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COMPOUND MODULES AS GOALS

UDK 681.3.06 PROLOG:519.682

Osnovna objektna interpretacija

in brisanje modulov,

Jezikov tipa

Nekateri jeziki te druzine (npr.
vzporedno/zaporedno kompozicijo in eksplicitno komunikacijo,
primerni za sgpecifikacijo komunikacijskih protokoclov.
pritujotega dela je lo¢itev poima modula od pojma cilja,

INFORMATICA 3/1988

Monika Kapus-Kolar
IJS, Ljubljana

Prolog je Kreiranje
Delta Prolog) uvajajo

zaradi ¢esar so
Najvaznejsa ideja
tako da lahko vsak

. modul sodeluje v ve¢ ciljih (sestavljenih modulih). Jezik Hornovih stavkov =z
vzporedno/zaporedno kompozicijo atomi¢nih dogodkovnih in nedogodkovnih ciljev
amo dopolnili =z novimi sintakti¢nimi elementi, ki v 1luéi nove izvedbene
semantike omogoc¢ajo bolj jedrnato specifikacijo komunikacijiskih protokolov,
pogebno tistih, pri Kkaterih so potrebne 3tevilne operacije na posamezni

zapleteni podatkovni strukturi.

Jedrnatost dosezemo s temeljito izrabo

moznosti, ki jih nudi struktura sestavljenih modulov, ki je ponavadi precej
preprostejsa kot sintaksa atomiénih modulov.

- The basic object paradigm of Prolog-type languages is creation and deletion of

modules. Some

languages of the family (e.g.
lel/sequential composition and explicit communication,

Delta Proleg) introduce paral-
what makes them sui-

table for gpecification of communication protocols. The main contribution of

the paper is separation of the "module"
that a module may participate in several goals

concept from the concept of "goal", so

(compound modules). Some

syntactic enhancements have been proposed for the language of Horn clauses
with parallel/sequential composition of atomic event and non-event goals,
which in the light of the new operational semantics provide for more concise

specification of protocols,
on a complicated piece of data.

particularly those requiring multiple operations
The core idea of the new language is full

exploitation of the structure of compound modules, which is usually much more

simple than the syntax of atomic modules.

1. Introduction

The basic idea behind languages of the Prolog
family is to find solutions to a problem (goal)
by its reduction into more and more trivial
subproblems (subgoals).

A Prolog program, [4}, 18 a set of universally
quantified first order axioms (Horn clauses) of
the form

A:- By ,Bz,...,Bs

where the A and the B's are atomic formulae,
also called atomic goals. A is called the
clause's head and the B's are called its body.
The computation proceeds by selection of a goal
Ay from the current conjunctive goal
(R, ,A=, ... ,An), which is then reduced with a
selected clause .

A’ :- By ,B=2,...,Bw

where A and A’ must be unifiable via the most
common substitution 6. The reduction step
transforms the current goal into

(As, ..., A1—1,Ba, ..., Bu,Arvs,....AL)0.

In the process of unification, some of the
variables of the initial goal are assigned

values, which constitute .the output of the
computation. The computation terminates suc-
cessfully, when the initial goal is reduced
into an empty goal, but may terminate unsuc-
cessfully, if no further reduction is possible,
or not terminate at all. Several successful
computations of a program may exist, resulting
from various selections of clauses for reduc-
tion.

Graphical representation of a Prolog program is
an AND/OR tree with AND nodes modelling compo-—
gition of goals into a clause body and OR nodes
enumerating the suitable clauses for reduction
of a particular goal. Several goals can Dbe
reduced in parallel (AND-parallelism) and seve-
ral alternative solutions searched for in pa-

rallel (OR-~parallelism). True concurrency is
allowed, if atomicity of reduction steps 1is
preserved.

The inherent AND-parallelism of Prolog programs
makes them suitable for operational specifica-
tion of communication protocols. An AND subtree
of the AND/OR tree models a particular execu-
tion of a system, while the search of the
entire AND/OR tree represents verification of
all ' possible behaviours of the system. Note,
that logic programming is also suitable for
axiomatic specification and verification of
communication protocols, but the paper does not
deal with this aspect.



The language has two major deficiencies: First,
by introducing AND-parallelism, the execution
order is controlled by the goal-subgoal rela-
tion only, 8o it iz difficult to describe
sequential protocols. Second, communication
between goals is implicit and asynchronous via
common variables, while partners in communica-
tion protocols are usually loosely coupled (not
sharing any variables).

To solve the first problem, many Prolog-type
languages (e.g. Delta-Prolog (DP) (6,7}, Con-
current Prolog (CP) (5], M~Proleg ([9]) make
distinction between the parallel (i!) and the
sequential (i) composition of goals. Declarati-
vely, the two composition operators are equjva-
lent to the AND-operator, but serve to specify
the execution order in the spirit of CCS (1],
CSP [2] or LOTOS [3].

In the literature, we meet two types of expli-
cit communication: communication on the level
of variables and communication on the level of
atomic goals. An example of the first type are
the '"read-only'" wvariables in CP, modelling
asynchronous broadcast. An example of the
second type are events in DP., Here, the wil-
lingness of a module to participate in an event
of a particular type is expressed by a goal of
a special kind - an event goal, which is
successfully reduced in cooperation with some
peer event goals of the (other) modules. The DP
concept of events allows wvarious cooperation
schemes, differing in the number of participa-
ting modules, the degree of their synchroniza-
tion and in side-effects of a particular event,
while in CP, a single cooperation scheme is
defined. Aiming towards an event—order specifi-
cation language, the DP concept of events is
adopted in the paper and extended.

2. The Architectural Aspect of the Language

An instantaneous representation of a sgystem,
described by a set of Horn clauses, is a tree -
the architectural trees. Nodes of the tree are
hierarchical parallel/sequential compositions
(trees) of goals, The root represents the top-
level structure of the system, 1.e. its static
architectural components (the initial execution
goal). Each atomic goal represents a declara-
tion of a particular module of the system. When
an atomic goal is reduced with a clause, the
body of the clause is introduced in the tree as
a descendant of the goal. A subtree, attached
to an atomic goal, represents dynamic architec-
ture of the module, declared by the goal. After
a node has been successfully executed (all its
atomic goals reduced to TRUE), it is deleted
from the tree.

As the overall activity of a system is repre-
sented as creation and deletion of modules,
there is no evident distinction between a
module, representing a quasi-static architectu-
ral component of the system, and a module,
representing a procedure. Such semantic
digtinction belongs to a lower level of
abatraction. The only feature that matters is
the capability of the language to specify
loosely coupled modules. Modules are declared
"loosely coupled" simply by keeping their va-
riable-sets disjoint.

Atomic goals, which are event goals, do not
generate subtrees, but are reduced in events.
Looking at an event as a common action of
geveral modules, it is a free module, not
embedded in the architectural tree, with its
submodules residing in various nodes of the
tree. According to the previous paragraph, it
is difficult to say which module does a parti-
cular event goal belong to, but it is no doubt

that it belongs to a certain node. As events
should serve for cooperation between loosely
coupled modules, it is reasonable to declare
that event goals, participating in a particular
event, must not belong to the same node.

The word '"goal" should not be used in the
architectural context ~ it denotes the inten-
tion of the current architecture to change, but
at that point, we are only interested in an
instantaneous picture of a gystem. Therefore,
atomic goals are rather called atomic modules.
They are basic elements of nodes and are
usually combined into compound modules by pa-
rallel/sequential composition operators.

Modules are further classified into explicit
and implicit ones. They can be best identified
by observing a clause body (e.g. Fig.1):

compound module: (A!B:!(CIiD/I(EIF)))
explicit modules:

A, B, C, D, E, F

(E:F)

(CIHiDII(EIF))

(AIBI(CIIDII(EIR)))

implicit modules:

(CiiD), (DII(EIF)), (Cii(EIF))
(AiB), (BI(CIiDIi(EIF)))

Fig.l: Explicit and implicit modules of a
compound module.

Atomic modules and bodies are explicit modules.
Operands of parallel and sequential composition
operators are explicit modules. Any proper
subgset of modules with more than one element,
belonging to a parallel composition of modules,
is an implicit module and itself a parallel
compogition of modules. Any proper subsequence
of modules with more than one element, belon-
ging to a sequential composition of modules, is
an implicit module and itself a sequential
compogition of modules.

The above definition illustrates the module-
grouping and module-ordering role of the two
composition operators. The parallel composition
operator groups modules into sets and the
gequential composition operator groups modules
into sequences. Explicit modules are the actual
and implicit modules the potential groups of
modules.

3. The Operational Aspects of the Language

3.1. Compound Modules as Goals

If a module is declared to be a goal, it
gpecifies a pending action. The goal Dbecomes
"executed", when the action is no longer pen-
ding. A node gains the right to be deleted from
the architectural tree, after all 1its goals
have been executed.

In DP, only atomic modules are goalg, every
atomic module is a goal and the pending action -
of each goal is its reduction into TRUE. The
main. contribution of the paper is the idea,
that the concept of module should be strictly
separated from the concept of goal, so that a
module might participate in =meveral goals
(compound modules). Note the importance of the
word ‘“participate” - a module itself is not




necessary a goal, but every module should be
included into some goal, otherwise it has no
practical role in the system.

Motivation for the new idea has been the fact
that in most casgses events serve just for some
kind of unification of modules, Dbelonging to
various nodes. From this aspect, event goals
are just communicated pieces of data. Assuming
that there is a group (composition) of modules,
there might be several nodes, each ‘interested
in a particular subgroup of the group and
willing to observe the whole subgroup in a
single event. It is8 much more elegant to
enumerate members of the group once and to
declare that each subgroup of the group is an
event goal, than to enumerate all subgroups as
atomic event goals. If a group of modules is a
set (parallel composition), it might serve as a
data-base (see gection 5 for the example in
Fig.6); 1if it is a sequence {sequential compo-
sition), it might serve for specification of a
data-stream with multiple observers, each wai-
ting for a particular subsequence. If the
unifying event goals are parallel

of modules, the unification rule could be less

strict (unification possibly preceded by permu-—

tation of modules) than for event goals, which
are sequences. The fact is, that sequences and
sets already exist in clause bodies, so why not
to use them (section 5). Similarly, if there
has been a non-event goal (a procedure)
ted, why should its declaration part be dupli-
cated just to communicate its exit results to
an observer. :

The central operational concepts of our lan—
guage are reduction goals and event goals. The
two names indicate that the concept of reduc-
tion has been separated from the concept of
event - without this step the realization of
our .ideas would not be possible. The role of
reduction goals is twofold: ' First, if they are
atomic, they enforce execution of procedures in
the ordinary sense (like non—-event goals in
DP). Second, they control execution order by
imposing hierachical execution of goals: No
goal can be executed, if some of its submodules
are pending reduction goals, so that no event
€can occur on exit results of a procedure, until
they are available. Because of the nature of
the two roles, only explicit modules may be
reduction goals, so that a reduction goal must
be entirely contained in another reduction
goal, or not at all.

Event goals support the idea of overlapping
goals, as they may be explicit or implicit
modules and may partially overlap. An event
goal is executed by an event, where the parti-
cipating part of a node is exactly the mecdule,
representing the goal. Event goals impose no
particular execution order — a dangerous dimen-
sion of freedom, which is partially compensated
with the execution-ordering role of reduction
goals and composition operators.

Depending on its reduction type (see section
3.3.), execution of a reduction goal is inde—
pendent from events or a reduction goal is a
submodule of an event goal and executed simul-
tanecusly with the event goal.

In DP, event goals never generate descendants
in the architectural tree, while event goals
with atomic submodules, which are reduction
goals, requiring the ordinary type of reduc-
tion, do. Nevertheless, when such an event goal
gaing permission for execution, all such reduc-
tion goals within it have already been executed
and their descendants deleted from the tree.

compodgitions-

execu— -

3.2. The Execution-ordering and the Selection
Role of Composition Operators

The basic role of composition operators is
their module—grouping and module-ordering role,
but for easy specification of sequential proto-—
cols they must also be assigned the execution-
ordering role. To employ the full power of the
two roles, it must be possible to use them
independently, while in DP they are not separa-
ted. Therefore we define that the parallel and
the sequential composition operator have no a
priori execution-ordering role.

When considering the execution-ordering role of
composition operators,  the distinction between
compound modules, which are sets, and those,
which are sequences, is irrelevant, because the
attribute parallel/sequential, attached to com-
position operators, applies to another role.
Therefore, all compound modules will be treated
as gsequences of modules.

A composition operator separates a sequence of
modules into the left and the right subse-
quence,- A DP sequential composition operator
forces the goals from the left subsequence ‘to
be executed Dbefore the goals from the right
subsequence. But if a goal extends to the left
and to the right subsequence, which subsequence
does it belong to? Another guestion: Should the
composition operator delay actions on the right
subsequence until the reduction goals from the
left subsequence have been executed or until
the event goals have been executed or, perhaps,
just until all goals from the left subsequence
have been created. The answer depends on the
nature of a particular application, but as
default we propose that creation of all goals
of a node is an atomic action and that execu-
tion of a goal is treated as atomic in the
senge that if a goal A must be executed before
a goal B, then (at least virtually) the execu-—
tion of the goal B may not even start Dbefore
the execution of the goal B has been completed.

The execution order is effected by reduction
goals, implying that gome goals must be execu-
ted before some others. Beside that, aome
reduction goals are executed simultaneously
with an event goal, implying an OR composition
of relations, gpecifying simultaneous execu-
tion. In addition, the language should facili-
tate specification of further relations of the
"before’ type. :

Such a specification should be concise, there-—
fore we propose that goals are referred to-
gimply by their position in the node and that
the composition operator, to which a particular
‘'before” relation ig attached, 1is carefully
selected such that the goals of .the relation
are easily specified relatively to the position
of the operator (section 5).

The last requirement suggests distribution of
such relations all over the node. Anyway, the
execution order is determined by considering
all the relations simultaneously (in DP, it is
gufficient to consider relations, implied by
sequential composition operators, in a particu-
lar order). If a s3set of relations 1is in
contradiction (i.e. (a<b) and (b<a)), they are
ignored. With that rule, a programmer is free
to gspecify any relation, and if possible, it
will be respected (e.g. Fig.2). :

In comparison to LOTOS, the language lacks two
important features: a construct for expressing
intelligent selection (guarded commands) and . a
construct for expressing disruption of proces-
ges, I[f guards are not locatéd at the meta
level (as, for example, in Two-level Prolog
{8]), but at the object level, both problems



have a simple common solution - exclumive
composition operators.

body: (a){ULSCRS}
b: {RS.A<CURS.ULS}
¢! {LS.A{URS)
d) #M: (event goal = true;
reduction state = no-reduction)#

execution—-ordering relations:

l.composition operator: '
{(a), (aib), (aibic), (aitbicid)} <
{(b), (c), (d), (bic), (c:id), (bicid)}

2.composition operator:
{{c). (@)} < {(bic). (aibic), (bicid),
(aibicid)}

3.composition operator:
((a), (b), (c)} < {(d), (cid)., (bic:id),
(aibicid)}

ignored relations:

{(b)<>(aibicid),
(c}<>(aibic), (c)<>(aib!
(d}<>(aitbic), (d)<>(aib!

Fig.2: The execution-ordering role of
composition operators.

A compound module may be a non-exclusive or an
exclusive composition of modules. The non-
exclusive forms of the sequential and the
parallel composition operator are ! and |,
while their exclusive forms are / and //.
respectively. Each module of an exclusive com—
position of modules is attached a set of goals
(drawn from the set of all goals of the node)
representing the guard of the module (see
section 5 and Fig.3 for an example).

body: (((a#M: (reduction state = pending:;
reduction type = weak-common)#
'b#M: event goal = true#
)

c
d#M: event goal = true#
{

)
//
(

(11)M]
e#M: (reduction state = pending;
reduction type = weak~-common) #
V£
g
‘h#M: event goal = true#
)
// )
(i#M: (reduction state = pending:;

reduction type = weak—-common)#
'j#M: event goal = true# -
)
) #M: reduction state = no-reduction;
WM: event goal = true#

scenario:

execution of event goal
(((atb)icid)//Ceifigih) //(ii]1))

=> ((a:!b)ic'd) not ready for selection,
(etfigih) and (iii) ready for selection

=> the node transformed into (e!f.:g:.h)
or into (iij)

=> execution of event goal (h)
(or event goal (3)) :

Fig.3: An example of a guarded command.

After the guard of a module has been executed,

the next operation on the module may only be
its selection for further execution or its
deletion from the system. Several modules with
executed guards may exist, Dbut exactly one of
them is selected non-deterministically and the
entire exclusive composition of modules repla-
ced Dby the selected module, which from that
moment behaves like -an ordinary module. Because
guards are regular processes of a system and
one of the modules in exclusive composition
disrupts the others, this is a model of process
disruption, more general than the one of LOTOS.

3.3. Execution of Reduction Goals

In DP, a reduction goal is executed either by
the ordinary type of reduction (reduction of a
goal into more and more trivial subgoals), or
by participation 1in an event as exactly the
whole event goal. 1In our language, a reduction
goal can also be executed in event, where it is
just a submodule of the relevant event goal.
Hence, according to this criterion, there are
three types of reduction.

