-be
diseovered (SCC).

The term 'information', 1{ts notion, meaning,
and understanding are usually accepted as
given (ready-to-hand), which does not enter
into comprehensional (perceptual and
cognitional) details of the informational
phenomenology. In some way, the notion of
information also becomes & processing and
system of . information, particularly in the
context of computer based man-machine
interaction, application, and organization and
in the econtext of cognitive science.

The principled question of information c¢an
develop several new questionings which offer
new consequences with a sufficient,
linguistically formal rigorousness. In this
essay, the epistemology of information will not
be presented; it was exposed in (OWI) and, in
even more detail, {in (IDI}) . Information
possesses a semantically circular and dynamic

meaning, and this meaning can be pursued
through human history (for example, from the
Greek 'eidos', 'morfe', and 'poiesis', to the
Latin '"informatio' and today's colloquial

meaning of informstion, informing, informative,
informational, information processing, etc.).

In the text .which [follows, several  basie
prineiples of information will be developed in
a systematic and linguistically formal way.
Through this development, it will become
possible to articulate and to explicate the
phenomenon of information as the most general
experience and as the most regular principle of
modern thinking, which is founded on circular
comprehension (recurrent observation,
investigation, cognition). The forth-coming
information era will develop Informational
thinking and comprehension through (nformation
with the intention to structure and to organize
a new philosophy and to explore new’



informational (intelligent) technological
possibilities. on the way to information
several new adventures are hidden which have to
be investigated in much greater detail.

1. Information and Counter-Information

Every triumphant theory passes
stages: first {t s dismissed as

then {t is rejected as contrary to
religion; finally, {t is accepted as dogma
and each scientist claims that he had long
appreciated the truth.

three
untrue;

(Gould, ESD, quoting embrylogist von Baer)
We experience information as a spontaneously
developing phenomenon of thought in our mind.
This experfence tells us that information (is
not only developing, spontaneously coming into
existence, and arising, but that it is also
vanishing, changing, ete. Under these
circumstances, information appears to be an
extremely free and dynamic process of our mind.
This varfous informational processing is
{11imitably cirvcular concerning the entire
information of a being. In general, we assume
that information informs in a2 spontaneous way,

and that on its way to Information it is faced
with i{ts own observation, investigation, and
cognition, which result into a newly arised

information, the so-called counter~information.
On the way to information,
becomes regular information through its
embedding in existing information and yet,
regular {nformation qua information {8 going to
inform forward on its subsequent way.

Information qua Information informs in several
domains. . An obviously essentjal domain of
information is the so-called comprehensional

domain, by which information observes,
investigates, and recognizes itself and other
information. From the perspective of this
domain, information is in an observant,

investigational, and ecognitional relation to
itself and to other information. According to
this comprehensional informational component

{(domain}, information can generate a new,
controversial part of itself and of other
information, which contradiets the entire
exigting {information and causes the appearance
of counter-information, In this manner, the
arising counter-information s nothing else
than a’  comprehensional information of
information. In general, {nformation is
informational and counter-informational

informstion is self-
counter~informational.
information s

Because
it is
some extent,

simul taneously.
comprehensional,
Potentially, to

non-informational or {s outside of existing
information when it generates counter-
information.

On the basis of this short informational
lnvestigation, we can state three basic
principles of information.

THE PRINCIPLE OF [INFORMATIONAL SPONTANEITY.
Information is a circutlarly spontaneous
phenomenon of information. Cirecular
informational spontaneity 1is information by

ftself.

In this principle, circular spontanefty must be
understood as a fundamental {nformational
property, whiech 18 in no way limited, bounded,
or restricted information and {s unforeseeably
free in 1its arising, embedding, ecounter-
Informing, and cireulating. Spontaneity also
stands outside of and above an autopoietie
system which s autopoietically bounded.
Usually, spontaneity {s understood also as

through’

counter-information
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chaos or chance; chaotie dynamical, random, or
{rregulsr phenomenon; turbulent flow,
unpredlcetable evolution (of biologlcal species,
economiec prices), chaotie behavior,
irreversible approach (process), I{rreversible
evolution (CCH), ete.

The spontaneous has
coming into existence,
unexpected. It is

a condensed meaning of
of the volational, free,
not possible to be
spontaneous without the coming into exlstence
of something that comes, that takes place.
Spontaneous means that it is not known yet what
and how the spontaneous will 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
i{s not given 1In advance what will appear,
happen, arise, come into existence, counter-
inform, etc. The spontaneous points to 'it-

will', however to the yet unknown 'it-will', In

this way, spontaneity, for example, does not
concern science (or even 1ideology), because
science can only be the already known. 1In this

respect, science cannot be
contrast to sciences, information's tirst
principle is informationally circular
spontaneity which surpasses any principle of
truth, falsehood, correctness, fdentity,
objectivism, traditionalism, etc. Spontaneity
points to the opening, 1inkling of the horigon,
awareness beyond the horizon of knowing,
opening out to new horlzons, and standing open.

spontaneous. 1In

The spontaneity of information Is c¢ircular.
That what spontaneously arises as counter=-
information is embedded into existing
information and from this information the
spontaneous arising proceeds (informs) into a
subsequent process. Thus, spontanelty performs
circularly. 1f informational spontaneity

designates an {nformational property (form) of
spontaneity, then arising designates an
informational process of spontaneity in which
information 1{s spontaneously arising (coming
into existence).

THE PRINCIPLE OF INFORMATION. Information
informs means that information circularly and
spontaneously generates information qua
ecounter-information, circularly and
spontaneously embeds new information into the
existing one, or that information is c¢ircularly
and spontaneously arising, coming into
existence, changing, vanishing, embedding, ete.
through information {tself. Information
possesses the mastery (forming and processing)
over itself.

On the basis of this principle a philosophy or

theory of ({nformation can be developed in a
much more detailed form. The observation one
can make with this principle 1is that the

circular and spontaneous forming and processing
nature of information represents an
(mathematically, algorithmically, formally, and
even linguistically) unusual problem of
formalizaetion standing outside of the so-called
rationalistic tradition.

THE PRINCIPLE OF
According to the principle of i{nformation,
information is ecoming into existence as
counter-information, Counter-information
informs as information. Counter-information is
coming into existence as a comprehension of
information by Information, as a regular
informational form or informational process.
Counter-information is information by itself.

COUNTER- INFORMAT ION.

These principles

statements because
open notions,
the

are {n no way closed
they depend on completely
some of which will be captured in
following principles, consequences, and




the principles of circularity,
parallelness, and serialness of
(see the following principles).
information is

recurrence,
information

Informing of

information by itself.

THE PRINCIPLE OF EMBEDDING OF.
Embedding of information means

nesting, or deposition (also
coding, meaning, understanding, ete.) of some
free, arising, counter-informational
information into a given comprehensive body or
realm of information. Through embedding,
information is put into a reguiar informational
context (possible informational relations),
into the realm of existing
(possible meaning). On a linguistic level, the
semantic relation between new information and
existing information is coming into existence.
Embedding of information 1is information by

INFORMATION.
the insertion,
interpreting,

itself.

THE PRINCIPLE OF ARISING OF INFORMATION.
Arising of information is the generating,
developing, vanishing, and coming of

information
information:

into existence. Arising of
has the power of new informational

appearance, the coming of new information into
the present. informationally, arising of
information is not limited in any way; it s
cirecular and spontaneous. Through arising, any

information can come into existence. Arising of
information is information by itself.

THE PRINCIPLE
INFORMAT ION.
means that

OF COUNTER- | NFORMING OF
Counter-Informing of information
information, which through its
Informing of information, is comprehensively
informed. The product of this Informing 1is
counter-information. Counter-Iinforming 1is the
production of the observant, investigational,
and cognitional information in the process of
Informing. Counter-Informing of information is
information by itsetf.

THE CONSEQUENCE OF [INFORMING.
fnformation is a form and/or a process . of
cireular and spontaneous Informing, embedding,
arising, and Counter-Informing of information.

Informing of

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

Informing
means
Informing, embedding, arising,
Counter-Informing;

This formula s recursive in Informing,
embedding, arising, and Counter-Informing. All
of these entities are informationally
interwoven.
AN EXAMPLE OF INFORMATIONAL EMBEDDING. The
principle of informational embedding can be
interpreted by the following formula:
embedding
means
or
is_equal_to
semantical_connection_of
counter-information
and
existing_information;
where . each entity is written on &a separate
‘line. The metaphorical presentation of this
formula explicates the meaning and other
possibilities of a formula's expression. In the

Polish
.longer:

(prefix) notation this formula is

information.
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or means
embedding semantical_connection_of
and
counter-information
existing_information
is_equal_to .
embedding semantical_connection_of
and
counter-information
existing_information;

In “this

case, the binary (or multiple)
operators 'or', 'means', 'and', 'is_equal_to!
can be understood as parallel operations,

"semantical_connection_of' -functions as a unary
operator, 'counter-information! and
'existing_information' as parallel! processes,
and 'embedding' as a parallel, two-part result.
EXAMPLES OF INFORMATIONAL ARISING.
of formulae concerning the
informational arising are:

Examples
principle of

(1) The
inference

formula of
(implication)

informational
is:

deductive

Information generates counter-information;
counter-information is_embedded_in information;
~counter-information becomes
regular_information;

(2) arise
has_the_meaning_of
appear, arise, be,

bring_to_the_comprehensional_surface,
come_in_presence, come_into_being,
come_into_existence, contradict, counteract,
counter-inform, create, develop, disturb, do,
emerge, enable, establish, evolve, expose,
form, generate, grow, imagine, inform,
innovate, inspire, make, mutate, oppose,
originate, process_anew, produce, set_up,
shape, spring_up, unfold, ... ;
(3) information generates
is_equal_to
information is_generated_from information;

information

AN EXAMPLE OF A COUNTER-INFORMING FORMULA.
Counter-Informing as information has its
origin in Informing of information. It Is the
comprehensive part of Informing which observes,
investigates, and recognizes information and
Informing of information. It arises during
Informing of information as an informational
counter-part. It springs up from Informing or
is generated by Informing. Hence, the following
informational formula is possible:

Counter-Informing
originates_from or is_generated_by
Informing_of_information
as
investigating,
of
Informing of

observing, recognizing

information, information;
Several other formulae of Counter_Informing are
possible and can be determined in a more
detailed manner.

3. Principles of Informational Circularity

How is information arising in a cireular way?
What = is the' nature of informational
circularity? How does It concern the realm of

information? Some answers to these questions
will be glven by the -subsequent principles,
consequences, and examples, :



the principles of e¢ircularity,
parallelness, and serialness of
(see the following principles}.
information is

recurrence,
information

Informing of

information by itself.

THE PRINCIPLE OF EMBEDDING OF
Embedding of information means

nesting, or deposition (also interpreting,
coding, meaning, understanding, ete.) of some
free, arising, counter~informational
information into a given comprehensive body or
realm of information. Through embedding,
fnformation is put into a regular informational
context (possible informational relatlons),
into the realm of existing information
(possible meaning). On a linguistic level, the
semantic relation between new informatlon and
existing information is coming into existence.
Embedding of information 1is {Information by

INFORMATION.
the insertion,

itself.

THE PRINCIPLE OF ARISING OF INFORMATION.
Arising of information 1is the generating,
developing, vanishing, and coming of

information
information
appearance,

into existence. Arising of
has the power of new informational
the coming of new information into
the present. Informationally, arising of
information is not limited in any way; it |is
circular and spontaneous. Through arising, any
information can come into existence. Arising of
information is information by ltself.

THE PRINCIPLE OF COUNTER- INFORMING OF
INFORMATION. Counter-Informing of information
means that information, which through its
Informing of Information, 1is comprehensively
informed. The product of this Informing is
counter-information. Counter~Informing is the
production of the observant, Iinvestigational,
and cognitional information in the process of
Iinforming. Counter-informing of information is
information by itself.

THE CONSEQUENCE OF [INFORMING.

information is a form and/or a
circular and spontaneous Informing,
arising, and Counter-Informing of

Informing of

process of
embedding,

information.

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

Informing
means
Informing, embedding, arising,
Counter-Informing;

This formula is recursive in Informing,
embedding, arising, and Counter-informing. All
of these entities are informationally
interwoven.
AN EXAMPLE OF [INFORMATIONAL EMBEDDING. The
principle of informational embedding can be
interpreted by the following formula:
embedding
means
or
is_equal_to
semantical_connection_of
counter~-information
and
existing_information;
where each entity is written on a separate
line. The metaphorical presentation of this
formula explicates the meaning and other
possibilities of a formula's expression. In the

Polish
longer:

(prefix) notation this formula is
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or means
embedding semantical_connection_of
and
counter-information
existing_information
is_equal_to
embedding semantical_connection_of
and
counter-informatjon
existing_information;

In this

case, the binary (or multiple)
operators 'or', 'means', ‘'and', !is_equal_to!
can be understood as parallel operations,

'semantical_connection_of' funetions as a unary

operator, 'eounter-information' and
‘existing_informetion' as parallel processes,
and 'embedding' as a parallel, two-part result.

EXAMPLES OF [INFORMATIONAL ARISING.
of formulae concerning
informational arising are:

Examples
the principle of

(1) The formula of
inference (implication)

informational
is:

deductive

information generates counter-information;
counter-information is_embedded_in information;

counter-information becomes
regular_information;

(2) arise
' has_the_meaning_of
appear, arise, be,

bring_to_the_comprehensional_surface,
come_in_presence, come_into_being,
come_Into_existence, contradiet, counteract,
counter-inform, create, develop, disturd, do,
emerge, enable, establish, evolve, expose,
form, generate, grow, imagine, inform,
innovate, inspire, make, mutate, oppose,
originate, process_anew, produce, set_up,
shape, spring_up, unfold, ... ;
(3) information generates
is_equal_to
information is_generated_from information;

information

AN EXAMPLE OF A COUNTER-INFORMING FORMULA.
Counter-Informing as information has its
origin In Informing of information. It is the
comprehensive part of Informing which observes,
investigates, and recognizes information and
Informing of information. It arises during
Informing of information as an informational
counter-part. It springs up from Informing or
Is generated by Informing. Hence, the following
informational formula is possible:

Counter-Informing
originates_irom or is_generated_by
Informing_of_information
as
investigating,
of
Informing of

observing, recognizing

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

3. Principles of Informational Circularity

How 1s information arising in a circular way?
What is the. nature of informational
circularity? How does it concern the realm of
information? Some answers to these questions
will be given by the subsequent principles,
consequences, and examples.




THE PRINCIPLE OF CIRCULARITY OF INFORMATION.
Information is spontaneously cireular
concerning information. Informational
elircularity concerns the entire realm of
information (counter-information, Informing,
embedding, arising, Counter-Informing) and is
informationally transparent. Different forms

and processes of Informational circularity are
recurrence, parallelness, serialness
(sequentialness), and yet not identified
circular forms and processes of {information,

. Circularity of i{nformation is information by
-1tself.

- . THE PRINCIPLE OF RECURRENCE OF INFORMATION.
Informational recurrence is the {nformation-
‘fnherent and information-transparent property
of eireularity of {nformation which is
phenomenological, methodological, recursively
formal, linguistie, biologic, etc. This
property ie spontaneous, comprehensive,
informationally generative, parallel, serial,
sequentieal, ete. Informational recurrence 1s
information by itself.

THE CONSEQUENCE OF INFORMATIONAL RECURRENCE.
The word 'recurrence' has the meaning of the
coming back of information into existence,
embedding, Informing, and Counter-Informing, in
a spontaneous circle which {s understood as
Informing in the broadest meaning. An example
of statie, constructive informational
recurrence is a mathematical recursive formula,
by which 1t is possible through the usage of
formal 1linguistical means to obtain a new
formal or numerical (logical) result
recursively. Informational recurrence is
dynamic, so that, for instance, the mentioned
recursive formula is changed and developed by
the process of recurrence. Besides this,
informational recurrence has to be understood
as an informationally parallel and/or
informationally serial (sequential) recurrence.
Serial recurrence seems to be obvious and
imaginable, although the possibility of arising
of information within serially structured
informatlon has to be taken into account.
However, parallel recurrence has to consider
the possibilities of arising of parallel
information within already existing parallel
and serial information. In this respect,
informational recurrence is not limited in any
way, so that Information and its Informing can
spontaneously arise in an informationally
circular way. Finally, it has to be mentioned
that {information also concerns {informational
recurrence as information eircularly, counter-
informationally, and with Inner iInformational
comprehension, which is a property of
fnformation itself.

AN EXAMPLE OF A GENERAL INPORMAT [ONAL
RECURRENCE. Informational recurrence, in which
the  parallelness and/or serfalness of
informational forma and/or informational
proceases are not explicitly determined, can be
demonstrated by the following Informational
formula:

" informational_recurrence
means_that
information arises_from information
. as counter-information after_which
counter-information 1s_embedded_in information
and_in_this_way
arising_of_and_embedding_of
information is spontaneous;
In this

formula the operator after_which is

clearly serial in conecern to the previous part
of the formula. The - operator
arising_of_and_embedding_of represents a

parallel structured operator, by which arlsing
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‘aome way

.extent.

and embedding of information have -to be
understood as parallel informational processes.
Certainly, the explicitness of parallelness and
serialness can be expressed by the introduction
of separate operations (e. g. Is_parallel_to,
is_in_series_with, ete.). .

THE PRINCIPLE OF PARALLELNESS OF INFORMATION.
Informational parallelness s a circularity
of Information which is topological, spatial,
alternative, multiserial, parallel-generative,
parallel-comprehensive, ete. Informational
parallelness is information by itself.

THE CONSEQUENCE OPl INFORMAT IONAL PARALLELNESS.

The existence and ariaing of parallel
information needs the possibility of parallel
appearance of informatlonal forms and

informational processes. In this case the word
tpossibility' represents the notion of parallel
structure which enables parallel informational
appearance. This structural parallelness is in
topological, spatial, alternative;
spontaneous, etc. The existence and arising of
a parallel informational structure qua
informational subatance s the necessary
econdition for informational parallelness as
stated in the previous principle.

A population of Living beings ia a good example
of informational substance, in which parallel
information appears in spontanecus and various
ways. This parallel Information influences
beings 1In their interactions, 8o that these
beings are informationally interwoven to some
This example shows how parallel
Iinformation as an informational wunity of
population |[|s unforeseeable in {ts exlistence
and arising, depending from the circumstances
of population's environment or from the
environmental information. The parallelness of
information appears when an existing
fnformational pathway is split in two or more
pathways. .

AN EXAMPLE OF TWO PARALLEL PROCESSES. Let us
fntroduce two distinet informational entities,
label them Ipl and ip2 and let them represent
two parallel processes. These two processes are
informing mutually independenti however,
counter-information arising from a process Is
embedded in 1itself as well as in the other

process, Informing of the process ipl and ip2
depends solely on their own. counter-
information. In this way, information |Is
arising dependently on both of processes,

Informing of each process is arising only
within each respective process. We can
construct the following formula:

ipl is_parallel_to ip2
in_the_way_where
counter-information of i1
influences
fnformation of 11 and i2 and Informing of il
and_parallel_to_this
counter-information of 12
influences
information of i1 and 12 and Informing of 12;
8o far, this formula, concerning the previous
text, is clearly understood. The operator
"influences' has in fact the more precise
meaning of 'is_embedded_into!'.

THE PRINCIPLE OF SERIALNESS OF [INFORMATION.
Informational serialness (sequentialness) 1is
a temporal, looping, unldirectional, memorial,
spatially closed, etc., spontaneously arising
eircularity of information. . Informational
serialness is information by itself. -

THE OONSEQUENCE OF [INFPORMATIONAL SERIALNESS.
The existence and arising of serlal information
needs the possibility of serlal appearance, of



interpolating, of inserting information between
information and of serial reconfiguring of
serial information. Although informational
serialness {s temporally structural, 1[It can
also be understood in a parallel way.
Serialness of information points to the fact
that temporality or time has to be comprehended
as an informational difference appearing in
the relation between information and counter-
fnformation. There is no clear distinction
between fnformational serialness and
informational parallelness, but in some cases-
this distinetion may be useful.

AN EXAMPLE OF SERIAL AND PARALLEL QUESTIONING.

Consider three serial processes whiech are
labeled by question, questioning, 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 questlioning
process and into their informings. = The
questioning process is producing questioning as
its counter-information, and thls counter-
information is embedded into the information of
the questioning and interrogating process and
‘into their Informings. The interrogiting process
is producing interrogating as {ts counter-

information, and this counter-information is
embedded into the information of the
interrogating, question, and questioning

process and into their Informings. This process
scheme is circular concerning question and
questioning, questioning and interrogating, and
interrogating and question. We can state the
following formula:

serial_process_of_question_questioning_
. _interrogating
is
question informs and
counter-information_of_question
is_embedded_in
information of question, questioning
and_in Informing of question, questioning
afterward
questioning informs and
counter~information_of_questioning
is_embedded_in
information of questioning, interrogating
and_in Informing of questioning, interrogating
afterward
interrogating informs and
counter-information_of_interrogating
is_embedded_in .
information of interrogating, question
and_in Informing of interrogating, question
afterwsrd
serial_process_of_question_questioning_
_interrogating
is repeated;

A . parallel informational formula, where
questfon, questioning, and interrogating are
parallel processes, Is the following:

parallel_process_of_question_questioning_
_interrogating

is .
questioning, interrogating
is_informing and

counter-information of
question, questioning, interrogating

is_embedded_in
information and Informing of

question, questioning, interrogating; .

question,

The circularity of this formula
the postfix operator

is expressed by
is_informing.
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4. Informational Form and Informational Process

If information is understood as
form and being-in-the-process, then it s
reasonable to introduce the notions of
informational form and informational process.
Being-in~the~form concerns any imaginable form
as information. Being-in-the-process concerns
any fmaginable phenomenon or phenomenal
complexity as ifnformation. This point of view
is acceptable for 1iving beings in which
information is coming into exlistence. Even
living beings themselves can be comprehended as
informational forms and {nformational
processes, whieh are informing themselves and
which are being informed by outside
informational forms and informationsl processes
concerning them. On the bdasis of this
consideration the following principle can be
accepted:

being-in-the~

THE PRINCIPLE OF INFORMATIONAL
INFORMATIONAL PROCESS. The entire living
and non-living phenomenology can be
considered, perceived, observed, investigated,
recognized, understood, etec. as a phenomenology
of informational forms and informational
processes. Forms and processes of the physical
and psychical world inform and are mutually
informed, that 1is, they disturb each other
passively and actively as well as themselves,
Any phenomenology is a phenomenology only to

FORM AND

the extent by which It is an Iinformational
phenomenology, by which phenomenal forms and
phenomenal processes are perceived as

information and Informing of information.
This principle
informational
tradition, if
Informational,
informationism
(ID1). 1f

offers a particular,
orientation and may begin a new

everything 1is wunderstood as

This is the principle of
or informism as determined in
everything is understood as
information, to be an informational form or
informational process, then this realm of
understanding is called informationism.
Informism is nothing else then the thinking and
understanding of the entire phenomenology
through Informing or by means of Informing,
through the way in v“ich information informs
the living and non-!t{ving.

THE CONSEQUENCE OF
informational form

INFORMATIONAL
constitutes information
which it gives through its Informing or
receives from an informational source.
Al though, informational form 1is a static
phenomenon, it can cause Informing in the
receptor. In this way, an Informationai form is
informing and a sharp distinetion between
informational form and informational process is
not possible. Informing of an informational
form 1is the possibility of 1its observation,
investigation, and cognition, where an
informational form is producing its counter-
information. In this respect, an informational
{form is a very general informational principle
and is information by itself.

FORM. An

THE CONSEQUENCE OF INFORMATIONAL PROCESS. An
informational process is a dynamic
informational image of a phenomenon, it is a
process within information, which actively and
passively informs information within itself as
a process. An informational process changes
itself through Self-Informing and through
Informing of other informational processes. It
generates counter-information by ijtself and
takes this counter-information and to-itself-
outward information into its own informational
consideration. An informational process is
generating informational forms and
informational processes inside and outside of




\

itself. Every informational
Ynfoymation by itself.

5. Structuring and Organizing Information

What is the fundamental distinction between the
structure and organization of information? Is a
rigorous separation between them possible at
all? .

THE PRINCIPLE OF
INFORMAT IONAL

[NFORMATIONAL STRUCTURE AND
ORGANIZATION. - Informational
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

epistemology, informational structure is closer
to the form, whereas informational organization
is eloser to the process. Within information,
informational forms and informational processes
are informationally i{nterwoven components.
Informational components integrate information.
Informational structure and informational
organization are information by themselves.

THE CONSEQUENCE OF INFORMATIONAL STRUCTURE AND

ORGANIZATION.
information
informational
organization is

Informational is
concerning type and

components. Informational
information concerning type and
existence of informational retations,
dependencies, -necessities, ete. among
information-constitutive components. From this
viewpoint, information 1is an informationally

structured and organized phenomenon.

structure

Informational structure and informational
organization inform (i. e., arise, embed, are
embedded, and counter-inform) in a <circular
manner (i. e., recurrently, parallel, and
serially).

There is an essential differcucs between
informational structure and informational
organization on the one side and the usual
structure and organization on the other.

Structure and organization of information arise
as information. Therefore, information, as a
unity regarding its structure and organization,
is changing and coming into existence with new
informational components, relations, ete. .which
are embedded in existing informastion. Existing
information, which informs as a given
informational background, is changing
arising. Evidently, the consequence - oOf
informational structuring and organizing is the
openness or non-closure of information as unity
and as autonomy.

EXAMPLES OF CULTURAL FORMS. Cultural forms (e.

€. philosophy, ethies, ideology, science, art,
etc.) qua information are ripe examples of
partjcular informational structures and

informational orgenizations. The structural and
organizational particularity of a cultural form
is called informational Enframing. Such ah
Enframing, regularly embedded in information,
exists outside of a particular cultural form.
In general, an informational Enframing,
representing a cultural form, is going to be
embedded in a broader informational realm,
which forms the background of the given
Enframing. For example, mathematics as a
discipline is enframed in a - mathematical
structure and organization to preserve its
mathematical rigorousness, i. e., its
mathematical Enframing. This Enframing is
embedded in a broader informational reailm, in
several other scientifiec disciplines, in
philosophy, language, etc., where mathematics

process is’

existence of .

and °
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has its roots, application, influence, etec.
The structure and organization of
constitute informational Enframing,
informationally embedded in a broader
informational context. In this respeect, no
scientifie 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.

information
which is

6. Intelligence as Information
«». The essence of intelligence
appropriately when there
definition of the problem or the space of
states in which to search for a solution.
Heidegger demonstrates that the essence
of our intelligence s in our throwness, not
our reflection. Similarly, Maturana shows
that biological cognitive systems - do not
operate by manipulating representations of
an external world,

is to
is no simple-

act
pre-

(Winograd, Flores, UCC, 98, 99)
In general, intelligence as information is
nothing more than an informational complexity,
a destined, . intentional, and goal-oriented
composition of information. In this respect,
intelligence is an informational product
produced by divergent, higher informational
functlions of a 1iving information system.
Information constructs intelligence by the
intention that this intelligence can serve as a
proper information for distinet situations of a
being's being, for solving real and artificial,
problems.

THE PRINCIPLE OF INTELLIGENCE.
which embedded

Intelligence, in
information is intentional,
informationally enframed, grounded information
(i. e., in a consequent structure and
organization) and in a specifie domain
(discipline, realm), is arising to the
informational surface for specifiec problem
solving (behaving, thinking, acting).
Intelligence comprehends - {(to observe,
investigate, recognize) only a specific problem
domain and it is only in this domsin that it
influences behavior and action i{ntelligently,
Intelligence is speclalized information, which
is problematically enframed, closely concerns a
problem domain, and strictly comprehends in the
metadomain of & problem domain. For this
purpose Intelligence needs other information,
comprehension (processing) of other
information, instruction, knowledge, and a
characteristic informational expertise.

THE CONSEQUENCE OF INTELLIGENCE AS INFORMATION.

Intelligence is information, which is narrowed
into a specific problem domain, with its own
solving performance, experience, and

characteristic
Intelligence
-approach, 1its
intelligence's
are specific

methodological
knows its own. systematical
way of recurrent descent. In
comprehensive metadomain there
instructions, knowledge,
expertise, methodologies, concept attainment,
and intelligence's own specialized tools and
procedures of problem solving. Intelligence
always needs its characteristic (informational
substance out of which |t arises and into whiech
it can be embedded. Arising of intelligence
depends upon the intelligent environment, upon
the environing world in which it is dwelling
and from which it can grow.

blindness.



7. Informational Machine and
Informational Program

... Even if a computer program consistently
wins games of chess, Winograd and Flores
would say that this is not intelligence.

(Clancey, Al, p.243-244)
The notion 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 wupon
the informational point of view, that is, from
the point of view of philosophiecal and
implementational possibilities of machines and
programs as informational entities.

THE PRINCIPLE OF AN INFORMATIONAL MACHINE. A
machine is informational {f {ts structure
(substance, form, structural components) and
its organization (machine connectedness,
relations, processing) are informational. The
structure of a machine concerns the machine's
architecture (physical, biological
constitution). The organization of a machine
concerns its funetioning (mind, behavior) and
its flexibility " (controllability,
progammability) under varijous inward and
outward conditions. Architecture of an
informational wmachine is dynamic (brain-like),

is dynamically controlled, interchangeable,
arising, and depends wupon the machine's
environing world. An informational machine can
be governed by informational programs to
achieve the required informational
characteristics and properties. The

informational machine performs as information.

THE CONSEQUENCE OF
INFORMAT [ONAL MACHINE.

machine possesses informational
(Informing, embedding, arising, Counter-
Informing in an informationally circular
manner), its performing ts informational. This

THE PRINCIPLE OF

Because an informational
attributes

performing can be achieved through its
informational architecture and through |its
informational programmability. A dynamie

architecture (architectural switching without
architectural arising) already represents an
informationally bounded machine. This weakness
in informational dynamics can be eliminated 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
have to be initiated in order to discover
informational architecture components which

would have a richer informational variability,
especially parallelness and the feasibility to
be used in dynamic architectures. These
architectures could temporarily change and can
even arise or develop as a consequence of their
changing and arising environing conditions.

THE PRINCIPLE QF AN INFORMATIONAL PROGRAM. An
informational program would simply be
information which spontaneously informs,

and counter-informs in an
informationally circular way within an
informational machine. An informational program
informs itself and other informational programs
and is used and embedded in an informational

embeds , arises,

machine for production of information (e. g.,
intelligence, dedicated informational
functions, etc.).

Evidently, there is an essential difference

between & computer program and an informational
program. The former is algorithmic
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(mathematical, procedural, informationally

static), whereas the later is informational
(intelligent, 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 execution of itself and other
programs, data, etc.

THE CONSEQUENCE OF THE PRINCIPLE OF AN

INFORMATIONAL PROGRAM. An informational program
performs as information. 1In this respect, such
a program is also an Informational object which

can be Informationally changed during its
processing. A typical computer program is
always performing as a subject, by which non-

program objects can be changed and can arise as
results of {ts performing. In principle, the
request to informatize a program concerns
essentially different programming tools as
compared to those that are still used today.

AN EXAMPLE OF A TECHNOLOGICAL INFORMATIONAL
MACHINE. A technological (artificial)
informational machine mainly concerns an
architecture, which is completely different in
comparison to today's usual computer

architecture and its components. The so-called
brain-like architecture {s only a typical

representative of this new orientation. What
does the brain-like architecture mean? Roughly,
components of a brain-like architecture
resemble neurons and functional units (regions,
nuclei, areas, cortices) of neurons (neuronal
populations). A neuron is a nerve ceil (a
speciailized processor) with all its various and
complex informational processes. [n the living
brain no two neurons (basie cell processors)
are identical. Signals (information) to a
neuron are entering from other neurons via
synapses (synaptic¢c processors). Neurons c¢an
appear and disappear (functionally as well as
physically). Synaptical connections among
neurons can arise in dependence from various
inner (structural) and outer (processing)
requirements. A brain-like architecture s
developing through its life under the pressure
and influence of inner and outer clircumstances.
It is arising dynamically and performing as
information on structural, ‘substantial
(technological) level.

AN EXAMPLE OF AN INFORMATIONAL PROGRAM. An
example of informational program is a cortiecal
(brain-like) funetion. Such a program is not
only performing as information, it |{s also
influencing its subsequent substance
(architecture) in which it is developing (in
whieh it {s 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
possibilities for the arising of mind.
8. Living Examples of Information

In the previous two examples a living
informational machine (brain) and a 1living
informational program (mind) have been
described. According to Maturana and Varela
(AAC), the theoretical treatise of 1living
organisms can be understood as autopoiesis.

THE PRINCIPLE OF A LIVING INFORMAT [ONAL
MACHINE. A living informational machine
represents a subclass of possible (imaginable)
informational machlines. The living
informational machine 1is constituted by its
biological structure and organization, by its
autopoiesis (Maturana, Varels, AAC). Such a



machine is organized as an informational
network of informational forms and processes
for production, transformation, and destruction
of its own information. A living informational
machine governs the life 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 tdentity,
unity, and life processing. Functioning which
does not concern the machine itself is
characteristic for artificial, allopoietie
machines. These machines do not develop and
preserve themselves, however, they produce

- functions for other purposes (e. g.,
mechanical machines).

OF LIVING INFORMAT IONAL
PROCESSING., Living Informational processing (s
the biological phenomenology of autopoietic
informational systems in the living world to
the extent where this processing depends in one
way or another on the autopoiesis of "one or
more autopoietic informational units. The
domain  of all interactions in whiech an
autopoietic {informational system can enter |is
its cognitive domain, Within this informational
domain the autopoietic identity cannot be lost.

THE PRINCIPLE

AN EXAMPLE OF LIVING INFORMATIONAL MACHINES AND
‘LIVING INFORMAT [ONAL PROCESSING. Evident
examples of a living Informational machines are
molecules of life, cells, cells populations

(organisms), cortlcal nuclei, cortices, brain,
and a living being as a whole, Liying
informational processes in these machines are,
for instance, synthesis of protelins, immunity,

evolutionary - learning,
replication, mind, etec.

variation, selectlon,

9. Formalization of Informational Principles
In the examples of this essay several
informational (ormulae have been treated. It
has been shown how informational forms and
informational processes can be formalized by
linguistie means. Information is an
informational conception and it could be
formalized sufficiently only by informational
means. Information itself appears to be a kind
of informational system in itself. Within this
system it is arlsing and embedding circularly
and, in this respeet, it has an informational
structure, organization, forms and processing.
Information  is being thrown into an
informational environment from some
informational source, from where It arose, and
from this point on it is developing, arising,
growing, vanishing, ete. like a specific
system, which is related to itself and to its
information environment. Through the appearance

of information its system is coming into
existence.

