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SYNTHESIS IN COMPLEX PROBLEM DOMAINS INFORMATICA 4/89
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hierarchical decomposition, structuring

Metalna Maribor

ABSTRACT:

Complex systems’ synthesis becomes a bottleneck of production
process. Some researchers denote this situation as crisis, others as "crisis".
However, complex systems’' synthesis especially those, which cannot be
implemented within particular technology domain is an open problem.

The contribution gives a collection of procedures, developed with
integration and some inovations of classical procedures and more advanced
procedures. As a result, synthesis process can be based on abstraction,
hierarchical decomposition, and structuring, while its derivation is nested
in actual technological context, expressed through requests synthesized
solution must satisfy.

POVZETEK: Sinteza v domeni kompleksnih problemov

Sinteza kompleksnih sistemov péstaja vedno bolj ozko grlo produkcij-
skega procesa. Nekateri raziskovalci oznalujejo to stanje kot krizno, drugi
kot "krizno". Kakorkoli, problem sinteze kompleksnih sistemov, posebej
tistih, ki jih ni moZno rediti v domenl posamezne tehnologije, je dokaj odprt.

Prispevek podaja skupek postopkov izpeljanih, z integracijo in nekaj
inovacijami, iz klasi¢nih postdpkov in sodobnih postopkov sinteze. Kot
rezultat lahko postopek sinteze gradimo na osnovi abstrakcije, hierarhitne
dekompozicije in strukturiranja, njegovo izvajanje pa je vgnezdeno v kon-
kretni tehnolodki kontekst izrafen v obliki zahtev, ki jih mora izpolnjevati

resitev.

INTRODUCTION

Situation in high technology domains like CIM,
flexible manufacturing, software, computer architectu-
tes, VLS), etc., seems similar regarding the requests
for more efficient synthesis methods. For economic
reasons synthesized solutions must be completely valida-
ted before manufacturing. A single error can cause
exponential growth of operations to dispatch it. This
calls for formal correct synthesis methods.

Complexity is common characteristic of systems in
the above domains. It causes an enormous amount of
operations, before the synthesis goal can be satisfied.
Most of the contemporary synthesis methods seem to
fail because of their too close technological orientation.

Rapid technology development disables efficient

synthesis tools to be developed for each particular
technology. Even if this is possible, there will still
remain the problem of systems implemented in diverse
technologies.

This clearly calls for synthesis methods, which will
be technology independent and conceptualized on
complexity and functionality issues of contemporary
and advanced systems.

This contribution is based on system orientation
to the synthesis problem, where current technology
sets limits regarding system’s functionality and struc-
ture. Such an approach allows that technology based
descriptions are completely avoided until the solution
representation level. Altough technology sets very
exact limits during the synthesis process, technological
objectives are not expressed explicitly, but reflect in



system structure and functionality.

An approach to synthesis is used, which is based
on abstract system representation transformed through
hierarchical decomposition and structuring to its counter-
part, the solution. Abstraction and hierarchical decom-
position have long been recognized as a means, which
enables complexity reduction on one side and problem
decomposition to several subproblems of lower complexit'y
on the other side.

Structuring as a means to cope with complexity is
more controversial and it seems there is no unisonous
agreement about it.

However, combining abstraction and hierarchical
decomposition in the synthesis process assures only
that the initial and subsequent system structures are
replicated and impressed in solution system structure.
On the other hand it is well known that contemporary
systems are supported with an enormous amount of
software, which directs their actions and is a strict
consequence of systems’ sfructuring. To visualize this
we can imagine that software through execution connects
an object-flow graph that corresponds to problem
structure and behaviour. This means that structuring
is already extensively used in system design.

With respect to system represented with uncontrolled
object-flow graph structuring requires three additional
system structures. Its control structure directs sub-
systems , which can be at lowest representation level
represented with uncontrolled object-flow graphs,
connected in space and time. Particular strategy of
control used is of secondary importance. Its memory
structure assures object validity during controlled
execution. Transfer structure delivers objects to sub-
systems’ inputs. Both memory and transfer structures
are under control of control structure. Those structu-
res are usually partitioned throughout the system
following the principles of distribution and hierarchy.
More intensive structuring results in complex control
scheme, which is usuall;l but not necessary expressed
in a form of control code or software. Making software
more close to human comprehension capabilities does
not change its nature. However, it is interesting that
structuring does not necessary .impose any control
code or software.

This point of view allows that control code or
software are determined as structuring side product.
This is a conclusion, which sounds quite heretic,
however, it gives at least theoretical possibility for
automatic software development.

Basic structuring concept can be explained starting
with a system with uncontrolled flow of objects. Observe
that not all resources of such a system are active
simultaneously. Assume a system in which resources
are disconnected and a control mechanism, which is
capable to connect them in time and space. Under

certain conditions behaviour of both systems can be

N

identical.

This simplified description, structuring is based
on, should be completed with an observation that identical
system resources can be shared when appropriate. To
take advantage of this possibility system structure have
to be completed with memory and transfer structures.

If the behaviour of a system have to change, its
control functions which determine resource connections
will be appropriately modified. The simplest way to do
this is through program memory, which is a part of
system’s control structure.

Even when we look to software as problem
description, system should be capable of its recognition
and physical system restoration to solve the problem.
A possible way to do this is that problem is represented
with problems solvable with physical system resources.
However, this introduce structure that have to be
implemented with physical system in isomorphic way,
directly or with appropr:iate time and space partition,

System synthesis can now be conceptualized based
on the problem expressed in a form of abstract system.
which have to be transformed through hierarchical
decomposition and struciuring to a solution, a system
expressed with resources and structure that can be
implemented in physical .world.

Problem solvability seems to be in tight connection
with its representation. Different representations can be
used to express particular view on the problem. They
are equivalentin the sense that they express the same
behaviour in different ways. Synthesis procedures
proposed are defined for each representation., Change
of one representation to another is orderly developed.

1. OVERVIEW OF THE SYNTHESIS PROCESS

Problem speclfication consists of two parts.
Problem definition part determines an abstract system
for which the synthesis process have to determine a
solution expressed in the form of physical system
specification to be implemented in predetermined
technology domain. Behaviour of physical system can
be recognized as behaviour of abstract system merely
through the use of suitable abstraction, otherwise no
relation exists between the systems.

The rest of problem specification sets requests for
the solution. Two classes, called the solution classes
are determined based on the requests. Resource class
consists of resource specifications, physical system
should be built of. Resources determined with the
resource class are generally composed and can be
represented with resource structures of known behaviour.
This usually allows resource class structuring through
suitable relations. Abstraction through equivalence
relation regarding resource behaviour reduces represen-
tation complexity and allows unnecessary details to be




neglected at earlier synthesis steps. More sophisticated
abstraction procedures to reduce representational
complexity are described in section 3.

Structure class consists of abstract resource structu-
res. Physical system structure and its abstractions
should be isomorphic to structures build of structures
from structure class. Structure class is partially orde-
red with regard to substructure relation. Its represen-
tation complexity can be reduced through structure
abstraction. Structure class can be empty. From the
synthesis point of view this means that no structure
requirements are set regarding the solution.

Intuitively, abstract and physical systems can be
delimited with the notion of distance, which Is a measure
proportional to the number of synthesis steps required
to reach the solution. Its numeric determination provi-
des estimate about problem complexity - P, NP complexity
as the roughest measure, for example. An argument
will be given to show that the synthesis problem
- belongs to the domain of NP - complete problems, in
general.

Initial synthesis steps must assure the match
between problem and an abstract solution derived from
solution classes. The match is found through structures’
isomorphism and identical behaviour of corresponding
resources. Further problem abstraction and structuring
may be needed to assure it in explicit or implicit way.
It is assumed, that some generic knowledge about’
problem solvability in the context of both solution
classes is available. In the opposite case problem can
be solved with an exhaustive search only. This is
probably the strongest reason why a kind of systematic
frame for the synthesis process is needed.

Synthesis procedures cannot be deterministic
because of partial ordering of structure class. Structure
limitation can play a dominant role in limiting the
number of synthesis steps. The other limiting factor
for the synthesis step count can be searched for in
resource class. Resource class consisting of resources
with simple behaviour characteristics will necessary
complicate the synthesis. With properv problem structu-
ring and composite resources built of resources.from
resource class this prqblem can be reduced. However,
the effect of this depends on knowledge about problem
characteristic properties. )

Synthesis process can be stated as a combination
of hierarchical problem decomposition and structuring.
Hierarchical problem decomposition is a process basically
opposite to abstraction. In our case it consists of
refinement and interpretation processes. With its
application problem is stepwise decomposed to a structure
consisting of mutually dependent subproblems each of
them have lower complexity with respect to the initial
problem and subsequent subproblems obtained at
earlier decomposition steps. This increases problem
structure complexity and causes a consequence that

structures of higher problem representation levels are
re;')licated at lower representation levels. Applying
structuring to arbitrary intermediate representation
level results in structure change, while preserves
representation level and behaviour.

Since hierarchical decomposition preserves structu-
re and structuring preserves representation level it is
clear that requirements expressed through solution
classes can be met only if both hierarchical decompo-
sition and structuring are applied during the synthesis
process.

Synthesis process can be recognized as partial
ordering relation between problem, intermediate
solutions, and solution, where the solution or solutions
are those intermediate solutions, which satisfy requests
expressed through both solution classes.

To find a path between -problem and solution and
to avoid searching over ‘the whole partially' ordered
structure of possible intermediate solutions, decisions
based on their properties can drive the synthesis
process. A minimal condition for an intermediate solution
to be accepted for further synthesis is that it can be
expressed with the objects of both solution classes.
Different 's/ynthesls strategies can be used to determine
the synthesis process. The simplest one and probably
the less useful is one, where hierarchical decompositfon
to the resource class'representatio'n level is done first.
This Intermediate solution is then structured to assure
compatibility with objects from structure class. However,
structuring can become a task of excessive complexity
within this approach. To avoid such Situations, hlerar-
chical decomposition and structuring are combined
during the synthesis process. This assures manageable
subproblems’ complexity. i

. -Applying structuring and abstraction to both
solution classes match between intermediate solution
and structure consisted of objects from both solution
classes can be found at each intermediate representation
level. When such a match can be found between an
intermediate ‘solution and a structure consisting of
objects from both solution classes without any abstraction
such intermediate solution is accepted as a solution.
Structures’ isomorphism and identical behaviour of

corresponding resources assure systems’ equivalence.

2. REPRESENTATIONS

Different views can be applied to represent the
same system. In conventional one system is represented
as a structure of interconnected resources with known
behaviour. For system behaviour representation it is
interesting to represent resource inputs with input
positions and Its outputs with output positions.
Positions represent perception points from which object
flow is oriented toward the resource or from it. For



two connected resources corresponding position plays
double role. It is output position for one resource and
input position for the other. Labelled bipartite directed
graphs are suitable abstraction for this view on system’s
structure. System’s behaviour can be represented with
the behaviour of system resources. Based on resource
positions collection of objects flowing to and from
resource can be determined. Each collection corresponding
to-;:;articular resource has objects represen’ted with';
m + n tuples corresponding to objects on input and out-
put resource positions. Such a collection can naturélly
be represented with function or relation, depending
whether resource reacts to the same input in deterministic
or nondeterministic way. Relation between functional
and relational resource behaviour will be clarified later.
in this section.

During the synthesis process more attention can
be given to system structure since its behaviour
remains the same throughout this process. For this
reason resource structure can be represented neglecting
positions in system structure.

Definition: Resource structure is labelled directed
graph G = (V,E), where V = {vl,...,yn} is a set of
resources, and E = {e1,...,en}s;v x V is a set of
resource connections.

" Resource labelling is defined with functions which
assign labels to resources and connections and enable
system behaviour recognition.

Returning to the initial system model represented
with bipartite directed graph it can easy be recognized
that this representation is in close connection with
data-flow graphs defined in[1] , [2] . In our case
modification of this definition will be used for represen-
ting system’s structure and behaviour.

Definition: Controlled object-flow graph is labelled
bipartite directed graph G = (AULUK, E), LN K = @,
A= {a1,...,an} is a set of action nodes, and
LUK ={l1,...,lm,

={ky ...,k } s a set of control links.
E « (A x (LUK) U (LUK) x A) is a set of branches
defined so, that the following restrictions are satisfied,

kl""'kr}' is a set of links, where

(ai, Ik) € Eg (ai, lk) € E =3.a; = aj, lk € LUK,

3. g e Luk,

(Ik, ai] €EEES “k'- aj) € E = a,

1€i, jgm L k{m+r.

Two kinds of behaviour can be assigned to action nodes
of controlled object-flow graph. One is represented with
function, the other with controlled function. In the
final case action node: must have at least one input
control link. )

Let f: X,x...x xn—» Y be a function defined
on known sets XI,...,Xn, Y. Controlled function g
for function f is a function,

g: Bool x X,x...x X — Y, Bool ={0,1}
f(xl,...xn) ; p=1

undef ; p=0.

1
g (P' x1,---, xn) ={

Figure 2.1 shows controlled object-flow graphs for
functions f and g.

Figure 2.1: Controlled object-flow graphs for functions
fand g

To avoid confusion instead of g(0, Xgrooas xn) = undef
we can define g(o, x],...,xn) =z, z€YU{z} .
Object z has different interpretations in different
implementation situations. In electronic systems it can
be used to represent a high impedance condition, for
example. In general, it represents no object or no
activity situations.

The notion of controlled function can be extended
to more sophisticated cases of controlled execution.
Examples can be found in section 5.2. One further
example is provided below,

g9: AXX X, xX —= Y, A= {a1,’...,am}

: f,({x,, «oo,x );ax=a
gla, Xy, ...,xn]= {fj((xl xn)),-a"a‘ .
m 1ttt Ppt S T %y
However, it can be shown that they are expressible
within the initial definition of controlled function. The
notion of controlled function allows formal connection
between controlled object-flow graph and control-flow
graph.

Definition: Control flow graph is labelled bipartite
directed graph G =(QUA, E), where Q={q,, ....q.}
is a set of states, and A={a,, ..., a_} Is a set of
function nodes. E < ((QxA) U (AxQ)) is a set of
branches.

System’s behaviour expressed through control
flow graph is based on state concept. Particular state,
when recognized active, fires corresponding functions.
This situation is effectively modelled with a pair, consisting
of decision function and controlled function, which is
fired with decision function’s value. Section 5 gives
more detail about this topic.

To allow change of representation during the
synthesis process conversions between the above
representations are defined. To increase synthesis
flexibility they are of one - to - many type.

Conversions between resource structure and
controlled object - flow graphare based on graph
isomorphism with deleting or inserting link nodes.
However, those conversions are usually applied with




structuring, what makes correspondence between struc-
tures less explicit.

Conversions between controlled object - flow graph
and control - flow graph are less evident. Figure 2.2
gives an example of controlled object - flow graph to
control - flow graph conversion. Formal basis for those

conversions is given in section 5.

Figure 2.2: Example of controlled object - flow graph
to control - flow graph conversion '

Nodes of control - flow graph marked with 1 are inserted
to increase readability. From the formal point of view
they are not necessary. '

To describe system’s behaviour production rules
expressed with if then clauses can be used. We will
show that such system descriptions can be converted
to controlled object - flow graph descriptions and vice
versa. i

Originally conditional statements are used to
represent if then clauses.

Take R(xT, cee, xn)-——> Q (yI, ver ym) as an
example. Define characteristic functions for R and Q,

L RO e xp)

0 R(x1,...,,x ] )

n

p=hplxg, .0n, %)) = {

1: Qlyy,eennyy)
0 ; Qiy,. cer s Yol

with controlled function 9q’

r=hQ(y1,...,ym) .={
Implement hQ

hoy (Yar eee ¥y ) p=1

. _ QN m
q= gQ(p, Yir eee o Yl = {
1 ; p=0.

It can easy be verified that p, r, and q determine
truth table for conditional. Corresponding controlled
object - flow graph Is shown on figure 2.3,

cantrblled identical
function

Figure 2.3: Controlled objgct ~ flow graph representing
conditional clause ‘

This representation allows inferehce processes’
modelling in functional way.

Model of condition - action rule can be developed
with slight modification of the above construction.

Let R(xI, - xn)—>Q(x1, cee s Xpy y), and
Q(xl, cee e X, y) &= (y = f(xI, see s xn)).

Define characteristic function h for R, which defines
domain of f.

1 R(xl,...,xn)
0 ; R{x,, ..., x_).
1 n

and implement f with controlled function g,

p = h(xl, ...,xn) = {

f(x1, P xn) ; p=1
g(p,x‘,...,xn) = { o
undef ; p =0,
Controlled object - flow graph that corresponds to the
above construction is shown on figure 2.4.



Figure 2.4: Controlled object - flow graph representing
condition - action rule

It is interesting to note that observing behaviour only
on input and output links of a graph we are not able
to identify whether function f is implemented directly
or with function g.

When dealing with systems it is usually presupposed
that resources behave functionally. For systems described
with relational connectives the above assumption may
not be true. A minor modification allows that resources,
which express relational behaviour can be treated in
functional or relational way depending on point of view
used. Since the completetreatment for arbitrary relations
is relatively extensive, we will limit this presentation to
binary relation R{x,y), which is partlally closed with
object a, R(a,y),

R(x,y)

Applying 6bject a to a resource, which behaves corres-
ponding to R, its response will be nondeterministic
since it can delivers any object from bi’ bl+1' 'bH-n
to its output position to satisfy R.

The behaviour of a such resource can be represen-
ted in functional way, if resource response is determined
with a sequence function replacing R. Sequence function
determines the order in which resource reacts with
output objects to the same input determined with object
a. Figure 2.5 gives tabular definition of sequence
function and corresponding controlled object - flow
graph for this case.

£ xk yk-'l Yk
a bi bi +1
a by | by,
a Bl b

1 xK, yk") =yk

k.
4 'Dioj

Figure 2.5: Tabular definition of sequence function
and corresponding controlled object -~ flow
graph

Identifiers 1 through 5 stand to identify functions fork,
decision Boolean functions, controlled identical functions,
function join, and memory function. Functions fork
replicate input objects, decision Boolean functions
control corresponding identical functions to deliver
particular object bi+]
hold function and delivers object bi+j to output link.

to function join, which is a tres-

Memory function assures necessary delay. Assumption
is made that y"("I has allways a value from b, ...,b;, .
Two notes are neceslsary about the above presentation.
First, It Is simplified to serve conception presentation
only, and second, sequence functlon can be defined in a
number of different ways.

3. REFINEMENT AND INTERPRETATION

Using abstraction representation complexity can be
reduced to a manageable level. During the synthesis
process the situation is reversed, complexity grows,
since this process is basically opposite to abstraction.

Assume a solution system represented with resource
structure and resource behaviour. Using a substructu-
re relation to determine an arbitrary substructure
observe that its behaviour can be described with
collection of objects which correspond to its input and




output positions. This enables that substructure is
replaced with a resource having input and output
positions that correspond to substructure input and
output positions. The replacement causes lower system
structure complexity.

Representing the system in each possible way with
replacing substructures with resources while preserving
their. input output behaviour results in a class of
systems with different structures and the same input
output behaviour.

An important hypothesis can be made at this point.
System structure abstraction has sense only if the sub-
structure behaviour can be expressed with its input
output behaviour' . Represent collections of objects
which determine resources’ behaviour with tables and
assume they are of finite leught. Resource behaviour is
represented with single table, while resource substruc-
ture behaviour is represented with a structure of inter-
dependent tables. Select a pair resource, resource
substructure with identical behaviour. The question
arises whether the structure of interdependent tables
can be developed based on the information obtained
from single table.

Results of empirical study show that this is
possible. However, for a- formal proof of the above claim
additional research is needed.

Results of mentioned study show that refinement
based on the above concept is generally NP - complete
problem since lower complexity bound grows exponentially
with the number of table entries in non - trivial cases.
Refinement is nondeterministic process that can be
automated. Automatic algorithm development is possible.
Controlled functions are necessary to obtain all possible
refined versions of particular function. Refinement can
be done on uncompletely specified tables. If this causes
a lose of significant information, obtained algorithm will
not be optimal.

Example 3.1 gives tabular refinement for selected
case of 'bfnary addition and corresponding controlled
object - flow graphs, which have no contro! links for
this case. Only one path of the whole refinement
process is presented.

Loops and circles in resource substructure can
introduce additional substructure inputs and outputs
which are local to {it.

Example 3.1
T
f: a, b1 a, bo <y d1 do G:
00 0 O 0 0 0
0 0 0 1 0 0 1
01 0 0 01 0
01 0 1 0 11 b
aG 1 % o,
00 1 0 0 0 1
00 1 1 01 0
01 1 0 0 1 1
01 1 1 1.0 0 T
100 0 c 1 0
100 1 011
11 00 100 €5 d, dy-
11 0 1 10 1
101 0 o1 1
10 11 100
1110 1 0 1
11 11 11 0.

Table T represents binary addition decompose to tables
Tl’
object - flow graph.

T, and T3, what results in the following controlled

iy
©
©
[+

-
o
o~
[=8

1"’ o "0 ]

- - O O
-0 - O
[~ A

T1 becomes T” after

deleting redundant entries.

R RO E X e

|




Corresponding controlled object - flow subgraph is

reduced as represented below.

b; g

a

b,
(] aa bO

d, d,
T T

fZ: a, boa1 b1 d1 f21: a, bo <,
o oj]fo o 0 00 0
0 0ojfjo 1 : 0 1 0
0 0|1 0 1 10 0
0 0|1 1 0 1 1 1
0 1| —8—10 l
0 1T+ Tyy
0 1 40—+ f22: a b] < t:i1
0 14— 8 0 0 0 0
1 0| —0—10 0 0 1 1

——

1 0| +—+—1++ 01 0 1
1 0] +——— 01 1 0
4_o) +— ¢ 1.0 0 1
1 1)1{0 o 1 1 0 1 0
1 1(|0 1 0 1 1 0 0
1 1|1 0 0 1 11 1
1 11 1
|

T, is decomposed to T21 and Ty,e

Corresponding controlled object - flow subgraph is
refined as represented below.

a’- by ag by

refinement
P EEE—

[Ny

Refinement of T, Is analogous to the refinement of T,.
The result is,

T3 =Ty s

32
fap! 3; by g
0O 0 0 0
001 |o
010 |o
o1 1 |1
1000
1 0 1 1
110 |1
111 |

Controlled object - flow graph obtained after refinement

of T T2,' and T, is given below.

1’

Because of close relation between tabular and expres-
sional function representation,A the former can be
thought of as tabular structure abstraction. Refinement
procedures are generally developed for expressional
function representation. Since this type of refinement
is widely known its presentation will be avoided.

3.1 Function refinement

This subsection states conditions that have to be
satisfied with function refinement. Figure 3.1 shows
graph of relations and controlled object - flow graphs
for functions f and g, which is composition of functions
9ys +s- 4 9, obtained through refinement. Refined
function g and {initial function f have to satisfy the
relation f = h;] ogoh, =g, and h;, h, are identical

functions.
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f
A1x eee X Am-—— 81x x_Bn

hy hy

Alx vee X Am——g—> le cee X Bn

Figure 3.1:

Function refinement

Dependent of actual representation defined in section 2
function refinement is completed with corresponding
graph refinement. Procedures for them can be found
inf2],[3].

Refinement can be thought of as a case of inter-
pretation. However, we will give only basfc definition
and neglect this possibility.

Figure 3.2 shows graphs of relations and corres-
ponding controlled object - flow graphs wheﬁ interpre-
ting function f with function g.

f .
vAix R Am——> B‘x vee X Bn

h, I h,

C]x vee X cm—’D

1x see X Dn
g

by

Figure 3.2: Interpretation of f with g

The notion of position is not restricted to physical
position only.

When interpreting function f with function g the

relation f = h;l

ogo h2' where h1 and h2 are surjec-
tive and possibly partial functions must be satisfied.
Functions h, and h2 assure compatibility with the
environment. They can be stepwise removed with
interpretation of environmental functions.

Since h'l'1 is generally relation this can cause
formal inconsistency with controlled object - flow graph
behaviour. Since h;l can be represented with sequence
function as illustrated in section 2 this can cause no
serious problems. On the other hand h;1 and h2 can
be stepwise removed as mentioned above. The inconve-
nience can be avoided when h1 is bijective.

3.2 Object interpretation and refinement

Until now objects were considered as integral
units. However, for the reason of efficiency such
observation is too restrictive. To avoid this, object
'representation can be adapted to problem representation
level.

Intuitively, an arbitrary object composed of several
objects can be viewed as integral unit or as a structure
of objects positionally2 determined. In first case the
fact that object is composed is neglected. Severai
objects must sa-'tisfy some known relation which determine
their mutual positions to be recognized as integral unit .
To represent such structures n - tuples are used.

Object refinement and interpretatipn3a'e defined
in connection with corresponding system’s functions.
Figure 3.3 shows a graph of relations and correspon-
ding controlled object - flow graphs when refining
objects of function f with objects of function g.

A _f ., =8

A1x cee X Am—- le vee X Bn
g

Figure 3.3: Object refinement and interpretation

3

. Difference between refinement and interpretation is
semantical. Refinement is restricted to common
semantic domain, while interpretation is not.



Object refinement and interpretation must satisfy,

f=h1

possibly partial functions. With further refinement

0 go hz' where hl and h2 are surjective and

functions h1 and h2 can be stepwise removed from the
system.
Object refinement and interpretation can be

BI' ves ,» B .

extended to objects from A1, ver o A n

ml
Stepwise refinement of an object results in a tree
structure, an example of which is shown on figure 3.4.

Figure 3.4: An example of object representation

hierarchy

Refinement and interpretation have an interesting
property, they preserve structure of previous higher
represantation levels.

For illustration and application of this property
assume an abstract system S1 and a physical system S2
and imagine both systems’ behaviour in state spaces.
Select an arbitrary state of 5, and with interpretation
and refinement determine corresponding state of Sz.
This state will cause in S2 a sequence of state changes.
Assume a state from the sequence that has a correspon-
ding state in S, and assume that this state is next
state of initially selected state of S;. The impression

an observer seeing only the states of S, will have, is

1
that S, changes states altough in reality state changes
of S, are consequence of state changes in system Sy

Figure 3.5 illustrates the above explanation.

IIS.l i
initial ——e . next
state state
initial next
state state

abstraction abstraction

sequence of

state changes
—————

S,

Figure 3.5: Implementation of S1 with S

2

10

Refinement and interpretation were defined for all
representations given in section 2. More details about
them can be found in[2] and [3] .

4. STRUCTURING

Assume arbitrary system represented with resource
structure. Select a resource and denote it with r.
Since system representation level can vary such resource
can represent resource substructure of lower represen-
tation level.

Determine those positions of system resource
structure which carry objects from system input positions
to resource r input positions. In the resource structure
positions determine resource substructure which input
positions are part of system resource structure input
positions, while its output positions comprise resource
r input positions.

For a subsystem, which belongs to the resource
substructure determine composed relational expression
denoted with E, which is satisfied when objects’ state
on resource r input positions enable resource activation.
Instead with resource r function f determine its behaviour
with relation corresponding to f and denote corresponding
expression with Q. Form conditional E-» Q, which is
satisfied after resource r delivers objects on its output
positions. In the context of structuring it will be called
control condition, since it allows uniform determination
of each subsystem’s state which causes resource r
action.

Control condition can be rewritten as E—»R §
R —= Q, where R denotes relational expression descri-
bing states on resource r input positions, which cause
its action. This form of control expression enables
associative approach to control.

Determine characteristic function fE for E,

fE:A———Bool

o178
where A stands for subsystem’s states and Bool
determines {0, 1}

Characteristic function fE will be interpreted as
decision function since its value decides about resource
r activation. Implement resource r function f with
controlled function g as described in section 2. Join
functions fg and g Into a pair. Collection of such pairs
determined for each system’s resource enables system
behaviour and its structure reconstruction,

Figure 4.1 illustrates a distinction between the
initial system and the system determined with collection
of pairs decision function, controlled function.




resaource r

copy of
subsystem states

Figure 4,1: Distinction between systems

Define in A equivaience relation such that all states
which activate the same subsystem’s resource and
resource r belong to the same equivalence class. Actually,
more than one resource can correspond to particular
equivalence class. Denote the set of equivalence classes
with A/R and define bijective function from A/R to Q,
where Q stands for the set of states. Based on each
state q from Q it can be uniformly determined which
resource(s) have to be activated as a consequence of
this state, because bijective connection between A/R
and Q. .

Assume q from Q corresponds to equivalence class
of states which causes resource r activation. Decision
function corresponding to r can now be defined on set
Q. To identify, when state q is active, what means that
corresponding subsystem is in state which activates
resource r, state transition _function fs : Q—+-Q is
defined. It imitates subsystem state transitions from
initial state to state corresponding to state q.

This model of control can now be expressed with
the relations,

fs(s)=q, fE(q)=1, gll, Xyr enes xm) = f(x1, e, xm),

where s is the state preceeding state q, fe is decision
function, and g is controlled function corresponding
to resource r function f.

Process of control as describéed above, can be
defined for arbitrary system resources. There are no
restrictions to {imit it to a single state transition function.
Extension of the model that state transition function’
enables n-way branching including loop control is
relatively simple and will not be considered here. State
approach to control is not the only one that can be

developed based on decision function. In fact, as far
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as recognized all popular control strategies and
combinations of them can be developed on that base.
One can easy recognize that if parts of control
conditions are not necessary strictly distinct. This allows
their logic composition, what results in decision function

of the form,

k

f.: A—=Bool , k>1.,

E

More than simple resource can be controlled with
a decision function and consequently more resources
can be controlled with state transition function as
mentioned earlier.

A pair decision function, controlled function
enables structuring. A set of such pairs which determines
the system can be partitioned to disjunctive subsets.
The same effect can result from system partition on the
set of disjunctive subsystems.

System integration based on its arbitrary partition
can be realized in more different ways. Before do this
we have to develop object transfer functions and memory
functions. Transfer functions realize object transfer
between positions, while memory functions assure that
objects retain particular positions so long as determined
with control structure. '

4.1 Transfer functions

Flow of objects between two arbitrary subsystems
separated with a partition can be implemented with
selecting and distributive functions.

Assume a subsystem which has to be connected to
another subsystem over positions Pys ess o P - Denote
sets of objects corresponding to positions with
Ryo vee s Xppo and let X=X U...UX..

Selecting function T is defined as,

T: NxX x...xxn~—x

1

— . X, 1ign
W, Xg0 oae ) X0 = {

undef, otherwise,

The set of natural numbers N above can be replaced
with arbitrary linearly ordered set. Indexes of
Xiroes o Xy become objects of such set. Linear ordering
can be avoided if selecting function is defined in tabular
form. Both approaches to define selecting operation can
be mixed. Levels of indirection can be built to the above
definition to determine particular position of n-tuple.
Figure 4.2 shows controlled object - flow graph of
selecting function.
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subsystem

Figure 4.2: Controlled object - flow graph of

selecting operation

Distributive function delivers objects obtained from
selecting function to prespecified positions of a sub-
system.

Distributive function is defined as,

3:NxX—=Y x..xVY

y
{uncef,..., x, ..., undef) ,yi= X,

(Yqeeeer Y )= 8 (jix)= 1<jKm

undef, otherwise.

Variables Yir coor Y correspond to subsystem input
positions. Pair (i,j) determines a path from output
position of one subsystem to input position of another
subsystem. Composition of T and & can then realize
arbitrary connenction between subsystems.

Figure 4.3 shows controlied object - flow graph of

distributive function.

subsystem

Figure 4.3: Controlled object - flow graph of

distributive function

Selecting and distributive functions can be composed
to realize arbitrary complex networks, which are capable
of transfering specified amount of objects in time and
space.

More requests for transfer than transfer paths
available can exist simultaneously. Such requests are
paid with appropriate time - space partition of transfer.

Selecting and distributive functions are not the

only transfer functions possible. However, they are

4 Recall a no object situation described in section 2.

sufficient to implement arbitrary connection between
two subsystems. They can be decomposed and expressed
with controiled function defined in section 2.

4.2 Object representation in recursive domain

Let X be a set of objects to be represented in
recursive domain. This representation is achived with
function,

f:NxX—X
f{i,x) =y

Pair (i, x) is represented with the notation x'.

N x, n, {i¢n,, n,, n, from N
”x;)={ 1 2 1 2

undef, otherwise.

The value of x is represented in domain which is
linearly ordered set. Because of simple notation the
set of natural numbers was selected, otherwise a set
of states can be used, since it is linearly ordered with
the state transition function.

In the real systems objects may have the ability
to retain particular position - objects in mechanical
systems for example have such property. However, since
this is generally not true memory property have to be
assured for objects not having this property.

It is defined in recursive domain with the function,

f:Nx X—+=NxX

yi+1 = (xi) = xl,

i <n,.

In the language of state transitions it has the ability
to assure object position from current state to next
state.

This limitation can be removed with memory function

control. Let p be the value from Bool of decision

function at i from N. Then,
i .
. . . x,p=l, nCi<n
y* = op! o, yh = { P 1 ?
Y., p=0, n1( i< n,.
i_ . i+k

For k > 1 and p= 1 for particular i only, y

have the value of xi, if itk < n,.

Extension to represent an object in time domain is
straightforward and will not be considered here.

4.3 Function representation in recursive domain

System’s behaviour can be represented in recursive
domain when its functions are transformed to this domain.
Similar extension in representation can be developed for
time domain, continous or discrete. This allows synthesis
in time domain.




13

Let f : Xlx vee X xm—— Y be a function to be

represented in recursive domain.
Define object interpretation functions,

h,: N x X

T 1 -x...me

X aes X Xm——> X.l

h1 (i, Xqr ooy xn) = (xl, v xm).

. T | i
Represent (i, Xqseeer xm]f with (x1,..., xm), and

define

i i (x1_,...,xm); n‘lg1<n2
h1 (x1,..., xm) = .
. undef ; otherwise.

hZ:NxY—bY

hy (i, ¥) =y

Represent pair (i,y) with yi and define,
s y n, <ig n,

h, (y') = {
undef ; otherwise.
Function f can now be represented in recursive domain

with function g,

g:NxX1x...me——NxY

g (i, x4, oo, %) = (i+1, y) or,

m
i -
m) =Y
i {f(xi,...,xm) M

g(xi1,..., X i+

nl(i<n2

vee, X )=

i
9 (xll' m

undef ; otherwise.
Function value is determined with i+1, while domain
values are. determined with i. This assures memory
property. In fact, function g is a composition based
on function f and memory function. If defined as
controlled function its value can be retained arbitrary
long. Figure 4.4 shows controlled object - flow graph
for such case.

Figure 4.4:

Controlled object - flow graph for

controlled implemeritaiion of g

With the above developments we have minimal tools to

define basic structuring concepts.

4.3 Distributive structuring

Assume a system determined with the pairs decision
function, controlled function at an arbitrary level of
representation. Define a partition of pair set. Each
subset of the pair set determines a subsystem, un-
connected in general. Define at least one input and at
least one output position for each subsystem. Select
two arbitrary subsystems and determine all connections
between them with. regard to unpartitioned system.
Between subsystems define transfer functions to
reconstruct connections determined with unpartitioned
system. At this point representation should be changed
to recursive domain In general, since resource sharing
is introduced. A sketch of the above development is
shown on figure &.5.

subsystem ! subsystem 2

connections to be implemented
between subsystems

copy of

subsystem’s
state
Figure 4.5: A sketch for subsystem connection -

The process of developing connectlons is repeated for
all subsystems. Analogous approach is used to develop
connections with theé system environment. With the
insertion of transfer functions which are compositions of
selecting, distributive and memory fuctions additional
system states are introduced. Decision function which
controls particular resource should take this into
atecount to retain compatibility.

Distributive structuring results in a system
organized around more or less tightly connected sub~
systems and preserves the behaviour of the initial
system. Figure 4.6 shows a simplified example of a
system distributively structured. '



bus

Note: Control structure is not shown.

Figure 8.6: Example of distributive structuring

4.5 Hierarchical structuring

Assume a2 system represented with a set of pairs
decision function, controlled function. Define a partition,
such that each subsystem determined with it is connected.
Determine a copy of all those positions, which with the
system partition decay to input and output positions.
Those positions are actually subsystems’ input and
output positions. Each copied position will be during
structuring process connected to corresponding sub-
systems’ input and output positions.

For each pair consisting of input and output
positions determined with the partition and corresponding
copied position define transfer function, which enables
object transfer from output position over copled position
to input position. To connect two subsystems over
corresponding copied position;.s a composition of selecting,
memory, and distributive functions is generally needed.

Since objects on copied positions represent system’s
state at higher level of representation than the initial
representation level the behaviour of hierarchically
structured system can be interpreted in the context
figure 3.5. Transfer functions can namely be completed
with object abstraction and interpretation functions.
This assures compatibility in representation levels,

The approach to hierarchical structuring can be
upgraded to state hierarchy, which is similar to memory
hierarchy in contemporary systems.

Similar as with distributive structuring transfer
functions introduce additional system'é states. Because
of this decision functions, which control the execution
must be appropriately modified.

Figure 4.7 shows a simplified example of
hierarchically structured system.

copied apparent
positions

controlled
transfer

functions

states

subsystem 1 subsystem 2

Figure 4.7: Example of hierarchical structuring

Both structuring techniques can also be applied on
system’s control, transfer, and memory structures,
Distributed and hierarchical structuring can be combined
and applied at arbitrary system representation level.
As far as recognized, the proposed structuring
techniques are sufficient to model arbitrary system
architecture. They were developed for all representations
given In section 2. To structure a system in particular
representation this can be done without representation
change. Since structuring allows resource sharing,
system’s synthesis can respect cost and performance
requirements. Based on the given approach to structuring
system’s synthesis and software development cannot be
separated since they are tightly connected with
structuring. This gives at least theoretical possibility
for automatic software development. On the other hand

- highly structured systems can be developed without

any control code or software in the usual meaning.

5. CONCLUSION

Review of system’s synthesis process Is given.
Since this topic is very extensive this presentation is
focused on these domains estimated as significant.
However, domains determined with real - time, fault
tolerance, and intelligent behaviour paradigms were
completely avoided in the presentation. This does not
mean that systems from these domains cannot be
developed within the proposed context. In contrary,




some significant practical results were obtained in the
synthesis of hard real - time systems and fault tolerance
in the domain of industrial process control systems. At
the same time it was shown that structuring is still very
controverse notion with diverse span of significance,
although it is more or less clear that hard real - time
and fault tolerance paradigms-"are of littie use in lousy
structured domains. Similarly, fault tolerance cannot be
a compensation for poor system design. Those were
some of the reasons why structuring was givén such
attention in the presentation.

Since it becomes more clear, that differences
caused with separate development of software systems,
software engineering, artificial intelligence, knowledge
engineering, etc., are caused mainly because of diverse
views to problems and that their solution can only be
achieved with multidisciplinary approach, latest efforts
to avoid such situation result in systems engineering
approach.

Based on this approach, systems which are capable
to learn particular behaviour, analyse it and construct
systems that behave equivalent can be synthesized,
based on the proposed approach to the synthesis process.
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The research of the discursive nature of information, as determined in
[10] and later on in [3, 4, 5, 6], is offered as the property of
informing, counter-informing and embedding of information, as its
spontaneous arising and cyclicity (circularity). Then, in this respect,
informational phenomenology of discourse can be studied as an inherent
property of information itself and, afterwards, also as its
particularized form, such as is, for instance, the construct of
Lacanian discourse. This part of the essay brings a general study of
discourse as informational phenomenology and projects this
phenomenology onto the Lacanian model of discourse, which is composed
of university, master's, hysteric's and analyst's discourse. In the

second part of the essay pseudo-Lacanian and other models of discourse
will be studied.

Informacijska teorija diskurza I. Raziskava diskurzivne narave informa-
cije, kot je bila opredeljena v [10] in kasneje v [3, 4, 5, 6], se po-
nuja kot lastnost informiranja, protiinformiranja in vmeZ%evanja infor-
macije, kot njena spontana nastajalnost in cikli&nost (cirkularnost).
Informacijsko pojavnost diskurza je tedaj mogoZe preufevati z glediZca
inherentne lastnosti same informacije, kasneje pa tudi kot njeno parti-
kularizirano obliko, kot je npr. konstrukt lacanovskega diskurza. Ta
del spisa prinaSa splo¥no obravnavo diskurza kot informacijske pojavno-
sti in projicira to pojavnost na model lacanovskega diskurza, ki ga
sestavljajo univerzni, gospodarjev, histerikov in analitikov diskurz. V

drugem delu spisa bodo obravnavani psevdo-lacanovski in drugi modeli

diskurza.

1. INTRODUCTION

. disagreement [difference] is the essence

of communication. The aberration of sciences

is that they see the essence of
communication in the proper understanding.

Jacques-Alain Miller [1] 41

The term discourse might be understood as
personal or interpersonal communication or
informing in acts of expressing, talking,
uttering, analyzing, conversing, hearing,
performing, writing, gesturing, mimicking,
signaling, thinking, imagining, etc. In this

Iskra Delta Computers, Development and
Production Center, Stegne 15C, 61000 Ljubljana,
Yugoslavia, Europe (or privately: VolariZeva 8,
61000 Ljubljana, Yugoslavia, Europe).

respect a discourse concerns messaging as well
as reception in individual as well as in
interindividual arising, exchange, or mediation
of information. The discourse can be seen as
composed of three parts: the informing of
transmitter (informational arising within an
informational source), informational mediating
(informational propagation or in fact operation
between an informational source and
informational sink), and informing of receptor
(informational sink) considering propagated
information. In principle both - the
transmitter and the receptor - have the roles
of producing and accepting information. But,
this is only one side of the meaning we can
globally impart to the term discourse. The
other side of the meaning has still to be
sought in discourse's archaic foundation, i.e.
in its Latin origin of the verb dis-curro and
the noun discursus.

For our further investigation of possible
informational scenarios of discourse the Latin
origin of dis-curro and discursus may not be
only helpful but also conceptually relevant.
The Latin dis-curro has several meanings. It
means, for instance, to be full of vivacity (in




our terms, to be full of informational
enterprise or of enterprising informing), to be
in high or great spirits, to cause great mirth
or to overflow with mirth, or shortly to play,
game, perform, animate (inform) spontaneously,
according to a being's throwness into a life
situation. It means also to disperse, scatter,
run different ways, run about, to and fro, to
be out of the course, however, returning to it,
etc. The Latin discursus has similar meanings.

The modern noun discourse means talk,
conversation, discussion, chat, dialogue;
speech, address; analysis, dismemberment;
soliloquy, monologue, collogue; etc. Further,
individual or interpersonal communication may
be marked as discursive if it is based on
commonsense or logical analysis, discursive
thinking or cognition; discursive may mean also

notional, logical, deductive, scattered,
concentrated, and intuitive. Information, as
being defined in [10], is also a discursive
phenomenon; simply, information is discursive,
it possesses its own informational
discursiveness.

The question of informational "theory of
discourse can concern also epistemological
problems, for instance, how a particular
discourse represses the truth and perverts the
reality. By way of this particular example, we
can enter into the domain of the so-called
Lacanian types of discourse studying several
Lacanian schemata or scenarios of discourse
from the informationally theoretic (symbolic,
logical [3, 4, 5, 6]) point of view. Certainly,
before entering into discursive
particularities, we can develop a general
theory of discourse which can be particularized
into any imaginable form of discursive behavior
on the individual and interpersonal level. The
basic question is how does a discourse perform
informationally or what kind of informing does
it perform. Within this context various general
and particular scenarios can occur, opening
several horizons of possible informational
interaction.

2. A GENERAL DEFINITION OF DISCURSIVE,
NON-DISCURSIVE, AND ALTERNATIVE
ENVIRONMENT

the subject of the - unconscious in the
Lacan's sense is nothing else than the
subject of the marker, this is the
scientific subject, which is however marked
out in a scientific domain as a discursive
subject. This is the subject being always
carried by a marker.

Jacques-Alain Miller [1] 64
For the sake of systematics it is possible to

distinguish four characteristic cases of
discursive and non-discursive environment,

which are the following: discursive, non-
discursive, .alternatively discursive, and
alternatively non-discursive environment. For

these cases four types (sets) of characteristic
informational operators can be introduced,
concerning the so-called general, parallel,
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-metamarking discourse

cyclic, and parallel-cyclic case of discourse,
respectively:

Sk EoBod A

k. . e 4 A

sk Foo#o A A

8l e e 4l Al

It is to point out that all these operators are
understood to be particularly discursive or
non-discursive, respectively.

2.1. A Discursive Environment

In a general case of discourse we can suppose
that several informational sources communicate
with several informational sinks or, even more
generally, that several informational entities
communicate among each other. In a free
discourse, where m partners are informationally
involved, the basic formula of the discourse
can be simply

DE. cee o E Ogs Oop von b O

This formula represents an informational system
consisting of (m by m) parallel informational.
formulas (informational processes),

al, dz,

Ds. oy Foocgi ooy [Fay; o0y koo
052 ": ali qz “= 0‘2; az "= ami
an B g op IFooy; o F ooy

The parallel informational operator [k means
that the process to which | belongs can inform
each process and can be informed by each
process of the system in a parallel way.
Simultaneously, | also means that the process
to which it belongs can inform in parallel
within itself. If a parallel informational
process is formally decomposed, its components
can .inform explicitly (through explicit
parallel informational operators) each other in
a parallel way. :
The parallel informational system DS shows

how a discursive environment DS becomes a net
of parallel marked processes. If DS is the
metamarking system for DE, then DE is the
(i.e. informational
formula) for a "realistically" comprehended act
of discourse, etc. In this sense the marking
nets on certain levels (or metalevels) are
additionally perplexed and conform an integral
marking net of understanding of the discourse.
In this way, the science of discourse becomes a
characteristically marking net within which
this science arises and causes changes and
arising of the marking net itself.

- For a parallel process (PP) a [k B
following definition can be introduced:

(o Ik B) =pg
(Y F 8D alec [ B; YIRSV
((a [r B) 'is_parallel_in_itself'))

the

PP.

This definition can be read in the following
way: o |k B is a parallel informational process



iff there exists a parallel process Y | 8 such
that @« 8 and Yy | § belong to a parallel
informational system (which means that they
interact in parallel with each other) or « [ B
is parallel (informs parallel) in itself.

In a discursive informational environment
DE, informational actors Oy Oy e 4 Op
spontaneously communicate among each other and
informationally create cultural (ontological)
and individual (metaphysical) forms and
processes of information. This is the most
general informational model of social discourse
as a phenomenon among individual parts {lumps)
of a living population. Informational actors
impact several actors and are impacted by
several ones. The scheme of the parallel
discursive system DS shows these possibilities.

The general theory of discourse assumes that
within a discursive system the processes of
informing are spontaneous, for instance, in the
sense of autopoietically structured and
organized systems (informational entities).
Spontaneity of informing holds on individual as
well as populational informational level to the
extent to which existing (currently dominating)
individual and social informational processes
condition and enable various informational
modi. In parallel, the similar can be said for
the so-called informational cyclicity. In
principle, informational processes are
circularly structured in their nature of
informational arising. The arising itself is a
spontaneous and circular process of coming of
information into existence.
that DS is in principle informationally
spontaneous, the question has to be answered
how could a DS formally reflect the so-called
informational cyclicity. We can set the
following definition for a cyclic process:

CP. (o | B) =p¢
({AB ED}{akB; B Fa))V

(o, § 'are_cyclic_in_themselves'))

This formula 1is read as follows: « | f§ is a
cyclic process, iff there exists a reflexive
process such that processes o £ B and § F «
belong to an informational system or « and @
inform cyclically within themselves.

To explicate both - the parallelism and the
cyclicity of a DS - an appropriately structured
informational operator | can be introduced and
thus DS can be transformed into the formally
adequate form

ps'. oy Ik ooy ooy I oy oy koo
%y I i qz - %y ) I i
o by o boagi o e ooy

For a process « | B there is the following
definition:

PC. (o |- B) =p¢ ((x [FB) A (x }B))

This definition says that the ©process « |- 8
informs parallel and cyclically iff it informs
in parallel and simultaneously cyclically. This
form of the process offers a rather complex and

If it is assumed
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informationally interwoven situation in which
the processes involved can mutually impact and
can be impacted in an arbitrarily imaginable
and complex manner.

After this discussion it is possible to
represent the general formula of discourse in
the form

GD. a kB

where | is a particular informational operator
of discourse and where o and  represent
arbitrary informational sets of informational
entities i.e. operands and/or formulas, for
instance, E, 7, . . These entities can be
formulas of informational operators and
operands, etc. The point of GD is that k is not
a general informational operator but operator
of discourse and that « and f are operands
being in a discursive relation. Thus, o k£ B is

- not a general informational formula but a

particular formula concerning the act of
discourse.

2.2. A Non-discursive Environment

What happens if informational entities are not
in discursive relation? It is certainly
possible to express this fact by particular
operators giving them the meaning of non-
discursive nature. Some problems may occur in
defining the so-called non-informational
operators, where it is necessary to say
explicitly which kind of particularity belongs
to a particular operator of non-informing. It
is possible to repeat the previous definitions
of discursive environment for the case of non-
discursiveness of informational processes.

Dually to DE, it is possible to say
explicitly that several informational entitles
do not communicate among each other. Bhe basic
formula of a non-discursive environment could
be in general

NDE.

g0 %o o O Bag, oy el By

This formula represents an informational system
consisting of (m by m) general informational
formulas of non-discursive informing,

NDS. o, B oy oy B o, coog B o
o, B @y o, B - P R B i
o B oy %y -3 oy - :3 %

This system may represent a particularly non-
discursive environment, where for a case of
non-discursive relation B it is possible to
determine

ND. (e £ B) =p¢ (7(3(x, B))e(x E B))
In a similar way it is possible to determine
non-discursive relations (informational
operators) for cases of parallel, cyclic, and
parallel-cyclic processes, respectively:

NPP. (o [ B) =p¢ (A(I(ax, B))elax [FB))




NC. (o B B) =pg (1(3(et, B))alex |- B))
NCP. (e IF BY =pe (3, B))alex | B))

These cases complete the philosophy concerning
the so-called simple or non-alternative cases
of discursive and non-discursive processes.

2.3. An Alternatively Discursive
Environment

Let the alternatively discursive environment be
introduced by saying that in case of a
discursive process the act of discourse can
happen in one or another way. This means that
the possibility of one or another way has to be
introduced operationally into formulas
describing processes of discourse. One way of
discursiveness was presented by the
distinguished set of operators E, |k, |, and |,
and their counterparts ¥, [¥, |, and ¢, denoting
the property of non-discursiveness. The other
way of discursiveness can be presented by the
set of 'opposite' discursive operators =, g, -,
and -], and their counterparts #, 4, #, and A,
denoting another way of the property of non-
discursiveness.

Instead of a simple discursive environment
DE it is possible to explicate the alternative
environment by the system
ADE. r % E ®yr gy +oe r G

¢ oy e ®yr %oy +oe 4 Gy

Xy &g
Cyr Oy,
This systém says that informational sources and
sinks oy, Uy, v S communicate among each

other in one (k) or another way (). If this
communication occurs in a parallel way, the
parallel decomposed system is

ADS.