1. On-the-—spot reduction is the ordinary type
of reducfion and could serve for specifying an
internal process of a node. It may be non-
trivial or trivial. Reduction of an atomic
module is non-trivial, as it potentially crea-
tes descendants in the architectural tree.
Reduction of a compound module iz trivial, as
it is just an observation that all the reduc-
tion goals within the module have been execu-
ted.

2. Strong common reduction takes place, when a
module is a reduction goal and an event goal at
the game time (the DP-type event goal). When
the event goal is executed, the reduction goal
is executed, too. The adjective "common" steams
from the fact that the participants can execute
the reduction as a common action, without any
of them executing the reduction on the spot.
Common reduction could serve for exchange of
values of any origin.

3. Weak common reduction is like strong common
reduction, but the reduction goal may also be
just a submodule of the relevant event goal.

To . facilitate observation of final (exit)
results of modules, we introduce a fourth type
of reduction, which is a weak common reduction
with some additional requirements:

4. 'Observed reduction takes place, when a
reduction goal participates in an event, in
which one of the participating event goals
contains a submodule, unifiable with the reduc-
tion goal. That submodule must be an executed
reduction goal with reduction type ‘'"on-the-
spot" or must have been unified with such a
goal in one of the previocus events. In this
way, the node does not have to execute the
reduction goal on the spot (that might be a
difficult operation, if the event goal is
atomic), but just gathers the necessary results
by obaserving someone, who has already executed
a matching goal on the spot or has learned the
results from another node. Observation of exit
results 1is important from several agpect:
First, it can strongly reduce the execution
effort. Second, it can reduce non-determinism
by forcing various nodes to accept +the same
gsolution to various incarnations of the same
problem. Third, it could serve to implement
monitors of overall system activity. Fourth,
the concept of exit results is another step
towards LOTOS.

On-the-spot reduction may be thought of as
being executed in the node, containing the




reduction goal, observed reduction as executed
in another node and common reduction as execu-—
ted in the space between nodes. Observed and
common reduction are treated as trivial, as
they do not create descendants.

At the time of its creation, each module is
assigned its reduction type and state. The
possible reduction types are the four types,
declared above. The possaible states are
"executed”, "'pending" and "no-reduction"

If a module is a reduction goal, its 1initial
reduction state is "pending” and its initial
reduction type may be any type. If a module is
not a reduction goal, its initial reduction
state is "no-reduction®” and its reduction type
is "weak-common". When a reduction goal is
executed, its reduction state is set to
"executed".

If reduction type of a reduction goal is
"strong~common", the module is an event goal by
definition. If reduction type of a reduction
goal 1is ‘"observed" or '"weak-common' and the
module is not a submodule of any event goal it
is an event goal by definition.

Implicit modules are never able ‘to propagate
exit results of an on-the-spot reduction, while
explicit modules are always able to do that.
When created, reduction goals with the reduc-
tion type - "on-the—spot'" are assigned unique
reduction identifiers. Reduction identifiers of
cther modules are undefined, wuntil they begin
to propagate results of an on-the-spot reduc-
tion. In that case, their reduction type and
state are set to "on-the-spot” and ‘“executed”
and their reduction identifier is set to the
identifier of the reduction they propagate.
Reduction identifiers have been introduced to
distinguish among various incarnations 'of a
procedure and to facilitate specification of
events with a limited number of active roles,
in- which the participating event goals may
enroll (see section 5§ for the example in
Fig.7).

Each atomic reduction goal with reduction type
"on-the—gpot" is attached a predefined or user-
written procedure for unification with clauses'
heads. Similarly, heads are attached procedures
for wunification with reduction goals. Such
procedures may be treated as sets of con~
straints. A necessary condition for reduction
of a reduction. goal with a particular clause
is, that their proposed constraints can be
satisfied simultaneously. The reduction is exe-
cuted exactly according to the constraints,
proposed by the . goal or the head. The default
unification procedure is the most common sub-
stitution. : ‘

3.4. Execution of Event Goals

An event goal can execute, if it meets a group
of suitable event goals. Execution must be fair
in the sense that an event goal, which is ready
to execute, must not wait indefinitely, if
suitable groups keep occurring, and must be
allowed to Jjoin a group, 'which is able to
accept it. If there is more than one sSuitable
group, the event goal selects between them non-~
deterministically. While an event goal is wai-
ting for execution, its variables might be
getting assigned by other goals, 80 its selec~
tivity improves with time.

Each event goal is attached a predefined or
uger-written procedure for its execution. A
necessary an sufficient condition for a group
of event goals to realize an event 1is, that
their proposed constraints can be satisfied

3. relation between the state of the

simultaneously. The event is executed exactly
according to the congtraints, proposed by at
least one_participant.

When a group of event goals is ready to execute
a common event, the pending event is created in
the system as a free module, which may (or may
not) later Dbe executed (deleted from the
system). Each of the participating event goals
(according to its synchronization requirements)
may be executed simultaneously with the event
or before the event, but never after the event.
Event goals remain formal participants of an
event, until the event has been executed, even
if they have already been executed or even
deleted from the system. If not forbidden by
the existing participants, new participants
(sometimes even an unlimited number of them)
may join with time. In that case, a partici-
pant, which has not requested an immediate
execution, can not be executed while new parti-
cipants could potentially change its execution
results (e.g. if they could assign some of its
remaining variables). Regardless the type of
the execution procedure, an event must manda-
tory execute all reduction goals, that are
submodules 'of the participating event goals,
and must not introduce any new tight coupling
of nodes.

We propose to classify requirements, ' posed by
execution procedures, into those considering

1. the number of participants, ' !
synchronization,

2. timing relations (e.g.
delays) .

partici-
pants before and after the event, and

4, potential side-effects.

The proposed defaults are: any non-zero number
of participants, full ‘'synchronization (all
event goals executed simultanecusly with the
event), no special gide—-effects and the third
relation defined by the following unification
Procedure:

The procedure first tries to make the partici-
pating event goals unifiable via aubstitution,
together with a legal distribution of roles. If
it succeeds, the event goals are unified via
substitution and their pending reductions . exe-
cuted. The exclusive. and the non-exclusive
version of composition operators are treated as
equlvalent

To make the event goals unifiable via substitu-
tion, the procedure may apply to them the
following transformations, which are not
vigible after the event:

—~ permutation of modules in barallel composgi-
tion,

— grouping of modules (creation of explicit
modules for the time of the execution of the
event). The new modules are neither reduction
nor event goals and are unable to propagate
results of an on-the-spot reduction.

The first transformation type supports the idea
of using parallel and sequential composition
operators for data ordering and reflects the
fact’ that modules in parallel composition are
not ordered. The second transformation type
facilitates structured observation of unstruc-
tured data.

Usually, an event goal (EG) can be transformed
in several ways to meet the requirements. In
that case, the selection between the transfor-
mations is non-deterministic and the procedure



acts as a generator of permutations of modules
(e.g. Fig.4).

1.EG: (A!iB) — ready to receive data into
A and B
2.EG: (a!ib) - ready to send data—-items a and b

posaible transformations before unification and
the resulting EG:

1.EG 2.EG 1.EG after unification

A
1. (AiiB) (aiib) (aiib)
2. (A :B) (bita) (b!ila)
3. (BiiA) (ailb) (b:ia)
4. (BiiA) (biia) (aiib)
Fig.4: An event, which does not preserve

the order of data.

When the event goals have been made wunifiable
via substitution, sets of corresponding modules
can be identified (e.g. Fig.5). We are interes-
ted only in the explicit modules of the event
goals (the event goals themselves are treated
as explicit modules).

1.EG: (ai(b!

1Ciid))
2.EG: (ai(Xi:

Ci
ciid))

sets of corresponding modules:

-

D), (N }y: ((C),(c)): ((d),(d)}
aClid) )
Y. (ai(Xiiciid)) )

O A~

)

Fig.5: An example of sets of corresponding
modules.

A distribution of roles between the participa-
ting event goals is legal if the distribution
of reduction types, states and identifiers of
the corresponding modules is legal for all sets
of corresponding modules.

We define the procedure for checking the
distribution for a particular set of correspon-
ding modules from the point of one of the
modules of the set. The distribution from the
aapect of each module of the set must comply
with the following rules:

1. If the reduction type of a module is ‘'no-
reduction”, any distribution is legal from the
point of the module.

2. If the reduction type of a module is ‘"on-
the-spot”, the corresponding modules must not
have this property, unless they have the same
reduction identifier.

3. If the reduction state of a module is
"pending”, the required reduction must be tri-
vial.

4, If thé reduction type of a module is
"observed”, there must exist a corresponding
module with the reduction type "on—-the-spot"”.

5. If the reduction type of a module is
“atrong—-common" and its reduction state is
"pending", the module must be a whole partici-
pating event goal.

If the distribution of roles is 1legal, the
event goals are unified by a procedure, which

differs from the default procedure for unifying
atomic goals with clause heads only in the way
of unifying variables, which remain unassigned
in the event: The corresponding variables are
not unified into a single variable, but retain
their identities to prevent tight coupling of
loosely coupled modules.

The modules of the event goals, which have a
corresponding module with the reduction type
"on-the~spot" and are able to propagate results
of an "on-the-spot"” reduction, are assigned
this property.

4, The Problem of Verification

The ease of verification of gpecifications in
the new language depends on the nature of
procedures for execution of goals. For the case
of the proposed default procedures we provide
some basic guidelines, how clauses of the
language could be converted into the familiar
and widely treated form with just atomic event
and non-event goals, the classical parallel and
sequential composition, guarded sequences of
goals and synchronous eventa, which require
just pure unification.

The behaviour of a node can be represented as a
set of possible execution sequencea of "on-the-
spot” reduction goals and event goals. If a
reduction goal is executed simultaneously with
an event goal, it is not represented separa-
tely. As goals are not executed more than once,
the set 1is finite and so are the sequences.
Hence, they can be specified with the classical
composition operators and guards. Each event
goal 1is then replaced by an OR composition of
all its forms, that can be generated by grou-
ping and permutation of submodules. Changing
any term into an atomic goal is just a syntac-
tic operation, but an exotic component of the
language still remains, namely the procedure
for execution of event goals.

The problematic part of the proposed default
execution procedure is the role distribution
checking part. It involves checking and setting
of the three implicit wvariables, associated
with each submodule of the participating event
goals: the reduction type, state and identi-
fier. When changing an event goal into an
atomic goal, its modular structure must be
retained, so that every submodule can expli-
citly Dbe attached the three reduction varia-
bles. As the values of the variables are passed
between goals, every variable must have its
input and its output copy. Analogously, each
atomic non-event goal must be attached a var-
iable for generation of its reduction identi-
fier.

5. A Simple Form of the Language
and Some Examples

An elegant and detailed syntax for the language
is beyond the scope of the paper. To be able to
provide some examples, just a very gimple form
of the language is proposed informally.

A specification is a set of Horn clauses with
the following conventions:

a) All composition operators (i, i, /., [//)
should be used as infix operators. If all types
of composition operators are treated as one, a
clause's body 1is a hierarchical sequence of
modules. For each composition operator it is
obvious, which 1is the sequence, it helpg to
create. Each module of a sequence is explicitly




or implicitly followed by its belonging compo-—
sition operator. The presence of a composition
operator may be implicit, if it belongs to the
last module of a sequence and no comment needs
to Dbe attached to it. If there is a comment,
attached to a module, it may {(from the aspect
of the syntax) also be treated as attached to
the belonging composition operator.

In a comment, attached to a composition opera-
tor, various subsequences of the body can be
defined, relatively to the position of the
operator, with the following syntax:

B: the body.

M: the module, belonging to the composition
operator. :

8: the sequence, created by the composition
operator.

S(n); n:(0),1,2..: S(0) = S. S(n+l) is the
sequence, to which S(n) belongs as the right-
most element of its left subsequence.

L8(n): the left subsequence of the sequence
S(n). The left subsequence of S is the subse-
quence to the left of the composition operator.

R3(n): the right subsequence of the segquence
S(n). The right subsequence of S is the subse-
quence to the right of. the composition opera-
tor.

{nm)X: the subsegquence of a seguence X, star-
ting with the n-th element and ending with the
m—-th element of the sequence X. The constant s
denotes the size of a sequence X. Note: If X is
a sequence with a single element, (11)X denotes
the first element of the element, not the
element, and (mn)X denotes a subsequence of the
element. Sequences with a single element, which
is again a sequence with a single element, are
forbidden.

b) Sets of modules, referred to in comments,
may be constructed by intersection (.), wunion
(+) and difference (\) from the following
simple sets:

X: the set of all modules, belonging entirely
to a sequence X.

WX: the module, which covers exactly the whole
sequence X.

UX: the set of all modules, containing at least
a part of a sequence X.

E: the set of all explicit modules of the body.
I: the set of all implicit modules of the body.
the set of all atomic modules of the body.

the set of all compound modules of the body.

the set of all modules of the body, which
re goals.
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RG: the set of all modules of the body, which
are reduction goals.

EG: the set of ail modules of the body., which
are event goals.

¢) Each explicit module may be followed by a
comment #...#, declaring the non-default pro-
perties of sets of its submodules and itself.
If a property of a particular module is defined
in a comment, attached to an explicit module,
and again in a comment, attached to one of its
explicit submodules, the first declaration is
ignored. All specified sets of modules are

implicitly in intersection with M.

The non-predefined properties of modules are:
to be a reduction goal, to be an event goal,
the reduction type and, if the module is an
event goal, the required number of participants

~of the event, in which it will be executed.

d) Each composition operator may be followed by
a comment (..}, enumerating some execution—
ordering relations in the form S1<52 (the goals
of the set 51 must be executed before the goals
of the set 52). All specified sets of modules
are implicitly in intersection with G.

e) Each mecdule in an exclusive composition may
be followed by a comment [..], specifying its
guard. All specified sets of modules are impli-
citly in intersection with G.

f) The defaults are those, proposed earlier in
the paper, plus: .

— Modules are not event goals.

- Atomic modules are reduction goals with
reduction type “on-the—spot". o

— Compound modules are not reduction goals.

- Execution-ordering relation.of | and / opera-
tors: (A.RG.LS<URS}.

~ Execution-ordering relation of ! and //
operators: {}. :
- Guards: [A.RG.(11)M), if the module is com~

pound, or [RG.M], if the module ig atomic.

system:— sender!ireceiverl, ireceiver2.

sender:— ((waitl!iwait2)#A: (event goal = true;
’ reduction state =
no-reduction;
participants = 2)#
1 {EG.LS<EG.RS}
(a(X) i ib(Y)iic(2)
}#M: event goal = true#

receiverl:- ({c(X)!ia(¥Y)
) #WM: event goal = true:
A: reduction type = observed#
()
waitl#M: (event—-goal = true;
reduction state =
no-reduction;
participants = 2)#
i {LS<RS}
processal (X,Y)
).
processl(X,Y):—..........

receiver2:— ({a(X):ii:b(Y)

)#WM: (reduction type =

strong—common;
reduction state = pending):
A: reduction type = observed#

()

Wwait2#M: (event goal = true;
reduction state =

no-reduction;
participants = 2)#
1 {LS<RS}
process2(X,Y.2Z)

Proceds2(X,Y,Z) t=n.vun.on...

Fig.6: Distribution of subsets.

With these defaults, protocols can be specified
entirely in the c¢lassical style and (with a
slightly modified execution procedure for



events) the language used as a dialect for the
event-ordering part of LOTOS. Next, we provide
some motivation examples for the new features
of the language.

Example in Fig.6: A set of data-items is sent
to a community of modules, so that every module
receives exactly the items of its personal
interest in a single event. The sender produces
data and waits for creation of the receivers.
Whenever all the data-items, interesting for a
particular receiver, are generated, they are
transmitted and, because of the fairness requi-
rements, the receiver actually receives them.

system:— activel)iactivel! !passive.

activel:~ (( a(X)#M: reduction type
vraqy)

1ib(2)

J#WM: event goal = true#
1 {LS<RS}

processl

= observed#

Processl:—..... PN

({ a({X)
v1a(Y)#M: reduction type
1 1b(Z)#M: reduction type
)4WM: event goal = true#
1 {LS<RS}

procegss2

activel:-
= observed#
= ohsgerved#

processzz—.: ........
passive:— (( a(X)

1rady)

Vb (2)

)#WM: event goal = true;

A: reduction type = observed#

i {LS<RS}

process3
).
process3:—..... e

"Fig.7: Distribution of data from several
sources and the concept of roles.

Example in Fig.7: A synchronous event is speci-

fied, involving collection of data-items from
Several sources, merging of data into a com-
pound message and its dissemination to all

mo@ules of the system. activel and active2 will
wait for each other to execute the first event,
put will not wait for the passive observer, if
its event goal is created to late. If the event
was asynchronous, allowing an unlimited number
of participants, the passive observer could
receive the message regardless of the execution
speeds., There are three roles in the event (a,
a and b), the first played by active2 and the
others by activel. .

sender:— (Address#M:
i {LSCURS)

message .
J#WM: event goal = true:

A: reduction state = no-reduction#.

event goal = true#

Fig.8: Receving an address and sending a
message to the address.