The question which now arises is how an
information-related, information-
characteristic, or information-substantial
system can be formalized. [t is more or \less
evident that this formalization cannot be a

mathematical, algorithmical, or
formal presentation. "There do not exist means,
a formal apparatus, or a mathematical
whieh could be used for a soft and satisfactory
informational formalization.

logically

computers, .

formalism’
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In the previous examples a formal symbolism for
informational formalization was not introduced.
The trial was based on a level of natural
language. The aim of this formalization was to
present informational principles and operations
In a more comprehensible way of linguistically
(verbally) exposed conceptions. The formalized
examples could be followed quite easily,
systematically, clearly, and recurrently.
Generally, the form of formalization was always
an arbitrary sequence of informational operands
and informational operators, irrespective of
parallelness, serialness, or eircularity of
operands and operators. It was shown that a

sequence can also be used for explicating
parallel operations.
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Ia this paper we describe and analyze Decisioan Support Systems (DSS) as a class of Information
Systems. We first state a short definition of DSS, explain its relation to Management Ianformation
System, and the objectives of DSS. Afterwards, our major discussions are devoted to the following

issues respectively: (i) The iterative desiga for DSS (prototypiag approach) as part of the broa-
der aspect of DSS buildiag, where we ccoasider cost aad beaefit impacts and the possible probleams
aad bottle-anecks of this approach. (ii) The curreant computer and information techaology that sup-

ports DSS, e.g.: on-line computer systems with the necessary software support for ianteractive use,
software packages for computer graphics, statistics, operations research, fiaaancial plaaning, etc.,

quick hit DSS programs, fourth generatioan laanguages, database managemeat systems and so on. The
advantages, disadvantages, and limitations ian practice are discussed. (iii) The curreat status aad
applicatioan of DSS for marketing analysis, sales forecasting, financial plaaaniang, traansportation,

human resources management, use of graphics in decision making, etc. (iv) The future treads in
DSS. We give a broad overview of the expected development and use of DSS, ia particular the furt-
her impact of techaology and the necessary changes in organizations and decision processes.

Some methodologies and program packages that were listed above were developed ia the research
programs carried out at the Graduate School of Business, Iandiana University, Bloomiagtoan, Iadiana,
USA, aad Ekonomska fakulteta Borisa Kidrida, Ljubljana, Yugoslavia.

1. INTRODUCTION

In this paper we describe aad analyze Decision
Support Systems (DSS) as a class of Iaformati-
on Systems (IS) that support decision-making
activities of maanagers aand others who are in-
volved ian decision-making procedures aand pro-
cesses, the technology of DSS and its applica-
tion, and the treands aad future directioas of
DSS and supporting technologies.

We first discuss the relatioas between Elec-
tronic Data Processing (EDP), Management In-
formation Systems (MIS) and DSS. Different
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 differeatly. We then conceatrate our
attention on the variety of different techno-
logies aand their applications in DSS. We de-
tail more the most important technologies in
DSS, emphasiziag those on which some reasonab-
le amount of research has been conducted
within the high schools the. authors beloag to.
For ianstance, data base management, analytical
methods, computer graphics, spreadsheets, pro-
totyping aad fourth-geaneration laaguages
(4GLs). In coaclusion we summarize the geaeral
views and believes oa the future trends and
developments ian DSS and DSS technology. Short-
term treads up to 1990, aand long-term trends,
after 1990, are briefly discussed. We believe
these forthcoming technological and organiza-

tional chaages in DSS will have a sigaificant
impact oa future high school curriculum aad
pedagogy in the MIS area.

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

Within the steady advaancement of computer-based
IS ia orgaanizations a new stage has beea reac-
hed where the term DSS has been {atroduced.
Different explanations of DSS have been provi-
ded. Some view DSS as another step in the natu-
ral evolutionary advancement of information
technology and its use in the organizational
context, following EDP and MIS. Others view

DSS as an important subject of MIS or just a
type of system that has been developed and

used for several years already but has only
recently been uniquely defined. Some claim that
the term has been introduced merely to attract
people but it does not define anything particu-
lar new in the field of computer~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.

Many vague, either restrictive or very broad,
definitions of DSS were put forward in the
1970s. They didn't help to clarify which of
the above stated explanations were appropriate




and which were not. The first definition of DSS
as an interactive computer-based system that
helps decision makers utilize data and models
to solve unstructured problems was later exten-
ded to all the systems that contribute to deci-
sion making. Some examples of complex systems
were also examined. More promising than the de-
finitional approach or the example approach

was the "characteristics" approach of DSS

[2, 14] that associated with DSS the following
characteristics:

~ they are aimed at the less well structured,
underspecified problems that upper-level
managers face

- they combine the use of models of analytic
techniques with traditional data access and
retrieval functions

- they focus on features that make them easy
to use by noncomputer people in an interac-
tive mode

- they emphasize flexibility and adaptability
to accommodate changes in the ‘environment
and the decision-making approach of the user

In short, DSS should support managers in their
decision-making activities. The ideas and re-

search resulted in the form of programmed pac-

kages for building DSS, first used on mainfra-
mes and later on personal computers.

Based on the previous development and research,
Sprague and Carlson [21] gave the following
definition of DSS:

"Computer-based systems that help decision
makers confront ill-structured problems thro-
ugh direct interactlon with data and analysis
models",

According to them a good DSS should have the
following three capabilities:

- it should be easy to use and should support
the interaction with nontechnical 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 distinction between
the terms MIS and DSS we must go a bit further
in our analysis. There are two general views
on what MIS and DSS should be. The first view,
the theoretical view, 1s the view of academi-
cians who are concerned about and who develop
theoretical backgrounds of DSS. The second, so
called connotational, view is the practition-
ers' view, who make conclusions and defini-
"tions on the basis of their experiences in
creating and using some particular MIS and
DSS. It is largely the practitioners who sup-
port the view that MIS is an advancement of
EDP and that DSS is a further advancement of
MIS.

Connotaticnal view on EDP-MIS-DSS differentia-
tes the three terms on the following basic cha-
racteristies:

- EDP emphasizes optimum data processing with
the outputs aimed and used at the operatio-~
nal level

- MIS emphasizes integrated information ‘acqui-
sition environment based on DBMS with the
outputs aimed at the tactical level

- D8S emphasizes user decision-making real-
-time information acquisition environment
aimed at top managers and executive decision
makers
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The view is partially supported by case studies,
but it is .nevertheless inappropriate as . far as
the future development of DSS5 is concerned.
Decision-making is not the exclusive domain

of the top level management. Decision-making
must be distributed across all three functional
levels,

The theoretical view proceeds from and is ba-
sed on the following objectives of the IS
function:

- improving performance in order to get the
right information to the right person at
the right time

- users involved in IS are knowledge workers,
such as managers, professionals, and other
employees, who also are responsible for furt-
her development of information technology

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

This view places D3SS among other major techno-
logy subsystems of IS which are interacting
with each other and other application systems
and which are supporting users on all vertical
levels of management, not only at the very top
level. Other major technology subsystems are
(i) the system to support communication needs
and (ii) the structured reporting system. This
standpoint is defended by a general merging of
information technology, operations research,
statistiecs and management science approaches
in the form of interactive modeling [21]. DSs
is accepted as evolutionary advancement in the
systems dimension of a three-dimensional IS
model which evolved from the two-dimensional
model of MIS. DSS requires new strategies in
design of the information systems technology
and its interactive usage, from those used in
MIS.

Hackathorn and Keen EIO] interpret DSS in term
of the number of people that participate in the
decision-making process as

- independent declsion-making where a decision-
maker makes decisions. This approach requires
personal support

- sequential interdependent decision-making
where a decision-maker makes part of a deci-
sion, which is then passed on to someone
else. The approach requires organizational
support

- pooled interdependent decision-making where
several decision-makers negotiate and inter-
act in order to make a decision. This requi-
res group support

Experience shows that new approaches and tech-
nologies in IS usually promise more than they
deliver. Frequently the real contribution is
something quite different from what was expec-
ted at the very beginning. MIS and office auto-
mation diverted from their promises [22)and
became well~structured reporting systems
(instead of electronic nervous system for or-
ganizations) and word processing on personal
computers (instead of a paperless office).
Nowadays users still belleve in the promise

of DSS as defined above.

3. DSS CONCEPT, TECHNOLOGY OF DSS,
CATIONS OF DSS

AND APPLI-

Traditional data processing systems (such as
payrell, inventory, airline and similar reser-

. vation systems) since the early 1960s 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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information is static and rigid and any question creates and manipulates more complex logical
that had not been included in the process would data structures for a system which allows him
demand a difficult and time-consuming procedure, to produce models involving data of certain

including new programs and changes to the data
structures. Traditional EDP and MIS are not
"user-friendly" (require programmers), their

technology, which the programmers use, is rigid,

hard to change and demands a lot of programmer
time in order to produce results. Questions to
the system must be predefined and not some
unusual ‘requests from the high-level decision
makers.

DSS commonly copes with problems that are not
structured, i.e., no procedures for their so-
lution are known. Such problems-decisions,

are for example: planning the amount of orga-
nizational expenditure, deciding whether to
introduce a new product or program, such as a
new airline, or a new technology procedure.
Decision-making involves multiple criteria and
results in a number of trade-offs which are
analyzed and modified iteratively by the deci-
sion-maker possessing great experience [7].

It requires an interactive computer system
with all the necessary support software and a

considerable amount of data which the decision-

maker uses while exploring the problem. The
system must support the decision-maker by sug-
gesting solutions and the possible consequen-
ces of accepting a particular solution. Within
the subsequent steps of the iterative process
the decision-maker may back-track, modify,
refine and introduce more sophistication into
the solution several times until, he finds a

satisfactory final solution. Thus, in this way,

a DSS becomes a tool for building a model or
creating 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-
plication are: (1) to retrieve a simple -data
i1tem while procesasing an order for a particu-
lar commodity, (2) to generate a report of
all the firm’'s foreign customers in the last
year, (3) to use mathematical programming
algorithm in order to perform allocation plan-
ning, (#) to perform a formal statistical
analysis to find the correlation between dif-
ferent variables, (5) the use of models,

where an expert DSS system has been created,
based on the past many years’ experiences and
decision-making procedures of some expert,

The present decision-maker gets help by

using this model when he has to make a deci-
sion. .

The DSS approach is a user-friendly approach.
Users acquire information from a DSS without
the help from a programmer. They do this by
using a query language and/or a request gene-
rator. Instead of procedural languages, like
COBOL, FORTRAN, etc., DSSs use the fourth-
generation languages. In YGLs one statement
1s equivalent of many statements in a proce-
dural language. These languages also use sy-
stem prompts and help commands in order to
make them easier to use and understand.

In the following paragraphs we discuss the
technology necessary for implementing the DSS
concept. We restrict ourselves mainly to the
computer software and techniques used in prob-
lem-solving.

One of the most important methodologies is a
DATA BASE MANAGEMENT. The DSS user (manager)
frequently retrieves data items from a DB
randomly, produces reports from a DBMS or

properties. Present DBMS are still part of the
software, although in the future they will
probably become part of hardware or firmware.
They are also avallable on microcomputers and
personal computers, not only on large and po-
werful mainframes. Software products with im-
beded DBMs such as FOCUS, RAMIS II, NOMAD2,
EXPRESS, GADS, EIS, REGIS, GMIS, etc. are
available on the market. They are expensive to
buy (but prices are hopefully declining) and
they require large amounts of computing resour-
ces [7, 21, 227. Therefore, initially many

of these systems were being used in independent
céomputing companies or in computers manufactureps
Effiéient use of this technology is based
largely on the adequate supporting documenta-
tion, such as:

- data flow diagrams, which present a graphic
model of processing, the storage of data and
the movement of data

- data dictionary, which contains the terms and
their definitons

- process descriptions, where each process
b{xbblje must be described in sufficient detail
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When building the DB management part of DSS we
must choose one or more basic data structures,
i.e., a method of representing and retrieving
data in a computer. In addition to the four
well-known data models used in MIS -- the re-
cord model (flat file), the hierarchic model,
the network model, and the relational model,
one more model, the rule model, is being used
in DSS environment [21]. This model is common
in artificial intelligence systems and in so-
called "knowledge-based" DSS. It specifies
production 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
definitions. The choice of model should not be
based on the representation of the data, but
on the operations and integrity constraints.

Among the ANALYTICAL METHODS that DSS needs
for analysis and modeling are statistical pro-
cedures, data projection or simulation and
optimizing models. Statistical packages, such
as SPSS and IDA are being used in many univer-
sities and firms all around the world. The In-
teractive Financial Planning System (IFPS) is
an example of the financial planning modelling
languages for data projection and simulation.
It can be used on VAX and some other minicom-
puters, and mainframes. IFPS has been taught
and used in the Graduate School of Business,
Indiana University, Bloomington, Indiana, USA
as an efficient programming tool for several
years, and it has been widely adopted in the
USA, in both industry and universities. Its
impetus came from the desire to model risk in
a way which could easily be understood by
executives, IFPS has a self-contained non-
procedural language which is easy to underst-
and and use [ 8]. The logic and output of IFPS
resemble those of spreadsheet packages. A
number of third-party computer software pac-
kages compatible with IFPS are available; For
instance: SENTRY for data entry in a form com-
patible with IFPS; DATASPAN for converting
data bases in arbitrary format to a form
usable by IFPS; GRAPHICS for presenting IFPS
results on color graphics displays; and OPTI-
MUM for finding optimal solutions of IFPS mo-
dels by linear, nonlinear, or integer program-
ming. Optimizing models are usually based

upon mathematical programming algorithms. A
group of researchers at Ekonomska fakulteta
Borisa Kidriéa, Ljubljana, Yugoslavia has pur-
sued this field of research for many years,



developed several program procedures in Ope-
rations Research (linear and dynamic program-
ming) and published numerous research papers
[4, 5, 19]. Part of this software development
was supported by Intertrade, Ljubljana, the
IBM representative in Yugoslavia, the Yugoslav
computer manufacturers firm Iskra-Delta,
Ljubljana and the software house Iskra-CAOP,
LJjubl jana.

INTERACTIVE COMPUTER CAPABILITIES must be
available in DSS environment. The following
approaches of DSS computer implementation. are
now possible:

~ DSS software on a large-scale general com-
puter which users access from terminals in
an interactive mode

- DSS software on a dedicated minicomputer,
where users are involved in different DSS
applications simultaneously through their
terminals. Here the spécial DSS software
does not slow 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 minicom-
puter through magnetic tape, etc. which
makes the system slow

- the use of personal computers to host DSS
of smaller size. This approach is popular
because of easy accessibility for the user.
Serious disadvantages are far less powerful

. software than is available on mainframes
and minicomputers and relatively small
secondary storage capacity. Also the abs-
traction and loading of central data on
microcomputers are even more awkward than
in the case of the minicomputers

Some DSS (now being labeled Executive Informa-
.tion Systems (EIS)) help decision-makers by
employing built-in EXPERT SYSTEMS -- expert’s
decision-making procedures. To build such a
system, the expert’s decision-making process
is studied and a computer program is written
that behaves similarly to the expert. Expert
systems have been used in medical diagnosis,
oil' exploration, computer chip design, and in
various business applications (auditing, ma-
king)commercial loans, financial planning,
etec.).

An especially important technology for busi-
ness problem-solving and decision-making is
COMPUTER GRAPHICS. It helps .managers to
acquire visual representations of data, rela-
tionships and summaries for information acti-
vities are not based on predefined processes
or procedures. Graphics allows the users to
view or search the data in new and creative
ways in the context of their particular prob-
lems ar goals. Several graphics forms can be
generated by computers, such as texts, time
series charts, bar charts, motion graphics,
scatter diagrams, maps, hierarchy charts,
sequence charts, etc. They can be used in DSS
in many different ways such as: reports, pre-
sentations, management tracking of performan-
ce, analysis, planning and scheduling, conm-
mand and control, for design, engineering and
prodiction drawings. Graphics can also be
used in computer-aided design, computer-aided
manufacturing, teleconferencing and videotex
systems. The benefits of computer graphics
over manual graphics are in costs and time.
Formats, scales and colors can be tested in-
order to obtain the best comprehension of the
information. Objections to computer graphics
are that high resolution graphics are still
‘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 will become irrelevant
with the new computer graphics products.
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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 [97].
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 technology are SPREAD- .
SHEETS. They are self-documenting systems with
explanatory internal documentation and prompts
that help the user to proceed 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 screen and the relationships between 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 among them on the
model’s output. He can do this by ineractively
entering different values for data items, tempo-
rarily changing the algorithm and analyzing the
computed results. This ®what 1if" capability 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, depreciati-
on, lease-versus-buy, discounted cash flows-and
net present value), real-estate investments (fi-
nansing alternatives,impact on taxes, payoffs,
cash flows), business record-keeping and accoun-
ting, budgeting and statistics. Despite their
popularity, these spreadsheets have many inherent
weaknesses, such as the difficulty of specifying
all data requirements a priori, data-model depen-
dence, limitation of the relations that represent
the model and model’s complexity by the spreads-
heet's table format, user's session cannot be
recorded and little flexibility in report writing
features. It is estimated that 20 to 30 percent
of the users will become dissatisfied with spreads-
heets and will ask for more powerful tools [22].
Spreadsheets appear to be most useful for smaller
problems. The possible solution to the existing
variety of many different spreadsheet systems
which the users have to learn, would be integra-
ted packages that will combine spreadsheets,

word processing, data management, graphics, data
communications, and other resources. SYMPHONY is
a (not too successful) example of this trend in
the software market. SYMPHONY expands the capa-
bilities of LOTUS 1, 2, 3.

QUICK HIT DSS3 [163 is a term that explains 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 whether to build a full DSS
or not. Three types of quick hit DSS include:

- reporting DSS .
- short analysis programs
- 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 these data, presentation of trends.
and variances, by means of computer graphics) in
order to meet some information needs of decision-
maker.

Short Analysis Programs are used for analyzing
data. They need small amount of data and are
usually written by decision-makers themselves




in BASIC or some other high-level programming
language. Functions that help the decision-
maker to make decisions include projection of
costs, income, and profits; allocation of
fixed costs among products; project manage-
ment; graphing of some activity output figu-
res, etc.... Examples of short analysis pro-
grams are studied in [t1, 6, 16].

Decision Support System Generators are pro-
ducts which include languages, interfaces,

and other facilities that help to frame up
specific DSS. DSS generator can be used to
build more specific DSS within a ceclass of
applications. In recent years 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 quick hit approaches are not appropria-
te in areas such as forecasting or allocation
of resources where a deep understanding of

_sophisticated methods, techniques and the

whole application area 1is necessary and the
final models cannot be replaced by some ap-
proximations of them in order to make some
starting decision [3].

PROTOTYPING has been defined in many different
ways: as a philosophy, a methodology and a
procedure. Within each of these classes of
definition are further differences. For exam-
ple, as a methodology for the development of
information systems two definitions are very
evident: the "rapid prototyping" approach
from computer science and the "prototyping
methodology (PM)" from MIS. The PM [12]is
most appropriate in discussing DSS and is
broad enough to encompass the various more
limited definitions found in the DSS litera-
ture. Under the PM the process for building
an operational prototype is described and
this operational prototype may be used in
various ways, e.g., stand alone, with life-
scale methodologies, as pilots or prototypes
and as "throwaway" programs. Senn describes
prototyping as one of the seven activities
within the system development life cycle[20]:
preliminary investigation, determination of
requirements, development of prototype sys-
tem, design of system, development of soft-
ware, systems testing, and implementation.
This approach 1s used when we cannot define
all the features of the system in advance,
due to the lack of experience or information,
or when we face high-cost and high-risk
situations. In such cases an 1inexpensive
small-scale version of the software is pre-
pared in order to provide some preliminary
information about the environment in which
the system is going to work. The prototype
is a simple working system that captures the
essence of the real system it represents, and
it may be refined and redone several times
within the iterative process, in order to
find the optimum solution for the defined
problem.

Prototyping approach needs a software that
enables a quick and simple building of a
working system. Conventional programming
languages and methods, or more adequate soft-
ware products, like program generators can
be used for this purpose. The emphasis is on
trying out ideas and providing assumptions
about requirement, not on system efficiency
or completeness [20]. According to [12], the
ideal software prototyping environment has
four components:

- a 4GL or other development tool to allow
quick creation of the prototype

- well-managed data resources for easy access
to corporate data
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- a user who has a problem, who has considered
the idea of using the new tool, who knows his
or her functional area well, and who seeks
assistance from data processing

~ a prototype builder -- an information systems
professional who is versed in using the various
development tools and understands the organiza-
tions’s data resources

The same author also auggests an ideal team size
for prototyping -~ one user and one bullder.
Larger teams impose more uncertainty into the
problem definition and solving procedure, need
more time for coordination, etec... Proper answers
to the key output questions represent an important
issue of prototyping. These questions are:

- who will receive the output -- what is its
planned use

- how much detail is needed -- when and how often
is the output needed, and

- by what method

There are three main uses for software prototy-
pes [22]:

- to clarify user requirements. Host users cannot
fully describe their current requirements and
their future needs. By bullding, using, and
changing a prototype, users can make further
decisions about the system they want

- to verify the feasibility of design. A proto-
type can show the end users of a designed sys-
tem how the new system would operate, its effi-
ciency and its costs. The end users may find
the system inadequate and stop or change it

- to create a final system. Part of the prototype
may become part of the production version. Es-
pecially, when the system is expected to change
very often, it is usefully to use UGL also for
the production version. This makes future use
easier

The problems related with prototyping are (1)
the need for sophisticdted~ software tools and
(1i) that prototyping brings forward only the
physical aspects of a system, based on user
demands of physical requirements and a quick
realization of the needed system. This does not
support logical modeling of requirements and
solutions. System specifications based on proto-
types may inherit inefficiencies and errors of
the original system. For this reason, proto-
typing is most effective when used to enhance,
rather than replace, the established analysis
process in computer information system develop-
ment[18].

According to [13) the commercial FOURTH-GENERA-
TION LANGUAGES (4GLs) have provided a significant
contribution towards making the concept of proto-
typing practicable as a methodology for system
design and development. They have also helped to
create a new information processing 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 4GLs is 5 to 10
times over that when using third-generation
languages, particularly coOBoL[17].

The early development of 4GLs started towards
the end of the 1960s when time-sharing and DBMS
were developed. As the result, three most well-
known general-purpose 4GLs software products
have become available: RAMIS, FOCUS, and NOMAD.
Further, a variety of other user-friendly lang-
uage Interfaces, with elements of non-procedura-
lity, that could be used with the existing DBMS,
or previosly developed HGLs, have been developed
(electronic spreadsheets - LOTUS, business



modeling - IFPS, business graphics, statisties,
etc.). Another significant event, related to
the 4GLs"evolution was the development of IBM's
DB2, which is a member of a family of relatio~
nal DBMS products from IBM, all supporting a
common relational language called SQL (Struc-
tured Query Language). IBM announced its entry
into the 4GL market in mid 1986, Cross System
Product (CSP).

The features of UGLs that comprise the functio-
nality that is included in fourth-generation
software tools are several [22] like: DBMS,
data dictionary (DD), non-procedural language,
‘interactive query facilities, report genera-
tor, selection and sorting, screen formatter,
word processor or text editor, graphics, data
analysis and modeling tools, programming in-
terface, software development library, backup
and recovery, links to other DBMS, records and
file maintenance, etc. The heart of a UGL is a
DBMS, which can manipulate formatted data re-
cords, as well as unformatted text and graphics
data. Just as important as the DBMS is the DD,
for storing the data definitions used by the
4GL. In contrast to 3GLs, 4GLs employ an
English-like syntax, and are eventually non-
procedural in nature -- they allow statements
to oceur in the logical order that a user
would think, rather than imposing a sequence
required by the computer. Besides an underlying
command language, many 4GLs provide a variety
of interfaces that help end-users in using
them. As far as the resiults (output) are con-
cerned, some 4GLs generate only single prog-
rams (code generators), and produce an inter-
mediate step code in 3GL, usually in COBOL,
while others generate complete integrated ap-
plications {(application generators), and do
not produce any 3GL intermediate step code
(FOCUS, RAMIS II, NOMAD2,...).

The functions performed by U4GLs vary greatly
from product to product. Some 4GL products
have highly focused but limited functionality,
oriented towards specific applications, like
decision-support/modeling tools such as IFPS;
graphics generators such as Tell-A-Graf,

query and report-generating tools such as
DATATRIEVE, and INTELLECT. Some UGLs are more
powerful and comprehensive in terms of their
functional capabilities, and represent more
nearly integrated software systems rather than
"programming languages"” as the term is common-
ly understood [13]

First thoughts, that the emergence of YGLs
means the demise of COBOL have been revised
when 4GL-related software (analyzers, genera-’
tors, and programmer workbenches) .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 U4GL market
has not matured yet. The current effort to-
wards 5GL hardware impose a question whether
4GL software will mature at all or simply
blend into 5GL software.

4, THE FUTURE TRENDS IN DSS AND DSS TECHNOLOGY

The short-term trends, from 1986 to 1990, will
be an extension of today happenings, with a
substantial increase in personal and organiza-
tional use of computer technology, as high as
70 to 90 percent increase in computer proces-
sing power per year. In less than five years,
for instance, there are 8 million users of

" personal computers with an increase by more
than 30 percent annually. But even more impor-
tant than the above stated advancements are
the trends in the change in the application of
information technology to the point where
users no longer face technical intermediaries

between technology and its application. The
following major trends can be expected [22):

- personal computer-based DSS will continue
to grow, with spreadsheets and other creati-
vity supporting packages taking more and more
functions in analysis and decision making

- growth in distributed DSS, with close linka-
ges between mainframe DSS languages and gene-
rators and the PC-based facilities

- group DSS approach, sugmrted by local area
networks and group communications services,
like electronic mail, will become much more

* common

- DSS products will incorporate products (tools’
and techniques) of artificial intelligence,
instead of the statistical and management
science models of the past. "Intelligenk
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 problems

More user friendliness is expected from the
computer technology, such as dialog support
hardware (light pens, touch screens}, high-
resolution graphics, speech recognition and
synthesis, menus, windows, etc... It has been
proven, for example, that for data manipulation
the users strongly preferred voice over keying,
because they could continually look at the
screen while they dictated operations. It is
also believed that expert systems, as part of
DSS, will be used more than they are now. Many
experts still argue on what is and is not an
expert system. For this reason, some authors
{22) prefer to speak only about practical
"expert-like" systems. These are systems, that
capture 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. What really matters is
that they must help users in making better
decisions.

Future trends will show no major changes in
basic hardware technologies, though speeds and
capacities will be improving steadily at about
10 to 20 percent per year rate, physical rate
will be diminishing, while the product life-
cycle will remain at about three years. In 'some
areas of applications,for example in transacti-
ons processing systems, the trends to replace
procedural languages with more powerful tools
will be very slow.

In the 1990s the personal computer is going to
become a management support facility (MSF).

It will be widely used in organizations all
around the world because of its technological
attributes and low cost. Many decision-makers
will have MSF both in the office and at home.
MSF will have memory sizes of 10-15 megabytes,
and socondary disk storage of up to 250 mega-
bytes. Very user-friendly 4GLs, which integrate
computing, modeling, data management, and text
processing will be available on all devices.
More interesting functions of the technology
will be related to the decision-support funct-
ion: the mainframe databases that are neces-
sary in an organization’s transactions proces-
sing system will be created and combined with lar-ge
sub-databases at MSF. Certain systems will
developed to work with their local databases
in a problem-finding mode which will help the
manager in decision-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 with



a crises, evaluating the overall effect of a
change, balancing the use of resources, deci-

sions that must be made on resource replacment

or acquisition, and trying to forecast the
future. Todays largest expert systems involve
thousands of logical rules and thousands of
objects to which the rules apply. The goals
for the 1990s are the expert systems with tens
of thousands of inference rules and up to 100
million objects [22].

Technological and organizational changes will
also cause changes in the process of manage-
ment. Three possible manager groups are fore-
seen: :

~ information systems managers, who are res-
ponsible for the creation, maintenance, and
development of the over-all information
systems and its resources;

- user managers, who use the centralized in-
formation resources, and create, develop
and use their personal and functional area
information systems;

- senior managers (executive management) who
pursue the information systems and resource
allocation policies.

The implications drawn from the application
of DSS across all forms of enterprise has
great importance to higher education. Univer-
sities must produce information literate as
well as computer literate graduates who can
function in the environment of the modern
organization. There is, therefore, a need to
provide a general course in information sys-
tems that would be taken by all students re-
gardless of their major discipline. We need
to produce intelligent users of IS.

The implications for universities offering a
major in Informatics are even greater. Here
is a constant need to modify existing curri-
culum to reflect the changes in technology

from both -a hardware and software perspective.

In addition new courses will be required to
train information majors in the application
of technologies. We believe that in many in-
stances this may best be operationalized by a
cooperative effort between academics and
practitioners. Where information can be sha-
red, ideas refined and students educated all
at the same time.
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Abstract. This essay deals with

controversies of artificial
traditional hardness,
theoretical approaches,
hacker, non-intelligence),
foreground,

intelligence
informational
bewilderment,
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the following topiecs: today's
(stupidity, blindness,

staties, breakdowns, non-
overselling, culture of the

information and its background and
the nature of blindness and breakdown, some stupid manners

of ai, erisis of at, structuring and organizing information, artificial
and natural intelligence, intelligent machine, intelligent program, and

the new perspective of ai.

This essay stresses the

importance of

information, which has to be understood as a spontaneuosly arising,
developing phenomenon in which the phenomenon of intelligence can be

embedded.

... But when we consider the essence of
technology, then we experience Enframing as
a-destining of revealing. In this way we are
already sojourning within the open space of
destining, a destining that in no way
confines us to a stultified compulsion to
push on blindly with technology or, what
comes to the same thing, to rebel helplessly
against 1t and curse it as the work of the
devil. Quite to the contrary, when we once
open ourselves expressly to the essence of
technology, we:- find ourselves unexpectedly
taken into a freeing claim. ...

M. Heidegger: The Question
Technology, pp. 25-26.

Concerning

0. Introduction

Artificial intelligence (ai for short) is the
study of complex information-processing
problems that often have their roots in some
aspeet of biological or neurophysiological
Information processing. The goal of al is to
identify and solve such information-processing
problems. However, today's ai is essentially
enframed in a western rationalistie tradition
and through this, it Is reaching the stage of
its blocking blindness whieh has to be broken
down for the sake of its own advance. This
essay shows one of the new perspectives which
is based on the informational footing of
intelligence.

In regard to ai, its state of the art and its
applicability, the following controversial
statements can be read and heard: Artificial
intelligence meets natural stupidity. The
tendency has been to look for ai solutions for
thelir own sake. So far, ai has not had much of
an impact on our lives. Artificial intelligence
needs to be established as a theoretical
discipline, such as physies or biology, so that
large, wusable and reliable expert systems can
be built. Today's expert systems are static,

the man-machine interface is crude and there is
iittle integration with the rest of the
software world: specification, testing,
reliability, and documentation are all black
arts. Artificial intelligence has singularly

failed to do anything wuseful for anyone
involved in the wealth-creating economy.
Artifieclal intelligence has been grossly

oversold, leaving new users in a bewildered
state. Fears that al will interfere with
current working practices and replace human
experts are based on the misconception of how
advanced ai really is: systems are nowhere
near their potential. Market forecasts are
wildly .optimistie: artificial intelligence is
still mostly technology-driven rather than
market-driven. Artificial intelligence
technology will not be taken up widely until
users are prepared to state what they are doing
with it, and what it can do for productivity.
And although this may -sound nafve: Expert
systems could speed the provision of true
equality and democracy.

On the other hand, researchers (e. g., Raymond
Relter) still believe that ai can be put on a
formal grounding, and that there are general
principles of intelligence to be discovered,
even if bhuman thought does not in practice
operate on those principles. One reason to have
theories, general theories, is that they can be
passed on to the next generation, who will then
modify the theory, test it out, try to find
holes in it, and explore its consequences. If
there is no science of artificial intelligence,
if 1t 1is strictly an encyclopedia of highly
special-purpose representations, if there is no
commonality across different modallties of
intelligence, than the best that can be done is
to build very brittle and fragile programs, the
principies of which are not translatable from
one generation to the next. Even if it is not
possible to prove, some researchers in ai and
cognitive sclence - believe that human
intelligence does in fact work on general
principles. Such general prinelples of



intelligence could be
embedding and the

the
informational

informational
arising. In

this context, the question of artificial
intelligence's blindness and its possible
breakdowns can be put onto the horizon of the
discussion which follows.
1, Information, Its Background, and Its
Foreground
It I8 believed that higher cortical functions

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
this substance, different sciences are
introducing a preferably neutral grasping of
understanding these processes, using the notion

which 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,
neurophysiological substance and
neurophysiological processes are concerned with
a particular phenomenology, which
understood as neuroinformatiecs.

Informaties is the neural, scientifie,
technological, and social discipline, the
central and main subject of which is
information, informational forms, and

fnformational processes. In the abyss of &

phenomenon understanding, the ground of this
abyss is information. information is
recursively embedded In existing and arising
information. However, on the level of a living

being, a belng's information is falling into
its own abyss, whose bottom is
neurophysiological. It seems that information
of a being 1s embedded in a being's
neurophysiological system. At the current stage
of scientific development it is not possible to
construct a platform connecting the top and the

bottom of a being's informational abyss, to
determine the embedding of Information in a
structured and organized neurophysiologiecal

substance, However, this does not mean that the
neurophysiological bottom, which represents the
surrounding for embedded information, cannot be
brought into informational enlightenment., At
this point, information is circulsarly
concerning information. Therefore, grasping of
information, in which intelligence is embedded,
has to be understood by information itself. 1In
this  basic arising of the problem of
fnformation, {t becomes necessary to explicate
and to articulate the question of {information
in a more definite and constructive way.

In this essay three informational levels can be
deseribed: the neurophysiological, the
informational, and the intelligent one. Even
though the background of = f{nformation is
neurophysiological, it ean be {l1luminated
informationally. Information is circular
concerning information. The foreground of
information is intelligent because
informational forms and informational processes
are informational constructs and informational
compositions explicating various
properties. It can be understood that
intelligence 1is 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, all of which
possessing some intelligent properties.

can be-

informational-
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2, The Nature of Blindness and Breakdown

How does man understand cognition and how is
this cognition blinded? On the way to human
cortices, sensory information is extensively
transformed by neurophysiological conversion,
internal world model's and emotional filtering
and modulation, and not lastly, by individual
processes of reflection and abstraction. The
basis for this type of understanding is Dbeing~
in-the-world (Hetdegger). Man's ability to
treat his own experience as involving present-
at-hand objects and properties is derived f{rom
a pre-conscious experience of them as ready-to-
hand. When man 1Is being thrown in a (new)
situation of acting with his pre-reflective
experience, he does not have the opportunity or
need to disengage and function as detached
observer. In this situation, reflection and
abstraction are not the basis of a man's
everyday action. Whenever a man treats a
situation as present-at-hand, analyzing it in
terms of objects and their properties, he
thereby creates a blindness. His view is
limited to what can be expressed in the terms
he has adopted (Winograd, Flores). Reflective
thought is impossible without the kind of
abstraction that produces various phenomena
(informational processes) of blindness.

Information
inherent in

of objects and properties is
the world, but arises on

not
the

cortial level only in events of breaking down
in which it becomes present-at--and
(Heidegger). A hammer as such, being used by
someone engaged in driving a nail, does not
exist. It is a part of the background of
readiness~to-hand that 1is taken for given
without explicit recognition as an object. The

hammer 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). 1In a more general way, a
state of pre-reflective blindness can be
changed only through events of breaking down.

The nature of blindness in the field of
artificial intelligence 1is resting on the
traditional (pre-reflective) givenness
(experience) of rationalistic thinking, which
is grounded fin mathematical methodology,
algorthmie approach, formal languages,
deductive and inductive inference, and other

hard sciences, a1l of which are
ways of thinking which use the

characteristic
left-hemisphere

of the brain (or isolated to much from the
right hemisphere). The blindness of a
discipline can be broken-down through new

philosophical orientations whose groundings are
essentially different from those of
rationalistic tradition. Artificial
intelligence as an encyclopaedic and
rationalistically hard-oriented discipline is
not yet understanding and recognizing the real
and soft problems of natural intelligence, so
it fs not in the position to set new
intelligent methodologies or construct programs
or machines whieh could be, in fact,
intelligent. Intelligence within artificial
intellfgence 1is not treated informatically at
all. It is not being considered that
intelligence 1is a particular or composed form
or process of information and therefore the
question of information, of its Being, within
artificial intelligence has never been
exhaustively raised and questioned.