“1 # “1; “1 # azi . al # dm;
oy # ali az [k ®qyi . az = O f
o I oy o g e o Tk o
oy J ogi oy oy oy g
L T R T oy J o
o ey oo oy o Al o

Similarly to PP, CP, PC,
to define the following alternative cases,
respectively:

APP. (B d ) =,

(A A ¥))B A oi 37))V

((B 4| «) 'is_parallel_in itself'})
ACP. (B H a) =g

(((F(x 4 8N(B A oa; xdB))V

(o, B 'are_cyclic_in_themselves'))
APC. (B 4 o) = (B d ) A(BHa))
AGD. B H «

and GD it is possible’
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" ANS.

If entities o and B are in a process of
alternative discourse, the formula

AD. (a EB)V (B Ha)

means that o informs discursively B in one or

another way or that B is informed dlscur51ve1y
in one or another way.

2.4. An Alternatively Non-discursive
Environment

Which kind of environment is alternatively non-
discursive? Does a kind of totally non-
discursive living environment exist at all? It
is possible to construct such an environment
abstractly, however only particularly, that is
by introducing particular types of non-
discursive operators. One kind or particularism
of non-discursiveness does not mean that there
does not exist or arise another type of
discursiveness of the observed informational
(discursive) entity. We have already pointed
out some typical dilemmas of non-informing
(non-discursiveness).

Dually to ADE it is possible to explicate
the so-called alternatively non-discursive
environment by the system

ANE. %y, Oy, ;o B Oqr Oop v 5 O
all azl ' e‘m # all azl ' am

This system says that informational sources and
sinks %yr Oy, r O do not communicate among
each other in any way (neither k nor ). This
kind of non-informing can be expressed by the
marking net of the form

oy B oy oy B Oyi e Oy B o
oy ooy oy By oy B oo
% B oy ot 3 Oy wee O B i
oy A oy oy A gy ooy Ao
o, A o %y 4 oy . Oy 4 i
o A oy oy 4 oy .o 4 o

It is important to stress that operators (in
fact metaoperators) f and # in distinct
processes of the system ANS can be marked by
mutually different operational
particularizations, i.e. by operational markers
which mark different acts of non-discursive
informing. In this manner each alternatively
non-discursive environment is non-discursive
only to the extent of certain particularities,
and thus can never be absolutely or totally
non-discursive. This can be immediately
understood on the formal or on the marking
level, if metasystem ANS is particularized in
the following way:

oy By ®gi %y #@ %3
%y #A o %y #u Oyj -ne

T
aZ #v m’



% #E %17 %n #n ®2i © %n #K gy i
oy H, %y g #ﬁ oy .oy #Y O i
oy Ay %qi Gy Ay A e 0y H oy
o Hg wyi o Ay % e o FHp oo

A particular non-discursiveness of a process
has the meaning of non-communication or of the
lack of a particular understanding among
distinct informational entities. It seems to be
important to have explicit possibilities for
the expression of different forms concerning
non-understanding in discursive processes.
Similarly to ND, NPP, NC, and NCP, it is
possible to define the following alternative
cases, respectively: ‘

AND. (B 4 ) =g (N(3(B, «))a(B o x))
ANP. (B A &) =pp (N(IB, «))a(B d o))
ANC. (B A ) =, (A(3(B, 0))a(B o o))
ANCP. (B A &) =p; (M(3(B, a))a(B 4 «))

This completes the discussion concerning the
alternatively non-discursive environment.

3. DISCOURSE AS INFORMING EE ITSELF

It is possible to postulate anything,
however, the value of the obtained
mathematics will be showed by its
applications.
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3.1. General Informing within a Discourse
of an Informational Entity

What is in fact a discourse in itself? Is it a
sort of communication in which an informational
entity communicates with itself or, more
precisely, informs itself? Already in the
discursive system DS formulas of the form « F «
appeared; do they represent the process of
discourse in itself? If so, then it would be

possible to decompose the process « F o« in at.

least two components which would mark the
"speaking" component against the "addressed"
one in this process.

It is certainly possible to suppose that an
informational entity is always in the relation
to be discursive in itself or to itself. This
fact could simply denote the nature of
information and its informing as living,
artificial, or cosmic phenomenology. The
discursive nature of informational entity o
could be logically postulated by the formula or
system of two simple formulas, i.e.,

DN . (x k) vV (B x) or
o F; F o
respectively. This formula or system

characterizes the entity o« as to be discursive.
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The meaning of this formula is that « informs
and/or is informed discursively. Within this
formula, k£ appears as a unary informational
operator of discourse, which in a concrete
situation can be adequately particularized, to
mark the desired case of discursive informing
of the entity «. It is possible to say that
formulas o«  and k « are discursively open
formulas. In general, formulas using unary
operators are always particularly open or
generally unclosed.

Formula and system in DNx can be even more
general, if it is said that « informs and/or is
informed discursively in one and/or another
way. In this case the basic discursive nature
of entity « can be expressed as

GNt. (aE)V (Foa) Vv (da) v (a=)

ok Fo; 4o od

or

This case argues the introduction of the
symmetric discursive operator H.

The conditional (implication) of formula DNu
is certainly

CNu. (e ) v (Fa)) 3 (x| o)

If, in general, information o« discursively
informs or is informed, then information o is
in a discursive relation to itself. However,
this does not mean that information o« is not
simultanecusly in a discursive relation with
other information B, i.e.,

cNg.  ((x ) vV (Fa)) 2 ({(akB)V (BE®)
If, in general, information o discursively
informs or is informed, then it is possible
that information o informs other information B
or 1is informed by other information f. The
operator :n denotes the so-called possible

conditional case.

3.2. Counter-informing within a Discourse
of an Informational Entity

The next question of the self-discurdive
process o [ o« can be the following: how does
information o discursively inform itself? In a
discourse, information « arises as counter-
information w, which has to be embedded into
the source or originally existing information
«. We can simply say that in a self-discursive
game (informing), the discourse within «,
marked by Su' arises or develops as its own

counter-discourse aw, embracing counter-

informational components € and w. This counter-
discourse has to be discursively embedded by az

into the original discourse Sa.

Up to now the only scended formula of a
self-discourse was o« k «. It is possible to
connect the so-called classical informational
components, i.e., information «, its informing
J, counter-informing €, counter-information w,
informational embedding G, and  embedding
information e, with discourse 8a' counter-

discourse Bw' and discursive embedding Se. it

is possible to postulate the following systenm
of eguivalences:




Dx. 8, = (o Fa);
w = (Sa EC)EF w;
,62 = (6w EE) Es

Between the discursive and informational
components the following correspondences can be
observed:

DuR. Ba o, I; Bw - €, w: ae  E, ¢

How is it possible to postulate the process of
the counter-informing € by which the counter-
information w is coming into. existence? How
does this process begin to arise? Let us
introduce two particular informational
operators for marking the looming (bursting) of
this process in one or another way:

LS. (¢ B o) L

(« LE;, € Jo; €L w; wdE)

This system of four processes in the second

line has to be understood as the beginning of
the arising (operators L and .J) of counter-
discourse Sw (i.e. €, w)-out of discourse Sa

(i.e. «x F o). Certainly, the process of
counter-informing € has its Dbeginning
(looming). The last formula can be read as
follows: the discourse o | « looms the counter-
discursive processing € and in parallel
(simultaneously) & looms the counter-
information w in one or another way. In fact,
these four processes constitute the parallel
counte;—discursive system. Sw To stress the

parallelness of these processes after the
looming of € out of « and after the looming of
w out of €, in the next step the following

(dlscurs;vely regular) formula can be
introduced
PCw. Sw =

{({x F &) [F

(x| € €4 o; €Fw wd €))

It is possible to interpret the operators L and
J in the 'primordial process LC€w as
particularizations of the parallel
metaoperators [k and 4|, respectively. The last
formula. can be read in the following way: the
discourse « E « informs the coumter-informing €
in parallel in one or another way 'and the
counter-informing € informs in parallel the
counter-information w in one or another way. It
can be seen that in these processes there are
not processes which could constitute the
condition of the so-called discursive cycle.
So, the process of counter-discourse Sw is

discursively open. It only means that further
discursive (informational) processes have to be
added to the given system to establish the
circumstances of discursive circularity. It is
even reasonable to join the counter-looming and
counter-informing system in a unique counter-
discursive system, for looming of counter-
discourse .is a steady process within a flowing
process of discourse. More formulas in such a
system only means that more particular
information concerning discourse is on
disposal. The complex game of counter-
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discursiveness and informational embedding
concerning the discourse as a whole will be
formulated in the informationally cyclic form
in section 3.4.

3.3. Informational Embedding within a

Discourse of an Informational
Entity

The next .question which arises is what to do
with the so-called counter-discourse or how to
bring it into the context of a developing
discourse. The "interest" or intenticn of a
discourse could be to capture meaningfully as
much as possible of the arisen counter-
discourse, with the goal to get some origins
for further development of discourse. It seems
reasonable to separate or decompose this
particular process of embedding, which arises
in the dynamic- environment of the developing
discourse.

Discursive embedding, marked by 52 is a part

of the so-called discursive cycle. This cycle
can be formally expressed in the following way:

(8 F 8, F ae) F S

This formula is important for the ﬁnderstanding
of the Ba's role when 88 produces the so-called

embedding information &, by which counter-
information w is informationally embedded or
connected to the source information «.
Certainly, embedding information e does not

DCw.

~necessarily offer the complete embedding or

connectedness of w in regard to «, but ensures

that counter-informational result w is not lost

in the process of discursive informing.
Discursive embedding 6 as informational

phenomencn underlies the process of looming of
the embedding discourse and its regular
continuation, for instance, in the form of an
adequate parallel informational system. First,
the following process of the looming of
discursive embedding can be assumed:

I€e. ((oxfp o) L v
(xLEC Cdox; CLw;, w €))L

(WL G €EJw; EL g; & JdE)
This system with four processes in the third
line has to be understood as the beginning of
the arlsing of the embedding dlSCOUISE 6
(i.e.; €, e) out of discourse Sw (i.e. w),
when aw begins out of 3 (i.e., aE a). The
last formula can be read as follows: the

discursive process o F o looms the looming of
the counter-discursive process, where counter-
informing € is loomed in one or another way by
information « and counter-information w is
loomed in one or another way by  counter-
informing €, and then these two discursive
processes loom the looming of the embedding
discursive process, where counter-information w
loomed in the counter-discursive process looms
embedding € in one or another way and embedding
€ looms embedding information & in one  or
another way.

In fact, four processes in the third line of
LE&e constitute the beginning of the process of



discursive embedding SE. This process can be

understood to be completely parallel, thus, it
can be adequately expressed in the form

PCe. =
(e k) [k
(xF& € a; € w; we€)) [

(wE & Efw Elke; e E))

3
((

The last formula, which was logically deduced
from L&e by universalizing operators L and . by
operators |k and d, can be read in the following
way: embedding discourse 88 is constituted by

counter-discourse Gw' which parallel informs

the four characteristic parallel processes of
embedding of counter-information w, concerning
informational embedding & and embedding
information & (as shown by the third line of
PEe). In short, PEe can be rewritten into

©
I

(B, F (wlF€ €qw; Clre;edeE))

8, = (Ba E(al € €dlu; €CF w; wdl €));
o = (o o)

07
I

It could be said that the 1last three
expressions are in accordance with the
equivalence system Dx.

However, formula PEe does not say how or
where the counter-discourse 8w will be embedded

by means of embedding discourse 85. This answer
will be given in the next section.

3.4. The Game of Informing,
Counter-informing, and Informational
Embedding within a Discourse of an
Informational Entity

The course of discourse within an informational
entity depends essentially from the game in
which informing, counter-informing, and
informational embedding take part as
substantial informational players. This game is
circular in the sense that after the looming of
discourse aa, this is closed via counter-

discourse Sw and embedding discourse 62 into

the so-called discursive cycle. This cycle was
already described by formula DCw in the
previous section.

The game of discursive looming as the
beginning of the game of discourse can be
described according to LGw and LEe and
considering Daw by

LDox. (({x F ) L
(LG CJo; €L W, w €))L
(WL G € Jw; EL e; ¢ JE)) L
(e Lo; 0 Je; o )

This formula is cyclic within the basic process
@ | «. The last line of the formula can be read
in the following way: embedding information g,
which carries information on arisen counter-

information w, looms into source information «
in one or another way and, thus,
informationally impacts the basic process of
discourse « | «. To remain consequent in the
relation of possibility of decomposition, the
basic process «  « could be replaced by the
cyclic system

o = 3;.3 Jo; Ik a; 43
or in the case of looming by
ol 9 §doa; SLo; cdS

Probably, the last interpretation can satisfy
the taste of a theorist's view for it does not
limit in any respect the possibility of further
development of formal treating of informational
phenomenology in question.

The next step in the cyclic game of
discourse is the well-known transition from the
process of looming into the process of parallel
informing. Thus, LDx becomes

PDa. (((x E o) [E
(0FC CHdo; Crow;, wd €)) L
(W€ Cfw CElre; ¢ 4 €))L
(efpo; ade; afF o)

This formula images the self-discursive game
within informational entity «. In this formula,
entity ¢ functions as the resulting backward
information concerning the discourse within an
informational entity «. Through closing of the
discursive cycle, partial discursive components
ba, 5w, and ae, described previously as non-
cyclic components, can get a new, dynamic
meaning. And this is the case explicated in PDux
in respect to DCw. It is believed that
according to the previous discussion the reader
could be capable to develop autonomously any
connective -information {(or formal proving) if
necessary.

4. DISCOQURSE AS INTERINFORMATIONAL INFORMING

Pragmatic mathematics (which in fact is
everyday, standard mathematics) plunges
through its applying into experimental
sciences and, in the last consegquence,
through them can be experimentally proven or
disproven.
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4.1. General Informing within a Discourse
among Several Informational Entities

The discourse between two entities (for
instance, eXistent things, 4individuals,
informational items, etc.) has to be understood
always as composed of two types of processes:
the inter-entities' and the self-entity's one,.
It means that each entity discursively involved
performs the interinformational and
self-informational informing simultaneously.
Thus, formulas of self-informational informing




within a discourse remain valid also within an
interinformational discursive process.

What in fact is a discourse between two
informational entities? It is a kind of
communication in which entities communicate
with themselves and each of them with the other
one. If so, it is necessary to study the basic
discursive process
Bl1. o, B h o, B
in detail, considering that « as well as § is
"speaking" as well as "addressed" component
simultaneously. To study processes in detail,
within informational logic, means to develop
more and more detailed formulas and join them
to the initial informational system.

A further generalization of the discourse
can be studied starting by the discursive
formula .

B2. «, B,

' YE o, B, P Y

where particular discursive processes among
entities «, $, ... , Y take place. Formula B2
enables the two-way discourse among all
informational entities (o, 8, .. r )
occurring on the left and on the rlght side of
the formula.

It is worth mentioning that the one-way
discourse between entities « and B is possible,
denoting this initially by
B3. xkEB
In this case « remains always the transmitter
and B always the receptor of o's messages. In
this relation, « and 8 remain discursive within
themselves, but only « transmits information to
B while B8 remains against o« a pure
informational receptor. In the two-way process
o, B B «, B, transmitting and receiving roles
of « and 8 are interchanging, so, both of them
can function as the transmitter and receptor. A
more general one-way discourse can be expressed
by the formula

A

where entities «, 8, s Y Ebmy o oee 0 T
mark the pairwise different entities and where
entities o, 8, .+« 4, Y function as
transmitters and £, 7, ¢ as receptors.
The so-called self-discursiveness of an
informational entity o was logically postulated
by DNa through the scheme {x E) V (k «). But,
this formula does not concern merely the self-
discursiveness, for it is an open formula (by
the use of unary operators |, which are always
open to the other side) and thus can
-communicate not only to itself, but also to any

B4 rYEE T,

o, B,

other informational entity. In fact, « k is to
be understood as the formula
BS. ott:ot, ,3_, Y

which on the right side of k is not limited by
distinct informational entities, postulating

B6. Mo F) o

(e F a, B, e )

Similarly, B « is to be understood as

B7.

al Bl tha
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postulating

B8. (a, B, ' Y F o)

Formulas B6 and B8 can be expressed in a
general -form, if it is said that « informs
and/or is informed discursively in one or

another way. In this case, B6 and B8 become

(Fa) 2,

BY. (o ) vV (4 «)) 2,
(o B o, B, ) Yy Vv
(e, 8, » Y d «))
B10.  ((F o) V (x ) 3
((x, B, r YE Q) V
(o 4 o, Br ’ Y))
respectively.

4.2. Counter~informing within a Discourse
among Several Informational Entities

In this section the following basic forms of
discursive informing will be examined:

B11. ok B,
o, B,  YFE n, ' G
, BE«, g, and
o, Br ¢ Y F o, Br vee 1 Y

The first two cases denote the so-called one-
way informing and the last two cases the two-
way one. According to these cases, the
following notations of appearing discursive
components can be introduced:

B12. 3(xx), O8(ct, w), and &(c, &)

These entities mark «o's discursive components
as described by D«, within which €(«), w(a),
€G(a), and e(a) appear as counter-informing,
counter-information, informational embedding,
and embedding information, respectively.
Further, o marks any operand-informational
entity in the upper cases, so,

« € {«, B, r X El MNi vev c]

According to Dx, the following self-discursive
equivalences, called a's self-discourse,
counter-discourse, and embedding discourse,

marked by
B13. 3(u) = (ax k a);
8, w) = (3(x) E Clo)) F wla);
3, &) = (3(x, w) E E(a)) F 2(x)
can be introduced, respectively, for « € {x, 8,
Y, €, n, ... , ¥}. Together with these
equlvalences, the following inter-discursive

cases, called (x | B)'s discourse, counter-
discourse, and embedding discourse, marked by

Bl4.

3(x EB) = (x| B);

3o E'B: w) = (Bl EB) EC(a kB)) E wla B);
3(akB; g) = (S(aEB; w) FElx EB)) E

e(a F B)



can be introduced, respectively, for pairwise
different « and 8, where «, B € {¢, B, i
£, n, ... , T}. Of course, it can happen that
some of these particular discourses do not
appear or, as it is said, are void. As we see,
Bl4 is only a particular case of Bl3, if o« in
B13 marks any informaticnal entity.

4.2.1. The Counter-discursive Case o | 8

Informational process, marked by « F B, has its
own, characteristically (one-way) shaped
counter-discursiveness. The initial question
is: how does the phenomenon of counter-
discourse within o E @ begin? At the beginning,
there is the looming {(or bursting) of all
possible forms of counter-informing processes
€({a), €(B), and €(x £ B) and corresponding
counter-informational products w(«), w(B), and
w(a E B), produced by counter-informing
processes in one or another way. Similarly to
LCw there is

B15.
(x EB) L
(o L €(x); Clx) J oy Clo) L wle); wlo) J E(x);
BLCE); CB) JB; €(B) L wiB); w(B) JEB);
(x EB)LC(xEB); Clx k= B) d (x FB);
Cle B B) L wle EB); wlee B B) dC(x F B

This formula includes four counter-
informational processes for each entity «, B,
and o F B, respectively, and describes the
beginning of the arising of counter-discourses
S{e, w), 3(B, w), and 8(« E B, w) out of
discourse 3(« |k ). After the occurrence of
looming, the looming processes of counter-
informing pass over to their regular parallel
forms, thus, to the resulting counter-
discourse Sr(a E B, w) within « F B:

B16.
. FB; w) =
({e = B) Ik

(e | C(o); €lo) d ot; Clo) |F wla); wla) 3 Ele);
B CB): €B) 4B €B) [k wlB), wlp) 4 €(B);
(w B EC(xEB); Clu k= B) 4 (x F B);

Cle EB) Ik wlax FB); wla FB) 4 Clx B

So far, the last formula completes the
discussion concerning the counter-discursive
component of the process o E B.

4.2.2. The Counter-discursive Case

x, B, s YEE, n, ' g

This case represents the most general,
inductively broadened one-way discourse among
informational transmitters «, B, .. , Y and
receptors £, 7, ... , . Thus, the discussion
from section 4.2.1 can be repeated in a general
way.

At the beginning, there is the looming (or
bursting) of all possible forms of counter-
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informing processes

B17. ,
(o), 9 € {x, B, r Y €0y RS ¥
Cd k1), ¢ {a« B, ¢+ Y}
T e (g, n, + 5}

and the corresponding counter-informational
preoducts

B18.
wie), ¢ € {«, B, ¢ Y B0 oM + LY
widkFt), ¢ {ax, 8, ... , 71}
T€ {& n, : Gl

produced by couﬁter-informing processes in one
or another way. Similarly to B15 there is

B19.
(x, B, fYEE N, r ) L
((He € {x, B, Y Ee M, r G))e

(o L C(e); €lo) Jo; Cl9) L wig);
wl(e) JC(p)));
(3¢ € {x, B, ¢« Y}, T ELE, 1, ;81
(ETDLEYED; CWET I WE T
CdETDLawldkE 1) widkE) LC¢ET)

Again, this looming proceeds into a regular
parallel process of one-way discourse among
several informational entities, expressed by
the formula

B20.
8 (o, B, FYEE M, P Giow) =
{({ct, B, +TFEE, mn, RSN

((3(¢ € [al Bl ’ YI E: nl LI I | K})'

(o |F Cle); €(e) 4 ¢; Clp) [k wie);

wie) 3l €(e))); |
(I € {«, B, Y}, T € {E, n, : Zh)e
(WEDECWET: €W ETH GEF )
CdET) FwldET);
w(g 1) 4 € E1H))

It could be said that formula Bl% is
universalized by replacing L by | and J by 4,
getting the equivalent part of B20 or that the
equivalent part of B20 is particularized by
replacing | by L or & by 1, getting B19. 1In
B20, 8 _(«, B, , TEE, 7, , ¥; w) marks

the adequate counter-discourse which continues
into discursive embedding.

4.2.3. The Counter-discursive Case

«, Bk o, B

In this case, counter-discursive informing
takes part between both discursive partners, so
that the transmitting and receiving roles of «
and B change during the discursive process. It
is simply said that between o and B a two-way
discourse exists. At the beginning, there is
the looming {or bursting) of all possible forms




of counter-informing processes €(u), €(B), €(«
E 8), and €(B F «) and the corresponding
counter-informational products w(«), w(B), w(«x
E 8), and w(p k «), produced by counter-
informing processes in one- or another way.
Similarly to B15 there is

B21.

(a, 8 F o, B) L

{x L Clax); C(e) J o €(ox) L wle); wlo) Jd E(a};
BLEB): GB) JB; €B) L wiB); wlB) JE(B);
(xEB)LE{akR); ClaukB) J (kB

Cla EB) L wlaEB); wlakB) JEakB);
BEa)LEBEX; EBEE«) JBEF);

CB Ea)LwPkawBFoa JEBE )

This formula ~ includes four counter-
informational processes for each entity o, 8,
o« E B, and B F «, respectively, and describes
the beginning of the arising of counter-
discourses 8(c«, w), 8(B, w), &8(«¢ E B; w), and
3 F o; w) out of discourse &(«,
After the occurrence of looming, the looming
processes of counter-informing pass over to
their regular parallel forms, thus, to the
resulting counter discourse & (a, B E o, Bi w)
within «, B k «,

B22.

8r(d, BE« B; w =

({e, B E «, B) [k
(o [k Cla); Clo) 9 & C(a) Ik wlo); wle) g €ex);
BlEB); €B) 4 B: €B)IFwB); w(B) 4 €B);
(«EB) FClxEB); Gl EB) 4 (xkB);
Clae EB) Fwla ER); wle EB) 4l €l B
BEx)EFCBE®; CBEFx) 4 BE x);
€@ F a) FwB ko) wp ko) d B ko))

So far, this formula completes the discussion
concerning the resultant counter-discursive
component Sr(a, B E «, B; w) belonging to the

process «, B F «, B.

4.2.3. The Counter-discursive Case

x, B, f YE®, B o-0 Y

In this case it is assumed that informational
entities o, B, , Y participate equally and

mutually in the process of discourse. It can be
simply said that among «, 8, ... , Y a two-way
discourse exists. At the beginning, there is

the looming (or bursting) of all possible forms
of counter-informing processes

B23. Cl), €(B), . C(Y)

ClekEd)i 9, € {a, B,

and
¢ Y}

and the corresponding counter-informational
products
B24. and

wlx), w(B), r w(Y)

w(¢ h ¢)i P, ¢ € {x, 8, ' Y]

produced by counter-informing processes in one
or another way. Similarly to B21 there is

8 F x, B).
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B25.
{cx, B, Y E o B, ;YY) L
((3(e € («, B, r Y1)

(¢ L Clo); Cle) 4 o; Clp) L wie);
wie) 4 C(¢)));
({9, ¢ € («, B, P YD) A (e # d))
{(leEd)LClekRd); CleE4) J (9 k)
CleFd) Lwlekd); wiegk ) JeElo E $))))

This formula includes four counter-
informational processes for each informational
entity o, B, . ¢+ Y (in fact, self-discursive
counter-informational components) and for each
interdiscursive process ¢ k ¢, where ¢ # ¢ and
variables ¢ and ¢ fly over entities «, 8, ...

Y. Thus, this formula describes the beglnning
of the arising of counter-discourses §(«, w),
§(B, w), , 3(Y, w) and §(¢ F ¢; w), where
again ¢ # ¢ and variables ¢ and ¢ fly over
entities «, B, ... , Y, out of discourse 3{«,
B, .. s Y E «, B, .. , y) After the
occurrence of looming, the looming processes of
counter-informing pass over to theilr regular
parallel forms, thus, to the resulting counter-

discourse 3 _(«, B, ' Y E«, B, Y w)
within «, B, fYE® B, oo, T
B26.
8r(al_ﬁl ' YE a, By ;Y W) =
((ee, B, s YE® B, s Y)Y L
(((3(p € {«, B, r Y1)a

(o F Clo); Cle) 4 9; C(9) [F wle);
w(e) 4 €le)));
(3 (e, ¢ € {«, B, r Y1) A (9 # ¢))-
(e P ECeo k) Clek¢) d (9= d);
Cle F §) [F wleF ¢);
wip E4¢) 4 €lo E ¢)))))

This formula completes the discussion
concerning the resultant counter-discursive
component 3§ _(«, B, , YR, B8, QY W)

belonging to the two-way informational process
o, B, Y B« 8, ¢ Y

4.3. Informational Embedding within a
Discourse among Several

Informational Entities

We have to determine four resulting embedding
discourses, namely,

B27. 8Aah6;aL
sr(a: B,  YEE, n, 5 o),
Br(“f 8 F«, B; e), and
Br(al BI v Y h o« By .-, Y e)

The first two cases belong to one-way discourse
and the second two cases to two-way discourse.
As any information, also these discursive
components first loom and then inform out of
counter-informational discursive components,
thus, having their looming and then their



parallel informing phases. This embedding
phenomenology becomes similar to the previous,
counter~-informational one.

4.3.1. Embedding Discourse within the
One-way Process « k£ @8

The looming of informational embedding & and
embedding information s proceeds out of arisen
counter-information w. Methodologically, in
the case of o | B, there is 8{ax k 8; w) F 8(a
B; ). As counter-informational discourse,
embedding discourse is only a part within the
cyclic discursive process of o F f. It is
possible to construct the following looming
process:

B28.
Br(a EBg; w) L
(wle) L E(x); CGlee) J wla); E(x) L e(x);
e(ax) JE(x);

w(B) L EB); CB) Jw(B), EB) L (B);

‘ e(B) JE(B);
wle EB) L Gl EBR); Ela EB) Jdwla EB);

ek B) L el =B): e | B) d E(x EB))

The embedding discourse for the case a £ 8
after looming is the following

B29.
Sr(a EB; g) =
(3 (x FB; w) [F
(wle) | Cla); E(er) 4 wla); Ela) [F e(x);
e(o) g E(a);
w(B) F E(B); E(B) F w(B); GB) F e(B);
e(B) 4 €(B);
wle FB) |k Ela kB); Ela B B) o wla k B);
Ela EB) [k e(e EB); el FB) 4 Elax F B)))

This formula completes the discussion on one-
way embedding discourse of the case o }= .

4.3.2. Embedding Discourse within the
One-way Process o, B, ... , Y E

E, m 4

At the beginning of this one-way case of
embedding discourse there is the usual looming
process:

B30.
8r(a! 8, c YEE, n, ; Giow) L
((3(¢ € {a, B, r Y El ul ’ C})'

(wlp) L Ele); Gle) J wlp); Ele) L elg);
(@) JE(e)));
(3¢ € {«, B8, r Y)Y, te (€ n, r Gl
(W ETYLEWYET); EWE T Juwl@d kE 1);
CEILedED; ek JEWE 1))

This looming proceeds into a regular parallel
process of one-way embedding discourse, marked

bY 8r(al BI r Y # E' un ' Z; E)r among
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several informational entities, and can be

expressed by the formula

B31.

8r(ar B, e Y # EI N, PR g) =
<6r(ul B, sy YEE M, , G ow) F
(((3(e € {«, B, Y E0m, + §1)e

(w{e) [k Ele): Elo) { wle); Ele) |k ee);
(o) 4 €(9)));
(3 € (o, B, s Y}, T E {El Ul ' C})-
(WOETFEYET; G ET) 4 wldE1);
Elg F ) FeldE 1)
e F 1) JEGET

This formula completes the one-way case of
embedding discourse 3 («, B, ... , ¥ E E, n,
1 z; E)-

4.3.3. Embedding Discourse within the
Two-way Process «, 8 E «, 8

In this case, embedding-discursive infeorming
takes part between both discursive partners «
and 8, so that the transmitting and receiving
roles of « and # change during the discursive
process. At the beginning, there is the looming
of all possible forms of embedding processes
Gla), E(B), E(x F B), and E(B k «) and the
corresponding embedding products s(w), e(B),
e{e £ B), and £{f k «), produced by embedding
processes in one or another way. The looming of
the discursive embedding phenomenon is the
following:

B32.
3. (x, BFoa, B; w L
(wla) L Gla); C(a) J wla); E(x) L efa);
ex) 4 €{a);
w(B) L E(B); G(B) JwiB); G(B) L 2(B); ‘
e(B) JEB);
wle FB) L Ela fB); Gla kB) JwlxkB);

Gla EB) L el B); ela kB) J Gl k= 8);
WBFa) LEB EFa); €GB F o) dawl F a);
CEa)LeBERa); e(BE o) JEB F a))

This formula includes four informatioconally
embedding processes for each entity «, B, « F
B, and B E «, respectively, and describes the
beginning of the arising of embedding
discourses 8(«, e), 3(B, ), d(x k B, &), and

-8(B F «; &) out of discourse &(x, B F «, B; ¥)-.

After the occurrence of looming, the looming
processes of embedding pass over to their
regular parallel forms, thus, to the resulting
discourse of embedding sr(a, 8 E a, B; )
within «, 8 kE «, B:

B33.
Sl BE o, B; &) =
(8 (a, B, B; w [k
(wla) [F Gla); Glo) F wle); Elo) [F ela); .
e{x) q Ela);




w(B) FEB); €B) 4 wiB); EB) F e(B);
' e(B) 4 B(3);
wla F B) F Cla F B); Cla E B) 4 wlx EB);
Cla EB) F el EB); el EB) 4 Elx E B);
wBEa FEBEX); EBR F o) 4 wB kE «);

B Fa) e ko) e Ea)dEBE o))

So far, this formula completes the discussion
concerning the resultant embedding component
Sr(a, B E «, B; &) belonging to the process «,

BEFa 8

4.3.4. Embedding Discourse within the
Two-way Process «, (8, ;Y E
aIBI I.r

In this case it is assumed that informational
entities «, B, , Y participate equally and

mutually in the embedding part of discourse. It
can be simply said that among «, 8, ... , Y a
two-way embedding discourse exists. At the

beginning, there is the looming (or bursting)
of all possible forms of informationally
embedding processes

Glo Ed)i 9, ¢ € (w B,
where €(o k ¢) = G(g)

B34. ;Y.

and the corresponding products of embedding
information

B35. elo kB d); ¢, ¢ € {«, B,

where (¢ E ¢) =

: Y}
e(o)

produced by embedding processes in one or
another way. The looming of embedding discourse
within this case can be expressed by

B36.
Br(al 13: N ¢ ¥= o, BI y Y w) L
((I(e € {a, B, ¢ YHe

(wle) L Ele); G(o) Jwle); (o) L e(9);
e(e) dCle)));
(3p, ¢ € {=, B, YD A (e # ).
(wie ) LEo k) CloE ) JwlokE d);
GloE ) Le(okE d); elokE¢) JEeE )

This formula includes four embedding-~
informational processes for each informational
entity «, 8, , Y (in fact, self-discursive
embedding- 1nformat10nal components) and for
each interdiscursive process ¢ f ¢, where ¢ # ¢
and variables ¢ and ¢ fly over entities «, B,

. , Y- Thus, this formula describes the
beglnnlng of the arising of the embedding
discourses 3(x, g), 8(B, &), , 8{y, &) and
5(9 E ¢; =), where again ¢ # ¢ and variables ¢
and ¢ fly over entities «, 8, ... , Y, out of
counter-discourse ¥(«, 8, r Y h o, B, +ov o
¥; w). After the occurrence of looming, the
looming processes of embedding pass over to
their regular parallel forms, thus, to the
resulting discourse of embedding SI(a, B,

TFE o« B,
BI I

I

. Yi €) within «, 8, , YE«
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B37. -
Br(ar B, ’ Tt:al B, ; Yi €) 5_
(8]:(“! B, : Y t: o, BI r Y w) L

(((I{e € {«, B, r T}
(w(e) [F Cle); €(g) H wig); El(e) [F elp);
e(e) 4 €(9)));
(3((e, ¢ € {a«, B, y Y1) A (o # D))
(wlo F ¢) [F Cle F ¢); Ele F ¢) 4 wio F $);
Cle F ¢) [F el F ¢);
ele F4) 4 €le F ¢)))))

This formula completes the discussion
concerning the resultant embedding-
informational component 3 _(«, B, s YE o
B, -+ , Y; &) belonging to the two-way
informational process of the form «, B, . ¢
E o, B, ¢ Y
4.4. The Game of Counter-informing and
Informational Embedding within a
Discourse among Several
Informational Entities
The course of discourse among various

informational entities depends essentially on
the game in which informing (initial or
original discourse), counter-informing
(counter~-discourse), and informational
embedding (embedding-discourse) take part as
substantial informational players within
discursive nature of information. This game is
circular in the sense that after the looming of
resulting discourse Sr(u), this is closed via

resulting counter-discourse 8r(a, w) and
resulting embedding discourse Br(a, ¢) into the

so-called reqular (parallel, cyclic) discursive
cycle, i.e. looming back into the original
discourse § (a) This cycle was dynamically

schematized by formula DCw in section 3.3.
In regard to our four cases we
according to DCw

have

.

B38. ((3.(a) E d.(x, w)) E 3. («, 2)) F 3, (),
where o stands for
o B
o, B, r YEE PR
o, B ko, B; or
«, B, IYFQIBI"‘IT

The game of discursive looming as the beginning
of the game of discourse can -be described
according to LDx in section 3.3:
B39.
((x L
(a0 L €(a); C(ee) Joo; Cloe) L wlox);
wia) 4 E(a))) L
(w(a) L E(x); Ela) Jwla); E(x) L gla;
e JE)) L
(g(o) L oo; o Je(e)),
where of stands for



ok B

a, 8, F TR E N, ;G

%, B E«, B; or

qI BI 14 YFQI BI A r ‘Y
We see how o looms the entire, cyclic
discursive process within itself, since at the
end of the last formula the embedding

information e(x} looms back into «.

After looming, formula B38 describes a
regular discursive process within «, where
discursive components appearing in B38 are the
following:

B40. 8 («) = (x F «);
5 (o, w) = (ax F €{o); Cla) H &;
Cla) F wla); wla) g Cla));
3 (u, &) = (w(a) F Ela); E(x) 5 w{w);

Gla) E elo); e(a) o Gla));
Br(a) = (e(o) F oa; a o e(a))

The first and the fourth eqguivalence are in no
way in contradiction, since, by definition,
e{(x) is an internal affair of «. Thus, also
B41. ar(a) =(x, s Eo; aad o, )

reflects the known phenomenology of an
arbitrary informational entity «. By this kind
of discussion, phenomena of the discursive
nature of information, considering specific
discursive components, are believed to be
sufficiently clarified. .

5. LACANIAN FORMS OF DISCQURSE

. The false as well as true science can be
put into formulas.

Jacques Lacan [8] 17

5.1. A General Scenario of Lacanian
Discourse

Nature provides us with, let us speak
out also this word, markers and these
markers organize in an inaugural manner
human relations, give them structures and
model them.

Jacques Lacan [9] 26

The ideas of treating the so-called Lacanian
discourse in the way of informational logic
have been mainly seized from Bracher [7].
Later, in the course of informational analysis,
it could be demonstrated that the apparatus of
informational logic enables analysis, which
night go behind the Lacanian ideas, more and
more into informational details, bringing to
the surface constructive capabilities of the
Lacanian concept of discourse.

A discourse as informational process (in
brain, within interaction of the living)
produces informational effects in psychical
economies of relative informational transmitter
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o and relative informational receptor 8, i.e.
in the metaphysical or informationally total
domain of « and . In general, both « and § can
be understood as autopoietical informational
phenomenon being inveolved or mutually and
individually impacted by the process of
discourse. It is possible to imagine how a two-
way discursive process, symbolically expressed
by «, 8 E «, B, changes the social behavior and
how it is informationally thrown into the
domain of wish rather than into the domain of
knowledge. This conclusion might not be
important on the general 1level of discussion,
however, can become relevant at the detailed
analysis of discursive phenomenology of
information.

It is possible to think that information,
which informs, interpellates information which
is addressed by informing and that this
informational interpellation 1is a specific or
particular function or operation marked by the
discursive metaoperator g occurring between
impacting and impacted informational entities «
and B. The two-way communicational process
marked by o, 8 F «, B performs (or informs) a
specific (or particular) type of information
(or informational arising), within which the
relative roles of transmitters and receptors
are exchanged during the flow of discourse.

According to lacan, it is possible to study
(or introduce) four basic entities, called
performing (acting, behaving), truth, Other and
production and mark them symbolically by <, T,
¢, and A, respectively. Further, it is possible
to decompose the circumstantial (relative)
transmitter o into a self-discursive process of
the form (9, F 7 ) F (p, F A ) or specifically

(Lacanianly) into the form (Oa / Ta) E (pa /
Aa); similarly, the circumstantial (relative)
receptor f§ can be decomposed into (\‘)p E 1) E
(pB E Aﬁ) or specifically (Lacanianly) into the
form (0B / TB) E (pB / AB); further, the
discursive process between transmitter o and
receptor B, i.e. o« | 8, can be decomposed into
(¥, F To) E (pB E AB) or specifically
(Lacanianly) into the form (ba / 1a) = (eB /
"p);
receptor 8 and transmitter «, i.e. § kB «, can
be decomposed into the interdiscursive process
of the form (¥, E TB) F (pq E Ay) or
specifically (Lacanianly) into the form (¥, /
1&) E (e / Ay)- In these expressions, "/" and

"E=" are particular (Lacanian) informational
operators. The general form of these processes
occurring within circumstantial (relative)
transmitter «, circumstantial (relative)
receptor B, and between circumstantial
(relative) transmitter ¢« and circumstantial
(relative) receptor B, and vice versa, can be
decomposed as

(¢, B Fa, BYE
((0q l'_‘ TG)' (oﬁ }'—‘ 16) '=
(P F Ag)s (pg F Ag))

finally, the discursive process between

Li.

or specifically (Lacanianly)




L2. (e, B }: o, ﬁ) *:

(B, / 7g)s (95 / ) F
(0 / Ag)e lpg / Ag))

It is worth to mention the following important
facts to these formulas: formula «, B F «, B in
Ll and L2 ensures all possible cases of self
and mutual discourse concerning relative
transmitter o and relative receptor B, i.e. the
processes o« £ o, o £ B, B £ «, and B E B.
Further, operators f and / appearing in L1 and
L2 can be particularized to some general
degree, for instance, in the case of L2 into

L2'. (e, B F e, B) E
(('aa /(1 TG)' (“’B /a 1[3) FY
APy /o M) (g /g Ag))
We see, for instance, that for the discourse

within the transmitter « (self-informational
form of discourse) only the transmitter is
impacting the operator "/", and similar is
valid for the receptor B. In the case of two-
way or interinformational. discourse between
and B, both entities impact the operator k, so

However, Lacan extracts (for instance, by
modus ponens [6]) the informational discursive
components 4 / 7 and p / A out of transmitter
and receptor information and connects them
discursively, postulating
L3. (9, / o) E (Pg / Ag)i
(9 / 5) E (g / Ag)

since roles of transmitter and receptor within
a developing discourse can be changed
whensoever. This scheme is the basic origin (or
syntactic background) of any Lacanian type of
discourse. Onto this scheme (or informational
formula) various particularizations of operands
and operators can be rotated. Thus, L3 should
be the basic model of social interaction and
communication where the left part (ﬁa / Ta) is
occupied by transmitting and the right part
(pﬂ / AB) by receiving
transmits information and B receives it, and
vice versa, when the roles of o and B are
changed. This changing of roles happens
frequently through the course of discourse.

It is quite believable that Lacan has
considered the so-called self-discursive
processes within the transmitter and receptor.
In our case, L3 can be completed by the

systematic extraction (modus ponens) concerning
L2: : .

information, when «

L3'. (¥, / ) E (pa'/ h)i

(9 / o) F (pg / Ag)i

(9 / T5) E (g / Ay

(06 / TB) F (95 / AB)

The last scheme determines the Lacanian form of
discourse in several details and can be

understood as the decomposition of the basic
Lacanian scheme of discourse, i.e.,
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L3". (/) E (p /7 N)
for the case of two participants « and f in the
(two-way) process of discourse.

Some additional comments might be useful for
the understanding of Lacanian discourse. The
performing {or acting) 4 (the place it occupies
in the formula) always means also informational
domination within a discourse. This place is
occupied by the factor (or factorial
information) which dominates (informs) as the
speaker (transmitter) or as the expression of
the writer (within metaphysics of discursively
involved living agents). The performing ¢
supports the truth t which is the condition of
possibility w for 9. It is to understand that
possibility = is constituted metaphysically and
environmentally through discursive partners,
for instance, « and B, thus « k x, and BE =,

respectively. For instance, the following,
senseful decomposition is possible:
L4. (Pt tE®" nEMNE
((\‘)oc E Toi o E Toi T E ﬁa);
(ﬂﬁ E i Tg E m,; g E ﬁB))
Thus, the transmitter and receptor information

o and B include (C) the discursively relevant
components 4, 1, (% / 1), and «, i.e.,

LS. ﬂa’ Te? (ﬂa / T“), T C «;

05, ‘rﬁ, (% / ‘rﬁ). & cB

and these components inform, i.e., 9 [k, T, E,
(ﬁCl / T“) F’l “0( t=l 06 F' TB FI (‘a / 15) FI 1‘6 .
E, and are informed, i.e., k 0a’ Tyt E (0& /

Tu)l }= Trul F 'aBl i= TB: '= ('DB / TB)' F: “B {at
least by itself and probably by other

information). Both ¥ and 1 inform cyclically
via information w, i.e.

alE (O F 1) Fx) B
(1, F ) B ) k1))
B F ((((1‘)3 }= TB) E m) F\‘?B);

(((1g | m) E 95) F 7))

L6.

Shortly, the  transmitting component ¥ / < is
complexly informed, i.e. (9 / *), and
performs (informs) regularly in -informational
sense. : .

On the right side of the discursive
relations in L3 the receptor components called
Other/production, ¢ / A, appeared. Within this
construction, ¢ is the receptor of the message
9 / t. By usual terms, ¢ / t is called speech.
The production A is information produced by the
receptor as the answer tc the mnessage. Thus,
the process p / A has also the meaning '"the
Other p informs (or informationally coproduces)
A, or generally, as treated in L1, Po B A, and
93 E Lﬁ' .

Let us now resume the following: in the
Lacanian scheme of discourse we have the
relative transmitter o and the relative
receptor B. In this scheme, o communicates to §
by messaging through ¥ / 1, within which the
informationally dominating component ¥ masters



or determines the truth 1. On the receptor side
B this messaging is specifically accepted
through the receiving component p / A, where p
is the substantial metaphysical component of
the receptor B, called the Other, which, within
the entire metaphysical domain of $, produces
information A as the consequence or answering
to informing of ¥ / 7. Now we see how Lacanian
scheme of discourse despite of its initial
schematic simplicity becomes more and more
informationally complex and begins to expand
over its initially simplicistic philosophy. We
see how the initial schematic system arises and
becomes as complex as we are able to determine
{decompose) new and new components and their
impacting and impactedness within the arising
discursive system. The joint Lacanian
transmitting and receiving discursive system
can to this point be expressed formally for the
case of one-way communication, considering
Lacanian postulates L1, ... , L6 and some
comments in the following way:

JL. o |k B

LTx>. ok (9, / T,); [ F «, Bl
(D /7 x) B log /7 A (Pﬁ / XB);
(pg / Ay) ,
SN
(D, k1) Ex) F O
({1, | =) B9 Ik Ty

LRx>. B [F (06 / TB); 8 F Bl

(OB / TB) = (Pp / Aa)i
(PB / %B) < H
g ”: TEB;

L7. ((x‘)B = 13) Ik nB) I ﬁﬁ;
((TB Ik “ﬁ) I 03) [ TB

This system can be seen as a minimally
particularized one, so, it can be expanded (or
decomposed) easily into greater detail. It is
to say that also some previous, informationally
general concepts of discursive counter-
informing and embedding can be considered,
e.g., subsumed and/or superscribed to the
system already developed. In this system,
expressions [...] are comments. Subsystem L7
marks the discursive interaction within the
receptor. Within system JL», {8 performs as a
steady receptor, which does not interact
backwards to the transmitter «. Further,
operator k was particularized by operator [k,
which explicates the parallel processing
between transmitter o and receptor § and inside
cf them. It is also to understand that 0u / Ty

and 9, / 1, are the so-called speaking parts,
and p. / A, and fg / AG are the listening parts

of transmitter and receptor, respectively.

The next question which has to be touched is
how can the impacting of receptor on
transmitter be brought into consideration. In a
real discourse, a two-way interaction comes
always into existence, thus the following
Lacanian discursive system can be appropriated:

JLes. o, B F o, B;

o, B[k (ﬂa / Ta): (06 / TB)?
B 7 tq) | oy / Ade (pg / Agli

LTXe>.
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(b / A [

« ki

(O I ) | ) | 9

(g b ) 9, F <

B ok (Bg / Ag)y (oy / M)

(3 7 %) I (o / Ag)s (o / A
8 I mgi

(pB / AB) EB;

(% I %) F m) F 9.

((TB (3 nﬁ) # 06) i Tﬁ

LRX¢-> .,

This system is formally symmetric in regard to
the transmitter o and receptor f. It is in no
way closed, so it can be always developed
(progressively decomposed) to the needed
details by adding new formulas and decomposing
the appearing operands and operators, and also
particularizing and universalizing them. We can
see how initial Lacanian idea of discourse
becomes more and more formally complex and that
this complexity grows with the number of
participants in the discourse.

In this way it 1is possible to show a
sufficiently clean Lacanian discursive system
of several participants in which each
participant is performing harmonically as
transmitter and receiver. This completely
symmetric system of several participants in a
discourse has the form:

L&, «, B, r Yo, By e Y
Loe-s. a |k (ﬂa / Ta), (QB / TB)I
' (ﬂT / TT);
(O, 7 ) I (og 7 A)s (og / Ag),
' (PY / AY);
(b / M) I s
« [F my;
(9 I To) I 7,) | 9
(g [ 7)) | 9) 7y
% IF (P / Ay)e (pg / Ag).
’ (PY / AT);
B B (9, / 7,), (35 / 15),
' (\‘)Y / TY);
(03 / Tﬂ) # (Pq / Aa)l (PB / Ag):
] (PY / AY);
(g / Ag) I B -
B Ik “Bi
((OB Ik TB) Ik "ﬁ) e ﬁsi
g Ik 7)) I ¥) [ T8
B (0y / Agds (Bg 7 Ag),
LYH' 'T lF (aa / Ta)l (‘03 / TB)I
' (0Y / TT);
(Oy 7 7)) I Py / AL)s (pg / Aghs
) ' (PT / AY)i

(pY / AY) Ey;




YT
LR ) o) R
(lry Fy) F O o~y
T ey / A)e (og / Ag),
r {py /AY);

This system can be still particularized,
.universalized, and decomposed according to
the arising needs and various philosophies and
constructions in accordance with the Lacanjian
{or psychoanalytic) style (or doctrine) of
discourse, however also outside of Lacanian
(or psychoanalytic) concepts. As one can
observe, there is a slight conceptual
difference between informational systems marked
by JI«> and L¢>; the reader will be able to
discover it by himself or herself.

5.2. On the Notion of the Other as
Information

The notion of the Other concerns counter-
information. If one says that there is no the
Other of the Other, this would mean that there
is no counter-information of counter-
information. This seems reasonable because
counter-information as phenomenology of
information is not yet -embedded into the so-
called comprehension of existing or source
information which produces (generates) counter-
information. In this respect, it is not
possible to distinguish counter-information
from counter-information, although counter-
information, if marked as such, is nothing
other than information. This discussion merely
concerns a part of Lacan's hypothesis by which
he argues that there does not exist the Other
of the Other [8, page 50].

By informational terms, the psychoanalytic
term the Other is counter-informational on
different levels of discourse. And as we have
seen, within each simple or composed
informational entity, always  an inner
discourse, the so-called self-discourse occurs.
The Other may appear explicitly in the domain
of the so-called counter-discourse and
implicitly in any other discursive component as
a distributed informational phenomenon within
information. To which extent the Other will be
brought into the "awareness" of information
depends exclusively on informational capability
concerning discursive embedding, by which parts
of counter-discourse can be embedded into
existing discourse and other <counter-
informational parts can be lost (for ever).

5.3. The Lacan's Idea of the Basic
Scheme Appropriation

- the unconscious is structured as
language - this is linguistics, which
model is an operator game performed within
its spontaneity completely by itself -
precisely this structure delivers the status
of unconscious. It confirms that under the
notion of unconscious there exists something
which can be marked, attained, and
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_ remnant (Lacanian object, marked by "a"),

objectified.

Jacques Lacan [9] 26, 27

How can the basic Lacanian scheme of discourse
L3 be appropriated? If we take this scheme

(/) Ee /A

then each element {operand or operator) of it
can be occupied (appropriated, informatiocnally
substituted) by a particular Lacanian entity.
In fact, Lacan chooses a cyclic scheme of four
operand elements, namely T, marking the

knowledge, oy denoting the marker-master, ¥

marking the object ¥ (plus-de-jouir, also
exceeded or remained pleasure), and ¢ denoting
the split (castrated) subject. To remember this
scheme of operand elements it is convenient to
put them into the Lacanian matrix form

L8.

so that this matrix can be rotated clockwise,
giving four possible matrix types, i.e.

L9.
o, U o, o, ] o, Pt ¢
oy $ _ ® « % o, g, 93

which will be characteristic for the so-called
university, master's, hysteric's, and analyst's
discourse, respectively.