The task in example from Fig.8 is

to receive
the addresas,

on which a particular message is

10

to be sent, and to send the message.

6. Conclumions

The basic object paradigm of Prolog-type lan-—
guages 1is creation and deletion of modules.
Some languages of the family (e.g. DP) intro-

duce parallel/sequential composition and expli-
cit communication, what makes them suitable for
gpecification of communication protocols.

The main contribution of the paper is sgepara-
tion of the "module" concept from the concept
of "goal", 8o that a module may participate in
gseveral goals (compound modules). Some syntac-—

tic enhancements have been proposed for the
language of Horn clauses with paral-
lel/sequential composition of atomic event and

non-event goals, which in the light of the new
operational semantics provide for more concise
specification of protocols, particularly those
requiring multiple operations on a complicated
piece of data. The core idea of the new
language is full exploitation of the structure
of compound modules, which is usually much more
simple than the syntax of atomic modules.

Three independent roles of composition
tors have been identified: In the

grouping and module-ordering role they facili-
tate specification of sets, subsets, sequences
and subsequences of modules. In the execution-
ordering role they facilitate specification of
the execution order of pending goals. In the
selection role they facilitate specification of
guarded commands and process disruption.

opera-
module-

The concept of reduction has been separated
from the concept of event by introducing inde-
pendent promotion of modules into reduction

goals or into event goals. Reductiop goals hgve
as well been assigned the execution-ordering

role,

To indicate to which extent the execution of a
reduction goal depends on execution of an event
goal, four reduction types have been introdu-
ced: on-the-spot reduction, strong common
reduction, weak common reduction and observed
reduction. The most original one is the obser-
ved reduction, which could serve for specifying
observation of exit results, for specifying
events with a limited number of roles, for
reduction of the computational effort, for
reduction of non-determinism and for implemen-
tation of monitors of the overall system acti-
vity.

The paper indicates, how the architectural and
the behavioural aspect of a system can be
unified into a single semantic model and effi-
ciently specified by a simple language.
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After a brief presentation of base and some definitions neded,
the aim of the article is to deal with the normalization of
relational database.The implementation of normalization process
will Dbe shown by PROLOG, the fifth generation language. The
ascendancy of this language over the languages of the fourth
generation is that the program is not defined as a sequence of
steps but as a discription of relations between objects. This
enables a loglical conclusion in questions that are put in
various ways. The built-in database of PROLOG will be exploited

as well.

Po kratki predstavitvi relacijske baze in definicij, ki jih
rotrebujemo v nadaljevanju, bomo v &lanku predstavili proces

normalizacije

relacijske baze
normalizaclije bomeo predstavili

podatkov. Izvedbo

s PROLOG-om,

procesa
Jezikom pete

generacije. Prednost tega Jjezika pred jeziki &etrte generacije

Je v tenm,

temved kot opis relacij med

da program ne definiramo kot =zaporedje korakov,
objekti, kar omogoia logiéno

sklepanje ob razlié¢no zastavljenih vprasanjih. Prav tako pa
bomo izkoristili tudi PROLOG-ovo vgrajeno bazo podatkov.

1.9 IRTRODUCTION

One of the most important modules for varlous
computer applications is database. The database
can be a hierarchical database,” a network
database or a relational database. The latter
is more and more often used instead of the
first two databases and is asuccessfully gaining
ground on all fields off application. Its
advantage is above all in its simple and user
friendly transfer from the paper to the
computer. BSuccessful work with the relational
database can be ensured only by a thoughtful
formulation of base. Because of its
extensiveness this formulation should be aided
by a corresponding tool.

2.9 BELATIONAL DATABASE

Relational database is a temporally variable

multitude of relations /ALAGB4 /.
R(Al1,A2,....,An) is the relation over
multitudes D1,D2,...,Dn if the submultitude of
Descartes product is as follows:

Rg {Dl xD2x ... xDn}
D1,D2,....,Dn mean the domains of attributes.
The attributes Al1,A2,...,An denote the

structure of the relation which 1is called
relational schema.

2.1.0 RELATIORAL ALGEBRA

Relational algebra is a simple formal language
which enables data wmanipulation /CODDT3/.
Relational algebra consists of operations over

multitudes (union, intersection and
difference) and special operation
(projection, selection, Join and division). For

our further work, operation of projection is of
main importance.

There is the following relatlion:
R(Al1,A2,...,An). X 1is a submultitude of the
multitude of attributes’ X @ {Al,A2,...,An}, Y
is the complement {Al1,AZ2,...,An}/ X. The
relation R(A1,A2,...,An) can be written as

follows: R(X,Y). The operation of projection of
the relation R according to attributes X is
marked as follows: R[X] and defined:

R(X] = {x ] Iy : (x,¥) e R(X)Y) }
2.2.8 LOGICAL DEPENDENCES
2.2.1 FONCTIORAL DEPENDENCE

There is relation R(AL,A2,...,An) and
submultitudes of the multitude of attributes
X & {A1,A2,...,An} and Y @ {A1,A2,...,An}.

R{XY] denotes the projection of the relation R
according to attributes from X and Y. The




functional dependence X --> Y exists if and
only if it is valid for R[XY] in every moment
;?;? there is a functional dependence R[X] -->
The functional dependence X --> Y is said to be
complete if for every real submultitude X
(X’ @ X) it is valid that X’ -/-> Y. If it 1is
valid that X' =--> Y +then the functional
dependence X --> Y becames a partial functional

dependence.
2.2.2 KKY

R(A1,A2,...,An) forms a relation. X which is a
submultitude of the multitude of attributes 1is

sald to be the key of the relation R 1f and
only- if the following two conditions are
fulfilled:
(1) X determines functionally all
attributes of the relation R,
X -->Ail for i =1,...n.
(i) no real submultitude of the
multitude X possesses +this
characteristic, for X' g X
X' =/-> A is wvalid 1<j<n.
If such X g {A1,A2,...,An} does not exist, that
is valid X --> Ai, for i = 1,...,n, then the
key of the given relation is a complete

multitude of attributes Al,A2,...,An.

2.3.0 NORMAL FORMS

on the. Joins of
in which 1logical
account /DATE88/.

Normal forms are rules
attributes into relations
dependences are taken into
Taking these rules into consideration the
iregularities (anomalisms) of data input,
deleting and updating are avoid.

2.3.1 THE FIRST ROEMAL FORM

The relation R is in the first normal form 1if
and only if the values in the domains are
atomic for every attribute A in the relation R.

2.3.2 THE SECOHD NORMAL FORM

Let X be ‘the multitude of all attributes

R(Al1,A2,...,An), which are not a part of the
key of +the relation R. It is said that the
relation R 1s in the second normal form if and
only if each attribute from X is completely
functionally dependend on each key of +the
relation R(A1,A2,...,An). '

If the relation R(A1,A2,...,An) is not in the
second normal form, then their exists a
decomposition of the relation R(A1,A2,...,An)

into a multitude of relations which are in the
second normal form. The relations obtained in
this way can be united again into a previous
relation by means of the operation of natural

Join. .
There is the relation R(A1,A2,...,An) which
does not exist in the second normal form. The
relation R can be recorded equivalently in the
form R(X,Y,2). In this case X means a multitude
of key attributes and Y means a multitude of

non-key attributes. X --> Y forms a partial
functional dependence. The multitude Z covers
all the remaining attributes of the relation
R(A1,A2,...,An) which exist neither in the
multitude X nor in the multitude Y.

The multitude X can be shown by X = X'X'’. Then
it is wvalid: X' --> Y. It is a complete

functional dependence.

I1f the relation R(X,Y,Z) is supplanted by the
projection  R{XZ] and R[X’Y], then  the
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projection R[X’'Y] is in the second normal form
because X' --> Y forms full functional
dependence. It should be found in which normal
form the projection R[XZ] exists and, if
necessary, this projection should be decomposed
in the same way as R(X,Y,Z). The procedure \is
final because after each decomposition of
relation the relations with 1less number of
attributes are obtained.

The preQious statements can be confirmed by the
following demonstration:

R[X'Y] *x’ R[XZ2] = R[X’Y] *x' R[X'X'’'Z] =

= R{X'YX’’Z] = R(X’X’'’YZ] = R[XYZ] = R(X,Y,Z)
3.8 APPLICATION OF PROLOG IN THE

RORMALIZATIOR PROCES
3.1 NOTATION OF RELATION IN PROLOG

The description of structured of individual
relations is presented by a relational schenma.
To model our relational schema the structured
analaysis tools of DeMarco /DEMA78/ and Gane
and Sarson /GANR789/ (data flowcharts, data
dictionary, data store) were used. The result
of modeling is the relational schemas wich are
used _for data storage by the relational
database managemant system. The relation (the
relational schema filled up with data) exits,
depending on the cholice of method in the first
normal form or unnormalized.

The tables obtained were inrespective of their
normal form, stored, in the form of PROLOG
structure. PROLOG’s built-in database ensures a
basic mechanism for data storage and data
access. The notation of relation, that 1is of
the whole relational base i3 a simple one. The
data obtained from a relation are record in the
form of PROLOG’s . facts, consisting of
predicates and attributes. The name of relation
is written in predicate; the values of
attributes obtained from relational scheme are
written 1n attributes. After the input of all
data into the relational schema we can see that
there is a record on the screen of the terminal
which is5 equivalent to the record on the paper.
This means that copying the relation from the
paper to the screen is 1:1 (one-to-one).

3.2 IMPLEMENTATION OF 'PROJECTION
BY MEANS OF PROLOG

The table into which the required columms were
translated and in which the redundant 1lines
were deleted i3 +the result of operation’
projection. . 4

The presented relations are described by
of PROLOG and 4in this. way the

implementing a projection of suitable
is designed.

means
pProgram
relation

* Program Projection *

projection(List_of_solutions,Solutions):-
find_equal(List_of_solutions,Solutions).

find_equal([],()).

find_equal([H!T],Soclutions): -
member(H,T), . .
find_equal(H,Solutions).

find_equal([H|T],Solutions):~
not_memeber(H,T),

write(T),

nl,

find_equal(T, {H!Solutions]).
member (X, []):-!.
memeber(X,[_!Y]):- memeber(X,Y).



not_memeber(X,[]J):-!.

not_memeber(X,[Y!Z2]):- X \== Y,
not_memeber(X,2).

findall(X,H,_):- asserta(found(mark)),
call(H)},
asserta(found(X)),
fail.
findall(_,_,L):- collect found([1,M),
]
L =M.
collect_found(S,L):- getnext(X),
1

collect_found([X|S],L).
collect_found(L,L).

getnext(X):- retract(found(X)),
]

i.\== mark.
In the working version of the program
Projection the implementation of the operation
is released by the predicate findall and

projection.

?-findall({chosen_atributesx],
name_of_relation*(all_atributes*)},Solutions))
projection(Solutions,M).

In the relation chosen all possible solutions
are loocked for, first. Then in the 1liat of
solutions (List_of_solutions) all redundant
lines are excluded so that equal records
(find_equal) are looked for which are not
placed (not_member) on the 1list of final
solutions (Solutions).

3.3.9 CHECKING THE RELATION IN THE LIGBHT

OF ITS NORMAL FORM
3.3.1 UNNORMALIZED RELATIORS

According to the definition from Chapter 2.3.1,
the relation exists in the first normal form if
and only if the values in domains are atomic.
That is the values in the domain are not 1lists
or 3sets of values or composite values., 1In
practice such records are found very often. If
there is an unnormalized relation over wich we
want to perform certain operations, then the
relation should be translated into the first
normal form.

For the normalization of such an unnormalized
table the following is required:

- to check the existence of redundant lines and
to exclude then,

- to find out whether the values of individual

attributes in the domain are recorded as
multitudes or lists. If such records exist,
they should be translated into a

corresponding form.

The program of record in PROLOG is based on
checking the elements in the structure of 1list
into which the previously written relation has
been translated. When the number of elements in
individual 1lists is found out, the paralel
lying elements are joined into lines which are
then transmited to the screen of the terminal
in their normalized form.

* In the operation chosen_atributes,
name_of_relation and all_atributes ars
substituted with the real names of atributes

and relation.
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* Program Normalization %

normalization(A):-
normalization(A):-

A == tab,!.
nonvar(A),

A \== tabdb,

A=.. X,

write(A),
write(’'.’),

nl,

change(X),
read(Al),
normalization(.Al).
normalization(A):- read(Al),
normalization(Al).

change([H|{Taill):- P = H

split(P,Tail,List_of_goals).

gplit(P,Tail,List_of_goals):-

count_arg(Tail,N),

count_el_arg(Tail,K),

[HiT)=Tail,

Join_rest((HIT]},N,1,8,K,1,List_of_goals),

form_goals(P,G,List_of_goals).

count_arg({},-1). .

count_arg([GiT),N) :- count_arg(T,N1),
N is N1 + 1,

count_el_arg((H,[H1![]3iT],1).
count_el_arg((H, (H1:X1iT]},K}:~
count_el_arg({H,X!T],K1),

K is K1 + 1.

Join_rest(_,_,_,8,K,M,81) :- M2 is K + 1,
M2 = M,
reverse_l1ist(S,0},
81=0,!.

Join_rest(Tail,N,N1,List_of_goals,¥K,M,S1) :~
join_el(Tail,[],N,N1,M,S),

Ml is M + 1,
Join_rest(Tall,N,1,[S|List_of_goals],K,M1,S1).

form_goals{_,_,[]) - }.
form_goals(P,H,[B1!T1])) :-
reverse_list(H1,H2),

X =,.[P,H,H2),

tab(39),

write(P),
write(’(’),write(H),copy(G2),write(’).’),
nl,

form_goals(P,G,R1).

copy([])) - !
copy([GIR]) :- write(’,’),
write(B),
copy(T).
Join_el(L1,L2,N,N1 M,List) :- N2 48 N + 1,
N2 = N1,
List = L2,!

join_el ({H!T],T1,N,N1 ,M,8) :-

append_link(T,N1,M,T2),

N2 is N1 + 1,

Join_el([{H|T],[T2|T1]},N,N2,M,8).

append_link(T,N1,M,X) :- n_link(N1,T,Arg),
n_link(M,Arg,.X).

n_link(1,[B!T],C)
n_link(N,(HIT],C)
n_link(N1,T,C).

reverse_list((},(]).

reverse_list([(H|T},L) :- reverse_list(T,L1),
append (L1, (G].L).

append([]),L,L).

append([H!RT,L,[H!IT11) :- append(T,L,T1).




3.3.2.0 STATING THE SECOND NORMAL FORM

In Chapter 2.3.2 we pointed out that in
inputting, deleting and updating irregularities
can occur if normal forms are not taken into
account. An irregular input can prevent to add

new lines i1f all the values for attributes are
not known. In deleting the lines the
information on certain attributes can be lost
while +the updating of one attribute value
requires a change in all relations where this
attribute appears.
3.3.2.1 BTATING THE LOCAL AND PARCIAL
FUNCTIONAL DEPENDENCE
According to the definition in chapter 2.2.1,
"the existence of functional dependence is
stated by checking the values of attributes
that form the multitudes X and Y, between which-
we would 1like to shate the existence of
functional dependence (X --> Y). It 1s wvalid
that for each value x, x ¢ X there is exactly
one y, y e Y.
To state the functional existence by means of

PROLOG the program Projection is used first +to

design the relation R[XY]. Then in this
relation the condition R{X] --> R[Y], according
to chapter 2.2.1 is fulfilled. By means of a
modified predicate find_equal from the program
Projection equal x’'s are searched. If they
exists then the value of belonging y’'s we can
conclude +to state the existence of functional
dependence.

According to Chapter 2.2.1 the functional

dependence can be a full or a partial one. To
state this characterictic the multitude

atribute X should be decomposed into real
submultitudes (X', X'’, X'’’,.,...). Then the
existence of partial dependence between the
real submultitudes (X', X'’, X’’’,...) and the
multitude of attributes Y should be checked

according to the procedure described.

A rule to decompose the list (multitude X) into
sub-1list or elements (real submultitudes of the

multitude X) should be added to the program in
PROLOG.
3.3.3 NORMALIZATION OF RELATION INTO

THE SECOND NORMAL FORM
The relation which was found out that it was
not in the secon normal form should be

decomposed into several tables that would meet
the condition on second normal form.

According to the definition in Chapter
the relation R(A1,A2,..
two tables

2.3.2,
.»An) is decomposed into
R[XZ] and R[X'Y]) which form the

result of the projection. The relation R[X’Y]
exists 1in the second normal form because the
following condition should be met: X' --> Y
forms full functional dependence.

To normalize +the relation into the second
normal form given programs for projection and

full functional dependence are used.

To check the relation according to its third
normal form similar stepts (required for the
third normal form) should be carried out.