The question of information is generating a
qQuestioning, and through this questioning it is
delivering the interrogated, which is
illuminating the notion of information, to
obtain sight into the essence of information.
This questioning represents one of the possible
breakdowns in comprehending of intelligence.
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Hence, intelligence s
information; 1t

coming on the way to
is coming into existence as
information, as a particular informational form
or informational process following the
informational principles of structuring and
organizing, i.e. of embedding and arising.

3. -Some Stupid Manners of Artificial
Intelligence

Some manners of ai showing dullness of mind are
described in D. McDermott's 'Artificial
Intelligence Meets Natural Stupidity'. As a

field, ai has always been on the border of
respectabllity or of crack-pottery. It has
explored weird ideas, in the hope that pursuing

them was the only way to make progress. The
necessity for speculation has been combined
with the culture of the hacker in computer
science to cripple the ai self-discipline. The

tolerance of sloppy thinking led ai to repeat
mistakes over and over.

A relevant source of simple-mindedness
{bli:dness without occurring breakdowns) in al
srograms is the use of wishful mnemonics 1ike
'understand’, recogr !y, '‘understander’,
'goal', 'resolver', 'paramodulator', ‘context’',
'natural-language-interface', 'is-a', etc. 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',
come closer to a solution {f he innocently
states the question of 'understand'. So, he is
misleading himself and others that through time
this identifier will lead to the wishful
solution. Many examples of wishful mnemonics
come to the mind. For example, GPS (short for
Qeneral Problem Solver) caused a lot of
needless excitement and distraction and its
proper identifier should have been LFGNS
(Local-Feature-Guided Network Searcher).

A pervasive sloppiness the
tendency to see a natural source of problems
and solutions in natural ' language. The
obsession with natural language seems to have
caused the feeling that the human use of
language 1s a way to the cognitive psyche.
Natural language is only a particular form of
information, only a part in a being's entire
information, disturbing a being whieh s a
speaker or a listener 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 informing. Language
nuclei in the cortices are only particular
areas in the entire brain structure, only
straightly specialized co-processors 1in the
parallel brain configuration. Natural language
is a kind of secondary language, & mediator
between a being's internal information and a
being's environment. As of now, there is no
idea at all how being experiences its thoughts
in 1images and words, how it experiences its
thoughts at all.

in at thinking 1s

4, What is the Crisis of Artificial
Intelligence

Crisis is a controversial information ocecurring
between the existing blindness and the arising
breakdowns which have to interrupt the
blindness' ruling and which have to start a new
orientation. Crisis is an informational process
of deciding how to progress into blindness'
context and how to change this context
accordingly to breakdowns' requiréments.

the western
appropriate

Ail's blindness is rooted 1In
rationalistic tradition which |is

he thinks he can
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for ideally oriented and arbitrarily simplified
and formalized sciences 1ike mathematies,
however it {8 not appropriate and sufficlient
for sciences concerning living information
systems or even intelligence on the level of
the human cortex. Blindness of ai's existing
orfentation 1lies -in the belief that today's
algorithmic approaches which are evidently non-
intelligent will, 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 machine and

program substance. This 1last part of the

previous statement represents the framework of

the most relevant breakdown and requires that

the foundations of today's al have to be

changed in a way to become Informationally

founded.

5. Structuring and Organizing Information

which is an
tnformation,
informational
embedding and

Information informs. Informing,
action of producing and receiving
is governed by two basic
principles: informational
informational arising. Arising of information
generates mew information which is denoted as
counter-information. Thereupon, this new
information becomes a part of informational
embedding ready to be used for the generation
of subsequent counter-information. What are the
forms and processes for structuring and
organizing information? What |Is information
which structures and organizes information?

Information is e¢lircularly concerning the
structuring and organizing of information.
These informational self{-structuring and
informational self-organizing principles have

to be explained for comprehension of Being of
Information. There are two basic informational
principles whiech constitute structuring and
organizing of information qua {nformation:
embedding and arising. From everyday experience
it is known that a new information must be
embedded in the existing one, otherwise its
informational comprehensfion would be not
possible. Thus, a new information is
informationally ‘'expressed' by the existing
one. However, new information informs in a new
way and after {ts arising it is becoming a part
of a new informational embedding. In this way,
it is possible to enlarge and to enrich the
existing informational embedding by
informational arising. Embedding and arising of

information are both simultaneously and
dynamically fnteractive informational
phenomena, which change, enlarge, or

semantically enrich the realm of Informational
embedding. Evidently, through {informational
arising, informational embedding 1s also
arising changing, enlarging, or enriching the
realm of informational. .

Informational embedding and informational
arising can be explained statically by the
example of a computer system. A computer system
is applicable, user-friendly, or ready-to-hand
if its usage has reached an adequately
symboliecal or linguistically appropriate level
of application. This readiness-to-hand is =a
consequence of an alternate application of
system embeddings and system arising (in this
case, adding computer hardware and computer
software) by an outward (system engineering)
action of arising. 1In this way, a computer
system is readied-to-hand by readying-to-hand
when a new functional module is embedded into
the existing computer structure and through
this embedding it is becoming a part of & new
structure, changing, enlarging, or enriching



the previous structure and enabling further

additions of functional modules.

6. Artificial and Natural Intelligence

Intelligence is & conjoined principle resulting
from a specifically informational, spontaneous,
and Iintelligently orlented structuring,
organizing, and arising of information. Natural
{ntelligence (s always an arising principle
which 18 embedded each time in the existing
intelligence, where intelligence itself is
embedded in a being's entire or total
information. Intelligence is coming into
existence through several informational
arisings and informational embeddings, where
the arising structure and the arising
organization are determining the course or
orfentation of intelligence development up to
the given time slice. Thus, intelligence {8
nothing more than presently structured and
organized information in the {nformationally
ortented interaction of arising and embedding.
The course or orientation of intelligence
generation is by itself information whiech |is
"tnfluencing the coming of Iintelligence into
existence. Accordingly, the principle of
intelligence can be stated in the followlng
way: arising of intelllgence, or coming of
intelligence into existence,
of informationally and interactively oriented
structuring, organizing, and arising of
information including intellligence.

On the contrary, artificial intelligence is not
based yet on the informational principle of
arising in a dynamie, informational way.
Similarly, the embedding of ai structure and al
organization 1is not arising in a dynamic
manner. Al is not even arising in a way similar
to the lowest informational forms and processes
of living information. The consequence of these
statie ai principles of arising and embedding
fs that al (s intelligent only through {ts
outward maintenance, however not by ftself.

7. Intelligent Machine and Intelligent
information

The objectives of ail in the future are to
enable the construction of intelligent machines
for which intelligent information can ‘be
applied. §ince Intelligence is the phenomenon
whieh is embedded in information, an
tntelligent machine 1is nothing more than
informational machine, and intelligent
information 18 a consequence of informational
programming. An intelligent machine is embedded
in an informational machine which comprises an
informationally dynamic architecture (being
switched by signsls, messages, or Information).
An Intelligent program must have the property
of Informational arising during {ts execution.
in this respect, the inteliigent program 1is
varying, arising, or vanishing during its
execution, so, it can not be developed by means

of today's programming methodology (e. g.,
structured programming). Both, intelligent
machines and intelligent programs have an
informationally dynamic structure,
organization, embedding, arising, counter-
Informing, etc.

is the consequence

28

‘A. P.

8. The New Perspective of Artificial
Intelligence
This

new perspective of ai s in no way

pessimistiec, although It {s conditioned by an
entirely new, Iinformational foundation. This
foundation 1is the most Iimportant breakdown

essentially influencing the progress in a new
orientation. It is becoming evident that short
term goals of approaching intelligent computer
systems are not reachable. It is becoming even
evident that the splitting of today's computer
systems into non-intelligent and {ntelligent
ones will become economically reasonable.
Intelligent machines and intelligent programs
have to be developed in their own,
informational way by technological
reconstruction and intelligent specialization
of today's computer system. In this respect,
the aim of ai today is not so muech in searching

for intelligently impossible solutions on
existing computer technology as searching of
new ways, on which new, dynamic¢c technologicdl

architectures and new, intelligent tools for
information programming have to be discovered.
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In the paper we describe our approach in developing a new program package comprising different models of linear pro-
gramming which all together build up a sophisticated system for production planning and decision making. By means of
it the necessary information will be generated which the top management of Iskra enterprise, Ljubljana (one of the
manufactures of electronic and computer equipment in Yugoslavia) is asking for. The input data are mainly retrieved
from a data base and partly generated by means of a matrix generator. By generating different application matrices
with different objective functions various production plans can be studied. The specific characteristics of the
discussed production problem are (i) the need for balancing exports and imports and (ii) the ability to cope with a

very high rate of inflation and very high rate of bank interest charges.
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1. INTRODUCTION

Optimization methods of manufactured assortments are
generally not used frequently enough within the basic
production process activities in most industrial esta-
blishments. Defined in a common linear programme form
these methods could be particularly useful in those
industrieés where they offer the market many different
products or their variants and where the main pro-~
portion of the products, aimed for an unknown purcha-
ser, 1s to be stored in a warehouse for a certain
period of time (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 knowledge 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 second reason is
the rather awkward and demanding presentation of the LP
1nput 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 courses for end-
-users. We have been running on the computer some opti-
mization methods for single members {(factories) of the
enterprise since then. Unfortunately all 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 system.

A new programme package is being developed at present
comprising different models of LP which all together
build up a much more sophisticated 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 manufaturing company

is asking for. The input data are mostly extracted
from a data base and partly generated interactively by
means of an application orientated matrix generator.

By generating different aplication matrices with dif-
ferent objective functions, various production plans
could be studied. The optimal solutions obtained by LP
are further processed by a computer aided expert
system. In the man-computer interface the most suitable
production assortment is selected. Useful sugestions
for the elimination of production bottle-necks and
other complementary information could also be obtained.
The management and planning functions that link toge-

. are restricted by b

ther the financial and preduction parts are two impor-
tant domains of the program system application.

The present LP program package, which is written in
the APL programming language is of a prototype form.
The final version will be in PASCAL. It solves linear
programmes 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 spike selections. 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 efficiency in execution.

In this paper we describe our approach and experience
in developing the necessary software for solving LP in
this particular field of application.

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 .o
P_ by means of m different elements of the a&ailgble
production resources, such as machines, human capaci-
ties, financial means and other, the amounts of which
«esy b within the discussed
period of time. The congumption 8 each element of
resources per unit of the produced product Pk is known
and we denote it by a, , for all j =1, 2, ..., m and
k=12, ..., n. The 5 exist upper and lower pro-
duction quantity bounds for each product due to the
limited production resources, marketing restrictions
(possibilities) and the signed contracts 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 sale.
Sometimes we try to optimize the net profit ¢, of pro-
duct P, ,i.e. difference between its net selling price
and 1t§ direct production costs.

Denoting by the lower, by U_ the upper possible and
by % the optimum production q53ntity of Pk we obtain

Lkixksuk,fork=1, 2, <.y N

or in a matrix notation



Similarly we may introduce
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and define the general production problem LP in the
following way:

Find (compute) the solution of production quantities
vector x, satisfying relations (1) and

Ax<b

for which the value of the objective function f(x) is
maximum, where

f(x) = (¢,x).

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

The specific characteristics of the production problem
LP for the needs od the Iskra enterprise take into
account the following two characteristics of the
present state of the economy in Yugoslavia:

(1) The need for the closest possible balance
between exports and imports within each parti-
cular enterpise .

Very high rate of inflation and very high rates
of bank interest charges (40 % - 70 %).

(11)

The possibilities of coping with the conditions that
accompany the two characteristics differ very much -
among different enterprises. We explain here only
briefly the basic characteristics of the foreign
currency balancing assortment problem which incorpora-
tes both the resources and users of foreign currency
at the same time. More details on the subject are
given in (KRSTIC and KLUCAR), 4).

The basic inequality which we add to the system of
constraint functions is

Zﬁ:l ¥ (ED >D

where (E-I), stands for the export - import trade
balance of product P, exported to some foreign
customer. The same pFoduct may differ in the export
price E and the amount (price) of the imported raw
material I from one country to another one. We there-
fore consider it in the LP as a different product for
each different country. The values of the export -

- import trade balance for all the products are stated
in the same foreign currency unit, usually in DM or in
US dollars. Product P, produced for the Yugoslav
market would have a nggative export ~ import trade
balance (-I,), according to the above definition. D in
the above rélation means the necessary surplus in
foreign trading which the enterprise needs for some
other purposes such as the import of the necessary
equipment, advertising in foreign countries and
similar.

The example of treating each product as a different
one for each diferent country shows that we have to
deal with a large amount of LP input data (usually we
optimize the production programme twice a year,
accomplishing 3-4 consecutive computer runs each time
and enabling the users to exchange some of thé para-
meters). Here we use electronic spreadsheets as an
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additional and helpful resource for presenting 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. Itis
based on the results and experiences of the success-
fully performed production plarnirg model adjusted

to the real environment and givinz reasonable financial
effects both in Yucoslav and foreign currencies.

3. CHARACTERISTICS OF THE PRODUCTION 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 folléwing we describe the basic characteristics
of each of these modules.

3.1. LINEAR PROGRAMME INPUT DATA PREPARATION MODULE

It consists of three parts that handle the following

activities:’

- 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 wants. New products and new attribu-
tes can be added into the data base and modifications
to the retrieved data (prices to-come, expenses, .,.)
can be performed interactively. The user can further
state and define his conditions and demands with regard
to restrictions on the production problem solution. He
either accepts the already existing restrictions within
the LP or imposes some new ones.

From the user standpoint there exist two ways (modes)
of LP data preparation:

(i) The general mode which enables the common approach
to the LP process definition (min of max value of
the objective function, optional relation opera-
tors of the constraint functions, ete.).

(i1) A mode oriented solely towards the production
problem LP. It is user-friendly appreoach with
additional references (optiors) explaining the
management view and demands on standards and the
policy which should be taken into account within
the production process optimizing procedures. The
computer/user dialog includes questions and
answers about the chosen objective function which
should be added to the LP data matrix of the
constraint functions. In a similar way the user
also gets the list of existing and available pro-
duction resources which he may use in the LP pro-
gramme. Here too he may insert different rela-
tional operators.

3.2. LINEAR PROGRAMME MODULE

The most efficient methods for solving LP problems are
different variants of the simplex algorithm. Due to the
dimensions of our problem we could not use the standard
simplex method. It was necessary to employ the revised
simplex method with basis matrix in a product form
(MURTAGH, 5). However, 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 periodic
refactorisation of the basis matrix with the "bumps and
spikes selecting procedure".

We must mention, however, that this module programmed
in APL shows relatively high inefficiency in execution
compared with a similar FORTRAN program which is about
ten times faster.




3.3. POSTOPTIMISATION MODULE

Similarly to the LP input data preparation module, the
postoptimisation module enables two modes of operation.
In the general mode, the common postoptimality (sensi-
tivity) analysis is performed. It includes:

a) computing the -intervals within which the values
of particular coefficients of the objective
function can range and yet maintaining the same
optimal solution (providing all other elements
remain the same),

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

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

For our particular application another mode of opera-
tion is available which is more user-friendly. It
expresses all LP output data in terms of production
and finance. Using this mode production bottle-necks
because of technological constraints of foreign
currency availability can be studied much more easily
by the average end-user. Such interpretations also
raise the level of user interest and expertise in LP
models within Iskra.

4. 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 working,
user-friendly model of the ultimate system quickly and
in context. The prototyping approach, by incrementaly
refining the model, leads to a better 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:

(1) Identify user’s needs - define the problems and
define the functions and data needed to solve
them.

Develop an interactive model - quickly create a
preliminary working model that incorporates the
key items, identified in the previous .step.

(ii)

(iii) Demonstrate the interactive model - while demon-
strating the small system encourage the active
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role of the user - to add to and improve the
system.

Revise and evaluate the system - the prototype is
alternately revised and implemented in the user’s
environment until the system is acceptable to
both users and developers.

(iv)

For prototype building we use the APL programming
language. This is a high level language which is parti-
cularly useful for the quick development of interactive
programmes (GILMAN, ROSE, 2). Its ability to perform
vector and matrix operations make it also a powerful
tool for testing mathematical algorithms. The main
obstacle for wide 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-
ctive prototype is not finished. Up to now our main
attention was devoted to building an adaptively desi-
gned optimization model and appropriate LP module. The
data preparation module and postoptimisation module are
not yet fully integrated into the system. '

The experience cobtained in solving production problems
for both particular factories and the whole enterprise
has encouraged us to continue and expand this project.
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Reasoning Simulation Programs offer no intelligence, but rather a
high form of abstraction from machine level which allows clearer
and more concise algorithms and data representation for a new

class of problems.

In general,

rule based systems which model a

loglcal deductive process may be divided into two categories;

forward chalning and backward

differences between these

chaining systems. Two major
approaches are the type of

information (i.e. facts) generated and the flexibility of search
strategies used. Methods to increase efficiency and to control
the path of Inferencing are discussed. These methods are largely

modeled after those wused in

automatic mathematical theorem

provers and may include subsumption, direective reasoning, search

control, variable free resolution

Introduction

Programming languages and systems*, which are
based on Predicate Logie, offer a wide number
of advantages over "conventional" sequential
programming languages. This 18 largely due to
thelr high 1level of abstraction from the
workings of a bare machine. One, who |is
familtar with both Assembler and Pascal, Kknows
the relative advantages Pascal has in problem
defining, algorithm development, and logical
construction for flow of control. These
advantages come from the structure of the
language itself (its form of abstraction (from
machine code) which defines how the language
represents and manipulates data. The form of
abstraction for programming. languages or
systems, which are based on some form of
logical reasoning, .i8 not only one step higher
than conventional programming languages, but
also one step away from sequential programming

languages. That- 1is, these languages are
declarative rather than sequential. Also, they
generally incorporate (implicitly or

explicitly) a high degree of recursion.

Systems, which simulate varlous forms of human
reasoning and logie, have opened and are
employed in a number of new areas. Since the
late 60's, development in programs which where
bagsed upon Mathematical Logliec and where
designed as automatie theorem provers have
helped lay one foundation for reasoning

* the term system is used because,

although programming languages based on
Predicate Logie (such as Prolog) do exist,
there are other options, such as ITP
(interactive theorem prover developed at
Argonne National Laboratory), which are far
more extensive then a programming language.

~currently available (Prolog, OPSS5,

and proof by contradiction,

simulation programs. Programs which use this
foundation employ some form of Predicate
Calculus and may be viewed as rule based
systems. Although languages which Incorporate
inferenecing mechanisms and strategiles nge
ect.),
understanding the structure and logical
formalism which such a language incorporates is
very valuable. For systems based on Predicate
Logie, various notations are available, e.g.
olish notatlion, frames and semantic nets

un83J . However, the clearest and most concise
notation for a short discussion s predicate
(or functional) form.

General Background

In functional form, there is the predicate and
its corresponding arguments (the predicates t
and f which represent true and false,
regpectively, are also included). A predicate
represents a relation between its arguments and
returns a truth value. The general form for a
predicate is P(X1,X2,...,Xn) where n => 1 and
for { = 1,2,...,n each XI is either a constant,
a variable or a function which returns a value.
The convention, in which variables are
represented In upper-case and constants are in
lower-case, 13 used. Because all variable free
predicates within the system (l.e. predicates
which only have constants as arguements) are
always assumed to have the truth value t, they
are often referred to as facts. Note that the
system raises no objections to false facts. The
following four examples represent predicates.

=(4 4) -
connect(wirel,wire2,wire3)
noded(edge4,Y)
connect(X,Y,Z)




From a set of predicates, rules are constructed
in order to deduce new relations between
objects (i.e. new facts). A rule consists of an
antecedent and a consequence and {8 built by
using the three boolean connectives v, &, -
{or, and, not, respectively) and the
implication arrow, --->, A single predicate or
the negation of a single predicate which {8 in
a rule (or in a clause) is often referred to as
a literal. Deductions are made by choosing a
‘rule and attempting to satisfy each literal in
the antecedent of the rule., If the antecedent
can be completely satisfied then the
consequence is generated and the newly deduced
facts are added to the current set of facts.
The satisfying of a literal {n the antecedent
is achieved by finstantiating the unbound
variables in the literal with the values of the
arguments of a valid matching predicate i{n the
current set of facts. The general form of a
rule s P----> Q, where both P and Q consist
of one or more literals. As an example, glven
the following two rules:

1: PI(X,Y) & P2(2) & P3(X,2) --->
R1(Y,Z) & R2(X)

2: RI(X,Y) ---> QL{X,Y)

and the following facts,

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

The two facts which are deduced with Rule 1 are
listed below, The iInstantiation of the
variables found in the rule is listed to the
right. :

6: R1(b,d)
T: R2(a)

(X.a, Yb, Z d)

and then from Rule 2 the following fact s
deduced

8: Ql1(b,d) (X b, Yd)

Note that in order to make the deduction using

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 possible
depending on the order in which deductions are
made. The order in which the rules are used
generally determines the path of inference
taken. That is, the order {n which the
antecedent of the rules are satisfied directly
determines the order in which the new facts are
deduced. This order is usually determined by
choosing a predicate in some manner with which
the antecedent of matching rules may be
satisflied. 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 finding a solution. Forward
chaining and backward chaining are the two
methods generally implemented for choosing a
rule from the set of rules, and thus, in part,
influence the path of inference., With forward
chalning, rules are choosen by matching a
literal in the antecedent of a rule. For
backward chaining, rules are choosen by
mstehing a 1literal in the consequence of a
rule. As one would expect the choice between
which method to implement implies a trade-off
between flexibility and efficieney.

Backward Chaining

The goal directed approach, implemented by a
depth first search, often allows backward
chaining great efficiency. The path of
inference begins with a "goal" (l.e. the
deduction which is desired and which represents
the root of the tree). Given the goal, the
consequence of each rule is matched against the
goal. If & rule contains a literal in |its
consequence which matches the goal, then an
attempt 1s made to satisfy each literal in the
antecedent of this rule. In this attempt to
satlsfy the antecedent, each literal in the
antecedent |s sequentially taken as the current

"gosl", all necessary variables are
instantiated and an attempt is made to satlsfy
it. If all 1ljterals in the antecedent are

satisfled then the consequence is generated.
Due to the fact that the rules are selected by
their consequences, often the robustness of
reasoning s cleanly insured when rules are
written in a form such that the length of each

‘consequence I8 not longer than one (e.g Horn

clauses as used in Prolog).

Consider the following example of a depth first
search strategy implemented by backward
chaining. Given the following goal, facts and
rules:

Goal: QGoal(X,Y)

Facts:
1) Pl(a)
2) P1(b)

3) Pl(e)

4) P4(d)

5) P4(e)

Rules:

6) P1(X) & P2(Y) ---> Goal(X,Y)
7) P3(X) ---> P2(X)

8) P4(X) ---> PI(X)

The tree in Figure 1 represents a depth (first
strategy to generate the six possible
deductions which satisf{y the goal: and are
listed below. The solid edges represent  that
part of the tree which has been searched,
whereas the broken edges represent the nodes -
whieh will be searched. o

11) Goal(b,d) 13) Goal(e,d)
12) Goal(b,e) 14) Goal(e,e)

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

Forward Chalining

Although efficient, backward chaining only
generates facts (i.e.  information)  whieh
satisfy a specific goal. Other information
which does not 1lle directly on the path of
satisfying the goal 1is never generated;
although it may be very informative and
pertinent. Such Iinformation may be useful in
problem solving where goals are either not
clearly defined or very general. With forward
chaining, the facts generated may tend to be
more general. This fs due in part to rules
whieh may be represented differently and which

yield more general facts trom their
consequences than is possible using backward
chaining. Also, due to the fact that a

forward chaining system lacks a specific goal
to satisfy, it deduces all possible deductions
given & set of facts and set of rules.
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Goal (X,Y)
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Pl(a) & P2(Y) Pl(b) & P2(Y) Pl(c% & P2(Y)
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P3(X) P3(X) P3(X)
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. Y w
P4(X) P4(X)
\ N
‘{/// \ . e \
¥ k Y
P4(d) P4(e) P4(d) P4(e)

Figure 1l: Depth first search with backward chaining.

Rules and Facts Set of Support
Forward chaining allows greater flexibility in -With forward chaining, the path of inferencing
search strategies and generates more general can be directed by a set of clauses (which are
information at the cost of greater facts) called the Set of Support. One clause,
inefficlency. With the absence of the goal- the "current clause®, {8 removed from the Set
directed approach, as described above in of Support and a literal from the current
backward chaining, Horn clauses (and other clause {8 matched against the literals {n the
forms where the consequence 1Is a single antecedent of each rule, If the literal of the
literal) no longer offer an advantage as a form current clause can satisfy a literal in the
for the rules to be written |{n. Rather, antecedent of a rule, then an attempt is made
removing the restrictions Horn c¢lauses Impose to satisfy the remaining literals In the
on clausal form ts more suitable and antecedent. 1t the antecedent can be
advantageous when using forward chaining. A completely satisfied then the consequence {s
clause |s simply defined as a disjunction of generated and placed in the Set of Support. If
literals and the length of the clause Is equal the current clause has length greater than one,
to the number of its literals. If clausal form then esch 1literal 1{in the clause is taken
is loosely implemented, then for each rule (as sequentially from left to right. After all the
represented in the common P ---> Q form) the literals in the current clause have been
antecedent consists of a conjunction of matched against each rule, the current clause
literals, whereas the consequence may be either is removed from the SBet of Support. Thus, this
a8 disjunction of literals or a conjunction of process Is repeated until the Set of Support is
literals. The key to translating these rules exhausted (i.e. empty).
into clausal form is that P ---> Q is loglcally
equivalent to -P v Q. Thus, each rule of the If one views the Set of Support as a stack,
form Pl &...& Pn --=> Q1 1is logiecally then the manjpulation of this stack may
equivalent to the clausal form -Pl v...v -Pn v represent a number a various search strateglies.
Ql. Extending this, each rule of the form Pl 1f{ each newly generated fact is placed on top
&...& Pn =---> Ql v...v Qn is logically of the Set of Support (i.e. the stack 13 First
equivalent to =Pl v...v -Pn v Ql v...v Qn (this In Last Out), then a depth firat search
18 known as Kowalskli form). Finally, each results. However, if each newly generated fact
rule of the form P! &...& Pn ---> Ql &...& Qn is placed on the bottom (i.e. the stack |is
may be viewed as & compact notation for the First In First Out), then the Set of Support
logically equivalent set of rules (which are implements a breadth (first search. In
Horn clauses) addition to these two standard. search
strategles, a number of other strategies may be
-Pl v..uv =Pn v Q1 {mplemented which may be more effective for
. ) . . particular problems. For example, the length
B . . of a clause being generated may be ugsed as a
~Pl V...V -Pn v Qn. criteria  for choosing the current clause from
. the Bet of Support. Thus, the Set of Support
Note that literals In the antecedent may also is ordered such that the shortest clauses are
be negations of predjcates. Hence, Pl & -P2 & always on top. This helps to control looping
P3 ---> Q1 v Q2 is often translated Into and to prune branches from the tree in whiech
clausal form as -Pl v P2 V-P3 v Ql v Q2 clauses may simply expand themselves
which, by associstion, is equal to -P1 v -P3 v infinitely. Often even more desirable, each
P2 v Ql v Q. This represents the 1logically clause generated may be weighted either by a
equivalent rule Pl & P3 ---> P2 v Ql v Q2. predefined weight for each predicate or
However, in order to retain the full intention interactively. This later approach can be very
behind each rule, the following 1logically effective because (human) intelligence comes to
equivalent clausal form is used: -P1 v -(-P2) v bear on the direction of reasoning befing taken.

-P3 v Ql v Q2.

As a short example describing the 8Seét ‘of
Support and its implementation of search
strategies, consider the following problem. In
order to minimize boolean functions whieh are
in disjunctive normal form, the simple




observation that xl1x2-x3x4
reduced

v -x1x2~-x3x4 can be
to x2-x3x4 is often used (note that in
this disjunction x1 and -x1 offset each other
and the truth value of this disjunction |is
determined by x2-x3x4 v x2-x3x4). In order to
minimize (functions of four variables, the
facts deseribing all the possible reductions
for four varlables and for three variables are
needed in order to Dbegin. They may be
represented by the following predicates:

Reduce4(xix2x3x4 xlx2x3-x4 x1lx2x3)
Reduce4 (x1x2x3x4 x1x2-x3x4 x1x2x4)

Reduce4 (x1-x2-x3-x4 -x1-x2-x3-x4 -x2-x3-x4)
Reduced(xix2x3 x1x2-x3 x1x2)
Reduced (x1x2x3 x1-x2x3 x1x3)

Reduceld(xl-x2-x4 -~x1-x2-x4 -x2-x4)
Only the following two rules are needed:

Var4(X) & Vvar4(Y) & Reduce4(X,Y,2)
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1: —-——)
var3(2)

2: Vvar3(X) & Vard(Y) & Reduced(X,Y,Z) =-->
Yar2(2)

Taking the function:

F = -x1x2x3-x4 v x1-x2x3-x4 v x1x2x3-x4
v x1x2-x3-x4 v -x1x2-x3-x4

initially, the S8et of Support is:

3: Var4(-xix2x3-x4)

4: Var4(xl-x2x3-x4)

5: Var4(x1x2x3-x4)

6: Var4(xlx2-x3-x4)

7: Var4(-x1x2-x3-x4)

1) Current: Var4(-xix2x3-x4)

S08: Var4(xl-x2x3-x4)
Var4(x1x2x3-x4)
Var4(xlx2-~x3-x4)
Var4(-x1x2-x3-x4)

8: Var3(x2x3-x4) 3,5
9: Vard(-x1x2-x4) 3,7
3) Current: Var4(xix2x3-x4)

50S: Var4(x1x2-x3-x4)
Var4(-x1x2-x3-x4)
var3(x2x3-x4)
var3(~-x1x2-x4)
var3(xlx3-x4)

11: Var3(x1x2~x4) 5,6
5) Current: Var4(-xlx2-x3-x4)

sbs: var3(x2x3-x4)
var3(-x1x2-x4)
vVar3d(x1x3-x4)
vard(xlx2-x4)
Var3(x2-x3-x4)

7) Current: Var3(-x1x2-x4)

S08: Var3(xlx3-x4)
vard(xlx2-x4)
vVard(x2-x3-x4)

: Var2(x2-x4)
14: var2(x2~-x4) 9,11

Fig 2

Figure 2 gives s snap shot view of the Set of
Support. At each step, the current clause being
used to make deductions is removed from the Set

of Support and all facts which were deduced
using this clause are placed on the bottom of
the stack. The numbers to the right of the
deduced facts represent which facts were wused
to make the reduction. ’ :
At this polint, the remaining clauses will
simply be popped from the Set of Support with
no new facts being deduced and the Set of
Support will thus exhaust ({tself. From the
results, 1if we use the number of a fact, which
represents a term in the equatlion (rather then
the term itself), it {8 easy to see that: ’

F = #3 v #4 v #5 v #6 v #7

#14 = #9 v #11

#9 = #3 v #7

#11 = #5 v 46

hence,

#14 = #3 v #5 v #6 v #7 and

F = #14 v #4

therefore,

F = -x1x2x3-x4 v x1-%x2x3-x4 v x1x2x3-x4 v

x1x2-x3-x4 v -x1x2-x3-x4
= x2-x4 v x1-x2x3-x4.

The preceding example exhibits a breadth-first
search of all possible reductions. That is, all
reductions to three variables are made (first
and then, after this, all reductions to two
variables are made. However, If the deduced

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

Sos: Var4(x1x2x3-x4)
Var4(xlx2-x3-x4)
vVar4(-xlx2-x3-x4)
Vard(x2x3-x4)
Var3(-x1x2-x4)
Vard(xix3-x4)

10: 4,5

4) Current: Var4(xix2-x3-x4)

So6: Var4(-x1x2-x3-x4)
Vard(x2x3-x4)
vard(-x1x2-x4)
vVar3(x1x3-x4)
Vard(xlx2-x4)
Vard(x2-x3~-x4)

12: 6,17

6) Current: Var3(x2x3-x4)

So8: Vard(-xlx2-x4) "
vard(x1x3-x4)
Vard(xlx2-x4)
Var3d(x2-x3-x4)
var2(x2-x4)

13: 8,12

8) Current: vard(x1lx3-x4)

So0S: Vard(xix2-x4)
vard(x2-x3-x4)
var2(x2-x4) .
var2(x2-x4).

Set of Support with breadth first search.



facts were placed on top of the stack rather
than on the bottom, a depth first search
results. Then with the first reduction to three
variables, (and with every reduction
thereafter) an attempt is made to reduce this
new fact immediately. Although this example is
rather trivial, 1t is possible to perceive how
one can control the path of inferencing by
manipulating the Set of Support in a8 number of
different ways. Welghting each cleause as it is
placed in the Set of Bupport and then popping
the clause with the lowest weight can also be
very effective. Pinally, due to the rapid
growth of "long" facts, it iIs also advantageous
to place the clauses of the shortest length on
top of the Set of Support.

Variable Free Resolution and Subsumption

the generation of facts
requires special attention. This is due to
facts which have a length greater than one.
These facts are generated {n one of two ways.
First, given the rule Pl & ... & Pn ---> Ql v
V...V Qn 18 generated. . Second, given the rule
Pl &...& Pn ---> Ql and the facts P2,...,Pn and
the fact Pl v S§1 v...v 8Sn, the fact Ql v 81
VesoV §n 1s generated. Normally, fn an
automatic theorem prover the goal of the system
is to reach the null clause. However, {f one
makes the goal of the system to attempt to
determine the truth values for each predicate,

With clausal form,

then the clause of the shortest length is most
desirable. In order to keep the facts as
concise and short as possible, with each
deduction two (inal steps are taken with the
deduced fact - varliable (free resolution and
subsumption.