The guestion to be cleared concerns the
possible meanings of discursive entities Oor
Ty ¥, and ¢ and their informationally circular
impacting. These entities can be understood as
informational processes which roughly mark the
knowledge (e.g. cognition, .belief, faith),
marker-master (e.g. truth, 4ideal, ideology),
and
split subject (as far as it is constructed as

the second in the relation to the marker),
respectively. :

5.4.'0n the Meaning of the Psychic Factors
&, 9, oy, and o,

On the contrary, every time we speak
about the cause, there exists something
antinotional, undetermined. ’

Jacques Lacan [9] 28

It was seen how four kinds of speech can be
constructed and understood to mark the main
psychical (in fact, metaphysically
informational or informationally metaphysical)
factors §, Y, Ty and gy According to Lacan,

these factors can be in the described cyclic
relation and each of them is fixed on the
position against the other.

Let us explain the split subject ¢ marking
the part of information which observes and



comprehends (experiences) itself. In this self-
comprehension, ¢ experiences its own sense and
identity, however, observes also its
disaffection to itself (counter-information)
within the domain of wish. This constitution of
¢ is the conseguence of §'s subordination to
categories of symbolic order or language. As a
speaking or discursive being, ¢ identifies
itself in and through the language. On the
other hand, ¢ feels its own Dbeing
{(informational nature) as unspeakable’ or
informationally connected with that what
language to some degree can confirm, but cannot
capture it. This informational process is
experienced as distress of ¢'s being. Thus,
subject $ is split between the marker-master
oy, which imparts the sense, and remnant Y,
which embodies being and cannot be adequately
informationally represented (understood).

Ty marks the marker-master and represents

any marker information to which or against
which § as information is identified. Subject §
invests oy in a way where the marker
information functions as the last truth: if ¢
confronted with the marker-master it

does not feel (inform) anymore a need for
additional observation, explanation, or excuse
(counter-informing). For the subject @, the
marker-master T, has a sense, which is self-

evident; it is a value existing without the
need to be spoken about. According to Lacan,

is Gyt

these are the concepts of "ego'", "unconscious',
and "imagination (fantasy)", used by
psychoanalysts.

g, marks the knowledge (or belief), which is

the discriminating system of language or of
linguistic code and which, according to -Lacan,
is structured by informational iteration of Ty

i.e., by the conquering power,
several markers-masters
discriminating (synchronous)
all other markers.

The object ¥ has some characteristics of the
order of the imaginary and of the real. The
remnant Y% marks a part of metaphysics (of a
being's total information), a part of
autopoietically embodied human being, which is
not closed under categories of symbolic order
and performs non-symbolically (for instance,
signal-informationally or molecular-
phenomenologically) too. The remnant ¥ marks a
disorder which obstructs and indirectly

performed by
within the
displacement of

confirms the symbolic and imaginary. AS a.

remnant, ¥ is the cause of wish.

According to some Lacanian schemes of
discourse [1] it is possible to construct
various informational relations (operations)
existing within each of four types of Lacanian
discourse, since the four psychical factors are
also in a specific cyclic relation. Thus,
besides the basic relation (¢ / 1) E (p / A),
where | seems to be a dual (two-way) operator,
additionally a general, dynamically structured
cyclic scheme of the form ’

(O By ) Ry (e /A B3 M) By 1) g
¥/ )

L10.

or similar to this form is proposed as a
consequence of Lacan's graphic schemes
accompanying his philosophy of discourse. In
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this scheme, Fl and hz can mark a kind of

informational incapability or particular non-
informing (for instance, within master's and
analyst's discourse) and h3, h4, and ks can

mark informational weakness (debility) (for
instance, within university and hysteric's
discourse}. As one can understand, this cycle
closes (in an intelligent way) via entities 9
and 4 / 7. The last formula is the example how
basic Lacanian schemes can be formally
decomposed according to Lacan's philosophy,
getting more and more detailed "algorithms" for
informational treatment of the subject.

5.5. The Phantasm as Information

Since the unconscious shows us the abyss
through which neurosis is reconciled with
the real - with the real which could also be
undetermined.

Jacques Lacan [9] 28

As a consequence of discourse a particular
informational form appears and informs during
the discourse, which can impact and can be
impacted by the governing discursive
information {(informational Xernel) within
several types of discourse. This specific
informational product will be called phantasm.
Phantasm as information plays one of the
central roles in Lacanian concept of discourse.

Let us proceed from the Lacanian formal
expression

L11. $ou

which marks (an informationally qgquasi-
symmetric) operation or relation between the
split subject § and its object (remnant) 9. For
the mathematically oriented reader it might be
not gquite clear what do the psychic factors §
and ¥ in fact represent, however, in the course
of psychic (or psychoanalytic) investigation
these factors can be always informationally
decomposed to the needed or conceptually
appropriate detail. As Lacan proposes, object U
is the sliding or level into which that is
embedded, what represents the wish of the
subject G.

Further, the meaning of operator ¢ can be
determined as 'fantasizes', thus, ¢ ¢ U is read
as @ fantasizes Y. According to the general
sense of informational operators, it is even
possible to introduce a more general formula of
phantasm, i.e.,

L12.

$al $ﬁ: ! $Y < Q‘[E' un: ] mc

which can have, for instance, the following
meanings: informational entities (split
subjects) $a, $B' . §_ fantasize, imagine,
wish, etc. informational entities {their
objects, remnants) YU,, YU, ’ ﬂz. According
to Lacan, 1t is characteristic that the

entities on the left side of operator ¢ are
split; it means that these subjects (split
informings) perform (inform) as parallel
informational entities in themselves.




It. is to understand that ¢ is a two-way or
quasi-symmetric operation, thus, if the left
entity fantasizes the right one, then the right
entity also informationally (fantastically)
impacts the left one. So, the implication
L13. (oW > (G AEG W
would be appropriate, in general.

It is also to understand that % stands
against ¢. This relation is one of the
constituents of the psychic economy and is
called phantasm. The wish which has to be
embedded as information finds its support in
phantasm, which is the substrate of the wish,
its imaginary regulation. Phantasm appears as a
secret, unrevealed informational entity. In
fact, phantasm behaves as something
informationally ambiguous and paradoxical, for
on one side of the phantasmatic operator ¢
there is the last joint of the wish and on the
other side something which is informationally
embedded into awareness. Thus, phantasm as
information belongs to a perverse category, to
the domain of absurdity.

Phantasm receives its informational function
in the unconscious. If it transits to the level
of message, a characteristic situation occurs.
Phases, within which phantasm transits, belong
to the order of pathologic.

5.6. The University Discourse

The main term,
truth.

in fact, is not the
It is Gewissheit, the certainty.

Jacques Lacan [9] 41

The value of cyclic transformation of matrix L8
for the critics of culture lies in the
possibility to understand the manipulation of
receptors through messages and the
transformation of receptors' metaphysics. It is
possible to consider the type of interpellation
caused by the main four processes of discourse
being identified by Lacan. For instance, the
university discourse’ confronts its receptors
with the totalitarian system of knowledge or
belief Ty by which knowledge is assumed as

given. To be able to understand the message,
receptors have to be emptied of their own
knowledge or belief T4 thus producing the
state of alienation ¢. Within the settlement of
symbolic order, the receptors do not have any
possibility of influence, for g, and g, are
under the protection of the transmitter
(teacher, ideologist). 1In principle, this is
the place from which one begins to learn speech
and to which one returns if it tries to
comprehend the totalitarian (predominantly
ideologically structured) system. Examples of
this situation are students in the system of
knowledge or belief and socially subordinated
individuals in the system of government or
bureaucracy.

Let us examine the obvious two-way two-
subject discourse of the form «, B kF o, B
through its mapping onto the scheme of
university discourse (02 /oq) E(4/ &), by
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It is to

which the basic Lacanian discursive scheme (9 /
7) E (p / M) is appropriated. Thus, let us
consider, for example, the four basic
informational processes « F «, « F 8, B8 kE «,
and 8 [ B with their informing, counter-
informing and embedding and the simplified
scheme L3' with the aim to obtain the feeling
how a more detailed (developed or decomposed)
scheme would look like.

It is possible to express the adequate
cyclic schemes of discourse by means of the so
called self-discursive case, for which
particular discursive components are determined
by B40. Thus, considering the basic positional
scheme (¥ / ) E (p / A), there is:

L1l4.

3. (EFE M
((3(¥)

/ T(€)) F (p(n) / A(n));
(p(n) /7 An)) A (V(E) / T(§)));
3 (EFmn w = :
((2(8) / <(8)) F (p(€(M)) / A(E(M));

(p(€(n)) / ME(N))) H (A(E) / ©(§));
(2(E(E)) / <(€(E))) E (plw(n)) / Mw(n))):
(p(w(n)) / Mw(n))) q (F(E(E)) / (C(§))));
3. (EfFmnie) =
((2(w(E)) / <(w(E))) E (p(E(n)) / ME(N)));
(p(E(M) / AMEM))) F (Hw(E)) / t(w(E)));
(3(€(8)) / T(€(E))) E (p(e(n)) / Ale(n)));
(p(e()) / Ae(m))) H (H(E(E)) / *(E(§))));
3. (EFm =

(((e(E)) / <(=(E))) E (e(m) / Mn));
~{p(m) / M) d (9(e(8)) / <(2(§))))

for

(EEnN €e{aFua; akB; BFE«; B FB)

stress that Ll14 1is a rather
simplicistic Lacanian system which shows the
arising complexity when additional decomposing
(detailing) is performed. In the case of
university discourse, entities ¥, T, p, and A
have to be replaced by entities Tor Tq4 g, and

¢, respectively. By these replacementﬁ in
partial discourses of Ll14, for each partial
discourse four subcomponents are obtained,
which can be grouped into eight or sixteen
processes, réspectively, for instance, ar(a E

o) ; ar(a EB); Sr(B E o); Sr(B [ B) and marked

by 3 («, B), etc. Thus, after the appropriate

replacement for the university discourse, there

is:

L1S.

8, (e, B)
((oyta) / o) E (Ae) / Glo));
() / G()) F (0,(0) / 01(x));
(oy(x) / o () E (AB) /7 G(B));
(@) 7/ 6(B)) q (o,(x) / oy(x));
(0,(8) / o (B)) E (Aa) / Glx));
(W) / Glax)) F (a,(B) / 0,(B));
(0,(8) / o (B)) F (A(B) / &(B));
(&A(@) 7/ ) o (6,(B) / o,(B)));

1}



3, (a, B w) =

((oy(a) / oy(x)) E (AE(x)) / G(E(ax)));
(WEe)) / $(C(ax))) F (a{x) / ()
lople) / o () E (U(EPB)) / G(E(B))):
(A(Ep)) / $€@))) (g () / og{e));
(0,(8) / o1(B)) F (U(E(x)) / $(€(x)));
(UC(x)) /7 §(€())) o (a,(B) / a4 (B));
(0,(B) / o1(B)) F (A(E(B)) / $(€(B)));
(AE@)) / ¢(e@))) o (e,(8) / o (B));
(0,(€(x)) / o, (€(a))) B (Alwla)) / Flwl(e))];
(Wwla)) / Glwla))) o (6,(C(x)) / oy (Clx)));
(0,(C()) / oy (C(ex))) E (Ww(B)) / $(w(B)));
(Ww@)) / $(w(B))) d (0,(C(x)) / oy(€(ax)));
(0,(€(B)) / o1 (€(B))) E (Alwl(x)) / $lwlx)));
(Wwlx)) /7 Glwle))) F (a,(€(B)) / oy (EIB))I;
(0,(C(B)) / o1 (€(B))) F (Ww(B)) / (w(B)));
(A(w(B)) /7 Glw())) d (a,(C(B)) / o (C(B))))

Syle, Bi &) = '

({oy(wla)) / oylwle))) F (A(E()) / G(E(x)));
(A(E(a)) / $(E())) F (oy(wla)) / oylwlea)));
(o (wla)) / op(wla))) F (UER)) / $(ER)));
(WEP)) / GE(B))) o (oy(wla)) / oylwle)));
(g,(w(B)) / oy (w(B))) F (U(E(x)) / G(E(x)));
(U(E(x)) / G(E(x))) o (a,(w(B)) / o (w(B)));
(o (w(B)) / o (w(B))) E (WEPB)) / GER)));
(A(EB)) / $(E(B))) d (a,(w(B)) / o5(w(B)));
(0,(C(x)) / oy (€(x))) E (Ale(x)) / Glelx)));
(Ule(x)) / §le(x))) o (o5(E(x)) / o (E(x)));
(0,(E(x)) / oy (Cla))) B (Ae(B)) / G(e(B)));
(U(e(@)) /7 $(e(@))) H (0,(E(a)) / o (CGlx)));
(0, (E(E), / o (€(E))) kF (Alela)) / Blela)));
(Ale(a)) / Gle(x))) o (a,(E(E)) / o (€(§)));
(0,(B(B)) / o1 (€(B))) F (A(e(B)) / G(e(B)));
(A(e(B)) / $(e(B))) 3 (e,(€(B)) / o, (€(B))));

3, (e, B) =
((oy(e(a)) / ay(ee))) E (Alx) / Fla));
(Ula) / §la)) F (o,(e(a)) / oq(e(e)));
(o(e{x)) / oy(e(x))) E (AB) / G(B));
(AB) /7 $B)) Ao (o,(elx)) / oq(e(a)));
(o,(e(B)) / o1 (e(B))) E (Ua) / §lo));
(Ula) / Gla)) o (0,(e(B)) / o,(e(B)));
(o,(e(B)) / a1 (e(B))) E (UB) / §(B));
(U(BY 7 §(B)) = (o,(e(B)) / o (e(B)))

~

etc. The dynamic scheme of two-way
participant university discourse Qu(a, 8)

be expressed according to formula B38 by

two-
can

L16. ((3 («, B) E 8, (o, B; w)) k 8, (a, B; 2)) F
8 (s B)
This, rather simplistic case of university

discourse shows how complex scenarios of
discourse can be constructed. Systems L15 and
L16 represent an informational skeleton on
which further decompositions can be hanged,
coupled, and developed according to imagined
purpose€s. The last case of possible discourse
also undoubtedly explicates the importance of
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joining and combining several concepts -
Lacanian and informational. It suggests how it
would be possible to structure and organize
discursively parallel processes by an
informational neural network and programming.
And it offers feeling how technological
approach of discourse might go behind natural
discursive systems and surpass them in
complexity as well as possibility.

5.7. The Master's Discourse

The so-called master in Lacanian discourse
is a kind of kernel information around which
a particular arising of information or
informing of kernel information comes into
existence.

The master's discourse confronts the receptor
through the abiding by distinguished markers-
masters g,, compelling the receptor that if it

should understand the master's message, it has
to cease playing of knowledge Ty by which all

phenomena are presented and explained on the
basis of principles embodied by these markers-
masters. This effect arises when, for instance,
professionals acting in any domain (religious,
political, academic, scientific, etc.) read
phenomena belonging to their professional
domains by notions of some given principled
concepts.

The formal discursive components sm(a, B8),

6m(a, B} w), and am(a, B; &), belonging to the
master's discourse Dpr are obtained by circular
shifting of the sequence Ty Tqo &, ¥ into
sequence ¢,, ¢, U, S, in informational system

L15, when university discourse transits into
master's discourse. Thus, for example,

dple, B w) =

((oy(x) / §(x)) F (o,(C(x)) / U(E(x)));
(oy(€(e)) / W(E(x))) o (o;(x) / Glx));

(o, () / $(x)) E (0,(C(B)) / WE(B)));
(0,(€(8)) /7 A(E(B))) H (o () / Flex));
(01(8) 7/ B(B)) F (ox(C(x)) / A(€(x)));
(0,(€(x)) / WE())) o (o,(B) / $(B));
(01(B) 7/ §(B)) E (0,(€(B)) / U(E(B)));
(e,(€(B)) / AER))) H (o (B) / &(B));
(0,(€()) / G(E(x))) E (o lwla)) / Alwlx)));
(oy(wla)) / Wwle))) F (0,(C(x)) / G(C(x)));
(o, (€(x)) / §(E(x))) E (0,(w(B)) / Waw(p)));
(o (w(B)) /7 Aw(B))) (o (€(x)) / ¢(C(x)));
(e, (€(B)) /7 G(E(B))) E (oy(wl(x)) / Alwlx)));
(g (w(e)) / Wwlx))) H (o, (C(B)) / §(C(B)));
(o, (€(B)) 7 G(E(B))) E (0(w(B)) / Aw(B)));
(0,(w(B)) /7 AwiB))) o (e (C(B)) / G(C(B))))

etc. In this way, the master's discourse Sm can
be expresséd as

117, ((8,(x, 8) F 8 (e, B; w)) [ By(x, 85 €))

3, (x, B)

The complexity of master's discourse is similar




. to that of university discourse.

5.8. The Hysteric's Discourse

the subject in position of the eclipse,

of vanishing, &.
Which is that position? Lately, I
determined it by the term fading. I choose

this word because of several philological "
and other reasons, but also because it~

became familiar at the wuse of our
communication equipment. Namely, fading is
that ... when the voice disappears,
evaporates and then appears again ... But

this is only a metaphor for which we
have to trace the actual coordinates.

Jacques Lacan [8] 59

The hysteric‘s discourse of intruding wish &
demands that the receptor resumes the marker-
master G4 which gives the meaning and identity

to the outward incoherence of the message. But,
since the marker-master cannot exist outside of
the domain of articulaticn, this fortifying of
markers-masters triggers the constructing of
knowledge or belief system Ty Examples of such

request can be found in trials of consolation,
including in endeavors of parents and
therapeutists when consoling .the exited
children and patients.

The formal discursive components §h(a, B,

5h(a, 8; w), and 5h(a, B; &), belonging to the
hysteric's discourse gh, are obtained by
circular shifting of the segquence Tyr Ty ¢, «
into sequence &, %, Ty g in informational

system L15, when university discourse transits
into master's discourse and this one into
hysteric's discourse. Thus, for example,

By lee, Bi g) =
((Blwle)) / Wwlax))) B (a,(€(a)) / g, (E(x)));
(0, (E(e)) / 0,(C(x))) 3 (Flwlx)) / Wwl(x)));
(Blw(ax)) / Wwlx))) E (0, (E(B)) / a,(EB)));
(0, (€(B)) / o,(E(8))) 4 ($lwle)) / Wwl(x)));
(G(w(B)) / Ww(B))) E (0,(B(x)) / 0,(E(x)));
(0, (E(@)) / o,(E(@))) F ($lw(B)) / Ww(B)));
(G(w(B)) /7 WwiB))) F (0.(E(B)) / a,(E(B)));
(0 (B(B)) / o,(€(B))) 3 ($(w(B)) / Aw(B)));
(F(E(e)) / AE(x))) F (oy(e(x)) / aple(x)));
(oy(ee)) / o (e(e))) 4 (G(E()) / WE(x)));
(F(E(x)) / AE(x))) E (o,(e(B)) / a,(e(B)));
(0,(2(8)) / a,(e(8))) F ($(E(x)) / WE(x)));
(G(E(E)) / WE(E))) E (o (e(a)) / oylela)));
(og(e(x)) / oy(e(a))) 9 ($(E(E)) / A(E(E)));:
(G(EB)) / WER))) F (o0(£(B)) / o,(e(B)));
(o (2(8)) / ay(2(B))) 4 (S(E(B)) / AWER))));

etc. In this way, the hysteric's discourse Qh
can be expressed as

L18. ((ah(al ‘3) F ah(a' B; w)) h ah(d, ﬁ; E)) k:
5, 8)

The complexity of hysteric's discourse is
similar to that of university and master's
discourse.

5.9. The Analyst's Discourse

9 corresponds to that toward which the
entire modern development of analysis is
oriented when it tries to articulate the
object and the relation to the object.
Within this research is something righteous,
that is to say in the sense that the object
relation 4is that what 1in principle
constructs the mode of the comprehension of
the world.

Jacques Lacan [8] 59

The analyst's discourse, which is mastered by
the remnant Y, confronts the receptor exactly
with information of the being, which is not
captured by the marker. This discourse calls
the receptor's split nature 4into the
foreqground, evoking the sensibility for the
excluded ‘element . This discourse forces the
receptor to produce the new marker-master Gy
which confirms % and suppresses the deficit of
the subject's being. Examples of this
informational process can be found by students,

" who,' within the answering to Socrates' method,

articulate aspects of <their experience
unnoticed until then.
The formal discursive components aa(a, B),

ba(a, B; w), and Ga(a, B; e), belonging to the
analyst's discourse ma, are obtained by
circular shifting pf the sequence Ty 01':$' A
into sequence ¥, ¢,, 7,, ¢ in informaticnal

system L15, when university discourse transits
into master's discourse, this one into
hysteric's discourse, and further on into
analyst's discourse. Thus, for example,

3,0, B) =

((Aela)) / ay(elx))) F () / oq(a));
($(x) / o4(e)) = nA(e(a)) / oy(e(x)));
(Ale(x)) / oy(e(e))) F (§(B) / oy (B));
C(B(B) / o (B)) A mU(e()) / ay(e(a)));
(ACe(B)) / o (e(B))) F (§(x) / aq(x));
(Ble) / oq()) o nU(e(B)) / a,(e(B)));
(A(e(B)) / o,(e(B))) E (G(B) / ay(B));
((B) / o,(B)) 9 nU(e(B)) / o,(2(B))))

etc. In this way, the analyst's discourse Sa
can be expressed as

L19. ((3 (ax, B) F 3,(x, B; w)) F 8,(x, B; 2)) F
3,(x, B)

The complexity of analyst's discourse is
similar to that of university, master's, and
hysteric's discourse.



5.10. A Generalization of the Scenario
Concerning Lacanian Discourse

Here, the real always returns to the
same place - to the place where the subject
cogitates, where it is not met by res
cogitans.

Jacques Lacan [9] 56

The four types of Lacanian discourse are
particular discursive processes which within a
real behavior can be rotated from cne form to
another in the course of speech, public
appearance, performance, teaching, ideology,
etc. In a discursive process, according to
Lacan, it 'is possible to proceed from
university to master discourse, from master to
hysteric discourse, from hysteric to analytic
discourse, from analytic to university
discourse, etc.

The four Lacan's schemata show how a
particular discourse can manipulate receptors
and transform (impact) the informational
processes of their metaphysics. But, because of
the rotational property of these schemata, it
can also be shown how it is possible to
intervene with the intention for opposing or
counter-informing effectively the subordinating
power of a particular (imposed) discourse.
Basically, the way of intervention is similar
to the obvious way in psychocanalytic treatment,
which includes defiance to the dominating
factor of patient's message in the way in which
it resumes and explicates the "truth" or
subjective basis of this factor. This truth
then remains the dominant factor and is
requested against its "truth" or its basis. The
effect of this process is to produce a new
discourse every time when it cycled a quarter
turn on the ring of psychic factors clockwise
(L9), until the cycling reaches the analytical
discourse.

Obviously, the process starts by patient's
speaking of university discourse. In this case,
the first task of analyst is to discover the
marker-master or to expose the identification

oy Then, this marker is subjected to
systematic, totalizing outward of knowledge or
belief %, which dominates in the patient's

speech. This informing transforms the patient's
message into master's discourse. Afterwards,
the analyst requests the master discourse
which, according to Lacan, is identified as a
discourse of the self-identical ego, to
discover the alienation and split ¢ under the
monolithic identity g, The result of this

process is the next guarter of the cycle which
leads to hysteric's discourse. In answering to
hysteric's discourse, the analyst does not bid
the marker-master Ty and knowledge T, requested

by the patient as an answer to questions, which
concern a distinct identity (for example,
sexual identity or death). Instead of this, the
analyst turns the patient's gquestion to
discover the remnant U, which is the cause of
the patient's wish. Through this process, the
analyst discovers the phantasm

$ouU
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*Thus,

which for the patient functions as an
unanalyzable solid belief. From this discourse,
the patient as receptor, which answers to the
remnant %, is capable to produce a new marker-
master oyi this marker is valid as a

supposition of new ideal of the ego and as a
changed place in the symbolic order, so it can
deliver alternatively new opinions (beliefs),
different values and even changed identity.
Within a Lacanian discourse, the phantasm of
transmitter and receptor can be brought into
the formal system as an autonomous, but by
other processes impacted informational process.
the following resulting (parallel)
informational system can be appropriated:

L20.
@EE
(((3p(a, B) F 8p(a, B; w)) k Bpla, B; 2)) k
£ £ E
8{(&, ‘5));

£ € {u, m, h, a};

(CD (x, B) F 9p(ex, B)) F O (e, B)) F
9, (x, B)) F 9, (a, B);

Gla) © Ule);

G(B) o %(B)

H

The first formula in this system describes the
dynamic structure of a particular discourse,
marked by 9y. The second formula particularizes

four types of discourse, Qu, D Qh,

ml
known as university, master's, hysteric's, and
analyst's discourse, respectively. Finally, the
third formula describes the dynamic structure
of Lacanian discourse. The first and the third
formula are cyclic, so, always the cyclic
transition from one to another particular
(informational, counter~-informational,
embedding) and global (university, master's,
hysteric's, analyst's) discourse is possible.
The fourth and fifth formula mark the presence
of transmitter and receptor phantasm during the
composed discourse. Certainly, these phantasms
change (arise) when discourse transits from one
phase to another.

and Sa,
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REMARKS TO THE CONCLUSION OF THE
ARTICLE =

In the conclusion of the article
(Informational Theory of Discourse II) the
following topics will be discussed:

- Pseudo-lacanian forms of discourse

- discourse in the context of modi informatio-
nis: : -

- discourse as inferring, reasoning, or
concluding .
- discourse as modus ponens
- discourse as modus todllens
- discourse as modus rectus
. - discourse as modus obliquus
- discourse as modus procedendi
.- discourse as modus operandi
- discourse as modus vivendi
- discourse as modus possibilitatis
- discourse as modus necessitatis

- scientific discourse:

knowledge and truth

-~ belief and doctrinaire disciplinarity
- awareness and consciousness

- commonsense and scientific reasoning

- master's discourse (or his/hers master's
voice): :

- ideological discourse

- demagogic discourse

- discourse of the Slavic antithesis

- political discourse as ideology,
demagogy, and antithesis

etc.

- Topics of the conclusion will be presented
in a rather formal way to show the
possibilities of abstract, i.e. {machine-like)
informational rigorousness.
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ASSURING NUMERICAL STABILITY IN THE INFORMATICA 4/89
PROCESS OF MATRIX REFACTORIZATION

WITHIN LINEAR PROGRAMMING PACKAGE
ON PC :

Keywords: linear programming, HR matrix, matrix Janez Barle and Janez Grad
factorization, supersparsity, microcomputers Ekonomska fakulteta Borisa Kidri¢a, Ljubljana

ABSTRALCT: . One of the most challenging tasks of those who develop
linear programming software is development of quick, efficient
and reliable matrix refactorization subroutine. The paper
describes the implementation of this subroutine within the FC-LIP
praogramming package, which we developed for the IBM-PC personal
computers. A major design criterium for PC~LIP was to combine
storage economy with numerical stability. The former was achieved
using data structures which exploit super-sparsity and the latter
implementing state of the art algorithms for basis matrix
refactorizatian. These algorithms were combined with different
tools for improving numerical stability. The resulting subroutine
performs satisfactory even on a badly scaled data which are

quite common in practice.

ZAGOTAVLIANIE NUMERIENE STABILNOSTI MED REFAKTDRIZACIJIO BAZNE
MATRIKE V PROGRAMSKEM PAKETU Z2A LINEARNO PROGRAMIRANIE NA OSEBNEM
RACUNALNIKU: Razvoj hitrega, uzinkovitega in zanesl jivega
podprograma =za faktorizacijo bazne matrike spada med najbol]
zahtevne naloge pri izgradnji programske opreme 2a linearno
programiranje. &lanek podaja opis implementacije tega podprograma
v okviru programskega paketa PC-LIP, ki smo ga razvili za IBM
kompatibilne osebne rae&unalnike. Pri na&rtovanju programskega
paketa PC-LIP je bil glavni cilj vskladitev ekonomiene izrabe
pomnilnika z rnumeri&no stabilnostjo. To je bilo doseieno predvsem
z uporabo podatk&vnih struktur, ki izrabljajo hiperrazprienost,
in najbolj ‘ueinkovitih sodobnih algoritmov za izvajanje
refaktorizacije bazne matrike. Ti algoritmi so bili kombinirani 2z
razlienimi postopki 2a zagotavljanje numeriéne stabilnosti.
Razviti podprogram za refaktorizacijo je bil uspefen tudi na
slabo pogojenih prablemih, ki so v praksi dokaj pogosti.

Introduction i) Data structures which are designed for
exploiting sparsity in LP data. They can
be also tailored for wutilization of
structure and distribution of nonzero
elements contained in LP matrix.

ii) PRevised simplex algorithm with product
form factorization of basis matrix. State
of the art implementations of this method
are based on LU factorization.

iii) Subroutines for refactorization of basis
matrix. They are designed for controlling
size and accuracy of product form
factorization of basis matrix during the
LP solving process.

A major concern of those who develop linear
programming software is how to produce
efficient, reliable and numericaly stable
computational procedures for solving large-—
scale problems. When microcomputer software is
considered, the problem of fitting algorithms
and data structures within the limited storage
is also very important. Contemporary literature
on computational linear programming offers a
plethora of different methods for achieving
these goals. Roughly speaking these algorithms
and techniques can be divided into following
groups:

Each of these groups offers a great choice of




more or less elaborate techniques or

Sometimes
the

algorithms. it is not practical to

use only most advanced methods. For

example, it is often desirable to sacrifice

of
But in any case

some computational speed in favour
reliability or storage economy,

refactorization subroutine have to do its job

correctly. Refactorization

subroutine is also
very important part of PC-LIP packaée which
the IBM-PC personal computers.
life problems
as that this package is capable to
even very badly scaled problems. We

to the
refactorization

we
developed for
Practical

experiences on real

show solve
attribute

such a careful

performance
of
Our implementation can be described
as a successful combination of several state of
the with
controlling numerical stability.

mainly
implementation matrix

subroutine.

art numerical methods toocls for

That is

subroutine

why
description of our refactorization

may be of interest.
Analysing Structure of Basis Matrix

Refactorization subroutine starts with

analytical phase, where the structure of matrix
nonzero elements is

analysed. In our

implementation Hellerman and Rarick algorithm
1971) is wused for this
purpose. This is quite a famous algorithm which

is de facto standard

(Hellerman, Rarick,

for analytical phase
implementations. Results of this algorithms are
row which transform
matrix into form of so called HR matrix.

HR matrix can be,

and column permutations

Every
after suitable rearangement
of rows and columns, represented in the form of

block lower triangular matrix:

gk

matrices and H1
HR
general

where Fi(i=1,...,k) are square

are rectangular matrices.

matrices
block
of
£l These matrices are always nonsingular. When
their 1%l they called
bumps or external bumps and must have structure
similar

are

distinguished from lower

triangular matrices by structure matrices

dimension exceed

are
to one on a next picture, where # is
symbol for element which must be different from
zero and % symbaol for element which can be both
zero or nonzero.
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Fl =

the
There are two

Columns with, at least one nonzero

main diagonal are called spikes.

above

rules cancerning spikes:

i) Nonspike columns within bump must Hhave
nonzero diagonal elements.

ii) last column within the bump is a spike
having a nonzero uppermost element.
Typical cverali number of spikes is much
smaller than the number of columns within the
matrix. This is an important fact which can be
exploited' far the economical storing of the
faﬁtorized basis matrix. It is easy to prove

that when product form factorization is formed,
only those elementary matrices which correspond
to spikes must be actually computed and stored.
Other matrices from the product can be replaced
by pointers to the non-spike columns (Chvatal,
1983) .

with

as a

that matrix B

can be represented

It is ‘check

described

easy to
structure

product of matrices having a following forms

I, o]
gl = 231
(o]
i
H I,
where F! and H! are situated in the same rows

and columns as in matrix B. I_ and I_ are unit

s
matrices of dimension s and p respectively. It
is assumed that s and p are numbers of columns
to the left and to the right of F1,

which is of dimension r (s+r+p = m). Therefore

matrix

B = Blg2,,.8¥ (1)

be

can

Adequate definition for this identity can
"generalized product form of matrix B". B*
be

{(ordinary

defined as generalized elementary matrices
which
factorization,

elementary matrices, are

cantained can
differ

column).

in product form

from identity matrix only in one

For matrices structured in such a way
the following factorization formula is valid:

gi = Fi 1 @

Hil 1 ol H| I

This identity explains why elementary matrices

within particular bump can be computed



completely independent from other parts of

matrix.
If submatrix F! is a bump, then facterization
(2) is called splitting the bump
1982).

is to reduce number of nonzero elements in the

(Helgason,
Kennington, Main purpose for its usage
product form factorization of B. Fill in
(creating of new nonzero elements) during the
factorization of B! is restricted to r rows
which belong to external bump el It is an
improvement if compared with the usual product
form factorization, where creation of new
nonzero elements is possible in rows belonging
to submatrix Hi as well. Experiences show that
this approach saves computer storage in spite
of some overhead which is necessary to

additional

store
r elementary matrices {Hellerman,

Rarick, 1971, Helgason, Kennington, 1982).
Numserical Phase of the Algorithms

Our algorithm for the numerical phase of

refactorization which includes splitting the
bump is presented in the continuation. This
is modification of recent

algorithm algorithm

(Helgason, Kennington, 19821 in which we

included additional techniques for assuring

numerical stability. 1t was necessary due to
the fact that in the mentiéned algorithm well
scaled matrix was assumed. This assumption is
in general quite a realistic one because many
mainframe programming packages use some
procedures for automatic scaling of data prior
to apélying the revised simplex algorithm. For
example, this is true when MPSXs370 is
1977 .
such kind of procedure is not included in the
PC~LIP. We avoided this for the sake of storage

economy. The use of scales for rows and columns

considered (Benichou et al, However,

requires additional storage and, what is more

important, practicaly prevents employing of
such data structures which take advantage of
supersparsity. This is a characteristics of
large scale problems which means that the

number of distinct numerical values in the
problem matrix is usually much smaller than the
number of nonzero coefficients (Greenberg,
1976). In the PC-LIP supersparsity is exploited
in a standard way: nonzeroa values within
problem matrix are represented by pointers to
the table of all

(Barle, Grad, 1987).

distinct nonzero values

When basis matrix is not well scaled,

automatically or by means of proper problem
farmulation, preassigned pivot can appear to be
too small and for this reasen inadequate. Two

cases, which must be treated differently are:

1. Inadequate pivot 1is situated within the

external bump. In such a case its

corresponding column can be treated in a

same way as a spike. This means that such

columns are included in the process of
"spike swapping"
1980). In fact this procedure is a variant
of partial pivoting which is restricted to

spikes within the same buap.

(Helgason, Kennington,

2. Inadequate pivot belongs to column which is
cutside the bumps {(column from the triangle
part of the matrix). In this case the only

solution is to permute this pivot to the

right bottom of the matrix. Such pivots
will be

pivats".

referred to as "unstable

In the continuation of the paper we describe
our implementation, which includes handling of

above cases.

Algorithm S [(Product form factorization for a
HR matrix including splitting the bumpl

Preassigned sequence of pivots is represented

with wvector C, consisting of column indices,

and vector R, consisting of row indices. It is
assumed that these sequences are the results of
Other

information obtained with this algorithm can be

Hellerman and Rarick’s algorithm.
included into R and C wusing the following
method:

C with opposite (negative) sign,

indices of spike columns are stored in
as well as
components of R where external bumps are

beginning. Algorithm’s input is also basis
matrix B, which is of dimension m and parameter
All pivots
Yrs Tor which the inequality ’Vrl < TPIVR®y ..

holds, where y_ ., is the largest absolute value

TPIVR ("pivot relative tolerance").

of available pivots, are counted as inadequate.
Typical values for TPIVR are 0.001 or 0.01.

80: [(Divide the pivots into stable and
unstablel
a) Set
i) n = m for the number of stable
pivats
(ii) TPIVR = 0.001
(iii) 1 = 1
b) If i>m, go to Sl.
€) 1f R;<0, go to SO g).
d) Set
i)y  r =Ry
(i) |1 = ¢
(1i1) ypay = max |By|

e) If ,Brll < TPIVRxy s set
(i) for § =1, ..., n-1:
Rj = Rj+1 and Cj = C3+1
tiiy Ry, =r and G, =1
(iii) n = n-1
f) Set i = i+1 and go to S50 b)
g} Set
(i) t = number of columns in this
external bump
(ii) i =1 + ¢t
h)} Go to SO b



S1:

Sa:

'S3:

Stz

SS:

Sé

S7:

41

[Initializel tiiy) 1
a) Set (ijii) r

(i) i

JCi]
IRi|

€8: [(Test for spikel

[}

1 (pivot counter)

(11? 1 =€ (pivot column index) If C{>0, set y = B,; and go to Sé&.
(iii) r = 'Ri| (pivot row index)
(iv) j = 1 (counter for elementary

S9: (Spike update]

matrices) < :
atri Solve system of linear equations

b) Alocate storage for

; Ed'-'Ej—1Y = B*l
(i) y — real vector of dimension m
tii) ETA~file (data structure for S10: [Swap spikes if |y | < TPIVR#y..]

storing matrices Ej). a) Compute yga, = max kal

for k € (Rg,...,Ry)
by If |yr| 2 TPIVR®y ., go to Sé.
c) Obtain new 1; for which

c) Set y = By, (1% column of the
matrix B).
d) 1f R;<0, go to S5.

{Obtain new lower triangular elementary 1 = |Cg) (i<s<t, C_<0).
matrixl Criteria for choosing 1 is partial
a) Set z = y. pivoting inside row r.
Vector z is the r¢" column of the d) Solve system of equations
elementary matrix E;. Eg---Ej_1¥ = By -
b) Set § = j+i. e) Interchange Ci in C5 and go to Sé.
S11: [Obtain new upper triangular eiementary
{Test for the last stable pivot] matrixd
a) 1f i=n, go to Slé&. : a) Set
b) If i<m, set 1 s for k = r
(i) i = i+l 2y = YKk s for k = lRBI
(ii)y 1 = ICiI [} , otherwise
(i) ro= |R;| Vector 2z is the r*" column of the
Civ) y = By, elementary matrix Ej.
b) Set
[Test for External Bumpl (i) j o= je1
If R;>0, go to S2. ii) i o= i-~1
LInitialize for Bumpl : (iii) 1 = |C;|
a) Set (iv) r = 'Ri'
(i) d = J (current length of ETA file) 612: [Test for beginning of bump]
(ii) p = i (first column in this If i=p, set y = B,; and go to Si4.
external bump) :
(iii) b = number of columns in this S13: (Test for spikel
external bump a) If €350, set i = i-1 and go to Si2.
(iv) t = i+b-1 (last column in this b) If C; <0, solve system of equations
external bump) . Ed---Ej-1Y = B*l
b) Set k = p. and go to Si1i.

c) If k>t, go to Sé. Sl4: [(Obtain new lower triangular elementary

d) If CkFO, set k = k+1 and go to SS c). matrixd
e) Set i a) Set
(i) u = Cy 1 y for k = r ”
(i) v = Ry : z, = dy s for k = |Rg|
(1i1) ypay = max |Bqu| ok s
q , otherwise
) 1 |Byy| ¢ TPIVR®y .., set C, = - C Vector z is the r*" column of the
g) Set k = k+1 and go to S5 c). elementary matrix Ej;.
[Obtain new lower triangular elementary b) Set’ § = j+i
matrixl S15: [Test for end of bumpl
2) Set . : a) If i=t, go to S3.
, - {yk s for k = |Rg] (igsst) b)Y If i<t, set
k ) , otherwise

(i) i = i+t
tii) 1 = Lci|
(iii) r = [Ri]
(iv) vy = Beq

Vector z is theée r*" column of the
elementary matrix Ej.
b} Set i = j+1.

{Test for end of bumpl c) Go to Sia4,
a) If i=t, go to Sil.
b) Set S146: [Partial pivotingl

(1) i = i+l a) If m=n, go to S17.

(s<i)

(s>t)



b) Set

c€) Sort columns having indices from C; to

i = n+l
Cn in such a way that the number of
their nonzero elements is increasing.
d) In
from R; to R

the submatrix containing the rows
and the columns from C;
to C, perform Gaussian elimination
with partial pivoting.
[End]
Product form of B including splitting the

bump is obtained.

S17:

At the termination of algorithm S, matrix B is
represented as a product of elementary matrices
Ej=

B = EEp...Ej (3)

After obtaining this new factorisation of B,
its accuracy must be tested. State of the
method doing this is the sa called ARAird-
Lynch estimate (Rice, 1985).
that (3) is not

algorithm S must be repeated with larger value
of TPIVR. implementation of algorithm S
the PC-LIP, old of TPIVR

multiplied by 10.

art
for

If this estimate

shows accurate enough,
In our

within value is

Partial within step S10 ©)
performed by using subroutine BTRAN,

pivoting can be
which can
be restricted to only those elementary matrices
which belong bump (Saunders,
1976). BTRAN TRANsformation)
historical name for the subroutine which sclves
of the form Bly = d,
product form.
which appear
algorithm, can be solved by using
FTRAN (Forward TRANsformation).
are

to the current
(Backward is a
systems where B is in a
Bz = u,

the S
subroutine
BTRAN and FTRAN
the

The systems of the form

within several steps of

also important subroutines within

revised simplex algorithm.

If row and column permutatiaons determined by R
and C all
€3 are either upper
or
That
For

are taken into
(i=1,2,
lower triangular,

is why (3)

account, matrices

ceesd—l) triangular
but they are intermixed.
is not LU factorization of B.
this reason the revised simplex algerithm
with ordinary product form aof basis matrix must
be applied after perfarming the refactorization
(as 1t is in PC-LIP). It

t?.\OSE

is nat possible to use
Ly
format of the basis matrix, for example Forrest
1972).

algorithms which use and maintain

and Tomlin method (Forrest, Tomlin,
If one wishes to use LU format of the
the bump can be used
partially on an overall bump or kernel.

that
after

basis

matrix, splitting only

Kernel
is

part of HR matrix which cbtained

the lower and upper triangles have

is
been

removed from the matrix. Recently an algorithm

was proposed (Helgason, Kennington, 1982) which

performs splitting the bump while maintaining
the LU format. We briefly sketch how our
methods for handling the unstable columns can
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be incorporated in this algorithm.

By rearangement of rows and columns, the HR
matrix may be placed in the following form:
U v ]
B’ = o] [ T
0 M N
L and U are lower and upper triangular matrix

respectively, O are zero matrices of suitable

dimensions. We use T instead of O which is used

in the mentioned algorithm (Helgasaon,
Kennington, 1982). This enables transfer of
nonstable columns to the rightmost part of

the matrix. It is easy to check that for matrix

B’ the following factorization is valids

1 o] o u v W
B’ = (s} L T * 0 I [o}
] M N (o) o) I

tU factorization can be performed in usual way

for the first matrix at the right hand side.
The second matrix is already upper triangular.
Due to the fact that a product of two upper

triangular matrices is also an upper triangular

matrix, LU factorization of B” is obtained.
Conclusions
The matrix refactorization subroutine as

described in the paper has been included in the
PC-LIP linear programming software package. Our
main contribution was that we have combined the

already known methods for "splitting the bump®
with methods
stability. The algorithm

real life problems and proved to be stable even

some for assuring numerical

was tested on many

on a very badly scaled data.

the
not

Algorithm satisfies also with respect to
computational speed.
had

performance

Unfortunately we have

yet an opportunity for its
with

performance. It

comparising

some ather algorithm
to
measure the amount of reinversion computational
Another interesting

examine the effect inversion

is possible however
time in overall run time.
test to

frequency on the solution time.

of
We
two test on a real life problem with 342
434 structural variables and 2048
With the inversion freguency

is
performed
these
constraints,
nonzero elements.
ao,
iterations

the optimal solution was obtained after 221

and 565.1 seconds of elapsed time.

During the process 12 refactorizations were




that
to the overall

in 149.7 seconds. This
26.49%

We used the same

performed means

refactorizations amounts

computational time. problem

for the test with the inversion frequency SO.

The effect of

time:

inversion frequency on solution

nversion Solution Iterations Time per

I

frequency time iteration

(iterations) (secs) (secs)
20 - 565.1 221 2.99
S0 544 224 2.43

Results show that higher inversion frequency

does not effect much the overall solution time.

This can be explained with relatively slow

execution of the product form variant of

revised simplex methad. With the use af the

Forrest-Tomlin method the performance could be

slightly improved (Ashford, Daniel, 1988).
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FORMAL VERIFICATION OF DISTRIBUTED

SYSTEMS ‘

Keywords: distributed system, model, formal spécification,

verification

Distributed systems are
nondeterministic. Formal
in describing them without
about their correctness.
specification and verification of

respect to their abilities. It is
method. Anyway, a formal
useful in the design of
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methods and automated tools are needed for helping
causing a misinterpretation,
Different
distributed systems
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distributed systems.
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concurrent, asynchronous, and

and din reasoning
modelling, formal
are discussed with
find a universal formal

not have to be universal for being

approaches to

Za porazdeljene sisteme je znadilno hkratno in asinhrono izvajanje komponent

ter nedeterministiéno obnasanje.
raé¢unalnidko podprta orodja,
sisteme ter sklepati o
pristopih k modeliranju,
porazdeljenih sistemov glede na

Zato
ki bi nam pomagala popolno in nedvoumno opisati
njihovi pravilnosti.
formalni
njihove

potrebujemo formalne metode in
V ¢lanku govorimo o razliénih
specifikaciji in verifikaciji

zmoZnosti, Teiko je najti

univerzalen formalni pristop. Seveda pa je lahko pristop koristen, leprav ni

vsestranski.

0. Introduction

Informal software design techniques often rely
on trial and error involving possibly several
implementation and redesign loops. Formal
methods and computer-aided tools are needed in
the entire design process to avoid this
potentially expensive procedure. This is
especially true for distributed systems,
because they are inherently concurrent,
asynchronous, and nondeterministic,
Conceptually, they are thought of as being
composed of processes which interact by
exchanging messages. If the number of possible
interactions is large, their behaviour is
extremely difficult to reason informally
about, and even to describe without causing a
misinterpretation.
A variety of formal

verification approaches
investigated. They are
computation, In this
different approcaches to
specification

specification and
are being
based on some model of
paper we discuss
modelling, formal
and verification of distributed

systems by asking if they have some desirable
abilities. We ask, for example, if they manage
state explosion, if it is possible to specify
and verify safety and liveness properties, if

control and data related properties can be
verified, if a proof system based on a model
is compositional, which kind of communication

can be dealt with, if an approach can be used
for different applications, and also, if
verification can be easily automated.

Note that throughout the paper we talk about
the <classical system design approach. There, a
requirement specification is stated first,
which describes the behaviour of a system from
its wuser's view, without talking about its
internal structure, It serves as a contract
between the user and the designer. A design
specification is obtained by decomposing the
system into communicating processes, It is the
designer's work to verify if it meets the
requirement- specification., It is good if every
process can be specified separately. The
possibility of modular specification and
verification of a design against a requirement
specification in absence of the code reduces
the design complexity of distributed systems,

1. State machines

State machines are widely wused to model
distributed systems. Component processes are
represented by states and possible transitions
between them, The transitions represent events
- transmissions and receptions of messages.

The system's state space can be obtained, such
that its states are determined by a state of
every component, and its transitions are the




Verification can be
requiring reasoning about
the complete state space of a system /[11/,
But, as the number of states increases, it
becomes a difficult task. We can say that the
basic role of formal techniques is in helping
the designer to manage the state explosion.

components' ones.
generally viewed as

The
first

problem is Dbeing solved
one remains in the
concept. After the component
formally specified, the
is constructed and examined. Of course,
computers .are exploited to do it, This is so-
called exhaustive analysis. The state space is
in fact a reachability graph, and the analysis
is also called reachability analysis. The
second . way is to wuse mathematical theories
built on appropriate models which would not
‘force us into construction of the state space.

in two ways. The
state-machine
processes are
system's state space

One of the problems with exhaustive analysis
is that a representation of. the complete state
space. of a system must be constructed.
Usually, some transformations have to be
performed to obtain a graph of a reasonable
size, such as projections, reductions, and
selections /11/. They should preserve the
behaviour being analyzed. In most cases,
transformations are focused on preserving
control aspects, and ignoring data aspects of
the system. Unfortunately, only saome general
properties, such as absence of deadlock or
livelock, can be ~proved in this way, or
ordering of communication events can be
verified, That is why state machines are
typically used for verification of
communication protocols. Even when projections
are used, construction of a reachability graph
is time-consuming for large systems. Besides,
finite graphs cannot be built sometimes. One
solution to the problem, and to make it
possible to ‘analyze more system-specific
properties, is the use of simulation as a
complementary approach. It is° in essence
exploration of a selected portion of the state
space. However, it cannot "prove" properties
about the complete state space, but it can
increase confidence in the correctness of the
system, .A much exploited advantage of
simulation is that statistical information
about the performance of the system may be
calculated from the results of a simulated
execution, It is said .that "exhaustive
analysis and simulation are both sides of .the
same coin" /2/.

Most currently existent computer-aided tools
which «can be wused for design of real scale
distributed ' systems use exhaustive analysis
and simulation. One would say that exhaustive
analysis and simulation are used because of
the lack of appropriate theories. It is true
that for many of them only a conceptual
framework is provided, mainly concerning
communication and concurrency issues,  and
their use 1is only shown for small scale
problems, Besides, exhaustive analysis and
simulation are certainly more easily
automated. In the case of finite number of
states, algorithmic verification 1is possible.
But there are other reasons. For instance, it
is thought that simulation is nearer to the
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.explicitly,

culture of an average computer scientist /6/.
And formal proofs can play its role best when
a design is clear enough, while the designer
needs tools for assisting him din the design
process to achieve this stage by letting him
precisely express his ideas, and in the first
place validate them rapidly by simulation.

Examples of the
RGA" /11/, SARA
standardized
CCITT's
(SDL)

tools are OVAL /2/, Véda /6/,
/4/. The tools typically use
state~machine languages, such as

Specification and Description Language
/2/, and 1S0's Estelle /6/, many of them
use Petri nets /f11/ and related formalisms

/4/, for description of systems, because a
primary concern here is to provide the
designer with a precise and expressive formal
language which is easy to learn and to use.
This is not the case with abstract
mathematical formalisms.

such as
built

Some analysis procedures,
for deadlocked states, can be
tool, ‘A question arises,
specific requirements, to
reachability graph interactively, and to
verify if they are met. One way 1is to write
them in the same formalism as the design being
verified /14/. The RGA tool [11/ allows the
user ‘to specify first-order logic propositions
and predicates about places and transitions of
its Petri-net designs, and even to write an
algorithm to perform more complex analysis of
the design. Temporal 1logic specifications may
be written in some tools.

searching
into a
how to express
traverse the

There is a similar problem with simulation. In

véda /6/, an observer can be defined to
observe execution traces of a simulated system
instead of the user, and to report errors when
requirement specifications are not met.
Another question arises concerning simulation.
The development of simulation requires "test
scenarios" of the system environment., They can
be generated in a fully random or in an
interactive way. The authors of SARA /4/, for
example, have decided to model the environment
like the system being designed. A
well - defined behavioural model of the
environment then serves to stimulate the
system, and to validate its behaviour. We see
that ‘simulation can be din general fully
automated.