4.¢ CORCLUSION

The described process of normalization
PROLOG 1is performed by IJS PROLOG on the

frame computer VAX 88¢@. The local information
system of research group was chosen as a
model. The data on research group members,
their activities, working results and the tools
used by the member are recorded.

in
main

15%

The fifth .generation language PROLOG
chosen because of 1its simple copying
relation into the structure of PROLOG’s
and definition of rules (records
which implemented certain actions
normalization process.

was
of
facts
of program)
within the

To bring the application nearer to the circle
of potential users (also to those possessing no
knowledge how to program) the application will
be transfered to a Personal Computer by means
of operation system DOS (TURBO PROLOG Borland,

Inc. will be used). In this development phase,

the application offers above all an aid for

good design of relational database which

provides the existence of successfull

information system.
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In this paper we describe a simulation packet that enables the
verification of +the software portion of the controller before
implementating the controller on a real object. This program
is unigque of 1its kind, as far as we know, because it enables
the examination of +the controller’s behavior in planner’s

workplace and so considerably

reduces start expenses. The

simulation packet enables controlled execution of +the user’s
program, clearly arranged writing out of data on the screen or
on the printer and gives a chance for data modification.

SIMULACIJSKI

PRISTOP PRED
MIKRORACUNALNISKEGA KRMILNIKA. '

UPORABO INDUSTRIJSKEGA

V ¢élanku oplsani simulacijski paket omogola verifikacido
programskega dela krmilja pred vgraditvijo krmilnika na objekt.
Po nam znanih podatkih je to edini tovrstni program, ki omogoéa
prreizkus obna&anja krmilja na projektantovem delovnem mestu in

s tem znatno zniZanje zagonskih stroskov objekta.

paket omogoda

in vregleden lzpls vredpnosti na

Simulaci jski
ama .,

B8 _DPrOLr ureien
zaslon ali na +tiskalnik in

moZneoat spreminiania vrednosti podatkov.

1 1Initial considerations about the industrial
microcomputer controller and it's simulation

Requests for a system which upgrades standard
programmable controller functions came from
industry. Initial efforts were made by
Metalna, Maribor. After it's definition phase
the project was supported by the Research
Society of ‘Slovenia (Raziskovalna Skupnost
Slovenije).

Intention and practical use of the
industrial microcomputer controller

The controller 4is 4intended for control in
capital equipment facilities plants, where
heavy environment conditions and the immense
equipment costs. do not allow any compromise. A
number of unique functions were built in the
controller to obtain the required
functionality. Special attention was dedicated
to the wuser’s program - control application
development and verification tools.

The paper decribes a unique part of the
user development and verification software
which allows controlled application
verification at the planner’s workplace. This
function reduces starting expenses when a
capital object is put into work.

With convenient tools, software design methods
and simulation, most of the mistakes, bugs and
imperfections of the controller’s software are
discovered and removed before implementation on
an object.

Thus, the simulation of the controller’s
software can be carried out in different ways.
Module simulation is specially efficient. It
allows that only verified software blocks are
put together into larger structures. Typical
software modules are functions and sobroutines
like structures in high 1level 1language, and
assembler like macros.

Simple use of the simulation packet 1is
assured with it’'s hierarchical tree structured
menu. The user selects from the menu on the
screen the actions to be executed. Each action
is determined with a function key on the
keyboard. The user selects the desired action
by pressing the adequate function Lkey on the
keyboard. Figure 1 shows an example of this
principle.

NETALNA Naribor
INDUSTRIAL CONTROLLER
S I NULAT L ON

F1 2]
BIMULATION END OF BINULATION

Fig. 1: The initial simulation menu.

After selecting the adequate menu’s window of a
selected action, it lights up in yellow colour.
This light is an advertisement for the user to
notice which action he had selected. In the
same way, the simulator advertises the user
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when he returns back over the menues.
is no special, objective reasons, the
action is executed immediately.

If there
selected

for the
form, the
textual,

The user can present his program
controller eitheir 4in a graphic
so-called contact networka, or in
mnemonic form.

The user must call the analyser before applying
the simulation of his program. The analyser is

a kind of compiler. It was designed for this
special purpose: it +translates the user’s
program together with the declaration module
and possibly with some other files for
functions or subroutines into the 'object form’
which 1is ’understood’ and executed by the

simulation, when requested.

The simulation can be executed
analyser does not find and report any error(s)
in the wuser's program file, nor in the
declaration module’'s file. A example of both
files is on Figure 2a and Figure 2b.

only when the

MAIN
SET M1
RESET M2
BP 5
ADD CBizZ, CB32s, Bl
SUB Cw7, .CWs, Wié
MUL CL323, cLs1s, L234
W17 = CW17
DIV Cwi1l, CwW71, W12(W17), W20
BP 9
AND wise, W17, Wig
CPL cBi2, B12
NEG. CB12, B13
BP 10
RLC CL3zs, 65, L235
SLC CB115, 5, B235
TRANS CB115.3, 3, L236.7
TRANS M300, 100, M250
Q@ = Ml
JPQ 33
NOP

33 L237 = L236
M21 = N ( (M1 A M2) O (W16 LT CW87) )
BP 20
NOP .
BP 25

END.

Fig. 2a: The user’slprosram (file TEST.MPR)

.

DECLAR

CONST
CB10 <- 10
CBl12 <- 12

CB115 <- 115
CB119 <- 118
CB123 <- 123

CB3z21 <~ 30 -
CB328 <- 32
CB378 <- 37
CW17 <= 17
CW71 <= 171
CH73 <= 7300
CW178 <~ 78
cwe1 <- 87

CW11l1 <- 111
Cw200 <- 2000
CWaiz <- 312
CW419 <- B841
CWT788 <- 78
CLO <- 0
CLS <- 5

CL46 <- 486
CL48 <- 49
CL64 - <~ 64
CL175 <- 175
CL.200 <= 2000000
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CL215 <~ 215
CL287 <~ 287
CL300 <~ 3000000
CL328  <- 328000
CL818  <- 818000000
ENDCONST
I0SPEC
MOD1 is TY31
MOD2 is TY31
MOD3 is TY31
MOD4 is TY31
BLOCK
cs 11, YES, 70 '
C 11, M6, M7, M8, M61,M62, M63, M64
cs 12, NO, 80
C 12, M6, M7, M8, M9, M0, Mil, Mi2
CcS 13, YES, 90
C 13, M10, M1l, M5, MG, M16, M17, M88
TS ‘12, 10ms, YES, 998
T 12, M2,  M29, M3, -
TS 11, 100ms, NO, 50
T 11, M1, M2, M3, M4
TS 13, ims, NO, 100
T 13, M3, M4, M2, M1
TXS 23, READ, 2, "START"
TX 23, M22, M3
TXS 24, WRITE, 2, "0.K."
TX 24, M21, M3
TXS 25, NUMWRITE, 2,  B333
TX 25, M20, - M3
TXS .26, NUMREAD, 2, L338
TX 26, M26, M3
MS 13, 100ms, NO, 333
M 13, M2,  M20
MS 14, 10ms, YES, 238
M 14, M3,  M27
MS 15, 100ms, NO, 669
M 15, M27, M84
DS 8, 1s, 11, 8,
D 8, M2,  M32, M33
DS 16, 1s, 18, 16, W
D 16, M25, M26, M37
DS 32, 1s, 13, 32,
D 32, M2,  M21, M30
RS 16, FIFO, 22, L
R 16, M2,  M24, M32, M41, M52
RS 17, LIFO, 30, B
R 17, M2,  M25, M35, M43, M53
RS 18, FIFO, 20,
R° 18, M3, M55, M55, M53, M57
ENDBLOCK
ENDIO
END.

Fig. 2b: The declaration module (file D2.DCM)

. NOTE

The user does not need to write the
file type (MPR for wuser’s (or main)
program or DCM for declaration module),
because special purpose editors do
this.  File types are always hidden
- from the users!

Enter sain progran’s nass 1 TEBT____

Fig. 3a: Reading a name of the main program.

After files were
establishes the
simply. - If +the
then it does not

all neccessary
translated, the simulation

presence of error(s) very

analyser finds any error(s),
produce the object file, which is a direct
input to the simulation. 1In case of an error
the simulator writes a message on the screen.

'In this message it tells the user that he can

not execute the simulation because the error(s)



is(are) found and that the user can correct the
error(s) in a corresponding editor.

The program SIMULATION first of all reads the
name of user program's file (or main program’'s
file) and the name of the declaration module.
Figures 3a and 3b show the user’s answers to
both questions.

Enter declaration sodul’s nase ¢ p2__

Fig. 3b: Reading the .name of the
declaration module.

After successful return from the analyser and
before the simulation execution, the simulator
writes a detailed report about constants and

the declaration module

El
i .

The report about CONSTANTS.

function blocks used in
(Figures 4a and 4b).

v
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If the value of a constant
it’'s data type, then the simulator assigns the
largest positive or negative wvalue +to that
constant, depended on its sign!

The data type of a constant is appointed by the

is too 1large for

second letter of the constant's name: B, W or
L for byte (8 bits), word (16 bits) or a
longword (32 bits).

The data +type of an instruction operand
identifies how many bits of storage should be
considered as a unit and what is the
interpretation of that wunit +to be. The

simulator only recognises the integer, BCD and
ASCII data. An integer can be stored in a bit,
byte, word or in longword. Some instructions
interpret +the 1integer data as a signed value,
while others as a bit strings.

FUKCTION BLOCKS

TABLE ﬁ;’ ST:I.E Hgb

18TER k! {BTER
Fig. 4b: The report about FUNCTION BLOCKS.

TABLE Hg

1.1 Representation of a types of data and

function blocks
The user can use the following types of data:

(a}

The user assigns initial values to
constants in the declaration module.
During the execution of the simulation
the simulator has read only access to
it’s value. The user can assign a new
value to a constant in the later
described menues SINGLE CHANGE and
ADJUST EDITOR.

(b)
The controller’'s system data
up by +the operating
simulator simulates this

set
The
by

are
system.
function
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assigning them values. It can read
only system data. The same principle
to modify the system data is in wvalid
as for constants.

(c)

Internal data are general purpose
data. The simulator can use then
similarly as variables in a high level
language: their values can be
modified by the simulator.
(d)
Input data are external physical
inputs into the controller.
(e) OQUIPUT DATA
Qutput data are physical outputs out
from the controller,
We use 'the single assignment rule’ for all
types of data, because of the simulation of

parallel execution mutualy exclusive events.

Overview of the controller’s data types

The user can use almost all combinations of

types of data with data types in simulation.
This survey is shown on Figure 5.
TYPE TYPE's TYPE's DATA DATA
OF DATA DATA TYPE’'s TYPE's A
DATA NAME MARK NAME MARK SAMPLE
CONSTANT DATA:
BYTE Constant C Byte B CB18
WORD Constant C Word W CW555
LONGWORD Constant C Longword L CL234
SYSTEM DATA:
BIT System S Bit * S12
BYTE Systen S Byte B SB373
WORD System S Word W SwW383
LONGWORD System S Longword L SL947
INTERNAL DATA:
BIT Internal * Bit M M991
BYTE Internal * Byte B B3
WORD Internal * Word W w495
LONGWORD 1Internal ¥ Longword L L952
OUTPUT DATA:
BIT Output O Bit * 012.13
BYTE Output 0 Byte B 0B10.4
WORD Output 0O Word W OW4.10
LONGWORD Output O Longword L oL2.2
INPUT DATA:
BIT Input I Bit x 15.13
BYTE Input I Byte B 1B8.10
WORD Input I Word W IW10.0
LONGWORD Input I Longword L IL1.3
NOTE
Asterisk "*" means that at +this place

there is no mark!
Fig. 5: Sur&ey about types of data.
The user has six types of <function blocks

besides the types of data mentioned above.
The function blocks are:

(a) TIMER
The timer enables +temporal control
over events 1in an object. After a
certain time delay something can
happen, the value of which |is

programmable.




{(b)

The monostable enables temporal
control, too. It generates a pulse of
apecific duration, the value of which
is programmable.

The main difference between the
monostable and the timer is the
following: the user can programmably
control the timer through its inputs.
After the user had enabled the
monostable to start running, he can no
longer programmably influence the
monostable. Only one exception 1is
allowed: the wuser can repeatedly
start the monostable from the
beginning!

(c)
The counter permits the upcounting and

downcounting of events. These two
operations can be performed
simultaneousy or not, as required.
(d)

The drum controller enables temporal
or event-driven (through its inputs)
control: values of output bits of
current drum step are assigned to

actual bits. The two mentioned modes
of operation are mutually exclusive.

(e) REGISTER

The register enables storage of data
in two different ways: ’
* -FIFO stack or
¥ LIFO queue.
(£) TIEXT
‘The text enables simple input/output

operations (communication between the
user and the controller).

1.2 Simulation of a user’'s program execution

The simulation receives the user’'s program
merged together with other files in object code
on a file, The file has sequential
organization. It consists of records arranged
in the sequence in which they are written in
the file (the first record written is the first
record in the file, and so on).

Particular instruction needs more records.
Records of the same instruction are always
arranged in this way: a first record contains
an operand which will have a result (one or two
for division), a following record is a second

operand, 1if it indeed exists in syntax of an
instruction. After operands, if the
instruction has any, comes the operator. This
is an instruction which will be executed.

The simulator reads the records in the
described regular sequence, too. Simulation of

execution 1s based on the principle of stack
comaputer. The simulator reads a record from
the object code's file. Records are already in
correct sequence, in so-called reverse
notation. The content of a record is
an_operator or an operand.

Bolish
either

If it is an operand then the simulator
it on the stack.

If it is an operator then the simulator pulls
the corresponding number of operands from the
stack, -executes the operator (instruction) and
assigns a value to a result. :

pushes
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The IMCL (Industrial Microcomputer Controller
Language) is a mnemonic

for our controller. The user can simulate all
of the instructions of the IMCL:
ARITHMETIC OPERATIONS:
(1) ADD - arithmetic addition
(2) SUB - arithmetic substraction
(3) DIV - arithmetic division
The simulator assigns the largest
positive or negative value to the
result, dependebly on the numerator
sign, a =zero %o the remainder and

reports the overflow of the result.

The simulator writes +the ~values of
condition flags (Negative, Zero,
"oVerflow and Carry) on the screen,
then follow the messages about the
mode of execution and about the
current number of cycles -
reiterations of execution of the
user’s program. i
In case of dividing by =zero the

simulator always breaks execution and
writes a message. After +the message
the user can continue with the
execution of his program. He must
press the key RUN - Figure 6!

MUL - arithmetic multiplication

BIT OPERATIONS:
A - logical AND operation over
a bit’'s expressions

(6) © - logical OR operation over
: a bit’s expressions
(7) N - negation of a bit’s
expression
(8) SET ~ bit set
{(9) RESET - reset bit
(10) P - protection and assignement

BIT OPERATIONS BETWEEN TERMS

) (8, 16 or 32 bit string’s length):
(11) OR - logical OR operation
(12) XOR - 1logical XOR operation
(13) AND - 1logical AND operation
(14) NAND - logical NAND operation
(15) NOR - 1logical NOR operation

COMPLEMENTS:
(16) NEG - one’'s complement
{17) CPL - two's complement
TRANSFER OF BIT STRING:
(18) SLC - shift left
(19) SRC - shift right
(20) RLC - rotate left
(21) RRC - rotate right , .
(22) TRANS -~ general purpose transfer of
bits between bit strings
RELATIONAL OPERATORS:
(23) NE - operands are.not equal ?
(24) EQ - are both operands equal ?
(25) LT - first operand is less than
second one .
(26) LTE - first operand is less than
or equals to the second one
(27) GT - first operand is greater
than second one
(28) GTE - first operand is greater than
or equals to the second one
CONVERSIONS:
(28) CBIN - conversion from BCD
to two’s complement
(30) CBCD - conversion from two'’s
complement to BCD
CONTROL OPERATIONS:
(31) JPQ - Jump if Q bit is equal 1
. (32) JPnotQ ~ jump if Q bit is equal 0
(33) JEX

- Jump if X bit is equal 1



(34) JPnotX - jump if X bit is equal O

(35) JP - unconditional Jjump
The simulator writes a message to the
user that the next step will be to
execute a labelled program statement
corresponding to the label of the JUMP
statement. Jump skips the statements
between JUMP instruction and this
statement!
The simulator writes this message only
in step-wise mode of execution!
CALL OPERATIONS:

(36) CALLM - calling a module

(37) CALLQ - conditional calling a module
MISCELLANEOUS OPERATIONS:

(38) BP - break point
When the simulator reaches a break
point that it is not cancelled out in
the wuser's program, it Dbreaks te
execution of simulation. The
simulator writes a message about the
break point irrespective of the mode
of execution: step-wise mode or
continous mode. :

(39) EQUAL - assignement an operand’'s value

to a result
(40) NOP - no operation

In the step-wise mode of execution the
simulator writes only a message that
it reached the NOP instruction and
reassigns all condition flags to zero.

Instructions are orthogonal which means that
the user can use the same instruction with
different data types. For example: once with

a byte, some other time with a longword.

Internal types of data, which are longer

than one bit, we can address also in index mode
and indirect (deferred mode};
for example: ADD (W3), WA(WE), W3.
In such cases the value of indirectly addressed
internal variable tells the simulator on which
internal datum (variable) the instruction will
be actually executed, or in index mode of
addressing, (indexed variable is within round
brackets) a sum of both internal variables’
values gives index (address) of actual internal
datum.