By definition, facts are clauses which are

variable free. Hence, we may use variable [ree
resolution and f(rom the facts themselves
produce new facts without the use of a rule. In
general, given the two faets L1 v Cl and -L1 v
C2 where L1 is a literal and Cl1 and C2 are the
remaining disjunctions of literals (l.e.
clauses) within thelr respective (facts, then
the fact Cl1 v C2* may be deduced. There are two
instances in which variable free resolution is
advantageously applied to facts. The first case
is given one fact which has length greater than
one and a second fact of length one which ecan
be resolved with the first fact. For example,
if the following two facts exist Pl v Rl v...v
Rn and ~-Pl, then the fact Rl v...v Rn |{s
generated from them. The second case is given
two facts, say, Pl v Cl1 and -P1 v Cl, where Pl
and -P1 are literals and C1 is the remsining
clause, then the faet Ci v Cl which equals Cil
is generated. For example, from the two facts,
Pl v Q1 and -P1 v Q1, the fact Ql i{s resolved.
Unfortunately, other applications of varliable
free resolution to facts do not tend to yleld
useful facts. To see this, take Pl v C1 and -P1
v C2 and resolve the fact Cl v C2., Any further

deductions with the fact Cl1 v C2 wusing the
rules may also be generated using one of the
two initial facts (e.g. for any deductions made

using a literal in Cl, simply take the deduced
fact and replace C2 by Pl. Likewise, for all
facts deduced using C2, simply replace Cl with

* To see this remember that Pl & ... & Pn ---)
Ql v...v Qn is loglecally equivalent to =Pl
VoesV =-Pn v Ql v...vQn. Then, L1 v Cl |s
equivalent to ~-Cl =---> L1 and =L} v C2° is
equivalent to L1 ---> C2,

- From this ~Cl --->
C2 which is equivelent to Cl v C2. :
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ML v

-Pl). Furthermore, any variable free
resolutions using the faet Cl v CZ or any of
its descendant may also be reached by using the
to initial facts. For example, say -Cl exists,
then this may be used with P1 v C1 to resolve
the fact Pl. Then this fact Is used with -P1 v
C? to resolve C2, which may be directly
resolved using the facts -Cl and C1 v C2.

clauses also
redundant or

The generation of facts as

produces inefficiencies due to
less specific facts. The use of subsumption
helps control the rapid growth of these facts.
Again, if the goal of the system is to find the
truth valles of each predicate then facts which

are less specific are subsumed (f.e. simply
discarded). This s possible because all the
descendants of these facts can be reached by

shorter more specific facts. Generally, any
fact L1 v L2 V ... V Ln subsumes another fact,
M2 v ... vMr iftn<c<=prand for § =
1,2,¢44,n Li = Mi. For example, {f the two
facts L]l and L1 v Al v Bl both exist then L1
will subsume L1 v Al v Bl. That s, for any hew
information to be deduced about the truth
values of Al or Bl, the fact -L1 must exist in
order to first resolve the clause L1 v Al v Bl
to the clause Al v Bl. However, this |is
impossible without hsving a contradiction in
the system. Likewise, all new facts deduced
from Ll v Al v Bl wusing variable free
resolution with either 1iteral Al or literal Bl
will contain the literal L1 and hence, will
also be useless. Finally, all deductions using

rules will vresult {n one of two cases. If
elther 1iteral Al or Bl is used to resolve the
antecedent of a rule, then consequence which
will be generated will also contain the literal
Ll. 8Second, 1if the rule L1 ~--> Cl v...v Dl
exists, then the fact Al v Bl v Cl v,..v D1l may
be deduced wusing the fsct L1 v Al v Bl.

However, L1 may also be used directly. to deduce
Cl v...v DI, which In turn subsumes Al v Bl v
Cl vo.. v D1. Hence, the system simply discards
Ll v Al v Bl.

Contradiction Clause

solution 18 reached, it Is
stop the deduction process even
Set of Support has not been
exhausted. To do this a special clause called
the contradiction clause is accepted by the
system. If a contradiction generated by the
system {s acceptable, then the system stops.
Generally, it the solution to a problem
consists of a conjunction of literals, say, Pl
&...& Pn, then the contradiction is entered as
-Pl &...& -Pn. This is logically equivalent to
the clause Pi v...v Pn and may be jnterpreted
a8 the rule -Pl &...& <Pn --=)> whieh, when
satisfied, generates the null clause (which
represents the contradiction). As there may be
a set of solutions (all of which are not
necessarily acceptable), upon reaching a
contradiction, it (s best to query where the
current contradiction is satisfatory. 1If not,
the system continues to attempt to generate
other contradictions.

Often, if a
desirable to
though the

Conclusion

A system based on Predicate Logiec, using
forward chaining, can be designed for general
problem solving. Such a system requires methods
for controlling inefficiencies which arise when
using clausal form. Automatic theorem provers,
developed to verify mathematical proofs, offer
various structures for improving efficiency and



insuring sound reasoning. Such systems, based
on forward chaining offer great flexibility in
searching strategies as well as more general
information when facts are generated in clausal
form.
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Mr. John David Freyder is leaving ‘Ljubljana
where he lived in the last year. The Editor-in-
Chief of Informatica has to say that John's
help in reviewing, correcting, and translating
"of English texts was extremely meticulous and
precious. Additionally to this, John was always
prepared for hours of intense conversation in
which he revealed many secrets of the English
idiom to authors of Informatica.

We wish and hope that John in his native
Chicago will find as fruitful, productive, and
pleasant relations as he has found in
Ljubl jana. We shall seriously miss his
knowledge, intelligence, patience, and
friendness. We hope very much that it will be
possible to keep the continuation of our
collaboration on force.



KOMUNIKACIJSKI VMESNIK SPI - 11
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Clanek predstavlja vesesnik 8PI1-11. Razvit je bil za potrebe

mikroratunalnika PHNP-11 2

komunikaci jske zmogl jivosti.

namenom, da se povelajo njegove
Opisana jea izvirna aparaturna

zgradba in prikazana modularna zasnova vaesnika. Programski
in aparaturni zdrulljivosti z 2e razvitimi w=moduli PHMP-11 e
bila v razxvojni fazi namenjena posebna pozornost.

COMMUNICATION INTERFACE SPI-111
on interface B8Pl-11 is described.

In this paper the communicati-

It was developed {for

micropraocessor PMP-11 to enhance its communication capabiliti-
es. Original design and modular approach of the intecrface is
prasented. S8Special attentiaon was paid to software and hardwa-
re compatibility with already developed PHP-11 moduls.

Serijski in paralelni komunikacijski vaesnik
8P1-11 predstavl ja ensga od modulov, ki dopal-
njujejo sikrora8unalnik PMP-141 ( enckartiéni
mikroraBunalnik na asnovi Digital-ovega mikro-
procesorja DCT-11, ki je programsko v oceloti
skladen s sistemi PDP-11 in LS1-11 ter domado

drulino radunalnikov Iskra Delta pod operacij-

skim sistemom RT-11 ). Vsi uporabiniki aikro-
ralunalnika PMP-11, ki pri svojem delu potre-
bujejo vedje komunikacijske zmogljivosti C v
sistemu brez SPl-11 sta na voljo dve asinhroni
serijski 1iniji RS-232 s hitrostjo 19200 bau-

“dov ), lahko z dodanim vmesnikom pridobijo de
nadaljnih sedem serijskibh 1inij. Pri taems
lahko dva od serijskih kanalov direktno krmi-
‘1ita wodem, nadaljna dva pa podpirata komuni-
kaci jo preko 20mA tokovnih zank. Potrebo po
paralelnea komuniciranju s pol jubno uporabni-
kovo periferijo pokriva 24-signalni paralelni
vaesnik, ki Jje sestavni del novega komunika-
6i jskega modula. ’

Odlika SPl-11 vwesnika je njegova wmodularna
zasnova, ki omogoda enostavno paralelno pave-
zovanje nadal jnih BPI-11, &e se pokale potreba
po razdiritvi komunikacljskih zahtev. V ma-
ksimalni konfiguraciji je dovol jena paralelna
povezava {dtirih 8PI-11 na en mikroralunalnik.
Ta povezava je v celoti aparaturno in program-
sko skladna s krmilnikom trdega ( Hinchester )
diska, ki je prikljuéen na PMP-1%4 1/0 vodilo
‘na enak na8in kot komunikacijski veesnik-i.

2.1 lzhodida pri zasnovi

Btandardni format tiskanine za PMP-11 ( diwmen-
zije 162 X 141 nmm ) bistveno dolosa dowmet
komunikaci jskega vmesnika. Poaleg formata pa
S0 na zasnovo vplivale &e drugs zrahteve In
ome jitve. Najpomembne jia zahteva je hkratna
aparatucna in programska skladnost z wikrora-
Sunalnikom in kresilnikos trdega diska. Pri
tem je potrebno upoditevati, da Je lahko na
PHP-11 1/0 vodilo paralelno prikl judsnih ved
krwilnikov ocziroma veesnikov. Vmesniku SPI-11
Je dodel fenih fest pomnilnidkih lokaci} iz
nasliovnega prostora 1/0 satrani. Tem naslaovom
so v 8P1-11 dodel jeni registri, ki so dostopni
procesarju., Ker wikroraBunalnik PHP-11 pred
vsakim vpisom zahteva tudi branje pomnilnifke
lokaci je, mora krmiina enota aparaturnc anemo-
goBiti branje v primeru registra, ki dovol juje
samo vpisovanje ( tak sluBaj predstavlja &ke-
milni register elementa 83255A ). Upoltevanje
podobnih zahtev in omejitev je privedlo do
kompromisne reditve, ki je narekovala izbiro
teljenih funkoij.

Aparaturno je serijski in paralelni komunika-
aijski vmesnik tako zasnovan, da je wmolna
paralelna povezava dveh, treh, najved pa &ti-
rih veesnikov na en mikcaradunalnik PMP-11.
Na ta nadin Jje dana wmolnost, da sa osenm
komunikacijskih kanalaov ( 7 serijskih linij in
en paralelni veesnik > razéiri na 146, 24
otiroma 32 kanalov. V priseru uparabe ved
8P1-11 Jje potrebno na vsaki tiskanini nastavi-
ti razliéno kodo wmodula. Modul je aktiven
samo v sludaju, kadar se njegova fiksno izbra-
na koda ujema z naslovom, ki ga poslje mikro-
radunalnik v trenutku, ko izbira komunikaocij-
ski kanal.




Na SPI-~11 sta zastopana samo dva osnovna ko~
munikacijska elementa: serijska linija RS-232
in paralelni vmesnik. Na eno tiskanino je
bilo mo& razporediti najved sedem serijskih
linij in en 24-signalni paralelni vmesnik.
Razpolotljiv prostor je namenjen Se dvema 20mA
tokovnima zankawma in vezju, ki podpira wmodemw-
ske signale .za dve serijski liniji.

2.2 Kreilna encta

Vse potrebne krmilne signale, ki skrbijo za
funkci jski nadzor, generira krmilna enota.
Le-ta je zaradi dobre izkorid&enosti razpolo-
$ljivega prostora na tiskanini realizirana 2
dvema PAL ( Programmable Array lLogic ) elemen-
toma , ki generirata signale za nadzor pretoka
podatkov na ta na&in, da se v skladu 2 vrsto
ukaza aktivirajo odgovarjajole prenosne poti
med mikroralunalnikom in kowmunikaciskim vme-
snikam. Poleg PAL elementov sestavljajo kr-
milno enoto &e naslednje komponente: reqister
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za irbor kanala skupaj z naslovnim dekoder jem, -

prekinitvena logika, register prekinitvenih
mask in naslovni register za izbor kanala.
Krmilna enota sprejema mikroradunalnikove uka-
ze, jih razpoznava in aktivira ustrezne krmil-
ne elemente, ki poskrbijo, da se %eljena
funkcija pravilno realizira.

2,3 Berijska 1inija

Osnovni gradnik serijske linije je vezje USART
-~ 8251A ( Universal Synchronious/Asynchronious
Receiver/Transmitter ), ki omogolZa serijsko
komunikacl jo. V primeru oddaje poljudbnega
znaka poflje wmikroratunalnik 8-bitni podatek
izbranemu USART elementu, ki ga pretvari v
serji jski podatkovni niz za oddajo. Hkrati
lahka sprejema serijski podatkovni niz in ga
pretvarja v 8-bitni paralelni podatek, ki je

mikroradunalniku na voljo za branje v podat-
kovnem registru. USART obve&da procesor o
sprejemu novega znaka in o tem, da je opripra-

vljen za oddajo naslednjega zanaka.

Uporabniku je na voljo sedem serijskih linij
in pri vsaki je mo2no izbrati razliéno hitrost
prenasa podatkov. Na vol jo so naslednje hi-~
trosti: 300, 600, 1200, 2400, 4800 in 9600
baudav. SP1-11 podpira full-duplex prenas na
vseh serijskih linijah. Dve serijski 1liniji
¢ kanala O in 1 ) omogolata tudi komunikacijo’
preko modema. Ta dva kanala podpirata stan-
dardne modemske signale ( Data Set Ready, Data
Terminal Ready, Requeat to Send, Clear to
Send ).

<
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Izbor kanala, s katerim 2eli mikroradunalnik
vzpostaviti zvezo, se izvede na ta naé&in, da
sistem posl je komunikaci jskemu vmesniku naslov
tel jenega kanala, ki ga vmesnik shrani v
naslovni register, dekodica in aktivira izhca-
no linijo, po kateri vzpostavi komunikacijo s
prik! juéeno periferna napravo. Povezava 2
obstajedim kanalam se prekine, ko wmikroradu-

nalnik po&lje kemilni enoti nov naslov. Bina-
ren naslov kanala, s katerim 32eli procesor
¥omunicirati, je sestavljen iz dveh delov,
takc da trije najmanj pomembni biti predsta-

vijajo naslov kanala znotraj izbranega SP1-11.
Dva najbolj pomembna bita pa izbereta- enega
izmed &tirih komunikacijskih vmesnikov, ki so
lahka hkrati prikl ju&eni na mikroratunalnikovo
vhodno/izhadno vodilo.

2.4 Prekinitvene zahteve

Na vhodno/izhodnem vodilu mikrorad&unalnika je
ena gsama linija IRQ, po kateri periferija
Javl ja procesorju potrebo po takoj&njem servi-
siranju prekinitvene zahteve. Na to linijo je
prikl judena tudi skupna prekinitvena zahteva,
kot rezultat zdru?itve paosamaznih zahtev na-
stalibh na serijskih kanalih SPI-11 vmesnika.

Na vmesniku je realizirama tudi funkcija ma-
skirarja. Uporabnik ima na ta nac¢in molnost,
da v dolofenem &ascvnem intervalu doval juje
ozirama oremogosa servisiranje trenutnih pre-
kinitvenih rahtev, ki .so posledica daogodkav na
serijskih linijah. Vsaka serijska linija ima
v reglstru prekinitvenih mask svoj wmaskicni
bit. Prekinitvena zahteva nekega kanala je
cmogotena samo v primeru, ko je njen pripada-
jo&i maskirni bit na logié&ni enici. Ceprav
ima veaka serijska linija zase interno molnost
mashiranja, je prednost registerskega maskira-
nja v tem, da je <&asovno hitrejse, saj je
izvedeno z enim samim mikrora&unalnikovim uka~-
zam ( z vpisom v register prekinitvenih mask )

Prekinitveno logiko sestavl ja poleg
prekinitvenih mask &e PAL vezje, ki zdruluje
vee parcialne zahteve v skupno prekinitveno
fahtevo. Tako preprost prekinitveni mehanizem
je bil izbran 2 namenom, da zavzame &im manj
potrebnega prostora mna tiskanini, kar pa ima

registra
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za posledico veZ potrebnih mikroraZunalnikovi-
ukazov o©0b servisiranju prekinitvene zahteve,
saj je potrebno z branjem statusnih registrov
v USART-ih ugotoviti na kateri 1iniji je
prekiniteév nastala.

2.5 Paralelni vmesnik

Poleg cpisanih serijskih povezav omogota SPIl-
11 vmesnik tudi paralelno komuniciranje 2 oko-
lica. Pacralelni vmesnik temelji na elementu
8255A ¢ Programmable Peripheral Interface ),
ki padpira razli&ne natine delovanja. Uporab-
nik izbere izmed mofnih povezav tisto, ki
najbol j ustreza njegovemu konkretnemu proble-
mu. 2el jena konfiguracijo vmesnika definira
ustrezna programska paodoara in nastavitev ma-
sti&kov, ki dolata vhodno oziroma izhodno smer
prenosa podatkov., Na procesor je paralelni
vmesnik vezan preko dvasmernega 8-bitnega po-.
datkovnega vodila in povezuje periferijo s 24
paralelnimi signali, od katerih je procesorju
hkrati dostopna le ena skupina po osem signa-
lov.

3 ZAKLJUCEK

V nagtem centru za na&rtovanje tiskanih vezij
‘Je bila na osnovi logifnih shem razvita proto-
tipna tiskanina, ki je v fazi testiranja
dotivela 8e par manjdih popravkav. Hkrati ob
delu je nastajala potrebna dokumentacija. Na
vol jo je delovno porotilo z naslovom Serijski
in paralelni komunikacijski vmesnik SPI-11.
Navadila za uporabnika Opis mostiZkov na ti-
skanini SPI-1% predstav!jajo funkcije, nacéin
konfiquriranja in opcije vmesnika, ki jih
tahkos izbiramo z ustcezno nastavitvijo mosti-
&kov. Pastopek ofivljanja tiskanine SPI-11 je
daokumentaci ja, ki sluZi tehniku kot pripomolek
pri generiranju novih S§Pl-11., V ta namen je
razvita tudi ustrezna Testna programska podpo-
ra za SPI-11 ( avtor Igaor Ozimek, Institut
Jotef Stefan ). ODoslej je bilo uspesno insta-
liranih 2e ve? homunikacijskih vmesnikov opri
razli&nih uporabnikih mikroracunalnika PMP-11.

T |
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posnatek vaesnika



MODELIRANJE INFORMACIJSKIH SISTEMOV
Z UPOSTEVANJEM ELEMENTOV DINAMIKE
REALNEGA POJAVA

UDK 519.863

Povzetek

Clanek opisuje predlog pristopa k snovanju ra-
&unalnifko podprtih informacijskih sistenov,
ki naJ bi redil probleme konsistentnosti sis-
temov, ki nastopajo zaradi tega, ker obstoje-
Zi pristopl obidajno lo&ijo projsktiranje va-
ze podatkov od projektiranja programov, ki te
podetke uporabljajo.

Sunmary

In this paper an approach to computer suppor-
ted information system design is presented.
With described approach we can solve the pro-
blems of system consistency which occur in
cagse of usual design when in separated ways
is epproached to the data base design and to
the programs design.

1 UVoD

Predlagan pristop se nanaSa na izgradnjo
tistega dela poslovnih informacijskih si-
stemov, ki so determinirani in jih je mo-
Zno detajlno strukturirati. Pri tem izha-
Jjamo iz dognanj teorije in prakse baz po-
datkov.

Pri snovanju vedjih kompleksnih program-
skih proizvodov se sredujemo s problemi, ki
se nanaSajo na konsistentnost celotnega si-
stema, ker obstojeli pristopi v veliki me-
ri loéijo projektiranje baze podatkov od
projektipanja programov, ki te godatke upo-
rabljajo, kar pomeni, da ne uposStevajo &a-
sovne povezanosti med samimi progr , ka-
kor tudi med programi in podatki. Rezultat
vsega tega se kaze v neresenih problemih
sinhronizacije.

Razreditev opisanih problemov lahko doaeZe-
mo z uporabo pristopa, ki ga opredeljujeta
slededi fazi (6):

- izdelava sheme koncepcije informacijskega
sistema in

- izdelava interne sheme informacijskega
sistema.

Rezultat prve faze je "SHEMA KONCEPCIJE
INFORMACIJSKEGA SISTEMA", ki zagotavlja:

~ celovito,

- konsistentno,

~ neredundantno in

- Jasno

semantilno predstavitev proulevanega
pojava.
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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 shems kompleksnejsi
prikaz obravnavanega realnega pojava, ker
upofteva tudi slement Zasa. V naslednji fa-
z1, ki obsega izdelavo "interne sheme infor-
macijskega sistema", pa dopolnimo reditve,
ki smo jih dobili z izvedbo prve faze, s
tehnidnimi karakteristikami in parsmetri,

ki smo jih preJ izpustili., Rezultat interne
gheme informacijskega sistema nato uporabi-
mo za implementacijo programskega proizvoda,
ki ga v tem kontekstu zaokrofuje struktura
podatkov, ki je zbrana v bazi podatkov, zbir-
ka programov in ustreznih transakeij v bazi
programov ter zbirka kontrolnih ukazov, ki
Jin akxtiviramo 8 pomoljo povezovalca infor-
macidskefa aistema, ki sprofs programe in
transakclje med posameznimi podatki. Na
8liki 1 imemo ilustrativen prikaz postopka
izgradnje tako zasnovanega programskega
proizvoda.

PODROSJIE
PROUCEVANJA

SHEMA
. KONCEPCIJE

FAZE
y 'RACRTOVANJA

~

INTERNA SHEMA

INFORMACIJSKEGA
SISTEMA .
IMPLEMENPACITA \, /
POVEZOVA-
LEC IS
BAZA BAZA
PODAT- FROGRA-
KOV MOV

Slike 1



Vlogo povezovalca informacijskega sistema
lahko prevzameJjo razlic¢ni akterji, kot so
na primer: rolni. postopki, zd to posebe]

izdelani programi., kombinacije oveh omenje-

nih sistem za upravljanje z bazo podat-
xov (DBMS) ipd.

V nadaljevanju se bomo omejili na prikaz
prve faze predlaganega pristopa, ki obse~
ga izdelavo sheme koncepcije informacij-~
skega sistena.

? 1ZDELAVA SHEME KUNCEPCIJY. INFORMACIJSKEGA

SISTEMA

2.1 Izhodi&éa izdelave sheme koncepcije

informaci jekega sistema

Pri izdelavi sheme koncepcije informacij-
skega sistema veljajo enake zakonitosti,
kot pri izdelavi logidne sheme baze podat-
kov, vendar s to razliko, da Jje shema kon-
cepcije delovanjs informacijskega sistema
obravnavana s dirsega vidika. Pri izdelavi
omenjene sheme upoStevemo vse vidike real-
nega pojava in ne samo statiéni vidik or-

ganizacije kot je to slufaj pri bazi podat-
kov, Tukaj imamo v mislih predvsem transak-
cije, ki vsakokrat povzrodijo vzpostavitev
novega konsistentnega stanja znotraJ siste-

ma baze podatkov.

Jaradi opisanih lastnosti transakcij jim
pravimo, da predstavljajo "vedenjske eno-
te" baze podatkov. S transakcijami generi-
ramo 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, ds

s pomodjo izvedbe dolodenih aktivnosti
vzpostavi novo stanje. Podobno situacijo
imamo pri sistemih podatkov, ko s transak-
cijami vzpostavimo novo stanje, ki zrcali
stanje zasledovanega realnega podjava.

Da gse izognemo nekoordiniranosti delovanja
sistema baze podatkov glede na delovanje
realnega pojava, morajo biti transakecije,

s katerimi sgpreminjemo stanje baze podatkov,
preslikava aktivnosti zasledovanja realnega

pojava.

Na osnovi zapisanega lahko podamn sledeli

ugotovitvi, in sicer da (5):

. 8 podatki ponazarjamo podatkovne pojme
(entitete) realnega pojava in da

. 8 transakecijami ponazarjamo vedenje pro-
ulevanega. realnega pojava.

Tako razdirjeno gledanje nam Je osnova za
pristop k izdelavi sheme koncepcije infor-
macijskega sistema, ki ga izdelamo brez

upodtevanja kekrs8nihkoli tehniénih paramet-

rov, ki jih je potrebno upoStevati za im-
plementacijo modela na konkretnem radunal-
ni¥kem sistemu.

V nadem gledanju modela koncepcije informa-

cijskega sistema imamo torej formalizirano
integracijo treh vidikov, in sicer:

. statiéne strukture elementov modela in-
formacijskega sistema,

. transakcije med elementi modela informa-
cijskega sistema in

. Casovni vidik relacij med posameznimi
elementi modele informacijskega sistema.
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Cg prouéujemo realni pojav z opisanih treh
Yiglkov, prideuwo do slededih ugotovitev
(4):

. da obstajalo tri osnovne kategorije po-
Java, ki jih je moZno opiseti glede na
njihove lastnosti kot:

- objekte
- dogodke in
~- operacije.

.- da je moZno dinami&ne odnose med nadteti-
mi kategorijami izraziti s POVEZAVAMI,
ki Jih glede na vrsto povezave delimo
na: .

-~ modifikacijo (povezava: OPERACIJA-~
OBJEKT)

- spoznanje (povezava: OBJEKT-DOGODEK)

- sprofitev (povezava: DOGODEK~OFERACIJA)
V nadal jevanju si bomo opisane kategorije

in njihove medsebojne povezave nekoliko po-
bliZe 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
sbstraktno proufevanc komponento organi-
zacije, ki Jjo lahko detajlneje opredeli~-
mo,

. operacija-predstavlja nalogo, ki Jo je
potrebno realizirati v organizaciji ob
dolodenem cdasu,

. dogodek~predstavlja spoznanje o sprememhi
- stanja enega ali ved objektov po izvedbi
operacij

Med posameznimi opisanimi kategorijami ob-
§toJaJo povezave, ki jih opredelimo slede-~
de:

. spoznanje-je povezava, ki zdruZuje dogo-
dek in enega ali ved objektov. IzraZa
spremenbo stanja objektov, ki je povzro-
dena s pojavom nekega dogodka,

. sproZanje-je povezava, ki zdruzuje dogo-
dek in eno ali ved operacij. Pove, da
dolofen dogodek sprozi eno ali ved opera-
cij,

. modifikacija~-predstavlja zvezo med opera-
cijami in ovojekti. IzraZa kako operacija
preoblikuje objekt.

Iz opisanega je mo& razbrati, da so dogod-
ki tista kategorija, s katero opredeljuje-
mo dinamiko realnega pojava,

2.3 Opredelitev dinamike realnega pojava

Dinamiko realnega pojava o
godki, ki jih loéimo na (7
. pasivne dogodke in

. aktivne dogodke.

Fasivni dogodki povzrodijo samo novo stan-
Je proudevanega objekta, medtem, ko aktiv-
ni dogodki sproZijo izvajanje ene ali ved
operacij.

gredeljujejo do-

Opisana dinamika realnega pojava temelji
na Jjasnem razlikovanju med:

. stanjenm,

. spremembo stanja, ki jo povzrodijo pasiv-
ni dogodki in

. spremembo stanja, ki jo povzrolijo aktiv-
ni dogodki .




Stanje nekega objekta je lahko trajno, med~
tem, ko je sprememda stanja dogodek in je
trenutna. Pasivni dogodek izraze prehod iz
enega stanja v drugo. Aktivni dogodek se
razlikuje od pasivnega po tem, da spremen-
bo stanja povzroéi tudi izvajanje ene ali
vel operacij.

2.4 Formalna opredelitev realnega pojava,
njegovih kategorij in njihovih lastnosti

2.4.1 Opredelitev na nivoju realnega pojava

Reslen pojav, ki ga v nasSem primeru z8okro-
Zuje temeljni proces poslovnega sistema,
vomo skuSali opredeliti na slededih nivo-

Jin (7):

. nivoju realnega pojava
. nivoju pojmovnega modela in
. nivoju podstkovnega modela

Pri proudevanju temel jnega procesa na nivo-
ju realnega pojava ugotovimo, da ga je mo-
zno opredeliti z mnozico velidin, s kateri-
mi opiSemo njegove karakteristike., Te veli-
&ine oznadujemo kot objekte (OBR). Objekt
(OBR} proudevanja v temeljnem procesu po-
slovnega sistema je lahko "kupec’,_'naro-
&ilo", "proizvod" itd. Dogodki (DGZ) pa
povzroéajo spremembe stanja opazovanih ob-
.Jektoy (5% ), ki po dogodku preidejo v neko
novo stanje.

2.4.2 Opredelitev na nivoju pojmovnega modela

Preslikava temeljnega procesa na nivo poj-
movnega modela nam sluZi za prikaz nalega
gledanja temel juega procesa, ki abstrahira
za nas nepomenone vidike gledanja tega
procesa in prikazuje samo tiste elemente in
njihove medsebojne odnose, ki so za nas po-
membni, $ ciljem taksSne opredelitve modela
temel jnega procesa (TPp) smo ugotovili, da
Je v osnovi sestavljen iz treh temeljnih
gradnikov - kategoriJ in sicer: objektov
(0Bp) ,dogodkov (DGp) in operacij (OPp).To
lahko zapiSemo takole (7):

pri Semer je:
OB_= {oa1 s 1= 1,2.5.....n} (1.2)

P P
p6_= {061 5 i =1,2,3,...,m} (1.3

P P
oP = [opg ik

1,2,5,...,1} (1.5)

Povezave, ki nastopajo med posameznimi ka-
tegorijami, pa napiSemo takole:

.modifikaciea (MO_) predstavlja preslikavo o

operacije OPP) Py oojekt (OPP)

: OP_ ~---» 0B 1.5)
MOp + OFp == 0B, (1.5
.spoznanje (SZ_) predstavlja preslikavo ob-

(s
Jekta (oap) vdogodek (DGp)
sz : OBP — DGp (1.8)

.sprozitev (SP_) predstavlja preslikavo do-
godka'(DGp) vPoperaci jo (opp§

3 : D - OP {(1."
DPP Gp -> b {1.7%)

Stanje (8p) proulevanega pojava (IP_) ugo-
tovimo takn, da zasledujemo opisanefkate-
gorije in njihove medsebojne povezave (FV_).
Pri tem je potrebno izpostaviti, da nas
zanimajo samo tista stanja, ki so dogodki.
Formalno izrazimo to takole (7):

bp = (TPP, PVp) _ (1.8)
pri demer je:
. TPp = (OBP. DGp, OPP) in (1.9)
PV_ = (MO 57 3 1
» ( b+ Sy pr) (1.10)

Spremembo stanja (Sp) povzrodi izvedba tran-
sakcij, ki predstavljajo osnovne elemente
poslovanja v temeljnem procesu poslovneea
rocesa, Transakcijo sproZi dogodek

DGp), ki povzrofi izvajanje ene ali ved
operaci (OPg), s katerimi se izvede spre-
memba na ustfeznih oojektih (0BR). V prou-
Zevanem pojavu (TPp) se lahko izvaja spro-
Zanje dogodxov (DG p):

.v kronoloBki odvisnosti (k0_) ali pa
.v pogojni odvisnosti (POP).

Dogodek DG: je v krgndloéki odvisnosti
(KUP) z dogodkom DG; takrat,

kadar dogodek DG; nepogojno sproza operaci-
Jje OP;, ki povzrodi sprememve stanja objek-

ta Osg, kar spoznamo 7 dogodkom Dug

Dogodek DGg je v pogojni odvisnosti (PU_)

o g

2 dogodkom DG; takrat, kadar dogodek DG
pogojno sproZi operacijo Of; ali kadar
sprememva stanja, povzrodena z operacijo

OP; ne poviroéi vedno dogodka DGS.

2.4.3% Opredelitev na anivoju podatkovniegs mode-

la

Proudevanje realnega pojava (TFp) z nivojs
podatkovnega modela predstavlja preslikavo
pojmovnega modela z vidiks opredelitve in
analize potrebnih podatkov. Pri proucevanju
kategorij realnega pojava (OB, DGD in OPD)
ugotovimo, da pripadajo oziroma, da so po-~
vezani s posameznimi podatkovnimi razredi
(R,). 4nacilnosti, ki zdruZujejo posamezne
kategorije realnega pojava znotraj podatkov-
nega razreda, lahko formalno zapisemo tako~

le (7):
(V) (¥x) () (<BRD ==> xBRIEL(,))

Se pravi, da pri danem podatkovnem razredu

(RB) in opredeljeni lastnosti (L), ki je

smiselna za atribute (X) podatkovnega raz-

reda(ai)eksistira kategori ja (Kn), ki ima
D D i

za atribute natanko tiste stribute podat-
kovnega razreda iy, ki imajo lastnosti
(L). (Rp)



V nadem 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 proudevanega pojava, moramo najti
ustrezen natin formalnega prikazovanja. To
doseZemo z (5):

. uporabo wipiziranegs modela preslikav

. uvedbo tipov preslikav, s. katerimi pona-
zorimo razlilne kategorije in

uvedbo dejavnika Casa.

Povezavo med podatkovnimi rszredi in opisa=-
nimi kategorijami dobimo tako, da:

. vsak podatkovni razred in vse vrste pove-
zav prikaZemo z eno ali veé preslikavami,

. lastnosti podatkovnega razreda prikazemo
z atributi preslikav in

. uporabimo za prikaz podatkovnega razreda
mnozico tipiziranih preslikav, ki jih
oznadimo kot:

-R-objekt,
-R-dogodek in
~-R-operacija ().

Navedene tipe preslikav izrazimo v tretji
normalizirani obllxl grupiranja podatkov
v stavke.

Za potrebe dekompozicije podatkovnega razre-
da na elementarne podatkovne zapise se pos-
luZujemo tipov preslikav, V nadaljevanju bho-
mo podali kratke definicije posameznih ti-
pov omenjenih preslikav:

. preslikava "R-objekt" (R-OBD) Jje perma-~

nentna preslikava, kjer je vsak atribut

v permanentni odvisnosci od kijudéa pre-
slikave. "R-objekt" predstavlja elementarni
polozag opazovanega podatkovnega razreda

v sistemu. Ta preslikava nam omogocéa, da
prikaZemo elemente groucevanega pojava in
njihovo strukturo. Se bolj precizno pove-
dano, ta preslikava nam omogola &asovno
konsistentni vidik opazovanegs realnega
pojava.

Permanentna odvisnost med dvema atributo-
ma A in B je elementarna,direktna in keno-
nidna odvisnost, kjer je vsak dogodek a,

ki pripada atributu A, odvisen od dogodks
b, ki pripada atributu B, Dogodka a in b
imata enako Zivljensko dobo. Zapisano trdi-
tev lahko izrazimo tudi takole (7):

A--> B = i(a,b)= (¥a) (¥b) (2€ AAD

EBA 2 AUL (g 1) (1.12)

Atribut A implicira atrivut B, pri éemer
Jje a dogodek atributa A ian b dogodek atri-
- buta B. Za vsak dogodek s in b velja, da
sta elementa mnoZice dogodkov atributa A
oziroma B in da imata lastnost L.

preslikava "R-operacija" (R-OPp) je per-

manentna preslikava, ki se nanada na do-
loden podatkovni razred in je v tesni po-
vezanosti s preslikavo "f-objekt" (R-OBD)

S to preslikavo opiSemo spremembo stanja
(TIP SPREMEMBE), ki se izvrdi na dolodenem
"R-objektu",

Hormaliziran zapis relacije "R-operacija"”
mora odgovarjati naslednjim zahtevam (6):

&-OPD -3 R—OBD (1.13)
R-UPD --3» TIP SPREMEMBE (1.1%)
R-OPD —~» TEKST OPERACIJE {1.15)

Spremembe se lahko pojavijo kot kreacija, des-
trukcija ali modifikacija. 5 tekstom operaci-
Je je miSljen kratek opis vsebine operacije.

Iz zaplsa (1.13) vidimo, da se R-operaci ja
nanada na tofno dolofen R-objekt in da z njo
todno opredelimo, s kak3no vrsto stanja imamo
opraviti (1l.14 in 1.15).

. preslikava "R-dogodek" (R—DGD) je permanen~

tna preslikava. Njena normalizacija mora za-
dostiti slededim pogojem:

-~ da se nana3a na toéno doloden K-objekt
(1.16)

- da identificire nastalo spremembo izmed
moznih tipov sprememb, ki smo jih opisali
e pri opredelitvi preslikave "R-operaci-
ja" (1.17)

- da opiSe nastalo spremembo (1.18) in

- da identiticira operacije, ki se sprozijo
z opisanim dogodiom 1.19)

Nav?dene pogoje Jje moZno zapisati tudi slede-
e (&)

R-DG, --» R-0B; (1.16)
R-VG, ~--» '[IP SPREMEMBE (1.17)
R-DGy =--» OPREDELITEV SFRENEMBE (1.18)

R-DGy --» R-OPy (1.19)

Sprozanje operacije, ki joc povzrodi dogodek,
je lahko '"pogojeno" ali "iterativmo®. V prvem
primeru se odgovarjajoda operacija sprozi sa-
mo v sludaju, ko so izpolnjeni dolodeni pogo-
Ji, ki Jih poprej definiramo. Pri iterativnenm
sproZanju pa se sproZi izvajanje operacije ob
vsakem pojavu ustreznega dogodka.