2, Axiomatic approach

When talking about state-machine notations, we
should also mention Milner's CCS (Calculus of
Communicating Systems) /9/, and Hoare's CSP
(Communicating Sequential Processes) /51,
although they do not model states explicitly.
They rather describe -processes in terms of
observable events., Their advantage is that
they provide a range of algebraic 1laws for
comparing, and reasoning about distributed
systems, so that formal specification and
verification can be carried out in the same
framework. If component processes of a system
are described in C€CS or CSP, we can still
construct the system's "state space". This is
indeed convenient for “finite-state” cyclic
systems, because the observable behaviour of



the system can be obtained and simply compared
with the system specification for its
correctness., But, to avoid a possibly
threatening state explosion, other kinds of
reasoning have to be &employed with state
machines, induction on state transitions, for
example. CSP offers besides compositional
proof rules,.

Till now, we have been talking about
constructive descriptions of processes. In the
constructive approach, also called operational
approach, a process is specified as an
abstract machine describing a computation.
Such a specification is implementation
oriented. We specify a program (i.e. a
process) essentially by writing another,
presumably simpler, program /17/. For
requirement specification and formal

verification purposes, specifying processes by
stating their properties, constraints that any
implementation must satisfy, seems more
convenient. This is so-called axiomatic
approach. In general, there are two kinds of
properties. Safety properties express what may
happen, or that something bad must not happen.
Examples of them are partial correctness,
mutual exclusion, and deadlock~-freedom.
Liveness properties express what must
eventually happen, or that a particular good
thing must eventually happen, They are
tempaoral properties, Termination and
starvation-freedom are liveness properties.

We can talk about the properties in
constructive approach, too. How could
specify a process, if not
may, . or what must happen?! Liveness properties
cannot be specified in every model., Only
safety properties can be stated and verified
within the classical state-machine model. If
it is not possible to specify what must
happen, the second best way is to express what
may happen. The difference between the
constructive and the axiomatic approach is
that in the former we specify a process
executions step by step, and in the latter
properties are written in form of logic
assertions which hold for execution sequences
we would get if the process unfolded over time
following the constructive description.
Unfortunately, algorithmic verification in the
axiomatic approach is not possible in general.
Proofs have to be designed by hand (if a
theorem prover is not available) and a certain
ingenuity often is required to find the proodf
/13/,

the
we

proof rules means that
proof of the correctness of a compound process
can be constructed from proofs of correctnes
of its parts. Hence, the system's state space

Compositionality of

does not need to be constructed. With another
word, to prove a property of a program, we do
not have to know the complete program, but

only requirement specifications of its parts.

Boare has
introducing
behaviour

achieved compositionality by
a trace model /5/. A trace of the
of a process is a finite sequence of
symbols recording the events in which the
process has engaged up to some moment in tine,
A process in the model satisfies a

by describing what
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. expect

specification if the
is true for all

specification expression
its possible traces.
“Concatenation of sequences", "prefix of a
sequence”, and "the 1lenght of a sequence" are
basic notations to the trace specifications. A
similar approach is used in the compositional
procf system for networks of processes of
Misra and Chandy /10/. It has to be stressed
that safety properties hold for complete
execution sequences and their finite prefixes.
Some liveness properties are not fulfilled by
prefixes, but always hold for complete
sequences, Because execution sequences may be
infinite, 1liveness properties are difficult to
specify in this model due to finiteness of
traces,
Temporal used for
temporal
suitable

logics are most often
specifying liveness properties. , The
operator 'eventually' is especially
for expressing progress properties, i.e, that
an event will eventually happen, Temporal
logic 1s also wused in combination with state~
machine model in so-called model checking /13/
for verification of liveness properties,
Unfortunately, we need here a finite systenm
state space which we check against temporal
logic formulae, Finding models that would
allow modular verification of temporal
properties, and not only of safety properties,
i.e. a compositional proof system for both of
them, is a tough problem.

An
been

example of such a model is one that has
found by Nguyen et al. /12/., One would

that infinite sequences will be used in
place of finite traces to model ©process
executions. Instead, a behaviour has been
introduced for better modelling of progress
and termination or deadlock, It is an infinite
sequence of observations. Every observation
includes a trace of events that have happened
up to the moment of the observation., Like in
Hoare's traces, the trace may be at most one
event longer in the next moment, i.e. in the
next observation, It means that events are
totally ordered, and that concurrency is
modelled with interleaving of concurrent
events, The compositional proof system based
on the model wuses linear temporal logic /8/.
#¥ith the introduction of infinite behaviours,
i.e., infinite segquences of traces, it has been
achieved that the previously mentioned trace
notations are still the ©basic ones, but
temporal properties can be stated in terms of
them by temporal operators. The model is also
interesting because systems with synchronous
and asynchranous communication can be
specified and verified, which is not usual in
other existent compositional proof systenms.
Communication is synchronous if a process
cannot send anything until the receiving
process 1is ready to accept it as input, and it
is asynchronous if a process can send an
output as scon as it is ready. To enable
modular specification and verification of
temporal properties for both kinds of
communication, it has been necessary to
represent the readiness of processes to
conmunicate in the model,

It is not
express

necessary to use temporal logic to
temporal properties, It can be always




replaced by first-order logic with certain
relations introduced. The reason it is often
used is because it is concise and elegant.
Trace specifications
data-flow computations,
awkward 1in expressing properties whose
structures are not well-defined sequences,
such as properties in unreliable systems.

are very suitable for
for example, but seemn

Chen and Yeh /3/ have
Based Specification Language)
concept of events more fundamental
of traces, so that untreliable
more easily specified. Partial ordering on
events is used, so . that not all possible

interleavings of potentially concurrent events

proposed EBS (Event
which takes the
than that
systems can be

have to be <considered as with total ordering.
And it does not wuse temporal operators, To
say that an event will eventually cause the
occurrence of another event, it uses a binary
relation. Safety and liveness properties can
be specified and verified separately -like in
Nguyen's system, so that verification is less
'complex.

3. Conclusion

Some approaches to modelling,
specification and verification of distributed
systems have been discussed. We have shown
their main characteristics and problems that
have to be overcome in searching for new
methods. It seems hardly possible to find a
universal formal approach. A much exploited
solution is in building automated tools which
integrate several useful approaches,
not force their users into procedures
unnatural to them. And perhaps it is true that
theories ' for specific applications should be
established before going into generalization

11/,
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ABSTRACT: In this paper circuits in grids which are obtained by using plane tessellations are observed, Isomorphism
and congruence of circuits in these grids is defined in natural way. Conection between these relations is discussed.

1. INTRODUCTION

A tesselation of plane is a covering of the plane
by using polygons. It is known that there are exactly
eleven ways to cover plane by using regular polygons.
Three of these are regular tessellations, where each
vertex is surrounded by identical regular polygons (see
fig.1). The other eight are semi-regular tessellations,
in which each vertex is surrounded by an identical cy-
cle of regular polygons (see fig.2).

@%@s

|~

>

\. N/
REE

.2 (2.6} (4.4)

Figure 1. The three regular tesselations

(3.3.3,3.6)

(3.3.3.4.4)

(3.3,4,3,4)

X R o

(3, 12.12) (4, 8,12) (4,8,8)

(3.6,3,8)

Figure 2. The eight semi-regular tesselations

In this way eleven infinite periodic grids are ob-
tained. (This grids are plane representation of infini-
te plane graphs.). Let G be one of obtained grids, A
circuit of the lenght m in a grid G is a oriented clo-
sed path without repeated vertices, containg m edges.

A circuit C in the grid G determines a simple poly-
gon which consists of the edges of C. We will say that
a circuit Cq is congruent to a circuit Cp iff polygons
determined by circuits C1 and Cy are congruent poly-
gons. Also, in natural way we define an isomorphism of
circuits in the grid G which is obtained by regular and
semi-regular tessellations, Let Cq and C» be the circu-
its in the grid G. Then: the circuits C1 and C; are iso-
morphic circuits iff there exists a congruence transfor-
mation T such that:

1) T maps the grid G into itself and

2) T maps a polygon determined by the circuit Cy
into polygon determined by circuit Cp.

Also we say that simple polygons A and B in the grid
G are isomorphic polygons iff circuits determined by A
and B are isomorphic circuits.

2, WORD REPRESENTATION OF CIRCUITS

Let G be one of grids obtained by using tessellations.
Grid G is periodic, Let us determine period of grid G.
If n is the number of edges in period of G then the num-
ber of oriented edges is 2n and we shall denote these
oriented edges (vectors) by v{0),v{1),...,v(2n-1).In"*his
way for any oriented edge of the grid G there is corres-

-ponding--uniquely determined vector~from the set v={v(0),

v(1)5eeesv{2n-1)},

Let A and B be points in the grid G, and P oriented
path of lenght t, from A to B, If path P consists of ori-
ented edges v(i7),v{i2),...,v(i¢) respectively, then the
word f(P)=i1i2,..1¢ which corresponds to path P is uni-
quely determined. Specialy, for i=1 f(v(i})=i. Let AN be
the set of all words of 1eEght k over the alphabet A=
={0,1,...,2n~1} and A"=UAK k>0,

Then denote by A" the set of all words which corres-
ponds to oriented pats in the grid G. That means: aGA'k=>
exists path P such that f(P)=a.

If the word a=i1' ...14 is from A", then a determines
the path v(iq}...v(1 § such that f(P)=a. The circuit C of
lenght n determines %n closed oriented paths, depending
on the choice of the initial vertex and the orientation
of the circuit, A function f maps these 2n oriented paths
into 2n words of the set A", Let us denote the set of
these 2n words by Q(C) (for circuit C}. Let T be isometry
which maps grid G into itself. Let T(v(i}))=v(i") i=0,1,2,
«vesen=1 then (0°,1°,...,(2n-1)") is permutation of (0,1,
«..»2n-1), Transformation T maps path P=v(iq)v{ip)...
v(i¢) into path T(P) such that T(P)=T(v(i1)v(ip)...v(it))
=T(v(11)2T(v(i2))...T(v(it))=v(if)v(1§)...v(if§ or
f{T(P))=1{i5.. ¢,

Let A"™-be the set of all words which correspond to
circuits in the grid G. Also every word a from A" (a=i}
...1¢) determines circuit C=v(iq)v(i2)}...v{iy) {which
determines simple polygon with edges of C}.

Let a and b be words from A" , We say that a and b
are in the relation a iff circuits, which are determined
by words a and b, are isomorphic circuits.

LEMMA 1: Relation o is equivalence relation.

PROOF: The set 1 of all congruence transformations which
map grid G into itself is a group.
Specialy: If T=I (identical mapping) then for a,beQ(C)=>
aab,

In the set of vectors {v(0),v{1),...,v(2n-1)} we de-
fine relation p by: v(i) v(j) < exists isometry T which
maps the grid G into itself such that

T(v(i)) = T(v(i))
LEMMA 2: Relation p is a relation of equivalence.
PROOF: Directly from definition.




Also, we say that: ipj iff v(i)pv(J).

» If P is a path from point A to point B then vector
AB is equal to the vector sum of oriented edges which
_the path P contains, . .

LEMMA 3: -Word a=i iZ"'it from A" is from A™ (or
v{ig)v(i )...v(it] is circuit) iff 12.v(i1)+v(i2)+'_.+
v(iy)=0 %vector summ) and 2) v(1j)+v P41 ...+ ' v
V(ij+k)f0 for kej+ks t.

3. . ALGORITHM FOR COUNTING NDNISOMORPHIC CIRCUITS

Using observations from previous section we can pro-
pose one common algorithm for determination numbers of
nonisomorphic circuits on each of grids obtained by tes-
sellations (regular and semi-regular),

Let eq and ep be the vectors from {v(0),v(1),...,
v(2n-1)} which are not colinear, Now, we determine co-
ordinates of each vector from {v(0),v{1),...,v(2n-1}}
with respect to vectors eq and es. )

Let v(i)=aqei+81ep (i=0,...,2n-1} then follows (from
Lemma 3):

LEMMA 4: If a=i4ip,...,1¢ is word from A" then

2n-1 . 2n-1
.2 a;1(i)=0 and .Z B;1(1)=0
i=o i=o

where 1(i) is the number of occurences of character i in
the word a=iqip...i¢. CONDITION 3 will be called CONDI-
TION-G.

LEMMA 5: If P is an oriented path in the grid G then: P
is a circuit iff: .

1) the word f(P) satisfies CONDITION-G and

2) no subword b of a satisfies CONDITION-G,

We use following input data and their notations:

1) Number of vectors in period of G,

2) Number of continuations of each vector denoted by
C. (Vector v(i) is a continuation of-a vector v(J)-if
word ji is from A"},

3) Continuations of each vector. Corresponding cha-
racters for continuations of vector v(i) denoted by
c(i,y1),c(i,2),...,c(1,C). . ’

4) Number of initial vectors-denoted by I.Note: Ini-
tial vector can be any vector. It is clear that if the
word a=iyi2...it. Is from A" and iyp jq then there exists
a word b=jyj2...j¢ such that aab, +hat means: the number
of initial vectors can be equals to the number of equi-
valence classes with respect to relation p, In this way
can be reduce the computation time.

5) Initial vectors-corresponding characters denoted
by Iv(1),Iv(2),...,Iv(I),

6) Number of transformations {of t).

7) One isometry of first class which maps grid into
itself. ’ .

?) One isometry of second class which maps grid into
itself,

8) For every vector v(i) its opposite vector v(j),
(+(i)==v(3)). ,

Note: for grid 3.6 isometry of first class no exists
so 7 is identical mapping.

Let a=i4i2...it be word from A", and let a(j) denoted
the word ij1j+1...1¢ 15jSt, If CONDITION-G is not satis-
fied for any j{1<jst) then we call the word ijip...it
addable. It is clear that i9i2...14 can be completed to
a word iqip...ip (m>t), representing a circuit iff iyip
it s aﬁdab]e. Also it is obvious that a=iqiz...it
denotes a circuit iff a(j) satisfied CONDITION-G only
for j=1.

A1l words that are a-equivalent to a word a repre-
senting a circuit we can obtain using 6,7,8,9 (see input
data), We consider only the equivalent words begining by
one of initial vectors (input data-5) and sort them in
lexicographic order, We choose the first word a” as a
representative of this class. Hence, if the word a is

"equal to a”, then word a represents a circuits of lenght
t and print it,

Our algorithm can be conveniently explained using two
phases: extend and reduce, These phases correspond to the
addable and nonaddable cases respectively,
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READ (t)
FOR k=1 to I DO
BEGIN
i1=Iv(k); m:=1
REPEAT
IF i9i2.,,ip is addable
THEN exteng
ELSE IF i1i2,..iy is representative of
a nonisomorphic circuits
THEN print iqiz2...ip
reduce
UNTIL m=1
END
where

‘extend = BEGIN mz=m+1; ipi=c(ip-1,1) END .

reduce = WHILE ip=c{ip-1C) and m22
D LI

. 0 m:=m~
IF m#i
THEN BEGIN

t:=0

REPEAT t:=t+1
UNTIL ig=c(im-1,t)
ipisc(ip-1.t+1)

D

Data obtained by proposed algorithm will be given in next
section, k(t) denoted the number of nortisomorphic circu-
its lenght of t,

Grids which is obtained by tessellations 6°,4",3% are
not specialy treated, but they have been observed in the
papers: |1],]2],|3]|. The algorithm presented here could
be also directly applied to these a rids,

4, CONNECTION BETWEEN ISOMORPHISM AND
CONGRUENCE OF CIRCUITS

It is clear that if Cq and C2 are isomorphic circuits
then C4 and Cp are congruent circuits, In this section we
will-shew that for "grids obtained by tesselldtions 33,42,
32,4.3.4,°3.4.6.4, 3.6.3.6, 3,122, 4.6.12, 4.8% (all se-
mi-regular except 3*.6) is satisfied: if circuits Cy and
C2 are congruent circuits then they are isomorphic circu-
its, For grids obtained by regular tessellations previous
statament follows obviously because of that they are not
specialy treated,

In proofs of following lemmas we will use:

LEMMA 6: Let M=MyM>...Mt and N=NiN5...Ny be congruent po-
1ygons such that Mji=Njy,Mj232N;2,Mi25Ni:(for some integres
i1,i2,i3 from (1,2,,...,t), then: if points Mj,,M;, and
Mjs are not colinear then Mi=Ny for all i€{1,2,...,t}.

We shall denote by 3(i,J) the angle between vectars
v(i) and v(j). By r(M) will denoted the word mi,2..n.¢
determined by a simpl polygon M=M{M2.,.Mt such that mj= «
f(Mifie1).

LEMMA 7: Let G be the grid obtained by tessellation 3°.4%
then: if M and Il are congruent polygons in grid G then
r(M)ar(N). : :

PROOF: Equivalence classes with respect to relation p are:
1={0,5} 11={1,4,9,6} 111={2,3,7,8} (see fig.3)

Let M=MiM2., .Mt and N=NiN5...Nt are congruent polygons in
the grid G and r(M)=mimz,..my and r{N)=nqnz...ny.

a8

1

2
VECTORS: 5 6 7 8 9.are opposite
| VAYVA | o for: 01234
t: 34567 8 910 11
{ o k(t): 12246173290 204
' d Ninitial vertex
f(P)=0231208935759020235
767544408 ﬁ]g 3

1-case:my,ni€l then mymy...ma0mj,..mg and nyny...na0ng
...ng (words Omj...mg and Onz...n{ exist because mq and

ny are from same equivalence class) if mj=n; then by Lemma
6 mi=n{ for i=3,,,.,t if m3#n3 then we apply reflection in



a line determined by vector v(0) which maps grid G into
jtself. The image of Om3...mg is Om3..

(0 12345678 9)
0687951324

since )(0 mg) 3(0,n3) we have m1 Ny, myma...ma0n5
meaOngma. . Mg, NyNp...ngalOng...ng that means t
6] n3=m3,...,n{=mi or mqmy...mafiqn;..

2-case: mynq€||then mym;.. .m{ and nyny...ngin3
.ng

y{imE)=3 (1,05 mmp=n;

" If m3=n3=1 then we continue until m{#1 but then using
Lemma 6 mj=nj or mmy...mealms...me=1ns...njonyny...0n¢,
3- case m1 »MGEIII then mqmp...mia2ms...mg and nyny...
Feongich (L. n)

if m5= nz then clearly mi=nj

.mt.

Eemma

.mta1m§..

for i=3,...,t and mymg...

mtu21nz... t31f m3 fnz then, let be for example, my=3 and
n now m n
& 2! 3; ;%2 ng) = m3=6 and nj=3

that means 2m2 ..mg=236 and 2n3...n{=243 but 236a243

4-case: m1G|n1G||then m1m2 < .myalm3. .
aln3...n
?0 mj)= )(¥ n3)=m3=1 and n5=5 continuing we have Omj...
mr0154 and In3.. nr154% but.015441540

5- case m1€|, ni6]||then mymp.. .meaOm;..

: yfo mz) 5305, n8)= ns 9 and nf6(8,2) if mg8 applying oo
we have m ..mead 2mE. . .mp n Np...na20nj...n¢
3(0,m})= )12 n3)=>nW 0 )(2 m %0 n3j=n
mnnnmngwege m3. ces 320n3
=2020... but this words are not from A”

6-case: m1G|l, ni€l]l then mymgz..
nga2nj...ng

We are interested in the case when my and ny do not sa-
tisfy any of previous observed cases. If for some i one
of them is sat1sf1ed then we observe polygons MiMi4q..

Mi.q1 and N;N; Ni-1 where Mpyg=My and Nygg=Np. Since
)11 m3)= )(é nzi and m2,ny do not satisfy cases 1,2,3,4,5
then m3=2 and n3=9, Next, we have im3...m{=1 297 and
2n3.. nt-2971 but 1207 2971 therefore mmy..
miangnz..

LEMMA 8: Let G be the grid obtained by tessellations
32.4.3.4, Then: if A and B are congruent polygons then
r{A)ar(B).

PROOF: Equivalence classes with respect to relation p
are:

E{0,7,10,17}
1l ={2 4,5,9, 11 13, 16 18}

.mg and nqnz...

.m¢ and nynp..

.malmi...mg and nqny...

i|=11,3,6,8,12,14,15,19}
(see f1g 4)

initial vertex

£(P) = 1312715109139 1316814190
18 11 10 1611 18 6 0 18 11 &

5_1n3 y _

AT vectors: 10 11...18 19 are opposite

) for : 0 1... .

2/NE

‘ t: 34567 8 9 10

M k(t): 121361735101

Fig. 4.

Let M=M Mg and N=N,N>...N; are congruent polygons

and r(M}—m,mz .my and r(ﬁ) n1n2 ..n¢. Case of interest
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and nyny...

case: m€ll , nqEil then mmp...mea1mi ."AéM M 2
=hBfg. . g

n;a11n4 Nz Let us observe polygons M°
N BAN3...N (see fig. 4a).

(r(M")=tm3...m{ and r{N")=11n3...n¢{)). Since M” and N°
are congruent, there exist 1sometry S which maps plane
into itself such that S(M")=S(ABMj...M{)= S(A)S(B)S ).

iS(Mg)=BAN5...N{=N°. But then S {s either ~
1) reflect1on in line s which is symmetry axes of
segment |AB]|.

or 2) half turn with centre in middle of segment |AB].
If S is reflection then images of edges denoted by
broken 1ine (---) do not belong to grid G; therefore ed-
iges of polygon BAN3...N” can be some of edges denoted
with «--+, Since polygonls conected, we conclude ns7.But
for n<7 there are thirteen d1fferent a-equivalence clas-
ses and representatives of this classes are not congru-
ent polygons so statement follows. In the case when S is
half turn, proof is analogous.
- For gr1d G obtained by tessellation 3*.6 (see fig.5)
words which correspond to congruence polygons do not ha-
ve to be a-equivalent. For example: for congruent trian-
gles A and B (as it is shown in fig. §) r(A)ar(B) but
there is no isometry which 1) maps grid G into itself,
2) maps A into B.

93
e\ \-
124\°0f3 o
AN\S,
iz

VECTORS:15 16 ,.. 28 29 are opposite
for: 0 1...1314

t: 34567 8

I 1’
'
A\V/://// k(t): 2225613
%initial vertex

= 23 10 26 22 122215259452 34
506271106
rig. 5.

f(P)

The proofs of following lemmas are omited, since
they are analogous to proofs of Theorem 1 and Theorem 2.

LEMMA 9: Let G be the grid obtained by tesselations
3.4.6.4, Then: if M and N are congruent polygons in grid
G then r(M)ar(N).

PROOF: Equivalence classes with respect to relation p
are:

1={0,1,2,3,4,5,12,13,14,15,16,17}
t=(6,7,8,9,10,11,18,19,20,21,22,23})

NI
V3 2
VECTORS:12 13 .., 2223 are opposite

for: 0 t:..71011

t: 3456789 20
jo04433 4
‘Tinitial vertex

1917161017 161017 23141373
10171873 4l§522v!5 1413650

f(P) =

LEMMA 10: Let G be the grid obtained by tesselation
3.6.3.6, Then: if M and N are polygons in grid G then
r(M)ar(N)

PROOF: There exist only one equivalence classes with
respect to relation p.

|¢6,1,2,3,4,5,6,7,8,9,10,11}

3 9
4 y
| o 50
VECTORS: 6 7 8 9 10 11 a
U Y'for: 012345 re. opposite
t: 3456789
k(t): 1112124

initial vertex




f(P)=10121120123476111062314
0

4
798790450098

LEMMA 11: Let G be the grid obtained by tessellations
3.12%, Then if M and N are congruent polygons in grid
G then r{M)ar(N).

PROOF: Equivalence classes with respect to relation o
are:
1={0,2,4,5,8,10,12,13,14,15,16,17}

I=11,3,6,7,9,11}.
6.2
s 12
0
J\ o /1

are opposite

for : 01 23 4 5 6 810
t: 31213 14 15 16 17 18
k() 1 1 1 33 3 1 1
f(P) =11411 0123451516784 5 15
1678916 14 11 0
rig. o.

LEMMA 12: Let G be the grid obtained by tessellation
4.6.12 then: if M and N are congruent polygons in grid
G then r(M)ar(N).

PROOF: Equivalence classes with respect to rellation p
are:

|={0,2,4,6,8,10,18,20,22,24, 26,28}
={1,3,5,7,9,11,19,21,23,25,27,29}
Ij=112,13,14,15.16,17,30,31,32,33, 34,35}

0

f(P) = 29 28 27 26 25 31 19 18 29 35 6 31 19
18 29 35 23 22 15 9 10 35 23 16 0 1
13 24 23 16 :
VECTORS: 18 19 .., 34 35 are'opposite
for: 0 1 ...1617
Tt 45678910 11121314 15 16
k(t): 101010 1 0 3 0 2 0 9

Fig. 9.

VECTORS: 17 7 16 9 12 11 14 13 15
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LEMMA 13. Let G be the grid obtained by tessellation
4.8% then: if M, N are congruent polygons in grid G
then r{M)ar(N).

PROOF: Equivalence classes with respect relation.p

are:
|=00,2,4,6) ; [|=(1,3,5,7,9,10,11}
2
i
0 F
3V5 A
VECTORS: 4 11 6 8 9 10 are opposite
for: 0 1235 7
t: 34567891011 1213 14
k(t): 0100010 t 0 2 0 4

¥~ {nitial vértex
2510284967984967
701 B

rig. v,

f(p) =

Let grid G be obtained by one of semi-regular tessel-
lations 33.42, 32,4.3.4,°3.4.6.4, 3.6.3.6, 3.122,
4.6.12, 4.82 then from lemmas 6-13 follows:

THEOREM 1: Circuits Cy and Cy in grid G are isomorphic
circuits iff they are congruent circuits.
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ON THE INTERSECTION OF TWO CONVEX

POLYGONS
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Abstract.

size nP and
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Given two convex polygons P and Q in the plane of
nQ respectively,
deternination of their intersection polygon was given in

an 0(nP+nQ) algorithm for

[51.

We elaborate the details and special cases of this algorithm

(each of the 52 cases is recognized by using

three very

elementary boolean functions). This is incorporated within an

implementation in Pascal language.
difference from the approach in [5]))

It is shown (what makes a
that the generation of

intersecting points may be separated from the construction of
the intersection polygon itself.

O PRESEKU DVA KONVEKSNA POLIGONA.
sa brojem temena nP i nQ respektivno.

konveksna poligona P i Q,

Neka su u ravni data dva

U radu [5] je dat algoritam za odredjivanje njihovog preseénog

poligona slo%fenosti

O(nP+nQ).
razradjeni svi moguéi sluéajevi tog algoritma

U ovom radu su detaljno
{svaki od 52

slutaja se prepoznaje pomoéu tri jednostavne logiéke funkcije),

Data
za razliku od [5],

je implementacija ovog algoritma u Pascal-u, u kojoj je,
ukazano na moguénost da se generisanje

preseénih tadaka razdvoji od konstrukcije samog preselnog

poligona.

INTRODUCTION

A branch of computational geometry is
concerned with the problems related to the
intersection of given geometric objects. Two
problems should be diatinguished here :
determination and detection of the
intersection. Shamos and Hoey have shown in (7]
that O[N*] are necessary to determine the
intersection of all pairs of the given N
segments. They have given an O(NlogN) algorithm
for testing the intersection of two segments
and have applied it for testing the
intersection of two aimple polygons. They have
obtained an O(NlogN) algorithm for detection of
the intersection of N half-planes and have
shown that the simplex method is not optimal.
Plane-sweep algorithms for determining the
intersection of geometric figures in the plane
were considered by Nievergelt and Preparata
([4]). The idea of these algorithms was applied
by Hertel et al. ([2]) for determination of the
intersection of convex polyhedrons. Mehlhorn
and Simos have shown in [3] that the
computational complexity of determination of
the intersection of polyhedra P and Q, one of
which is convex, is of the form O(n + m + 8) *
log(n + m + s8), where m and n respectively
denote the number of edges of P and @, while
8 denotes the number of edges of their
intersection. Dobkin and Kirkpatrick have
developped in {1] a method for testing the
intersection oflpolyhedra with computational
conmplexity O{log 'N). Finally, O'Rourke et al.
have obtained {([5]) an O(nP+nQ) algorithm for
datermining the intersection polygon of convex
polygons P and Q with nP and nQ vertices
respectively. This algorithm was also described
in the monograph [6], Section 7.2.1.

It is this last algorithm that our paper is
davoted to.

- advancing® :

Let P and Q ba two convex polygons
in the plane and let P{i}, 1<¢= i<= nP and
Qfj)., 1 <= j<= nQ respectively be thei:x
vertices (ordered w.r.t. the positive
orientation, so that the polygon surfaces are
placed on the left w.r.t. the oriented edges).
In most cases the picture composed of both
polygons is surrounded by altenatively placed
"sickles” between some two neighbouring
intersection points.

The algorithm from ([5] can be sketched as

follows :

i := 2; jJ = 2; k :=1;

REPEAT
IF the edges P[i-1]P[i] and Q{3~1])Q[3]
intersect THEN record intersection ;
ADVARCE

{(# this procedure call increments esither I
or 3 by 1. The main idea is not tc
advance on the boundary the
polygon, the which
contains a yet to be found
intersection. The procedure ADVANCR
also includes recording the vertices

of
current edge of

of P and Q, which should belong to
the intersection polygon *)
k =k +1

UNTIL k = 2 * (nP + nQ) ;

Roughly, the direction of advancing can

be in non-degenerate cases determined by using
the following two principles:
1) the principle of "forthcoming head
if one of the two current edges
has already crossed over (or at least has
reached) the line determined by the other , ir
front of that other edge, then that other edge,
which is forthcoming, should advance.



2) the principle of "right head advancing™ :
if the principle 1) (which has the priority)
cannot be applied, then the edge which should
~advance lies in the right-hand plane w.r.t to
the opposite (oriented) edge.

It is guaranteed that two tours around
the polygons are sufficient to "catch™ all the
intersection points. The exit from the REPEAT
loop can be declared to be earlier in some
cases. The case when no intersection point is
recorded is specially treated in [5].

The application of convexity of the
pelygons is contained in the following
‘observation : one can go around the boundary
of a convex polygon (in the positive
orientation) by keéping left at each vertex
(that is, each edge lies in the left hyperplane
with respect to the previous oriented edge).
This way of moving around the polygons provides
an easy possibility to determine which one of
‘the two current edges should be followed when
looking for the intersection points.

Our implementation of the above
algorithm can be divided into the following two
main steps :

STEP 1. Given the arrays P and @ of
vertices of input convex polygons, construct
the array R of their intersection points. {
The main advancing idea is incorporated in this
step )

STEP 2. Given the array R of the intersection
points, construct the array S of vertices of
the intersection polygon. ( This step is a
supplement to the basic algorithm )

Remarks. The points in the auxiliary array R
are equipped with some additional data, which
make the independence performance of the Step 2
possible. The original algorithm in [5] did
not use such an auxiliary array, we have
introduced it to make the performance of the
~algorithm more clear.

We make the following preparation for
the po;siblq second tour around the polygons:

PInP+i) := P[1i];

FOR i := 1 to nP DO
= QInQ+jl := P[3];

FOR j 1 tonQ DO

‘We shall use some abbreviations when
explaining the advancing mechanism. The
endpoints of the current two edges, P[i-1},
P{i), Q[3-1] and Q[j}] - will be denoted by
A,B,C,D respectively.

We proceed with the complete Pascal code
of our implementation, excluding some obvious
abbreviations. The program is accompanied by
appropriate commentaries . -

P R O G R A M .
PROGRAM Advance;

CONST
co = 50;
{*. max.number of points in a polygon *)
eps = 0.001; (* tolerance for comparing reals

and for testing parallelism *)
TYPR .

realpoint = RECORD x, y : real END;
seq = arrayll..co] OF realpoint;
PQ = lPl IQ..
intersection_point = RECORD
point : realpoint;

i, j : integerx;
exit : PQ
END; ’

interseq = array[l..co] OF intersection_point

(* Introducing of special data type for
recording intersection points is essential,
since it allows an independent performance of
Step 2 in our algorithm. If an intersection
point is determined by the edges P[i~1] P[i]
and Q[i-1} Q(j] , then the indices i and jJ
are equal to the corresponding components of
the record. The record component exit
denotes which one of the polygons P ‘and Q
should be followed on the boundary of their
intersection, starting from the current
intersection point {the advance step will be
always made on the opposite polygon). *#)

VAR P, Q. S :seq: R :interseq:;
{* two input sequences P and Q, the output
sequence S, and the auxiliary sequence R ')
nP, nQ, nR, ns,
(* the cardinalities of the sequences *)
k :integer; : )
Junmp :boolean; (* may we jump over
the procedure Construct_polygon ? %)
{* We start with seven routines needed to
distinguish between the cases which decide the
actions during advancing : *}

FUNCTION Eq( A, B. :realpoint) : boolean;:
(* Are the points A and B approximately equal ?
*) BEGIN Eq := (abs(sqr{A.x - B.x) +

: sqr{(A.y - B.y)) < eps) END;

FUNCTION Eqc(a, b :real) : boolean;
(* Ar¥e the real numbers a
approximately equal ? *)
Eqc := (abs{a - b) < eps) END:

and b
BEGiN

FUNCTION Coef( A, B: realpoint ): real;
(* Coefficient 6f the line determined by the
points A and B *)
BEGIN Coef := (B.y — A.y)/(B.x - A.x)} END;

PROCEDURE Line_intersection ( A, B, C, D :
realpoint; VAR intersection: realpoint ):
(* determines the intersection of the lines
AB and CD *)
BEGIN
IF NOT Eqc(A.x, B.x) AND NOT Eqc(C.x, D.x)
THEN BEGIN (* none of the lines AB and CD
is parallel to y-axis *)
intersection.x := (Coef(A,B)*A.x - A.¥y -~
' Coef(C,D)*C.x + C.y) / -
"(Coef(A,B) - Coef(C,D)):
intersection.y :=
Coef (A, B)*(intersection x=-A.xX)+A. y, END
ELSE
(* if AB is "vertical” , but CD is not *)
IF Eqc{A.x,B.x) AND NOT Eqc(C.x,D.x)
‘THEN BEGIN
intersection.x := A.x;
intersection.y := Coef(C,D)
# (intersection.x - D.x)+D.y:; END
ELSE BEGIN
{* if CD is "vertical” ,but AB is not *)
intersection.x := C.x;
intersection.y := Coef(A,B) :
*# (intersection.x - B.x)+B.y: END;
END;. (* Line_intersection *) ’

FUNCTION Paral( A,B,C.D :realpoint ) :boolean;
(* Are the lines AB and CD approximately
. parallel ? #») VAR par ‘integer;
BEGIN
IF NOT Eqc(B.x, A.x) AND : )
NOT EBqc(C.x, D.x) THEN par := 1; °
IF Eqc(B.x ,A.x) AND
NOT Eqc(D.x ,C.x) THEN par := 2;
-IF NOT Eqc(B.x ,A.x) AND
» Bge(D.x ,C.x) THEN par := 3;
IF Eqc(B.x ,A.x) AND
Eqe(D.x ,C.x) THEN par := 4;

(* we must avoid comparing some infinite or
extremely large coefficients ; this is the
reason why we treat separately the cases when
at least one of the considered 1line
segments is vertical *)



CASE par OF
1: IF NOT Eqc{Coef(A,B), Coef(C,D)) THEN BEGIN
Line_intersection ( A, B, ¢, D, intersection }):

Paral := ( abs{intersection.x) > (1/eps) ) OR
{ abs({intersection.y) > (1/eps}) ) END
ELSE Paral := TRUE;
2,3: BEGIN

Line_intersection ( A, B, C, D, intersection );

Paral := ( abs{intersection.y) > (1/eps) )} END;
4: Paral := TRUE;
END (* CASE par *)

BEND; (* Paral *)

PROCEDURE Midpoint( F, G, H: realpoint;
VAR mid:realpoint );
{* Generates the middle one among three
collinear points. The procedure is never
applied to non-collinear points #*)

BEGIN IFP F.x <> G.x THEN BEGIN
IF (P.Xx < G.x) AND (G.x < H.x) THEN
mid := G;
(* analogously FOR the remaining 5
permutations of [F,G,H} *) ceeea END

ELSE BEGIN
(* the "vertical" case is treated separately *)
IF (F.y < G.y) AND (G.y < K.y) THEN
mid := G;
{*_ analogously FOR the remaining 5
permutations of (F,G,H] *)
+ase. END

END; (* Midpoint *)

FUNCTION M({ F, G, H :realpoint ): boolean;

(* TRUE iff G is the middle one among
distinct collinear points F, G, H.
This function is never applied to non-
collinear points *)

VAR mid: realpoint;
BEGIN .
M := FALSE;
IF (NOT Eq{F,G)) AND (NOT Eq(F,H))
AND (NOT Eq(G,H)) THEN BEGIN
Midpoint{ F, G, H, miad );
M := Eq(G, migd)
END;
END;

(* In addition, we give two standard functions,
the second of which is used for the actions
during the advancing process, as well as for
recognizing the relationship between the two
input polygons in the cases when less than
two intersection points are found: *)

FUNCTION Vector_product(A,B,C:realpoint):real;
BEGIN Vector_product := A.x * (B.y - C.y) +
B.x * (C.y - A.y) + C.x * (A.y - B.y) END;

FUNCTION Right (Tail, Head, Point: realpoint }:
boolean; (* TRUE 1iff Point lies in the
Right-hand half-plane with respect to the
oriented vector from Tail to Head *)
BEGIN Right :=
(Vector_product( Tail, Head, Point ) < 0) END;

(* The following prdcedure plays a central
role in our paper *)

PROCEDURE Extract_case(A,B,C,D:realpoint;
VAR B: realpoint; VAR cas:integer);

(* outputs the cases which are used for
making decisions
process within Step 1 *)

BEGIN (* Extract_case *)

{* If the supporting lines of edges AB and CD
coincide, then there are 26 distinct
possibilities. Namely, when ,the points A and
B are fixed (assume that A < B in some
ordering), then there are 5 essentially
different possibilities for the location of the
point C: CCA , AKC<B , BXC , C=A , C=B.
Similarly there are 6 further possibilities
for the location of the point D with each of
the first three cases, as well as 4
possibilities with each of the last two cases.

during the advancing '
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Now assume that the supporting lines of the
edges AB and CD intersect in the (reachable)
point E. If the point E does not belong to the
set [A,B,C,D] ,then there are 9
possibilities, depending on which of the points
A, B, E, respectively of the points C, D, B
- is the middle one. Similarly, if the point E
coincides with exactly one of the points A, B,
C, D, then with each one of the 4 cases there
are 3 possibilities depending on the middle
point on the opposite line. Finally, we should
add the possibilities E=A=C , E=A=D , E=B=C ,
E=B=D . This makes the total of 25 cases with
the reachable intersection of the two lines.

If the current two edges are parallel or
close to parallel (small angle deviations up to
a given bound are allowed), then we make
difference depending on whether the supporting
lines coincide or not. 1In the second case, it
is obvious that the intersection point of the
lines (which is either infinitely far or very
far away ) cannot be a vertex of the
intersection polygon.

The global scheme for deciding which of the
two edges AB and CD should advance seems as
follows:

Let p and q denote the supporting lines
of the edges AB and CD respectively.
IF the lines p and q are {almost) parallel THEN

IF the lines p and q (almost) coincide
THEN goto cases 1 - 26
ELSE goto case 27
ELSE determine the intersection E of the
lines p and q and goto cases 28 - 52 . *)

IF Paral{ A, B, C, D) THEN
IF Vector_product{ A, B, D ) = 0 THEN BEGIN
{(* the coincidence of supporting lines *)
IF M(B,A,C) AND M(A,C,D) THEN cas := 1;
. £
1:M(B,A,C) . M(A,C,D) 2:M(B,A,C) ,M{(A,D,C)
3:M(B,A,.C), EBqlA,D) 4:M(B,A,C) ,M(A,D,B)
5:M(B,A,C), Bq(B,D) 6:M(B,A,C) ,M{A,B,D)
7: Eq{A,C) ,M(B,A,D) 8: Eq(A,C),M(A,D,B)
9: Eq(A,C), Eq(B,D) 10: Eq(A,.C) ,M(A,B,D)
11:M(A,C,B) ,M(B,A.D) 12:M{(A.C,B), Bq(A,D)
13:M(aA,C,B) ,M(A,D,C) 14:M(A,C,B) ,M(B,D,C)
15:M(A,C,B), Eq(B,D) 16:M(A,C,B) ,M(A,B,D)
17: Eq(B,C) ,M(B,A,D) 18: Eq(B,C), Eq(A,D)
19: Eq(B,C),M(A,D,B) 20: Eq({B,C),M(A,B,D)
21:M(A,B,C) ,M(B,A,D) 22:M(A,B,C), Eq(A,D)
23:M(A,B,C) ,M(A,D,B) 24:M{(A,B,C), Eq(B,D)
25:?(A.B,C),H(B,D,C) 26:M(A,B,C) ,M(A,C,D)
IF M(A,B,C) AND M(A,C,DP) THEN cas := 26;
END
ELSE (* IF the supporting lines are
parallel but NOT coincident #) cas := 27
ELSE (* IF NOT Paral *) BEGIN
Line_intersection {( A,B,C,D,B );
IF M(B,A,B) AND M{(D,C,B) THEN casg := 28;
tecttececscanearecresasaaascneresanrans (*
28:M(B,A,E) ,M(D,C,R) 29:M(B,A,E) ,M(C,D,E)
30:M(B,A,E) ,M(C,E,D) 31:M(A,B.E) ,M(D.C.RB)
32:M(A,B,E) ,M(C,D,E) 33:M(A,B,E) ,M(C,E,D)
34:M(A,E,B) ,M(D,C,E) 35:M(A,B,B) ,M(C,D,E)}

36:M(A,E,B) ,M(C,E,D) 37: Eq(A,B),M(D,C.E)
38: Eq(A,E) ,M(C,D,E) 39: Eq(A.E) ,M(C,E,D)
40: Eq(B,E) M(D,C,E) 41: Eq(B,E),M(C,D,E)
42: Eq(B,E) ,M{(C,E,D) 43: Eq(C,E) ,M(B,A,B)
44: Eq(C.E) ,M(A,B.E) 45: Eq(C,B) ,M(A,R,B)
46: Eq(D,E) ,M(B,A,E) 47: BEq(D,R) ,M(A,B,E)
48: Eq(D,E) ,M(A,E,B) 49: Eq(A,EB), Eq(C,E)
50: Eq(A,B), Bq(D,E) 51: Eq(B,E), Bq(C,E)
52: Eq(B,E), BQ{(D,B) %) ....icevcerccnccccnns

IF Eq(B,E) AND Eq(D,E)
END (* IF NOT Paral *)
END; (* Extract_case *)

THEN cas := 52;

(* Note that all the cases are determined by
calling only four elementary functions : Eq, M,
Paral and Vector_product *)




PROCEDURE Intersection_points ( nP, nQ:integer;
P, Q: seq; VAR nR, nS:integer; VAR R:interseq;
VAR S:seq; VAR jump: boolean );

{* This is the central procedure of the
algorithm. It completes the Step 1 by an
iterative advancing . Extracting the cases
(on the basis of the previocus procedure) ,
accompanied by the corresponding actions ,
are performed along the way *)

VAR A,B,C,D,E:realpoint; i,j,k,cas: integer;

stop :boolean; (* should we exit from
the main loop? *)

(* The following eight procedures (which are
interior and use the side effect w.r.t. the
procedure Intersection_points) are used for
performing different advancing actions
depending on the case, which is extracted: *)

PROCEDURE Point: realpoint;
Exit: PQ );

(* registers the data on the current point,
which are required for the "enriched”
array R *) VAR okay: boolean;
BEGIN okay := FALSE;

IF nR > 0 THEN
okay := NOT Eq( Point, R[nR].point );
(* if the current intersection (E) is
equal to the previous one {R[nR)), then we
should not save it *)
IF (nR = 0) OR okay THEN BEGIN
nR = nR + 1; R({nR]).point := Point; END;

(* the three additional components of the

. record should be always updated, regardless of
whether we are actually advancing around the
intersection polygon: *)

Record point (

R[nR].i := i mod nP;
IF R[nR]l.i = O THEN R[nR}).i := nP;
R[nR].j := j mod nQ;

IF R{nR}.j7 = O THEN R[nR].j := nQ:;
R[nR].exit := Exit; END; (* Record_point *)

PROCEDURE Go_on ( Exit: PQ );

(* performs the elementary advancing step in
most of the cases when there exists the
intersection of the two supporting lines.
If the intersection belongs to the both of the
current edges, then the procedure writes it
down *) BEGIN

IF cas IN ([36,39,42,45,48,49,50,51,52]
{(* equivalently, IF both the points defining

cas coincide with the intersection E *)
THEN Record_point (E, Exit);
IF Exit = 'Q' THEN i:r= 41 + 1;
IF Exit = 'P' THEN ji= 3 + 1

(* advance along P if the exit Q is recorded

and conversely *) END; (* Go_on *}
PROCEDURE Treat (Tail, Head, éoint: realpoint;
Exit: PQ ); {* materializes the principle

of "right head advancing® %) ‘BEGIN
IF Right (Tail, Head, Point) THEN Go_on (Exit)
ELSE Go_on {(chr{ord('P')+ord('Q')-ord(Exit)))
(* that is, use the opposite exit x) END;

PROCEDURE Write_down_1 ( X:realpoint ):

(* records the point X, the exit (as well as
the advancing direction) is actually
irrelevant, since the next step will have the
same outcome in the both possible cases *)

BEGIN Recoxrd point( X, 'Q'); i:= i+l END;
PROCEDURE Write_down_2 ( X, Y:realpoint };
(* similar to the previous procedure, but
records two points, X and Y %)
BEGIN Record_point( X, 'Q' ) ;
Record_point{ ¥, 'Q' ) ;
i:= - END;

i+l
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PROCEDURE Exit_0; (* a pair of edges may be

sufficient to decide that the polygon
intersection is empty *)
BEGIN stop := TRUE; jump := TRUE;
writeln(' Polygon surfaces of P AND Q
‘are disjoint"') END;
PROCEDURE Save_exit_1 ( X :realpoint );

{* used if it is immediately recognized
that X is the only intersection point *)
BEGIN stop := TRUE; jump := TRUE;
nsS :=1; S([1} := X; END;

PROCEDURE Save_exit_2 ( X, Y :realpoint );

(* used if it is immediately recognized that
X and Y are the only two intersection points *)
BEGIN stop := TRUE; Jjump := TRUE;

ns := 2; 8{1] := X; s{2] := Y; END
Intersection_points *)
Jump := FALSE; stop := FALSE;
i = 2; j o= 2; nR := 0y k := 1;
the number of passes through REPEAT #)

BEGIN (*

(* k =

the main loop, each pass
corresponds to one advance step *)-

REPEAT (*
through it

IF i =1 THEN A := P(nP)}] ELSE A := P[i-lh
IF i>nP THEN i := i MOD nP; B := P[i];

IF j = 1 THEN C := Q[nQ)} ELSE C .:= Q[j-lh
IF j>nQ THEN Jj := j MOD nQ; - D := QI[3]:

(* The above four IF-statements establish'a
connection between the first and the second
tour around the input polygons *)
(* Recognition of the mutual position of ‘the
current two edges AB and CD )
Extract_case ( A, B, C, D, E, cas );

(* Performing the appropriate action depending
on the case involved *)

CASE cas OF

3 Write_down_1( A ) ;
6,10 : Write_down_2( A, B ) ;
4,5,8,9 : Write_down_2( A, D ) ;
20 : Write_down_1( C ) ;
16 : Write_down_2( C, B ) ;
14,15 : Write_down_2( C, D )
1,25 : Exit_0 ; (* disjoint P,Q *)
7 : Save_exit_1( A ) ;
24 Save_exit_1( B } ;
21,22 : Save_exit_2( A, B ) :
11,12,17,18 : Save_exit_2( A, C ) ;
23 : Save_exit_2( B, D ) ;
13,19 : Save_exit_2( C, D ) :
27 : IF Right( A,B,C } AND
' Right( C,D,A ) THEN Exit_0
ELSE Treat({ A,B,D,'P"' ):
32 Treat( B,E,D,'P' ):
28,30,34,36,37,39,43,45,49 :Treat( E,B,D,'P');
2,31,33,40,42,44,47,52,52 ¢ 1 =1 + 1;
26,29,35,38,41,46,48,50 : 3J := 3 + 1;

(* Most of the cases in the last two groups
are solved by using the principle of
"forthcoming head advancing" *)

{* Vvalidity of the above actions is easily
checkable by hand. We suggest the reader to
draw the small pictures (containing just two
oriented edges each), which correspond to each
one of the 52 cases *)

) END; (* CASE cas OF *)

IF Eq( R[nR].point , R[1]l.point) AND ( nR > 1 )
THEN gstop := TRUE (* the equality of
R[nR].point and R{1l].point means that a non-
trivial intersection polygon is already
completed *)
ELSE IF Eq( R[nR].point , R[2].point) AND
{ nR > 2 ) THEN (* It may happen that we are
unable to stop by recognizing the second
appearance of R{l].point. One <c¢all of the
procedure Write_down_2 records two
intersection points )
BEGIN nR := nR - 1; stop := TRUE; END
{* augment the number of passes by 1 *)
k:=k +1
2*(nQ+nP)) OR stop:

ELSE

UNTIL (k =



{(* All the intersection points (if they exist
at all) will be discovered before the
boundaries of the input polygons are passed
twice. On the other hand, the construction of
the intersection polygon should be terminated
at the moment when its boundary becomes closed
or when it for some other reason becomes clear
that no other intersection points can be found
*)

IF nR > 1 THEN nR (= nkR - 1;
(* This is necessary because R[l1l].point is
counted twice *)
END; (* Intersection_ points #)
(* The last two procedures are used within the
Step 2. of our implementation *)

PROCEDURE Construct_polygon (nP,nQ,nR:integer;
P,Q:seq; R:interseq; VAR nS:integer;VAR S:seq):
{* completes the intersection polygon in the
cases when at least two intersection points
are present, while no trivial final decision
can be made (consequently, the boolean
variable "jump” is FALSE) =)

VAR start, finish , (* the first and the
last (inclusively) index of the vertices (of an
input polygon) 1lying on the inner bound of
a considered sickle *) ‘"W, y :integer:

BEGIN (* appropriate initializations *)
ns := 0; R[nR+1]:=R{1];

FOR w:= 1 TO nP DO P[nP+w] := P(wl:

FOR w:= 1 TO nQ DO QInQ+w] := Q[w]:

(* The main FOR-loop; each pass through it
corresponds to the completion of such a part of
the boundary of the ntersection polygon,
which represents the interior boundary of a
sickle between the two input polygons *)
FOR w:= 1 TO nR DO BEGIN
(* Put the intersection point
intersection polygon *)
nsS := nsS + 1; S{nsS)} := R[w].point;
{(* Put the "sickle"” points of P or Q, which
should lie on the boundary of the intersection
polygon between R{w].point and R{w+1]).point *)
IF Rw].exit = 'P' THEN BEGIN
start = R(w].i ; :
finish := R{w+1l].4i - 1; .
(* we use the inner indices of the vertices of
the inner polygon w.r.t. the sickle =)
IF (RIw}.1 > R{w+1l].i) THEN
finish := finish + nP;
(* the connection between two tours
established *)

into the

is

R{w]) .point, P[start] ) THEN

IF Eq{
start := start + 1;
I Eq{( R{w+l].point, P[finish] ) THEN

finish := finish - 1;
(* the last two statements are necegsary in
order to avoid duplication of the vertices of
the intersection polygon in degenerate cases,
when an initial polygon vertex coincides with
an intersection point *) . .
:= atart TO finish DO BEGIN

FOR ¥y
nS := nS + 1; s[nsS] := P(y] END
END; (* IP R[w].exit = 'pP' #)
IF Riw].exit = 'Q' THEN BERGIN
{(* Replace i, P, npP in the part under
IF R{w].exit = 'P* by 3j, Q, nQ respectively
and repeat the rest *#)
..... PRI END;
END; (* FOR w:= 1 TO nR *)
END; (* Construct_polygon *)
(* Remark. Although the procedure
Construct_polygon includes double~nested POR~

loops, the required number of steps is not
greater than O(nP + nQ). This follows from the
elementary fact that the maximal number of
vertices of the intersection polygon 1s equal
to nP + nQ. *)
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{* The following procedure deals with the
cases nR = 0 and nkR = 1. In these cases
additional tests are performed in order to
check whether the surface of one polygon is
completely included into the surface of the
other. (Note that similar dilemas are not
present whenever nR >= 2; two intersection
points are sufficient for proper initialization
of the tour around the intersection polygon).
These additional tests do not spoil
linearity of the whole algorithm. For instance,
consider the question whether the whole P
is inside Q. It suffices to check whother
the point P{l] (or the point P[3] 1if P([1]
coincides with the intersection point) is in
the interior of Q. This is true iff P[1] (P[2])
lies inside the left half-plane w.r.t. each
oriented edge of Q , that is, iff that point is
not possibly (placed to the) right from (an
edge of ) Q *)}

PROCEDURE None_or_one( nP, nQ:
P, Q: seq:; VAR nS: integer;
VAR jump: boolean );

(s applies to the cases nR =0
VAR i,3 : integer; pp.qq :

prfP , prfQ : boolean;
(* possibly right from P AND Q respectively *)
BEGIN

integer;
VAR 5: seq:
and nR = 1 #)
realpoint;

Jump := TRUE; prfP := FALSE; prfQ := FALSE;
J :=1; Q(nQ +.1] := Q[1}; pp := P[1] ;
IF (nR = 1) AND Eq(P[1],R{1]).point) THEN
pp := P[2]):
REPBEAT J := j + 1;
IF Right( Q[3-1], Q[3), pp ) THEN
prfQ := TRUE
UNTIL ( § =nQ + 1) OR prfQ;
1 = 1; P{nP + 1] := P(1}); qq = Qf1}
IF (nR = 1) AND Eq(Q{1],R[1]).point) THEN
qq := Q{2]);

REPBAT i := 1 ¢ 1;
IF Right( P[i-1), P{i], qq ) THEN
prfP := TRUR

UNTIL (i =nP + 1) OR prfp;
IF NOT prfQ THEN BEGIN

nS := nP; § := P END

(* P is contained within Q *)
ELSE
IF NOT prfp THEN BEGIN

nS := nQ; S := Q END

(* Q is contained within P *)

ELSE (*» the polygons P and Q
are placed outside each other »*)
IF nR = 0 THEN BREGIN
writeln(' Polygon surfaces of P AND Q
are disjoint '}); nS := 0 END
ELSE (* IF nR =1 *) BEGIN
ns := 1 ; S[1) := R[1].point END
END; (* None_or_one *)

BERGIN (* Main program *)
(* Input »*)
read(nP,nQ);
FOR k:= 1 TO nP DO BEGIN

read(P(k].x}; read(P[k].y) END;
FOR k:= 1 TO nQ DO BRERGIN
read(Q(k].x); read{(Qf{k].y) . END;

(* Step 1 )
Intersection_points
{nP,nQ,P,Q,.nR,nS,R,S, jump)
(* Step 2 %)
IJF nR < 2 THEN
None_or_one (nP,nQ,P,Q,.ns,S,jump );
IF NOT jump THEN
Construct_polygon (nP,nQ,nR,P,Q,R,nS,8);
(* Output *)
writeln(' The intersection polygon :
FOR k:= 1 TO nS DO BRGIN
write(s[k].x,*® '}; writeln(S[k].y)

')
END
END.
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FRAKTALI — ZNANOST ALI UMETNOST

Keywords: fractal, iterated function method, Julia set,

Mandelbrot set

V naravl Je veliko objektov in pojavov,

oblaki, pretok teko¢in, rast

podobni pojavi, ki

moremo matemati¢no predstaviti z obi¢ajnimi orodji,

fraktali.

fraktalno geometrijo oz.
geometiritne fraktale,
nakazemo
naslednje vrste fraktalov:

fraktale dolo¢ene po metodl IFS.