1.3 Representation of a user'’'s

execution

program

You can repeatedly execute the simulation of
yours program as many times as you like. Every
time you can choose one mode from the following
modes of execution:

(a) more cycles,

(b) single cycle,

(c) step-wise mode,

(d) continous mode,

(e) with break point(s) or

(f) without break point(s).

Som& modes of execution are compatible with
others. The user can, for example, execute the
simulation in step-wise mode, with break points

and has more cycles. One c¢ycle is one
iteration of the user’'s program execution.
The key RUN (Figure 6) enables a commencement

or a continuation of user’s program execution.

enables the
step by step, one

The step-wise mode of execution
user’s program execution
instruction after another. For particular
instructions a message 1is written on the
screen. The message contains rudimentary

informations: which instruction is executed,

20

step-wise mode,

operand names and values
conditional flags (Negative,
Carry).

values of
oVerflow and

and
Zero,

The simulation can start with +the following
default modes of execution: a single cycle,
continous mode and with break points! If the
user does not choose the step-wise mode then
the entire user’s program is executed at least
once (depended on the number of cycles -
iterations of execution!) without the simulator

writing out any message, except if there is a
run time error or a break point instruction or
a jump instruction!
STEP IlSi r Ne
Nusber o tlclc: t g
Exscution tiae 1 300 as (of one cycle !}
Top o4 the file !
The progras is READY for exstution !
1f you wish HARD COPY of the screen press (BHIFT) (PrtSe) !
1 f F Fi i F 124 F
RUN § h g
gl | | Rl | | e | o | b

Fig. 6: A fundamental menu of sim lation.

The user selects either the step-wise
the oposite continous mode,
WISE (Figure 6).

mode or
with tne key STEP
The step-wise mode and the
continous mode are mutually exclusive. A new
state 'is oposite to a  previous state. At
commencement of execution the default atate is
the continous mode, so if the user wishes the
he must press the key STEP WISE
(Figure 6).

The key MORE CYCLES permits to inscribe
value of the number of cycles (Figure 7).

the

Nusber of cycles 1 5___|
It aust be positive and less than 32001 !

[f yau wish HARD COPY of the screen gress (SHIFT) (PrtSc) !

F2 SFJ Fi FS AFb F7

I I A

Fig. 7: The user inscribes the value
of the number of cyqles.

fl

Fe
RUN £Xr

The user can cancel out all of the used break
points or Just some of them, or gives them
active status, if he chooses a menu of break
points (the key BREAK POINT)}, which is shown on
Figure 8.

BREAK -
BP20  BP2S

POINTS

8PS BP9 BPIO

. CELOR aeans @
Break-point is NOT CANCELED ! Break-point is CANCELED

F f f Fy F8
CANEEL 531 CAN%[L 9eT 3444
ALL AL 0N e

Fig. 8: A menu of break points.




If break point (BP) is cancelled out, then

execution of ‘simulation is not broken!

the

an instruction, the
if the neccessary operands
have values. If they do not have, the
simulator calls:  the ' user’s attention to this
fact. The user can choose either 1o inscribe
an initial value to a datum or to confirm a
simulation’s proposal to assign a zero value to
that datum.

Before
simulator verifies

executing

The simulation enables all inscriptions of
digits (numerical data) in:

(a) binary number system,

{b) octal number system,

(c¢) decimal number system and

(d) Thexadecimal number system.

The user indicates the desired number system by
inscribing +the first character: B, O or H for
binary, octal or hexadecimal number system.
For decimal number system he does not inscribe
any letter before digits!

During the inscription of an
the simulator ignores the prohibited
characters. For example: letters that do not
have sense for the selected number sysiem, or
letters the values of which are larger than the
basis of the number system decremented by one.
Likewise, the simulator reports an error if the
numerical value exceeds the allowed integer
interval of datum’s data type (a bit, a byte, a
word or a longword). ’

integer number,

During execution (depending on the
selected modes of execution and menues) the
user can make hard-copy of the screen, use
ADJUST MODE that permits an overview and

adjustment of used data and function blocks,
select different modes of execution, cancel out
or not cancel out break point(s) and, if he
wishes, he can terminate the simulation. This
function is enabled by the key EXIT, that
alvways brings us into the previous menu.

The simulation permits the user to
repeatedly execute different user’s programs or
combinations of the same user’s program with
different declaration modules. ’

2 An instance of step-wise
simple user’s program

execution of a

Figure‘ 9 step-wise

shows an example of
execution of a simple wuser’s program, the
source mnemonic form of which was presented on
Figure 2a. We cut off the fundamental menu
(presented on Figure 6) in order to spare
space. Each message 1is written above this
menu. Temporal order of messages is from top
to the bottom of a paper.
STEP WISE " Flaga s % 1 S

Nuaber of cycles

i
. 3
Exrcution tise §

00 as (of one cycle )
Instruction o SET

Result(s}
L] {

21

Nusber of cycles
Execution \Y..

|¥|
; 00 as (of one cycle !)
Inateuction 3 DIV

L1

Operandis] ¢
CHISL ¢ 111
71 -
Result{s) ¢ =
w20¥17) ¢ I (===)
N20 ¢ 40 (resainder)

. ] v
STEP WISE 'Y a8 1§
Nusber of cycles 1 §
Execution tiae 1 500 as {of one cycle )
Instruction ¢ RESET
Result(s) 1
21 0
The execution of the program is breaked at BPY !
STEP WISE ' Yes Pas: ¥4 LV
Nuasber of cycles 1 g :
Execution tise : 300 as (of one cycle 1)
Instruction ¢+ ADD
Operand(s)
CB12 ¢ 12
CB3Z8 ¢ 32
Result(s}
9] H
F N
STEP WISE ! Yos o 3 1§
Wuaber of cycles 3 g
Execution tise 1 300 as (of one cycle V)
instruction : GUB
Operand(s) :
N7 1 19473
g 1 8214
Result(s)
Wié 3 11259
Fi N -y
STEP NISE Yoy we it
Nusber of cycles 1 g
Execution tiae 1 300 as (of one cycle !}
Instruction ¢ ML
Operand(s) :
CL323 ! 9391573
CL8I8 +  81B00000D
Resultis)
L234 1 2147483647
Flags t N 1 ¥
STEP WISE b Yes b 6 0 0 g
Nusber af cycles t g
Execution tlll 1 300 as lof one cycle !}
Instruction ¢ =
Operand(s) 1
txt7
Result(s)
W7 17
Flags ¢ N 1 ¥ %
STEP WiSE 0 0 0




Flags : & 1 ¢ ¢
STEP NISE t Yos 00 0 0
Nusber of :(dn 19
Execution tise t 300 as lof one cycle !}
The execution of the progras is breaked at BP9 ! Instruction : TRANS
erandis} 1
Operandlsl 1 e, gutonn1
No. of bits
Result (s}
R 234 1 00000010 00010101 05000111 0011101
' Flags s ¥ 1 Vv ¢
STEP WISE ! Yos Flape N T 4 ¢ STEP WISE e LR I I
Nusber of cycles : g Nuaber of cycles ¢ g ,
Execution tise 00 as {of one cycle ') Execution tise 1 300 as {of one rycle !)
Instruction 1 AND Instruction : TRANS
H ds)
Dperandsl 1 oot 1O Tpeeandlsl & 1 00000000 00000000 00000000 0000000 ..
3 00000000 80001 Mo, of bits : 100
H . Result (s}
Resultlsd & 10 00000000 odotoet P s 1 00000000 ooeannoo eoanoooo camaooco ..
Flags : & 1 Vv C Flagst ¥ 7 Vv C
STEP NISE ! m 1t 0 0 0 STEP MISE t Yes ¢ 0 0 0
Nusber of :rclu Nuaber of cycles : : g
Execution t 1 500 as {of one cycle !l Execution tiee 00 as {of one cycle )
{astruction 1 CPL Instruction ¢ =
Dperand(s) : Operand(s)
CB12 1 00001100 M
Resultis) Resultin)
e B12 & 11110100 v ' |
Fl N ¥
STEP WISE ¢ Yes LR S T
Nusher of cycles g
Execution tiee 00 as (of one cycle ')
Instruction t NEE The execution of the prograe is breaked at LABEL 33 !
Ogerandis)
CB12 & 00001100
Resultis) :
B13 + 11110011
Flags e N 1 VvV ¢
NISE 1 Yes g o 0 0 O
Hulblr of t cles 1 g
Execution t a1 300 as lof one cycle !)
The sxecution of the program is breaked at BPLO ! Instruction 1 =
Dperand(s}
L2368
Result{s) ¢
L237 ¢ 34948923
Flgs : N 1 VvV Flagst B 1 Vv C
SPISE e R I S SRS i S T T
uaber of cycles c tles ¢
Execution t!u t goo us (of one cycle !) E:uc:t'lgn tine ioo as (of one cycle !)
Instruction ¢ RLC Instruction ¢ &
Operand(s) @ 0 dls)
4 CLI28 1 00000000 40000141 00000001 01000000 perantial 1 0
Rotate no, 1 &5 Al 1
Resultts) o Resultiy)
L2385 ¢ 00000000 00001010 00000010 10000000 A Rt g 0
Flags: N ! V ¢ Flags : P v
STEP WISE 1 ges L T R STEP WISE ' we by g
Nusber of : cles 3 Nuaber of cycles ¢
Execation \ t 300 as (of one cycle V) Execution ty 1 300 as {of one cycle !)
Iastruction : SLC Instruction ¢ L7
Operand(s) ¢ Operand(s) 1
Cal1s : 01110011
Shiftt no. ¢t 3 c‘ég: 125
Resultin)
8233 1 01100000 R“"mi’mﬁ is ¢ 0




Flags : A
STEP NISE 1Y 0
Nusber of cycles : §
Execution tise ¢ §

es

Q0 as {af one cycle !}
Instruction 1+ 0

Operand{s) t

o<
<o

Stack - TQP : ¢
Stack - TOP @ 0
Resultls) |
Result is 4
Flags ¢ N v C
STEP WISE 1 Yes 0 0 0
Rusber of cycles ¢ 3
Exrcution time 1 500 a3 fof one cycle !}
[nstruction t K
Operand(s) ¢
P Stack - T0f @ ]
Resultis) ¢ |
Result is : 1
Fi i N vy C
STEP WISE ' Yes e 1

Husber of tycles ¢t |
Execution tise  : 500 us lof one cycle !)

) Instruction 1 =
Qperang(s) 1
’ ghcl - T0P

Resultis)}
. N2l 1

The execution of the program is breaked at BP20 !

Flags ¢ N
STEP NISE 0
Nuaber of ty:lu
Execution tine

Yes
goo as (of one cycle )
[nstruction 1 NOP

o<
oo

The Executinn of the grograa is breaked at BP25 !

STEP NISE t Yos
Musber of :{cln t
Execution tise 1 500 as {of one cycle 1)

Start of execution of THE FUNCTION BLOCKS.

STEP WISE 1 Y
Nuaber of cycles 1 )
Execution Jn 1§

[
00 as (of one cycle ¢}
End of cycle :§

STEP WISE t Yes
Nusber of cycles 5 0
Execution tise : 500 as (of one cycle })
End of the File !

Execution of the progras is finished !

Fig. 9: A step-wise mode of execution
of a simple user’s program.

3 AdJjustment and writing out values

In the fundamental simulation menu (Figure §6),
the user must select ADJUST MODE (Figure 10).
The simulator permits two modes of adjusting
and writing out data.

I¥ you wish HARD COPY of the scresn press (SHIFT) (PriSc) !

Fi F2 F3 Fi F3 F F8
W | | e | | | |

Fig. 10: A menu of ADJUST MODE.

The first mode is directed to a particular
datum or function block and so we call it
SINGLE CHANGE (Figure 11). The second mode 1is
directed to all values of the samé type of data
~ ADJUST EDITOR (Figure 12).

¢ you wish HARD COPY of the screen press <SHIFT) (PrtSc) !

F* F? Fg Fé Fg F?
CONSTANT VR} AEH lngE& INPUT ouTPLT EXlT
RONCSTABLE RSGIS?EE gOUIT R TIER DRUM Text

Fig. 11: A menu of SINGLE CHANGE.

% ] Radix 8 Constant ¥ord
, 0 ! 2 g ' S 7
R L
3 - - : - p : N N
4 N - - z - N : -
1 - 000107 Too0le200 - N - -
g - - - . - i ooo000127
10 N . - : R : : :
H - 000137 : - - : : :
Yol can use’keys on the Nuseric Keypad?  Help? press ALY K ~
F1 25 -F3 Fé F3 Fb £1 F?
F} PUPE Phg? P?% LINE %ﬁ' CHAN% EXIT
BOTTON | DOWN k%BHT BoTTON D& xglhl LINE ?

Fig. 12: A menu of ADJUST EDITOR.

The way of selection 1is identical for both
modes, because it runs through similar menues.
The user selection starts on menu of types of
data (Figure 13a). There are constants,
internal data, system data, input and ouput

data. The user chooses between a bit, a byte,
a word and a longword in the next menu of data
types (Figure 13b). The user can choose all

data types for any selected type of data except
a bit for constants, because the simulator does

not have a constant bit!



14 you wish KARD COPY of Lhe screen press ¢SHIFT) (PrtSc) !

SYF¥EH

aifer | b

CDN;’!ANT II;GT OU;gUT £§71

Fig. 13a: Menu of types of data.
If you wish HRRD COPY of the screen press (SHIFTY (PriSc) !

f1 f2 £l fi 1)
BITS BYTES WORDS. LONGWORDS EXIT
Fig. 13b: Menu of data types.

3.1 Adjustment and writing out values of
function blocks’ data

The menu SINGLE CHANGE (Figure 11) enables
adjustment and writing out values of function
blocks’ data.

After selecting the type of a function block,
the wuser inscribes 1its successive number and
then, if it actually exists, the simulator
draws its picture on the screen. The simulator
then writes important information about it:
type of function block, its successive number,
names and values of its input and ocutput bits
and current values of its typical variables,
In a menu, under each drawing, the wuser can
read which variables he can adjust and what
actions he can use (Figures 1l4a, 14b, l4c, 1l4d,
l4e and 14f).

]

—

3
S M) =0

—

v 0,100 4 LR 2o =0
PﬂﬁT VALUE
1

d
wilF

0,

33

Ll
CURRENT VALUE : 0

It you wish HARD COPY of the screen press (SHIFT) (PriSc) !

13 F2 F3 FB
TIAE BASE CURRENT VALUE PRESET VALUE (330)

Fig. 1l4a: A menu of MONOSTABLE.
R 16

=0 ter type is FIFD ~ Queut, - F sy =90

) =0 hﬁg* Aw q - E (N52) =1
) =0 AT
L
F
]

Al

[t you wish HARD COPY of the screen press (SHIFT> (Prtfc) !

F2 F
R 1 v I

Fig. 14b: A menu of REGISTER.

c 12
R(M) =0 PRESET VALUE : B0 - E (10} =0
P (AN =0 : ~D (RIL} =0
My =0 CURRENT VALUE ¢ O - F (N12) =0
D =0

14 you wish HARD COPY of the screen prass (SHIFT) (PriSc) !

Fi F2 F8
CURRENT VALUE PRESET VALUE EXIv

Fig. l1l4c: A menu of COUNTER.

T —
E (M =0 -J 18 t 0,100 % -0 (R} = 8
C (M2 =0 PRESET VALUE : 30 IR (M) =
?OD‘F t N0
CURRENT VALUE ¢ 0

If you wish HARD COPY of the screen press (SHIFI) (PrtSc) !

Fl F2 £l FB
TINE BASE CURREXT YALUE PRESET VALLE EXIT

Fig. 14d: A menu of TIMER.

b2 —
H 000 F (H30) =0

Egh ; T VALUE
mmgn:

0000000 00100000

¥ you wish HARD COPY of the screen praas (SHIFT) (PriSc) !

3] E% F3 FA F F8
TIRE CURRENT PRESET IJH?ER CUREPU
BASE VALUE VALLUE OF STEPS H EXIT
Fig. l4e: A menu of DRUM.
TEXT 2
5 (M21) =0 INPUT/QUTPUT ¢ MRITE STRING - D (83 a9

Your aessage s 0.K, .

14 you wish HARD COPY of the screen press (SHIFT) (PrtSc) !

Fl 2 g
INTERNAL VARIABLE MESSAE EXT
INIT 1 144

Fig. 14f: A menu of TEXT.

3.2 Adjustment and writing out values of data

‘As mentioned above, the user can adjust and

write out values of data in two places in our
simulation.

3.3 SINGLE CHANGE

After selecting type of data and its data type,
the user inscribes 1its successive number in
menu SINGLE CHANGE. If +the entered name is
correct in the context of Figure 5 and has a
value, then the simulator writes out its wvalue
in binary, octal, decimal and hexadecimal
number system. Now, the user can adjust the
value or return to the menu of data types. An
instance of choosing and adjusting of a datum
CW200 in menu SINGLE CHANGE is shown on fugures
15a and 15b.

Constant Word NUMBER : 200__
1t aust Be greater than <) and less than 1000 !

F1 F2 F3 8
BYTES KORDS LONGNORDS 348

Fig. 15a: Choosing a datum.