2.5 Suatidni in dinamiéni vidik sheme koncep-
cije informacijskega sistema

y predhodnih izvajanjili rmo prikazali ilz-
nodisda in osnove za pristop k izdelavi
sheme koncepcije informacijskega sistema,
Tenel jul proces poslovnega sistema smo
opredelili ra nivoju realnega pojava, ni-
voju pojmovnega modela in nivoju podatkov-
nega modela. V procesu snovanja informs-
cijskega sistema nas zanima predvsem nivo
podatkovnega modela, xi predstavlija nivo
opredelitve predlagane sheme koncepci je
informaci jskega sistema.

Samo snemo koncepcije informaci jskega
sistema delimo na dva dela, ki ju locimo
glede na vidik prlkazovanaa in obravnave
na:

. statidno podshemo (loglcna shema baze
podatkov) in

. dinami¢no podshemo (shema interakci
intormaci jskega sistema)
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Statiéna podshema oz. logiéna shema baze 3
podatkov zajema opredeiitev preslikav ob-
Jjektov (R-OBD) realnega pojava ter njiho-

vih lastnosti. Pri tem smatramo objekte
kot podatkovne pojme, ki jih opredeljuje-
jo kK1juéi njihove identifikacije in atri-
buti opisa njihovih lastnosti. S pomodjo
sintekse, ki jo predvideva izdelava logi-
&ne sheme baze podatkov, izrazimo poveza=-
ve med tako opredeljenimi podatkovnimi
pojmi.

Dinamidna podshema oziroma shema interak-
cij informacigskega sistema pa obsega po-
pis dogodkov (R-DG,) in operacij (R-OP)),
s katerimi ponazargamo dinamiko informa-

cijskega sistema ter ilustrativen prikasz

informacijskega sistema.

Z2a potrebe grafiinega prikaza uporabl jamo
sledede simbole:

SIMBOL

O

POMEN

R-objekt (R-OBp)

R-operaci je (R—OPD)

R-dogodek (R—DGD)

\V4

—— iterativno sproZanje
R-operaci je (R—OPDg
: j rozanje
P pogojno sp J

R-operacije (R—OPD)

"spoznanje", kot rela-
cija med R-objektom
(R-OBD) in R-dogodkom

(R—OPD)

"sprozanje", kot rela-
cija med R-dogodkom
(R—DGD) in R-operaci ja-

mi (R-OPD)

’/jiZ;L\
"modifikacija", kot re-
lacijo med R-operacijo

. in R-objektom
Slika 3: Simboli, ki se uporabljajo pri
izdelavi dinamiéne podsheme de-
lovanja informacijskega sistema

V nadaljnjem procesu snovanja informacij-
skega sistema nam dinamidna podshema (she-
ma interekcij) sluZi kot osnova za izde-
lavo ustreznega programskega proizvoda,
medtem, ko nam statidna podshema sluZi

kot logidéna shema baze podatkov, ki je
izhodiS&e za nadrtovanje ustrezne fizid-
ne zasnove baze podatkov na konkretnem
radunalniskem sistemu.

ZAKLJUCKI

Pri proucevanju realnega pojava in njegove
dinamike pridemo do spoznanja, da ga opre-
deljujejo tri kategorije:objekti, dogodki
in operacije, ki jih je moZno ustrezno op-
redeliti na nivoju realnega pojava, nivoju
pojmovnega modela in nivoju podatkovnega
modela.

Ce podatkovnim zapisom na nivoju podatkov-
nega modela, ki so normalizirani v tretji
normalni obliki (3NF), dodamo $e &asovno
omeJitev, dobimo elementarne gradnike in-
formaci jskega sistema, ki jih opredelimo
kot preslikave objektov ustreznih podatkov-
nih-ragzredov, ki smo jih oznadili kot
R-objekte.

Z kategorijami R-objekt, R-dogodek in
R-operacija je na nivoju podatkovnega
modela mozno izdelati grafiéni prikaz de-
lovanja informacijskega sistema. Pri tem
ima tak$en prikez podobno vlogo kot logil-
na shema baze podatkov in ga imenujemo di-
namiéna shema koncepcije informacijskega
sistema, Tak3en prikaz se od logidne sheme
baze podatkov razlikuje v tem, da omogoca
prikaz dinamike delovanja informaci jskega
sistema.

Opisani pristop sodi v druiino sodobnih
metod sistemske anslize, ki temeljijo na
analizi podatkov. Zaradi konsekventnih pra-
vil, ki veljajo pri izdelavi dinamiéne in
statidne podsheme informacijskega sistema,
je moZno paralelno delo ved  strokovwnja-
kov pri izvajanju sistemske analize komp-
leksnih informacijskih sistemov, ki ob za-
kljucku dela svoje rezultate brez proble-
mov vskladijo.
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V prispevku so teoreti¢no in praktieno obdelani fraktali kot
pripomotek pri kreiranju grafienih slik. V neskonéni mnozici resitev

in mo2nosti prikaza iterativnih matematic¢nih postopkov so
bili nekateri med njimi obdelani in prikazani na mikroracunalniku
TRIGLAV XBEN-16 v visjem progranskem jeziku C. Podane g0

smernice nadaljnega raziskovanja fraktalov in mo2nosti trenutne
prakticne uporabe ob ustrezni programski in strojni opremi.

In this article, fractales , which are used as a tool for creating
graphic pictures are discused in both thecetical and practical
aspects. Some of the infinite numbers of solutions and poasibilities
of representing iterative mathematical proceases are discused and
presented on the microcomputer TRIDENT XEN-16 in the programming
language C. Some hinta are given for future development and current
possibilities for the practical applications. Problems in generating
fractal geometry, using current programming technique and available
hardware, are also preaented.

Po definiciji Je fraktal oz. fraktalna

I. Uvop geometrija matematieni etudij neprav}lni?.
i s veckrat kaotienih oblik | ] fraktalnimi,
Vv svetu velja prepricanje, da nihte ne bo matematicno opisljivimi dimenzijami. Veeji del
znanstveno pismen, kdor ne bo scznanjen s teh oblik, struktur in procesov ohranja
frakt111!2l. Praktali 80 namrec zacertali in bistveno nespremenjeno stopnjo kompleksnosti
gasnova%1 novo pot v razmisljanju o strukturah ne glede na merilo. Drugate re¢eno, to 8o
in oblikah. t‘.’elﬂw pojavov gse danes ne oblike ali vzorei, ki me zdijo, kot da bi bili
moremo matega itno opisati. 2 uporabo.noye sestavljeni iz majhnih in mse manjasih oblik
vele geometrije bo to mogote razsvetliti in . enega samega splosno izbranega vzorca.
razresiti. Matematicna osnova fraktalne
teorije je preprosta, Baj temelji na Primer fraktala iz narave je drevo. Ce
. . gledas
ponavljanju. . Omogoca nam matematicno od dalee, vidis le krosnjo, ce se priblizujes
preucevanje struktur in postopkov, ki 80 opazif rogovile, veje ,se blizje razlocis da
nepravilni, ‘nergdnx in neregu]arnx,_torej jih 80 veje sestavljene iz vejic. Ce tako
ne moremo opisati z doalej l“é“iml °'°d?1- nadaljuies po nivojih vel, pridea koneéno do
Rezultate fraktalne racunalniske grafike posameznih vejic, ki se v vzorcu ponavlijajo.
najbolj nazorne prikazemo vizuelno. v Neskontno ponavljanje preprostih vzorcev v
dolocenih  iterativnih nacinih izracunavanjy- globino v narastajocem merilu se imenuje
;:iﬁtlﬂzonafggziii:V°po:::i?1vzcig;ie:tavzzzi; eamopodobnost (autosimiliarity) in je osnovna
generiranja grafike, a dejstvo Je, da bres in najbolj zanimiva lastnost fraktalov.
poroci racunalnika ne gre. S’ pomo¢jo avoje teorije 3Je B.B. Mandelbrot

opisal poplave reke NRil, obliko oblakov in
strel, Brownovo gibanje, vreme ipd. - vse 2
II. RAZVOJ IN DEFINICIJA FRAKTALOV namenom vzpostaviti matematicni red v "neredu”

Teorija fraktalov se je razvila iz prakticne naravel7].

potrebe dolociti dolzino angleske obale.

Problema se je lotil leta 1967 Benoit B.

H;:de;brot in wugotovil, da je dol2ina morske TII. VRSTE IN OBLIRE FRAKTALOV

obale nedolo¢ljiva in odvisna od merila. 3Ako i iki s0i

merilo zmanjasujes, se dol2zina povetuje in s - ::::tgéﬁef:éi?g :a.dve veliki skupini glede .
tem tudi natancnost, to pa Je mogote '

nadaljevati v neskonCnost. Leta 1975 je kot + nakljuene

raziskovalec IBM Thomas J. Watson Research

Centra v Yorktown Heights, New York, definiral + geometricne

besedo fraktal v svojem najbolj znanem delu
"Les objects fractals forme, hasard et
dimension®. Beseda naj bi spominjala na
drobljenje, 1lomljenje (fractus iz lat. pomeni
zlomljen).



Pri uporabi racunalniske grafike Jje mogote
simulirati nakljucne fraktale in wupodobiti
umetne pokrajinske slike, ki Jjih Jje tezko
lociti od naravnih [5), (4). Lep primer

nakljuenib fraktalov iz narave so meandri rek
in vzorci dreves, iz celuloidne industrije je

Pixar [5] do ostalih uporab v fiziki,
biologiji, saociologiji in drugod (1], [3].

Na sliki 6 in 7 sta dva rimera omenjene
skupine. Obe s8liki sta bili prikazani na
barvnem monitorju in zrisani na grafieni
tiskalnik Fujitsu DPL24C. Listing programa
prikazuje slika 8. Pot do takih in podobnih

oblik je opisana v IV. poglavju. Na sliki 6 je
‘izhodisce v tocki (-2,-1.2) z dolzino stranice
1.5 , na sliki 7, ki je povecan delcek slike
6, je izhodisce v tocki (-1.45,0.0) in dolzino
stranice 0,005.

Geometricne fraktale pa so si izmislili
matematiki ob prelomu stoletja, ko so

nasprotovali Newtonovi dinamiki in klasieni
Evklidovi geometriji (krivulja je gladka,
dimenzija more biti celo stevilo). Nacrtovali

s0 nove oblike krivulj, ki so postajale
¢cedalje bolj vijugaste in s tem daljse, dokler

niso zapolnile celotne ravnine. $ tem so
krivulje postale neskonéno dolge in
nedefinirane globine. Premica naj bi kot
enodimenzionalna tvorba izgubljala
enodimenzionalnost in se priblizevala
dvodimenzionalnosti, ravnina
tridimenzionalnost in tako naprej. Pot do

izratuna zvijuganosti krivulje je 2e leta 1919
kvantitativno opisal Felix Hausdorff. Indeks
je poimenoval fraktalna dimenzija krivulje (D)
in je definirana. z izrazon

N = R..D
N - stevilo odsekov pri deljenju iniciatorija
R - oblika deljenja

D - fraktalna dimenzija

Kako oblikujemo geometrieni fraktal si
poglejmo na primeru.
Na sliki 1. wvidimo primer Mandelbrotove

kvadratne sne2inke s parametri N=8 in R=4, ter
na sliki 2. Kochovo snez2inko s parametri N=4
in R=3. Vsak tak geometricni fraktal se
sestoji iz ve¢ nivojev. Prvi je

imenujemo iniciator. Izberemo 8i poljuben
generator (nivo 2), ki iz vsakega iniciatorja
generira izbrani vzorec.
r}J
-]
Af T
I
Ll
Mandelbrotova kvadratna

slika 1.
. snezinka (D=1.5)

erta, ki jo’
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slika 2. Kochova snezinka (D=1.26)

Ta proces se sukcesivno nadaljuje in ob vsaki
prisotnosti iniciatorja generator ponavlija
8voj vzorec v neskon¢no 8stevilo nivojev. Po
teoriji fraktalov se ponovi le koncno
mnogokrat, v praksi pa zadostuje 2e nekaj
nivojev za lepo sliko. z menjavanjem
generatorja lahko wustvarimo prav nemogoce
vzorce. Tri 1izmed njih prikazujejo slike 3,4
in 5.

slika 3. kljukasta

Mandelbrotova
sne2inka (D=1.8687)

%}w

slika 4. Gosperjeva zvita kaca

slika 5. Abelsonov aneiden trikotnik



Iv.

slika 6. Kopija grafi¢ne slike na tiskalniku
Fujitsu DPL24C

OPIS ALGORITMA ZA GENERACIJO FRAKTALOV

Do oblikovanja slike obstajata dve poti:

1.

Pomikamo se od toc¢ke do tocke na ekranu
in izracunamo dano vrednost. Prvo se
postavimo v izhodisce (levi spodnji
kot). Iterativno izracunamo vrednost
f(z) = 2z**2 + ¢ ,Lkjer sta z in C
elementa kompleksnih stevil. Vseskozi
kontroliramo vrednost 2z in stevec ki
steje iteracije. Ce stevilo iteracij
preseze doloceno mejo, ali z dobi
vrednost 2, stevilo iteracij delimo po
modulu s stevilom barv in narisemo tocko
v izracunani barvi. Pogoj z=2 je merilo
zato, ker bo po teoriji kompleksnih
stevil stevilo iteracij vodilo 2z v
neskontnost takrat in le takrat, ko bo z
dosegel vrednost 2. Opisan postopek
‘ponavljamo za vsak element ekrana
posebej, Posebej zanimiva so naslednja
podro¢ja raziskave kompleksne konstante
C:

Realna os Imaginarna os
-0.76 do -0.74 0.01 do -0.03

-1.26 do -1.24 0.01 do -0.03
-0.27 do -0.26 0.00 do -0.01

Druga pot je hitrejsa
obnasanje vsake to¢

. saj ne gledamo
ke posebej. Najprej

poisctemo inverzno enacbo, to pomeni, da

funkcija premika tot
S tem lahko eno
ponavljajoce in ta
fraktalne krivulje.
funkcija lahko pori

ke v obratni smeri.
tocko premikamo
bo skakala okoli
Preko iteracij

ne totko dalec¢ od

izhodisca, medtem ko druge omeji na

dolocen prostor. Sl

iko, ki nastane kot

rezultat takega postopka, opremimo z

barvami., Mejo med
fraktalna krivulja.
uporabimo enacbo f£(z)

Posebej zanimiva so
kompleksnega stevila
(L,0), (1.475,0.906)

barvami imenujemo
Pri tej poti
= C*z*(1l-2z).

sledeta podrocja
c: (3,00, (0,1),
in (0,1.06),
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* MANDELBROT SET RUNNING ON TRIDENT XEN-16 *
. L
. Avtor:Andej Tercel) *
* B ®
/tictl.tlkltkﬁlﬁtttﬁﬁﬁﬁtﬁil!lﬁl*ﬁﬁ’kli!illlllllﬁ/

define A (X/2)-(MAX/2)
define B (Y¥/2)-(MAX/2)+OFFSET

# include <math.h>

% include <stdio.h>®

% define X 640 /* velikost zaslona v x smeri */
# define Y 480 /* velikost zaslona v y smeri */
# define MAX 450 /* velikost okna */

4 define OFFSET 0 /*prostor za napis*/

4

#

main()
{

int x,y,iter;

float angleR , angleI ;
float stran , vel;

double cr,ci,zr,zi.a,b,l;

puts("V kateri tocki zelis koordinatno izhodisce? <Re,Im>\n");
scanf("%f%f",&angleR,&anglel);

puts("Kaksno velikost stranice zelis? ‘n");

scanf("%f",&stran ); ’

vel = stran/MAX;

grinit();

setcoll5);

rect(A-1,B-1,MAX+2,MAX+2,2); /* narige okvir v rumeni barvi */
setxy(A,B); /* postavim se v izhodisce */

for( y=0 ;y<MAX ;y++) | .
for ( x=0 ;x<MAX ;x++){
cr=x*vel+angleR;
ci=y*vel+anglel;

zr=cr;
zi=ciy
iter=0;
do {
aszr*zr;
b=zi*zi;

l=sgrt(a+b) ;

zi=2%*zr*zi+ci;

zr=a-b+cr;

if (1 »= 2. ) break:
} whilet iter++¢100); .
setcol(iter%8); /* postavi eno od osmih barv */

dot(A+rx,B+y); /* parise tocko v x,y */
A S
/xRy xy

puts ("Zelis sliko printat <y/n>»: ");

if(toupper (getchar()) != 'N' ){
chdcpy ¢0,0,639,479,8,1);/* barvni hardcopy on Fujitsu DPL24C
grend{();} : . :

slika B. Izpis programa ki oblikuje slike 6 in 7

*/



slika 7.

Povecan del graficne slike 6

V. ZAKLJUCEK

Fraktali imajo nesteto obrazov. \4 sebi
skrivajo od simetricnih oblik do zmajevskih
potez, stiridimenzionalnih posasti do lepih
orgyanskih obrisov. Vsem pa je skupna lastnost
rekurzija, ki je numeric¢no in c¢asovno zahtevna
za vsak racunalnik. S pomo¢jo pete generaciije
novih racunalnikov bodo procesi hitrejsi in
uporabnejsi v praksi. Danasnja generacija
slike 7 na hisnem ractunalniku (tipa Commodore
64) traja dva dni, oziroma dve uri na Deltinem
mikroracunalniku Triglav s procesno glavo
iAPx286. Danes se podro¢ije uporabe naglo 8iri
od filmskih platen do industrije (tekstil,
tapete ipd.} pa vse do drugih, predvsem
barvnih graficnih izdelkov. Tako ima fraktalna
geometriia 2z novo generacijo racunalnikov
neome jene perspektive v interpretaciji
kvalitetno-kvantitativnih struktur.

VI.
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Abstract; This paper offers an open platform for academic discussion on

the possibilities of research

architecture and information.

the field of future computer

It covers the (following topics: an

" introductory survey of system parallelness and intelligence as main

criteria for (future orientations,

how to develop a philosophy of

information and conjoin it with other scientific disciplines, the
problems of informational machine implementatfon and of informational
programming, hints about new- technological possibilities, differences
concerning living and artificial systems, and a conclusion relating the

strategy of computer Iindustry

investment, research, technological

design, and marketing for the next decade.

1. Introduction

Evidently, the understanding of computers and
their application is developing more and more
in the direction of Informational machines and
informational programs. From this basis,
information 1is becoming the substance of the
so-called future intelligent systems. It |is
upon these new concepts, which include new
arising notions, comprehensfion and possible
implementations, that future parallel and
multiprocessor computer systems and their
intelligent properties are being founded. These
objectives are already built-in as basie
motives in all of today's academic,
governmental, and industrial projects of new
generation computer methodology and technology.
Projects with - such orientation are found in
Japan, USA, Great Britain, Germany, France,
soviet Union, India, China, etc. and have also
begun to develop in Slovenia (under protection
of universities and computer industry). .

Researching, technological, and developmental
foundations in the field of new computer
systems are based on massively parallel and
non~-massively parallel multiprocessor
supercomputers and computer arch{tectures, on
newly arising methodologies of artificial,
machine, or programming . intelligence, and
particularly on new design philosophy of
understanding, conceptions, architectures,
methodologlies, and technologies of computer
systems 1, . In this context, the
insufficlency of intelligent machines and
intelligent programs on the basis of
rationalistic-traditional research and
development is being clearly recognized.

2. Philosophy of Information

Intelligence of maehines and intelligence of
programs can be implemented merely by
considering a conhsequently and basically
informational comprehension, which is grounded
in several informational principles, i. e.,
Informing, embedding, arising, and counter-

Informing of information and in several
properties of these principles, i. e.,
cirecularity, parallelness, serialness, and
recurrence of information. '~ In information
philosophy, Informing means processing of
information (Informing, embedding, arising,
counter-Informing) and circularity means the
regular dynamic property of information
(recurrence, parallelness, serialness). In the
realm of this comprehension, - information s
‘informing c¢ircularly (recurrently, parallel,
and serially) by the coming of information into
existence, by the embedding. of information in
existing information, and by the coming of
counter-information 1into existence. Through
this comprehension, information is ‘performing
as a system, which is embedded in information
itself.

Informing in the broadest sense (as Informing,
embedding, arising, and counter-Informing with
properties of circularity as recurrence,
parallelness, and serialness) is the substance,
essence, and technological imperative of
intelligence, 1. e., the necessary condition of
intelligent reasoning. Probably, {in the next
decade, a new philosophy of information will
successfully develop (3) to such a stage that
on this basis a stepwise construction of a
fundamental and formally soft information
theory will became realistic and
developmentally possible. Through this theory,
real intelligent concepts and a series of
other higher i{nformational functions will be
developed, which will be researched in both,
what is technologically possible and in living
informational mechanisms. : :

Already, in the current direction of research
and development, intelligence is only a
particular informational phenomenon (an

‘informational ecategory) whieh structures and.
‘organizes other higher and lower informational

functions in different ways. This functions
are, for example, motivation, association,
strategy, ontological world model, specifie
organizational forms, and several typlical
cortical and technological information



processes. In this way, sooner or later,
notion of intelligence will become s
complexity of more fundamental, but also higher
informational processes. At this stage,
intelligence s being understood as & highly
structured, organized, and connected
information, as well as a complex and mutually
interwoven fnformational arising and
processing.

the
senseful

Philosophy of
information,

information, theory of
and the derived understanding of
informational machines and programs from these
disciplines will be characteristically
interdisciplinary oriented research activities.
They will mutually refer, untte, and articulate
several scientific disciplines, e. g., neural
sclences (2) (neurophysiology,
neuropharmacology, neuropsychology,
neurolingulstices, neuroatonomy, genetics,
biology, biochemistry, science of medicine,
etc.), wunderstanding of behavior and learning
(experimental psychology, psychiatry,
neurology), informaties (understanding,

cognition, and understanding of cognition of
living and technological machines and
programs), and information technology (new

architectures, methodologies,
technological circuits),

3. Informational Machine

A technological machine is in no way a copy of
a living machine or organism. An automobile Is
not 1lke a horse, an afirplane is not llke a
bird, a computer is not a copy of the brain,
and a robot is not like a 1living being. In
spite of this, the designing of machines |Is
becoming more and more connected with
philosophy and knowledge concerning 1life, e.
g., with the philosophy of Being, experience,
and information and with the knowledge
concerning brain structure and orgsnization,
neurophysiological processes, and functions of
thought. To the majority of professionally
molded scientists and engineers it seems Qquite
incredible that philosophical thinking can have
a practical value for their work (1, 3). Hard
sciences and engineering which have their roots
in European rationalistie tradition are
becoming invelid, helpless, i{nef{ficient, end
inadequate for solving modern {nformational
problems. This deficiency 1{s coming to the
surface in a most distinet way, as mode of
thinking, &and as methodology of artifielal
intelligence and of research which concerns the
development of new~generation computers, for
which project designers have, promised and
forecasted intelligent behavior.

Knowledge and philosophy of thinking, which
concern the nature of biological existence,
language, and of human behavior sre essential
for design, construetion, and production of
machines and their programs. The objective of
today's strategists, deslgners, planners,
bujlders, and engineers is intelligent machines

and intelligent programs. It is becoming
evident that intelligence as a technological
property cannot be reached without fundamental
and comprehensively new research of

intelligence's informational baekground.

From an informational perspective, an
informational machine is becoming the synonym
for an intelligent machine. 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 belonging to this substance (by
variable, methodologically non-structured
programs). Arising which must be implemented in
computer architecture is a dynamically, signal-

informational.
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dependently,
informationally
architecture.

message-variably, or
controlled

generally
(switched) basic
This 1is the so-called dynamic
machine architecture. The effect of this
control dynamies 1is a virtual architectural
varfability with actual, virtual, and needed
dynamie consequences. Architectural variability
is modular on the elementary level, subsystem-~
structured, sand finally system-structured. In
this respect, it is variable in its detalls
(in the finest technological structure) and in
its subsystems (in a rough machine-linguistical
structure). '

New computer systems will have to satisfy some
gliven standarization requirements concerning
their parallel anpd multiprocessing

architectures. These standards will arise on
the basis of experimental, application~-
dependent, industrial, and marketing experience
which will be a consequence of marketing
successfulness, of readiness-to-hand
(administration, business, and special purpose
parallel computer and supercomputer systems),
and of process-technological applicability
(process-applicable or industrial parallel
computer systems).

4, Informational Programming

An tnformational
architecture

machine using dynamie
will enable the execution of the
so-called informational programs. An
informational program will be a program which
is characteristically non-structured, variable
during i{ts runtime, and arising. Today's
computer programs do not have these propertlies
or they have them only in a characteristically
trivial form. Even now, an informatlional
program, whieh would be iIntelligent, would
remain merely an objectively non-reachable
result of today's programming me thodology.
Currently, programming methodology is framed by
programming~developmental structuring rules
which limit the function and disable the
arising of programs on the level of today's
programming tools, e. Ees compilers and
programming generators for higher programning
languages.

The development of & massively parallel,
massively multiprocessing,

non-
and new-generation

computer systems is being confronted with the
so~called crisis of programming. After a new
machine or new-generation computer is
architecturally Iimplemented, the first two
problems which arfse are its operating system

implementation (determination and elaboration
of & system, which Iis an applicable functional
collection of mutually compatible basic
programs for a general or dedieated machine
usage) and its compatibility with machines of a

previous technological generation. A
development and tmplementation of these
programs, by considering operational and

eriteria, could be demonstrated
insufficient or even impossible.
some large developmental projects

compatibility
as practically
In this way,

are not reaching objectives which were stated
at their beginning. Goals which in general
cannot be reached are, for example,

Intelligent system behavior,
machine speech communication, expert properties
of computer systems (comparable to human
experts), communication In written natural
language, ete. Simultaneously, the programming
erists is a erisis of artificlal intelligence
and of its rationalistic methodology (of
matematization, algorfthmization, formal
linguistics, scientifiec hardness).

intelligent man-

An essential element of the programming ecrisis
is the complexity of operational and
applicative programs. This element of crisis is



practically solvable by the development of
programming tools and of course, by & sensitive
project management of large programming teams.

In the {ramework of
development projects
which could be called
.the beginning,

new researeh and
a phenomenon is arising
the project crisis. From
new projects in the fleld of
"Informational machines, informational
programming, and also informational technology
" need to be philosophically scrutinized with the
‘point of view of what is technologically and
metlodologically possible and not so much from
the point of view based on the persuasion of
performance announcements which do not consider
real possibilities of implementation.

5. Informational Technology
Today's informational technology is based on
electronic integrated circuits, optical data
tranceivers, electromagnetical, optical, and
electromechanical storage and peripheral
devices, telecommunication equipments, ete.
Still, 1in integrated circuits, semiconductor
and conductor elements for normal and low
temperatures (supraconductivity) are
predominant. However, future development will
also have to consider applications of other
electromagnetical, antenna, wave-guide,
biological, quantum mechaniecal, neural
circuits, ete. which will be technologically
and blologically hybrid and integrated in the
form of elementary funectional units.
The technological foundation of informational
machines will be innovative in several aspects,
The application of new elements and processes
of solid state physics, btochemistry, genetics,
and other bilological substances will enable the
necessary functional diversity and
informational arising in physical, logical, and
application-linguistical machine structure. In
this manner, with a new substantial and
processing structure, the information machine
will approach in the direction of parallel-
processing diversity, which will become
functionally comparable to a 1living neuron
substance.

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 interdisciplinary understanding of neural
science and information science as well as some
other marginal fields (philosophy, psychology,

technology) Is coming into the foreground. As a
discipline, artificial intelligence is on the
way to reconstruct its own foundation and to

recognigze in itself a new orientation (1).
research of living and artificial
becoming more and more
dependent and accelerated.

organization of

The
systems is

interdisciplinary
In this respeect, the
interdisciplinary research

projects and teams in academia and industry are
becoming urgent; otherwise it will 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.
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7. Conclusion

Research
information

and development of computers and

which 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 intelligence

and through their .functional performances
articulate the so-called fifth computer
generation, will not .perform (intelligently.
However, on this Dbasis, some standards
concerning paraliel architectures, system
buses, operative systems, comnunication and
graphiecs standards and new fields of
application will be put into effeet. Through

this development, new technologically advanced,

academiec, and industrial projects will come
into existence.
Even stronger than before, the computer

industry will stay on the frontiers of sciencé
as the main carrier of research and development '

in the field of intelligent machines and
intelligent methodologies. As up to now, and in
the future, academic research will remain

limited to preliminary, marginal, and primarily
initializing projects. Sooner or later, the
computer industry has to take into account its
larger investment into the development of new
system -concepts, designing and programming
methodologies, parallel architectures, parallel
operating systems, system intelligence,
fntelligent communication, new application
areas, ete. In this new situation of
development, the so-called national computer
industries cannot expect essential advantages,
benefits, or privileges on national markets or
a considerable social support. Only the
development of international import, export,
exchange of marketing knowledge, and business
success can yield a real (actor of progress for
the computer industry.

References

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

(2) E. R. Kandel and J. H. Schwartz: Principles
of Neural Sclience (Second Edition).
Elsevier, New York (1985).

(3) A, P. 2eleznikar: On the Way to
Information. Informatica 11 (1986), No. 1,
pPP. 4-18.

(4) A. P. Zeleznikar: Information Determina-
tions I. Informatica 11 (1986), No. 2, pp.
3-117.



PREGLED ARKITEKTUR TER UPORABLJENIH
(SO STANDARDQV V MAP/TOP
LOKALNIH MREZAH

UDK 681.324.087

Clanek
definira

oplsuje

INFORMATICA 3/87

JoZe Rugelj, Marijan Vidmar
Institut »Jozef Stefan«, Ljubljana

razvo] ton trenutno stanje MAP-a in TOP-a. MAP (Manufacturing Automation Protocol)
mno2ico standardov za komunikacije v avtomatizirani ralunainisko vodeni proizvodnji, TOP

(Technical Office Protocols) pa komunikacijske standarde za poslovno in in2enirsko uporabo.

This
Automation Protocol) is a
automation. TOP (Technical and

selection of
Office

paper describes the development and the present situation of MAP and TOP. MAP (Manufacturing
currently
Protocols)

standards for manufacturing
intended to provide data

avallabte
specification s

communications for the technical and office environment.

1. UvVOoD

Boj za konkuren¢nost s8ili proizvajalece v vigjo
stopnjo avtomatfzacije. Danee avtomatizacija
posameznih procesov v proizvodnji ne <zadosta
veed. Za bolj optimalno vodenje je potrebno
dinamiéno spreml jat! in upravl jati celoten

proizvodni
(CAD) in

proces. Raéunalnigsko podprto snovanje
proizvodnja z racunalnidko krmi]ljenimi

strojli ter roboti (CAM) tvorijo f{ntegriran,
ratunalnidko podprt proizvodnl sistem (CIM). V
CIM se funkctje naértovanja, proizvodnje,

vodenja 1in wupravlijanja prepletajo in omogoctajo
boljsi pretok informacij znotraj sistema.

Druga prednost, ki jo daje tak integriran
sistem, je 1izbolj8anje kvalitete fzdelkov in
zni2anje proizvodnih stroskov, zelo pogosto pea
tudf humantzacifja dela. Integrirani sistemi so
praviloma tudi zelo fleksibilni. To omogocla
hitre spremembe prolizvodnih programov in
prilagajanje zahtevam tr2ista ter zelo hitro
uvajanje najnovefjilh dose2kov v proizvodnjo, saj
sta CAD in CAM tesno povezana.

Integrirana prolizvodnja zahteva prenos, obdelavo
tn shranjevanje velike kolitine podatkov. Pri
tem se pojavl problem povezovanja posameznih
komponent slstema v enovito celoto. Stevilo
proizvajalcev programske {n materiaine opreme je
gsnotraj sistema obitajno  velfko, oprema
razli¢nth prolizvajalcev pa praviloma ni direktno
zdrutljiva in to onemogota komunikacijo. MAP
{Manufacturing Automation Protocol) In TOP
{Technical and Office Protocols) predstavljata
poskus reditve tega problema.

2. ZGODOVINSKI RAZVOJ

Ameriska  avtomobilska industrija ima velike
probleme z Jjaponskimi! konkurenti{ in zaradl tega
s0o se lotill posodabljanja svoje proizvodnje.
General Motors (GM) je naletel na velike teZave
pri povezovanju obstojete opreme v integriran
sistem in zato so se lotill standardizacije. Za
njilhova prizadevanja na tem podrodju so se v

fetu

1984 zatell zanimati tudf{ drugi uporabniki
in proizvajalci ratunelnitke opreme in
obdelovalnih ' strojev ter robotov. S sodelovanjem
vseh zalnteresiranih pod vodstvom GM 80 bile

dolotene zeletne specifikacije za MAP.

Vzporedno s tem
po standardizacijt
tehniéno in

pa se je pojavila tudi potreba

radunalniskih komuntkacij za
poslovno rabo. Skupino standardov s
tega podroéja so imenovali - TOP (Technical and
Office Protocols), glavni koordinator pa fe bila
firma Boelng.

TOP i{ma {ate cilje kot MAP, le da gre pri TOP za

drugalno okolje. TOP obravnava komunikacije, ki
jih  zahtevajo elektronska posta, procesiranje
besedil, {zmenjava tekstovnih in druglh
dokumentov, prenos datotek, prencs grafike,
upravl janje baz podatkov, videotext in poslovne
obdelave. Predvidene 8o prikljutitve razl!ié&nih
tipov ratuynalnikov, od mikroradunainlskih
delovnih postaj do velikih ratunainlkov

(meinframes).

v letu 1985 sta se skupini tudi formalno
" povezall v MAP/TOP User's Group znotraj
zdruzenja Society of Manufacturing Engineers
(SME). Pomen, ki ga pripisujejo prizadevanjem na
podro¢dju standardizacije komunikaci §skih
protokolov za CIM, je mogode razbrati tudi 12
segnama ¢lanic MAP/TOP User's Group, te
nafte jemo samo najpomembnejsde: 1BM,
Hewlett-Packard, DEC, Boneywell, Motorola,

Intel, AT&T, General Motors in Boeing.

3. MAP/TOP ARHITEKTURE

MAP in TOP sta specifikacl)t za skupino
standardov, zasnovanih ne 1S0/0SI referentnem
modelu, ki omogocajo povezovanje razliénlh tipov
ratunalnikov 1in .racunalnlsko Xrmiljenih strojev.
Standard! obsegajo vee aspekte komun!ikaci{jskega
procesa, od flzi¢énih povezav do visoko-nivojakih
aplikacifsklh jezikov.

Razlike med MAP in TOP so prikazane na sliki.




LAYERS TOP vi.0 MAP V2.1
PROTOCOLS PROTOCOLS
$3Q FIAM (DP) 4571
Layer 7 180 FTAM (DP) 8571 Flie L acturing
Agpplication File Wanster Protocol NMessaping Format Standard (MMFS)
nd
Elements (CASE}
Leyer s wLL
Presenitation {ASCE and Sinary Encoding)
Loyer B 3G Session (15) 0327
Session Basic Combinad Subswt snd Session Kermel,
Full Duplex
Layer ¢ 1SO Raneport 05} 8073
Terspont Class 4
Layer.3 150 bermet (OIS) 8473
Metwork G ol for X.28 -
Comvergance Protocol (SNDCP)
Layer 2 180 Logiosl Link Control (DiS) 3802/
Dats Link 2020
Type 1, Class 1
Leyer 1° 150 CSMAKCD (DIS) 98023 130 Token Pessing Bus
Physical (EEE 802.3) (Dt8) 880214
CSMA/CO Media Access (EEE 002.4)
Control, Token Passing Bus Medie
10Bases Access

MAP predvideva dve osnovnl arhitekturl:

- MAP hrbtenigna arhitektura

architecture),

{backbone

- MAP celié¢na arhitektura (cell architecture).