ABSTRACT

For some natural objects
liquids, population growth,

into chaos,

58

populaci je,

uporabe formalnih jezikov.

Juliovo mnozico,

like trees,
surface of brain etc.,

it is impossible to describe all mathematical data,
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kot n.pr. drevesa, gore,

oblika mo2ganskih gub ter

iz dolotenega reda preidejo v nered in ki jih ne

lahko pa Jih s

¥V <¢lanku obravnavamo naravne \in
metodo iterativnih funkcijskih sistemov (IFS) in

Na koncu izdelamo algoritme =za

Mandelbrotovo mnozico in

mountalns, clouds, flow of
which turn from order

but it is

possible to present them with fractal geometry or fractals. The purpose

of this article is to present natural and geometrical fractals,

function method (IFS),

theory.
fractals: Julla set, Mandelbrot set,
1. UYOD
Beseda fraktal Jje latinskega tzvora (fractus =
zloml jen), torej naj bl spominjala na loml jenJe,

drobljenje. S fraktalno teorijo se je prigel ukvarjati
Benoit B. 1980. 161,
matematidne osnove za nastanek te teorije ustvarili ze

mnogo prej P. F. Verhulst, Gaston Julia, Pierre Fatou,

Mandelbrot leta ¢eprav  so

Adrien Douady in drugi (7].

Fraktale delimo na dve osnovni skupini, In slcer

na: naravne in geometricne.

jterated

and use of the formal languages in the fractal

At the end we show some algorithms for creating the following

and fractals produced by IFS method.

naravnlh in geometri¢nih

Clanek

fraktalov ter uporabo formalnih

obsega opis

Jezlkov na podrotju
fraktalne teorije. V povezavi z naravnimi fraktall smo
opazovall Verhulstov dinamitnl proces ter Jullove in
Mandelbrotove mnozice. Pri geometriénih fraktalih smo
podali metodo IFS

geometricnih fraktalov.

pravila za
tako

in oplsali nekatera

Prav smo

generiranje
razvili tri algoritme za generiranje fraktalnih slik.




2. NARAVNI FRAKTALI

fraktale zasledimo na

biologi je,

lahko
biokemije in fizike,

Naravne podro¢ ju

geografl je, ko zelimo 2
njimi upodobiti naravne pojave, kot so na primer poplave
rek, pretok tekodin, obliko mozganskih gub, vaskularni
sistem, vreme itn.

Ideja za nastanek naravnih fraktalov izvira iz
biologije, ko Jje P. F. Verhulst 1845. leta definiral
(7).

lahko dolo&ena populaclja naras¢a tako dolgo, dokler ne

zakon rastl populacije Zagovar jal je trditev, da
doseze - svojega razseznostnega maksimuma X.. Ce le tega
prekoraci, velikdst populact je pade: Potrebno je bilo
vet kakor ‘'sto let, da so dokazali vse nejasnostl te
trditve. Prisli so do zanimivih rezultatov :

Ce je faktor rasti majhen, se velikost populaclje
uravnava sama po sebl in zmeraj ostaja znotraj optimalne
vrednosti X. To pomeni, da populacija narasca, kadar je
pod optimalno vrédnostjo X, in pada, kadar Jje nad
optimalno vrednostjo X.

velik, taksen,

V primeru, da je faktor rasti

da se populacija poveta za ve¢ kakor
200 %, pa optimalne vrednosti X ni mogote vel doseti.
Porodl se vprasanje,

tako velika?

all Je rast populacije sploh

" kda] Seveda! Cloveske

naras¢ajo tako hitro,

populacije ne
toda pri nekaterih insektih tak

pojav ni nenavaden. Ugotovili so, da prl 245 4 povetanju

populacti je nastane jo oscilacli je okoll optimalne
vrednostli X z velikostjo beriode 2,4,8,16,..., dokler
pri 257 % ne preidemo v zmedo.

Kako si1 razlagamo besedo zmeda? To preprosto
pomeni, da delovanja sistema ne moremo .ve¢ nadzorovati,
da je uSla izpod nase kontrole.

Na jzanimive jsa todka Verhulstovega dinami¢nega

précesa pa ni zmeda séma po sebi, temvet dogodek, ki

spremeni red v nered. Verhulst je to trditev matematicno

dokazal. ‘2 X, oznaéi zacetno velikost populacije,

letih.

z X
n

pa velikost populacije po n “Jakost rasti
populacije R definira relativni prirastek populacije na

leto:

Nato uvede doloéene predpostavke:

- Populacija lahko naraste do dolot¢enega maksimuma X
(maksimum normirajmo, tako da je X=1) '

- R se naj spreminja glede na velikost populacije in na}j
bo linearna funkcija od r (r imenujemo paraﬁetek rasti

in r>0): R=r(1—xn)

Ob teh predpostavkah dinamiéni zakon rasti preide v
naslednjo obliko: ‘ .

(1+r)x® = rx
n n

Lot¢imo dve stanji, pfi-katerih populacija ne spreminja

velikosti: X,= 0 in x,= 1. Zanima nas stabllnost oz.
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nestabilnost teh dveh stanj. Pri X = O ne pride do rasti

populacije, saj nimamo s ¢&im zateti. To stanje smatramo

za nestabilno, sa} 2e pri 0<x0<<1 nastopl rast
populacl je: )
X, & X, = X,
X % X - rx
2 1 1
. itn.
Zapored je xo.x’,xz,..., naraséa, dokler ne doseze
velikosti 1. Ali je stanje X, 1 stabilno? Da bl prisli
do odgovora, opazujmo razliko 5n= x - 1! Dinamiéni

zakon nam omogo¢a lzradun X .1 lahko dolo¢imo

tudi naslednji an‘

torej

1

& = 3 (1-r)
n+l n

Tezimo za tem, da se xml stabilizira pri 1, zato mora
] limitiratl proti O.
n+1 -

1im 50(1-r)" =0
n=roo

limé =20 B3
n+i .o
N

To bo veljalo, kadar bo |8n’ se bomo

priblizevalli k 1),

<8 (z x

1 n n+1

¢e Je 0<r<2. All z drugimi besedami:
1 je stabllno, ¢e r le2i v mejah med O in 2

ter nestabilno, ¢e je r>2.

Stanje X,=

Oglejmo si primer,

r=1.8 (slika 2.1).

pri katerem postavimo X,= 0.1 in

]

-

velikost popuacije

tos

Slika 2.1 Rast populaclije pri r=1.8 in X = 0.1

Vidimo, da velikost populacije x sprva narasca, saj

je pod maksimalno vrednostjo X=1. V &etrtem koraku pride

do prekoraditve. Zaradi tega se vellkost populaci je

zmanjsa in pade pod 1. To povzro¢i ponovno rast in takoj
za tem ponoven padec itn., dokler se dokont¢no ne umiri
pri stabilni vrednostl X=1. Zanimivejsi polozaj nastane,
ko postavimo Xy
0.1 in r=2.5 (slika

kadar Je r>2. Zato razistimo primer,
0.1 in r=2.3 (slika 2.2)
2.3).

ter x =
0
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Slika 2.2 Rast populaclje pri r=2.3 in X= 0.1

velikost populacije

velikost populacije

tes

Slika 2.3 Rast populacije pri r=2.5 in %= 6.1

Ugotovimo, da pride do perioditne oscilacije med .
nivoji. V prvem primeru dobimo periodo 2, v drugem pa 4.

Ce bi dobili
8,16,32,..., dokler pri r=2.57 ne bi presii v zmedo in

periode ne bi bilo ve¢ mogote dolo¢iti (slika 2.4).

nadal jevali s postopkom, bi periodo

velikost populacije

tos

Slika 2.4 Rast populacije pri r=2.57 in X, 0.1

¥ nadaljevanju si lahko zastavimo zanimivo

vpraganje: Katero maksimalno vrednost lahko zavzame r,
da bt dobili $e enako stabllno oscilacijo (n.pr. s
pericdo 2)? Ce izberemo 2<r<ve, dobimo osclilacije s
periodo 2, ¢e pa izberemo r malo vetji od v6, dobimo

oscilacije s periodo 4 itd (slika 2.5}.

velikost
populacl je

-
g’_
-

Slika 2.5 Verhulstov dinami¢ni proces

Vprasall se boste v kaksni povezavi jJe vse to

skupaj s fraktali? Verhulstov proces Je

enodimenzionalen, Mandelbrot pa Je raziskal popolnoma
enak problem, le v 2D prostoru. Odlotil se Je opazovati
kompleksna stevila namesto realnih, pri Cemer je sledil
procesu xo.xi.xz,‘.., v ravnini, raje kakor na premici.
De jal Je, da stekalisca

imamo v ravnini

(attractors), ki se "borijo" za svoj vpliv na ravnlni.
Totka xo

drugemu stekaliséu,

se v dinami¢nem procesu priblizuje enemu alil
lahko pa Je na mejl (lo¢nicl) med
dvema stekalié¢ema In se ne

more opredelitl =za

enega. Mandelbrotov proces je matemati¢no ekvivalenten

Verhulstovem procesu. Izhaja iz preproste formule:

2
x =f(x)=x+c
n+l n n

pri kateri lo¢imo dve sltuaciji:

1. Fiksiramo vrednost ¢ in dovolimo, da X zavzame
razliéne vrednostl kompleksnih stevil.

2. Flkslramo X, in dovolimo spremembo c.

Pri prvi situaciji lahko postavimo c=0 ali c#0.

a) Ce je c=0 dobimo zaporedje iteraci} xo.xz.x;..... pri

katerem loc¢imo tri razlic¢na stanja glede na vrednost Xy

- Stevila zaporedja postajajo vse manjsa in manjsa.
Takana situaclja nastane, kadar jJe |x0| < 1. 2aporedje
limitira proti ni¢ in pravimo, da Je ni¢ stekalisce
procesa X = x°.

~ Stevila zaporedja postajajo vse vetja in vetja. Do

tega primera  pridemo, kadar Je ]xol > 1. Zaporedje

limitira protl neskon¢nosti in pravimo, da Je
neskontnost stekaliste procesa x = xa.

- |x6| = 1. V tem primeru so stevila zaporedja na meji
med ~dvema stekallstema. Mejo sestavlja kroznica

enotsk.ga kroga, ki razdell ravnino na dve regiji. Ni¢
predstavlja notranje stekaliste,

stekalisde.

neskon¢nost pa 2zunanje




b) Ce

xo,xl,xz,..., pri katerem lahko prav take nastanejo prej

nastete moz2nosti.

predvidimo ¢ # 0 dobimo  zaporedje iteracij

Razllka je le v tem, da notranje

stekalis®e nima ve¢ vrednost! 0, temve¢ drugaéno

vrednost, in da meja ni vec lepo ukrivljena, temvel je

"nazob¢ana" .

Prav s tem pa smo porusili pravilnost
geometri jskih likov in dobili 1ik, ki je podoben
naravnemu. Imenujemo ga fraktal (slika 2.6).

iy
10

e
{

sk.kaLiSEe.

<18 18 Retal

Slika 2.6 Fraktal

Pri podrobnejsi analizi meje ugotovimo dve zanimivi

lastnosti :

-~ Ce vzamemo povecevalno steklo in pogledamo deltek meje

od blizu, ugotovimo, da je popolnoma enak, kakor cCe ga

pogledamo brez povecevalnega stekla. To lastnost
imenujemo samopodobnost.

- druga lastnost je zrcalnost .Ce pogledamo obliko meje
v enem kotu, ugotovimo njeno zrcalno sliko v nasprotnem

kotu.

Fraktale, ki posedujejo taksne lastnosti, imenujemo
Juliove mnozice (po francoskem matematiku Gaston Julit)
[7].

Druga moznost je, da fiksiramo X,= 0 in dovolimo

spremembo c po vsej kompleksni ravnini. Na tak nat¢in

dobimo novo mnozico, ki Jo imenujemo Mandelbrotova
mnozica M (B. Mandelbrot je prvi obJjavil njen opis in jo
prikazal na rac¢unalniku, slika 2.7)..

imfc)
151

075 Relc)

Slika 2.7 Mandelbrotova mnozica pri x.= 0
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Zanimive so naslednje ugotovitve:
~ Ce 1izberemo c iz notranjosti glavnega dela telesa
Mandelbrotove mnozice in ga po prvem postopku razvijemo

v Juliovo dobi

mnozico, Juliova mnozica obliko

ki obkroza stekalisce
(slika 2.6, podoben primeru 1 na sliki 2,13).

deformirane, nazobtane kro2nice,

- Ce

Mandelbrotove mno2ice in ga razvijemo v Juliovo mno2ico,
bo

izberemo c¢ v notranjosti enega izmed "popkov"

Juliovo mnozico sestavl}alo ve¢ deformiranih,

nazob¢anih kroznic, kjer vsaka izmed njih obkroza svoje

stekalisce (slika 2.8, primer 3 na sliki 2.13)

m(x)
14r

14 Relx)

" Slika 2.8 Primer fraktala, ki se nahaja v notranjostl

enega lzmed "popkov" Mandelbrotove mnoZice
- Ce izberemo ¢ na meji, kjer se "popek” dotika glévnega
dela telesa Mandelbrotove mnozice in ga razvijemo v
Juliovo mnozico, dobimo t.i. paraboli¢ni primer. Zanj je
znatllno, da se vet nazob¢anih kroznic steka v eno toéko

(slika 2.9, primer 8 s slike 2.13).

Imx}
15

15 Relxt

Slika 2.9 Paraboliéni primer fraktala

- Ce 1zberemo ¢ na "anteni" Mandelbrotove mnozice in ga
razvijemo v Juliovo mnozZico,

dendrit.

dobime fraktal imenovan
Zanj Je znatilno, da ima eno samo stekalisce,
Zaradi tak fraktal nima

notranjosti (slika 2.10, primer 4 na sliki 2.13).

ki Jje v neskonénosti. tega
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Slika 2.10 Primer dendrita

~ Ce 1izberemo ¢ kjerkoli drugje na meji Mandelbrotove
mnozice in ga razvijJemo v Juliovo mnozico, pride do
Slegelovih diskov. Ce tocka v

postopku doseze Siegelov disk, bo v njem tudi ostala. To

po javov iteraci jskem

pomeni, da bo v krogu rotirala okoli stekalista, samega

stekalisca pa ne bo nikdar dosegla (slika 2.11, primer 9
s slike 2.13).

AT 7]

15

215

15 15 Relxi

Slika 2.11 Primer fraktala s Siegelovimi diski

- Ce lizberemo c¢ lzven Mandelbrotove mnoz2ice in ga
razvijemo v Juliovo mnozico, be Juliova mnozica
nepovezana. To pomeni, da razpade v mnozico to&k in tak

fraktal imenujemo Fatouov prah (slika 2.12, primer 11 na
slikl 2.13).

13

>
LN
Kooy
'.‘: i '%:'
‘F, -;. ] “‘:5;‘*: %q
& AR *

-15

Ty 15 Re(r}

Slika 2.12 Fatouov prah
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1983. leta Jje Dennis Sullivan dokazal,
edine oblike, ki jih Juliova mnozica

Obstaja %e ena moznost,

da so to
lahko 2zavzame.
tako imenovani Hermanov obroe
(Herman nastane v x;x{

ring}, ki pa ne primeru

Teoreti¢no Je dokazano, da lahko do njegovega pojava
pride v druglh primerih, &eprav praktiéno %e nl bil

nikdar opazovan (7).

Slika 2.13 prikazuje nekaj Juliovih mnozic, ki Jth
dobimo z ustrezno izblro parametra ¢ iz Mandelbrotove

mnozice.

2.1 Podobnosti Mandelbrotove mnozice z Verhulstovim

dinamiénim procesom

Raziskave so pokazale, da ima Mandelbrotova mnozica
veliko skupnih to¢k 2z Verhulstovim dinamiénim procesom
(slika 2.14). Pri Mandelbrotovi
stabilno podro¢je ter oscilacije s periodo 2,4,8,16,...,

mnozici ugotovimo
ravno tako kakor pri Verhulstovem dinamicnem procesu.
Stabilno podro¢je zajema obmotje med c¢=0.25 in
c=-0.75, oscilaclje s periodo 2 se pojavljajo v krogu s
polmerom 1/4 in sredistem v toeki c=-1,
periodo 4 pa okoli srediséa c=-1.3107 itn.

oscilaclje s
Totke, kjer

"popki” na realni osi na slikl Mandelbrotove

nastajajo

mnozice, ustrezajo totkam, kjer prihaja do podvajan})

periode v Verhulstovem procesu.

Slika 2.14 Podobnosti Mandelbrotove mnozice 2
Yerhulstovim dinami¢nim procesom
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Slika 2.13 Juliove mnoiice kot sestavni del Mandelbrotove mnozice

3. GEOMETRICNI FRAKTALI

Geometriéni fraktali se od naravnih razlikujejo po
tem, da ustvarjajo slike, ki jih Je mogoée vnapre}
predvideti. Primer geometri¢nega fraktala Je Kochova

snezinka (slika 3.1), ki Jo lahko generiramo s pomotjo

naslédnjega algoritma:

Kochova_krivul ja := iniciator;

loop
vsak osnovi element v Kochovi_krlvulji
zamenjaj z generatorjem

endloop.

iniciator : 1. fteracta:

oensrator

A

osnovni alement

2. iteracija:

Slika 3.1 Primer geometricnega fraktala-Kochova snezinka

Opazimo lahko, dé s ponavl janjem iteracij v globino
ustvarjamo ¢Cedalje bolj natantno sliko.” S tem dobimo
obtutek, da je objekt (snezinka), ki ga opazujemo, zelo
blizu. Pri majhnem 'stevilu iteracij dobimo obcutek
oddal jenostl objekta.

Kochova  snezinka predstavlja najprimitivnejsi
fraktal v verigi geometri¢nih fraktalov. To pomeni, da
lahko v osnovni algoritem uvedemo dodatna pravila in na
tak na¢in dobimo =zanimivejse in bolj komplicirane

fraktale,



Pravilo 1: Nekatere daljice iniciatorja zaznamujemo kot
koristne in Jih v literacijskem postopku
spreminjamo (slika 3.2)}.

hiciator Generator Osnovni element

»

Slika 3.2 Drevo, narisano s pomo¢jo pravila 1

in zapolnitvijo notranjosti

Pravilo 2: Dodamo funkci jo, ki bo dovol jevala
generatorju naklju¢ni premik na levo alil

desno (slika 3.3).

Iniciator Generator Osnovni. element

T
LS
[j \ o’ l.’
Leee, .

Slika 3.3 Drevo, narisano s pomo¢jo pravila 2

in zapolnitvijo notranjosti

Pravilo 3: Generator sestavimo iz dveh ali vetih delov

(slika 3.4).

Iniciator Generator Osnovii element

O - —

Slika 3.4 Vzorec, narisan s pravilom 3 in zapoln:tvijo

kvadratkov

Pravilo 4: Predpostavimo, da je osnovni element enak

inicliator ju (slika 3.5).

Inciator -

Generator

Osnovni  element

A

A

Slika 3.5 Trikotnik Sierpinskega, narisan s pomo¢ jo
pravila 4

Seveda lahko ta pravila zdruzimo in jih uporabimo
skupaj. Na tak na¢in porusimo geometrijsko natanénost in
dobimo nepravilne krivulje, ki imajo obliko oblakov,

gorovja itn.

4. UPORABA METODE IFS 2A GENERIRANJE GEOMETRICNIH
FRAKTALOY

Trikotnik Slerpinskega iz pravila 4 Je mogote
narisati tudi na na drugaden nacin in slicer tako, da
izberemo zadetno tocko Bon= [0,0,1] (dano s homogenimi

koordinatami) ter eno izmed treh transformacl]j:

0.5 0 0
T1= 0 0.5 0 T1 Je skalirna matrika.
o 0 1]
T2=( 065 0?5 8 T2 Je produkt skalirne
[ 1 o0 1] in translacijske matrike.
- -
0.5 0 o}
T=} 0 0.5 0 T, Je produkt skallrne
*losos 1 3
4 in translacli jske matrike.

Transformacijo izberemo nakljuéno, jo izvrsimo nad

zatetno totke in dobimo totko P Nato nakl jueno

izberemo naslednjo transformacijo ‘i: Jo dzvrsimo nad
totko, dobljeno v prejlsnjem koraku. VerJetnosti =za
izbiro posami¢ne transformacije so0 enake. Postopek
nadal jujemo in po doloZenem $tevilu iteracij pridemo do

trikotnika Slerpinskega.

Na prvi pogled se zdi ¢udno kako lahko nakl ju¢na
izbira ene od treh transformacij privede v literativnem
postopku do tako slozne harmonije, kakor Je trikotnlk
Slerpinskega. Podro¢je v matematiki, ki se ukvarja s
taksnini transformaci jami, Je teorija iterativnih
funkci Jskih sistemov (IFS} in od tod tudl ime za naso

metodo.



5. UPORABA FORMALNIH JEZIKOV NA PODROCJU FRAKTALNE
TECORIJE

Nekatere objekte, na primer drevje in rastlinje, jJe
mogoce predstaviti s pomotjo gramatik PRG
grammars). Benoit Mandelbrot v
definicijah (6] ne dovoljuje , da bi objekte,

na tak naéin,

(parallel

svojih
dobl jene
da Jje

rewriting

imenovall fraktal{. Trdi namret,

pojem fraktala strogo geometri jski, medtem ko s pomotjo

formalnih jezikov dobimo strukturirano zgradbo.

Objekte, nastale s pomotjo gramatik, Iimenujemo
graftali [8]. Graftali se od fraktalov razlikujejo po
tem, da ne .ustvarjajo strogo zrcalnih in samopodobnih
slik ter ne dovoljujejo nikakréne nakljucnosti pri
uporabl produkci jskih pravil.

Znatilnost gramatik PRG je =zaporedna uporaba
produkci jskih pravil (nad vsakim simbolom izvrsimo

produkci jsko pravilo), prav tako ne lo¢ijo terminalnih

simbolov od neterminalnih.

Ogle jmo si primer!
Dana naj bo abeceda £ = (0,1, (,),(, [}

zatetni simbol S=0 ter

o-»1{0]1(0)0
1=+ 11

[—]

produkci jska pravlla:

1]
)~>)

(—» (

Upcrabimo naslednji algoritem:
for i:=1 to stevilo_generacij do
nad vsakim simbolom v nizu uporabi produkci jsko

pravilo

Pri stevilu_generacij = 3 dobimo:

Stevilo_generacij niz
1 [
2 1{011(0)0
3 11{1{ol1(0)0111(1{0}1(0)0O)I1[0})1(0)0

s

Dobl jeni niz zelimo grafi¢no predstaviti v obliki

drevesa, zato uporabimo preprosto interpretaci jo:

.narisi list

.narisi érto

-zacetek vejitve v levo
.konec vejitve v levo

. zatetek vejitve v desno

— o o = Q

.konec vejitve v desno
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stevilo gereraci : 1 2 3

Slika 5.1 Prikaz postopka, kako s pomo¢jo predhodno
definirane gramatike tvorimo graftalno sliko.
Vejitveni kot znasa 45 stopinj.

Seveda obstajajo e bolj komplicirane
interpretaci je nasega niza. Tako lahko npr. spreminjamo
vejitvenl kot glede na smer vetra, ¢&vrstost, velikost

drevesa itn. Prav tako lahko predpostavimo veje v obliki
valja, katerega premer in visina sta odvisna od polozaja

enice v nizu. Ta dodatni pogoJ omogota, da v dolot¢enem

.trenutku dobimo manjse in tanjse veje.

6. OPIS ALGORITMOV ZA GENERACIJO FRAKTALOV

Pri oblikovanju 2D fraktalnih slik smo upostevall
dinami¢nt proces nad polinomom druge stopnje‘ Zz = z2 +c
(namesto x pisimo z). Kompleksni stevili z in ¢ smo
razdelill na realnl in imaginarni del (z=x+iy, c=p+iq)

tako, da je dlnami¢nl zakon presel v obliko:

2 2
f(xn.yn.pl X =Y, *P

-
n

glx .y .q) =2x y +q

Kot ‘ze omenjeno, smo do oblikovanja slik prisli po dveh
poteh: '

1. Upostevall smo ravnino xy in fiksnl vrednostl p ter
q. 2a vsako totko ravnine smo ugotovill njeno dinamiéno
povezanost do ustreznega stekalis¢a. Na tak nac¢in smo

raziskall strukturo Juliovih mno2ic.

2. Upostevall smo ravnino pg ter fiksno to¢ko (x,y). Tak
postopek Je produciral slike Mandelbrotove mnozice.
Program za izratun dinami¢nega procesa ter

dolo¢itev barv Jje tekel na VAX 8800.

shranjeval na datoteke,

Rezultate je
ki smo jih kasneje prenesli na
PC-AT. Tam Je tekel program za izris fraktalnih slik.
Napisan je bil v turbo pascalu.

Pri izrisu slik smo uporabill 16 barv. Povedale so,
kako Je totka da Je
priblizala stekallstu. Ce se totka po dolotenem Stevilu
iteracij (5000) ni priblizala stekaliseu, Jo

pobarvall s é&rno barvo. Velikost okna smo

izbrall {511 x 350) pikslovf
in 2

dolgo potrebovala (x,y) se

smo

(a x b)

Algeritma 1 smo uporabill 2za generiranje

nakljudnlh fraktalov. S pomotjo algoritma 3, pa smo



narisali geometriZna fraktala trikotnik Sierpinskega in
list praproti.

Algoritem 1: Juliova mnoZica

korak O: Izberi parameter c=p+iq
Doloc¢i velikost okna: "x =y
min min
x =
max max
Ax={x - x )/(a-1)
max oln
Ay=(ymax - ym‘n)/(b—l) .
Z2a vse tolke zaslona (nx.ny). n = 0,1,...,a-1,
ny= 0,1,...,b-1, 1zvr3i naslednje korake.
korak 1: x '= x + n Ax
[+] min x
yO = ymln * nyAy

Stevec_jteracij = 0

A = w2 2
korak 2: X s x yn +p
Yoo T2 Y+ 4
Povetaj &stevec_iteracij za 1.
korak 3: Izracunaj r?= %%+ y2
n

n
if r>2 then lzberi barvo in goto korak 4

if stevec_iteraci) = SO000 then izberi

barvo O (&rno) in goto korak 4

(11i) if r = 2 and &tevec_iteracij<5000 then got§
korak 2

korak 4: Pobarva]j to¢ko (n‘.ny) z ustrezno barvo, izberi

(1)
(11)

naslednjo tocko in pojdi na korak 1.

Da bi izboljsali ¢as racunanja,
togki (x,y) in (-x,-y)
Je slika simetric¢na glede na izhodisce.
biti tudi na 1izbiro koordinat okna,

smo upostevall, da
producirata enak rezultat, saj

Pozornl moramo
sa} ob njihovi

nepravilni izbiri lahko dobimo nezanimivo sliko.

Algoritem 2: Mandelbrotova mnozica

korak O: Izberi Poin P
Ap = (pmax

» q

’
max min

- pmln)/(a-l)

q

mux'
Aq = (qmex- qmln)/(b-l)
2Za vse tocke zaslona (np,nq), np= 0,1,...,a~1,
nq= 0,1,...,b-1, izvrsi naslednje korake.
korak 1: p =1p + npAp
q0 = qmln * nqu
Stevec_iteraclj = 0O
0 .
- 2 +
Y. p
= zxnyn * q

[} min

ooN o

korak 2:

Povetaj stevec_literacl}).
2 e X yz

n n
if r>2 then izberi barvo goto korak 4

if stevec_iteraci j=5000 then 1zberi

korak 3: Izraduna}j

(1)

(i1)
barve 0 (&rno) in goto korak 4

(1i1) if r = 2 and steQec_lteraciJ<5000 then

goto korak 2

korak 4: Pobarvaj toé&ko (np,nq) 2z ustrezno barvo,

izberl naslednjo to¢ko in pojdi na korak 1.
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Pri tretjem algoritmu smo =zaletno toéko (xo.yoJ'
izbrali (0,0). Stevilo iteraci) je bilo 32000. Program
Je v celoti tekel na PC.

Algoritem 3 : metoda IFS

korak D: Okno opazovanja V na} bo vellkosti X x Y, pri
¢cemer Je X x Y resoluclija zaslona.
Okno V razdelimo na L x M kvadratov (ozna¢imo
Jih 2z Vl]) velikosti dolz (L=L/dolz, M=M/dol2).
Izberi &Stevilo_iteracij = L x M.
Polje V inicializiraj na O.
izberi zatetno tocko (xo.yo) e R%.
Stevilo_barv=16.

korak 1: for n = 0 to stevilo_iteracij do
begin
(» izberi nakju¢no transformaci jo Mk .)
rand = random Stevilo med [0,1];
ver jetnost = pl:
k =1;
while (verjetnost < rand) do
begin
k = k+1;
Qerjetnost = ver jetnost +~px;
end;
(» izvrsl transformacljo nad totko ¢)
[ xnol ynOI 1 ] = [ xn yn t ] Mk
n = lnt(xn‘l);
n, = int(yn‘lh
(» zaznaj "obisk"” v kvadratu VU )
Vin lln ] = Vin 1o} + 1;
end;
korak 2: Pois¢i maksimalno vrednost max v polju V.
Dolo&il barvo pravokotnika V:f
barva_pravokotnika=barva(VIi] [ j)*15/max)
in ga pobarval.
Slike 6.1, 6.2 in 6.3 so bile izrisane na barvnem

brizgalnem risalniku Tektronix 4696.
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xmin= -1.50
ynin= -1,50

xmax= 1.50
ymax= 1.50

Slika 6.1 Juliova mnozica pri ¢ = 0.11031 - 0.670371

prin= -0.74591
gnin= 0.11196

prax= -0,74448
grnax= 0.11339

i

i

)

Slika 6.2 Mppdelbrotova mno2ica



Slika 6.3 Trikotnik Sierplinskega

7. ZAKLJUCEK

Znanost in umetnost sta dva nasprotujo¢a si nac¢ina

za lizrazan)e naravnega sveta - prvi analiticen, drug

intuitativen. S pomoCjo fraktalov smo tl1 dve potl

zdruzili in dokazali, da sta odvisni druga od druge.
Fraktali so zanimivl zaradi visoke stopnje vizualne

kompleksnosti, <¢eprav so v svojem bistvu lzredno

preprosti. Matemati¢na osnova fraktalne teorije Je

enostavna, Prav zaradi tega

bilo

saj temelji na ponavl janju.
lahko
Algoritmi za kreiranje fraktalnih slik

Jo Je izredno uporabiti na podro¢ju
racunalnistva:
potrebujejo malo podatkov, s pomo¢jo rekurzije pa so
zelo uspesni.

Teori ja

geometrijo likov.

fraktalov je pomagala =zlomiti strogo

Trendi v svetu pa segajo &e dalje.

Podrot je uporabe fraktalov se naglo $iri - od biologije

do tekstilne industrije pa vse do drugih, predvsem

barvnih grafiénih izdelkov.
ta ¢lanek oplisuje le del¢ek njih.

Moznostl je torej ogromno -
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PRIMENA METODA INZENJERSTVA ZNANJA

U OBRAZOVANJU |
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U radu su opisane metode inZenjerstva znanja kao podoblasti

veStactke inteligenci je, i
obrazovan ju.

£ mogucnosti
Kao najpogodnija metoda reprezentaci je znanja =za

primene tih metoda u

potrebe obrazovanja izabran je sistem okvira Marvina Minskog.. Na
osnovu takvog pristupa razvijen je programski sistem OSOF za

prikupl janje,
vidovima i nivoima obrazovanja.

i. UvVOD

Prema [1)], vestatka inteligencija <VI> je deo
ratunarskih nauka u kojima se projektuju
inteligentni racunarski sistemi, koji se
ponasaju na natin slitan inteligenci ji u
1judskom ponasanju, =za razumevanje prirodnih
jezika, ulenje, rezonovanje, resavanje problema
i s1. VI je interdisciplinarna nauka 1 potekla
je iz istrazivanja iz domena simbolitke obrade
podataka i dela psihologije o rasudivanju. VI
istrazuje simboli&ku  obradu i heuristicke
procese zakljutivanja 1 rezonovanja, kao i
predstavl janje znanja u obliku pogodnom za
zakl jutivanje uz pomo¢ raZunara (21.

Osnovni pravci istrazivanja u okviru VI su:
razumevanje prirodnog govora, masinsko uZenje,,
automatsko programiranje, ratunarska vizija,
inteligentna robotika, inZenjerstvo znanja itd.

Razvojem raltunarske tehnologije i metoda VI u
zadnjih deset godina, pribliZavanjem ragunara
svim uzrastima, kao i uvodenjem ratunara u
&skole, istrazivatima VI obrazovanje postaje
interesantno polje rada. Deo VI, inZenjerstvo
xnanja, po svojoj definici ji, metodama b
rezultatima postaje direktno primenljivo. i1 u
obrazovan ju, sa ciljem krajnje
individualizaci je obrazovnog procesa. Davnainja
. teznja da jedan nastavnik ili profesor obrazuje
Jjednog ucenika ovakvim- pristupom postaje
realnost, kao i napredovanje svakog ufenika
prema njegovim sposocbnostima.

U radu se dalje opisuju metode inZenjerstva
znanja i njihova primena u obrazovanju. Data je
definicija i klasifikaci ja natina
pretstavl janja znanja, prihvacena u
inzenjerstvu znanja. Iskori&cena je metoda M.
Minskog {6) za realizaci ju univerzalnog
programskog paketa OSOF (3] za primenu ratunara
u obrazovanju.

2. INZENJERSTVO ZNANJA

U ranom razdobl ju istrazivanja u ovoj}
podoblasti VI, do sredine 70-tih godina, tezilo
se (pod uticajem psihologijed, iznalazenju
opstih metoda resavanja problema ‘“ekspertize"”
znanja,’ zasnovanih na opstinm principima
zakl ju¢ivanja sa psiholoskog aspekta. Ovakav
pristup se pokazao neefikasnim za Yon
Neuman-sku o 'anizacij. radunara i sa malom
primenl jivo&scu u praksi. Nedostatak Je
prevashodno &to se unutar opateg’ generalizovalo
specifi&no znanje relativno dis junktnih
oblasti.

internu reprezentaciju i korisé¢enje znanja u svim

Krajem sedamdesetih godina se sa paradigme
zasnovane na zakljutivanju preslo na novu
paradigmu zasnovanu na znanju. Oblast delovanja
istrazivaca inZenjerstva znanja postaje
istovetna sa oblastima delovanja strugnjaka iz
pojedinih uskih oblasti: prikupl janje
specifi¢nih znanja { iskustava, te potom |{
njihova primena u re3avanju odredene grupe
problema. Preduslovy =za ovakvo, heuristigko,
re3avanje problema Je izbor pogodne
reprezentaci je relevantnog znanja kome
inteligentni program mo2e lako da pristupi, dok
mehanizam zakl jucivanja, ty. mehanizam
koriZdenja tako memorisanog znanja treba da je
Jjednostavan i zasnovan na tom znanju umesto na
opatinm principima 4§14 nekakvim funkci jama
komplikovanim za fizratunavanje.

Ljudsko znanje se kodira odredenim metodama u
module  koji se u mehanizmu zakl judivanja
aktiviraju uzorcima: “sirovi" podaci,
"“obradeni® podaci, parcijalna re3enja,
neotekivane situacije, grezke 1 =sl1. Ovakvi
uzoralke vodeni moduli imaju niz prednosti u

odnosu na nekakav op&ti algoritanm
zakl jucivanja: ‘

~predstavl janje znan ja u delovima je
primerenti ji na&inu memorisanja znan ja
eksperata,

~programiranje sa ovakvinm modul ima

omogucava razvoje inteligentnih =sistema u
koracima, programi se lako modifikuju i
pro3iruju, a greske unutar znanja se
popravl jaju bez ifizmene koda programa, i sl.

Proces konstruisanja Jednog inteligentnog
sistema obuhvata sledec¢ih pet oblasti:
-prikupl janje i sistematizaci ja

relevantnog znanja: od eksperta 111 masinskim
utenjem na primerima,

-reprezentaci ja znanja: izbor pogodnog
nazina kojim se velika koliZina =znanja moz2e
predstaviti pomodcu simbolickih struktura
podataka unutar ratunara, pogodnih za
zakl juzivanje. Odabrana struktura treba da
omogudi fleksibilne izmene i dopune memorisanog
znanja,

~primena 2znanja: planiranje {1 kontrola
resavanja problema, heuristicko =zakljuzivanje,
tatnost i efikasnost rada inteligentnih
procesa, koje memorisano znanje predstavl ja,

-generisanje ocbjadnjenja: interakci ja
ratunar-Z¢ovek, objadnjenje =zasto Jje problem
reSen na jedan a ne na neki drugi natin,
moguénost utenja na greskama i uticanja toveka
na proces zakljutivanja,

-obrazovanje: snmeSteno znanje se uz
izvesne ograde moze koristiti i =za stvaranije



inteligentnih sistema utenja.
3. INZEN JERSTVO ZNANJA 1 OBRAZOVAN JE

Ratunar u obrazovanju sa stanoviSta nastave se
moZe posmatrati kao novo ‘nastavno sredstvo |
kac upravl ja¢ nastavnog procesa. Za razliku od
konvencionalnih nastavnih sredstava (grafoskop.
diaskop, interna televizija, responderi { dr.>
ratunar u nastavni proces unosi znaZajnu novinu
- moguc¢nost obostrane komunikacije radunar -
utenik. Nijedno od konvencionalnih nastavnih
sredstava ne mo2ze da odgovara na pitanja
utenika i da na taj naZin usmerava nastavni
proces. Kao upravl jac nastavnog procesa,
racunar u obrazovanju se posmatra kao
neposredni izvr3ioc nastavnog procesa kreiranog
putem programske podrske i upravljat raznih
pomoénih uredaja nastavnog procesa
(laboratori jski uredaji, responderi i dr.).

Ovako posmatrana primena rafunara u obrazovnon
procesu otvara mogudnost primena metoda i
tehnika inZenjerstva znanja u obrazovanju i
otvara novo polje istraXivanja =~ projektovanje
inteligentnih sistema wuZenja. Projektovanje
ovakvih sistema utenja =zahteva interakci ju
metoda in2enjerstva znanja sa jedne strane |
metoda pedagogi je, metodike, didaktike i
psihologije sa druge.

Pretpostavka da se znanje koje sadr2e ekspertni
sistemi standardnog tipa mo2e iskoristiti i u
svrhe obuZavanja, demantuje se u praksi jer su
takvi inteligentni programi losi utitelji (4],
Uzrok je upravo izostavl janje osnovnih principa
pedagogi je i metodike pri kreiranju programskih
sistema &ija je svrha prvenstveno konsultanska
pomoé¢ pri redavanju problema.

sistema

Kreiranje posebnih inteligentnih
namenjenih obrazovanju, mora re&iti sledete
probleme:

~kako predstaviti znanje koje utenik treba
da usvoji,

-kako opisati pojmove koji se usvajaju,

-kako usaglasiti mehanizam koriscenja
takvog znanja s=a metodigkinm i pedagoskin
principima usvajanja znanja,

~kako iskoristiti dobre osobine svih vrsta
konveéncionalnih natina prenoSenja i usvajanja
znanja: predavanje, testiranje, eksperiment,
opazanje, programirana nastava i dr.

4. SISTEMI REPREZENTOVANJA ZNANJA

Znanje se mo2e definisati kao simbolicka
reprezentaci ja ¢injenica i relacija medu njima.
Reprezentacija znanja je naZin predstavl janja
znanja, kao i nain kako se ono moZze povezivati
sa drugim znanjem, koristiti za resavanje novih
situacija i izvoditi novo znanje.

U (8] reprezentacija znanja se definise kao
skup sintaksnih i semantickih kenvencija koje
omogucavaju opisivanje stvari. Sintaksa
reprezentaci je je skup pravila za formiranje,
kombinovan je i uredenje izraza u Jeziku
reprezentaci je. Semantika reprezentaci je
odreduje kako se sintaksno valjani izraz koji
reprezentuje znanje interpretira, tj. kako se
iz date forme moze izvesti | koristiti znanie.

Reprezentaci ja znan ja je bitan element
inZenjerstva znanja koji omogudava sistematican
nagin kodiranja znanja strutnjaka o nekom
problemu unutar neke Sire kategorije. Ona
implicitno obuhvata i organizaciju podataka u
ratunaru za memorisanje znanja. Postoji niz
notaci jskih sistema za predstavl janje znanja u
ratunaru. Zajednitka karakteristika svih je da
treba da obezbede brz pristup znanju i da se
znanje moZe Jlako koristiti pomoc¢u manje-visze
prirodnih mehanizama zakl judivanja ili
izvodenja. Programeru nakon odabiranja
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notaci jskog sistema ostaje da izabere
najpogodni ju strukturu podat.aka ko ja se
implementira =zadrZavaju¢i sve dobre osobine

izabranog notaci jskog sistena.

Vazni kriterijumi =za izbor notaci jskog sistema
i organizaci ju podataka za reprezentaci ju
znanja su:

-logitka dovol jnost tj. da formalizam moze
na pogodan natin da opise znanje,

~efikasnost pristupa pri obradi znanja,

~iskoristivost, tj. reprezentovano znanje
se moze upotrebiti u resavanju problema za koje
su ta znanja doveol jna.

Za reprezentaci ju znanja u primeni inzenjerstva
znanja se koriste sledeci formalizmi:
produkci jska pravila, strukturni ob jekti i

" predikatska logika.

Svi navedeni formalizmi se implementiraju sami
i11i u nekoj kombinaciji, u uzoratko vodenim
sistemima. Struktura podataka koja pretstavlja
unutrasnju reprezentaci ju izabranih fornalizama
pretstavl janja =znanja je zavisna od problema
ko ji se resava, sistema zakl jusivanja,
interpretatora mehanizma procesiranja znanja,
ratunara na kome se implementira i programskog

Jezika izabranog za realizaci ju odredenog
inteligentnog sistema.

Sistemi koji koriste neki od navedenih
formalizama, se sastoje od niza relativno

nezavisnih modula koji omogucavaju prikupljanje
i memorisanje =znanja, formiranje odgovarajuce
unutradnje reprezentactije =znanja, koriscenje
prikupl jenog znanja i sl.

Produkci jska pravila su formalizam za
predstavl janje 2znanja koji se korist!i { u
teori ji automata, formalnim jezicima i
dizajniranju programskih jezika. Sastoje se od
skupa pravila oblika:

if (P, A ... AP D then <A, N ... N A,
1 n 1 m
gde su Pi’ i=1, . ..,n uslovi, a Aj’ J=1,...,m
zakl jutci .Uslovi su trojke objekt -~ atribut -

vrednost oblika:
(Bor fe_rudnik bakar)

‘dok su zakl jutci akci je koje se preduzimaju ako

su uslovi zadovoljeni.

Koriscenjem ovog formalizma kodiraju se
iskustvene veze <(asocijacijed) izmedu uzoraka
podataka i akci ja koje sistem treba da preduzme
kao posledicu zadovol jenost.d uslova.
Produkci jskim praviiima se kodiraju dva tipa
Zznanja: opSte znanje relevantno za problenm koji
se opisuje tim =znanjem {1 specifilno znanje
vazno za posebne primene koje d¢e koristiti to
znanje. To specifitno znanje se moze i
reprezentovati tradicionalnim tehnikama
pretstavl janja znanja u bazanma podataka.
Neodredeno znanje ko je, se takode moze
koristiti je pretstavljeno trojkom:

if e, A ... AP DO then
1 n

(Al N N Am) with V<0.7>

gde je V(0.7> verovatnoéa da (P1 A LA Pn)

i Ia) A

izvodi (A1 N Am).

Predikatska logika, u &ijoj osnovi Je
propozicioni i predikatski ratun, razvojem

logickog programiranja i logitkih programskih
jezika, se koristi i kao sistem predstavl janja
znanja. Znanje se predstavlja pomoc¢u formula,
kao napr.:

Svako voli nekog <(==> (VxD> (Fyd (volilx y»>

Ovakav nacina opisivanja znanja se koristi u



reprezentaci ji opstih cinjenica za razliku od
produkci jskih pravila u kojina znanje
predstavl ja iskustvene cinjenice.

Strukturni objekti su opsti izraz za bilo koju
Semu reprezentacije znanja. Osnovni delovi
strukturnih objekata su analogni <&vorovima §
vezama u teoriji grafova, otvorima (“"slot’'> 1
markerima teorije okvira ("frame™, i1i
otvorima i puniocima ("filler') konvencionalnih
struktura podataka tipa slog. Oni obuhvataju
slede¢e formalizme: semanticke <(asoci jativne
mreze), okvire, objektno orjentisane sisteme,
strukture konceptualne zavisnosti ili skripte.

Predikatska logika i produkcijski sistemi kao
formalizmi predstavljanja znanja se koriste za
reprezentovanje razliZitih aspekata okoline.
Medutim, u opstem slucaju, oni ne dozvoljavaju
da struktuiramo znanje o toj okolini.
Strukturni objekti ukl jueuju noguénost
reprezentovanja strukture =znanja, grupisanjenm
delova znanja u celine i relaci ja medu znanjemn,

kao i1 pokazivata na akciju koja se preduzinma
korisé¢enjem tog znanja. Takode se  unutar
strukturnih objekata predvida rad sa
podrazumevanim (defaultd vrednostima,

otkrivanje gresaka kao i rad sa nepotpunim
Znanjem. Sve ove nabrojane osobine su direktno
primenljive u predstavl janju Znanja za
obrazovne svrhe.

5. PREDSTAVLJANJE ZNANJA U SISTEMU OSOF

Znanje za potrebe obrazovanja se moze
organizovati u nastavne sekvence {lekcijed koje
se sastoje od skupa medusobno povezanih flanaka
(pojmovad. (lanak sadr2i minimalnu koliZinu
zaokruzenog znanja koga ucenik treba da savlada
u jedinici vremena.

Svaki tlanak se sastoji od naziva, teksta kojim
Jje on opisan, graf itke ilustraci je itg
simulacije i proizvoljnog broja zadataka kojim
se moZze proveriti i utvrditi znanje opisano u
¢lanku.

Zadatak je opisan tekstom, slikom 114
simulaci jom, a odgovor se mo2e eksplicitno
uneti, odabrati od niza ponudenih alternativa
ili odabrat i iz dve - grupe ponudenih
alternativa, uparivanjem.

Alternative su opisane tekstom, a svaki moguci
odgovor sadr2{ i informaciju o daljem toku
utenja u slutaju da je utenik odgovorio na

odgovarajuci nacin 114 odabrao odredenu
alternativu kao svoj odgovor na postavl jeni
zadatak.