C¥200 -~ Constant Morg

OLD  VALUE NEN  VALUE ¢

inary @ 0000 0111 1101 0000 ginary ¢ 1111 1000 0011 0000
ctal” 3 003720 ctal ¢ 774060
eciszl ¢ 2000 Decisal : -2000
Hex 1 0700 Hex : FB30

Is new nusber’s value :orrect ?

Answer with Yor

Ft F2 F3 3]

BYTES ¥0RDS LONEWORDS EXIT

Fig.

15b: Adjusting the same datum.

3.3.1 ADJUST EDITOR

ADJUST EDITOR is a screen editor that enables
overlooking of all values of a selected type of
.data. We can not usually write all the values
on a screen at the same time. We can see those
values which are not momentary on the screen by
moving the window through a table of values (we
called it a file sometimes). Function keys of
the menu of ADJUST EDITOR enable this moving
(Figure 16).

left on line

< e T

Egn e ;o right on line
c e e e e .. Pagey

(ngg). A ngu dgnn

CUp Arrowde o v v v v 0w o0 v o Line up

CDawn Arromd. o . o v 0 v o o o Line down

LLaft Arrowd, o o .. o0 . o Bit e

(k‘ft Rerow) it left

4 1aht frrow) . ... . it right

(CIRLY (Home> . . . . . . .. . J0 tng of page

(E}RL) (Snd). e e o0 o Jo botton a ga?e

CCTRLY CPollgd o v v v« v v v v To do of tife

(C{RL) (Pg?n) v e v u e s Tobottos of file

CCIRLY <Left Acrowd . . o ., . Nord left

(CTRLY (Right Arrow> or (Tabd . Nord right

You can use kays on the Nuaeric Keypad!  Help: press <Alt> H

F1 3 F Fé £ £b £ F?
Fi PAGE PA%E P4 LIXE k N CHANGI e
BIN | VALU

1 1 1 P
BOTION | 00WN ﬁsm BoTToN ‘bgun PR&N LINE ?
Fig. 16: The possibilities of ADJUST EDITOR.
We can move
* to top of a file and
¥ to bottom of a file.

We can move window

* up,
* down,
* left and
* right.
Within a window we can move
* to top of a page and

* to bottom of a page.

We can move a line
* up and
* down

and inside of the line

to left on line (beginning of line),
, % to right on line (end of line)
and from one datum to another
¥ a datum left and
*. a datum right.
We can move out of a current window only

by moving a window, because by moving within a
window we can not come out of it.

Such moving is often time-consuming and

as we
wished to increase the efficincy of the ADJUST
EDITOR, we added the above described

possibilities still another one: the movement

25

to a datum required by the user

(the key LINE ? on Figure 16).

Besides these, function'keys. we can also use
the keypad’s keys for the same purpose.

The key CHANGE VALUE permits
values and +the key PRINT enables writing ocut
all values of +the selected type of data,
clearly arranged on the printer.

adjustment of

4 Conclusion

The presented simulation packet is written in
the programming language Turbo Pascal. The
user can execute it on all personal computers
IBM XT/AT type, or compatible, equiped with an
operating system MSDOS.

The simulation packet is a composition of
twelve independent programs, which are
connected with standard procedure Execute. The
number of source program lines exceeds 50000,
the object code is more than 360k bytes of
lenght.

The SIMULATOR is an integral part of the user’s
development tools. Consequently, the entire
project offers the special purpose environments
to the users.
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The first part of this article deals with an intuitive background and
with a coarse symbolic introduction of the subject called informational
logic (or logic of information)}, In this context it examines the notion
and possibilities of formalization of informational inference
(reasoning) as a foreground of the arising logical discourse. First, as
a representative of the class of all possible informational operators,
the notion of the operator of informational arising (or of Informing)
is determined, covering several informational necessities and
possibilities of an infix, prefix, and postfix operator, of parallelnes
and serialness of informational processes, and of its arbitrary
semantic particularization and universalization. In this respect, the
informational operator of arising k can be abstracted (particularized
and universalized) according to the needs and goals of its application.
Two types of operators of general Informing (k and =) and general non-
Informing ( and #4) are introduced, to enable also a description of
some (reduced) parallel informational cases in a general (linearized)
form. Further, the notion of the sgo-called informational cycle as an
autonomous informational unit is introduced, so that operators of
cyclical Informing {(} and -) and non-cyclical Informing (¥ and +#) are
meaningful. Some cyclical informational schemes or scenarios are
discussed within informational systems 81 to 89. Within the philosophy
of the informational cycle some modal properties of informational
operators are pointed out concerning counter-Informing and embedding of
counter-information (systems S8 and S89). The next, currently concealed
and unsufficiently revealed informational phencomenon is parallelism. In
a symmetrical way to general and cyclical operators of Informing, for
future axiomatical expressing of parallel informational processes the
introduction of adequate parallel informational operators becomes
necessary. In this sense, two sets of parallel operators are proposed,
namely the cyclical parallel (§, 4, ¥, A) and the general parallel ones
(F, 4, K, A). It is evident that these parallel operators need
additional ones which will enable the expressing of communication and
interaction among parallel informational processks. The principle of
operational particularization and universalization represents the last
point of this part of the essay. In the process of formation and
transformation of informational formulae, informational operators can
be particularized and universalized (semantically determined) due to
the needs and goals of an arbitrary informational application. Agsain,
all of the 16 proposed informational operators proposed are listed and
described. At the end, two examples of a scenario of questioning (a
discourse concerning information, appearance of a question, processaes

- 0of questioning and answering, and an answer) are presented in the
notation using informational operators.

Informacijska logika I. Prvi del tega ¢lanka se ukvarja z intuitivninm
ozadjem in 2z okvirnim simbolic¢nim uvajanjem predmeta, ki se imenuje
informacijska logika (ali logika informacije). V tej povezavi se
raziskujejo pojem in moznosti formalizacije informacijskega sklepanja
kot predpogoji za nastajajo¢i logie¢ni diskurz. Najprej se opredeljuje
pojem operatorja informacijskega nastajanja (ali informiranja) kot
predstavnika razreda vseh moZnih informacijskih operatorjev, ki hkrati
zados¢a razliénim informacijskim potrebam in moznosti infiksenega,
postfiksnega in prefiksnega operatorja, paralelnosti in serailnosti
informacijskih procesov in ‘poljubne semanti®éne partikularizacije in
univerzalizacije. Tako Jje mogoce informacijski operator nastajanja kE
abstrahirati (partikularizirati in univerzalizirati) skladno s
potrebami in c¢ilji njegova uporabe. Uvajata se dve vrqti operatorjev za
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aplogno informiranje (E in o) in za aplosno neinformiranje (f in #4),
tako da je omogoceno tudi opisovanje nekaterih (reduciranih) paralelnih
informacijskih primerov v splosni (linearigirani) obliki. Nadalje se
uvaja pojem t.i. informacijskega cikla kot avtonomne informacijske
enote in operatorji cikli¢nega informiranja {(} in <) in neciklicnega
informiranja (¥ in #) postanejo tako smiselni. Obravnavajo se nekatere
cikliéne informacijske sheme ali scenariji, in sicer v okviru
informacijskih sistemov S1 do 89. V okviru filozofije informacijskega
cikla so prikazane nekatere modalne lastnosti -informacijskih
operatorjev, ki opisujejo protiinformiranje in vmeflanje
protiinformacije (sistema S8 in S9). Naslednji, trenutno 8e prikriti in
nezadostno pokazani informacijski pojav je paralelizem. Simetri¢no k
splodnim in cikliénim operatorjem informiranja so uvedeni ustrezni
(eksplicitni) paralelni operatorji, ki naj bi omogoc¢ali aksiomatsko
izrazavo paralelnih informacijskih procesov. V tem smislu sata
predloteni dve mno2ici paralelnih operatorjev, in sicer cikliaéno
paralelni (J, 4, ¥, 4) in splo&no paralelni (}, 4, ¥, 4). O&itno bo tem
paralelnim operatorjem potrebno dodati 8e operatorje za izrazavo
komunikacije in interakcije med paralelnimi informacijskimi procesi.
Princip operatorske partikularizacije in univerzalizacije je opisan v
zadnjem poglavju tega dela eseja. V procesu formiranja 1in
transformiranja informacijskih formul je mogo¢e informacijske
operatorje partikularizirati in univerzalizirati skladno s potrebami in
cilji neke poljubne informacijske aplikacije. Tako s8oc ponovno nasteti
in pojasnjeni vsi predloZ2eni informacijski operatorji. Na koncu eseja
sta prikazana dva primera scenarijev vpragsevanja (diskurza, ki
obravnava informacijo, pojavitev vpras8anja, proces vprasevanja in
odgovarjanja in odgovor), 1in s8icer v notaciji predlozenih
informacijskih operatorjev.

called ‘informational logic [6) as a special and
extended logical system. Maybe, the strict

PART O NE

AN INTUITIVE-SYMBOLIC mathematical doctrine and algorithmically based
BACKGROUND OF computer science will depreciate these trials,
INFORMATIONAL LOGIC concluding that they belong to the domain of

science-fiction. They will traditionally assume
that it is not possible to change the
principles which have been arising for
thousands of years and have been approved as a
} doctrine and as a practice. Had there really
Some brain-damaged human beings, like been so, when the purposes and philosophies of
computers, deal with familiar domains 1in new development, constructive possibilities,

0. Introduction

that completely logical manner. Patients
suffering from a neurological disorder
called "agnosia" exhibit a total dependence

upon analysis and rational explanation. For .

them everything must be decomposed into
features and relationships before it can be
understood. For example, a victim of agnosia
presented with a triangular object will
first report that it has three angular
corners connected by straight sides and only
then will conclude that it is a triangle,
Restricted to understanding of only this
kind, the patient is unable to function
adequately Iin the everyday world.

Hubert L. Dreyfus and
Stuart E. Dreyfus [1] 64

0/0

This part of the essay represents an intuitive
and roughly symbolic introduction into the
possibilities of informational objects and
operations which will constitute a kind of
logic. There are appeared and will

appear several objections stigmatizing the so-
called informational principles [4] and
particularly trials to develop a discipline

and human mind have been changed dramatically
too?

Modal logic has already taken its triumphant
course in the field of artificial intelligence.
As a tool of research, it is able to capture
the domain of various “"non-scientific" objects
to which beliefs, awarenesses, and reasonings
of human mind may belong. Of course, modal
logic as a system of necessity and possibility
does not concern only the "must be" and the
"may be", but also various other (imaginable,.
psychological) modal operations (viz.
"believe"”, "know", "reason", "understand”,
etc.). As the research in this essay will show,
informational operators will posseas (merely a
kind of) modal and a regular operational nature
and, in this sense, wWill remain in the
investigational realm of commonsense reasoning.

0/1

Briefly, informational logic could be
understood as the logic of informational
existence, potentiality, and phenomenology, all
of which root in spontaneous informational
arising. It is the logic concerning not only.
information processing in living organisms, but



also the coming of information into existence
and using this information for processing of
life and survival. Such a logic, as presented
on lingual (extroverted) level, needs a
metalinguistic power of different languages
hidden in their composite verbal or even
sentential expreasiveness. In this way, this
essay will be a study of formal informational
logic, raising a substantial number of
questions relating not merely to the philosophy
of information, but also to other philosophical
realms.

Informational logic is8 a new term and
represents the marker for a particular logical
syatem that arises from the concepts of
information, as they were determined by the
author (2, 3, 4, 5, 6). Informational logic
useB its own language with characteristic
syntax and semantics. This language is trying
to capture the most general, but also the most
characteristic notions of the philosophical and
mathematical logic, as well as some particular
notions of the informational arising as it is
understood from the philosophy of information.

When possesging its own language, informational
logic constitutes a formal system with its own
logical calculus (or axiomatic basis in the
generative sense). For the purpose of the
expressivenesgs of informational logic and
informational calculus, a set of standard and
non-standard signs will be introduced. However,
some of the standard signs will obtain
additional, generally more flexible meanings,
although they will retain their particular
onesg.

1. The Notion and Formalization of
Informational Inference

... we do not yet {(and may never) know
whether there is any proof that is elegant,
concise, and completely verifiable by a
(human) mathematical mind.

Kenneth Appel and
Wolfgang Haken [7] 162

1/0

At the construction of a logical sBystem,
symbols and rules for combining symbols into
formulae and for manipulating these formulae
have to be set up. Further, meaning has to be
given to these symbols and formulae. An
axiomatic basis of a logical system consists of
primitive symbols, formation rules, axioms, and
transformation rules. The well-formed formulae
(wff) obtained by application of transformation
rules are called theorems. A thesis of a given
system is either an axiom or a theorem. Thus,
an informationally interpreted logical system
can be obtained. Within such a system,
questions of adequate information concerning
informational arising and other informational
possibilitiea, for instance of truth and
falsity, can be raised.
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Truth and falsity belong to the main polar

categories in philosophy and particularly in
logic. In a8 two-value formal logic,
propositiona of the logical calculus are
estimated for truth and falsity. In a
multivalue formal logic there exist
intermediate values of propositiona, ranging

from the absolute truth to the absolute
falsity. However, it has to remain in the
foreground of our discourse that truth and
falsity are only very particular and also
substantiaelly and abstractly narrowed forms of
information, even in those cases where they are
semantically dispersed between their absolutes.
In many theoretical and practical cases truth
and falsity can simply be shifted outside of
the field of relevance.

Informational truth can be a generative set of
informational cases representing various
informational forms and processes concerning
truth. Similarly, informational falsity can be
an adequate generative set of informational
cases which are estimated to support falsity.
These two generative sBets can in no case be
disjoint. As they appear within 1living
information, truth and falaity can depend
egsentially on beliefs, awarenesses,
reasonings, etc. of living informational
agents., In general, truth and falsity are
coming into existence as information, which
arises from case to case and is informationally
observed, estimated, investigated, and
understood as truth and falsity according to
various wvalid, c¢ounterfeit, and .contrariwise
forms and processes of information.

1/2

As pointed out, informational inference will
deal with a sort of adequacy in cases of
concluding, reasoning, and oriented thinking.
Informational inference will embrace processes
of Informing in the broadest sense. Although
Informing by itself will be understood as
informational arising, the informational
arising by itself will be understood as the
most basic informational regularity. And what
is the observed regularity other than a kind of
logic? The process of Informing will be
formalized by steps of informational inference
and, within these ateps, information will
regularly arise from one informational atep to
another.

In this respect, in a process of Informing the
ao-called derivative steps of truth and falsity
will appear as Bpecial caseas of inference.
Informational logic will deal with much more
general informational cases as truth and
falsity could be by themselves. This logic will
be derived from the principles of information
[4), considering informational circularity
(recurrence), s8spontaneity, arising, counter-
Informing, embedding, etc. Since all these
cases are merely particularities of
informational arising, the arising itself will
be denoted by the unique and specific symbol f.
Or more precisely, several families of specific
symbols, denoting informational arising in a




general sense, in the framework of the so-
called informational cycle, and in the domain
of the informational parallelness will be used.
It will be shown how informational operators
with a general meaning can be specialized (or
even additionally universalized), so that they
adopt a particular function. In this manner,
the known and common logical, functional, set-
theoretical, and other operators can be

replaced by the particularized informational
operators. In the sections following, several
different cases of the arising symbols

(operators) or symbols of arising will be
revealed.

2. The Operétor of Informational Arising
2/0

The goal of the following sections is to
introduce the most general notion of
informational arising. As we have learned in
[6], the informational arising can be
understood as a parallel-serial sequence of
informational cycles. Information is arising
spontaneously in a cyclical manner. It means
that it is arising parallel-serially,
cyclically, and spontaneously within a cycle
itself, so that each informational cycle has

its characteristic informational subcycles or -

cyclical parallel-serial steps (subarisings).

Instead of informational arising often the term
Informing will be used. Arising is nothing else
but the Informing of information. The term
Informing can be used also for denoting the so-
called informational steps (derivations)
occurring within a cycle (processes of sub-
Informing). The production of counter-
information can be denoted as the counter-
Informing and the process of the embedding of
counter~-information into the original or source
information as the informational embedding
simply embedding). However, Informing can be
used also for denoting the entire arising-
embedding cycle or also a parallel-serial
sequence of several informational cycles. In
this manner, Informing is the most general term
to denote the processes of informational acting
(arising; embedding, Informing, counter-
Informing, etc.).

It would be reasonable to introduce a universal
operator of Informing (functor, quantifier,
relator, deriver, deducer, circulator,
generator, creator, etc.) or even several
different families of operators of Informing.
As mentioned in [3), Informing has its
semantical origin in the verb 'inform’.
verb incorporates the meanings of all possgible
verbs, sentences, and their linguistic
combinationa and can be used for ‘the
substitution of any operating information. The
verb ’inform’ represente the generative set of
all possible semantical values, also potential
ones, which can appear within a natural
language or even in a language of thought or of
mind. Moreover, in the same way as information
denotes any information, the most simple and
also the ‘most complex one, the verb inform can
represent any operational (relational,
functional) . information, i.e., also any

(or -

This’
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. concerning
information},

combination of notions and their
undeérstandings. 1t means that semantically
Informing as informational process is actively
and passively operative in any possible, yet
impossible, or arbitrary (spontaneous) way. In
this sense under operational information each
instructive, imperative, transformative,
arising-transformational, information-~
changeable form of ‘operation will be
understood.