Trenutna speciflkacija MAP (verzlja 2.1)
vkl jutuje samo prvl tip arhitekture, vendar sta
v kasnejdlh verzljah (verzija 2.2) predvidena
oba tipa. V hrbtenié&nl arhitektur!} imajo vse
prikljucene postaje Implementiranih 6 od 7
180/0S1 nivojev. V trenutni implementaciji 3e ni
definiran predstavitvent {B.) nive. Vsaka
"poetaja lahko komunicira z vsako drugo postajo v
sistemu ali tudf fzven njega ({(preko javnega
digitalnega komunikacijskega omrezja). Standard

dolota uporabo Birokopasovnega vodila {(broadband
bus) .

Z2a aplikaclije, kjer Jje zahtevan prenos tasovno
kritidéen, 80 predvidene podmre2e s celléno
arhitekturo. Postaje, prikljutene na. take
podmreze, naj bi imele {mplementirana le prva
dva in sedmi{ nivo po 180/0S! modelu. Predvidena
je uporaba enopasovnega vodila 2z moduliranim
nosilnim signalom (carrier - ©band bus) brez
frekvendnegs multiplekslranja. Taka oblika je
{zbrana zato, ker je v primerjavi 2z osnovnim
pasom (baseband) mnogo manj obéutljiva za

motnje, ki 8o tipié¢ne v industrijskem okolju. V
podmre2tf pa bl bila tudl vmesniska postaja, ki
bl omogo&ala prikljutitev podmreze v hrbtenicno
arhitekturo.

Tako arhitekturo imenujejo tudi
Performance Architecture).

EPA (Enhanced

TOP predvideva arhitekturo, ki
hrbteni¢ni arhitekturi.

je identiéna MAP

MAP/TOP predvideva povezovanje mrez al{ mretnih
. segmentov, ki so lahko tud! geografsko zelo
oddal jeni,

Za povezovanje uporabl jamo 4 arhitekturne
elemente: repeater, bridge, router in gateway.

Repeater je pnaprave, kl je namenjena povezovanju

mre2 na fiziénem nivoju. To pomeni, da morata
imeti mre2i, ki ju povezu)jemo, ‘enak fiziéni
nivo. Glavni namen uporabe repeaterjev fe
povelat{ dovoljene razdalje med postajami, k! so
ome jene s fizikalnimi lastnostm! prenosnega
medi ja.
USER USER
7 7
s (]
s ]
4 .
3 3
2 ] 2
1 | | 1 | 1
] :
NETWORK NETlOﬂK
(EEE 802.3) (IEEE 802.3)
Bridge je namenjen -za povezovanje mre%, ki se,
razlikujejo na 1. In 2. nivoju (npr. CSMA/CD in
podajanje %tetona).
USER USER
7 7
[ [
[} s
] [
3 3
2 2 2
1 1 1 1
I I ]
NETWORK NETWORK
(IEEE 802.3) (EEE 802.4)

Obe mre2! morata imeti{ enoten naslovni prostor.
Bridge lahko povela mreZo preko dovaljenlh
omejftev znotraj segmenta ali flizl¢no loé&l 2

segmenta v mre2l

Router omogota povezovanje na mreZnem nlvéju ne
glede na tlp prenosnega medija in natina dostopa
do medija.
3
2 t 4 t o
1 * 1
NETWORK A —L NETWORX C
xas) NETWORK B (EEE 802.4)
(EEE 002.3)
Router ima naslov, k! je poznan v vseh mre2ah,
ki 8o prikljucene nanj. Router opravlja 1zbiro

poti In preklaplja sporocila glede
naslove in stanje prikljutenih mre2.

na mreine

Gateway pa omogoCe prlkljulitev mre2, ki1 nimajo
0s1 strukture. Tu so mi8ljene predvsem obstojece



lokalne mrele, javna komunlkacijeka omre2ja in
podmreze z nepopolno OSI strukturo.

USER USER
7 7 [} G
s 0 F F
5 |om [ E hmu' E
4 4 (] Protocols ]
3 3 c c

2 2 B ]
1 1 A A

1 1 1
081 NETWORK NON-0SI NETWORK

4. STANDARDI V MAP/TOP

" MAP oetaja
definirala

organizaclja
Interconnection)

2zvest mre2nim protokolom, ki

mednarodna
(1s50). 0s1
referentnl

Jih Je
standardizaci jska
(Open System
madel 8o sprejele

tudi vse druge standardizacijske organizacije.
Del MAP-a je zasnovan na priporoéiltih in
standardih [EEE 802, prfi &emer nekateri 8e niso
dokonéno definirant (draft standards, draft
proposal).

Podnivo ‘kontrole dostopa do medija (MAC) je v
novej8ih verzlijah MAP/TOP postavljen na flziZni
nivo, ker taka razporeditev bolje wustreza
konceptu tega podnivoja. Tudl (SO predvideva

tako spremembo IEEE definicije MAC podnivoja.

Fizlenl

nlve 0S! referenénega modela omogota
fizteno povezavo za prenos podatkov med
postajami{ v mrezl. Izvaja pretvorbo podatkov v
elektriéne signale za prenos po mediju In

upravlja dostop do posameznega medlja.

MAP {in TOP se raziikufeta pri
za fizienl nivo.

izbir!i etandardov

V TOP Je kot osnovni medifj fzbran 50 ohmski
koaksialni kabel, ki omogota prenose do 10 Mbps
na 500 m dolgih mre2nih segmentibh {in pri
maksimalnem dtevilu 1023 postaj. Tak kabel Je
fzbran zaradi velike vrazdirjenost{ tega medija
zaradf{ vuporabe Ethernet-a, =zaradl enostavnega
prehoda 1z Ethernet-a na [EEE 802.3 CSMA/CD ter
mofnosti hkratne wuporabe obebh protokolov In
zaradi zanes! jivosti in dobrih izkudenj pri
uporabi tega medija v preteklosti. CSMA/CD IEEE
802.3 Je lzbrana metoda dostopa do medija, ker
je poleg 2etona na obro¢u zarad! svojih
znactilnostt najbol} primerna 2za TOP okolje.
Specifikacije medija in protokola za CSMA/CD MAC
s0o podane v /180 8802/3/ ali v /IEEE 8023/.

TOP predvideva v bodote 8e vkljuéitev drugih
medijev {in MAC protokolov, k! bi bolj ustrezall
specifiénim potrebam wuporabnikov. Predvidena je
uporaba IEEE 802.5 Token Passing Ring na
oklopljenfh paricah in [IEEE 802.6 Metropolitan
Aera Network na optiénih vlaknih,

V MAP je 2za osnovnl medlj {zbran 75-ohmskli
(CATV) koakstalni kabe)l za hitrosti do 10 Mbps.
Sirokopasovno vodllo {broadband) ima zelo veliko

kapaciteto prenosa podatkov. Poleg tege omogocta
hkratno prenadanje govora in slike (video).
Razdalje ne predsteavlijajo problemov, saj so
signhnall moduliranl in se ojatujejo v glavi na
koncu kabla (head-end), kjer se izvrsil tudi
frekventéni premik signala. Vse to omogota veliko
imunost proti motnjam, ki 80 zelo pogoste Vv

industrijskem okolju. Zaredfi velike frekvencéne
3irine je mo2no sotasno delovanje do 100
lokalnih mre2 na istem

kablu, kar je zelo korietno pri uvajanju MAP-a v
delujoée tovarne, kjer nl mogolte vseh naprav
povezatl v enoten komunikacijskl sistem v enem
koraku. Poleg tega je CATV kabel 2e fnstaliran v
mnogih tovarnah. 2eton na vodilu (token passing
bus) Je lzbrana metoda dostopa do medija. Ta
metoda je primerna za MAP, saf zagotavlja vaaki
posta)!l dostop do medija v nekem vnapref

dolotenem ¢&asu in zagotavlje konstanten pretok
podatkov tudi pri veliklh obremenftvah.

Linjfski nivo osl1 referentnega modela
vzpostavlija In upravlja komunitkacljsko povezavo
med dvema postajama. Funkcije tega nivofa so Se

kretranje paketov, preverjanje pravilnosti
prenosa, naslavijanje in ostale funkcije
potrebne za tolen prenos podatkov med postajami.
Delovanje lintjskega nivoja je neodvisno od
izbrane metode dosega uporabljene na fiziénem
nfvoju, in obratno.

IEEE 802.2 specifikaclja za
zveze (LLC) je SO standard
/1S0 8802/2/. Standard dolota tri

logi¢no kontrolpo
za linljski nivo
tipe sistemov:

1. brezpovezavno orientiran tip,

2. povezavno orientiran tip In

3. tip s posamezniml podatkovnimi{ paketi
frame).

{slngle

Tretji tip je predviden za podporo aplikacij v

realnem <&asu v MAP EPA arhitekturi. V standardu
sta dva razreda servisov: 1. razred,
brezpovezavnl servis, kIl vsebuje samo sisteme

tipa 1 in 2. razred, orfentiran

servis, kl vsebuje vse trl

povezavno
tipe.

Sicer je 28 MAP In TOP {zbran sistem tipa 1,
servis razreda 1. Ta omogota zvezo med dvema
postajama brez vzpostavljanja povezave. Ta tip
ne omogota oftevildéenja paketov, potrjevanja
kontrole pretoka 1In popravljanja napak. Za vse
to poskrbijo vis§i nivoji.

Mre2ni nivo skrbi za preklapljanje in usmerjanje
paketov med postajemi v isti mre2i all med vect
mrezamf, neodvisno od uporabl jenega
transportnega protokola. Mre2nl nivo vrd]l tudi
kontrolo pretoka. Servisi mreZnega nivoja so
neodvisni od razdalj med mre2ami.

Funkciffe nlivoja 3
TOP uporablja nove)8l arhitekturni opis,
nivo razdel jen na 3tiri{ podnivoje.

v MAP in TOP 3o enake, le da
kjer je

Podnivo i 80
informacije o

povezanl s spreminjenjem
globalpem naslovu v informacijo o

usmerjanju paketa v mretah, vzdrZevanju tabe)
ali algoritmov za nusmerjanje, vzpostavljanjem
ter prekinjanjem povezav in preklapljanjem

vozlis8¢u na pravo izhodno
zagotav! ja tudi podnive
fmenovan uprav]ljanje mrete

vhodnih sporodil v
pot. Del i{nformact]
aplikativnega nivoja,
(network management).

Uporabljeni
je definiran s
8473/.

brezpovezavni mre2nf protokol
standardom 180 DIS

(CLNS)
8473 /IS0

Transportni nivo (nivo 4) skrbi za zaneslijtiv
prenos podatkov za osebke na nivoju seje, ne da
bi se le-ti morall ukvarjati s podrobnostmi za
zanesl jlv podatkovai prenos.

Transportnt nivo tudi optimizira
razpolo2lijivih mre2nih. servisov mivojev 1,
3, da izpolni zahtevek nivoja seje.

uporabdbo
2 in



Protaokol definlran za transportnt nivo,
zagotavlja povezavo med konénimi uporabniki, med
dvema osebkoma na transportnem nivoju.

Transportne funkcije na transportnem nlvoju
zagotavijajo zahtevano Kkvalliteto servisa, ki Je
odvisna pod kvalitete servisa mre2nega nivoja.

Traasportnd protokol definiran s standardom [SO
Is 8073 /1SO 8073/ je povezavno orlentiran
protokel, ki ga sestavlja pet razredov servisov.
Servisi so razvriddent po zahtevnosti. Najbol)
kompleksen jJe razred 4.

Servis razreda 4 opravija kontrolo pretoka tn
omogota zdru2evanje ved transportnih povezav v
eno samo. Servis tega razreda tudi dopuséa
wporabo zaneslflve mre2e In zna odkrivati In
popravljatl napake 8 preverjanjem vrstnega redea
sporotii In detekcljo lzgube paketov ali njlhoveo
podkoddo. Zarad! teh lastnosti Jje v MAP/TOP

lzbran razred 4.

Povezavno orientiran transportn! servis je
sestavljen tz dveh delov: upravljanja povezave
in prenosa podatkov. K  uprav!ljanju povezave
spadajo vzpostavitev povezave (connect service),
prekinitev povezave (disconnect sgervice) in
porolanje o statusu povezave (status service).

Prenos podatkov
podatkovni

podpirata dva servisa., normalni
prenos (n pospe8enl podatkovn! prenos
(expedited data service), ki omogola prenos
ome jene kolfctine podatkov izven normalnth
podatkovnih tokov.

Nivo seje zagotavlja organizacijo in
sfnhronizacijo komunikacije med osebkoma na
nivoju predstavitve in upravlja lzmenjavo
podatkov. Za upravljanje prenosa uporablja
transportno paovezavo. v tasu vzpostavljene
povezave na nivaju seje servisli nivoja seje
slutlijo osebkom na predstavitvenem nivoju za
urejanje konverzaci]je itn zagotavljajo wurejeno
lzmenjavo sporo¢i! na povezavi.

Nivo seje
mehanizm{ za
zanesl jlvega

raz8irfa transportnt servis z

uprav!janje in struktuiranje

podatkovnega prenosa, ki ga
zagotavlja transportna povezava, Povezava na
nivoju seje Jje lahko strukturirana tako, da se
{zmenjave podatkov med uporabnikl fzvajajo
simultano dvosmerno (full-duplex), fzmeni{éno
dvosmerno (half-duplex) alf{ enosmerno (simplex).
IS0 protokol nivoja seje predstavl]ljajo 4
podmno2ice servisov: jedro, osnovna kombinirana
podmno2ica, osnovna sinhronizi{rana podmno2ica in

podmnoZica osnovnlh akti{vnosti. V "~ jedru so
osnovne funkcilje: vzpostavitev In prekinltev
povezave ter prenos podptkov. Osnovha
kombinirana podmno2ica poleg funkcl] iz jedra
omogota d8e pospeSen prenos podatkov (expedlted
data) ter upostevanje lzida pogajanja [
parametrih povezave in je lahko simultaneo

dvosmerna all lzmenoma dvosmerna (half-duplex).

MAT/TOP specifikacija uporabl ja [§:]4] Basic
Connection - Orjented Session Service Definjtjon
(IS0 8B326) in IS0 Basic Connectlon - Oriented

Session Protocol Speclflcation /180 8327/.

Implementaci ja ISO nivoja seje sestavljata jedro
in dvosmerna simultana podmno2ica osnovne
kombinirane podmno2ice.

Predstavitventi nivo v

verzi jah prazen.

MAP/TOP je v trenutnih

Aplikaci jski nivo, sedmi , najvisji nivo v 0SI
referenénem modelu omogoda uporabniku ali
apllkac! ji uporabo servisov, ki jih nudijo ni2ji{
nivojl. Uporabnik dosega |In uporablja mre2ne
servise preko mnozice mre2nih orodi j
{procedurn!h knjiznic {in mre2nih wusluZnostnih
programov), ki so reallzliran! na apllkac!jskem
nivoju. Na sedmem nivoju MAP dolo¢a wuporabo
petih protokolov.

CASE (Common Application
je doloten [] standardom /IS0 8650/, MMS
{Manufacturing Message Service) z osnutkom
standarda RS-511, wupravijenje mreZe (Network
Manegement) doloc¢enim =z /1EEE 8802/1/ in FTAM
(Flle Transfer, Access and Management), ki ga
dalota /1SO 83571/. :

Service Elements), ki

TOP na aplikacljskem nivoju dolota le uporabo
FTAM.

CASE slu2i za vzpostavljanje komunikacije, torej
za povezavo med MAP aplikacljami. CASE tudf
skrbi za upravijanje 1in prekinltev 1zmenjave
podatkov. Ostali §tirje protokoll ha

aplikacljskem nivoju uporabljajo CASE.

RS-511 je nadzornt jezik, ki fe bitl razvit za
lokalne mre2e v industrijskem oko!ju in omogoda
centralnemu ratunalnliku nadzor in vodenje
perifernih ratunalnikov, robotov in
numericéno-krmil jenlh strojev. V EPA arhitekturah
pr! aplikacljah v realnem <¢asu je mo2na tudil
direktna komunikactja z linijsklm nivojem.

Servisi RS-511 so razvrdcenl v naslednje opisne
enote:

Splosgndi servisti, dostop do spremenijivk v
perifernih enotah, sprem! fanje dogodkov v
periferntih enotah, neposredno krmiljenje
perifernih naprav, upravijanje in usklajevanje
dostopa do kritieénlh zmogljivosti, razvrdlanje

poslov, enastaven
datotekami, komunikaci ja z operater jem,
belez2enje poteka proizvodnega procesa in
nalaganje programov na periferne enote.

prenos in upravljan]e z

Splodnl servisli omogotajo uporabniku, da
polzveduje o definiranth imenlh v drugih RS-511
sistemih, {zbrisejo nefzvrsene zahtevke, ki jIm

je potekel ¢as [n vrnejo sporoc¢ilo za sporoclilio,
ki ga ni mogo¢e pravilno dekodiratl .

Funkc!ja dostopa do spremenljivk v perjifernih
"enotah omogocta branje, pisanje, definicijo
spremenl jivk in definicijo tipov. Branje |in
pisanje ohranjata tip podatka, kar je pomembno

zaradi razliénost] interne predstavitve podatkov
v razlietnih sistemih. Mo2no je tudi{ obllkovanje
sestav] jenih spremenl jivk, kjer “je z enim

namenom definiranih ve¢ enostavnih spremen!jlvk,
kar predstav] ja prenasanje loglitno povezanih
podatkov.

Spreml fanje daogodkov v perifernth napravah
omogota hiltro wukrepanje v dolotenih primerih in
sinhronizaclijo ostalih dejavnost| glede na
dolotene dogodke. Neposredno krmiljenje omogoca
neposredno krmll jenje dolotenih naprav v
sistemu. Upravljanje ln usklajevanje dostopa do
kritiénth zmogl jivosti je potrebno zaradi
nezdru2!l jlvosti dolotenih akci]. :

Servis razvrscanja poslov 1zbira posel, k|l ga
mora fzvrsitl enota, ki je kontala prejsnji
posel. Osnovnl protokol v MAP za delo z
datotekamli Je stcer FTAM, vendar je le-ta za
dolotene primere preved kompleksen., Zato RS-511
dolota enostaven nabor servisov za delo 2

datotekaml .



Komunikacija 2z operaterjem omogota 1zpis omejene
kolicine 1informactje, kot so navodila operaterju
pri stroju in sprejem informacli od operaterja.
Za pretok veljih kolicin so definirani servisi
IS0 VTP (Virtual Terminal Protocols). BeleZenje
poteka profzvodnje omogota zapis In shranjevanje
pomembnih parametrov proizvodnega procesa, k! Je
nujno v nekaterih dejavnostlh (npr. farmacevtska
i{ndustrija). :

programov v periferne enote ase
razlikuje od dela 2z datotekami zato, ker mora
bit{ enota in njene vhodno/izhodne vrednosti v
znanem stanju, ko nalo2fmo program. V nasprotnem
primeru labko pride do nepredvidenih dogodkov,
k1 poskodujejo izdelke ali naprave.

Nalaganje

Servis upravljanja mre2e zagotavlja, da je
proces prenosa podatkov wutinkovit, pravolasen,
zanes! jiv in varen. Upravljanje mre2e lahko
razdelimo v dve funkcfonalnl enoti: gbiranje
podatkov .o mrelti in vodenje {n nadzor mreZe.
Oboje je ‘povezano 2z izkoristenostjo, statusom,
polotajem, zmogljivostjo ter razpolo2ljivostjo
in napakam|{ elementov mrefe.

Funkcije servise upravljanja mre2e omogotajo
postavitey mre2e v stsanje, v katerem lahko
prenada podatke, re8evanje iz napek,

rekonfjguracijo mre2e in 2akljutitev dejavnostt

v mre2i /IS0 8021/.

V MAP wverziji{ 2.1 e wuporabljfena skromnejie
verzija servisa upravljanja mre2e, ki je bila
zasnovana kot GM MAP Network Management
Requirements Specification in bo predvidoma

vkljugena tudi{ kot podmno2ica I1SO specifikacije.
Servis!{ FTAM za
datotekami 8o definirani z
standardom /ISO 85371/. Logi&no je razdelfen v
dva dela, protokol za prenos datotek In servisi
dosega In upravljenja, ki se uvkvarjajo z zadtito
in atribut! datotek. V MAP je mo2no pri
enostavnem delu z datotekami namesto FTAM
uporabiti tudi servise RS-511.

prenos, doseg in upravljsnje z

YV kasnej8ih verzijah TOP-a bodo definfrani{ 3e
drugl protokoll, kot 80 elektronska posta,
izmenjava dokumentov, ragliéni tlpi serverjev in
virtualnl terminal.

5. ZAKLJUCEK

S stalidéa wuporabnikov {n profzvajalcev opreme

za CIM se zdl razvo) MAP/TOP prepotasen. Potrebe
po opremi za CIiM zelo hitro naraséajo,
proizvajalci 1In uporabniki pa 2elijo dokonéine

standarde zanje.

Sprejemanje standardov je v splodnem dolgotrejen

postopek, ki vkljuctuje pogajenja med razlié¢nimi
komite i in delovnimi skupinami od zdru'en}
{ngenirjev ter zdru2enj profizvajalcev pa do

mednarodnih standardizaci jskih organizacij.

V primerjavi s podobnimi postopk] je bila pot
MAP-a skozf vse te postopke hitra zahveljujoéd
diroki 1in stalni podporl vseh zainteresiranih 2z
GM na celu /CONTROL 86/.

mednarodnim
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velje ratunalnidke hitrost:

se pojavl jajo vedno novi alternativni predlogi, ki obetajo bolj-
e raxmerie med ceno in zmogl iivostio ralunalnika. MNoveidi od

predlogov, ki trenutno zmaquie -

e posebei v pogledu mofnosti

realizacie. ie RISC arhitektura ratunalnika (Reduced Instruc-
tion Set Computer). Ta se odlikuje po preprostaosti materialne
opreme in po skladnosti med arhitekturo in prevajalnikom, Upora-

bliaio se optimirani prevajalniki,
zike navzdol do nivoia instrukcije.

mibroinstrukca )

i prevaiaj)o programske je-
Te instrubci je ne vsebujeijo

velikega adresnega virtualnega prostora 10
imajo kolikor mogote kratek ukaznmi

cikel. RISC arhitektura je

ena  naimlaifih rattunaloidkib arhitekbtur, ki med drugim obeta
tudi presenetliivo hitrost procesirania.

Frispevel daie pregled nad splo8nimi prancipi, znalilnostmi an
problematibko RISC arhitektur in dosefki na obravnavanem podro#-

L.

RISC ARCHITECTURES. As the race for higher speed in computers

continues, new alternatives

proposed promising better

price/perfomance. One of these new architectures that is gaining
momentum, is RISC - Reduced Instruction Set Computers. RISC aim
for both simplicity in hardware and synergy between architec—
tures and compilers. Optimizing compilers are used to compile
programming langquages down to instructions that are as unen-
cumbered as microinstructions in a large virtual address space,
and to make the instructuion cycle time as fast as possible.
RISC architectures are just around the corner and promise spec-

tacular processing speeds.

The paper qives short survey over

general KRISC principles,

characteristics, problems, and achievements on the area of re-

duced architectures.

1. UvVOD

Razvoi v svetu kaYe. da se bodo ralunalnigkl
sistemi v bodote nagibali k vse bol i poenotenim
in mani raznolikim arhitekturam. Vet ali mani
novi principi natrtanih ratunalnidkih arhi-
tektur. ki so se roievali od sredine 70-1h let
do danes, pa slone na dokai razlitnih pristo-
pih.

Obravnavani pristop ie pravzaprav presenetl jiv
ta danadnii das. Inatilen je po vse bholi kom—
plekanih in zamotanih ratunalniékih arhitek-
turah. Vel je ratunalniske zmoql jivosti so za-—
htevale tudi vetio ceno tako za materialno kot
programsko opremo. Zaled predstavl ja Intelov
iAFX 432, ki Je bil posebeij nal¢rtovan za to. da
podpira iezik Ada. V tak8nem. ti. CISC sistemu
(Complex Instruction Set Computer), ie mogote
povetevati radunalnisko zmoal jivost predvsem =
dodajaniem posebnih namenskih procesor jev ozi-
raoma naprav., kot so procesor za aritmetiko v
plavaiodi veiici, matriéni ali vektorski proce-

sor. posebna enota za upravljanie s pomnilni-
itom, cache pomnilnik in velkratna vodila. Zara-
di tak8nih, dokai neugodnih pristopov. 1n ne
nazadnie caradi kompleksnih mikroproaramskin
arhitektur v CISC istemih = velnivolskimi oape-
racijami. na kakréne naletimo pri VAXu., obsta-
iaije poskusi poenostavl janja procesorskih
struktur in rabe takéne proqramske opreme. L35
omoqoda ¢im optimalneido radunalnisko zmoagl 1~
vost. To ie tudi eden od bistvenih razlogov ca
obravnavani pristop. &i pa niti ni tako nov.
Seymore Cray iz Cray Research je bil vodilni
zagovornik RISC arhitekture v posledniih 20-in
letihs arhitekture., ki je bila vse do danes le
obiekt raziskav velikih raziskovalnih laborato-
rijev. Naividneifi raziskovalec na tem podrot)u
ie David Patterson iz University of California
at Berkeley., ki jie novi arhitekturi tudi prvi
nadel ime RISC.

2 omenjenim premikom v arhitekturi je mol dose-
¢i zavidliive hitrosti procesiranja tudi pri
manidih stroiih, ki se bodo lahko kosali =



DECovim
nasledniih

Micro VAXaom 11. Napora razviilalcev v
letah bondo &e nadal e usmer ieni

predvsem v povetevanie procesne moti. ki 1o e.
hot damneva ia, med povettati &e posebno pri
cenenih delovnih postaiah vsai za dva velikost-

na razreda.

Videt1 je. da ie v poaledu zahtev po narascaniu
procesne modi vadilna ratunalni8ha arhitektura
Risc. fa arhitelhtura bo v bodote . slone¢ na
ide:i poenostavitve osnovnih procesoarskih arni-
tektur., imela dalekosefen vpliv tudi na pro-
gramsko opremo. Izvedenci na tem podroliu pri-
tabuero:

- da bodo delovne postajle Ye v bli¥nai
nosti delale v obmo¢iu nad dva do
tmiljon instrukciy na sekundo’

~ da ®todo srednie veliki procesori (minira-
¢unalniki) delali s hitrostio 20 do 20O MIFS.
Fredvidoma bodo takéne hitrosti doseagliive e
do konca desetlet ia

- da bodo procesorii z R1SC arhitekturo in
zmogl jivost)o 2 do 10 MIFS dobavliivi pri neka-
terih alavnih prodejalcih ¥e v reku neka) mese-
cev do eneaa leta

~ da bodo namenski procesor ji ca visokonivo)ske
jezike (Lisp. fProloa in druaqe) zasnovani na
RISC arhitehkturi

prihod-
osem MIFSov

~ da se bo razvoini cikel mim in mikroralu-
nalnikeov, seqaiot od niihove zasnove do pro-
izvoda. tmanisal na leto dni ali celo manij.

2. KARAKTERISTIKE IN PRINCIPI RISC

RISC arhitektura ima nekai splo8nih znalilnos-
ti. ki 1ib ie moaote strniti v naslednje ali-
nejes

- Manige $8tevilo instrukcii, ki se odlikuiejro
po preprostosti., inatilno Btevilo ie pod Su
instrukei i, medtemn ko ima VAX Fkar 300
instrukcin.

- Vetina instrukcii se izvajla v enem samem
ciklu. Freproste so tudi instrukci ie tipa

load/store.
- Instrukciie so fikspe dolline. lato se =
materialno opremo la?ie derodirajo.

- Arhitektura je booata na reaistrskibh skladih,
ki upravl jaio ip.

- Frevajalnik ie integralni
Uporaba programshke opreme

del arhitekture.
(prevaialnikov) ie

primerneisa., kot mikrokoda v materialni opremi.
~ Arhitektura ie bogata na non-von Neumannovih
konstruktih 1n podpira viskonivoiske jezike.

lako zmaniduie semantilne vrzeli med
iem in jezikom.

- Odli¢no je razmer je v pogledu trenja
rialne/proaramske opreme (pri izkori8tanju VLSI
tehnoloaqi jer.

procesor -

frednost RISC arhitekture ie v tem.

- da io je sorazmeroma lahko
VLSI tehnologiii

- da omogota qradnio sistemov. ki so sestavl je-
ni iz posameznih gradnikov (modul arnost}

- da omoqota ulinkovito prevaranie

- da 'e moqole doselti izjemno kratek
janla proaramov

implementirati v

Cas izva-

RISC arhitektura kade vse vel io uporabnost tudi
v vetnamenshkem procesnem okol ius trditev., ki je
bila doslei motno vpradliiva.

Uspesnost arhitekture slon: na njeni skladnosti
s prevajalnikom. Zato, da se tak8na skladnost

dosefe, se uporabl iaio naslednii principi:
Regqularnost. Nekaj, kar ge Ye izvajla nekje na
nek natin, se na enak natin ne sme izvaiati

nikier drugie. Npr.. vtasih se nastavl janre cc
bitov razlikujie po zlogovnih ali besednih ope-—
racijah.

mate- .
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28002 VAX - FDF -
1 L8000 11/780  11/70
Leto
proizvodnie 1982 1980 1979 1978 197%
Osnovne
instrukci e 31 61 110 248 65
Splofni
reaistri AL 19 14 13 &
Natin '
naslavl rania z 14 te 14 12
Dol¥ina
adrese 2 249 14 2 16
Frekvenca osmn.
ure /MH:z; 7.9 10 ) S -t
Req.-req.
ses. jusek/ 0.4 0.4 0.7 .4 .5
Mogdif. indek.
razveii. 1.2 1.0 PANRA 1.4 0.8

Slika 1. Frimer java osnovnih znafilnosti. proce-
sor ja RISC1 in nekaterih drugih proce-
soriev oz. miniratunalnikov.
1EM BO1 R1SC1 MIFS
Leto .
proizvodnje 1980 1982 1983
Stevilo
instrukei i 120 29 59
velikost kontr.
pomnilnika o : [¢] o
Dol ¥ina
instruk., /biti/ 2 32 22
Uporabl jena
tehnoloqgi ia ECL MSI NMOS VLSI  NMODS VLSI
Model
izvaiania reg-reg req-reg reg-reg

Slika 2. Frimer java nekaterih osn.karakteristik

: RISC procesor jev,ki so bili proizvede-
ni v letih 1980 do B3.

Ortogornalnost. Fodatkovni tipi., mnaslavlijan)e

in instrukcije morajo biti definirana vsal
posebe}, v medseboini neodvisnasti. Npr.. vta-
sih uporabl jaro razlitne instrukciie razlitne

nattine naslavlianaija.

Zdru¥lrvest. Dopula se mofnost uporabe vseh
natinov naslavlianja pri kakr&nemkoli tipu
operatorja ali podatka. Npr.. programski jeziki

upodtevaj)o tip kot posebnost podatka. medtem lo
vaetiina strojlev uposteva tip kot posebnost ope-
rator ev.

Eden od
natin, ki

vseh. lzvajanie ie mofno le na en sam
se lahko izbere med vsemi mo¥nimi
nadini. Npr. ali samo .EQ. in .LT.. ali vseh &
relaci iskih operatorjev. Naibol i pogosto so
trije ali 4tirie.

Podpora gradnikonm, in
ni v gqenerirenju koda.
ciii. Jezikovni stavki
ni.

ne Integraciii. Froblem
ampald: v kodni optimica-
FOR in CASE so neuporab-

Naslavliianie. Naslavl.ianie ne sme biti omeiena
le na naslavl ianie preprostih polj in zapisov.

Vetina strojlev ne zagotavl ia ustrezne podpore
zapletenemu naslavl jan.iu.

Podpora okoliu. Fodpora izvaialskemu akol ju.
ki e zdaleka ni tako dobra. ot je podpora
aritmetiki in logqiki. se mora povetati. Npr. .



Freveden 1 C prevajalnik na VAX 11/780 1 C prevajalnik na RISC
program 1 1
————————————————— ] - ——— ] —————
1 VAX/RISC 1 VAX/RISC
obseq 1 na VAX na RISC I na VAX na RISC
ime tvrstic) 1 (sek) BMHz 12MH:z B 12 1 (sek) BMHz 12MHz 8 12
__________________ Jeom———— p— - 1
ld.c 1587 1 27.9 21.0 13,9 1.3 2.0 1 35.2 22.4 14.B 1.6 2.4
sort.c 875 1 17.4 13.2 B.7 1.2 2.01 20.0 13.2 8.7 1.5 2.3
puzzle.c 118 1 S.2 2.6 2.4 1.4 2.21 7.3 4.8 X2 1.5 2.3
1 1
skupa) 2578 1 20.5 7.8 25.0 1.3 2.0 1 &2.5 40,4 26.7 1.5 2.3
Slika 3. PFrimerjalni test zmogl jivosti C prevajalnikov na strojih VAX in RISC
skupinam skladov, dinamiénim povezavam, izjem- RISC 1 je bil implementiran v letu
nim situcijam ipd. RISC 11 pa v letu B3, Oba imata 32-bitno besedo
in 4 qiqgazlo¥fni virtualni adresni
Odkloni od osnovnih principov morajo Razlikujeta se v tem., da ima prvi dvostopenisko-
biti neodvisgni od implementaci je. Inadilno je, cevane instrukcije, 44k tranzistorjev in
.tehnologi je vseskozi zaostaja za nsek wuro., medtem ko ima drugi trostopenisko
arhitekturami. cevane instrukcije, 40k tranzistorijev in
nsek uro.
. Podpora materialni opremi v RISC-VLSI tehnolo-

giji so HDL uporabnidki programski paketi., ki I1BM je vsekakor pionir razvoia RISC ratunalni-
so posebej namenjeni natrtvanju RISC-VLSI ve- ka. Razvil je miniratunalnik BO1 z zmoqgl jivos-—
.zij. Poseben opisni jezik omogota uwlinkovit tio 2 MIFSa. Zasnovan je na emitersko sklopl je-
opis tovrstnih procesorskih arhitektur. Pri ni  logiki. Zasnova tega ratunalnika izhaja iz
MP2D-. pakiranju se uporabl jajo ustrezna orodja leta 1973, danes pa IBM e zakiuluie razvoj
za razme8tanje in povezovanje v postopku na- dveh vsebinsko povezanih razlidic komercialnih,
¢rtovania VLSI veziij. na Risc tehnoloaqiji zasnovanih ratunalnikov.

Oba projekta sta poznana pod skupnim imenom
Med najbolj perede probleme nalrtovanja RISC ROMF. Eden od njiju je vetuporabniliki sistem za
arhitektur je vpraBanije kompleksnosti VLS prevajalnisdko procesiranje. ki bo. sodet¢ po
vez ja, ki nai bi se razumno omejila. Z novo aovoricah., v kratkem tudi komercialno doseag-
arhitekturo se povela tako &tevilo kot kvalite-— liiv.

ta varaienih novih virov, naraste pa tudi zane-
sl jivost sistema. Vendar prina8a nova arhitek-

tura tudi negativne vplive na ganilno sposob- med 2
nost {(mot) vrat, ki s kompleksnostio vezlja
upada. Zakasnitve vsled dekodiranja in dal j8ih

prenasnih poti podatkov nara#tajo. s tem pa se

manj8a ‘hitrost CFU., Ti negativni ulinki so 8e
balj idzraziti pri CISC arhitekturi, kjer ie Ha.
kompleksnost VLSI vezija enega samega izredno

sposobnega procesorija. nuijia. S kompleksnostjo

tipa se skokoma povetaio tudi stroski nadrto-

vanja in testiranja procesarja. Zato je prita-

kovati resitev le v multiprocesorskih sistemih prizadevaniu
2 izkoridéaniem velike estopnje sotasnosti, med

medtem ko so posamezni procesorji v RIBC-VLSI dunalni kov.

submikronski tehnologiji s sorazmeroma prepros-—
to organizaci io zelo hitri in zato utinkoviti v
izvajanju.