U sistemu OSOF iskoriscena je metoda okvira za
pretstavl janje  ovako organizovanog
Okvir se sastoji od skupa 'imenovanih slotova
koji sadrze vrednosti ili pokazivale na druge
okvire ([(51. Struktura podataka koja odgovara
navedenoj reprezentaciji {1 organizaciji =znanja
zapisana u pseudo jeziku za opis okvira Jje:

Begin Sekvenca

{ Ime: Niska;
F Pocetak: Clanak >
Begin Clanak
{ Pojam: Niska;
Opis: Niska, Simulacija, Slika;
F Pitanje: Zadatak >
End;
Begin Zadatak
{ Opis: Niska, Simulaci ja, Slika;
F Slede¢i: Zadatak;
. . F Odgovor: Alternativa >
End;
Begin Alternativa
{ Opis: < Izbor, Otvoreni odgovor,

Uparivanje J;

F Akcija: ¢ Glanak, Zadatak,

znanja. .
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Dopuna_opisa, Kraj J>;

F Sledeci: Alternativa >
End;
Begin Kraj

{ Ime: Niska;

F Akcija: ¢ Sekvenca, CGlanak, 'Exit’ > >
End;
U okvirima Sekvenca, Clanak, Zadatak 1 Kraj
“Niska" oznatava tekst proizvoljne duzine,
“Simulacija" proceduru =za ‘simuliranje nekog
procesa, a “Slika" proceduru za grafickl prikaz

proizvol jne slike. Unutar okvira Alternativa
moguci =zadaci koje ufenik treba da izvrai su:
"Izbor" - na postavljeni =zadatak 'se odgovara
izbor jedne od navedenih alternativa, "Otvoreni
odgovor' - zahtev za eksplictni upis resenja 1
“Uparivanje odgovora'" - postavljeni =zadatak se
reSava uparivanjem odgovarajucih alternnativa
iz dva skupa. Na osnovu utenikovog resenja
zadatka, akecija raCunara se odvija prelaskom
na: jedan od okvira Clanak, Zadatak i Kraj, {114
grupu okvira Clanak koji pruzaju dodatno
objasnjenje nejasnog opisa ('Dopuna opisa'™).
Oznaka F ispred imena slota oznatava da Jje
njegova vrednost pokaziva® na okvir.

6. SISTEM OSOF

Sistem OSOF [3] je razvijen u .Institutu za
matematiku u Novom Sadu i sastoji se iz modula

za prikupljanje =znanja TEA, njegovu internu
reprezentaci ju po opisanoj semi 1 dva modula
elementarnog koris&cenja =za usvajanje znanja:

izborom alternativa - LEA i testiranjem - EXA.
Realizovan je programom vodenim menijima |
izuzetno Jje jednostavan za korisScenje, te od
nastavnika { ulenika ne =zahteva nikakvo znanje
o ustrojstvu ratunara -niti znanje
programiranja. Primenom sistema =zakljutenoc je
da je odabrana metoda okvira pogodna za primenu
u obrazovanju.

LITERATURA:
1. Barr A., Feigenbaum E. A., Handbook of
Artificial Intelligence, Stanford University
Computer Science Dept, Stanford, (1980>, USA

2. Buchanan B. a.,
and Meta-Dendral:

Feigenbaum E. A., Dendral
their applications dimension,

Artificial Intelligence, 11(1,2>, 5-24, <(1978),
USA.
3. Pauni¢ b., Jerinid¢ Lj., Budinmac Z., Ivanovic¢

M., Univerzalni
ratunara u nastavi,

programski
u Stampi.

paket =za primenu

4. Clancey V. J.,
intelligent tutoring system,
tact.ics in Cognitive Science",
Publ ishers, (1983), USA.

Methodology for building an
from “Methods and
Lawrence Erlbaum

5. Frost R., Introduction to Knowledge Based
Systens, Collins, London, 1986>, Great

"Britain.

6. Ivanoviec M., Jerini¢ Lj., Paunié¢ D., Budimac.
Z., On knowledge representation in education,
Review of research, Institute of Mathematics,
Novi Sad, €1988), <(u Stampi)d.

Principles of Artificial
Publishing, Palo Alto,

J-»
Tioga

7. Nilsson N.
Intelligence,
1980>, USA.

Artificial Intelligence, Addison
(19770, USA.

8. Winston P.,
- Wesley, Reading,



strategija racunalniStva
strategy of computing

Ali IBM lahko postane najvedje
telefonsko podjetje na svetu?

IBMova telekomunikacijska divizija pridela Ze
10% IBMovega dohodka. IBMov tekmec, podjetje
AT&T, zasleduje IBM z zrcalno strategijo, ko se
pomika v raunalni¥tvo iz svoje telekomunaika-
cijske baze. IBM ni nakupno osamil podjetja
Rolm zaradi opustitve svojih Zelja, da prodre v
telekomunikacijsko podro&je, temveZ zaradi do-
zorelosti lastnih zamisli, kaj pomeni konver-
genca med radunalni8tvom in telekomunikacijami.
PribliZevanje med radunalniStvom in telekomuni-
kacijami postaja namre& za IBM realnost. Zato
IBM ni opustil nalrta, da postane najvelje
telefonsko podjetje na svetu.

IBMov neposreden nakup pcdjetja Rolm, pro-
izvajalca zasebnih telefonskih central, za
Zznesek 81,25bn, in manj¥i deleZi doseZeni v
podjetjih, kot je AT&Tjev konkurent MCI, so
elemeti "velike telekomunakacijske strategije".
Ta strategija je bila sprejeta na ¥iroko in
njeno sporofilo je, da postaja mo&no poudarjano
pribliZevanje med ra&unalniitvom in telekomuni-
kacijami povsem realno. Tudi samo podjetje
AT&T, ki ostaja edini bistveni konkurent IBMa v
svetu informacijske tehnologije, sledi IBMu z
zxcalno strategijo, po poti pomika iz telekomu-
nikacij v racunalniStvo.

Le pred nekaj leti sta se obe podjetji umak-
nili z opefenimi prsti. Ra&unajd, da je AT&T
zgubil $3bn z namero, da postane raunalniZko
podjetje. Medtem pa je IBM umaknil svoj deleZ v
MCI in v zadnjem letu prodal podjetje Rolm
nemSkemu Siemensu, ko so se izgube prifele
kopi&iti. Ta IBMova poteza je marsikoga prese-
netila. Podjetje IBM je namre& dokaj vztrajno
pri gradnji trzis% in prodaja podjetja Rolm je
bila za IBM nekaj neobifajnega. Seveda si je
IBM zelo prizadeval potegniti podjetje Rolm v
dobiZkonosne posle. Mlado podjetje na =zapadni
obali pa se je vselej ostro sootalo 2z IBMovo
umirjeno modro kulturo in tako mu je bilo v
zaZetku dovoljeno, da obdrZi svojo neodvisnost.
Toda zaradi nara3ajo&ih teZavav je IBMova
finan&na divizija v letu 1987 omejila separatno
strukturo podjetja Rolm. V letu 1988 so izgube
narasle na 8200m in IBM je moral ukrepati.

Po odprodaji podjetja Rolm so nekateri skle-
pali, da z zblifevanjem raZunalni3tva in tele-
komunikacij ne bo ni%. Toda Z%e brez podjetja
Rolm je IBM pri svojih ve& kot $50bn letnega
priliva pridelal 10% tega v svoji komunikacij-
ski diviziji. zZanimivo je, da to divizijo vodi
Yenska (Ellen Hancock), ki sodi med najdaljno-
vidnej¥e IBMove menagerje. IBMova mreZna
‘tehnologija za lokalne mreZne sisteme s t.i.
token ringom je Ze danes vodilni mednarodni

standard; sistemska mreZna arhitektura (SNA),
ki je bila uvedena %e 1. 1974, je instalirana
na vel kot 30000 mestih po svetu. Medtem ko
napovedi kaZejo, da se bo npr. v Veliki Brita-
niji povefala uporaba 0SI (Open System Inter-
connection) iz 3% v letu 1987 na 16% v letu
1992, bo to poveZanje za SNA napredovalo iz 34%
na 45%,

IBMova mo& se nahaja v njegovi zapleteni
povezancsti s podjetji in organizacijami Zirom
po svetu. Veliki uporabniki IBMove tehnologije
s0 tudi multinacionalke, ki imajo svoje mreZe
razpletene od tovarn do razdeljevalnih potro3-
nih mreZ po svetu. V tem okviru se obvladujejo
potrebe po mednarodnih podatkovnih, zvo&nih in
slikovnih komunikacijah. Ko IBM vzdrZuje in
izgrajuje vse te rafunalniSke sisteme ter jih
povezuje v mrefe z dodatnimi terminali, vpliva
tudi na sklepanje kup&ij, s katerimi zagotavlja
te razpr¥ene operacije. Dodatni faktor, ki
vpliva na sklepanje pogodb v korist IBMa, je
kompleksnost vzpostavljanja in uporabe mreZ
prek nacionalnih meja. Vsaka deZela ima svoje
predpise in iskanje napak v mednarodnih poveza-
vah je lahko 1izredno teZavno. Tem teZavam se
podjetja izognejo tako, da uporabljajo Ze obra-
tujofe mednarodne mrefe. IBM je zgradil svojo
lastno svetovno mreZo, osnovano na SNA, ki
podpira lastne daljinske operacije. Ta mreZa
povezuje prek 300000 terminalov, ki jih uporab-
lja vodstvo podjetja IBM, Ta mreZa je tudi
hrbtenica IBMove svetovne informacijske mreZe.
Ta mreZa se razteza prek 70 drZav in povezuje
IBMovske in druge naprave, ko nudi domale in
mednarodne storitve.

IBMova mrefna infrastruktura podpira vrsto
zahtevnih storitev in je moZno podprta tudi z
eksperti v IBMovskih vladnih lobijih ¥irom po
svetu. Informacijska mreZa obratuje na vec&
ravneh. Uporabniki IBMovih strojev AS400 imajo
neposreden dostop do IBMovskih racunalnikov,
pri katerih lahko zahtevajo podporo in vzdrie-
vanje. Na naslednji ravni omogola ta mreZa
osnovne funkcije, kot so konverzija protokolov,
tako da lahko uporabniki komunicirajo npr. z
DECovimi miniji oziroma se ti lahko poveZejo 2z
IBMovi mainframi v okviru mreZe SNA. Na nasled-
nji stopnji so omogo&ene storitve, ki zadevajo
upravljanje podatkov, kar omogoca podjetjem
enostavno iskanje in vzdrZevanje pri komunicij-
skih storitvah. Se vi¥je so aplikacijske sto-
ritve, kot je elektronska poXta, elektronsko
trZenje, dostop v podatkovne baze in finangna
informacija. Te storitve so mofne od PCjev do
mainframov po kabelskih mreZah ¥irom po svetu,
ki so prakti&no javne in lahko tudi zasebne.

Obdelava podatkov kot je konverzija protokolov,
usmerjanje sporofil med raunalniki in obdelava
razli&nih transakcij se le malo razlikuje od
zna&ilnih ra&unalni¥kih aplikacij, ki so pod-




stat IBMove programske opreme CICS in DB2.
IBMovo prodajo podjetja Rolm ni mogo&e razumeti
kot Xkonec upanja za neko zbliZevanje, tenvel
kot zorenje zamisli, kaj naj zbliZevanje ralu-
nalni¥tva in telekomunikacij pomeni. IBM seveda
ni potrebno, da postane vodilna sila v takem
telekomunikacijskem prenosu in preklapljanju,
ki predstavljata drago obliko.
bi svojo tradicionalno spretnost tako, da se
osredotoi na ravnino, kjer dominira manipuli-
ranje s podatki veliko bolj kot elektri&ni tok
in njegova tehnolecgija. To pa je v bistvu
strategija, ki je edinstvena in izvirno

IBMovska in ki na svojem koncu pomeni
zbliZevanje dveh tehnolo¥kih in uporabniZkih
podro%ij.

V zadnjih nekaj letih je IBM podpisal vel&
soglasjij o sodelovanju 2z nemSkim Siemensom in
Svedskim Ericsonom na podro&ju uporabe ISDN
(Integral Services Digital Networks) in v smi-
slu razvoja telekomunikacijske ekspertize s
kooperacijo. K temu pa je treba dodati Ze sode-
lovanje 2 japonskim NTT in nem3ko Deutsche
Bundespost, ki uporablja rafunalnike za svoj
Bildschirmtext. V Franciji je IBM uokviril
posel s softwarsko hi%o Sema-Metra in s tremi
bankami (Paribas, Credit Aqricole in Credit du
Nord), ki jim nudi vans za finan&éni sektor.
Vans je najmanj3i toda najhitreje rastoli sek-
tor telekomunikacijske storitvene industrije,
kjer je ratunalniika ekspertiza pomembnejfa od
telekomunikacijske spretnosti.

Napaka, ki jo je IBM naredil v svojem razmi-
5ljanju, je prepriZanje, da se bo programska
oprema za telekomunikacijske storitve nahajala
v preklopnih vezjih, ki so se do pred kratkim
imenovala telefonske centrale, ki povezujejo
uporabnike. Toda ISDN lofuje signalne podatke
od dejanskega klica. V novi generaciji digital-
nih preklopnikov, kot je npr. britanski System
X, je potrebna velika kolilina programske opre-
me za krmiljenje elektronskih preklopnikov.
Toda Ze v naslednji generaciji programske opre-
me, ki je namenjena dodatnim storitvam, kot so
virtualna zasebna vezja, centreksi in druge
zapletene naprave, je lahko programska -oprema
locirana kjerkoli, npr. tudi v IBMovih radunal-
nikih. Ti procesi morajo podpirati tak3ne sto-
ritve, ki se pojavlijajo pod skupnim imenom
inteligentna vezja. To so npr. vezja za odlofa-
nje, ki so odvisna od dnevnega &asa ali poziv-~
nega izvora in ki npr. poveZejo poziv s prodajo
podjetja. V to vrsto funkcij spadajo tudi raz-
li%ne podatkovne obdelave, procesiranje trans-
akeclj in upravljanje podatkovnih baz; to vse pa
so podro&ja, ki jih IBM ne le obvlada, temvel
ima dodatno znanje, izku3nje in uporabni3ko
bazo. )

Zaradi vsega tega ostaja napoved, da bo IBM
postal tudi najveZje telefonsko podjetje na
svetu, povsem upravidena. :

A. P. Zeleznikar

Trije trgi oblikujejo ratunalnisko
industrijo

Prvih sto racunalni8kih prizvajalcev iz Azije,
Evrope in Severne Amerike je v preteklem letu
pridelalo vrednost 243 milijard dolarjev
(3243bn) produktov informacijske tehnologije in
storitev. Ta industrijska dejavnost se je

IBM lahko upora- '
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povefala predvsem izven ZDA. Pravijo, da je
rafunalnifka industrija dosegla potrebno stop-
njo zrelosti in konsolidacije. NekoC osamljeni
jezdec IBM je podpisal sporazume o sodelovaniju
s konkurenco. Nekatera teh podjetij so tako
najhna, da so imela probleme, kako dobiti tele-
fonsko 5tevilko Johna Akersa (predsednika IBM),
toda manj teZav pri njegovem podpisu na pogod-
bi. Prorafuni za raziskave in razvoj so preZi-
veli nevarne kirurSke posege. Pojavil se je
tudi Ze strah pred skupnim evropskim trgom, ki
bo verjetno za3Zfiten 'in nove strategije, kako
obdrzati dohodek po letu 1992. Zibkost trga 2DA
je bila in bo Cedalje bolj kompen21rana z ev-
ropskim in japonskim trgom.

Pomankanje pomnilnih 1ntegr1ran1h vezij . je
povzro&ilo dolofeno suSo in visoko temperaturo
v informacijski industriji. In nekateri so se
morali umakniti iz poslovne igre, saj uporabni-
ki niso prenesli cen, ki so jih podjetja plale-
vala za pomnilna vezja.

Podatki, ki jih prina%a Datamation (15.
junij 1989), izkazujejo dohodek 100 podjeti]j
rafuanlni¥ke industrije (RI) za leto 1988 v
vi¥ini $243,1bn in s porastom 16,3%, kar pa je
manj od skoka 18,7% v letu'1987. Profiti so
sicer narasli za 15,8%, vendar ta podatek zble-
di pri narastku 27,2% v prej3njem letu. To kar
je popolnoma jasno, je nara3cCanje mednarodnih
poslov. RI.je postala tudi bolj globalna kot
kdaj koli poprej: na to so vplivale sile trga,
pretok kapitala in tehnolo3ki imperativ.

Padec prodaje v ZDA in cenej5i dolar sta po-
spefila mednarodno poslovno aktivnost ameri¥kih
informacijskih podjetij. Tako je podjetje IBM

‘#e drugo leto prodalo ve® v tujini kot doma. 3e

ve&, dejanska rast prodaje IBMa je bila doseZe-
na zunaj 2DA. Skupaj je Zé 14 ameri¥kih podje-
tij od stotih doseglo veZ kot polovico dohodka
na zunanjem trgu, med njimi tudi DEC, HP, NCR,
Tandem Computers in Microsoft. Podjetje Compag
pa je povefalo prodajo v Evropi za 145% in se

-je v Evropi uvrstilo med 25 najvefjih informa-

cijskih proizvajalcev. Vendar je zanaBanje na
Zibek dolar postalo dvomljiva opora v dolgoroZ-
nem planiranju, saj se je Ze spomladi 1. 1989
dolar okrepil in tako so se zmanj3ale tudi
mo&nosti za prekomorsko prodajo ameri3kih
proizvajalcev.

Evropska razvojna scena
V Evropi so znanilci unifikacije evropskega

trga po letu 1992 spodbudili preobrat v meddr-
Zavnih zvegah. Evropska podjetja, ki so bila

- doslej prilagojena za3&iti doma&ih trgov, mora-

jo hitro privzemati merila in upravljavsko
iznajdljivost, da bi bila ustrezno pripravlijena
za novo obliko odprtosti evropskega trga.
Finsko racunalni¥ko podjetje Nokia je danes
eno najaktivnej¥ih evropskih podjetij (31165m
dohodka v 1. 1988), ki je pridobilo posle sose-
dnjega, Bvedskega podjetja LMEricson Telephone
Co. in se razgleduje v Zapadni NemZiji z name-
ro, da prevzame mesto televizijskega proizva-
jalca. Siemens AG je sklenil strateZki teleko-

‘munikacijski dogovor z italijanskim Italtel, od

IBMa pa je v ZDA odkupil podjetje Rolm. Siemens
si je dovolil tudi mnoZiZno reorganizacijo pod-
jetja v 1. 1988, podobno kot Olivetti in s po-
dobnim ciljem: s splo3&itvijo korporativne pi-
ramide in 2z ve&jo proZnostjo trZnega reagira-
nja.

Britanski STC PLC, v katerem ima Northern
Telecom 24%-ni deleZ, je prevzel od NT termi-



nalski posel in onstran Atlantika 3e miniradu-
naknifkega proizvajalca Computer Consoles in
operacije podjetja Datachecker v sestavi Natio-
nal Semiconductor Corp. Druga najve&ja evrop-
ska softwarska in storitvena hiSa je nastala z
zdruZitvijo britanskih podjetij Systems Design-
er in Scicon International za francoskim pod-
jetjem Cap Gemini Sogeti. Podobno sta se okre-
pili in raz¥irili svojo mednarodno dejavnost
tudi italijansko softwarsko in storitveno pod-
jetje Finsiel SpA in francosko izposojevalno
podjetje Europe Computer Systems, ki je. last
francoske Bank Societe Generale.

Nevarnost prevelikega vztrajanja raCunalni-
Skega proizvajalca na domafem trgu je dobila
svoj epilog v podjetju Norsk Data AS, pri kate-
rem se je pokazala izguba Ze v 1. 1988, ko je
to podjetje v domafem ckolju izgubilo klju&ne
strateSke posle v konkurenci s podjetji Apple,
DEC, IBM in Bull. Po mnenju jzvedencev sta tako
Norsk Data kot nem3Zki Comparex Informationsy-
steme GmbH podjetji, ki se morata Cimprej iz-
zviti iz prekomerne odvisnosti njunih domacih
baz. Podobna ugotovitev velja tudi za jugoslo-
vanskega raZunalni¥kega proizvajalca Iskro Del-
to, ki se je v preteklem in leto3njem letu si-
cer preusmerjala v mednarodne posle, vendar se
je kljub temu znasla v podobnih teZavah.

Japonci motrijo globalna trZi&ca

Tudi japonska podjetja se vme3Cajo v novo-
nastajajoCa globalna trZi3fa. Do sredine osem-
desetih let je bila japonska proizvodnja usmer-
jana na izvozne trge, ta trend pa je bil obnov-
ljen zopet v letu 1988. Nujnost take usmeritve
je bila pogojena z mofjo jena in z bojaznijo
trgovinskih omejitev tako na evropskem kot ame-
riSkem trgu. Japonsko podjetje Alps Electric je
napovedalo gradnjo tovarne v Zapadni Nem&iji in
raz8iritev svojih operacij v ZDA. Podjetji
Seiko Epson in Fujitsu sta napovedali nove
tovarne v Britaniji, podjetje Mitsubishi Elect-
ric pa svoje zastopstvo in tovarno v Franciji.

Med prvimi 100 radunalniSkimi podjetji na
svetu najdemo kar 17 japonskih in daljnjevzhod-
nih podjetij, 22 jih je iz Evrope in 61 iz ZDA.
Med prvimi desetimi na svetu so tri japonska
(Fujitsu, NEC, Hitachi),le dve evropski podjet-
ji (Siemens in Olivetti) in pet ameriSkih (IBM,
Digital, Unisys, HP, NCR). Teh deset podjetij -
ob &akanju podjetja Groupe Bull, da se mednje
povzpne - oblikuje novo informacijko oziroma
radunalniSko hunto. Teh deset podjetij obwvladu-
je ve& kot polovico celotnega informacijskega
trga (v 1. 1988), pri Zemer odpade samo na IBM
22,6%. Rast teh globalnih informacijskih veli-
kanov pa Ze vzbuja skrb moZnosti destruktivnega
trgovinskega spopada. Ta spopad se je v pretek-
losti pokazal kot moZnost med ZDA in Japonsko,
po letu 1992 pa se na spopadnem prizorii€u po-
javlija Se Evropa.

NaraSZanje globalne kooperacije

Izkusnje iz trgovinskih spopadov kot global-
ne Xonkurence med podjetji pa odpirajo tudi
moZnost Cedalje pomembnejSe usmeritve: naraSZa-
nje stopnje globalne kooperacije med danes naj—
vefjimi multinacionalnimi podjetji. Skladno s
tem scenarijem pa ni najvefji strah teh podje-
tij v medsebojni konkurenci temveZ v nastajanju
malih podjetij na njihovih doma&ih trgih, saj
prav ta podjetja razvijajo inovativne produkte
in osvajajo nenavadne dele3e na trgu. Prav v
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okviru teh pojavov je mogofe iskati nove na&ine
globalne konkurence med evropskimi, japonskimi
in ameriZkimi multinacionalkami (glej npr. K.
Ohmae, Triad Power, Free Press, 1985). Danes je
povsem jasno, da Zelijo vodstva globalnih pod-
jetij zaS&ititi svoj polo€aj na domalem trgu z
vsemi sredstvi in tudi tako, da pristajajo na
konkurenco iz obmo&ja globalne triade kot pred-
nostjo, ki jo ima sporazumevanje pred destruk-
tivnim trgovinskim spopadom.

V zadnjem letu je rast informacijskega trga
v 2DA znaSala le 8,4%, medtem ko je dosegla v
Evropi 14,5% in v azijsko-pacifiSkem prostoru,
vklju€no z Japonsko, 29%. AmeriSka rast je
upadla predvsem zaradi fedalje velje nepopular-
nosti velikih sistemov. Tako so prav IBM, CDC,
NCR in Unisys poudarjali prav prodajoc main-
framov, ki je na ameriZSke trgu upadla. Japonci
so Se vedno dosegli 20% povefanje prodaje main-
framov na domaem trgu, v ZDA pa je le podjetje
Amdah]l povefalo prodajo svojih procesorjev za
32,3%. Prilakovati je, da bo prodaja velikih
sistemov e naprej upadala.

Bolehni miniji

Prodaja minira&unalnikov, vklju&no z delov-
nimi postajami, je bila proti prifakovanju ne-
zdrava. V ZDA se je Digital dokon&no slabo od-
rezal (oplel), dolim sta bili podjetji Wang
Labs in Data General pozitivno slabokrvni. Ve-
1iki evropski (finski) miniradunalni¥ki proiz-
vajalec Nokia (ki je prevzel informacijske
posle podjetja Ericson) in norve3ki Norsk Data
sta imela slabo letino. V svetovnem merilu je
prodaja miniraZunalnikov narasla le za 8% pri
rasti celotnega informacijskega trga za 10%.
Vse pozornosti vredno pa je ostalo podroéje
procesiranja sprotnih transakcij (PST), ki
predstavlja Ze enega od dveh prodanih sistemov.

Stagnirajofe zmogljivosti mainframovskih in
minira®unalnifkih segmentov naj bi dokazovale,
da je podro&je informacijskih sistemov stopilo
v svojo zrelo fazo. Vendar pomeni v nekaterih
industrijskih segmentih, kot je npr. software,
dozorevanje tudi rast, ki se bo nadaljevala.
Prodaja softwara je narasla za 22,3% in je do-
segla $20,8bn. Rast podjetja Oracle s 114,4% je
na podro&ju softwara edinstvena. Podjetje
Oracle zelo uspe¥no upo3teva standarde, odprto
arhitekturo in pomanjsevanje, s katerimi so
obsedena velika podjetja. In Oracle odkriva
trZne nife, ko uporabnikom pojasnjuje svojo fi-
lozofijo.

Dohodek racdunalniSkih storitvenih podjetij
se je povetal za zdravih 23,1% (upo3tevajoZ 100
najbolj%ih), ko so ta podjetja vstopila v pod-
ro&je t.i. sistemske integracije. To velja tako
za Evropo kot za ZDA. Tu se skrivajo tudi naj-
vedje trenutne moZnosti rasti domade raunalni-
Zke industrije.

Mo mikrora&unalnikov

Najvelja pozornost se posvefa Se vedno po-
dro€ju mikroraZunalnikov. Kljub obZutnemu po-
manjkanju pomnilni¥kih integriranih vezij je
podraja narasla za pomembnih 26,8% in dosegla
Ce 11,7% celotne rafunalni¥ke prodaje, tako da
se Ze pribliZuje prodaji mainframov. Podjetja
Compaqg, Apple, Toshiba in Zenith Electronics so
v preteklem letu znantno napredovala. Podjetije
Apple je v ZDA %e prehitelo IBM v trZnem deleZu
prodaje PCjev glede na mlafen sprejem IBMovega
PS/2 in njegovo prehitro umaknitev ATja. Napre-




doval je tudi Atari, ki proda 85% proizvodnje v
Evropi in podjetje AST Research (s katerim so-
deluje tudi na%a domaca industfija). Mo&no pa
se pojavljajo tudi tajvanska in korejska pod-
jetja. Tako je tajvanski Acer prodal Ze za
$300m PCjev. B

Trg radunalniSke periferije je dosegel v
preteklem letu vrednost $61,8bn s prehodom na
3,5 colske diskovne naprave. Prodaja naprav za
podatkovno komunikacijo, ki vkljuZuje kominika-
cijske procescrje, javne centrale, modeme, mul-
tiplekserje itd. je narasla le za borih 6,7% na
vrednost $l6bn v letu 1988. Podjetje AT&T je
investiralo $6,7bn v digitalizacijo svoje mre-
%e; ta proces naj bi se konZal do 1. 1992,
Podjetje Northern Telecom je investiralo $200m
v rekonstrukcijo izdatkov in napovedalo svoj
prodor v, Evropo in Azijo zaradi splo3&itve trga
v Severni Ameriki.

RaZunalnisko vzdrZevanje ostaja pomemben vir
dohodkov informacijskih podjetij, saj je v 1.
1988 doseglo dohodek $30bn. V to kategorijo
sodi tudi izposojanje radunalnikov, ki pa ni
vel tako donosno, kot je bilo poprej. V tej po-
vezavi so zanimivi tudi podatki o izgubarjih.
Med 100 najve&jimi ra€unalniskimi podjetji jJe
tudi 10 izgubarjev, in sicer: dva .-proizvajalca
miniraZunalnikov (Data General in Norsk Data)
zaradi prevelike navezanosti na domale trZi&&e;
dva proizvajalca diskov (Micropolis in Seagate
Technology), ki sta napacno ocenila hitri pomik
v to trZi¥€e itd. Kufunalnifko podprto obliko-
venje in proizvodnja (CAD/CAM) sta prav tako
napredujo®i podroZji in z njima delovne posta-
je, kjer je podjetje Hewlett-Packard naredilo
bistven prodor, z njim pa v Evropi tudi finski
Nokia (z nakupom Ericsonovih operacij).

Neuresnifene integracije

Med zanimivimi povezavami, ki naj bi se ure-
sni¢ile, vendar se niso, so npr. tele: za NCR
je bilo refeno, 'da je v interesnem polju naj-
prej podjetja Unisys potem pa AT&T. Za Apple in
Cray Research se je predpostavljalo, da sta i-
dealna partnerja, podobno se je ugotavljalo tu-
di za Wang in Xerox.
strukturiral svoj marketing posebno na podrocju
izdajateljskih sistemov.

Medtem ko se zdruZevalna obsedenost v ralu-
nalnistvu ni uresni&ila pa se je oblikoval kri-
tiZen pogled na razrahljano zaupanje dejavnosti
raziskav in razvoja (R&D). Velja poudariti, da
se je za raziskave 'in razvoj ponekod Ze vedno
izlofalo do 15% dohodka, vendar je povprelje v
primerjavi s prejinjim letom zdrknilo iz 10,9%
na 9,9%. To upadanje R&D v ZDA se dogaja v
Jasu, ko Japonci ponovno oZivljajo dejavnosti
R&D na globalni ravni! NEC je odprl svoj
Research Institute v Princetonu, NJ, podjetja
Epson, Hitachi in Canon pa R&D enote v Evropi
in ZDA. 04 ameri3kih podjetij le IBM ni spremi-
njal svoje R&D strategije s svojo R&D prisot-
nostjo Sirom po svetu. 3tudija ustanove Natio-
nal Science Foundation kaZe, da namenjajo
ameri¥ka podjetja vel sredstev za R&D dejavno-
sti v tujini.

Po vsem tem je mogole ugotoviti, da je bila
ameri¥ka strategija na zaetku osemdesetih let
globalna; ozadje tega je bil najhitreje rastoli
ameriski trg. Danes temu ni ve& tako. Pobudo
prevzemajo Japonci in Evropa, medtem ko je ame-
ri%ko trzise uravnotefeno.

A. P. Zeleznikar

Xerox naj bi s tem pre- .
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Poslovni pedatki za racunalniska

podjetja na svetu v koledarskem
letu 1988

V spodnji preglednici so zbrani prihodki ne-
katerih raZunalniZkih podjetij po svetu za leto
1988. Ta preglednica daje razvrstitev najve&jih
racunalni8kih podjetij in v njo so uvrsfena ti-
sta podjetja, ki bi za domafo stroxovno (beri
poslovno) javnost lahko bila zanimiva.

Nekaj vodilnih radunalnifkih podjetij
glede na prihodek v preteklem letu

Mesto Podjetije Prihodek
1 1BM USs 55 002,8m
2 Digital Egquipment 12 284,7m
3 Fujitsu 10 999,1m
4 NEC 10 475,7m
5 Unisys 9 100,0m
6 Hitachi B 247,6m
7 Hewlett-Packard 6 300,0m
8 Siemens (Muenchen) 5 951,0m
9 Olivetti (Ivrea) 5 427,9m

10 NCR 5 324,0m
11 Groupe Bull (Paris) 5 296,7m
12 Apple 4 434,1m
13 Toshiba 4 226,6m
14 Matsushita 3 441,0m
15 Canon 3 391,6m
16 Control Data 3 254,5m
17 Wang 3 074,4m
18 Nixdorf (Paderborn) 3 044,9m
19 NV Philips (Eindhoven) 2 794,6m
20 Xerox 2 650,0m
21 AT&T 2 44%,0m
22 STC (London) ] 2 425,1im
23 Memorex Telex (Amsterdam) 2 078,5m
24 Compag 2 065,6m
28 Amdahl 1 801,8m
31 Alcatel (Paris) 1 716,0m
37 Sun Microsystems 1 461,6m
41 Atlantic Computers {London) 1 341,6m
46 Inspectorate International
. (Neuchatel) 1 230,3m
47 Societe Generale (Paris) 1 222,6m
50 Nokia (Helsinki) 1 165,1m
53 Cap Gemini Sogeti (Paris) 976,5m
57 Econocom {Amsterdam) 897,0m
59 Amstrad (Essex) 841,¢8m
62 Alps 785,2m
63 Mannesmann Kienzle
(Duesseldorf) 779,0m
66 Microsoft 718,9m
73 Comparex IS (Mannheim) 614,5m
77 Racal Electronics (Berkshire) 554,1m
78 Finsiel (Roma) 545 ,4m
82 Lotus 468,5m
83 AST Research 459,0m
85 Norsk Data (0Oslo) 450,2m
90 Oracle 424 ,6m
92 Acer Group (Tajpeh) 379,4m
94 Sema Group (London) 375,1m
95 SD-Scicon (Hampshire) 366,4m
Skupno v 1. 1988
(100 vodilnih podjetij) USs 243 100,0m

Zanimivo je,
prihodka

koliko od navedenega skupnega
so realizirala posamezna geojrafska



podro&ja oziroma drZave. Oglejmo si tole tabe-

lo:

Podjet je/drzava Prihodek od celote $243,1bn
IBM 55 002,8m 22,626%
Japonska 53 528,0m 22,019%
Evropa 40 094,3 16,493%
ZR Nem&ija 10 389,4m 4,274%
Francija 9 211,8m 3,789%
Italija 5 973,3m 2,457%
ZdruZeno kraljestvo 5 904,1n 2,429%
Nizozemska 5 770,1m 2,374%
Skandinavija 1 615,3m 0,664%
LSVica 1 230,3m 0,411%J

Pri tem je treba seveda upo3tevati, da v te]
preglednici ni podatkov s podrofja Vzhodne
Evrope, . kjer se nahajajo nekatera velika ra&u-
nalni3%ka podjetja, ki bi lahko v naslednjem
obdobju bistveno preobrnila prihodkovno teZiX&e
v korist Evrope, in sicer tako finan&no kot tr-
ino / razvojno. Danes sta v Evropi podjetji
Siemens in Olivetti domala prihodkovno izravna-
ni in na ratunalniSkem podro&ju bi se lahko po-
novila zgodba iz avtomobilske industrije
{Volkswagen in Fiat). Seveda pa ne gre podce-
njevati tudi drugih evropskih proizvajalcev,
zlasti podjetja, kot so francoski Groupe Bull,
nem3ki Nixdorf, nizozemski NV Philips, britan-
ski STC, nizozemski Memorex Telex itd.

A. P. Zeleznikar

Izgubar,

ji in nazadovalci v racunalniski
industriji

v letu 1988

Vv letu 1988 so nekatera znana radunalniZka
podjetja pridelala tudi izgubo:

Mesto Mesto med 100 Podjetje Izguba v 19881
1 21 AT&T USs 1 669,0m
2 98 Atari 84,8m
3 42 Data General 48,9m
4 85 Norsk Data 41,6m
5 99 Micropolis 19,4m
6 52 National Semic. 18,1m

Seveda so zanimivi tudi podatki o podjetjih,

ki so nazadovala:

M M100 Podjetje 1988 1987 %

b e e ]
1 31 Alcatel ECU1l 450,0m 1 780,0m 18,5
2 109 Tandon s 309,3m 374,0m 17,3
3 68 General Elec. 675,0m 750,0m 10,0
4 118 Gould 275,0m 299,3m 8,1
5 77 Racal Elec. P 311,4m 335,8 7,3
8 46 Inspectorate Internetional

FF1 800,0m 1 835,3 1,9
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Najvecji prihodek na zaposlenega v
rafunalniSki industriji leta 1988

V letu 1988 so nekater rafunalnifka podjetja,
zbrana v razpredelnici, dosegla tele prihodke
na zaposlenega:

[T T T T T T T T T T T T e e T T e e e e e - <
Mesto  Podjetje Prihodek Stevilo
med na celoten zapos.
100 zapos
o e e e e e e e e -
1 41 Atlantic Computers
$937,5k $£1341,6m 1431
2 57 Econocom International
$560,6k s 897,0m 1600
3 73 Comparex $545,3k 8 614,5m 1127
4 12 Apple $409,2k $4434,1m 10836
5 24 Compag $344,3k $2065,6m 6000
6 54 Commodore $274,0k $ 926,1m 3380
7 25 Nihon Unisys
$270,2k 82057,7m 7616
8 83  AST Research '
$226,7k $ 459,0m 2025
9 28 Amdahl .$217,1k 81801,8m 8300
10 66 Microsoft $205,3k s 718,6m 3500
11 82 Lotus $182,8k s 468,5m 2563
12 37 Sun Microsystems
$177,1k $1461,6m 8253
13 38 Tandem Computers
$162,9k 81424,7m 8745
14 81 Wyse Technology
$152,7%x & 488,Tm 3200
15 71 Apollo Computer
i $147,0k s 653,5m 4446

Zanimivo Je, da dosegajo najve€ji prihodek
per capita prav nekatera evropska podjetija, tj.
prvi Atlantic Computers (2K), drugi Econocom
International (Nizozemska) in tretji Comparex
(ZR Nem&ija). Povpre&ni prihodek per capita
najbolj8ih petnajstih zna%a $320,8k pri 73022
zaposlenih. Tabelari¥no imamo:

Podjetje Prihodek Stevilo ]
/skupina per capita zaposlenih
Atlantic Computers 2937,5k 1431
prvi trije $681.1k 4158
prvih pet 8559,2k 20994
prvih deset $399,0k 45815
prvih petnajst $320,8k 73022

Pri tem je morda zanimivo, kak3en prihodek
per capita iz rafunalni¥kih dejavnosti so do-
segli najve&ji:

M Podjetje Prihodek Stevilo
per capita zaposlenih
1 IBM $154,2k 387112
2 Digital Equipment 3 98,8k 124400
3 Fujitsu $116,0k 94825
4 NEC $ 99,3k 105486
5 Unisys $106,5k 93000
6 Hitachi 3 56,2k 161000
7 Hewlett-Packard $113,0k 87000
8 Siemens $ 16,9k 353000
9 Olivetti s 94,3 57560




10 NCR $ 99,8k 60000
11 Groupe Bull $116,3 45557
12 Apple” $409,2 10836

Seveda velja omeniti, da je to le prihodek
per capita iz rafunalnistva in da niso upoSte-
vani dohodki iz drugih dejavnosti podjetij v
razpredelnici (npr. pri IBMu, Fujitsu, Hitachi-
ju, Siemensu itd.)

A. P. Zeleznikar

Racunalniska podjetja.z najvecjo
donosnostjo v letu 1988

Donosnost je mogofe ocenjevati z ve& vidi-
kov. Oglejmo si dve vrsti donosnosti (return),
in sicer donoshost iz prometa (prodaje) (return
-on sales) in donosnost celotnega kapitala ozi-
roma poslovnih sredstev (return on assets).

Donosnost iz prometa:

M M100 Podjetje 1988 1987
1 66 Microsoft 21,1% 20,4%
2 64 Cray Research 20,7% 21,4%
3 55 Computer Associates 15,4% 9,3%
4 59 Amstragd 14,9% 17,9%
5 90 Oracle 14,6% 15,0%
6 82 Lotus 12,6% 18,2%
7 28 Amdahl 12,4%  9,7%
8 24 Compag . 12,4% 11,1%
9

33  Automatic Data Processing o
11,0% 10,2%

10 60 Intergraph 11,0% 10,9%
11 2 Digital Equipment 9,8% 12,4%
12 1 IBM 9,7% 9,5%
13 12 Apple 9,5% 9,2%
14 7 Hewlett-Packard - 8,3% 8,0%
LlS 97 Diebold 7,9% 8,1%

Dongsnost celotnega kapitala oziroma
donosnost poslovnih sredstev:

______________________________________________ 1
M M100 Podjetje 1988 1987
______________________________________________ 4
1 41 Atlantic Computers 31,3% 52,7%

2 59 Amstrad 30,4% 46,6%

3 66 Microsoft 25,0% 32,3%

4 91 Science Applications 24,0% 8,4%

5 90 Oracle ©18,5% 16,0%
6 12 Apple : 18,4% 17,3%

7 24 Compag 16,1% 15,1%

8 64 Cray Research 15,8% 16,3%

9 82 Lotus 14,0% 22,7%
10 55 Computer Associates 12,3% 7,7%
11 2 Digital Equipment 11,8% 13,6%
12 78 Finsiel 11,7% 15,6%
13 28 Amdahl . 11,6% 9,7%

Bilo bi koristnc, &e bi se pri zadnjih dveh
razpredelnicah zamislili tudi na3$i ekonomisti
in finan®niki, ko bi na podoben na&in ocenjeva-
1i donosnost doma&ih podjetij, %e zlasti po
Stevilnih reorganizacijah v na¥i elektronski
industriji.

A. P. Zeleznikar

RatunalniSka podjetja z najvegjo
rastjo prihodka v letu 1988

Ceprav se pri nas lahko &udimo vsakr3nji e-
konomski rasti doma&ih podjetij pa nekatera ra-
Cunalnilka podjetja v razvitem svetu izkazujejo
prav to, femur bi pri nas rekli prihodkovna me-
galomanija. Seveda ni mogole kar tako odgovori-
ti, kako jim to uspeva. Petnajst prihodkovno
najbolj rastodih raZunalniskih podjetij je
zbranih v naslednji preglednici:

et e e e e e e ————

Fmk4877m 1835m 165,8
$ 430m 180m 138,89
$ 425m 198m 114,4
37 Sun Microsystems $1462m 756m 93,4

1

2 88 Nynex

3

4

5 94 Sema FS 211lm 121m 74,8
()

7

8

9

90 Oracle.

67 Continental Info.s 698m ~ 405m - 72,3
$2066m 1224m 68,7

74 Miniscribe $ 603m  363m 66,4

34 Prime Computer  $1594m  961m 65,9
10 49 Arthur Andersen $1199m  749m 60,0
11 83 AST Reasearch $ 459m 290m 58,4
12 66 Microsoft $ 71%8m 457m’ 57,4
13 12 Apple $4434m 3041m 45,8
14 98B Atari $ 362m 250m 44,7
15 55 Computer Assoc. § 925m 649m 42,6

24 Compagq

Finski Nokia in britanski Sema sta evropska
rekorderja v prihodkovni rasti, razvidno pa je
tudi, kako se dobro dr&ijo znani mikroralu-
nalniski proizvajaleci (Compaq, Apple in
Microsoft). Kdaj bomo lahko za¥eli zbirati po-~
datke o prihodkovni rasti na%ih raZunalni3kih

"podjetij tudi pri nas (seveda na dolarski ali

markini osnovi)?
A. P. Zeleznikar

IBM v preteklem letu

Za predsednika podjetja IBM Johna Akersa
(IBM CEO) pravijo, da je postal partner part-
nerjev.

IBM (0ld Orchard Road, Armonk, NY 10504) je
v preteklem letu dosegel ra&unalni¥ki prihodek
55 002 800 000 dolarjev, in sicer 42% v Sever-
ni Ameriki, 36% v Evropi, 15% v Aziji- in na
Pacifiku in 7% drugje. Zna®ilnost njegove
politike je bila partnerstvo s tekmeci. e jJe
bilo leto 1987 leto uporabnikov, je bilo leto
1988 leto partnerjev. Proti strategiji AT&T Je
IBM reagiral skupaj z Digitalom z
medpodjetniskim konzorcijem za Unix. Svoja
za¥fitena integrirana vezja je ponudil tako
miniproizvajalcu Digitalu kot prizvajalcu
mainframov Siemensu, ki je v Evropi glavni
tekmec IBMa. S Siemensom je sklenil skupne
marketinSke posle, pri femer je Siemensu prodal
telekomunikacijsko podjetje Rolm. Drugi bistven
dogovor je bil sklenjen z bivEim predsednikom
podjetja Apple glede pravic uporabe uporabni¥ko
prijaznega vmesnika podjetja NeXT Computer.

Prijateljske overture so bili deleZni tudi



Japonci, saj je bila sklenjena vrsta poslov z
Nippon Steel, Nissan in Sumitomo Electric
Industrial. Japonci lahko odslej kupujejo tudi
IBMove mainframe s kloniranimi japonskimi ope-
racijskimi sistemi.

IBMova mreZa zvez in koalicij je zdaj Ze
tako kompleksna, da je ni mogofe vef encstavno
pregledati. Svetovna mreZa preprodajalcev z do-
dano vrednostjo (VARS je kratica za value-added
resellers) in trZnih partnerjev obsega Ze tiso-
Ce partnerjev in 3e nara3c¢a. Seveda pa je IBMov
najljubZi partner Se vedno uporabnik. IBMova
znadilnost je sposobnost podpore Zirokega spek-
tra aplikacij vse do industrijskega know-howa.
Vv prejdnjih letih je bila namrec ta ekspertiza
zanemarjena zaradi okostenele birokracije in
nekoristnih produktov. Vv letu 1988 je pri3lo do
obrata, in sicer v odnosih IBMa z njegovimi
uporabniki in v njegovih produktih.

IBMove operacije v ZDA so bile razceplene v
pet poslovnih linij (prav za prav v Sest, &e se
upo3teva Se obnovljena marketinZka organizaci-
ja), vsaka 2z decentraliziranim odloéanjem in
produktno odgovornostjo. Tako si je IBM ponovno
pridobil zgubljeni podro&ji mainframov in mini-
rafunalnikov. Njegov 103 MIPSni plus model =z
oznako 3090S je vrnil IBMu prvo mesto podjetja
v Zelezarski ligi. Toda model AS/400 je postal
eden najuspeZnej¥ih produktov v novej§i zgodo-
vini IBMa, kot je izjavil John Akers; ta model
je dobesedno zasvojil uporabnike. IBMova stra-
tegija vsakr3nje reSitve je tako v povezani po-
nudbi stroja, podatkovne baze, aplikacije in
uporabni¥ke prijaznosti. Tako je IBM izdobavil
kar 30000 teh sistemov v drugi polovici leta
1988 in realiziral viSek veZ kot treh milijard
dolarjev v Sestih mesecih takorekof iz nic.

IBM naj bi ponovno osvojil tudi miSljenje
uporabnikov na podro&ju osebnih ralunalnikov.
Na pohodu je ve&ja pripravljenost, da se uve-
ljavita IBMov operacijski sistem 08/2 in mikro-
kanalsko vodilo. Na potezi so tudi proizvajalci
iz klonskega konzorcija. IBMovi posli v 2ZDA v
primerjavi z lanskim letom niso bistveno napre-
dovali zaradi forsiranja prodaje Zeleznine na-
mesto &love3kih zmogljivosti.
zaletku leto3njega leta Ze spremenilo.

Partnerstvo, popravljanje preteklih napak in
izloZanje obrobnih operacij so zna&ilnosti IBMa
v preteklem letu. DobiZek podjetja je narastel
za zdravih 10,4% na 5,81 milijard dolarjev,
prodaja pa se je povefala za 8% in se pribliZa-
la skupnim (okroglim) 60 milijardam dolarjev.

A. P. Zeleznikar
Digital Equipment v letu 1988
Podjetje Digital Equipment Corp. (146 Main

Street, Maynard, MA 01754) je v preteklem letu
realiziralo prihodek 12 284 000 000 dolarjev,
in sicer 48% v Severni Ameriki, 36% v Evropi,
15% v Aziji in na Pacifiku in 1% drugje. DEC ni
ved to, kar je bil v poznih sedemdesetih le-
tih, namre& razburkano in samozavestno podjet-
je. Danes je DEC defenzivno podjetje, katerega
vedenje razveljavlja njegovo obnaZanje iz ob-
dobja pred ve& kot desetimi leti. Ta opomba je
prav gotovo aktualna tudi pri presojanju raz-
mer, povezanih z domalo raCunalni3déko industri-
jo, za katero je prav gotovo znafilna defenziv-

Toda to se je Vv
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nost na vsakem koraku.

Pred zaletkom zmagovitega obdobja ralunalni-
kov VAX je obstajalo kar nekaj tekmecev DECa,
ki so imeli hitrejSe in zmogljivejSe, tudi 32-
bitne radunalnike, v primerjavi z DECovo glavno
usmeritvijo tipa PDP-11. Tako se je lahko raz-
vilo podjetje Prime Computers na radun DECa,
katerga prvi VAX se je pojavil nekaj let kasne-
je. Vendar v poslednjih letih spet oZivlja spo-
min na vzpon DECa z njegovo VAX druZino.

Vv letu 1988 je DECa resneje zaskrbelo hitro
napredovanje skupine mlaj8ih podjetij. Vsa ta
podjetja so nastala v osemdesetih letih in se
hitro polastila trga delovnih postaj in pro-
gramske opreme: Compaq Computer, Novell in Sun
Microsystems. DEC pa se je zavedel svoje defen-
zivnosti tudi v spopadu z IBMom. Ceprav Ze ved-
no lahko vstopa na trg procesiranja transakcij
in storitev sistemske integracije pa mora ven-
darle zavarovati osvojene pozicije v inlenirin-
gu in sistemih delovnih skupin proti IBMu. Ti
novi pojavi in trine sile so primorale DEC, da
temeljito revidira svoje nalrte ene same ralu-
nalni¥ke arhitekture. Tako je DEC skupaj s pod-
jetjema Mips Computer Systems in Tandy pripra-
vil vrsto delovnih postaj z operacijskima si-
stemoma Unix in MS/DOS, da bi lahko konkuriral
podjetjema Compaqg in Sun. V razredu cenenih
mreZz tipa PC LAN pa naj bi se spopadel s pod-
jetjem Novell.

S8e vedno pa DECov zamegljeni marketinZki po-
gled ni povzro&il zanikanja njegove usmeritve
na podrofju komercialnih sistemov, tako da je
DEC razkril proizvodnjo novih viscko zmogljivih
rafunalnikov tipa VAX in programske opreme za
procesiranje transakcij in s tem pritisnil na
IBMovo usmeritev podatkovnih centrov. Zato je
bil koncept VAXa izpopolnjen in raz¥irjen v vef€
smereh. Tako so nastale lofene rafunalniike
drufine za podro&ja malih, srednjih in velikih
raZunalni3kih sistemov.

Kljub takim poslovnim potezam pa je bila
prodaja serije VAX 8800 pcd prifakovanji in DEC
je iztrZil doslej najniZji dobiCek ozircma
njegovo rast. Profit je zna3al le borih 6% ali
samo $1,21bn kljub 18% porastu prodaje. Izven-
ameriSka prodaja se je prvi& povzpela na 52,4%
v celotnem letnem prihodku s12,285bn.

Glede na uspe3nost poznih sedemdesetih let
se je v letu 1988 prav gotovo pojavil vzrok za
deja vu: DEC je razkril svoje nalrte nove ralu-
nalni3ke arhitekture, ki se imenuje Application
Integration Architecture (AIA). Nosilec pro-
gramskega okeclja te arhitekture, ki je povezana
z moZnostmi heterogenega radunanja in indu-
strijskih standardov, je VAX. Pri tem je pomem-
bno, da se z njo uvr3fa DEC v svet namiznega in
znaZilno unixovskega pristopa svojih mlajfih
konkurentov.