As logic does. not concern necessarily only the
problems of truth and falsity, informational
discourse does not investigéte merely
information belonging to the generative sets of
informational truth and informational falsity.
The most general informational truth is that
information arises, that it informs and
counter-informs, that in its Informing it is

circular (cyclic) and spontaneous, that
counter-information has to be informationally
embedded otherwise it ceases as informational

noise, that two informational cases are always
different, etc. In logic we say that "something
is true" while in informational logic we will
say that "something informs”. Similarly, in
logic we say that "something is false”, and in
informational logic we will say that "something
informs in another or different way".

In a similar way that ordinary legic
concentrates its investigations around the
notions of truth and falsity, the informational
logic will concentrate them around the notion
of Informing, i.e., around the notions
information, Informing (of
counter~-Information, counter-
Informing, information of embedding,
informational embedding, informational arising
{spontaneity), informational circularity
{recurrence), etc. The goal of informational
logic will be to relate and to connect
essential informational items, pieces, and
cases and to introduce an effective symbolism
{formalization) for the purposes of the already
developing future informational calculus. The
main problem of this task will be to keep the
concept of information open, i.e., not to close
the discourse of informational logic and its
formaliam, but to enable further development of
informational logic and the increasing of its
investigational power.

2/1

In [6] we have introduced the symbol of arising
A of information i by the expression Ai (maybe,
in this case, the notation 3i would be more
appropriate). In this expression A was
classified as a sBort of quantifier
(informational operator), similarly to the
notion of quantifiers in mathematical logic
(for instance V and 3). The quantifier A could
be similar, for instance, to the logical
quantifier of existence (for instance, the
informational arising is the coming of
information into existence). It can be
comprehended that the difference between
existential and arising quantifier is nothing
if not philosophical. The existence of
information is subjected to the informational
arising, so that the arising is not only a more
precise, but also a more complex notion of
informational existence, including the



existing, changing, occurring, coming into
existence, ceasing, vanishing, disappearing of
information, etc. Arising denotes the coming of

information into existence and not only the
existence of unchanged, and spontaneously non-
arising and non-arisen information.

2/2

According to our discussion concerning the
operator A, we have to define a new, complex,
and general operator (not only a quantifier) of
arising. In the informational calculus this
" operator will be used to replace the most
general, but also the most particular
operation. In philosophical, two-value logic,
for instance, the so-called relational symbols
of truth (FT) and falsity (hF) will be intro-
duced. By these symbola, it is8 possible to
create the s8o-called 'deductive' chains
(calculations) when proving or deriving (by
means of transformation rules) theorems from
given set of axioms. In this sense, relations
kT and FF are used as a 8ort of operations

stepping from one derivation to another
deduction chain), within a logical system.

{in =a

DF1 The most general operator of informational
logic will be the sign E, representing the

broadest (the most complex, parallel, circular,
and spontaneous) meaning of Informing {(or of
arigsing) of information. In general, if o is
information, the notations

a E and [
will have the meanings ’'a informa' and ’'a is

informed', reaspectively. While F has a deneral
(universal) meaning of Informing, it can be
also semantically particularized in arbitrarily
different ways, for instance, in respect to the
so~-called informational c¢ycle, parallel-serial
Informing, or to an arbitrarily distinct
application. -]

DF2 The sign k£ can represent one or several
cycles of Informing, but can as well be a part
of cyclical Informing. A cycle and also the so~
called subcycles (substeps) of an informational
cycle can be distinguished through the use of
the sign . Thus,

o

and

« -
have the meanings ’'a informs in one cycle’ and
'a is informed in one cycle’. In this sense, [
and + are operators of Informing through one or
several cycles and of Informing in only one
single informational cycle, respectively. Since
the notion of the verb 'inform' is very broad
and embraces all possible linguistic
(predicative) expressiveness, the existing and
the potential one, the signs F and | really do
represent the most general operators of
informational arising, that is of ‘Informing.

Operators  and | are expressed in the so-
called left-right notation, where the left
operand informs and the right one is being
informed. In a similar manner,

(right~left) operators 4 and - can be defined,

the reverse
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where the informed operand stands on the left
side and the informing operand at the right
side of the operator. The notions of left-right
and right-left operators of arising can be
extremely useful within the philosophy of
information, Informing, cycling, parallelism,
and recurrence. It is possible to combine both
sorts of operators, where one of them (for
instance, the left-right one) is dominant and
the other (for instance, the right-left one) is
subordinated to some degree or subjected
regarding the first one. Thus, the property of
operator |}, representing a case of general

Informing, can be denoted by k #, for example,
where F in the denotation is dominant to 4, =so
that F A = is the dominance relation between
these operators. In this notation, as the upper
index of operator E, the sign = signifiea the
possible influence of the right operand to the
left one within a case of general Informing.

2/3

DF3 When information arises from information,
the primordial notations « k, F «, and the
functional notation a{a) [6] can be replaced by
the notation

a kF a ]

DF4 This notation can be ugsed in the case of
the recurrent arising instead of the notation

@ koo,

in which it is explicitly exposed that «, has

arisen and arises from «, through Informing of

oy and information oy arises also (to some

degree) through the backward Informing of «

2"
B

The notation o F « is read in the following
way: o on the right of the sign | arises from «
on the left of this sign through Informing of «
and vice versa; in this mechanism also the
arising of « on the left of the s8ign | is
coming into existence. Within this fact lies
the reasonableness of the recurrent notation
o F «. The philosophichl meaning of a k£ a would
be that information a is interpreting itself,
or that a« constituteas its own interpreting and
developing (arising) system.

DF$S

In general, information a arises out of

itself and out of other information «s in this
case the reasonable notation is

@, A E
Information o, is wunderstood to be, for
instance, an outside information, which remains
unaffected by information «. ]

EX1 Let us look at the following example, and
suppose that ¢ denotes the s8o-called being's
metaphysics (the total information of a being)
and ¢ the so-called sensory information being
perceived by the being {(which is not the case
of informational noise). Then the following
notation is senseful:

w, o Fu




This is a theoretical case since o is
independent from p (being not particularly

filtered and modulated by w). In this case,
metaphysics p is developing by itself and by
‘the sensory information ¢, thus, u is
recurrent. This case Bhowa‘how, for instance,

the term sensory information depends on the
point of observation. If ¢ is considered as
information entering the living sensors and not
.as information which is already on the way to
cortices, for instance, then o remains
unaffected by w. Otherwise, ¢ is affected by @

through w's filtering, modulation, distortion

(world model), etc. . -}
2/4

DF6 Certainly, it is possible to treat the

arising of information a8 a recurrent
phenomenon also in a much more complex manner.
Commonly, two informational cases o and o can
interfere mutually. In this case, the meaning
of the notation

o, @y E o, ay

is that a as well as «
and oy or, that in this process a and
each in its own way, arise recurrently
dependent from themselves and from each other.

are developing from «

DF7 Evidently, the notation using the operator
of arising k can be as complex as possible.
Generally, it seems quite reasonable to
introduce the case

* “gen

Xy Ups see aj k= Cee1’ Zpezt

where j, k, and m are integers. ]

3. Some Operators within the Cycle of Arising
3/0

According to information principles [4],
information arises cyclically and spontaneous-
ly. Informational cycle will be understood as a
unit or as a step of arising. However, this
unit will be divisible into several elementary
steps, as they are, for instance, Informing in
a narrower (but also broadened) sense, counter-
Informing, embedding, etc. In some parts of our
discourse, the cycle of informational arising
will represent the most elementary scheme of
informational arising. For this cycle the
symbol | will be introduced. In this sense,
symbol k will represent at least one cycle,
however in general an arbitrary number of
sequential cycles of arising. However, within
an informational cycle (marked by F) also a
general Informing (marked by E) can occur.

DF8 It is to stress that besides of the
sequential nature of the cycle of Informing,
parallel components of Informing within the
cycle can exist or can come into existence. We
shall introduce the parallelness of information
into our discourse already in this section. It

al,:
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is to understand that within the meaning

(semantics) of the symbols k£ and | also a
parallel arising can appear, and this can be
particularly true in the case Xy Gy E Ty oy

Now, it is possible to denote several cases of

parallel cycles

By Fgr wee o by
by explicitly parallel operators *1' wz; vee
#n or simply by the integral parallel cyclic
operator . It means that it will be possible
to decompose a cycle | into kn or into Fl' Fz,

ces Fn‘ respectively. ]
3/1

Processes, arising within the cycle of

informational arising, were described in [6].

Several kinds of approximations of an

informational cycle have been discussed (for

instance, the first, the second, and the third
approximation in functional, differential, and
integral notation). As it could be
comprehended, the cycle of arising can be
subdivided into several phases (depending on =2
particular approximation concept). Particular
substeps of the arising cycle can be denoted as
follows:

FI [Informing in the ﬁarrower gsense]),
FC [counter-Informing],
FB [informational embedding],

etc. To point out the parallelness of operators
within the informational cycle, it can be
introduced

#I [Informing in parallel],
*C [counter-Informing in parallel] )
WE (informational embedding in parallel],

etc., with other processes appearing in the
cycle. On the basis of introduced serial and
parallel operatora of the type Fx and kx'
respectively, it is possible to express

approximations discussed in
symbolism,

approach),
approach),

{6} by the new
concerning sections 6/4 (functional
773 (functional-differential
8/3, 8/4, and 8/5 (functional-

s differential-integral approach}.

3/2

Let us now rewrite the so-called first
functional approximation proceeding from
information a and closing the informational
cycle by putting al equal to «:

si I = a(a);

B = I(x);

E = ala, B);

« = E(x, B); -]
In this c¢ycle, «, I, B, and E denote
information, Informing, counter-Information,

and embedding, respectively. This functional
presentation has the advantage that it can be



understood serially or parallel or that it is a
aequence of four expressions or an array of

four parallel acting processes.
Applying the subcyclical serial operator kx’
one can imagine the following equivalent
notation of the four upper equations:

82 a Fa 1
by B
xy, B Fa E
a, 8 FE a -]
Theae four "derivations" stand for « }+ a, 80
the following definition of the informational

cycle can be proposed:

DF9 o o =nf (x Fa I} A {(a FI a) A

(a, B ""a E) A {(a, B "E x) @
To peint out the possibility of the
parallelness of an informational cycle, the
notation
DF10 a - a 2

can be used. For pointing out the parallelness
of the substeps of a cycle, also the syatem of
four parallel "derivationa" can be used:

83 @ Wa I
[+3 FI 8
o, B Fu E

«, 8 *E -4 ]

The first functional approximation of the
informational cycle can be (semantically)
captured by the following global definition:
DF11 a b a =pg %1 8 FG,I,E a, I, B, E [
This definition can be logically explained
through S2 and 83, which follow S1. Semantics
of this definition is not expressing the
details of 82 and S3, but how the complexness
of components a, I, 8 and E within a is coming
into existence.

3/3

Let us look now at the gsecond functiocnal
approximation of the cycle of Informing as
described in [6), section 6/4, closing the
cycle by a = oyl

sS4 I = afa);

g = I(a, I};

E = ala, I, B);

o = E{a, B, E); -]
As usual, in this cycle, «, I, B, and E denote
information, Informing, counter-inféormation,
and embedding, respectively. Instead of S2, for

this syatem the following cyclical notation is
obtained: ‘
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85 o Fa I
a, I FI 8
a, I, B Fa R

«, B, E FE a -]

In respect to 82, in this system, entities B,
E, and a« depend additionally on I, B, and E,
respectively. The dependence of the appearing
of informational components became more complex
with exception of the component I, which arose
from a by a, independently of other cyclic
components (I, 8, and E). In the similar manner
the so-called parallel notation can be
constructed. Processes of 85 can be understood
as serial, as well as parallel, or, in the best
case, as a8 mixture of serial and parallel
information processing. Thus, the definition of
the second functional approximation becomes

DF12

o« b a (¢ F, 1) A (e, I F1 B A

(a) I, B ko B) A
a, 8, E FE a) -}

“pf

Semantically condensed definition of the

informational cycle (in comparison to DF11)
becomes

DF13 o F a

“pf

«, I, B 1, B, E ]

Fa,1,8  %*
This definition has its logical explanation in
DF12 or through the system S5.

3/4

It becomes more and more evident that
functional approximations of the cycle of
Informing are in good correspondence with the
so-called derivative notation of informational
arising using indexed operators of the type k,
] | etc. Cosequently, functional
prescriptions can be symbolically captured into
the corresponding indexed derivative operators.
In addition, through derivative operators the
serialness and parallelness can be expressed
explicitly and the constructive nature of
informational arising can be expressed more in
detail.

The third functional approximation of the cycle
of Informing in (6), section 6/4, using again
the closure property a = «,, was

86 I = aol(a, I);

g = Ieplx, I, B);

B = GOE(C, Ip aj B):

« = Eoa(x, B, R); -]
In this system, 'o' is used to denote a
specific informational composition of
informational components. This informational

composition depends on particular informational
cases and, in the upper asaystem, does not
represent an informationally uniform
composition. For that reason, it would be much
more appropriate to rewrite the system 86 into
a new form




87 I = ey I(a, I);
B = IeaB(x, I, B);
E = ao3E(x, I, B, E);
@ = Eoqa{a, B, E); : ]

’

It is to understand that 'o;’, 'ez'’, and

'es' are specific and mutually different

r ’
°s

compositions of informational components. These’

compositions by themselvea represent further
informational components which could be
expressed by adequate metainformational

functions. Thus, o¢f could be represented, for
instance, by the informational (in fact,
metainformational) function w(x, B). Inatead
of E = «o03EB{x, I, B8, E), for example, the
functional metanotation could be
‘R = wylx, E){a, I, B, E);
The system S6 can now be put into the
informationally derivative notation, for
instance, in the following way:
86’ «, I #aol I
«, I, B #Ioﬁ B
«, I, B, B k. E
a, By E Eou @ 2
In fact, this aystem represents the definition

of the so-called informational cycle which, in
a general form, was denoted by o« E a or more
specifically by « }+ «. The sign [ in S6’ is
used for marking the parallel-serial dependence
and connectedness of information, irrespective
of its arising {(as informational object or as
informational subject). In a logical notation,
the merkers F and A, could be used instead of

|
. However, since’SS' describes Informing
within an informational cycle, the so-called
cyclical parallel-serial derivation markers of
the type F can be particularized, for example,
and thus, expressions of S6’ can be split into

more elementary and adequate form:

36" o, I kq I; a, . 1 *I I;
«, I, B kI B a, I, B ks B3
x, I, B, E PG' E; «, I, B, E #E E; )
«, B, E *E @) o, B, E Wa @ ]
Resolving the left sides (operanda) of the -

upper expressions, the following four groups of
elementary parallel expressions are obtained:

s63 ‘
(1) a b, I Ik, Ii « Fy s 1 Fy I3
(2) oy B Iy 83 B by B
« ks g I Fs g; B WB 8;
(3) «l, B; Ik, Bi B ., Bi Ek, E;
« bp B; I kg Bi B kg Ei E g E;
(4) «bp ;s B kg @ B bg o« .
o b, « Bk, o E k., o -]

These informational processes are parallel and
show informational complexity of a case of
informational cycle.
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4. Other Possible Interpretationa of the
Informational Cycle

4/0 -
In the previous section, the informational
cycle was interpreted through the functional

concept - ([6], 6/4) and through the
(particularized) operatora of arising within
the informational cycle (cycle of Informing).
Within this cycle several cases of information
and of Informing have been introduced such as
source information, counter-information,
information of embedding, information of
Informing, etc., as well as informational
processes which actively generate and change
information such as Informing, counter-
Informing, embedding, etc. In this sense, we
dealt with some kinds of basic cyclic
informational forms and processes.

indexed

In [6]), section 7/3, another interpretation of
the informational c¢ycle has been given,
introducing the notion of informational
differentiation, which concerns a particular
cyclic information, called counter-information.
Counter~information B was obtained through the
process of informational differentiation of =a
dynamic form of source information, marked by
a{x), by information «. Symbolically, this
process was labeled by
B =D, ala)

where D denotes the operation of differentia-
tion (instead of d/da). In this case, D can be
understood as a modal operator of
differentiation where « is the agent of
differentiation. It can be fixed that this
process of informational differentiation
represents the so-called counter-Informing. It
is to understand that counter~Informing arises
in parallel with counter-information and that
they have influence upon each other.

It ia evident that D has the function of a
classical modal operator. The notation Dx ¥y can

be read as 'agent x derives (or differentiates)
y'. Instead of D, which is & particular modal
operator concerning counter-Informing, the
notation Ca @, can be used, which is read as

'information « counter-informs information al'.

Now, the result of this counter-Informing can
be labeled a8 8, which represents the arisen
counter-information, so that a transformation,
using the symbolical equality )

can be introduced meaningfully.