RISC

lz° qornijega je mogole povzeti filozofijo

arhitekture:

1. Izbor tipa in kolidine virov mora maksimizi-

ratunalnika
Namenjen je trii&lu super-
ki so arajeni 2z 16 in 32 bitnimi

dipi, podobnim procesor jema

Za novi ratunalnik je predviden
operaci jski sistem, ki Jje posebna verzija Uni-
Druai projekt je na Riscu zasnovana infe-
nirska delovna postaja. ki dela v obmotju nad 2
MIFSa.

Domnevaio. da bo zmonqgl jivost teqga
in 10 MIFSov.
ratunalnikov,
ratunainidkimi

68010 in 68020,

Foleg omenijenih proiektov obstajajo ob skupnem
za tim tesne jde sodelovanie (npr.
1AM in Austin) #e drugi proiekti RISC ra-
Med njimi so razlilice radunalnika
801, ki tetejo kot koprocesorji v sklopu neka-
terih vetjih IBM-ovih centralnih enot. TX je
eden od rezultatov IBMovih naporov., da bi raz-
vil napredno delovno postajo. Menda je ¥e raz-
vita. RISC implementacija na nivoiju vtitne e~
note,” namenjena ratunalnikom Serije 1 in FC.
Ali bo rezultat teh projektov tudi komerecialno
daseql jiv pradukt, je nemogote napavedati. IBM

rati pozitivne in minimizirati negativne utin- ima namret¢ navado, da razvija 8tevilne pro-
Ke. dukte, od katerih je marsikateri neuspedien.
2. U¢inkovitost stroia mora biti ovrednotena s Zanesl jivoe je le to. da IBM ne bo hotel iz-

tasom idzvajanja HLL programov in ne s 4tevilom qQubl jati prednosti, ki jo ima v novi tehnologi-
strojnih instrukcij., ki pripadajo enemu samemu ji« in bo 4e nadal je poskuBal, da bo kontno te
HLL stavku. uspel in ¢im vett iztr#il na ratun ¥e vlo#enih
3. Fomembno Jje. da se kar najbolj poenostavi sredstev.
kodni optimizator. me pa generator koda.

MIFS, Sun, Apolla., Silicon Graphics in Conver-

3. PREGLED RAZVOJNIH DOSEYKOV

gent so padietja. ki planirajo prodajo komplet-
nih delovnih postai. Niihovi RISC ratunalni#ki

produkti na nivoju vtidne enote (boarda) s0
Razvoij RISC arhitektur je najpreje potekal v predvsem zaradi optimiranih prevajalnikov kar
raziskovalnih laboratorijih firme IBM (ralu- desetkrat hitreidi od standardnih mikropraoce-
nalnik z ozpako 801). University of California soriev,
at Barkelev (RISC I in RISC ID) in Stanford .
University (MIPS). Glej sliki 1 in 2 ‘. Tri Tudi DEC nafrtuie rabo novih RISC konceptov.
manjde firme so fYe realizirale produkte na Danes Z2e teteta vsai dva tovrstna proijekta.
osnovi Risc tehnologi ie. vedina aqlavnih dobavi- Eden od njiiu je znan pod imenom Nautilus.
tel jev ratunalnikov pa je pritela dobavljati Ratunalnidki produkt tega proiekta v ECL tehno-

tudi fe prve poskusne serije komercialnih Risc
ratunalnikov.

logi ii bao imel zmaql jivost nekaij
bo delno zdrufliiv z VAXom.

10 MIFSov
€Cilj drugega

in
pro-



jekta je in¥enirska delovna postaja. poimenova- Tako je resSevanie kompleksnih linearnih enaéb v
na Titan. 2moql jivost postaie bo 2 MIFSa in bo polni natan¢nosti na ratunalnikih RISC arhitek-
omogotala instalacijo nekatere VAXove aplika- ture pokazalo zelo dobre rezultate. Ena tak#nih
tivne proaramske opreme, vendar z VAXom ne bo grup. kot ije Argonne National Laboratorv., je
popolnoma =drufl iiva. objavila rezultate testov, ki jih je opravila

. ha 150-ih ratunalnikih z razli&nimi prevajalni-

Na konferenci pred dobrim letom dni je prezi- ki, Tabela na sliki 3 kafe primerjalni test
dent. DECa ken Olsen, ko je naijavil VAX B6S0 zmogl jivosti C prevajalnikov na stroijih VAX in
izjavil., da je bil DECov napor na razvoju RISC RISC.
zasnovanih ratunalnikov doslei v vetji meri
neuspeden., hkrati pa dodal. da bodo kljub neu- Vse bol i ie jasno, da RISC ratunalniki ne bodo
spehom tega razveoia 4e nadalije vlagali vse le domena velikih firm, ki imajo vse vire za
svoje napore. . razvoi lastnih RISC ratunalnikov. Tudi manjisi
proizvajalci bodo svoje razvojne zmogl jivosti
Prav tako kot drugi se je tudi Hewlett-Fackard uporabili za razvoj ratunalnikovy - =z vodili
opri jel move tehnologiie. Naznanil je, da bodo = Multibus II in VME -~ na nivoiu vti¢nih kartic.
v bodote vsi niegovi pomembnejfii ratunalnidki MIFS Computer Svystems Inc. od Mountain Wiev,
projekti zasnovani na RISC arhitekturi. Tak&no Calif., Jje Z2e razvil na nivoju vtiéne kartice
usmeritev izvaja Ye pri  nadalini qradnii in za VME vodilo RISC ratunalnik, ki je zasno-
serije ratunalnikov HF 3000, ki bo zdruZljiva 2z .van na eni od prvih arhitektur, ti. na Stanfor-—
vso Hewlett-Fackardovo obstojeto aplikativno dovi MIPS arhitekturi. Imogl jivost tega ra-
programsko oprema. V okviru tega proiekta, tunalnika sega do 8 MIPSov in je zgrajen okrog
imenovan Spectrum. napovedujejo ratunalnik, ki 32-bitnega RISC tipa, ki ima instrukcijske in
bo zasnovan na ve! procesoriih s 64 bitnimi podatkovne cache pomnilnike. Temu je dodan &4-
podatkovnimi besedami. Pritakujejo. da bo zmog- bitni procesor za aritmetiko & pomi¢no vejico
1jivost naovega radunalnika blizu S db B MIFSov., procesne moéi 10 MIPSov {(kar pomeni miljon’
kar pomeni. da bo njeqova zmogliivost napram aritmetiénih operacii v pomiéni vejici na se-
ratunalniku danasnje serije 3000 vel kot podvo- kundo). ki je prav tako v RISC tehnoloqiji. ter
iena. odli¢no optimiran prevajalnik za UNIX V ali

4.28BSD. Vse to na eni sami vti¢ni enoti.

Gigantski AT&T., ki dobavlja UNIX in C, napave-

duje, da bo razvil na RISCu zasnovan "C stroj". Inmos. ena naljpomembnejdih britanskih firm

ki bo optimiran za C jezik. Lastne in tuje ratunalnidkih komponent. Jje ponudila tr2i8&u

razvoijne arupe so temel jito ovrednotile rabo C 16-bitne (T 212 in M 212) in X2~bitne (T 414 in

programov., take kot ld.c. sort.c in puzzel.c. kmalu tudi T B00) RISC procesorske enote. ime-—
Operaci ia Operandi Kamentar Brezpog.indir.skaok

Aritmetitne in logifne operacije

Ada R1,R2,Rd Rd:=RZ+R1

And R1,R2.Rd Rd:=R24R1

Ic R1,R2,Rd Rdi=zlog R1 v Rd se zamenja z RZ
Or R1,R2,Rd Rd: =R2VR1

RIc R1,R2,R3,Rd Rd:=RZVR3 rotiran preka R! pozic.
Rol - R1.R2,Rd Rd:=R2 rotiran preko Rl pozicij
's11 R1.,R2,Rd Rd:=R2 pomak.levo preko R1 pozic.
Sra R1,R2,Rd Rd:=R2 pomak.desno ‘preko R1 po=z.
8rl R1,R2,Rd Rd:=R2 pomak.desno preko R! poz.
Sub R R1R2.Rd Rd:=R2-R1

‘Subr R1,R2.Rd Rd: =R1~-R2

Xxc R1,R2,Rd Rd:=zlog R1 iz RZ2

Xor R1,R2,Rd Rd:=R2(+)R1

Prenosne operacije

Ld A(R) Rd Rd: =M{A+R)

Ld (R1+R2) ,Rd Rd:=M{R1+R2)

Ld (R1>>R2) ,Rd Rd:=M(R1 pomaknjen preko R2)

Ld A,Rd Rdi=M{A)

Ld 1,Rd Rd:=1 .
Mov R.Rd Rd: =

St . R1.A (R} M(A+R) : =R1

St R1. (R2+R3) M(R2+R3):=R1

St R1, (R2>>*R3) M(R2 pomaknjen preka R3X):=R1

St R.A M{A) s =R

Nadzor prengsnib operacij

Bra Rd PC:=Rd+FC

Bra Co.R1,R2,Rd FPC:=Rd+PC ¢e Co(R1,R2)

Jep . Rd FC:=Rd

Jmp A(R) FPC:=M(A+R)

Jump AR) FC:=M(A+R)

Trap Co.R1,R2 FC:=0 te (R1,R2)

Druge gperacije

Save FC A MA(A) :=FPC(-3)

Set Co,R,Rd Rd:=-1 e Co(R,Rd)

Rd:=0Q &e ni Co(R,Rd)

Celodtev. sestev.
t.agitni "in"
Vstavitev zloga
Logiéni "ali“
Kambini.rotacija
Rotaci ja

Log.levi pomik
Aritm.desni pomik
Log.desni pomik
Celo#itev. oditev.
Obrnjena Sub
Izlotitev zloga
Log.ekskluz. "ali"

Nalag. (baz.nasl.)

Nalag. (baz.indeks)
Nalag. (baz.pomika)
Malag. (nepos.nas.)
Nalag. (takoj.nas.)
Frenos (zloga/req)
Shran. (baz.nasl.)

Shran. (baz.indeks)
Shran. (baz.pomika)
Shran. {(nepos.nas.)

Brezpog.relat.skok
Pogoini skok
Brezpog.skok nepa.
Brezpoqg.skok baz,
Brezpog.skok posr.
"Trap" instrukcija

Regi’vedstop.
PC po pasti/preki.
Fog.nastavitev

Slika 4. ' Stroini kod, ki je znatilen za procesor z RISC arhif%ktUra



novane transputer)e. i so med sebo) popolnoma
zdrudlijive. lTransputer e raffunalnik na ip. ki
omoaota ldzvajlan)e vel procesov hkrati in  tudi
sam shkrbi za kvomunikaci jo med Mjimi. Komunika-
cija poteka preko skupnega pomnilnika. Vet
transputer jev se lahko pove:zuie med sebo’ preko
kanalov v velprocesorski sistem, ki omonota
konkurentno idizvaianie velih procesov.
sisteme Jje mot¢ #e nadal ie povezovati v 8Be
vetie sisteme in tako graditi sisteme s po-
}jubnim  Ytevilom transputer jev. Transputershki
sistemi niso vet zasnovani na von Neumannovi
arhitekturi. kakrdno ima sam transputer. Zato.
in zaradi sposobneqa transputerja lahko daseqa-
jo ali celo presegajo zmogl)ivest danaénjih
superratunalnikov. Zakl juteni transputerski
sistemi se povezuilelo med seboi in s standardno
mikroprocesorsko periferijo preko posebnih  v-—
mesnikov t.imenovanim “link adaptorji" IMS
Coot in IMS Cooz, ki1 skrbijo za medseboino
sinhranizac: 1o veti1h sistemov ozirama sistema o
niegovo periferijo.

3d-bitn: transputer T 414 je splodna namenskhk:
in fmore 10 MIFSov pri 20 MHz. Frav tako ie
splodnanamenskl nijegov predhadnik T 212, medtem
ko te M Z1d namenski transputer za kontrolo
intelioentneqa diskovnega sistema. T 414, k1 je
predstavnik te droufaine, ie ixdelarn v 1.5-m k-
ronska CMOsS tehnoloal it s preka 130k transis—
toriev v 84-pinskem ¢i1pw. Frocesor 1ma 32-bitne
notranie 1n tunanie izhode za naslove 1n podat-
hoe, ki so multipleksirany 1n dosegailo hitrost
prenosa 20 meqgazlwoaowy, d4-giqaxlo¥n linearn:
naslaovni prostar , FROM in @k SRAM  pamnilaiba
ter 4 medtransputerske kaomunilhaci iske kanale. V
pogledu nabora ukazov transputer aodstapa ad
abi¢ainega nabora uwkazov FRISC arhitekture,

predveen pa Steviiu veeh ukatov in prasotnosti
whazov za mnofenie 1n del jenie.

Stavki Foqostast Stroine Fomnil.
uporabe instrukci je reference

Call/return 12

Loops 3

Assian hd

If 43

With - - -
Case 1 1 1
GoTo x ] Q

Slika 5. Faqostost pomnil.referenc v programih,
ki so napisani v jeziku C ali Fascal '

Stroi / tas dtev.izv, pomnil.dosto

procesor icvaianaia instruk. do podathov
(S C % (SRS

VAX—-11 26 ] 19

FDF-11 22 1 15

H£BONO 12 <& 12

RISC 1 2 & 0.2

Slika &. Frimeriava procesor'a RISCtEL = nekate-
rimi drugliml procesor i

Froizvaialec transputerjev e poskrbel tudi za
wudinkovito in takko programivanje Y] jezt ku
OCCAM. ki aa 1e lmmos paosebed razvil za tran-
sputer. Frevedli so ga Ye tudi za druga okol)ja,
npr. VAx in IBM FC.

Tak8ne " -

NUR (Davton, OH) 1e prva drufba. ki1 e ponudaie
tr¥i4fe na RISCu osnovano vtidno enoto ta vodi -~
lo Multibus 1. Vtitna enota NCR/3IZ-796A 1e 12—
bi1tni sistem, ki ima dva vmesniha za vhodne in
izhodne podatke 24-bitneqa Multibus vodila.
Ytid¢na enpta ie i1nstalirana v razvoinem sis-
temu., ki je zasnovan na stroju NCR 3200, in
dela ali kot koprocesor ali kot emulator :zelo
intenzivnega procesor ja. Instrukciiski cikel je
150 nsek., ki izvaja prevajanie s hitrostio &.%
MIFSa. Nadal int NECovi razvoini planiy pa pred-
videvaio vti¢no enoto za 3IZ-bitno vodilo.

Dandanes obstajajo trije komercialno doseaql iavi

ratunalnidki sistemi, ki bazirajo na RISC arhi-

tekturah. Ti sistemi s0 pradukti firm Ridage
Computers Inc. oaof Santa Clara. Cali+4.., Fyramd

Computer lnc. of Mountain View. Calif. in Cele-

rity Computing Inc. of San Diego. Calif. Vse
tri firme dobavl iaio raCunalnike, ki s0 v rar-

redu zmoagl jivosti naimani 2 MIFSa. Ridge 12 ima

paleq reducirane mnofice instrukcij tudi1  vel

prekrivnih registrov. Seri jo Ridge I sestav-

lraio 32C, ki ie vetuporabni8ki sistem., 1n 327G,
b3 Je majhen encuporabnidbi sistem, posebe

nadrtan za UEM uporabnike. Obe enoti imata 3I2-

bitne podatkovne 1in adresne pota. 125 nsek

cikel, cevanie instrukci)j v 8tirah  stopniah,

virtualni pamnilnik, procesiranije s plavajoto
veiica in gqrafiko z bitnao preslikave viscke
resoluci je. Frodukt je razlitica Eerkelevevega

RISCa. posebe i natrtavane za potrebe trié4ta,

le so: podpara materialne opreme hitremu kon-
tekstnemu preklapl janiu, ki  dovoliule rabo
gtevilnih vhodno/izhodnibh naprav, vet uporabni-
kov 1n procesov. Foleg tegqa uporabl ja Ridoe 3L
namesta enega obitajinega VLSI ¢i1pe standardni

TTL. Operaci jshka sistem je RQS. izpel jan 1z

UNIX V in 4, 2RCD. Ta omogota dodatne zmoaglai -
vosti ., i Jih vedina implementaci i UNIXa nima.

e so: pageniranie virtualnega pomntlmika,

visoko zZmoql iiv datotetni sistem in hiter med-
procesni komunihkacl iski sistem, ki komunicira s
sporotila.

Fosebna odii1ka sistema Ridae 22 1e uwéinbovita
padpora qrafiki. 19" barvni zaslon i1ma osemrav-
ninsko resoluci io 1024x768 pixelov, kontrolna
vti¢na enota pa 138k lastnega pommilmika za
agrafiko. Ta dopuéta osvelevanije 60 zaslonskih
slik na sekundo. Fodobno kot pomnilnik je paqgi-
niran tudi vhod in izhod 1= diska. ROS 1ma
vetokenski. zaslonsko orientiran weijevalmk za
utinkovito strefbo arafiki.

Radunalnidki sistem Fvramid 9Ox ie I2-bitm
raunalnit =z virtualnim pomnilnikom do BO meqga-
zlaqgov. CFU s 128 nsek ciklom je name&len na
treh vti¢nih enotah skupa) s procesoriem 68000
za sistemsko podporoc in diagnostiko. Tako kot
transputer tudi procesor Fyramid odstopa od
tlasitnih RISC kriteri jev predvsem v dvociklid—
nih instrukci jah in v rabi bolj tradicionalne
artitekture ca vhodno-izhodne operaciie 10
specifitneqgqa procesirania. Zelo bogat je na
registrih. &2 registrov je razvr#tenih v 64
registrskibh shkupin, Te skupine reqistrov., k1
1majo RISCu podobne prekrivne registre, podpi-
ralo do 128 uporabnikov. Oba radunalnika, Ridge
in FPyramid sta zqrajena v MSI 1n VLSI logtkz .
medtem ko ie Celerityviev ratunalnik C1200 zare-
wen ohrog NCR-ovega 32-bitnega procesorsteqa
Eipa, ¥i ima do 1& tilozlofni reagistrsk1 skiad.

Fyramid 901 podplrailo MLL za CADRD/CAE. podattov-
ne baze in expertni sistem UNIX, operacijski
sistem s tasovnim dodel jevanjem, prevajalni ki
za C Fascal in F77. Dva do pethkrat je Mitrejé:
od VAX:-11/780 pri mnogo nifji prodaini cenr.



4, ODLIKE RISC ARHITEKTURE

Risc ratunalniki so primerni za uvajanie &te-
vilnih tehnik., ki so bile razvite %e v pretek-
lih letih z namenom, da se poenstavi in pospesi
izvajanije programov, predvsem tak#nih, ki so
zapisani v visokonivojskih jezikih, in izvajan-—
je funkcij., ki se nana8ajo na operaci jske sis-
teme. Johan Hennessey, ki je vodil razvej danes
%e zastarelega Stanfordovega MIFS RISC proce—
s0Orja. in njegovi komercialni naslednjiki, so
uporabl jali pri opisovanju RISC arhitektur
vzdevek “prodoarna'" arhitektura.

Zakaj takéno navdudenje nad RISC arhitekturami?
Odgavar je preprost. Te arhitektwe te?ijo

65

¢ih sistemov RISC ¢tipi.
najmanj 2 MIFSa, kar je skoraj dvakrat ve#, kot
zmaore DECov VAX s procesorskim tipom 78032,
Zaradi optimiraneqa izvajanja programske opreme
in direktnega izvr#evanja kode, je Jjasno, da
ima RISC prednost v mnogih procesnih aplikaci-
jah., Kljub temu pa je, in bo tudi v bodote, &e
veliko ratunalnigkih sistemov, ki kode ne izva-
jajo direktno., vkl juéno upravl janjem program-
ske prekinitve, dodeljevanja virov ter vhodov
oz. izhodov. :

2 njimi sta doselena

z

Raba modernih instrukcij. za katere sa znatilne
tudi prepraste instrukcije tipa load/store (in
ne tak&ne, kot so sicer potrebne za prenalanje
blokov in podobno) in za katere je pomembno, da

predvsem k preprostejiim notranjim strukturam z se lizvajajo v snem ciklu, narekuje uvajanje
namenom, da se pavela hitrast procesiranja in druga&nih procesorskih ¢ipov. Natrtovanje le-
premosti silikonska bariera. ki zavira hitrej#i teh je motno poenostavl jena. Mikroprogramiranje
razvoj ¢&ipa in vetio qostoto elektronskeqa ni vet potrebno in bistveno se zmanj#a tudi
vez ia na mikroprocesorski ¢ip. V drugem raz- kontrolna logika. Vzrok preprostosti RISC za-
delku so bile #e podane bistvene karakteristike snovanega procesorja je v bistveno manjfem kodu
RISC arhitekture, utinkovitost le-te pa se asemblerskeqga jezika. Tak#ien kod, ki je zelo
nazorno pokale ﬁele'z zmogl jivostjo Ye obstoje- preprost. je prikazan na sliki 4 za MIPSov ¢ip.
. tas
raporedno Izvaianie
Instr.1: IF XQ oD sx OF
Instr.I+1: IF ID OD 8SX OF
Instr.I+2: IF Ip 0D SX OF
cevano Izvajanie
————————————————— I——-~1 1
Instr.1: IF ID oD SX I OF I 1
————————————————— Je-—--1 I
——————— I-——=]-—=]-—=-
Instr.I+1: IF ID 1 OD I SX I OF
e I—w——Jm——=] =
. e et G it
Instr.I+2: 1 1IF 1 ID 1 OD SX OoF
-l —mem e
1
1
1 I 1
v v v
Instrukci jski Podatkovni
ALU pomnilnik pomnilnik
I-e——]=——-1 I-———-]-~--1 I—~—=1--=-1
1 1 I I 1 I Instr. I OF 1 1
[——=-~I-=~-1 I-———=1-——-1 I I~—~=]-—--1
Instr. 1 OD I SX I # R I I I 1 I 8X 1
I+1 I-——I-—--1I I-~~=f-—-—1 I-——--l-~--1
1 I I Instr. I IF I ID 1 I 1 1
| S I~==--1I I+2 I-——=~]—---1 I———I-——-1
*) pomeni, da je ALY rezervirana za rabo OD in SX instrukcije I+1

DADELJEVANJE VIROV MED FREVAJANJEM FRI CEVANJU INSTRUKCIJ RAXUNALNIKA MIPS

Stanie Hnemonik Opravila
Dostava Iinstrukcijie IF Dostava [z PC in PC Iinkrementira
Dekodiranje Instr. ID Dekodiranje Instrukciie
Dekod. wperanda ap  Izratun ef.adr.Iin nasl.pomn., fe "load/stoere”
Izratun nove vzebine PC, £e razveiitev,
sicer se uporabl ALU za reg-reg aperaclie
Shran./izvaianijie SX Vpis Qpe(anda. Le “store”
operanda Raba ALY za komparaciio, #e "compare—-and-branch”,
sicer se uporabi ALU za reg-reg operaciije
Dosztava operanda OF Odeitanie opreanda, Le "load”
GLAVNE STOFNJE IN FUNKCIJE CEVANJA
Slika 7. Vetina instrukcij se lahko izvaja konkurentno s cevanjem



V nasprotju 2 zgoraj opisanimi znalilnostmi pa
dandanes vedina procesorjev uporabl ja mikropro-
grame, ki omogotajo izvajanije vsake strojne
instrukci je. Pri nafrtovanjiu VLSI vezij postane
zelo zahtevna ne le dekodirna logika #tevilnih
in zapletenih instrukcij, temvet tudi implemen-—
taci ja mikroprogramiranja. Nasploh je opazna
tendenca, da postaja kontrolna logika neregu-
larna in kompleksna ter zato zaseda %Ye velik
del silicijeve povr#ine.

Arhitekture s #tevilnimi registri so tudi manj
zahtevne v pogledu materialne opreme, ki uprav-
lja klice procedur in ukaze za vrnitev iz pro-
cedure v glavni program. Tovrstni upravljalni
postopek potrebuje pri velini programov, ki so
napisani v C jezikuw ali v Pascalu, vet pomnil-
nigkih referermc, kot kaka druga aktivnost. Iz
tabele na sliki S je razvidna v procentih izra-
Yena pogostost uporabe posameznih stavkov, ter
strojnih instrukcij in pomnilnidkih referenc v
stavkih samih. RISC navadno uporabl ja
(pushdown) sklad skupin registrov. Vsaki
proceduri je dodel jena skupina registraov.
Skupine se med seboj prekrivajo in zato so
prekoraditve pri prenasanju parametrov manjse.

S kontekstnim preklapl janjem iz ene procedure v
drugo (reditev eneqa okol ja, postavitev nasled-
njeqga) se nalaga oziroma prazni skupina regis-
traov v skladu. Omenjena manjfa zahtevnost regi-~
streko usmerijenih arhitektur ~ v pogledu sicer
e preved obselne materialne gpreme - in win-~
kovitost takénih arhitektur je nazorno prikaza-
na & primerjavo procesorja RISC I z nekaterimi
drugimi procesoriji (Glej sliko &!).

Registrsko usmer jene arhitekture zahtevajo bis-
tveno manito pasovno 4irino pomnilnika, kot se
zahteva za podatek v registrskih bankah na
¢ipw samem. Nadal je se je izkazalo, da se =z
vetanjem registrskih skupin ne veéa tudi utlin-
kovitost procesiranja. Pri mnogih aplikaci jah
je osem registrov na registrsko skupino dovolj
za uwdfinkovito procesiranje pri obéutno manjd;
rabi pomnilnika.

6. VLOGA PROGRAMSKE OPREME RISC

Fri natrtovanju RISC arhitekture je klju¢nega
pomena sistemska programska oprema, ki v RISC
arhitekturi nadome¥éta sicer kompleksno materi-
alno opremo CISC arhitekture. Med natrtovanjem
materialne opreme, bodisi na nivoju kontrolne
logike, bodisi na nivoiju mikrokade, se natrto-
valec sootamo s 4tevilnimi problemi izvajanja
instrukcij. Fri RISC arhitekturi so ti problemi
prenedeni na programsko opremo in jih v vedji
meri resujejo prevajalniki. Ne refujejo se ved
med izvajanjem samim, Prednost tega je, da za
specifiéne primere ni potrebno ve# vnaprej
natrtovati izvaijanje vsake instrukci je.

Omenjena problematika se med drugim pojavlja
pri  koordinaci ji procesov, ki je izvedena =z
materialno opremo procesor ja. Vedina cevanih
instrukcij procesor ja se lahko izvaja konkuren-
¢no, vsaka od njih trenutno na drugi stopnji
izvajanja. Primer ponazarja slika 7. Koordina-
cija procesa prepretuje izvajanje tistega kora-
ka dizvajanja instrukcije, ki je odvisen od
trenutno 4e nedostopnega rezultata izvajanja
preifine instrukcije.

Koordinaci ja procesov cevanja pri MIPS proce~
sariu ni redena z materialno opremo, kot Jje
sicer obitajno., Namesto nje skrbi za detekci jo
koordinaci je procesov prevajalnik in njegov
popracesor., imenovan reorganizator. Ta s pri-—
mernim razvrétanjem instrukecij preprefuje vsa-—
kr&ne konfliktne situaci je. Nalin koordinaci je
s prevajalnikom in poprocesor jem dokaj wu€inko-

vito zmanj8uje kompleksnost in obsefnost koor-

dinaci jske kontrolne logike.

Med najvelie rezultate naporov za povedanje
utinkovitosti instrukcij 4tejemo uporabo razve-
jitev v obstojetih arhitekturah, ki izvajajo
instrukci je & cevanejem. 1 omenjenimi razvejit-
vami dodatne spremne instrukcije pri cevanju
niso ved potrebne, prisotne pa so manjde -fa-
sovne izgube zaradi primerov ponovnega polnjen-—
ja cevi s tokom nove instrukciije. Izqube so
lahko =znatne le v takdnih aplikacijah, pri
katerih doseqa (kot na primer pri VAXu) ¢&as
izvajanja razvejitvenih instrukcij do 25% <dasa
izvajanja vseh instrukcij programa.

MIPS je natrtan tako, da prevajalnik najpreje
pregleduje instrukcije glede na razvejitvene
izgube, nato pa jih ponovno razvréa s pomoljo
t.im. tebnike zakasnenega razvejevanja (Glej
sliko 8!)., S to tehniko se lahko izkoristi do
0% najmani8ega mofnega tasa izvajanja.

MIFSova programska oprema, ki se nana$a na
materialno opremo, pa se mora spopriiemati e =z
drugimi problemi. Eden teh je na primer tesno
povezana prekoratitev majhnih rutin pri vstav-
ljanju koda namesto klicev.

RISC, tako zaradi svoije navezanosti na program—
sko opremo, kot zaradi odtujitve mikroprogram-
skemu nivoijuw, dobro podpira viskonivoiske je—

zike (HLL). Praviloma nima treh jezikovnih
nivojev: vishkonivojskeqga, zhirnega in mikrokod-
nega, ampak direktno preslika dan (obitajno

HLL) jezik meposredno v stroini kod. ki je z
materialno opremo Ye tudi izvedljiv. In ne samo
to, =zaradi preproste arhitekture je #tevilo
procesorskih instrukecij, ki so0o potrebne za
izvajanije stavkov visokega programskega jezika,
majhno.

4. RISC IN VLSI

Ome jene razvoine mofnosti, ki 0 pogojene s
silici jem. ka¥e med drugim tudi zgodovina raz-
voja 32 bitnih procesorjev, kot so Nationalov

32032, Motorolin MC68020 in Intelov BO3I8B6. Pri
veakem od niih so bili 8tevilni spodrsljaji in
terave, tako pri nadrtovanju, kot tudi pri
proizvodnji. Slika 9 kale primerjavo znatilnih
podatkov o razvoju mikroprocesorjev RISC 1 in
dveh novej8ih mikroprocesor jev.

Iz slike 9 so razvidne razlike pri natrtovanju

logi¢nih planov (logic layouts). Za RISC je
znatilen nizek procent iregularne kontrolne

Naslov Normalna Zakasnjena Optimiranje pri
razvejitev razveiitev zakasnjeni
razvejiitvi
100 LOAD X.A LOAD X.A LOAD X.A
101 ADD 1.A ADD 1.A JUMF 105
102 JUMF 105 JUMP 106 ADD 1.A
10X ADD A.B NO-OP ADD A,B
104 sug c.B ADD A.B Sur c,B
105 STORE A.Z suR c.B B8TORE A,Z
106 STDRE A,Z

Slika B. Razvr#tanie instrukcij s tehniko
zakasnjenega razvejevanija

logike in velik procent regularne logike, kot
sa registri. Regularna logika omogota 1la?je
naértovanje. ki je zato tudi hitrejle. S tem se
bistveno skrajda ¢as, ki je potreben, da stele
redna proizvodnja produkta, ratunajol ta ¢as od
zatetka njegovega snovnia.




RISC je =zaradi
primeren tudi za namenske
Frojektanti produktov, ki so namenjeni procesi-
ranju visokonivojskih jezikov, so se hitro
opriieli RISC arhitektur. Projektov te vrste je

svaje relativne preprostosti

VLSI procesorje.

ve€. Pri Berkeleyu sta zasnovana dva proiekta.
FPrvi projekt predstavl] ja implementaci jo Smal-
ltalka na RISCovem ¢ipu v enoti sistema na

nivoju vti¢ne kartice delovne postaje firme Sun

Microsystems, V drugem projektu pa je RISCov
tip namenjen izvajaniju jezika Lisp in je wvgra-
jen v vetprocesorski konfiguraciji. Sistem
omogota gradnjo konfiguracije z najve¢ osmimi

kartitnimi enotami, osnovanimi na RISCu. Vsaka
teh enot ima velik cache pomnilnik. Povezane so
na vodilu skupaj s skupnim pomnilnikom, preko
katereqa tudi komunicirajo.
Razvoine karakteris. Zilog Motorola RISC1H

mikroprocesor jev 28000 M&BO00O
Vse pomnil,

naprave 17.5k 68k 44k
Vse pomn.naprave

brez ROM pomn. 17.5k 37k 44\
FPogonshe .

naprave 3.5k 3.0k 1.8k
Reqularizaci jski

faktor 5.0 12.1 25
Velikast &ipa

(mils) 23Bx 251 246x281 406x309
Fovréina

{(kv.mil) 60k 69k 124k
Velikost kontrolne

pov. (kv.mil) 37k 42k 7k
Kontrola v % od

celot.povry. 53% 627 &%
Trajanje razvoja do 1.

silic.produk. (meseci) 30 30 19
Obseq razvoinega dela .

(Elovek mesecev) 60 100 15
Uvajanje v proizvodnio

(&lovek mesecev) 70 70 12

Slika 9. Frimerjava mikréprocesorskih razvojnih
karakteris. med RISCt in njemu primer-—
ljivima procesoriema ZIB80Q00 in M&BOOO

7. ZAKLJUEEK

RISC arhitekture se vse bolj
dolotenih podrotjih, kot so npr. delovne po—
staje in namenski procesorji. Vendar prita-
kujejo, da bodo obstojele arhitekture 4e precej
tasa nepogreéljive, saj bodo morale dal je pod-
pirati obsefno programsko opremo in aplikacije,
ki 50 bile razvite za #tevilne mini in "maxi"
ratdunalnike. Tako ni pritakovati, da bi VAX ali
FDP-11 kaj kmalu izqginila iz prizoridta ra-
Cunalnidke opreme. '

uvel javl jajo na

Lahko pritakujemo, da bo uporaba RISC arhitek-
ture vse pogostej¥a na novejdih prodornih pod-
roljih aplikaci-j. medtem ko se bodo starejde
arhitekture, kot je bilo e reteno, #e vedna
uporabl jale. Veliko tehnik, ki je bilo posebej
razvitih za RISC arhitekture, se bo prilagodi-
lo in vpeljale tudi pri starejdih arhitekturah.
Mednie sodi predvsem programska optimizaciia
materialne opreme in raba arhitektur, ki so
bogate na registrih. Fazalo je 2e, da RISC
arhitektura procesor ja ne bo sprejemljiva tam,
kier je pomembna izjemna hitrost, kot npr. v
primeru operacij aritmetike s plavajolo vejico,
hitrega vhodno/izhodnega procesiranja in v
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zahtevnemu vedluporabniékemu
je bogato na vhodno/izhodnem
dose¥#ki v zadnjem €asu
takénih

najnovejdi

primeru podpore
procesiraniu, ki
procesiraniu. Razvoini
pa kafejo, da bo RISC prisoten tudi v
primerih. To %2e danes zagotavlja
Inmosov procesar T BOO, ki je najhitrejsdi 32~
bitni mikroprocesor na enem ¢ipu (1.5 MFLOPS
pri 20 Mhz). Niegov komunikaci jski protokol za
serijske kanale omogota 2.4 Mb hitrosti prenosa
v obe smeri.