A. P, Zeleznikar

Fujitsu v preteklem letu

Japonsko podjetje Fujitsu
Center Building, 6-1 Maronouchi 1l-chome,
Chiyoda-ku, Tokyo 100) je v preteklem letu
realiziralo prihodek 10 99% 100 000 dolarjev,
in sicer 86% v Aziji in na Pacifiku, 10% v Se-
verni Ameriki in 4% v Evropi. V preteklem letu
je podjetje prexoralilo dva sistemska mejnika:

Ltd. (Maronouchi




pridobilo si je sloves najhitrejSega rafunalni-
ka (le za kratek €as) in sprejelo trZno odlo&i-
tev .o spremembi 'sklepanja -sistemskih poslov.
Pri tem se je predhodno oskrbelo Ze z eksper-
tizama podjetij Sun Microsystems in Amdahl o
razvoju polprevodnikov in centralnih procesor-
jev. To sodelovanje z ameriZkima partnerjema je
omogo&ilo dobavo novih sistemov za japonski
trg. -

Tako je Fujitsu lahko vstopil na hitro ra-
sto€i japonski trg inZenirskih delovnih postaj
z licenco Sun Microsystems za SPARC (tj. ris-
covska Scalable Processor Architecture). Malo
kasneje je Fujitsu uvedel na Japonskem Amdahlo-
va sistema 5990-1400 in 5990-700. Ta dvojica,
ki konkurira IBMovim mainframom ES/3090, je
Fujitsov prvi, ibmovsko programsko polno kompa-
tibilni par mainframov. SPARCovska druZina S
delovnih postaj Fujitsa pomeni tudi prvi vstop
podjetja v posle Unix inZenirskih delovnih po-
staj. Ta plasma se, je na Japonskem povefal za
250% v letu 1988 in dosegel prodajo 70000 enot
v primerjavi z 20000 enotami v letu 1987.

Poslovna odlo&itev Fujitsa kaZe na nove
napore v smeri revitalizacije Fujitsove usmeri-
tve na podro&je mainframov. feprav je prihodek

“iz rafunalni¥ke dejavnosti podjetja narastel za
11,5% in dosegel vrednost ¥ 1,4 trilijone
(s11bn), je bila ta rast manj%a kot v prej3njih
dveh -letih. Fujitsovo raunalniStvo je namred
doseglo niZ¥jo raven prihodkov kot zna3a ta ra-
ven za podjetje kot celoto.

V decembru 1988 je Fujitsu zafel prodajati
osem modelov novo razvitih superrafunalnikov
serije FACOM VP 2000. Model VP 2600 zmore hi-
trost 4 GFLOPS (¥tiri milijarde operacij s pla-
vajofo vejico v sekundi) vektorskega procesira-
nja. Vendar je bila najava te hitrosti kot naj-
velje na svetu le kratkotrajna, ker je NEC ta-
koj za tem postavil na trg Se hitrejSi ratu-
nalnik.

V vrsti mednarodnih kooperacij velja omeniti
operacije Fujitsa, ki zadevajo glasovno in po-
datkovno komunikacijo v povezavi s podjetjem
Business Communication Systems v Anaheimu v
Kaliforniji. Ta operacija zdruZuje razvoj, pro-
izvodnjo, prodajo in storitve pod enotno orga-
nizacijo. .

Fujitsu je odprl tudi svoj novi tehnolo3ki
center za raziskave in razvoj in prikazal nje-
govo delo na razstavi Fujitsu Technology '88.
Tu je Fujitsu pokazal tudi nevroraunalniSke
robote in sisteme umetne inteligence in sisteme
za komunikacijo s koherentnimi svetlobnimi va-
lovi, ki lahko multipleksirajo na tisofe sli-

kovnih in milijone zvo&nih signalov. Nadalje je

pokazal fotonski preklopni sistem 2z obsegom 512
megabitov na sekundo, napredek v tehnologiji
komponent vklju&no s 4-bitnim mikroprocesorjem,
ki temelji na Josephsonovem spoju in tudi delo-
vanje biosenzorja, ki je sestavljen iz bioloZke
substance.

A. P. Zeleznikar

Siemens v letu 1988

Zapadno nem3ko podjetje Siemens AG (Wittels-
bacherplatz 2, D8000 Muenchen 1) je v preteklem
letu realiziralo prihodek 5 951 000 000 dolar-
jev, in sicer 89% v Evropi, 10% v Severni Ame-
‘riki in 1% v Aziji in na Pacifiku. Siemens je
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- omalovaZuje.

najve€ji evropski domorodni oskrbovalec, ki je
svoj rafunalniZki izkupiZek v letu 1988 povedal
le za suha 2% v primerjavi s 7,7% v letu po-
prej. To upadanje prihodka, razmehZanost ev-
ropskih poslov pisarni¥kih sistemov in perspek-
tiva enotnega evropskega trga po letu 1992 so v
tradicionalno previdnem nem3kem podjetju spro-
2ili nove poslovne akcije. Tako je Siemens do-
Zivel svoj najvetji pretres na podro¥iu visoke-
ga managementa po letu 1969, da je lahko spro-
¥il agresivno kampanjo ekspanzije v mednarodne
operacije in v posodobitev svojega zastarelega
svetovnega programa podpore svojih multinacio-
nalnih radunalnifkih partnerjev.

Izjemi na podro&ju novih produktov sta bili
le procdaja delovnih postaj (osnovanih na SINIX)
in laserski tiskalniki. Vendar se je bistveno
izbolj¥ala prodaja Siemensovih osebnih raZunal-
nikov, in sicer za probliZno 50%. TrZno teZi3Ce
je bilo v letu 1988 na sistemih Hicom PBX (to
je bilo Siemensovo leto Hicoma) in se je tudi
bogato izpladalo. Siemens je prodal 750 teh
sistemov.

Pridobivanje novih poslov, zdruZevanje in
skupni posli so dejavnosti, ki so se uvrstile
visoko v program novega Siemensa. Njegov pred-
sednik in glavni izvr8ilni wuradnik Karlheinz
Kaske je izjavil, "da bo upoSteval vsakrinjo
priloZnost, ki se bo ponudila, &e se bo ta
vkljuZevala v strate¥ki koncept podjetja." To
pa je seveda vse kaj drugega, kot 'smo vajenti
pri nas doma, kjer se pobuda du3i, etiketira in

Kot del svoje ekspanzije je Siemens zdruZil
moTi 2z londonskim elektronskim velikanom Gene-
ral Electric Co. (GEC) v novembru 1988 z name-
ro, da si pridobi tudi britanskega komunikacij-
skega specialista Plessey Co. (PLC). To pa po-
meni, da bo Siemens lahko izbolj3al svoj polo-
Zaj na dobro branjenem britanskem elektronskem
trzis%u. V lanskem decembru pa je Siemens pre-
senetil industrijo 2z najavo skupnih poslov z
IBM na PBX podro&ju, ki je bilo zgrajeno okoli
IBMove podruZnice Rolm, katero je IBM kupil v
letu 1985. Siemens je pobral razvoj in proiz-
vodnjo podjetja Rolm in si s tem podalj¥al
svojo trZno roko v 2ZDA, hkrati pa dosegel, da
bo IBM njegov Hicom sistem prodajal skupaj 2
raunalni¥ko opremo v Evropi.

Drugi skupni posli Siemensa v preteklem letu
zadevajo Intel, s skupno kreacijo novega podje-
tja BiiN v Hilboro, Oregon. To podjetje bo raz-
vijalo mislijsko kriti&ne sisteme v 2DA in v
Zapadni Nem&iji. V okviru svojega prestrukturi-
ranja je Siemens za€el menjavati delovna mesta
tiso&im svojih usluZbencev skladno z nove filo-
zofijo podjetja, ki predvideva 15 do 20 proZnih
in neodvisnih poslovnih skupin. Medtem pa Je
Siemens zmanj¥al tudi svojo delovno silo za
6000 delavcev v Nem&iji,

A. P. Zeleznikar

Prestrukturiranje podjetja Olivetti
glede na novo realnost

~ Podjetje Olivetti (Via G. Jervis 77, 10015
Ivrea, Italija) se je preoblikovalo s ciljem,
da ohrani svojo donosnost in da se pripravi za
leto 1992. S svojim visokim devetim mestom,
takoj za nemSkim Siemensom, je podjetje v pre-
teklem letu realiziralo prihodek 5 427 900 000



dolarjev, s plasmajem 81% v Evropi, 10% v Se-
verni Ameriki, 6% v Aziji in na Pacifiku in 3%
drugje. Stisnjeno v oZajofe pogoje, spodbujenc

s trenutno donosnostjo in ujeto v trZne situa-
cije, ki postajajo Tedalje bolj specifilne, je
italijansko podjetje Ing. C. Olivetti & Co. SpA
v letu 1988 napovedalo, da je sproZilo masivni
program prestrukturiranja. V povezavi s to re-
organizacijo podjetja je bil odpoklican iz ZDA
Vittorio Cassoni, ki ga je Olivetti posodil po-
djetju AT&T za vodenje njegove divizije podat-’
kovnih sistemov (od novembra 1986). Tako je
Cassoni postal soupravljavski direktor predsed-
nika podjetja Carla de Benedettija. )

Da bi lahko konkuriral podjetju Pacific
Basin in Japoncem, je Olivetti ustanovil novo
divizijo Olivetti Office za produkte Siroke
potro3nje, kot so pisalni stroji, tekstovni
procesorji in naprave za faksimile in Xko-
piranje.

Olivettijeva sistemska in mreZna skupina se
je spopadla 2z Digitalom, IBMom, NCRom in drugi-
mi na podro&ju aplikacijskih re¥itev, ki zade-
vajo porazdeljeno procesiranje podatkov. Pro-
duktna linija skupine obsega Ziroko podro&je
PCjev in sistemov z delovnimi postajami, mini-
jev, mreZ in Hitachijevih mainframov, ki so
IBMovsko kompatibilni, in sicer za italijansko
in 3pansko trZide.

Olivettijeve informacijske storitve so bile
oblikovane za dejavnosti sistemske integriraci-
je in storitev in naj -bi konkurirale podjetjem,
kot so Electronics Data Systems Corp. in fran-
coeski Cap Gemini Sogeti.

Motivacija za pregrupiranje Olivettija je
bilo poslab¥evanje profitnosti med letom, ki je
upadla na koncu leta na 11,5% oziroma na 356
milijard italijanskih 1lir ($273,4m). Prihodki
podjetja v celoti so narasli za 14% na It lir
8 407 milijard (s6,5bn), pri tem so ra&unalni-
ki dohodki narasli za 17%. DobiSek je v
preteklem letu upadel za 30%. Kljub temu so vsa
produktna podro&ja izkazovala nara3Zanje. Oli-
vetti je imel teZave pri gradnji svoje minira-
CunalniSke prodaje, kljub veliki izbiri produk-
tov, vklju€no s svojo lastno LSX linijo, AT&T
3B sistemi in sistemi, ob¥utljivimi na napake
podjetja Stratus Computer Inc. Prodaja minira-
_ Cunalnikov se je povelala le za 2%, tj. na

vrednost £614m.

Olivetti si je v letu 1988 prizadeval za in-
tegracijo svojih produktov s sistemi drugih
proizvajalcev, ki so del njegove OSA (Open Sy-
stem Architecture). Olivetti in Digital sta se
sporazumela za izmenjavo tehnologije, ki omogo-
€a integracijo Olivettijevih PCjev v Digitalove
mreZe z uporabo DECovega NAS (Network Applica-
tion Support). Povezava 2z DECom se je tako bi-
stveno okrepila, letos pa je temu sledil B3e
sporazum, da bo Olivetti oskrboval DECa s PCji
na evropskem trzi3&u,.

Olivettijeva skupina za sisteme in mreZe je
predstavila novo serijo PCjev P500 in P800, ki
uporabljata Intelov procesor 386SX in IBMovo
MicroChannel arhitekturo. Olivetti in amerilki
Stratus sta se dogovorila za razvoj na napake
oblutljivega operacijskega sistema Unix za
Stratusove, na napake obZutljive raZunalnike,
tako da bodo ti kompatibilni 2z Olivettijevimi
sistemi.

Olivetti ima za seboj dolgo zgodovino inve-
stiranja v mala tehnoloSka podjetja Sirom po
svetu. V svojem portfolio ima trenutno 240 pod-
jetij, vklju€no z Acorn Computers v Britaniji,

. Bunker Bamo v ZDA, skandinavskim Scanvest-Ring
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in Triumph Adler v Zapadni Nem&iji. Glavna na-
loga Cassonija je, da poveZe te lofene elemente
in oblikuje koordinirane produktne linije skozi
podjetje. Novo prestrukturiranje podjetja in
poudarek na OSA naj bi olajSala izvedbo te na-
loge. Cassoni pa mora upoStevati predvsem hi-
tre spremembe na evropskem trgu PCjev, Tedalje
vefje oddaljevanje podjetja AT&T od Olivettija
in njegovo odlofitev, da si poiS€e dobavitelja
PCijev v ZDA.
Seveda pa se pribliZuje tudi leto 1992.
To pa pomeni Je kaj vel kot je lahko notranje
prestrukturiranje podjetja, ko mora biti to
usmerjeno v unificirani evropski trg. Ta izziw
pomeni prestrukturiranje celotne industrije.
Cassoni dodaja k temu Ze, da je podobnih podje-
tij enostavno preveé.
A. P. Zeleznikar

Francoski Groupe Bull v letu 1988

Francosko ralunalniSko podjetje Groupe Bull
(121 Avenue de Malakoff, 75116 Paris) je v letu
1988 realiziralo prihodek 5 286 700 000 dolar-
jev, in sicer 59% v Evropi, 40% v Severni Ame-
riki in 1% v Aziji oziroma na Pacifiku. V fran-
coskem podjetju Groupe Bull ima francoska vlada
92% holding. V preteklem letu je to. podjetje
realiziralo trdno kontrolo z globalno posestjo
podjetja Honeywell Inc. Rezultat tega je, da je
eno prvih ameri3kih ra%unalniskih podjetij v
lasti francoskega ljudstva.

Bull je poveZal svoj deleZ v ameriki podru-
Znici Honeywell Bull Inc. iz prej3njih 42,5% na
65,1% v letu 1988, zniZal Honeywellov deleZ na
19,9% in pustil nespremenjen deleZ NECa na 15%.
AmeriZko podjetje je preimenoval v Bull HN
Information Systems Inc. S tem je Bull lahko
najavil svoj svetovno konsolidirani prihodek z
vrednostjo FF 31,5 milijard ($5296,7m). Fran-
coski del v tem prihodku ni bil ve&ji od 39,9%.
Strategija Bulla v naslednjih letih ni v viso-
k1 donosnosti, temveZ v povelevanju prihodka,
Ceprav se je njegova donosnost v letu 1988 po-
vefala tako v Evropi kot v Ameriki.

Pomemben nov produkt Bulla v letu 1988 je
prav gotovo poslovni sistem DPS 9000, ki ga po-
ganja operacijski sistem GCOS B. Bull je naja-
vil tudi mali poslovni sistem DPS 4000 in iz-
boljSavo popularnega departmentnega sistema DPS
7000. Vstopil je tudi v podro&je odprte sistem~
ske mreZe 2z desetimi Unix sistemi, vkljudno z
DPX 1000, 2000, 3000 in 5000, ki so bili razvi-
ti v Franciji. v zaetku leta 1989 si je Bull .
kot prvi na svetu pridobil pravico do uporabe
paketa X/Open v svoji verziji SPIX Unixa System
V.3.

Na spodnjem koncu svoje procesorske ponudbe
je Bull raz3iril svojo druZino delovnih postaj
Questar in uvedel svoj 05/2 mikrosistem, imeno-
van Micral 75. Prodaja obeh produktnih linij je
v zadnjem letu izredno narasla.

A. P. Zeleznikar




Kovanje denarja z delovnimi postajami
ali Sun Microsystems v letu 1988

Blésk podjetja Sun Microsystems se skriva v
agresivnem doloZanju cen in visokih zmogljivo-
stih njegovih produktov. Sun Microsystems Inc.
(2550 Garcia Avenue, Mountain View, CA 94043)
je reraliziralo 1 461 600 000 dolarjev v letu
1988, in sicer 60% v Severni Ameriki, 24% v Ev-
ropi in 16% v Aziji in na Pacifiku.

Ko bo zares nastopila doba odprtih sistemov,
bodo proizvajalci informacijske tehnologije so-
oZeni z igro novih pravil. Ko bodo uporabniki
?e zamreZeni v specififen hardware in software,
bodo proizvajaleci lahko pospeSevali le 3e ino-

"vacijo in sprejemali niZjo profitno stopnjo, Ee
bodo Zeleli ostati v tekmi s trgom.

Izgleda, da se vsaj eden od proizvajalcev
obnasa tako, kot da je nova realnost odprtih
sistemov Ze pred nami. Podjetje Sun Microsys-
tems Jje 2zdruZilo vratolomno hitrost uvajanja
novih produktov z agresivnim dolofanjem cene, 2
uresnifevanjem odprtih sistemov in s tem, Xkar
je bilo poimenovano kot mreZno rafunalniStvo.
Posledica tega je bila osupljiva rast. V piZlih
sedmih letih je Sun vzcvetel v milijardno pod-
jetje (s1,4616bn) in postal zvezda na trgu de-
lovnih postaj, vrednem s4,1bn.

Samo v letu 1988 se je prihodek Suna povelal
za 93,4%, profit pa za 86,7%, ko je dosegel
vrednost $89,6m. Na koncu leta 1988 je imel Sun
v zakupu Ze 28,3% svetovnega trga delovnih po-
staj, tj. za 4,2% vel kot v letu 1987. Ta triz-
ni deleZ je Sun odvzel svojim tekmecem, in
sicer podjetju Apollo Computer, katerega deleZ
je padel za 4% na 13,5% celotnega trZnega dele-
Za in IBMu, ki je obdrzal le Se 2,6% trga. Ta-
ko je porinil Apollo v naro&je Hewlett-Packarda
v zafetku tega leta.

Sunu je uspelo zniZati zapreke v postavlja-
nju cene in zviZevanju zmogljivosti ter z vnov-
evanjem na zahtevo tehni&nih uporabnikov in z
nara3fanjem &tevila komercialnih uporabnikov.
Podobno kot osebni rafunalniki nudijo tudi Su-
nove delovne postaje podporc za veZopravilnost
(multitasking)} in ve&uporabnost, vkljuZno z do-
stopom v skupne zbirke, visoko resolucijo, hi-
tro grafiko itd. S temi lastnostmi so Sunovi
produkti postali prvaki na podro&ju programske-
ga iZeniringa in oblikovalne avtomatizacije. Ta
tréni segment je pokril 68% Sunovih uporabnikov
v letu 1988.

Kasneje pa so Sunove .delovne postaje postale
popularne tudi med manj-tehni&nimi uporabniki,
kot so varnostna in izdajateljska podjetja.
Koncept distribuiranega, mreZnega raunalniZtva
z uporabo delovnih postaj in storilnikov
(servers) je osvojil domi¥ljijo uporabnikov
Fortune 2000. T.i. namizna revolucija, ki se je
zaCela s PCji v letu 1980, je dozorela v zahte-
vi po mofi in odprtosti sistema v obliki zamre-
Zenih (v mreZo povezanih) delovnih postaj.

V prepri€anju, da so delovne postaje nasled-
nja etapa v namizni revoluciji, je Sun v po-
slednjih letih agresivno povefeval njihovo mo&
ob istofasnem zniZevanju njihove cene do ravni
osebnih ra&unalnikov. Sun, ki je v letu 1988 u-
vedel delovne postaje s svojim RISC procesor-
jem (SPARC), je to arhitekturo dobro izkori-
stil. Pri tem je uvedel spodnjo verzijo s 7 mi-
lijoni ukazov na sekundo (MIPS) svoje sparcov-
ske produktne 1linije Sun 4 2z osnovno ceno
$19950. 2godaj v tem letu se je pojavila 12,5-
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mipsna verzijs =z osnovno ceno $8995. Letos naj
bi Sun plasiral 90000 sparcovskih delovnih' po-
staj.

O%itno bo Sun nadaljeval s svojim naZinom
odprtih sistemov in s strategijo agresivnih no-
vih produktov in postavljanja cene. V letu 1988
je namenil Sun 13% prihodka raziskavam in raz-
voju. Tudi letos bo Sun namenjal R&D podoben
deleZ, ki je nad industrijskim povpreljem
(9,9%). Sunovo agresivno postavljanje cen je
dopusZalo nizko operativno marZo (mejo renta-
bilnosti), ki je znaSala 10%.

A. P. Zeleznikar

Finska Nokia na pohodu

Finska Nokia Corp. (P.0.Box 226, 00101 Hel-
sinki), 50. radunalniZko podjetje v svetovni
razvrstitvi, je v radunalniStvu realiziralo
prihodek 1 165 100 000 dolarjev, predvsem 2z
zdruzitvijo stagnirajofe Zvedske podatkovno si-
stemske divizije z hitro rastofo finsko podruZ-
nico v enotno, dinamiZno in u@inkovito evropsko
podjetje. Prav to je uspelo njenemu briskantne-
mu in ambicioznemu predsedniku (Kalle Isokal-
lio). )

Nokia je rezultat zdruZitve med Data Divi-
sion of Ericson Information Systems, ki je po-
druZnica velikega skandinavskega telekomunika-
cijskega podjetja LM Ericson in raCunalniSkih
prodajnih operacij finskega industrijskega kon-
glomerata Nokia. Ericson je obdrZal le 20% de-
le?, Nokia pa odlo&ujofi vpliv.

ZdruZitev je katapultirala prihodek Nokia
Data za 166%, pri tem je profit narastel le za
suhih 11,3%, vendar se je zdruZitev Nokie poka-
zala kot skupinska profitnost v Kkonglomeratu.
Nova Nokia Data prodaja predvsem terminale,
PCje, delovne postaje in sisteme za skupinsko

.delo. Tako je bilo instaliranih veZ kot 700 000

profesionalnih delovnih postaj. Digital in IBM
kupujeta njene terminale in prodajne monitorje
za evropsko trZi¥%e. Na Finskem distribuira
Nokia tudi sisteme DPS 8 in DPS 6 francoske
Groupe Bull, na napake obZutljive raZunalnike
podjetja Tandem in nekatere z IBM kompatibilne
mainframe podjetja National Advanced Systems.
UporabniSka baza podjetja Nokia Data obsega
ban&nistvo, =zavarovalni3tvo, prodajno in javno
administracijo. 2unaj Skandinavije sta njena
uporabnika nemSka Bundespost in britanska
Midland Bank. Eden od vzrokov za nakup Erics-
sonovih operacij je bila prav uporabni¥ka baza.
Produktni razvoj Nokie je pogojen s kombina-
cijo mreZenja in ergonomije. S stalil&a uporab-
nika to ni svet 0S/2 ali Unixa, temvel& svet lo-
kalne mreZe, zatrjuje Isokallio. Oblikujemo si-
steme, ki poveujejo uporabnost mreZz s priklju-
Cevanjem okolij 0S/2 in Unix. Razli®ni bomo v
uporabnosti terminalov in sistemov z delovnimi
postajami in to ne le na ravni radijske emisije
in fizi&ne in softwarske ergonomije, pravi
Isokallio.
A. P. Zeleznikar



novice in zanimivostl

Zakaj se inZenirji zavzemamo za
tehnoloSko trZno zdruZevanje

Vedno pogosteje imamo priloZnost, da preko
dnevnega dgasopisja zvemo o krovnih ali
"holding" podjetjih. Bistvo teh je povezovanje
s pomo&jo ustanovitve krovnega podjetja, kamor
se prenese poslovni sklad. Krovno podjetje pa
nato prenese ta kapital nazaj na matigna
podjetja. Na ta nacfin bi druZbena lastnina
dobila svojega lastnika. Mnogo je tudi govora o
zdravem nadinu poslovnih vezi med podjetji.

Ideja je na prvi pogled imenitna, samo da se
ne ve, na kakSen na&in se podjetja zdruzujejo,
Se manj pa na kak3Sen na&in in kaj se proizvaja.
. Na&inov zdruZevanja je vel glede na motiv
zdruZevanja. Najpogostej¥a je povezanost s
trZnim motivom. Tako imenovana trZna proizvodna
povezanost je po mojem mnenju enorazseina in
nepopolna, ker ne pove nifesar o notranjih
tehnolo3kih pogojih za nastop na trgu.

Vsi mediji pritrjujejo, da so potrebni
ekonomisti, ki znajo izrafunati in upravljati s
profitom, zato je motiv trZni. Da je poleg tega
proizvodni, je vsakomur jasno, ker morajo
profit delavci proizvesti. NihCe pa si iz
prastrahu pred inZenirji ne upa niti omenjati,
da je vsaka proizvodnja plod izumljanja, to pa
je delo inZenirjev (iz fr. ingenieur =
izumitelj in lat. ingenium = izum). Imamo lahko
Se tako popolne trZno proizvodne modele, vendar
brez inZenirskega, ki izumlja in tehnoloZkega
dela, ki zna izum prenesti v proizvodnjo in
naufiti delavce proizvajanja, nimamo nilesar
trziti, Se manj pa profitirati.

InZenirju ni mogole ukazati nek izum, ker je
kreativnost obratno sorazmerna s stopnjo
represivnosti, paZ® pa mu je potrebno nuditi
pogoje za izumljanje, kot so laboratorijska in
informacijska sredstva. InZenirju je potrebno
pustiti "liberte creatrice" seveda z nekim
rokom, v katerem se lahko seznanja z novostmi
na svojem podroZju in neovirano eksperimentira.
Po tem €asu mora imeti proizvod, ki je
laboratorijsko preizku¥en in pripravljen za
tehnologijo in proizvodnjo. BSele potem lahko
nastopa podjetje s proizvodom, ki je rezultat
znanja, na konkuren&nem trgu.

Popolnej3a od trZno proizvodne je tehnolo3ko
trZna povezanost. Tehnologija (iz gr. techne =
spretnost, logos = razum) pove, na kakSen nain
proizvajati izume in3enirjev, trg pa ne dolota
proizvodnje, paf pa na izoblikovano proizvodnjo
samo zahteva koli&ino. .

Sode& po literaturi, je tehnolo3ko trZna
povezanost osnovana na nalelu, da mora biti
vsako podjetje profitno, ali pa mora slediti
profitnemu podjetju. Podjetje, ki ni profitno,
ni nujno tudi nekoristno, ker ga potrebujejo
profitna podjetja za svoj tehnolo3ki proces.
Lahko pa je nasproti temu neko podjetje
profitno, vendar nekoristno =za zdruZitev, ker
kupuje proizvode za zdruZitev nekoristnih
podjetij. Dejstvo, ali je neko podjetje
profitno, je dolo&eno s tehnolo¥kim faktorjem
g(i,j). To je vrednost proizvoda podjetja j, ki
ga mora podjetje i od njega kupiti, da
proizvede enoto vrednosti (npr. 1s). Tehnolo3ki
faktor je vedno manjsi od 1, Be ve&, e je
podjetje profitno, potem mora biti tudi vsota

- neka vrednost, to pomeni

News

tehnolo3kih faktorjev manjZa od 1.
Predpostavimo, 6 podjetij v medsebojnem
tehnolo¥ko trZnem odnosu. Naj matrika Q

predstavlja tehnoloZko matriko zdruZitve
podjetij:

/2 0 1/4 o0 0
i/4 1/4 1/4 o0 0
1/2 0 1/2 0 o]
Q = 0 0 0 1/4 3/4
0 0 0 1 0
0 i/4 0 1/4 0 1/4

OCO0O00O0O

Vsaka vrstica vsebuje tehnoloZke faktorje enega
podjetja. Na prvi pogled lahko ugotovimo, da so
profitna podjetja 1,2 in 6. Vsa druga so
neprofitna, ker imajo vsoto vrstice enako 1.

Predpostavimo zdaj, da podjetja svoj
preseZek shranjujejo preko krovnega podjetia v
banko. Zato se matriki Q doda Ze en stolpec, ki
dolo&a, koliko profita posamezna podjetja
prispevajo. Vrednosti tega stolpca so enake
preostanku vsote vrstice do 1. Dobimo
verjetnostno matriko P, ki dolo&a najbolj
verjeten tehnoloZki odnos med podjetji vkljuZno
s krovnim podjetjem P(0):

P(0) P(1) P(2) P(3) P(4) P(5) P(6)

1 0 0 0 0 0 0 P(0)

1/4 1/2 0 1/4 0 0 0 P(1)

1/4 1/4 1/4 1/4 0 0 0 P(2)

P = 0 1/2 0 1/2 0 0 ¢ P(3)
0 0 0 0 1/4 3/4 0 P(4)

0 0 0 0 0 0 P(5)

1
1/4 0 1/4 0 1/4 0 1/4 P(6)

2daj lahko ugotovimom koristnost podjetij.
Krovno podjetje ne proizvaja, zato ima vse-

tehnoloSke faktorje razen prvega enake 0. Prvi -

faktor je absorbirajo¥, ker mora vsota vsake
vrstice biti enaka 1 in ker so vsi drugi &leni
ni&, mora biti prvi 1. Stolpci matrike nam
kaZejo trini odnos, vrednosti &lenov matrike pa
tehnoloski. odnos. Takoj lahko ugotovimo, da
imata podjetji 1 in 3 enak trZni odnos, eno od
drugega kupujeta. Zato ju lahko zdruZimo.
Faktorji podjetij 4 in 5 so ergodiiéni,
neodvisni od drugih, zato podjetji zdruZimo.

fe je v presefi3®u vrstice { in stolpca 3
da podjetije j
proizvaja za podjetje i, tako da podjetje j
koristi podjetju i. Po tem principu nariZemo
diagram stanj sistema. Pri&nemo s podjetjem
P(0), ki ne proizvaja, pa’® pa upravlja s
podjetji. Podjetje 1 Je profitno in posredno
preko njega tudi podjetje 3. Podjetije 2 je prav

. tako profitno in koristno podjetju 1 in 3.

Koristno podjetju 2 je tudi podjetie 6, vendar
to podpira podjetji 4 in 5, ki pa nista
profitni. Zato se zdruZijo samo podjetja 1,2 in
3 preko krovnega podjetja, druga pa se Vv tej
zdruZitvi opustijo. Smer puiElic dolola
tehnolo3ko pogojen pretok denarja.

P(0) « P(1),P(3) ¢« P(2) « P(6) > P(4),P(5)
Nova, tehnoloXko trZna matrika je potem:
P(0) P(1) P(2) P(3)
1 0 0 0
P = l1/4 1/2 0 1/4

P
P
1/4 1/4 1/4 1/4 P
0 1/2 0 1/2 P

(0)
(1)
(2)
(3)



Stanje krovnega podjetja je absorbirajofe in iz
matrike Q dobimo novo matriko N = 1/(I - Q),
kjer je I enotina matrika. Matrika N doloéda
proizvodnjo v stolpcu, ki jo stimulira enotino
narofilo v vrstici. Tako nam proizvodni faktor
n(i,j) dolo&a vrednost proizvodnje podjetja j,
ki ga stimulira enota vrednosti (13) naro&il na
podjetje i. Matrika V sumira vrednost proizvod-
nje po podjetjih (vrsticah i):

4 0 2 i 6
8/3 4/3 2 V=16
4 0 4 -

N =

Tako nam narofilo 1s na podjetje 2 stimulira

proizvodnjo 8/3s od P(1), 4/33 od P(2) in 2s od.

P(3). Na to naro&ilo napravi P{1l) profit 8/3 x
1/4 = 2/3, P(2) profit 4/3 x 1/4 = 1/3 in P(3)
profit 2 x 0 = 0, ker je P(3) neprofitno,
skupaj tako podjetje 2 napravi 1s profita.

Trg nastopa na zafetku, ker z analizo trga
ugotovimo njegovo kvaliteto in na koncu, ko
dolo%a kvantiteto tehnolo3kega procesa.

Na zahteve trga se podjetja odzivajo preko
vrstifnega vektorja T, ki pove koli&ino
dolarskih naro&il za podjetja, n.pr.:

T = (1,3,2)
Na tako zahtevo trga dobimo s produktom T X N =
(20,4,16) proizvodnjo, ki jo wustvarijo
posamezna podjetja, Totalna proizvodnja je
dolo&ena s produktom T x V = 40s. V te]
proizvodnji napravi P(2) 33 profita. Podobno
izrafunamo profit Ze za drugi dve podjetji.

Dejstvo, da je podjetje lahko koristno tudi,
e je neprofitno, potrjuje za¥etno tezo, da
mora podjetje v tehnoloZko trZnem razmerju biti
ali profitno, ali pa mora slediti profitnemu
podjetju. Celoten proces ima po mojem mnenju
izvor v inZenirskem delu, ker sam trg in
proizvodnja brez izumiteljskega in tehnolo¥kega
dele?a ne zado3&ata za profit podjetij.
Literatura: J.G.Kemeny, J.L.Snell,
Markov Chains", sSpringer Verlag,
Heidelberg, Berlin, 1976.

"Finite
N.Y.,

Rihard Piskar

Na rob konferenci o zanesljivosti in
kvaliteti

Na mednarodni konferenci, ki jo organizira
IASTED (International Association of Science

and Technology for Development) v Luganu,

8vica, od 20. do 22. 6. 1989, je bilo med 72
prispevki svetovnih ekspertov v treh dneh
mogofe sliZati in videti tudi dva referata
Iskre Delte, enega v sodelovanju s Fakulteto za
elektrotehniko in rafunalniStvo iz Ljubljane.
Prvi je bil "Zanesljivostna napoved
ahitekture hiperkocke PARSYS" in drugi
"RazpoloZljivostno analiti®no orodje za
kompleksne sisteme'", ki sta poleg prodorne
tematike paralelnega procesiranja in
zanesljivostnega. inZenirstva predstavila Zir¥i
javnosti del razvojnih doseZkov Iskre Delte.
Sodoben razvoj ra&unalniltva v svetu gre v
dve smeri: superrafunalnikov in paralelnih

ratunalnikov., 7Prvi imajo poudarek na
tehnologiji zelo visoke stopnje -integracije in
distribuiranem procesiraniju, ki je
kvaziparalelno, drugi pa poleg visoke
tehnologije temeljijo na &istem paralelizmu.
Bistvo paralelizma je v tem, da ni vel

sukcesivnega izvajanja nalog, paf pa se vsaka
naloga razbije na mnoZico podnalog in se vsaka
od njih istofasno in sinhrono izvaja. S tem se
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"kvalitete predvsem za

pridobi na hitrosti, ki je pomembna predvsem
pri reSevanju problemov, ki -zahtevajo veliko
obdelav v kratkem &asu, poleg tega pa na
napakovni tolerantnosti, ki dopu3&a, da kak
procesor ali del pomnilnika celo odpove, vendar
pa drug procesor prevzame njegovo nalogo. Tak
sistem je PARSYS, paralelni sistem Iskre Delte
v raziskovalno razvojni fazi.

Posebno Zivahna diskusija se je razvila po
predstavitvi analiti&nega velrazseZnega sistema
super-kub, za numericne evalvacije
razpoloZljivosti hierarhi&nih, distribuiranih
in paralelnih sistemov, ki deluje na sistemih
Delta VMS in ga Delta s pridom uporablja.
Bazira na ve&razsezZnostnih naklju&nih sistemih,
ki prostorsko ponazarjajo stanja sistema, ki ga
analiziramo in jih ovrednoti numeriZno, kar jJe
nadvse pomembno pri prognozi obna¥anja sistema
v spreminjajofem se okolju. Sistem - je
interaktiven, trenutno je v fazi prenosa na

- sisteme Delta PC.

Sode& po ugotovitvah s konference
zanesljivost in kvaliteta nista sinonima.
Zanesljivost, kot ¥ir¥i pojem, je Testo
nepravilno uporabljen v konceptu kvalitete.
Lahko se diskutira o tem, da 3je kvaliteta
stati®ni in zanesljivost dinami&ni -deskriptor
nekega procesa ali izdelka. IzloZbeni izdelek
je lahko visoko kvaliteten, toda njegova
zanesljivost je izmerljiva samo z rabo, ali pa
je ocenljiva s prognozo. Gledano na drug na&in
je njegova kvaliteta'intrinsi®na ali inherentna
na izdelek sam, medtem ko je zanesljivost
merilo njegovih -performans v sistemu in
doloZenem okolju.

Zanesljivostni pristop k problemu
zadovoljstva kupca je posledica kombiniranega
razvoja kvalitete in zanesljivosti. Znano Je,
da so Japonci pred 15 leti dobivali instrukcije
o kontroli kvalitete iz ZDA. Dobili so model in
uporabljali so ga. Toda ne samo, da so0 ga
uporabljali, tudi izboljSali so ga. Ve&ina vseh
metod kontrole kvalitete od motivacij 1judi,
zero defektov, treniranju osebja iz principov
kontrole kvalitete se je prifelo v ZDA. Danes’
se v 2DA Ze ulfijo od Japoncev in se zavedajo
bazi¥ne pomembnosti zanesljivosti in kvalitete
za podjetja in njihov vpliv na trZis&e in
poslovno strategijo v podroju razvoja,
strokovni spretnosti in pogodbenem odnosu 8
kupci.

Na drugi strani malo Japoncev spodbija
vodilen vpliv ameri¥kih inZenirjev na podro&ju
zanesljivostnega inZenirstva, prav tako kot
priznavajo ameri3ko vodstvo v sodobnem razvoju
in tehnologiji. Ceprav Japonci izvrstno
upravljajo proizvodnjo in marketing visoke
potroiniSke izdelke, je
tehnologija za temi produkti dobro znana. Prav
tako je zelo malo japonskih projektov, ki
zahtevajo visoko =zanesljivost kot jo zahteva’
vesoljski raziskovalni program. Japonski cil]
je osvojiti zanesljivostno teorijo, razvoj in
inZenirstvo. Medtem pa je jasno, da zna
predstavljati tradicija Japoncev, ki zavira
razvoj individualnih doseZzkov in spoznanj v
korist timskega dela, zanje teZavo, da bi se
istovetili 2z njimi nasprotno amerifko
tehnolo3ko kreativnostjo.

Na vpraSanje, kak3en model razvoja
zanesljivosti in kvalitete uporabiti v
Jugoslaviji, menim, da nikakor ni
priporoljivo, da spoznamo vse faze razvoia,
kot ZDA ali Japonska, pal® pa se lahko na
razvoju teh dveh nau®imo in nadaljujemo pri
njunih izku3njah. Jugoslovanska svobodnost
mi3Sljenja 4in kreativnost, ki je bliZja
ameriSkemu na¥inu, nam daje misliti, da nasilno

‘usmerjanje v japonski model ne bo prineslo

zaZeljeni u&inek. Zato je predvsem v sorazmernc
zafetni fazi razvoja zanesljivostnega
inZenirstva in kvalitete zelo pomembno
sprostiti kreativni potencial, ki ga imamo in
ne podrediti individualnih doseZkov skupnim.



ciljem. Vkolikor bi Ze na zafetku dolo&ili
okvire, v katerih se lahko razvija
zanesljivostno inZenirstvo kot del aktivnosti
kontrole kvalitete, kot kaZejo teZnje v
nekaterih okoljih, bi hkrati zadu3ili kreativno
miSljenje, brez katerega razvoj ni mogof. Tudi
na prifujofi konferenci je bilo 6 referatov
jugoslovanskih, ki dokazujejo jugoslovansko
kreativnost v razvoiju konceptov zanesljivosti
in kvalitete sodobnih tehnolo3kih doseZkov.
Rihard Piskar

Informacijska tehnologija v Spaniji

Spansko gospodarstvo je v razcvetu in celotno
podrofje informacijske tehnologije raste neza-
drino z ekonomskim napredovanjem podjetij.
Ceprav na Z¥panskem trgu podjetje IBM Be vedno
usmerja trZne potrebe pa vrsta tujih proizva-
jalcev sodeluje v 3panskem razcvetu.

Spanija je dolgo samevala na slepem koncu
Evrope, odkar so njeni konkvistadorji osvojili
Latinsko Ameriko. Naenkrat pa je v zadnjih
nekaj letih postala gospodarsko najprivlanejSa
deZela. Njena brstela ekonomija je uravnoteZena
med prednosti podrazvitosti - cenenim delom in
neizkoriS€enim . kapitalom - in prednostmi, ki
izvirajo iz €lanstva v Evropski skupnosti.

Rastofa 3Spanska ekonomija vleZe s seboj tudi
informacijsko tehnologijo; obe sta posledica
nara3fajolega bogastva in sposcbnostne tehnolo-
gije, ki omogo&a ekonomsko ekspanzijo. V zad-
njih petih letih je rafunalnifka prodaja v
8paniji narasla za 321%, in sicer prek 4 mili-
jarde dolarjev. Proizvodnja rafunalni¥ke indu-
strije se je povefala za 335%, in sicer na
pribliZno 1 milijardo dolarjev.

Preodaja rafunalniSke aparaturne opreme je
pokrila 60% trga, vzdrfevanje, ¥olanje in sve-
. tovanje pribliZno 21%, programska oprema pa

pribli%no 17% trga. Vsa tri podrol&ja izkazujego
letno povelevanje dohodka med 20% in 30%. Se
posebej so narastle potrebe po osebnih raZunal-
nikih. Leta 1985 je le 2,5% poslovodnih delav-
cev uporabljalo osebne ra&unalnike. V letu 1987
jih je bilo Ze 6%, v letu 1992 pa naj bi doseg-
1i razmerje 32%.

V tem deviSkem grodajnem okolju ni vel pre-
senetljivo, da je Spanija postala privla&na za
tuje investitorje. Manj kot 7% Spanskega indu-
strijskega dohodka izvira iz &istih doma&ih
(domorodnih) podjetij. Od leta 1983 se je uvoz
poveZal za 327%, in sicer na vrednost 3,404
milijarde dolarjev - &tiri od petih prodanih
osebnih ralunalnikov v Bpaniji so uvoZeni.

vV 8paniji je kar nekaj multinacionalk, ki
nimajo svojih podruZnic ali distribucijskih
zastopnikov. Podjetja za proizvodnjo in sestav-
ljanje v Bpaniji so npr. Hewlett-Packard, ki
izgrajuje v svojem glavnem sredisfu za perife-
rijo novo tovarno, raziirja pa tudi svojo to-
varno v Barceloni; tudi proizvodnja tiskalnikov
in avtomatiZnih blagajn podjetja Fujitsu se je
povelala za 35% in 75% v zadnjem letu.

Podjetje Fujitsu-Espana proizvaja v svoji
tovarni v Malagi tudi minira&unalnike, mikro-

raunalnike in naprave za pisarni%ko avtomati-

zacijo; v to tovarno je podjetje investiralo v
zadnjem letu nadaljnjih 10,5 milijonov dolar-
jev. Podjetje Fujitsu ima svoj glavni evropski
urad v Madridu in njegova Bpanska podruZnica
Fujitsu-Espana je zelo uspeZna. Podjetje se je
usidralo v Bpaniji pred 15 leti in je zadelo
skupni posel s 3Spanskim raZunalni¥kim proizva-
jalcem Secoinsa, in sicer z proizvodnjo v Spa-
niji konstruiranega ra%unalnika. VvV letu 1986 je
Epanska PTT Telefonica odkupila 40% deleZ.
Podjetje Fujitsu-Espana je pridelalo v razdobju
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1987/88 dobifek 7,6 milijona dolarjev pri do-
hodku 160 milijonov dolarjev, kar je pomenilo
povefanje dobilka za 27%; dobifek naj bi se v
tem letu povelal Se za 50%.

Kljub uspeZnosti Fujitsu-Espana v Spaniji pa
je podjetje IBM Ee vedno prevladujofe na Span-
skem raunalniXkem trgu. Na IBM odpade kar 36%
celotne industrije, in sicer kot na dobavitelja
ralunalnikov in izvoznika. Njemu sledita Phi-
lips kot proizvajalec terminalov in Epson kot
prizvajalec tiskalnikov. Druge multinacionalke
s pomembnimi deleZ?i v Spaniji so Se Unisys,
Olivetti, Nixdorf, Xerox, DEC in NCR. Na eks-
plozivnem trgu osebnih rafunalnikov je zna&ilno
prodrlo podjetje Amstrad z modeloma 1512 in
1640 in podjetje Altos, ki je izdobavilo 5000
vefuporabni¥kih mikrora&unalnikov v zadnjih
Sestih letih. Na veliko veZjem francoskem trgu
je Altos prodal samo 10000 sistemov v 10 letih.
Altos napoveduje, da bo po letu 1992 nara3tal
Spanski trg za veCuporabnifke sisteme hitreje
kot v katerikoli drugi evropski drZavi.

Vstop podjetja ICL na 3pansko prizori3Ze
sega 10 let nazaj, ko je bilo odkupljeno Sin-
gerjevo mednarodno rafunalni¥ko podjetje na
podedovanem ¥panskem trZi¥&u. Konec lanskega
leta pa je ICL oblikoval skupni posel (joint
venture) z andaluzijskim razvojnim institutom,
da bi razvijal programsko opremoc in storitve,
namenjene zdravstvenim, izobraZevalnim, storit-
venim in Jjavnim ustanovam. Drugi, vertikalni
trZni interes ICLa Vv Spaniji je trgovina na
drobno. Skupni posel podjetja ICL~Sistemas
obvladuje iz Sevilije le 30 inZenirjev in tehni-
kov. ICL vzpostavlja tudi mednarodni nakupni
urad v Barceloni, ki bo preizku¥al Spanske
izdelke glede na njihovo ustreznost za izvoz v
ICLove tovarne kjerkoli. ICL bo oblikoval tudi
reprezentativno sredisZe v Madridu, kjer bo
razvijal in prodajal aparaturno in programsko
opremo po vertikali 3Spanskim vladnim ustanovam.

Spanija postaja eno najpomembne33ih razvija-
jo&ih se podro#ij Evrope. Tako se razvijajo
tudi Stevilne raZunalniSke svetovalne organiza-
cije v Madridu, Barceloni in Sevilji, skupni
izobraZevalni center pa je Segoviji. Ceprav
tudi na Bpanskem trqu dominirajo multinacional-~
ke, kaZejo Zpanska podjetja za informacijsko
tehnologijo veliko zagnanost in ustvarjalnost.
Investronica je 3panski pionir na podroZju
osebnih raZunalnikov in obvladuje 30% trZi3&a z
250000 instaliranimi enotami. To podjetje je
bilo ustanovljeno pred devetimi leti kot tehni-
&ni oddelek tekstilne industrije Induyco, ki je
sedaj &lan grupacije El Corte Ingles. Tako je
Investronica lahko izkoristila aplikativne niBe
v rafunalni¥ko podprtem oblikovanju in proiz-
vodnji tekstilne industrije, ko je izvaZala
sisteme z delovno postajo v 30 drZav.

Vodilno Spansko podjetije za programsko opre-
mo je Centro de Calculo de Sabadell (CCS), ki
je nastalo pred 25 leti, vendar je v letu 1972
postalo vodilno 3pansko podjetje za razvo]
teleprocesorske mreZe. 75% podjetja je v fran-
coski lasti, sodelovalo pa je v razlifnih razi-
skovalnih projektih v Evropi, vkljuZno v pro-
jektu Esprit. Podjetje prodaja npr. Masterpat,
ki je programski paket za upravljanje patolo-
kih primerkov in npr. tudi pogodbo za rafunal-
nik in programsko opremo za elektronsko in
telekomunikacijsko metodologijo za olimpijske
igre leta 1992 v Barceloni. Dohodek tega pod-
jetja v letu 1988 je znaZSal s46m, kar je 20%
vel kot leto poprej.

Tudi podjetja na spocdnjem Xoncu tr¥ikZa
i5%ejo priloZnosti za svojo razBiritev. Npr.
podjetje Telmatica e Informatica Internacional
je razvilo izboljSano storitev za videotex, ki
je dosegljiva prek centrov v ve& evropskih
drZavah. Drugo majhno podjetje Biochip Je
izkoristilo mno%idna potovanja po 3Spaniji s
prodajo aparaturne in programske opreme 2za
hotelske rezervacijske sisteme.

Tudi vlada podpira 3Spansko raZunalnisko



industrijo, ko vzpodbuja sodelovanje s tujimi
poijetji, toda vpliva na tiste multinacionalke,
ki smatrajo, da je 8panija le deZela sestav-
ljavcev in izpuh za prodajo; pri tem zagovarja
zlasti dejavnosti s podro&ja raziskav in razvo-
ja. Siemens, Olivetti in Unisys imajo v Spaniji
svoja raziskovalno-razvojna sredis&a. IIP, Oli-
vetti in Bull so se vselili v Vale3ki tehnolo-
8ki park v Barceloni, ki je le eden od 3tirih
tehnolo3kih parkov, v katere je vlada investi-
rala s55m. Fujitsu-Espana ima tri raziskovalno-
razvojne centre v Madridu, Malagi in Barceloni,
kjer je bila tudi razvita vmesniSka plo3Za za
PCjevsko delovno postajo, ki se izvaZa v Kore-
jo.

! Ta gibanja spremlja ministrstvo za industri-
jo, ki ugotavlja, da se je v Bpaniji prvig
zgodilo to, da pri njih razvijajo nove produkte
tudi multinacionalke. To pa je morda veliko
pomembnej%e od vrste tujih tovarn za sestavlja-
nje. Za vse majhne drZave so domale raziskave
in razvoj zelo drago podjetje. Pri vzpodbujanju
sodelovanja s tujci partizipira Spanija tudi v
novi program Esprit. 0d 155 predloZenih 3Zpan-
skih projektov jih je bilo sprejetih 74. Ti
projekti se tifejo 50 Zpanskih podjetij in 10
univerz. Investronica dela na projektu za raz-
voj produkcijskega sistema za tekstilno indu-
strijo in podjetje Ibermatica prispeva $750k k
$21m, kolikor je predvidenih za projekt, s
katerim se razvija generini vizijski sistem za
industrijsko uporabo. CCS sodeluje v projektu
za vzdrZevanje programske opreme in nacionalno
telekomunikacijsko podjetje Telfonica v 10
komunikacijskih projektih.

V projektih Esprit sodelujejo 3panske po-
druzZnice multinacionalk, npr. Siemens in Kata-
lonska univerza, ki izdelujeta prevajalnik za
podatkovne baze; Alcatel Standard Electrica
razvija sistem za raunalni3ko podporo za pri-

mere Xkatasrofe. Spanska vlada je zalela
uresnievati tudi drudo fazo svojega
Nacionalnega elektronskega in raZunalniskega
projekta (PEIN II), ki se zafel v letu 1984.
Strategija vlade je, da oblikuje velije
industrijske grupacije, %e ©posebej-  dve

zdruzevalni krovni podjetji (holdinga) za
podrotje telekomunikacij in programske opreme,
s ciljem da bi okrepila Epansko konkuren&nost
do leta 1992.

Vladna ministrstva se pooblaZ&ena, da sode-
lujejo v investicijah v velike projekte infor-
macijske tehnologije, ki naj bi povezovali
domorodna in multinacionalna podjetja. Iris je
npr. ime projekta v vrednosti $21m, v okviru
katerega se razvijajo teleinformacijske storit-
ve in homogena komunikacijska mreza za 3panski
sektor raziskav in razvoja. SCTM je vojaski
komunikacijski projekt, Bubi pa je projekt za
avtomatizacijo velikih toba&nega naro&niZkega
sistema z vrednostjo $30m. PEIN II je investi-
ral $150m v elektrornske in raZunalniZke projek-
te Ze v letu 1984 in $480m v letu 1986. Zneska
$136nm in 3$144m sta predvidena za investiranje v
tem in prihodnjem letu.

Bpanska informacijska industrija pa ne obli-
kuje le zdrav domadi trg, temvel& vztrajno
poveZuje tudi izvoz. Bpansko zdruZenje za izvoz
elektronike in raZunalnikov stalno propagira in
vzpodbuja izvoz informacijske tehnologije. In-
vestronica je povelala izvoz za 94% v zadnjih
petih letih ($30m). Podjetje ne izvaZa le v
Evropo temve& tudi v JuZno Korejo, Japonsko in
Argentino. Kljub vsej tej aktivnosti pa je
Zpanska informacijska industrija Ze precej
oddaljena od mo%fnosti, da se v letu 1992 pojavi
v Bvropski skupnosti z vso svojo moljo.

8panija mora Ze preseZi svoj lasten odpor do
rafunalni¥ke uporabe. Videotex je doZivel v
Spaniji popoln neuspeh, saj latinski tempera-
ment bolj ceni osebni kontakt. Splo¥no obotav-
ljanje v uporabi ralunalnikov je znaZilnost,
katere posledica je npr., da je bilo v letu
1987 v uporabi manj kot 6000 raZunalni¥kih
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blagajn in le s 3,4 transakcijami na osebo; Vv
ZdruZenem kraljestvu je znaSalo to razmerje 8
transakcij na osebo. Povpre¥na letna prodaja na
kreditne kartice dpseZe le $85 na osebo. Vse to
kaZe na dolofeno informacijsko nespretnost
Spanske populacije in je problem, ki je radu-
nalni3ki industriji znan Sirom po svetu.

KOMENTAR. Bpanski primer je prav gotovo lahko
zanimiv za jugoslovansko in slovensko politiko
in podjetni¥tvo na podroZju informacijske teh-
nologije. Kaj so naredile vse naBe vlade in
vladne institucije na podro®ju vzpodbujanja,
investiranja in organizacije raZunalniZke indu-
strije? To kar je mogofe z vso zanesljivostjo
trditi, je, da niso storile niZesar pomembnega,
integrativnega, diplomatskega in nazadnje tudi
industrijsko naprednega. DomaZa rafunalniZka
industrija nam je obtiZala v spontanem razsulu.
Celo napori, da se oblikuje razvojni diskurz
med politiko in industrijo, so ostali neuresni-
Zeni zaradi pomanjkanja politi®nega pa tudi .
podjetniSkega interesa. Gospodarska politika se-:
nam je zreducirala na naZelo, da naj se vsak
reSuje sam. Ali smo posamezniki sploh poklicani
in kvalificirani, da se ubadamo s problemi
gospodarske in tehnoloZke politike? Zakaj potem
sploh imamo vladne in druZbene institucije, ki
bdijo nad moZnostmi in nujnostmi razvoja?

Ko se spraSujem, kako bi lahko vzpodbudno
napisal poro&ilo 2z naslovom "Informacijska
tehnologija v Slovenlji in Jugoslaviji", ki bi
bilo primerljivo s Spanijo, moram vendarle
povedati nekaj ved resnice. BSpanski &Sude% je
seveda ekonomski in Zele v okviru tega je mogo-
e priCakovati spodbudne rezultate v razvoju
informatike kljub Zpanskemu- temperamentu in
zavrafanju informatike kot sodobnega pojava
CloveStva. Na nek naZin je celo uspelen 3panski
razvo] vsaj na podro&ju informatike konzervati-
ven, pogojen 2z mentaliteto populacije. Pri nas
je verjetno ta mentalna ovira spektralno Zir3a
in se ne omejuje le na informatiko, preZema
gospodarstvo, podjetni¥tvo in politiko. In
dokler je takoc, bo informacijski zaostanek le
posledica ekonomskega in politiZnega. In tu
brzkone lahko presahne tudi smiselnost vsakri-
nje zasebne pobude.
: A. P. Zeleznikar

DECove evropske delovne postaje
prihajajo iz podjetja Olivetti

Digital Equipment (DEC) in Olivetti sta se
sporazumela, da bo Olivetti dobavljal DECove
osebne rafunalnike 2za evropsko trzi%Ze. Osebni
ratunalniki bodo proizvajani po DECovih speci-
fikacijah v Olivettijevih tovarnah in trZeni in
vzdrZevani prek DECovih poslovnih in servisnih
organizacij. V okvir tega programa spadajo
osebni rafunalniki s procesorji 80286, 80386SX
in 80386, ki oblikujejo podlago za DECove nove
osebne delovne postaje. DEC se je odloZil za
italjanskega proizvajalca, ker je Olivetti
mo&no prisoten na evropskem trgu.

’ A. P. Zeleznikar

Vrednost DECovih ‘akcij je padla

Vrednost DECovih akcij je padla za dobrih 10%,
ko je postalo znano, da bo dobiZek v tretjem
poslovnem kvartalu (v marcu 1989) manj3i od



priZakovanega. 04 priZakovanoga porasta dobi&ka
13% do 31. marca je bil doseZen prirastek le
10%. Kot utemeljitev za ta "neuspeh" se navaja
poslab3anje na amerifkem trgu in problemi 2
novimi produkti.

A. P. Zeleznikar

Ali se bodo naértovalci hardwara
morali nauciti programiranja?

Prihaja brZkone &as, ko se bodo oZifevalni
inZenirji morali sprijazniti s kodiranjem (pro-
gramiranjem). Verjetno ste Ze sli¥ali izrek:
hardware je software. (Tudi sam pravim, da je
arhitektura ali struktura stroja ali hardware
informacija.) Ta &as prihaja, saj na&rtovanje
hardwara postaja vaja iz kodiranja. InZenirsko
delo je v primeru integriranih vezij le Be
pisanje koda, ki je <&edalje bolj podoben pro-~
gramu v jeziku C ali Adi.

Ko je naralZ%ala popularnost radunalniZko
podprtega na&rtovanja, ni bilo teZko predvide-
vati, da bo 2z raZunalniki mogoZe kmalu sestav-
ljati tabele in ne ve& risati diagrame (nadrte
povezanih enot), da bo mogofe definirati modu-
le, na&rtovalne procedure itd. s programskimi
vrsticami. Za te namene je tako nastal jezikov-
ni standard VHDL. Ta okrajSava pomeni: "V'" kot
VHSIC za pentagonski program Very High Speed
Integrated Circuits; HDL pomeni Hardware Des-
cription Language. V zadnjem letu je bila v
okviru IEEE izdelana verzija jezika, ki ga
podpira obrambno ministrstvo 2ZDA, v igro pa se
je vklju€ilo tudi podjetje Mentor Graphics
Corp., San Jose, Kalifornija.

Prihaja Cas, ko se bodo hardwarski inZenirji
morali zaleti u&iti pisanja koda v jeziku VHDL.
Trg t.i. VHDL-simulatorja je ¥e majhen.
Mnogi opazovalci dvomijo, da bodo hardwarski
inZenirji zmogli radikalni obrat v svojem nafi-
nu razmiSljanja. Zaradi tega je npr. podjetje
Vantage Analysis Systems Inc. skrilo sam jezik

" pred uporabnikom in s simulacijo prikazalo
znane shematiZne grafe s knjiZnjico funkecijskih
modelov v VHDL. Ta na&in nalrtovanja pa je
brezno, ki ga veliko inZenirjev ne bo zmoglo
presko&iti.

A. P. Zeleznikar

DEC napada pisarniSko trZisce

Digital Equipment je vrgel na trZi%&e dva rafu-
nalnika tipa Microvax, s katerima naj bi resno
napadel trZi3&e pisarniSke opreme, na katerem
gospodujeta sedaj podjetji IBM in Wang. Micro-
vax 3800 in 3900 naj bi zamenjala modela 3500
in 3600 s 50% izboljZanim razmerjem cena/zmog-
ljivost in s 3Btirikratno poveanim obsegom
pomnilnika. DEC tudi poasi upokojuje stari in
Se vedno prodajani Microvax II, ki ga je vrgel
na trZisfe v letu 1985, ko je zniZal ceno
aparaturne in programske opreme glede na prej-
Snje svoje modele. DEC izjavlja, da bo v prvem
naletu naskofil trZi¥&e veluporabnifkih siste-
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mov z B do 40 uporabniki. DEC uvaja tudi sku-
pinski (clustered) sistem Microvax in ponuja
skupinski Vax.

Dva Microvaxa 3800, povezana z DSSI (Digital
Storage System Interconnect), bosta dopusZala
katerikoli uporabniZki dostop do kateregakoli
pomnilnega elementa, ki bo privezan na enega od
gostiteljev. OZitno uporablja DEC podobno tak-
tiko, kot jo je uporabil pri zamenjevanju si-
stemov 6200 s sistemi 6300, ko ponuja dopolnil-
ne pakete pri samo 5% povelfanju cene.

A. P. Zeleznikar

Sistemska integracija

Denar se skriva v t.i. orkestraciji. Padajoli
profiti prepriXujejo tudi najve&je raunalnike
proizvajalce o nujnosti integracije. IBM izjav-
lja, da bo prodajal Vaxe, &e bo dobil dovolj
veliko naro¥ilo. En sam ra@unalni¥ki proizvaja-
lec dejansko ne more biti neodvisni sistemski
integrator. Letna poro%ila podjetij so pouZna.
In v zadnjem &asu postajajo zgodbe o proizva-

"jalcih aparaturne opreme Zedalje bolj Zalostne.

Trg minirafunalniZkih izdelkov se bo v letu
1989 brZkone skr&il. Podjetje Control Data je v
letu 1988 pridelalo le skromnih s$1,7m dobiZka,
norveSki Norsk Data pa 3%e izgubo 2£129m. Tudi
podatki o poslovanju IBM iz zadnjega obdobja
kaZejo, da se pridobiva dohodek na podroZjih,
ki niso hardwarska. V letu 1987 je plasma
softwara prinesel 13% od celotnega prihodka,
medtem ko je znaZal v letu 1983 le borih 6%.
Sporofilo je glasno in 3jasno: za posel je
potrebno imeti kaj ve& kot le Zeleznino.

Zaradi tega ni presenetljivo, da se radunal-
niski proizvajalci pomikajo na podroZje sistem-
ske integracije. Ni&¥ veZ se ne zadovoljujejo 2z
instalacijo novih mainframov (glavnih raZunal-
nikov) s prepu3Zanjem ostalih postavk v projek-
tu konkurenci ali specialistom s podro¥ja raZu-
nalni¥kih mreZ. Vse bolj se zavzemajo za vlogo
glavnega kontraktorja (pogodbenika) in za kon-
trolo nad profitom, ki je s tem povezan. V
zvezi s tem izjavlja npr. IBM, da bo prodajal
DECove Vaxe, e mu bo to pomagalo, da si prido-
bi posel narofnika. S tem pa se bistveno spre-
minjajo nekdanje opredelitve velikanov, ki bi v
ne tako davnih Tasih veljale za nesprejemljivo
poslovno in tehnoloZko krivoverstvo.

Podjetje Computing Services Association
(CsA) navaja, da je bilo v letu 1987 trZikZe
softwara in storitev v =zapadni Evropi vredno
$32bn in Cetrtino tega dohodka so poZeli proiz-
vajalci hardwara. V tej areni se pojavljajo
tradicionalni rafunalniBki proizvajalci vkljud-
no 2z IBM, DEC, Unisys in Hewlett-Packard in z
njimi se bo ta deleZ Ze povefeval. Toda kateri
tr#ni segment imajo vsi ti proizvajalci v mis-
1ih? Ideja o sistemski integraciji je po mnenju
CSA predvsem "modna zamisel".

Seveda so dobavitelji Ze od nekdaj poskuBali
povezovati svoje produkte z napravami drugih
proizvajalcev 2z uporabo mreZ in raznovrstnimi
drugimi storitvami, %e se je to pokazalo kot
potrebno. Razlika pa je zdaj v tem, da je bila
ta praksa enkapsulirana v termin "sistemska in-
tegracija". Seveda pa se nara3fanje sistemske
integracije kaZe kot dramati&no, &e se upolte-
va, da se je zgodila evolucija v smeri koncepta




podjetniZke in tehnoloZke koeksistence. Nekate-
ri sicer zatrjujejo, da je termin sistemska
integracija znan Ze 25 let, vendar gre v zad-
njem primeru tudi za bistvene terminoloZke
spremembe. Definicija je lahko tudi tale: spo-
‘sobnost integracije razli¥nih aparaturnih in
programskih okolij v enotno poslovno re¥itev.
To pa je mogofe razumeti in imenovati kot po-
sebno storitev. In treba Je priznati, da takZno
storitev lahko nudi le dovolj usposobljen in
poslovno proZen proizvajalec.

Nova paradigma sistemske integracije se je
razvila pri uporabnikih. Uporabnik si enostavno
feli veZ storitev. RafunalniXki centri ostajajo
neizkori3&eni zaradi stalnega manka sposobnih
kadrov in uporabniki i3Zejo pomo& tako pri
izbiri sistema kot pri njegovi uporabi pri
poslovanju. Sistemski integrator mora zato bolj
razumeti potrebe .uporabnikovih poslov kot pa
kaj drugega. To pa je lahko prednost le ustrez-
no izkuSenih integratorjev, ki se ji navadni
prodajalci seveda ne morejo pribliZati. Proiz-
vajalci lahko take integratorje najamejo in jih
posebej plafajo, medtem pa intenzivno izobraZu-
jejo svoje prodajalce.

Ni& Tudnega torej ni, %e je kontrolni polo-
2aj v obseZnem in zahtevnem projektu visoko
cenjen. Zato se ve&ina rafunalni¥kih podjeti]
profesionalizira za vlogo t.i. glavnega kon-

traktorja v poslih sistemske integracije. Toda
tudi ve&ina bi. po%rla slavo, &e bi le lahko
bila udeleZena pri delitvi dobi&ka. IBM npr.

izjavlja, da bi lahko prodal karkoli od zahte-
vanega, & bi bili posamezni deli sistema do-
polnjeni z DECovimi Vaxi ali z Amdahlovim main-
framom. Pri tem prakti¥no ni omejitve v tem,
kdo vse bi lahko bil subkontraktor. Edina ome-
jitev je poslovno tveganje. Teoretifno je spre-
jemljivo, da se npr. nekaj kupi od DECa in
potem preproda. Toda bolj realisti&en scenari}

bi bil povezava novega IBMovega sistema Vv ob-

stojefo DECovo bazo. Obratno pa bi bilo mogole
tudi k IBMovi bazi dodajati DECove naprave.
~Zaradi dolofenih pojavov omahljivosti pri
raunalni8kih proizvajalcih, ko gre za
sistemsko integracijo, se odpirajo moZnosti
prav t.i. tretjim integratorjem. Tako se lahko

posebna integratorska podjetja ustanavljajo in-:

vzdrzujejo za razli&na podro&ja uporabe s
pomo&jo rafunalni¥kih proizvajalcev. Potrebni
pa so tudi neodvisni konzultanti, ki jih
pladujejo uporabniki.

Jasno je pri vsem tem, da se bo podrolje
sistemske integracije moralo 3%e razvijati,
preden bo doseglo svoje logi&ne meje, npr. pri
gradnji avtomatizirane trgovine in spremljajole
tehnologije v njej. Medtem pa ostaja kljulen
problem medsebojna povezava podsistemov. Napori
podjetja Unisys v smeri odprtihl sistemov bi
lahko to nalogo olajSali: teoreti&no bi lahko
njegova t.i. Povezava odprtega sistema komuni-
cirala s katerimikoli vstavljenimi stroji.
Vendar standarizacija ne bo nikoli dosegla
tiste ravnine, na kateri bi hardware postal
nepomemben. Tudi %e bi Unix postal zares preno-
sljiv, bodo proizvajalci ¥e vedno lahko inovi-
rali svoje stroje.

Glavno nadelo sistemske 1ntegraci3e pa osta-
ja prej ko slej tole: klju&na lastnost inte-
gracije je, da sistemi delujejo skladno in
dovolj u&inkovito. To pa naj bi popolnoma osre-
€ilo tudi uporabnike.

A. P. Zeleznikar
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RatunalniStvo kot postavje matematike

Matematiki so pomagali pri oblikovanju
radunalni¥ke znanosti, ta pa sedaj povzroZa
revolucijo svojega lastnega subjekta. KakZen je
ta dramati&en doprinos?

Vrsta matematikov se je vpisala v zgodovino
rafunalniZtva. Charles Babbage je konstruiral

"predhodnika sodobnega digitalnega raunalnika

%e v letu 1830. Alan Turing je definiral svoj
abstraktni stroj Ze v letu 1930 in vplival na
razvoj teorije izralunljivosti. John von Neuman
je razvil zamisel sekven&ne arhitekture.

Medtem je razvoj radunalni¥tva Ze turbulen-~
tno vplival na samo matematiko. S prebijanjem
skozi suhoparna 3tevila ena&b, preiskovanjem
milijonov moZnosti in z uporabo grafike je ta
razvoj povzro&il nove koncepte in pribliZal
radunalnike matematikom kot njihovo bistveno
orodje. Kljub temu pa vrsta matematikov verja-
me, da ratunalniStvo Xkompromitira in uni&uje
fundamentalne vrednote prave matematike.

Npr. v letu 1976 sta Keneth Appel in Wolf-
gang Haken dokazala notori&ni teorem ¥tirih
barv. Ta teorem pravi, da je s 5tirimi barvami
mogofe obarvati karterikoli zemljevid tako, da
dve sosednji obmoZji nista enake barve. 04 leta
1852 dalje so znani matematiki zaman poskuBali
dokazati ta izrek. Zato je izjava o pravilnem
dokazu tega izreka povzro¥ila veliko vznemirje-
nje. Za vrsto matematikov je bila ta zmaga
jalova: dokaz je zahteval uporabo ralunalnika.

IBMov raunalnik 360 je odigral klju&no
vlogo z izrafunavanjem tisolev primerov in je
pustil matematike v dvomu, kaj bi v bistvu
lahko konstituiralo dejanski dokaz. Nobeno
&love3ko bitje ne more verificirati izra&unov,
toda vefina matematikov sprejema te izraZfune
kot veljavne, &eprav je potrebno zaupanje, da
rafunalnik ni naredil napake. Kljub tem
tezavam, ki se tifejo fundamentov matemati®nega
subjekta, so ostali matematiki 20. stoletja
izredno ustvarjalni.

V svoji knjigi "The creative computer" pra-
vita Donald Michie in Rory Johnson: "Ze dolgo
se napalno predpostavlja, da je iz rafunalnika
mogofe dobiti le tisto, kar je bilo vanj vstav-
ljeno. Sedaj pa je bilo neizpodbitno poka-
zano, da lahko pride iz raZunalnika tudi neka]j
novega in to novo je znanje. To znanje pa so
lahko tudi izvirne ideje, strategije in re3itve
realnih problemov."

Na prvi pogled izgleda absurdno, da je to
res prav v matematiki. Ali je matematika zgolj
neka vrsta rafunalniStva oziroma raZunalniske
rutine? Ratunalnistvo kreira novo obliko ekspe-
rimentalne matematike, generira, nove matemati-
&ne strukture in probleme in omogofa nove poti
modeliranja zapletenih sistemov =z uporabo po-
datkovnih baz in izraunov. Fraktalna geometri-
ja je le eno od dobro znanih vej nove matemati-
ke, ki je omogofena z rafunalniltvom. Njendi
antecendenti vkljuZujejo snezinke, ki 3ih je
opisal BZvedski matematik Helge von Koch leta
1904. Te sneZinke je mogo&e oblikovati iz
enostavnega trikotnika s ponavljanjem '"samo-
podobnih" operacij na robovih. feprav je mogoZe
matemati&no dokazati, da ima meja sneZinke
neskon&no dolZino pa ima sneZinka konZno povr-
8ino, ki je enaka oErtanemu krogu izvirnega
trikotnika.



Benoit Mandelbrot, IBMov raziskovalec in ofe
fraktala, postavlja fractal v zgodovinsko per-
spektivo krize matematike, ki se je sproZila Ze
2 delom Giuseppa Peana. Leta 1890 je Peano
definiral krivuljo, ki je zvezna in poteka
skozi vsako tofko kvadrata. Peanova krivulja
omogo&a specifikacijo toCke z enim samim Ztevi-
lom, z njeno oddaljenostjo od konca krivulje.
Opredelitev dimenzije kot 3tevila spremenljivk,
ki so potrebne za specifikacijo toZke, je po-
stala nevzdrZna. Kriza se je kon&ala v letu
1922, ko je Besicovitch predloZil kon&no obliko
tega, kar se danes imenuje Hausdorff-Besicovi-
tcheva ali fraktalna dimenzija. V primeru zvez-
ne krivulje se dimenzija nana¥%a na frakcijo
podrofja ravnine, ki jo pokriva.

Mandelbrot definira fraktalno mnoZico kot
tisto, ki ima Hausdorff-Besicovitcheveo dimenzi-
jo vefjo od njene topoloSke dimenzije. Topolo¥-
ka dimenzija ustreza navadno intuitivni ideji
dimenzije kogarkoli. Zica je enodimenzionalna,
ploB&a dvodimenzionalna, bloki so tridimenzio-
nalni itd. Krivulja Peano-Hilberta ima fractal-
no dimenzijo 2 in proti-intuitivno je njena
topolo3ka dimenzija 2. V letu 1979 je Mandel-
brot preizku3al tole enostavno iterativno for-
mulo: vzemi neko kompleksno 5tevilo, ga kvadri-
raj, prisStej k njemu konstanto in tako naprej.
Ali bo kon&ni rezultat divergiral v neskon&-
nost, konvergiral k fiksnemu Stevilu ali izka-
zoval neko vmesno stanje? Odgovor je, da leZijo
konstante, ki povzrofajo konvergentno stanje, v
obliki hro3%a, Xxi je znana kot Mandelbrotova
mnoZica. Vendar je zgodba ¥e zanimivejZa: e se
Mandelbrotova mnoZica izrafunava in prikazuje
na zaslonu, se pojavijo posamezni otoki, loCeni
od telesa. Vendar matemati&ni izreki pokazZejo,
da so otoki povezani s telesom mnoZice in ta
pojav imenuje Mandelbrot "vraZji polimeri".
Zna%ilna lastnost teh mnoZic je samo-podobnost.
e raZunalnik gleda v to mnoZico s povedavo Vv
posamezne njene dele, je mogole opaziti, da so
podstrukture podobne bolj grobim strukturam.

Ena najprivlalneij8ih vej matematike je tre-
nutno teorija kaocsa. Ceprav je ta teorija v
tesnem razmerju s fraktali in Mandelbrotovo
mnoZ2ico, je pojem kaosa odkril neodvisno od
fraktalov Edward Lorentz v letu 1980. Bil je
presenelen, ko je odkril, da Ze majhne spremem-
be zaTetnih vrednosti pri simulaciji vremena
povzro&ajo znantno divergenco po preteku dolo-
fenega Casa. Te vrste pojavnost se imenuja
kaotiZnost. e se predpostavlja, da so ena&be
pravilne, to pomeni, da lahko Ze zelo majhne
napake v opazovanju povzrofijo dramatilne po-
sledice. Ta pojav je mogole opisati kot metulj-
&ni efekt: metulj, ki razpre svoja krila danes
v Pekingu, lahko oblikuje viharni sistem drug
mesec v New Yorku.

Morda zveni paradoksalno, da ima kaos struk-
turo. MnoZica tock, v kateri obstaja kaotidna
trajektorija, se imenuje nepri&akovani atrak-
tor: atraktor zaradi tega, ker sistem ne pobeg-
ne iz njega in neprifakovani, ker nekatere tra-
jektorije niso periodi&ne in zaradi naé&ina,
kako se trajektorije globoke prepletajo ena z
drugo. Rafunalnif¥ko omogofena matematika frak-
talov lahko najde pomembno podroZje uporabe v
novi vrsti znanosti o modeliranju komplesnih
sistemov, ki so bili doslej deterministi&no
utemeljeni. .

Teorija avtomatov -je nadaljnje podrodje
matemati€nega interesa, kot je pokazal John
Conway v sijajni Igri Zivljenja (Game of Life).
Life je mogofe igrati obsesivno na PCju, ko se
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generacije barvnih konfiguracij razvijajo na

zaslonu. V matematiki se je zgodil bistven
premik v smeri, da bi postala eksperimentalna
znanost. Obstajajo rafunalniski paketi, ki

pomagajo matematikom pri vsakdanjem delu, podo-
bno kot pomagajo procesorji tekstov pisateljem.

Potrebe rafunalniZke znanosti so tudi vzpod-
budno vplivale na razvoj novih podro¥ij matema-
tike. Pisanje korektnih programov naj bi bilo
podvrZeno enaki matemati®ni strogosti, kot Je
npr. oblikovanje tehni&nih konstrukcij. Zanes-
ljivost programov postaja Cedalje bolj pomembna
v .industriji programske opreme. Novi specifika-
cijski jeziki, kot sta Z in VDM, so zelo blizu
matematiki in so utemeljeni z matemati®nimi
teorijami. Narava metrike v programirni tehniki
vzbuja pozornost matematikov, kot je npr. zami-
sel o programski strukturi.

Neglede na povedano pa zafenja rafunalniltvo
vplivati tudi na poufevanje matematike. Inter-
aktivna barvna grafika lahko znatno poZivlija
tradicionalnc dolgo€asna in suhoparna Ftudijska
podro&ja, motivira in ilustrira zapletene ideje
in tako zmanj¥uje frustracije, ki se pojavlijajo
ob nepravilnih odgovorih pri trivijalnih napa-
kah izraluna. Naslednje stoletje bo preZivljala
matematika Srefneje s svojimi raunalniki:
ojafevanje matematifne domiselnosti in mo2gan-
skih zmogljivosti bo postalo naravno in dobro-
do3lo kot del vsakdanjika - tako kot sta bila
vZasih tabla in kreda.
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A. P. Zeleznikar

IBM je predstavil svoj prvi sistem
s procesorjem 80486

IBM prevzema spet vodilno vliogo na podro¥ju PC
tehnologije. Pred kratkim je predstavil novo
tiskano plo%&o, ki vsebuje Intelov procesor
B0486. S tem je IBM prvi proizvajalec, ki ponu-
ja produkt s procesorjem 80486. Tako v 2ZDA kot
v Evropi se IBM spopada s podjetjem Compaq pri
prodaji sistemov s procesorjem 80386. Compaq si
je Ze priboril naskok kot tehnolo¥ki prvak na
trgu s prvim sistemom 386, s taktno frekvenco
33 MHz, kar omogola zmogljivost 10 MIPS.

S svojo vti&no ploZ&o tipa 486 dovoljuje IBM
njeno uporabo v PS/2 modelu 70, kjer dosele
zmogljivost 15 MIPS. Ta zmogljivost pa je bila
doslej prihranjena za superminije in spodnje
modele mainframov. Nova ploEfa se nasadi na



-

glavno plo3&o modela 70 in zamenja tako pomnil-
niski vmesni krmilnik B0385, procesor 80386 in
koprocesor.. 80387 s procesorjem 80486. V tej
zvezi se 3¥irijo govorice, da se IBM sploh ne
misli pojaviti na ‘trqgu s sistemi, ki uporablja-
jo procesor 80386 s taktno frekvenco 33 MHz.

_ A. P. Zeleznikar

Problemi z OS/400 se nadaljujejo

Napake v IBMovem radunalniku srednje velikosti
AS/400 spravljajo v obup uporabnike, saj se s
t.i. IBMovim "cepljenjem" pojavljajo Se dodatni
problemi. S paketom Program Temporary Fix (PTF)
nudi IBM uporabnikom moZnost, da popravijo
napake operacijskega sistema AS/400. Vendar je
instalacija PTFa dolgotrajna, napake pa so tudi
na traku, ki nosi ta paket; tako so ulinki Ze
poraznej¥i kot prej. Pri. regularnem odpravlja-
nju napak je potrebno sistem tudi za 24 ur
ustaviti in proces s PTF mora biti nadzorovan z
¥ivim operaterjem. PribiliZ?no vsakih ¥est ted-
nov izda IBM tudi nov PTF trak. OZitno PTFi 3e
niso zadovoljivo dozoreli produkti. Stevilo
potrebnih instalacijskih korakov naj bi se
zmanjSalo iz zaZetnih 28 na dva koraka. V neka-
terih primerih je npr. PTF tudi poru%il celotne
dele operacijskega sistema. ProblematiZna je
zlasti verzija PTF 1.2.

A. P. Zeleznikar

Japonska ¢aka svojo priloZnost na
trgu programske opreme

Zapadni trZni opazovalci opozarjajo na ofenzi-
vo, ki prihaja z Daljnega vzhoda. Japonska
softwarska industrija se pripravlja za napad na
zapadna trZi3%a. V svetovnem merilu je poloZaj
ZDA na podrofju programske opreme drugim zaen-
krat nedosegljiv. Ameri¥ka podjetja izdobavijo
70% vseh softwarskih produktov na svetu in so s
50% najpomembnejSa uporabni¥ka drZava. Svetovno
trzis€e, ki je bilo za leto 1988 ocenjeno na
850bn, naj bi po mnenju ekspertov do leta 2000
eksplodiralo na ve& kot 1000 milijard dolarjev
{$1000bn) .

Japonci so doslej Ze ugotovili svoje slabo-
sti na podroZju programske opreme in ob primer-
ni organizaciji in razpoloZljivem kapitalu bi
se poloZaj lahko hitro spremenil.. Fujitsu je %e
leta 1983 ustanovil svoje podjetje v Silicijski
dolini, kasneje pa 3e Sony v Palo Alto, Hitachi
v San Bruno in Ricoh v Santa Clari. Japonska
aktivnost se obifajno dolgo Tasa skriva in je
ni mogofe ocenjevati. Podjetja na Daljnem vzho-
du nenehno povefujejo napore za obvladovanje
proizvodnje programske opreme. Hitachi usmerja
Ze 30% raziskovalnih in razvojnih aplikacij v
software. Toshiba je pred kratkim odprla tovar-
no softwara s 3000 programirnimi specialisti za
razvo]j komercialnih in industrijskih programov.
Tudi NEC namenja $400m letno v razvoj program-
ske opreme.

Ameri3¥ki eksperti predvidevajo, da bodo
Japonci in drugi Azijci stopili na trg softwara
s strategijo treh poti: najprej prek hardwara

89

za odpiranje trga, potem prek sistemskega soft-
wara tja do uporabniSke programske opreme. Pri
tem jim lahko pomaga tudi Unix. Samo Sanyo ima
Ze 100 tehni¥kih in grafi&nih paketov za svoje
delovne postaje, ki jih ponuja v okolju Unixa.
Pri vsem tem pa bo treba premagati 3e marsika-
tero oviro. Ovire pa niso le vpraSanja jezika
in razlike v mentaliteti, temve& tudi 'izobraZe-
valni problemi. Izrafunali so, da bi Daljni
vzhod potreboval leta 1990 %e 1,6 milijona
sodelavcev, na razpolago pa jih bo le piZel
milijon.

A. P. Zeleznikar

Deja vu videotexa

Beli dokument Evropske skupnosti vsebuje med
drugim tudi na&rt, kako naj bi se rafunalni¥tvo
in informatika na velikem skupnem trgu uveljav-
ljala z uporabo videotexa pri vsakdanjem naku-
povanju. Do nedavnega je ameri3ki potro3nik
odklanjal videotex, ki je bil v ZDA Z%e v letu
1980 uveden kot informacijska storitev. video-
tex je npr. propadel.tudi v Bpaniji. VvV zadnjem
Casu pa poskuSata trgovsko podjetje Sears in
IBM spremeniti to odklonilno drZo AmeriZanov 2
novimi podatkovnimi in vizualnimi moZnostmi pri
nakupovanju.

Sears je najveZja ameri3ka trgovska hiBa za
prodajo na drobno. IBM je najvefje rafunalniZko
podjetje na svetu. In ti dve podjetji sta zdaj
povezali svoje marketinZke in tehnoloX¥ke miSice
s ciljem, da zgradita nov sistem elektronske
poSte za informiranje in nakupovanje. Ime tega
projekta je Prodigy (slovensko: €udo). Prodigy
zdruZuje besedilo in grafiko v obliki Zivega
prikaza in prina%a novice, vremensko stanje in
napoved, nakupovanje, razvedrilo, izobraZeva-
nje, potovanje, finan&ne storitve in Zasopisne
izvle&ke na dom ali v sluZbo prek PCja.
Trenutno je Prodigy na razpolago 1le na
regionalnih trgih, Z2e drugo leto pa bo dostopen
na celotnem ozemlju 2ZDA. )

Seveda je zanimiva tudi cena. Za programsko
opremo, identifikator in prosti dostop za prve
tri mesece bo potrebno od3teti 349,95. Enak
paket, toda z modulom za 1200 baudov, ki se ga
vstavi v PC, ima ceno 3149,95. V tej ceni Je
zajetih 3est druZinskih &lanov, od katerih ima
vsak svoj identifikator. Konfiguracija PCja pa
je tale: IBMovsko zdruZljivi PC mora imeti vsaj
512k RAMa, grafini adapter, diskovni pogon in
Ze omenjeni modem za 1200 baud. Seveda pa bo
mogo&e uporabljati tudi Applove in Macintoshove
rafunalnike. Ali bo Prodigy uspel tam, kjer so
drugi Ze propadli?

A. P. Zeleznikar

Virusna histerija

Kako se je mogofe izogniti virusni histeriji,
ki jJe zajela tako uporabnike PCjev kot mainfra-
mov? Virusni programi se pojavljajo v razliZnih
izvedbah in tudi na razli®nih koncih sveta, od
ZDA do Sovjetske zveze. Pred to nadleZno in
predvsem 3kodljivo infekcijo se je mogoZe obva-
rovati s posebno zaX¥¥%itno strategijo, s posebno



kontrolo sistemskih in uporabniSkih programov
preden jih spustimo v obratovanje na na¥ih
raCunalnikih.

Jet Propulsion Laboratory (JPL) v Passadeni
(Kalifornija) se je v preteklem letu okuZil s
Btirimi vrstami virusov, ki so napadle tako

trdne diske kot tudi povzro&ile prekinitve

dela. Pri Girusni.gaEEiti priporofa JPL dovolj
pogosto shranjevanje (backup) in testiranje
naloZene programske opreme s programi za detek-
cijo virusov pred njiho¢o uporabo. V tem prime-
ru so0 lahko softwarski virusi manj u&inkoviti v
svoji razdiralni funkciji. )

V decembru 1988 se je v IBMovi korporativni
mreZi pojavil virus, ki se je javljal na zaslo-
nih 2 boZi¥nimi &Sestitkami. Programski virusi
se pri nekaterih uporabnikih razumevajoc podobno
kot terorizem in AIDS. Ker so rafunalniki pove-
zani v mreZe, nastaja obZutek, da lahko slula-
jen kontakt ob nepravem Zasu povzro&i katastro-
fo. Najbolj znani primer, ki je bil podoben
katastrofi, se je primeril v vladni mreZi v
novembru 1988, povzro&il pa ga je Student R.
Morris s Cornellske univerze. Ta virus sicer ni
uni&eval podatkov, se je pa tako hitro razmno-
feval, da so bile mreZe prek celotnega konti-
nenta Z%e v nekaj urah preobremenjene. e bi bil
ta virus konstruiran Se za ru¥enje podatkov, bi
lahko povzroZil ma3%evalno opustoSenje v ralu-
nalni3kih sistemih Zirom po deZeli.

Zanimivo pa je, da Morris ni bil obtoZen za
kriminalno dejanje in obstaja dvom o obstoju
mo2nosti, da bi ga po obstojeZi ameri¥ki zako-
nodaji sploh bilo mogoZe obtoZiti. Del teh
teZav izvira iz dejstva, da vsebujejo tudi
legalni programski paketi "viruse". To so lahko
nenamerni (tudi neidentificirani) virusi, ki se
seveda razlikujejo od zlonamernih. T.i. 13.
virus programa Friday (ki je unifil podatke na
osebnih radunalnikih v Izraelu, Londonu in v
JPL) lahko postane bolj sploZen. Nekateri so
prepriani, da je ta virus le del ledene gore.
Prihaja doba t.i. usmerjenih virusov in ta
virusni pojav je prakti¥no neomejen. Usmerjeni
virusi se oblikujejo s posebnimi nameni in se

' sCasoma tudi spreminjajo. Specialisti za virus-

no za3%ito porofajo o virusih, ki lahko poruZi-
jo korporativno mrefo v doloZenem &asovnen
intervalu in povzroZijo izgubo zaradi padca
produktivnosti korporacije. Pred ameri¥kimi
sodiX¥Zi pa se Ze pojavljajo primeri, s katerimi
se izterjuje odskodnina, ki jo je kdo utrpel
zaradi namernega virusa. To seveda pomeni, da
programska oprema vobZe ne bi smela biti za¥&i-
tena 2 virusnimi programi, ali pa vsaj ne s
takimi, ki lahko po3kodujejo druge programe in
podatke. .

Piratska programska oprema je drugi nepred-
vidljivi izvor virusov, ki ga 'praktino ni
mogoZe kontrolirati. Eden od najbolj razZirje-
nih virusov je nastal v raZ%unalni¥ki trgovini v
Lahore (Pakistan), kjer sta dva brata, Paki-
stanca vgradila virus v piratske kopije Lotusa
1-2-3, Wordstara in v druge popularne aplikaci-
je, z namenom, da kaznujeta tiste, ki kupujejo
piratski software. V tej trgovini so Xkupovali
programsko opremoc turisti in poslovneZi, ki so
obiskali Lahore. Nekateri virusi so lahko tudi
taksni, da se oprimejo konkurenZnega softwara,
ko so bili vneSeni v sistem in s tem okrnijo
ugled proizvajalca ilzvirne programske opreme.
Eden prvih komercialnih paketov z virusom je
bil Freehand podjetja Aldus Corp. za Macinto-
sha. Ta virus sporoZi prek zaslona vsem Macin-
toshovim uporabnikom mir na svetu, potem pa
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. proti virusom.

izgine. Drugi virus napade CD-ROM in unid&i
podatke. Freehandov virus je dobil ime mirovni
virus in je ¥olski primer, kako se lahko virus
hitro raz3irja. Ta virus je konstruiral D.
Davidson v Tucsonu (Arizona) in ga poslal R.
Brandowu, ki ga je spravil na diskete z igrami
v Macintoshovi skupini uporabnikov. Kmalu je
bilo s tem virusom okuZenih na tisoZe disket.

Seveda je vpraSanje, kakini so virusni simp-
tomi. .Biolo¥ki virus povzroZa npr. nahod in
vrofino. Pri raZunalni¥kem virusu se zgodi
nekaj podobnega. Ti simptomi so lahko upoSas-
njeno delovanje raZunalnika, saj veliko Z3tevilo
virusov zniZuje zmogljivost, ko se dovolj raz-
mnoZijo. Drugl opozorilni znaki pa so: dostopa-
nje na disk brez zahteve in nepredvideno zmanj-
3anje razpoloZljivega pomnilnika. Uporabniki
sistemov z DOS naj bi kot prvo za%¥&itno opera-
cijo izvajali program CHKDSK. Ta storitev pove,
koliko prostora na trdnem disku je v uporabi,
koliko je skritih zbirk in koliko je zgubljenih
skupin (clusters). e se kateri od teh podatkov
naenkrat spremeni, je velika verjetnost, da ije
na delu virus. Programi za detekcijo virusov,
ki 80 na trgu, so primerni za opazovanje viru-
sov. Ti paketi zagotavljajo, da bodo z njimi
virusi odkriti in tudi odstranjeni. Seveda pa
to velja le za najbolj znane oziroma raz¥irjene
viruse.

Oglejmo si nekaj komercialnih paketov za
detekcijo in odstranjevanje virusov. MultiPlus
je v ROMu rezidentna storitev podjetja SunPlex
Software (Atlanta), ki je splo3na programska
oprema za opravljanje virusne detekcije. Mace 5
podjetja Mace Utilities vsebuje kodno za3&ito
Paket Murray podjetja Ernst &
Whinney nudi ¥irZSo za3&ito, kot je za¥tita z
geslom in zaklepanje zbirk vklju¥no z virusno
detekcijo. Dobijo se tudi za¥&itni paketi, ki
se prodajajo skupaj z vsakim trdnim diskom
(Arche Technologies). Program naredi virusni
preizkus ob vsaki vkljuZitvi rafunalnika in
odstrani najdene viruse. Immune System pa je Ze
rafunalnik s procesorjem 80286, ki je virusno
varen. Ima specialno za8Ziteno jedro operacij-
skega sistema, ki onemogoZa spremembe v DOS in
BIOS, uporablja geslo in program za zbir&no
omejevanje (American Computer Security Indus-
tries). Podobna naprava za obstojefe ra&unal-
nike je plo3fa Immunetec PC (Zeus Corp.), ki
preizkuSa sistemske zbirke DOSa in nalagalni
sektor trdnega diska na kakrZenkoli virus.
Immunetec PC omogofa sistemsko administracijo z
namenom, da preprefuje nalaganje z disket in da
postavlja gesla in avtorizacijske ravnine. Dru-
gl plo¥¥ni produkt 3je Trispan (Micronyx), Xxi
zagotavlja virusno za¥fito posameznim uporabni-
kom v mreZi. Trispan preizku3a sistemske zbirke
na spremembe zaradi virusa in nudi za¥&ito, kot
je krmiljeni mreZni dostop, gesla,
in revizija uporabnifkih poti.

PriporoCila, ki se v povezavi z virusno pro-
gramsko opremo pojavljajo, so kratko tale:

1. Programsko opremo iz t.i. javne domene
(tudi iz divjega trga) preizkusi s programi za
detekcijo virusov pred uporabo na lastnem si-
stemu.

2. Shrani izvirne aplikacijske diskete tako,
da se ne morejo ckuZiti. '

3. Opravljaj pogosto rezervno shranjevanje
(backup) .

4. Cimbolj omeji izmenjavo disket, ki vsebu-
jejo izvrsljivi kod (npr. zbirke tipa .exe in

5. Postavi pisalno za¥&ito (write-protect

Sifriranje .




tab) na vse diskete.

6. Nikoli ne nalagaj sistem s trdnim diskom
iz diskete, ki ni originalna ali iz diska, Ki
ni pisalno zaZ&iten.

7. Virusna varnost (varnost pred virusi) naj
bo le razSiritev splo¥ne varnosti; ne obravna-
vaj je kot posebno varnost.

8. Poufenost in zavest o virusnem problemu
sta najbolj3a pot, da se s tem problemom
sooCis.

A. P. Zeleznikar

Programska in aparaturna oprema za
virusno za3Cito na IBMovskih PCjih

Certus ($189) je paket za DOS, s katerim se
oblikuje mojstrska zbirka vseh zbirk in ta
kopija se primerja kasneje z zbirkami ne disku.
Program zapisuje spremembe, ki indicirajo
viruse in sporofa rezultate. Iz tega je mogole
sklepati, kdaj in kje se je virus pojavil.
Certus tudi blokira tiste pisalne dostope, ki
naj bi se opravili mimo DOSa. PribliZno 8k
programa je stalno v RAM pomnilniku.
Proizvajalec: Foundation, Ware, 13110 Shaker
8q., Cleveland, OH 44120.

C-4 (340) je paket za DOS in je stalno v
RAMu. Opazuje znamenja prisotnosti virusov in
takoj zamrzne program, ko zazna virus. Pri tem
identificira obmo&je delovanja virusa. Po tej
transakciji je mogofe delo nadaljevati ali pa
ustaviti sistem in ukrepati v smislu odstranit-
ve virusa. Drugi program podjetja InterPath, ki
se imenuja Tracer ($50), zapisuje sistemsko

informacijo, in sicer status zbirk CONFIG.SYS,
kah. Obve3&a o spremembah, takoj ko jih najde.
Proizvajalec: InterPath, 4423 Cheeney S5t.,

Santa Clara, CA 95054.

Disk Watcher ($100) preizku3a na viruse v
okviru DOS na dva na%ina. Najprej naredi pre-
skus na prisotnost virusa pri vsakem vklopu
sistema. Nato preide v poseben pomnilni3ko
rezidenten naZin (zesede pribliZno 50k RAMa) in
kontinuirano opazuje sistem glede na viruse.
Disk Watcher razpolaga tudi s storitvenimi
. funkcijami, ki npr. preprefujejo nepri&akovano
formatiranje in brisanje zbirk. Proizvajalec:
RG Software Systems, Inc., 2300 Computer Ave.,
Suite I-51, Willow Grove, PA 19090.

MultiPlus (899) je rezidentna storitev (do

100k) za IBMovski PC, ki vsebuje program za.

detekcijo in odstranjevanje virusov.
vkljuZuje besedni procesor,
nik, avtomati&®ni izbiralnik,
kalkulator. Virusni del programa identificira
programe, ki dostopajo v .EXE in .COM zbirke
ali na trdni disk. Pri zaznavi virusa se sprozi
sporo&ilo in navodilo za nadljnjo akcijo.

Storitev

zbir&ni upravljal-
razme3&evalnik in

Proizvajalec: SunFlex Software, 1447 Peachtree

St., Suite 503, Atlanta, GA 30309.

Virus-Pro (350) je za%%ita pred virusi v ved
stopnjah, in sicer z zapisovanjem statusa DOS
zbirk (tipa .EXE in drugih) -na originalnih
disketah” in na trdnem disku. Program primerja
stanje originalnih in kasnej%ih zbirk in e
najde razlike, generira sporo&ilo o spremembah.
Proizvajalec:
gy, Inc., Suite 1710,

515 Madison Ave.,
York, NY 10022.

New

International Security Technolo-

N

Immunetec PC ($295) je plo3&a za IBMovski PC
ki preizku¥a DOS sistemske zbirke in nalagalni
sektor trdnega diska na prisotnost virusov. Ker
je kompatibilna z Novell, 3Com in IBM token
ring vezji, omogoZa ta plo3%a sistemskemu
administratorju, da ta za3&iti sistem pred
nalaganjem z diskete. Administrator lahko
postavlja tudi gesla in avtorizirane ravnine
dostopa. 2eus namerava uvesti verzijo ploEZe,
ki bi bila kompatibilna tudi z IBMovim PS/2.
Proizvajalec: Zeus Corp., 538 Palisades Dr.,
Akron, OH 44303.

Trispan ($895) je IBMovska ploZ&a za preiz-
kuZanje sistemskih zbirk, ki se spremenijo
zaradi virusov. Obstajajo tudi drugi varnostni
preizkusi vklju¥no z moZnostjo zaZfite z gesli,
Sifriranjem in oblikovanjem revizijskih sledi
na sistemu ali v mre2i. Proizvajalec: Micronyx,
Inc., 1901 N. Central Expressway, Richardson,
TX 75080. '

A. P. Zeleznikar

Natanc¢nejsa virusna detekcija

KakZna je metoda za natan®nejZe preskuBanje
zbirke command.com? Pri tem se lahko uporabi
storitev za primerjavo DOS zbirk z imenom
fc.exe. Najprej kopirate va%o originalno zbirko
command.com na va¥ trdni disk, in sicer pod
modificiranim imenom, kot je npr. command.tst.
Potem dodate posebno vrstico na koncu vaBe
zbirke (z uporabo EDLIN ali drugega besedega
procesorja, ki generira ASCII zbirke), in sicer

FC/B COMMAND.COM COMMAND.TST

T.i. /B stikalo, ki povzro¥i binarno primerja-
vo, sicer ni nujno, ker ima ena od primerjanih
zbirk 2e sufiks .com, tako da bi se binarna
primerjava tako ali tako izvriila.

Vsakokrat ko pri vklopu naloZite vaZ sisten,
bo ta ukaz primerjal ti dve 2zbirki zlog za
zlogom. Ce sta enaki, se bo pojavilo sporo¥ilo -

FC: No difference encountered’

e pa so razlike, bodo te prikazane. Druga

-za8%itna mera proti virusom je izvajanje komu-

nikacijskih programov iz t.i. RAM diska. Vse,
kar se naloZ?i prek modema, se najprej shrani v
RAM disk in od tu se kopira na disketo. Nikoli
naj ne bi kopirali naloZeno zbirko na trdni
disk, dokler niste prepriZani, da je zbirka
brezhibna. Te, -dokaj enostavne =zaZ%itne mere
niso absolutne, nudijo pa lahko kar obZutno
zasfito pred virusi,

A. P. Zeleznikar


http://command.com
http://command.com
http://C0MMAND.COM
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Petkovi pogovori

Petkovi pogovori so nadaljevanje torkovih pogovorov in so
- strakovni informativni forum Poslovne -enote za razvoj,
raziskave in innovacije Iskre Delte, na katerem tele
pogovor o najnovejiih dosezkih rafunalniStva in
informatike po svetu in v podjetju, in sicer z vidika
tehmologije, uporabe in znanosti. Opravljena sta bila

le dva petkova pogovora.

Prvi pogovor (12. maja 1989) je obsegal naslednje teme:

~ DECova in IBMova strategija mrez standarda OSI
{A. P. Zeleznikar)

95

— VME - modul s procesorjem 80386 (D. Novak, Mikra)
- racunalniske mreZe v Sloveniji, SFR] in Evropi
(A. Dolnicar)
~ komercialne moznosti uporabe nevralnih mreZ in
proizvodnje nevronskih racunalnikov (S. Jeram)
- grafi¢ni standardi (dopolnitev) (D. Pungeréar)

Drugi pogovor (16. junija 1989) je obravnaval tele teme:

- informacijska tehnologija v Spaniji (A. P. Zeleznikar)
— radunalnidko podprto projektiranje tiskanih vezij na
" miniraéunalnikih (S. Jemec)
~ dodatna ofodja za projektiranje tiskanih vezij
(M. Kovadevi¢, Mikra)

Pogovora je moderiral prof. dr. Anton P. Zeleznikar,
udelezili pa so se ju uslutbenci delovnih enot razvoja,

raziskav, prodaje, vodstva in organizacije in zunanji
sodelavci.

Popravek naslova avtorja B. Jereba

V naslovu &lanka "Merjenje paralelnosti algo-

ritmov", Informatica 13 (3) 46-49 je bila ob
avtorju B. Jerebu objavljena DO Institut J.
Stefan. Delo, ki ga obravnava &lanek, je

nastalo pri .usposabljanju raziskovalca B.
Jereba na IJS, do&im je naslov njegove matine
DO Gorenje Raziskave in razvoj. Za nastalo ne-
loginost se uredniStvo opravifuje avtorju in
njegovi DO.

Da tudi v prihodnje ne bi prihajalo do zaga-
te, ki bi se lahko pojavila ob tako dolgem
pojasnilu v samem naslovu, se avtorji naproSa-
jo, da dalj%a pojasnila postavijo v opombo na
prvi strani prispevka.

Urednik

Attention to the Readet‘s
of Informatica

Readers of Informatica are kindly requested to send
information on ‘their papers recently published in foreign
professional (scientific, also philosophical) journals
(periodicals). Such information will be regularly published
within this column.

Some Recently Published
Papers in Foreign
Professional Periodicals

Z. Brezo¢nik and B. Horvat, Automatic Formal Verification of
Digital Systems Using Prolog. ACM/SIGCHI 19 (1988), No. 4,
13~ 14 (ACM Press).
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