Ver jetno bodo RISC arhitekture imele tudi odleo-
¢ilen wvpliv na nove qeneracije radunalnikav
zaradi dejstva. ki je vse bolj deleZno ostre
kritike na ratun starejsih arhitektur; kritike
na ratun ¢asa natrtovanja in proizvodnje taka
zahtevnih produktov, kot sta na primer tipa
Motorala MC&BO2G in Intel B80386. Nova arhitek-
tura bo omenjeni fas oblutno zmanjfdala do tak-—
dne mere, da bo zopet sprejeml jiv.

RISC arhitekture so meinik na podro€ju naélrto-
vanija rafunalnika. Lahko bi rekli, da predstav-
ljajo prave eksplozijo na tem podroéju. Danda-

na#nji procesorji so namred tako zapleteni, da
je njihovo na¢rtovanje postalo vse baolj domena
velikih dobaviteljev polvodni#kih in radunal-~
nidkih produktov. Z omenjenim mejnikom pa bo
mnagim infenirskim organizaci jam omogoten raz-
voi zelo zmogqljivih procesorskih sistemov za
namenske aplikacije. Novi produkti te vrste
bodo tudi koristen medij za emulaci jo obstoje~
¢ih ali starejéih procesorjev, ker je RISC
instrukci je moqote preslikati v praogramsko
reprezentaci jo drugih sistemov.

Z nastopom RISC arhitektur je nastopil tre-
nutek, ko sta si programska in materialna opre-
ma postala enakovredna v procesu nalrtovania
ratunalnika. Primerov, da bo najpreje razvit
procesaor in Yele kasneie tudi programska oprema
zanj, ne bo ved, Programska oprema bo postala
integralni del razvoja materialne opreme.

Prilofena obsefnejda  literatura je
bralcu, ki si feli pridobiti
obravnavanem, vsekakor

ratunalnigkih arhitektur.

namenjena
globl je znanje o
perspektivnem - razredu
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NEKATERE IZKUSNJE PRI UVAJANJU
PROLOGA V POUK RACUNALNISTVA
NA SREDNJIH SOLAH

INFORMATICA 3/87

Milan Meza

UDK 681.3.06:319.682 PROLOG Center srednjih Sol, Titovo Velenje

Pri pouku rafunalniftva v srednjih Solah se ufenci seznanijo 1» z
enim od postopkovnih programskih jezikov, ne spoznaio pa no-
ve jsih jezikov, ki so primerneji pri snovanju sodobne j&ih infor-
maci jskih sistemov. Pri programiranju le-teh se veliko uporzblja
programski jezik prolog. V &lanku so opisane izkusnje in propro-
sti primeri programov pri pouxu tega jezika na srednji S0li v

Titovem Velenju.

1.Uvod

Pc  ulnem naértu je pri pouku radunainistva v
srednji %o0li predpisan eden od postopkovnih
programski® jezikov.V preteklosti je bil v
uporzbi fortran, sedaj pa je prinoroéen pascal,
ker omogoéa leps: stil programiranja.Zaradi ve-
like popularnosti basica na mikroradunalnikih,
30 se nekatere srednje Zole odiofile za uporabo
tega jezika pri pouku radunalnistva.

7a pregramiranje sodobnih informacijskih siste-
mov pa postopkovni programski jeziki niso pri-
‘merni.Za programiranje tak3nih sistemov se nzj-
ve uporablja prolog. Prolog je programski je -
zik, ki se mo&no razlikuje od drugir konvencio-
nalnih,postopkovnih programskih jezikov. To je
Jjezik logifnega nrogramiranja, zato je potrebno
korenito srremeniti nadin rammiiljanja o pro-
blemu ter stil programiranja. Za delo na mi%kro-—
ratunalnikir je bil razvit mikro-prolog,ki se
le malo razlikuje od prologa. Mi%ro-prolog je
nepostop<ovni jezik, zato se lahko pri progra-
miranju osredotodimo na protlem in ne na algo-
ritem,po katerem bi problem resili.Algoritem je
vgrajen ze v jezik.Prolog je izjemno udinkovito
oroéje za simholi&no, nemmeridno procesiranje,
manj pa je orimeren za mmeriéne ralunanje.
Je glavni programski jezik za programiranje
sistemov umetne inteligence.Velike je pridobil
na popularnosti, ko je til izbran kot osrovni
Jjezik pete generacije radunalnikov.Kernel Lan-
guage Zero (XL0) je strojni jezik prvega radu-
nalnika pete generacije.Ta jezik je rmzfirjent
prolog.

2.Uvajanje udencev v programiranje v prologu

Na Centru srednjih 30l v Titovem Velenju smo
uvedli na maravoslovnc matematidri  usmeritvi
pri pouku rz3unalnidtva poleg pasczla  tudi
mikre-proleg.'iZenci izvajajo vaje na mikroralu-
nalnikih DIALOG z LPA mikro-prologom verzije
3.1 in urejevalnikon teksta Word-Star.Pri ude—
nju jim je v pomod udbenik za mikro-prolog,na~
risan za internc uporzbo na naSem Soiskem cen-
tru.lJgenci- so nadin logidnega programiranja
dobro sprejeli in kaZejo zan] vedje =zanimanje
kot za programiranje v pascalu. Xo udenci spo-
znajo gradnike in sintakso mikro~prologa,zatne-

Jo z gradnjo svojih informaci jskih sistemov.In-
formacijske sisteme gradijo za razlidna podro-
&ja kot so geografija,kemija,matematika itd.
ter jih ori vsaki uri dograjujejo.Takini siste-
mi sc zgrajeri iz podatkovmit baz in pravil, ki
omogoZajo udinkovito iskanje najrazlidne j3in
podatkov iz teh baz.Poglejmo primer informaci j~
skega sistema iz podrodja geografije.

V rtodatkovni bazi imamo driavo, njeno giavnc
mesto ter geografske koordinate glavnega me-
sta.Podatkovno baza lahko vpiSemo direktno:

((lokacija London Anglija 51 0))
((lokacija Rim Italija 41 -12)]
((lokaci ja Madrid Spanija 40 3))
((lokaci ja Koskva SZ 55 -37)) -
(QQokacija Tokio Japonska 35 -139))

Enostavne je pa je,%e nas pri vpisovanju wvodi
radunalnik po naslednjem programu:

((vpis)}

(PP Program za vpisovanje )

(P Vpisi gl _mesto:)(R X)

(P Vpisi drzavo:)(R ¥)

(P Vpisi zemljepisno sirino:)(E 2)
(P Vpisi zemljepisno dolzino:)(R 24)
(ADICL ((lokacija X Y 7 71)) )

Crke x,y,2,X,Y,Z, ki so lahko tudi indeksirane,
so v mikro-prologu spremenljivke.Imajo lokalni
roseg~svojo vrednost ohranijo le znotra; enega
r]ravila.Do reSitve zastavljenega vrraZanja pri-
cemo s postavitvijo iskalnega vzorca, v xaterem
na  neznana mesta postavimo spremerl jivke,ki se
Jdim priredijc ustrezne vrednosti iz nodatkovne
baze.le postavimo vzorec ((lckacija x y 41 -12)
),se to spremenljivki x priredila vrednost Eim,
spremenljivki y pa Italija.Ce 3elimo iz podat~
kovne baze geografske koordinate Zelenega glav-
nega mesta, napilemo naslednje pravilo:

({(xoordinate x y z) -
- (lokacija % 21 y 2))

Tore j: Mesto x ima koordinati y in z, e ima
mesto lokacijo y in z.



Naslednje pravilo poiSZe iz podatkovne baze
glavno mesto podane drZave. Ker so inteligentni
informacijski sistemi sposobni reSevati proble-
me v obe smeri (vhod-izhod alt izhod—vhod), nam
isto pravilo najde tudi dr3avo danega glawnega
mesta.

((g1_mesto x y)
(lokacija x y z z1))

x Je glavno mesto drZave y, e ima mesto x
lokacijo v dravi y.

Naslednje pravilo nam iz podatkovne baze poi%de
tista mesta, ki so severneje od podanega mesta.

((severneje x y)
(lokacija x 21 X Z)
(lokacija y 22 Y y1)
(LESS Y X))

Mesto x Jje severnsje od mesta y, &e ima x
zeml jepisno $irino X, mestoy paY in je Y
manjsi od X.

Mehanizem, ki najde vsa mesta, ki 80 juZneje od
mesta y je 3e enostawme j8i, ker imamo Ze defi-
nirano pravilo za severneje.

((iuzneje x y)
(severne je y x))

Hesto x je juZneje od mesta y, <&e je mesto y
severne je od mesta x. ’

Za kormnikacijo s sistemom uporabljajo udenci
poleg vgrajenega pravila za spralevanje ? §e
pravili- KATERI in JE ,ki ju sami sestavijo.

KATERI(x(gl mesto x Italija))

Odgovor je :
Rim

Ali:
JE((gl_mesto Rim Italija))

Odgovor je:
DA

KATERI(x(severne je Rim x))

Za vstavljeno podatkovno bazo je odgovor:
London
Moskva

tim obseZne jS¢ bazo 1in pripadajoda pravila
zgradi jo,tem wved vpra3anj je sistem sposoben
odgovoriti.

Podobno lahko uenci sestavijo podatkovmo bazo
iz podro&ja kemije. V tak3no bazo vnesejo poda-
tke za elemente iz pericdnega sistema ter for-
mule za  spojine. Ko bazi dodajo 3e pravila za
iskanje,lahko iz sistema dobijo najrazlidne j&e
podatke .Enostavnost tako oblikovane baze kaze
naslednji primer:

((element zveplo 16 5 32))
((element aluminij 27 Al 13))
((element baker 29 Cu 64))
((element kisik B8 0 16))

((formula voda (H 2 0)))
((formula m_galica (Cu S 0 4)))
((formula glinica (Al 2 0 3)))

Bazi dodamo 3e pravila za iskanje po bazi:

((simbol x y)
(element y z x X))
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To pravilo omogoBa iskanje simbola za podani
element oziroma imena elementa za podani sim~
bol.

({vsebuje x y)
(formla y z)
(clan X z)
(simbol X x))

Pravilo 'vsebuje' nam izpiSe imena elementov x,
ki jih vsebuje spojina y.

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

S +tem pravilom dobimo maso elementa,fe imamo
znano ime ali simbol oziroma dobimo ime in
simbol elementa,&e imamo podanc maso.

((st_elektronov x y)
(OR((element x y z z1))((element z y x 21))))

Atom elementa x ima 3tevilo elektronov y, ¢&e

‘ima element x vrstno Stevilo y ali pa tudi,Ze

ima element s simbolom x vrstno Stevilo y.
Pogle jmo si nekaj vpralanj,ki jih lahko posta-
vimo sistemu:

Kakino formulo ima voda?

KATERI(x( formula voda x))
(H20)

Katera spojina ima forule CuS04?

KATERL(x(formula x (Cu S © 4)))
m_galica

KakSen je simbol za kisik?
KATERI(x(simbol x kisik))
0

Koliko elektronov vsebuje atom kisika?

KATERI(x(st_elektronov kisik x))
16

Katere elemente vaebuje 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 Se v m galici?

KATERI(x(formula m_galica (ydx)))
(sow
itd.

Cepmv prolog ni namenjen za progremiranje
problemov 2z veliko aritmetiZnib operacij, pa
lahko uéenci preproste j%e primere s tega podro-
¢ja programirajo tudi v tem Jeziku.Naslednji
program je namenjen za radunanje volumna teles.

((izbor)(P "2A")
(PP #xk#xxkex YOLUMEN #+kexrexxssrixk)(PP)(PP)

(PP1........ volumen valja)(PP)
(PP 2........ volumen kvadra)(PP)
(PP O........ konec) (PP)

(PP Pritisni stevilko !)(PP)
RCLEAR

(RDCH "KBD:" Y)

(IF (B Y ™")((vali))((nic)))
(17 (BQ Y "2"){(kvader))((nic)))
(IF (BQ Y "0")((konec))((nic))))
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((nic))
((xonec)(PP)(PP K O N E C))
((cas) (PP)(PP Pritisni RETIRN!)
RCLEAR
. (RDCH "KBD:" Y))
((produkt (x y) z)(TIMES x y z))
((produkt (xdy) z){produkt y X)(TIMES X x z))

((valj)(PP Izracun volumna val ja)

(PP Podaj polmer : )(R X)

(PP Podaj visino : )(R Y)

(produkt (3.14 X X Y) 2)(PP)(P Volumen = )
(PP 2)(cas)(izbor))

((kvader)(PP Izracun volumna kvadra)

(PP Podaj rob a : )(R X)

(PP Podaj rob b : )(R Y)

(PP Podaj visino v :)(R Z

(produkt (X Y 2) x)(PP)(" Volumen = (PP x)
(PP) (cas)(izbor))

Program deluje podobno kot programi,ki jih pi-
Semo za relevanje tak3nih nalog v pascalu.lodan
je zato,da lahko primerjamo program v mikro-
prologu s paskalskim,ki je vedini programerjev
bolj doma¥.Ko izberemo telo in podamo zahtevane
podatke, dobimo izrafunani volumen.

3.2Zakl judek

V &lanku so opisane izkudnje pri uvajanju logi-
&nega programiranja z mikro-prologom pri pouku
ra¥unalnistva v srednji Soli.Podani so prepro-
sti primeri programov,ki jih-udenci z velikim
zanimanjem pri pouku sestavljajo. Ker je pro—
gramiranje v logiki na&in programiranja v pri-
hodnosti, je mujno, da se tak3en nadin razmi-
§ljanja za reSevanje problemov vnese kot stalna
oblika izobraZevanje radunalniitva v srednje
Sole,ki so naravoslovno usmerjene, saj - bodo
takrat, ko btodo te generacije na viZku ustvar-
jalnosti, postopkovni programski jeziki le malo
v uporabi.
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COMPUTATION MAY HINGE ON
BIOLOGICAL MATERIALS

UDK 681.3:57

INFORMATICA 3/87

Sonja Jeram
Iskra Delta, Ljubljana

Abstract. Researchers are searching for new materials to construect a
better computer. They are giving attention to bfological materials such

as bacteriorhodopsin, cytochrom C,

porphyrins and DNA. A model of &

molecular computer has already been constructed. It is a computer based
on enzymes and its program is represented in the structure of proteins.

That 18 why the programming depends

on evolution by variation and

selection. It {8 just one of the many attempts to construct an

intelligent machine.

0. Introduction

There are two fundamental approaches that are
both divergent and complementary. The first,
motivated by biology, seeks to duplicate the
powerful information processing capabilities of
biological systems, such as pattern and object
recognition, self-organization and 1learning,
and effective use of parallelism - precisely
the abilities not being mastered by today's
computers and robotics. The second approach,
motivated primarily by existing computer
circultry, seeks to create a molecular
electronics that would lead to. a smaller,
faster, less expensive digital computer with
increased memory density.

1. Classical Versus Molecular Computing

The important feature of this new way of
~computing is that it {s context-dependent -
that is, inputs are processed as dynamic
physical structures (molocular computing)
rather than bit by bit (classical computing).
Because of this context dependence, molecular
computers - are particularly well-suited for
processing patterns of sensory inputs, such as
light, temperature, and pressure.

Molecular computing is a technology that uses
physical recognition for computation. And
indeed, for now, a major drive I8 to develop a
intelligent preprocessor, a sensor that sees
patterns, feels surfaces, and senses chemical
gradients, and that feeds the resulting
i{nformation to conventional computers for Dbit
by bit processing.

In the classical computing machine paradigm,
the human programmer conceives an algorithm, or
a method for solving a problem, and codes it as
a string of symbols. The string, or program,
may act on data from the ‘environment - tor
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 s structurally
programmable, since the program it executes is
represented in its physical structure. Second,
the machine computes symbolically, since It
performs purely formal operations on physiecally
distinet patterns. Third, creation of the
program depends on human intelligence. 8§o far

‘a8 18 known, it is possible to simulate any

process {n nature with symbolic computation,
but to simulate the 1intelligence of the
programmer would strain even the most powerful
digital machine,

These three facts are modified in biomolecular
computing. The fundamental switches are protein
enzymes, &and the manner of processing patterns
is "physical and dynamic rather than symbolic
and‘passive. The program {s implicitly, rather
than explicitly, represented in the structure
of proteins and of the system into which they
are’ fntegrated. Therefore, structural
programmability does not carry over; rather,
programming depends on evolution by variation
and selection.
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coding SIGNAL
ENV I RONMENT PATTERN
coding STATE OF symboliec computing {SWER
MACHINE ANS
coding co&ing
{ [
PROGRAM OUTPUT BEHAVIOR
if yes, programming completed
coding no PROBLEM evaluation
ROGRAMMEF SOLVED?
, coding SIGNAL |tactilization PHISTOCHEMICAL phisical computing ANSWER
ENVIRONMENT PATTERN STRUCTURE
. coding
t
OUTPUT BEHAVIOR

 yes, learning completed

EVOLUT10ONARY no
LEARNING ;

PROBLEM evaluation

SOLVED?

Fig. 1. Classical and bjomolecular computing. In classical computing,

the machine is programmable,
depends on programmer.

is not possible, the processing

it computes symbolically and the program
In the biomolecular computer,

programmability

is dynamic and programming depends on

evolution by variastion and selection.

2. Tactilizing Processors
A molecular computer design must solve the
problem of exploiting geometry-recognitional
capabilities of enzymes to process nontactlle
input signals, like photons or electric pulses.
To do this, it will be necessary to embed the
enzymes in a processor that 'tactilizes" the
input signal <~ that s, converts {t Into
molecular and physiochemical forms that enzymes
recognize.

Such a tactilizing processor integrates three
layers of i{nformation processing. Receptors in
the first layer transduce arriving signals into
an "activity pattern" in the second layer. If
the second layer consists of substrate
molecules in a solution, the activity pattern
is a reaction-diffusional pattern of these
molecules. Enzymes in the third layer read out
local concentration that results {rom the
reaction, and uses the information to control
the output signal emitted by the processor. The
processor will have intrinslic generalizatlion
capabilities if the reactlaon-diffusional
dynamics are not overly sensitive, since
similar input patterns will then be treated
like similar initial conditions.

The ‘“program” of an individual processor s
determined by the physics of the tactalization
dynamics and of the readout enzymes. Unlike the

minimal pattern processors in a classical
machine, these do not conform logically to any
abstract description. The programming of the

molecular computer relies
evolutionary method of varying the readout
enzymes or the tactilization dynamies,
evaluating performance, selecting the best
performing processors or replication, and
repeating the cycle until the desired
performance is obtained.

primarily on the

Tactilizing processors owe their efficiency to
massive parallelism at the level of molecular
activity, rather than to’ the speed of
individual switehing processes. Thus, the world
of computing is divided into two radically
different domains. The classical world achieves
programmability at the expense of evolutionary
adaptability and computational efficiency. The
biomolecular world is not programmable, but
compensates with evolutionary adaptability and
increased efficiency.
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3. Molecular Possibilities of Implemetation

To implement this concept of a molecular
computer It is necessary to search for sujtable
materials. The supporting technologles might be
of a great importance. ‘

Gene and

protein englneering are central to

¢ KB—

READOUT
ENZYMES

Fig. 2. Tactilizing processor. Three
}ayers of biomolecules provide
intriste generalization capabilities.

of the processor.

ordered way to allow for a useful exchange of
electrons, - protons, photons, or excitons; a
similar energy process enables plants to
conduct photosynthesis. There are also other
interesting technologies like polymer chemistry
and dissipative structures.

4. A Model of Molecular Processor

talloring proteins for the receptor and readout One example of a molecular computing device
layers of a molecular computer, as well as comprises a bilayer membrane divided Iinto
proteins that use the self-assembly principle compartments by a Teflon gritd. Light signals
for self-~-fabrication and self-repair. falling on a pigment molecule would produce a

potential change that would diminish with
Immunological techniques, especially the modern distance. Whether a readout compartment
technique of monoclonal antibody formation, produced an output would thus depend on the
make it possible to produce large gquantities of level of excitation in neighboring
identical immunoglobulins. Thts technique could compartments. This {s .analogous to the
provide a rich source of building blocks for reaction-diffusional model of the neuron,
molecular computers. Membrane engineering has except that it operates in microseconds rather
the goal to attach active groups, 1like dye than miliseconds. Some investigators have
chromophores, to long chain hydrocarbons and to reported that bacteriorhodopsin can be
embed these in the membrane in a suffieciently stabilized in a membrane for up to a year.

INPUT (LIGHT SI1GNALS)
COMPARTMENTAL I ZED
PHOSPHOLIPIDS
FATTY ACID
CHAINS

Fig. 3. Molecular computer device. BACTERIORHODOPS [N

Bacteriorhodopsin molecules in bilayer

membrane receive the light s(gnal and
produce a potential change that s
read by readout compartments which

give the output signal.

QUTPUT (LIGHT SIGNALS)




5. A Survey of Research and Development
of Appropriate Biomolecules

Many scientists are now searching for suitable
materiais and technologies that would provide
molecular computing.

Mitsubishi Electric Corp.'s Central Laboratory
has established techniques for growing protein
film with molecules oriented for stable, uni-
directional electron transmission. They .used
cytochrom C molecules to form the oriented
molecular film using a laser beam technique.

Researchers at Carnegie-Mellon University are
working on a high storage device and a fast
NAND gate based on biological materlals

extracted from a bacteria. One such material Is
Bacteriorhodopsin. This molecule has an
advantage {in being highly stable and able to
withstand high temperatures and optical
radiation.
Bacteriorhodopsin is
Japan. It is known for
pump under 1light irradiation.
trans switehing function and
application 1is anticipated for
switch devices.

also investigated in
its action as a proton
It has a e¢ls-
fts practical

memory and

Britain spends about US §¢ 7,9 million annually
on research that falls Into molecular
electronics orbit. Researches are investigating

the electrical properties of metallo-organic
materials, such as porphyrins or
phthalocyanines which <change when they react

The materials are used to
tn whieh conventional

with certain gases.
build chemical sensors
chips sense the varying electrical output.
Researchers in molecular electronics believe
that these materials could be used to make
organic equivalents to transistors.
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6. Conclusion
Many biologlists are also working on this
problems. They try to find out if there is any
possibility to apply, for example, recombinant
DNA to microelectronics. But their main purpose

is to construet a model of the molecular
computer to know better how our own 1living
system works.

In searching of new concepts, human is trying

to build an intelligent molecular computer to

further and advance the knowledge of its own
intelligence.
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REPORT OF A JOURNEY

Parsys Expeditions to New Worlds (*)

Anton P, Zeleznikar
Iskra Delta, Ljubljana

0. The Parsys' Background

But he who is hated by the people

as a wolf is by the dogs:

he is the free spirit, the enemy of fetters,
the non-worshipper, the dweller in forests.

F. Nietzsche, TSZ, 126.

In ancient times, expeditions were sent to
deserts and to far and unknown countries; they
were instructed to discover, reveal, and
conquer new land and people, new manpower, new
goods, and also new cultures for the rulers and
- after some time ~ also for the benefit of the
rulers' populations. Nowadays, expeditions are
going to universities, research institutes, and
symposia to reveal, confirm, and obtaln
information concerning the future possibilities
of development and survival for populatjons of
hightec companies. In such expeditions, in
addition to the Iintelligent actors . - the
expedition's main players - there have been
reporters, silent observers, investigators, and
recognizers of such marches, advances, and
movings into new directions.

In the Parsys expedition, 1 was mostly a
helpless, doubting actor; however, a sensitive
observer, a systematic investigator, and last
but not least, a strategic recognizer. Because,
in accordance to my 1life experiences, my
freelance and individualistic attitude, my
scientifie and philosophical orientation, my
engineering work, my pedagogue (dogmatic and
didactic) acting, my elapsing life stream, I
have to simultaneously be inwardly on the sites
of action {intelligent throwness) and
observation (meditative thinking).

A long time ago, 1 decided to stay open,
outside of any gentile formation, any
particular ldeology, any Iriendly dbrotherhood,
professional or scientific fraternity. Not
because of a rigid life principle (which would
be an artificial construction), but to Iinsure
‘the possibility of aeting spontaneously and
because of my love for freedom. This
orientation, qua my own experience, showed me
simply how progress and chance can proceed in
complex and unforeseelng undertakings - such as
the Parsys project undoubtedly is. How to

mobilige and how to bring into a freely
directed movement ‘certain innovative and
individual, scientific, engineering,

technological, and philosophical workers, in
order to implement a large projeet? How to
offer them a common objective and
simultaneously preserve their individual
motivations? How to organize and connect them
to the development-essential information and
into co-operation with advanced

% All rights reserved. No part of this paper
may be used, reproduced, or translated in any
manner whatsoever without written permission
except in the case of brief quotations embodied
in eritical articles and rewievs. For
information contact A, P. Zeleznikar, Iskra
Delta, Parmova 43, Ljubljana, Yugoslavia.

(technologlcally and philosophically avant~
garde) research teams all over the world
(U.S.A., Japan, Western Europe, etc.)? How to
keep their mental and physical condition to
sustain on the innovative way with their full
and free interest?

Quite at the beginning, Iskra Deltsa had
fntroduced and incorporated strategie¢ thinking
and acting in its managerial decision making.
As a fast growing enterprise in the field of
computer {ndustry, it has been confronted not
only with the very basic organizational and
technological problems of modern computer
industry of the developed hemisphere, but also
with specific problems of a technologically and
even c¢ivilizationally (socially, ideologically)
underdeveloped environment. 1In these times, up
to this day, the general director of Iskra
Delta - Mr. Janez Skrubej - was not only the
real strategist of the company, but also the
optimistic fighter, organizer, believer of the
progress, and the carrier of several hard,
arduous, and exhsusting business situations and
developmental processes of the company. And all
of this in 1irregularly and unforeseeably
changing circumstances of the underdeveloped
hemisphere. Thus, it is to say, that he was the
main inftiator and supporter of the innovative
and independent Parsys project.

What 1 am trying to explain from my
observational point of view 1is that the
background of the Parsys undertaking c¢an be
understood only through the overseeing of the
roots and specific condftions in which the
project arose., Mr. Petar Brajak, whose
experience was the most valuable contribution
to the beginning of the project, was the first
actor and conquerer in the generally unknown
conceptual area of the project. Professor Sasa
PreSern was the first commander and organizer
of the project's undertakings. My own role was
mostly observant, propagating philosophical and
futuristie brightness into the project's
perspective, It can be said that starting of
the Parsys project happened outside of any
traditional seientifie, developmental and
organizational experience and - to all of this
- In the era of advancing and all-embracing,
general social and intellectual crisis.

1. Early Philosophy of the Parsys Project

Whence things have their origin,
there they must also pass away
according to necessity;

for they must pay penalty

snd be judged for their injustice,
according to the ordinance of time.

The Anaximander Fragment (F. Nietzsche)
ifn Heidegger, EQT, 13.

Up to now, 1 did not explsin the meaning of the
identifier Parsys. It could be pretty well the
name of a mysterious being from the ancient
Greek mythology. However, Parsys stands for
Parallel computer system. 1Its origin, as the
Iskra Delta identifier and a possible future
produet, has to be sought in concepts coming
from the Japanese Fifth Generation inftiative
and from some other innovative projects of
parallel computer architectures over the globe.

The conception of the Parsys philosophy was
never only architectural. The question was how
to bring the problems of applicabiliity, user-
friendness, marketability into the



Figure 2. From right to left: Mr. Ryu Osakl,
the director for international operations; Mr.
Takashi Kusanagi, and the author at lunch

in the Sunshine Hotel in Tokyo (June, 1986).

Figure 1, Mr. Takashi Kusanagi, the president

of Ampere, during our second trip to Japan in
June, 1986,

Figure 3. Professor Eiichl Goto from the Tokyo
University. In June 1986 we met again after &

15 year period.
Figure 4., Professor Eiichi Goto had the most y P

attractive introductory speech at the 13th
Annual International -Symposium on Computer
Architecture, presenting his project of the
ultra-fast supercomputer.

Figure 5. The time came
when we could speak in
peace about unusual
technologi-cal, scientific,
and our own life-concerning
problems, how to visit the
very few people who remain
to be of our interest
throughout the rest of our
lives. This was the time at
professor Goto's laboratory
at Tokyo University.




architectural context and aiso how to draw the
necessary motivation of integrative power
(national and economic interest, manpower for
research and development, international
connectiveness, financial investment, etc.)
into the philosophy of the project. In this
respect, two former finvestigational trips to
Japanese universities, fnstitutes, companies,
and symposium have not been incidental.

in November, 1985, during my first visit to
Japan, I was mainly the observing listener in
the laboratory of professor Toshio Sata at the
Tokyo University. Professor Sata was the first
one who revealed to me the strategic' thinking
of the Japanese academic and governmental
intellectuals, to the consequences and actions
whieh followed from sueh a bethinking. In this
way, he was explaining the national strategy of
ICOT (Institute for New Generation Computer
Technology) in the most didactic way, stressing
the importance of the Japanese intellectual
capabilities and their concentration. With this
concept, ICOT's activity looks like a wedge
which progresses into unexplored technological
and conceptual fields of future computer
systems and which, through its organization,
government's and enterprises' support takes
care of the propagation of its activity and of
the common investigational results in the broad
industrial environment. This is the way ICOT is
solving the problems of fast drawing the
Japanese industry into new technologiecal
regions.

in Riken (the Institute for Physical an
Chemical Research in Saitamal I have learned
how a small group of highly skilled individuals
can mske a real contribution to the most
pretentious scientifie, technological, and
industrial! products. In the Eiichi Goto's
Laboratory for Information Science, a series of
original research was performed which resulted
in the development of top-technological
equipment (e. g. original Lisp machine, named
FLATS; electron beam exposition system for down
to 0.1 miecron technology: ete.) A demonstration
of this equipment convinced me that scientifie
and technological achievements depend mostly on

a motivating orientation and on the highly
intellectual individual capabilities of
researchers. So, [ could explain the lack of

scientific and technological achievement in my

domestic environment. At that time, 1[I stated
the question, how a group of 6 researchers {n
Sajtama, in the last 10 years, has contributed

much more to the world's technologlcal progress
than my previous, similarly structured
institute in which 600 people worked (STL).

In Japan, we had several interesting
demonstrations of our VME Intel processor board

(of Iskra Delta's Trident System) at some
Japanese companies (Bug, Sapporo and Ampere,
Tokyo). The president of Ampere, Mr. Takashi

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 Unlversity In Sapporo. At Hokkaido
University [ presented my lecture "Overlapping:

A Paradigm of Parallel and Sequential
Processing™ (PPS). So, | was really very happy
when Mr. Ryo Osaki from Ampere called me and

told me that Dr. K.
the visit at [0OT.

Furukawa will accept me for

It is interesting to stress that I was
officially the second Yugoslav who visited ICOT
(the first one was professor Suad Alagic¢ from
Sarajevo). In 1COT, we discussed my overlapping
principle which seemed to be similar (in this
discussion) to the concept of guarded Horn
clauses (dr. Furukawa's assumption). It became
clear that 1 had to develop the overlapping
principle into a more free and asynchronouos
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model in a way being independent from a
parallel processor architecture, Parallel
processing was the main subject of our

discussion at ICOT. 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 generation
computer at ICOT.

Before 1living Japan, professor Eiichi Goto
called me to the hotel. It was a pleasant
meeting after our previous encounter 14 years
ago when he explained his extraordinary

motivation for his undertakings. This was a
satisfactory end for my first visit to Japan.

Our engineering group that visited
fact, two of them - Andrej Bekes$
Novak - lived in Japan and Marko Kovatevie,
Had2i, DusSan Salehar,
visitors)

Japan (in
and Drago
Sa$s
and the author were the
began in some funny way to chat and
discuss our own possibilities for some kind of
the [fifth generatlon computer. This funny
orientation grew 1into a minimal form of
theoretical possibilities. So, may be, for the
first time 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 1886.

In our second 1trip to Japan, the most

fmportant conversation was held with professor
Eiichi Goto. He was the main attraction of the
Tokyo's symposium on computer architecture
(Fig. 3), for he demonstrated his own basic
computer technology (based on several of his
patents) and the concept of new, ultra-fast
computer architecture. He was the one who
revealed the possibilities of developing
architectural concepts standing outside of the
common  and approved professional and officisl
orientations; introducing, for fnstance,
magnetics, Josephson junction, antennas, ete.

In Tokyo we met our friends from Ampere (Fig., 1
and Fig. 2), and we had a very pleasant
conversation with professor Goto at the Tokyo
University (Fig. 4 and Fig. 5). Visits ware
arranged to Tsukuba University and to some
other sites where parallel machines have been
demonstrated. By our second expedition to
Japan, the essentfal technological treads for
IDC Parsys project conception had been
identified.
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Figure 6. Mr. Petar_ Brajak, M. Sc., the chief designer of
the IDC Parsys innovative parallel architecture, was the
main lecturer of the MIT Seminar. His presentation awoke
a life critical and constructive discussion, bringing to
the surface -new elements, influencing the speaker and
audience.

T

Professor 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

Figure 7.

the Parsys architecture and preparing
the ground for Petar's performance.

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-questions and that a creative
effort was necessary to deliver the.
proper answers.

Figure 9. .From 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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Abstract
Parsys i3 a tightly coupled mimd paraliel processor development project founded by iskra Defta
Computers and carried out by several institutions and faculty research groups in Yugoslavia. Specificaily,

-the projectt is involved with:

- Development of prototype hardware and system software,

- Development of specific programming snvironments,

- Development of application software.

The architectural design of parsys is based upen already proven yet innovative concepts. The prototype
machine will be a shared memory system consisting of 64 processors and 271 memaory modules that are
connected via a network of VLSI custom built ISMM {intelligent Shared Memory Moduls) chips in a
6-cube contiguration. Each ISMM supports fast routing and incorporates functions and logic that avoid or
minimize degradations mostly encountered in the mulliprocessor environmants such as:

- N simultaneous accesses to the same memory location,

- N simuftaneous accesses to the same maemory madule,

- N simultaneous synchronization requests,

- slow dynamic context switch,

~ huge latency.

in this presentation we describe the concepts of the parsys project and show some of the ISMM functions.
Primarily, we show how ISMMS enabie two or more processors to readwrite the same memory address
in one memory cycle and how ISMMS maintain lists of waiting processes with a synchronizational

mechanism that enables N processes to link up in only one memory cycle.
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PARALLEL PROCESSOR ARCHITECTURES

1. PARSYS is a tightly coupled MIMD parallel processor development
project founded by Iskra Delta Computers and carried out by several
institutions and faculty research groups in Yugoslavia.

The architectural design of PARSYS 1s 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 ISMM chips in an 6-cube configura-
tion. Each ISMM supports fast routing and incorporates functions and
logic that avoid or minimize degradation mostly encountered in the
multiprocessor environments.

Trident is a 16 bit microcomputer with VME bus which offers the
choice of three high performance CPU's based on microprocessors from
Intel (80286), DEC (J11) and Motorola (68010). Trident's operating
system is either XENIX (tm), MS/00S {tm), UNIX (tm), RSX-11 (tm),
CP/M 86 0S 9 (tm) and DELTA M (tm)., Compatibility with 1BM and DEC
environment assures access to an enormous base of existing
applications and development tools.

Figure 10 (at left). The poster announcing the Parsys
Seminar at the MIT Laboratory for Computer Science.

Figure 11 (above). The poster announcing the Parsys and
Trident Seminar at the Electrical and Computer Engineering
Department (ECE) of the University of Arizona in Tueson.
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