Let us rewrite the so-called third
approximative system ([6], 7/3}), putting « =
Xy in the form
88 I = acl(m, I);

g = Io(an(ﬂ) 4 Cla(a) o, Cﬁa(a) °q

C I o4 Cﬂl O C.B Qg CyB);
E = «oB{x, I, B, E);
@ =

Boa(ax, B, E); ' -]



This system can be rewritten into

88' «, I raoI I;

Caa, C“I, CdB, CIu. CIﬁ, Cﬁd' CBI WI B;
a, I, 6! E &.QQE E;
a, B, E N-an a; ]

Similarly as in the case of S6", the system S8’
can be split into detailed parallel processes
too.

The last interpretation of the informational
cycle will be the counter-Informing/embedding
one which proceeds from Section 8 in [6]. The
consequence of embedding E in an informational
cycle is the appearing of the so-~called
embedding information & which connects arisen
counter~information B into source information
«. In this case, operation of embedding E
becomes a modal operation of various
informational agents. The modal operator of
embedding performs by the production of
information of embedding ¢ which is necessary
for integration of counter-information B into
source information o (by means of information
¢). For an integrational modal operator INT two
of its agents have to be considered: the
informational domain into which counter-
information f will be integrated (the first
informational agent) and information by means
of which the act of integration will be
performed (the second informational agent). In
this way; the expression

€ = INT I
o, B
has the following meaning: counter-information
B integrates Informing I into informational
domain «, producing information of integrative
connectivity =.

For the second approximative system from
Section 8/5 [6] we have at o = alt

89 I = ala);
B = Cuu(a) [ CIa(a);
¢ = INT_ B o INT_ ,I;

a = aoef{ax, B, €) =

INTa,BE Ol INTe,sB 02 INTB,qs; ]

This system can be rewritten into a composite
parallel-serial form, for instance:

sS9’ 3 Wq I
c,@ Cqx | B3
INTa'aB, INTa,BI F =

INTa,ﬁe' INTa,eB' INTﬁ,ae o« ]

This system can be s8plit into more detailed

parallel informational processes using particu-
larized parallel operators of the type .

5. Parallel Informational Processes

Currently, parallelism belongs to the most
concealed and unrevealed informational phenome-
na which calls for philosophical and techno-
logical illumination. Parallel informational
processes open the most complex spatial and
temporal interweaving, dependence, and arising
as have ever been imaginable. Although, human
mind in its basic structure and organization
operates in a parallel and parallel-serial
manner, on the the higher cortical levels, in
ita global informational organigation (e.g., in
functions of awareness, reasoning, and
intention) it appears, behaves, and experiences
primarily as a serial or sequential apparatus.
Since the basic parallel-serial informational
gtructure and organization of the mind are not
directly reflected in human awareness and
conscious reasoning, the conscious part of
human mind does not dispose of the required
fundamental experience for an adequate
conceptualization of informational
parallelness. Thus, a philosophical background
of informational parallelness has to be
investigated and constructed, for it cannot be
discovered sufficiently in detail.

Two kinda of parallel informational operators
will be used: the general () and the cyclicsal
ones (). General and cyclical parallel
operators of Informing can be particularigzed
(through their indexing or replacing by already
known, however, semantically broadened ones) or
universalized ({complexed). The consequence of
introducing parallel operators of Informing can
be the arising of sBpecific theorems which
govern the concept and construction of parallel
structured and organized information systems.

DF14 The general parallel operator of
Informing will be denoted by jr. Thus, for

a f and F «

" the meaning will be ’a informs in parallel to

(some other parallel processes)' and 'a is
informed in parallel to (some other parallel
processes)’., Again, § has a universal meaning
of parallel Informing and it can be
particularized arbitrarily (through its
indexing) or universalized. a3

DF15 Within an informational cycle, it is
possible to introduce (the already discussed)
parallel cyclical operators of the type }.
Thus,

a |- and o«

have the meaning 'a informs in a cycle in
parallel to (some other parallel cyclical
processes)’ and 'a is informed in a cycle in
parallel to (some other parallel cyclical
processes)’. -]

DF16 Similarly as in definitions DF3 and DF4,
it is possible to define, for instance,

a F o and ay E a,
where the operator [ in both cases guarantees

the existence of at least one parallel process
of the form %gq & oy




Introducing parallel processes, some generall

cases of Informing can be determined in more °

detail. For instance, the case of DF5 can be
defined in the following way:

@, o =

It is that «, o E o the
parallelness of processing through or within

S10 Zhf o F o«, I F a P ]

evident concerns

the operator E, however, in the parallel system
a [ a, @ [F « this parallelness is more
explicit, although it is not determined in a

greater detail. In this respect, a parallel
system using parallel operators has to be and
can be further formally decomposed by
introduction of additional parallel operators,
enabling also to explicate the communicational

(or coordinational) connectivity of parallel
information. ’

Similarly, DF6 can be redefined as the
following parallel system:

811 2k oay, af ooy, xp koo, oy koo &
As mentioned, parallel connections and
interactions among occurring informational
entities « and «; of S11 can exist in

imaginably possible way. The question is if
such connections and interactions are possible
also on the level of occurring parallel
operators J-. Untill now; we have not studied
informational decomposition of an informational
operator, so that an informational inference in
and out of its body would be possible.

As it is
parallel
manner:

evident, DF7 can be rewritten into its
structured equivalent in the following

S12 43

[+

Loy o
o B o %y

Gepzr oo % B
Teagr o0 % ooy

L T T S R

ay S DTSR = Uzttt %y F o ,n &
Now, further parallel decomposition of this
system can take its course. It becomes quite
obvious that additional parallel informational
operators must be introduced to express the
possibilities of interprocessing communication
and interaction.

6. Particularization and Universaligation
of Informational Operators

In the previous discussion and examples it was
shown how a logical system can proceed from a
sufficiently universal informational operator
from which every particular case of operation
can be constructed. Vice versa, a given
operator can be universalized to symbolize even
a more complex function. A universalization of

an operator can be obtained through its
definition in a recurrent manner.
In a general case, Informing IQ of information

« arises through an informational process

« E Iu

35

This formula
informs,

explicitly expresses how o
namely through its Informing Ia’ which
is exactly the way in which o informs at all.
Let us look at the following six possibilities:

x E Ia = ok a Iu vV o E A Ia v

_—— I, v oadF1, v

[+

a4 I, v adf1

[+ 4

These cases can be explainéd in the following

way:
(1) ok 31 with Foa+
says that a is dominantly informing Ia and
that a non-dominant Informing of I on «
exists, Logically, this can be explained by

ek TI, = (A I A A

(3(a 4 I )(P(4 4 F))))

This case corresponds adequately to the idea
of informational arising or Informing of
information. On the right side of the
equivalence sign, the meaning of the sign k
is the simple one (not recurrent).

(2) a4 F 1, with Hak
says that Ia is dominantly informing « and
that ° a 'non-dominant Informing of « on Iu
exists. Logically, this can be described by
«4F 1, = (BadI1)HaE) A
(e B I 4 HA))))
In this case, I _is influencing « to a

higher extent than it is the case vice
versa. Informing of information is stronger,
more effective than is informatior by
itself, from which this Informing arises.
For instance, questioning which was
generated through a given question, can
become more relevant from the initial
question itself. This case is, within a
normal idea about informational arising or
Informing of information, unrevealed, and to
some extent unusual, although it can occur
accidently.
(3) ak A1 with ka4
This case is dilemmatic because of F A 4.
The negation of the relation = (this is the
upper relation #) means that Informing in
the backward direction is not taking place.
The question is, if k and #4 can be put into
relation of dominance at all. Does it mean
that in the relation a 4 Ia the influence of
Ia on a is hidden, in some way? This
influence of #4{ can be understood in the
manner that o is informed about the non-
influence of Ia on «. Formally, this can be

described again with

Lkt = (AR I A)
(3ta 4 I )(A 8 E))

In this case, Informing I arises from «,
where Icz does not influence a at all.



(4) cx=l*=1a with H 4 E
is similar to the case (1), but with ex-
changed operators.

(5) a##la with H A B

is similar to the case (4), but with ex-

changed operators.
(6) with

AP 44k

{(2), but with

is similar to the case
exchanged operators.

Up to now we have discussed the following
operators of° the type k: operators
concerning general, general cyclical,
parallel cyclical, and general parallel
Informing or processes of Informing. In this
course we can have the following four sets
of definitions:

DF17 This definition concerns the general type
of informational operators:

= is the general, main, usually from the left
to the right directed logical operator of
Informing which can seize a particular or
universal operation of Informing; it can be
generally a multiplex (down to unary)
operator, of the infix, prefix, or postfix
type; it can be arbitrarily particularized
or wuniversalized; in an expression
(informational well-formed formula) it can
function in one direction (e.g. left-right)
or another (right-left), or in both
directions, where directional operations can
be in a defined (functional) relation (e.g.,
of dominance, where the operation in one
direction is subordinated in concern to the
operation in the reverse direction).
Usually, operator E can represent any other
operator including all of the listed
informational operators which follow;

4 is similar to F, but with the opposite
{right-left) direction of operation. In this
case the dominant direction is from the
right to the left side of operator (if it

has its function in the opposite direction
at all)., Informational operator = can be
useful in cases dealing with psrallel

informational processes, so that two of them
can be linearly presented (composed) within
a single formula using general informational
opersators.

B is operational, informational negation of
the "general operator of Informing k. The
meaning of this operator is, for instance
that Informing of the type E in the left-
right direction does not exist or does not
arise;

#4 is similar to ¥, but with the opposite
{right-left) direction of operation. )

DF18 This definition concerns the general
cyclical type of informational operatorsa. The
difference between a general and a general
cyclical type of operators is that an
informational cycle concerns a particular unit
of general Informing within which this unit has
a typical, the so-called cyclical Informing
(e.g. counter~-Informing, embedding of informat-
ion, etc.). In this regard, general cyclical
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operators of Informing are similar to the
general ones in DF17. Thus,

F is the general cyclical operator which
governs the Informing within the
informational cycle. This operator can
represent serial or parallel processing and
any particular operation in the dominantly
left-right direction within a cycle;

4 is similar to }, but with the opposite
(right-left) direction of operation;

¥ is operational, informational negation of
the general cyclical operator of Informing
-« The meaning of this operator is that
Informing of the type | in the left-right
direction does not exist or does not arise;

4 is similar to ¥, but with the opposite
(dominantly right-left) direction of
operation. -

DF19 This definition concerns the parallel

cyclical type of informational operators.

Parallel cyclical operators appear only within

an informational cycle. The difference between

a parallel and a non-parallel operator is that

parallel cyclical informational operators

appearing in an informational system (of
informational processes) denote the parallel
connectedness of processes of the system to
which they belong. This connectedness has the
meaning of mutual communication (and from this

communication proceeding co-ordination of
involved parallel processes) in a system. This
principle of connectedness is valid also for

differently particularized or univarsalized
informational operatoras. The appearance of a
parallel operator means that in the
informational system at least one other
parallel process exists which is in a certain
informational relation with the aource process,
but may also be in relation with other
processes within the system. Again, the
following four cases are relevant:

F is the parallel cyclical operator of
Informing and designates that at least one
parallel cyclical operator exists in a
parallel system. The meaning of this
operator can be similar to the meanings of
operators k and |, with the exception that
- repreasents parallelism within an
informational cycle.

4 1is the case of the opposite (from the right
to the left) direction of .

i 1is the operational, informational negation
of operator §. The meaning of this operator
is that within the cycle there cannot exist
an informational process parallel to the
process which it concerns.

4 is similar to f, however points in the
opposite direction. o

DF 20 The last group of informational operators
are the parallel general ones. These operators
can be used within or outside the oconcept of
the cycle, that is for cyclical or general
purposes. The meaning of these operators
concerns their generallity and parallelness
simultaneously. Again, four cases of parallel
general operators can be significant:




F is the most general, parallel logical
operator of Informing which can be
particularized and universalized as already
described in the previous cases of operators
E, F, and }. Parallelness belongs to the

most relevant, but also unrevealed concepts
of information. In this respect, additional
meaning (semantics)} of parallel consequences
of such a general operator can be studied.

4 is the -opposite case of . The notation
using this operator enables (as already
mentioned) a more compact or dense
description even in cases of parallel
informational processes.

¥ is operationally expressed informational
negation of the possibility that to the
(parallel) procesg possessing operator [
another parallel process possessing operator
[ could exist. However, there can exist
parallel processes to the process possessing
¢ which include other parallel informational
operators (e.g., , A, F, 4, etc.).

4 has similar meaning as K, but is acting in
the opposite direction. o

At the formation of informational formulae, all
of the the discussed operational operators can
be adapted accordingly to arising particular
and universal needs and goals of the describing
informational problems, scenarios, etc.

7. Some Possible Informational
chnarios of Questioning

In everyday conversation, the most general case
of monologue, dialogue, or multilogue is an
informational scenario of Questioning. In .a
process of speech, talk, or discussion, the
principle of questioning seems to be the most
natural one and is the real motor of
development of discourse and of the arising of
living, beings-concerning information, coming
into existence during a conversation.

What belongs to questioning which is understood
as to be ean informational phenomenon? At the
beginning there is a question which arises or
has been already arisen within a developing
information. The appearance of a question
causes and triggers the process of questioning
concerning the question. Within this process
answers arise which are embedded 1into
surrounding information and regard the subject
of questioning. The arisen answers give rise to
the appearance of additional questions or
change and complete the original ones, Thus, a
further questioning comes into existence which
can deliver new answers again, etc. The process
of questioning can continue in this or another
way until its Informing becomes exhausted
within its arising of possible contents, aims,
or reasons of questioning. Finally, this
process stops, so that Informing of information
can continue its unforeseeable course of
arising.

The question which appears now -is the
following: How can the described course.of
questioning be expressed in an informationally
formalistic way? Is it at all possible to
express it adequately and to what degree of
logical relevance does it extend? Informational
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formalization of the process of questioning can
certainly deliver constructive concepts for an
implementation of questioning, for instance, in
an intelligible expert system. On the other
hand, the process of questioning represents a
sufficiently general case of Informing, so that
it can be exemplarily used in the cases of a

conctructive conceptualization of similar
informational problems.
8C1 There are several scenarios of the process
‘'of questioning possible. Let first us explain
the following one:
(Fa) F (Fadqgd) F
({F a4 q) =pp (@ F «)) F
(g aF a) A (afk q)) F
((g, &, « F g, a, «) )
As it can be recognized from the 1last
expression, informational process which uses

informational cyclea (the operator ) was
chosen. Within distinct informational cycles,
the operators k£ for general Informing are used.
Of course, within distinct informational cycles
arbitrary operations can be performed,
including the operation of definitional
equivalence and other logical operations. In
this respect, the last expression is absolutely
logically compact. Let us look now at the
meaning, or better at the interpretation of the
last expression. .

At the beginning, information « is informed.
This is the cycle in which information « is in
the state to be informed or to be open for
receiving of information. In the next cycle, a
question q appears (the operator ). It is not
explicitly expressed where is the question g
arriving from, whether from information a or
from information which surrounds a. The
activity of Informing of o now takes over the
question g, which becomes evident in the next
informational cycle using definitional
equivalence for the description of thias fact.
However, 'q informs «’' has the meaning that «
influences ¢ through the hidden feedback
operator of Informing = in k. This phenomenon
of Informing is explicated in the next cycle
where-q informs «, o informs the arisen anawer
a, and a informs backward g again, etc. In the
last cycle, the process of questioning stops
(the operator 71) where the meaning of the last
part of the expression is as follows:

a, a F g, a, ) ) =
({laF @) A (qgF a) A (gF a) A
{(akF q) A (aF a) A (aF a) A
(x F gq) A {a F a) A (ad F a) A
(g, a, « stop to inform mutually)) ]

({q,

8C2 Another scenario of questioning could be,
for instance, the following:

(¢« Fa)F (e kadqgd -
. «, gF «, a) |
(«¢) q, 8F «, a)
(¢, 9, afF «, q, &)
(a CE o 1)



We start from the assumption that a initially
informs in itself, that it is in an
informationally active waiting state. In this
state of self-Informing of «, in the next
cycle, a question g begins (the operator J) to
arrive into the field of relevance of «.
Information o and the question g now inform
mutually in the subsequent cycle to produce an
answer a and correspondingly change «. The
answer a becomes an additional item of
Informing within the context of « and g. Before
the end of Informing of this case, source
information «, the gquestion q, and the answer a
inform mutually dependent when finnally, the
answer a is embedded (the operator Ce) into
source information «, and the scenario stops
(the operator 7). Q
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of information systems

methodologies, these have to be discussed and studied from many

aspects. We have analysed JSD,

ISAC, SA-SD and the Warnier/Orr

methodology. The contents of this paper is not a description

.0f studied methodologies.

It 1is +the description of our

findings and the results of evaluating the practical value of

the methodologies in relative
characterize +the methodologies
coverage, +thelr representation

terms by comparing them. We
according to their life cycle
shemes, learnability, their

behavior in the real time environment and automated tools by

which they are supported.

main point here lies in

demonstrating that each of the four methodologies is relative
powerful in some circumstances and for some systems.

1 INTRODUCTION

The use of computers has spread to all areas of
labour and life and the way of use has changed.
In the first period of use, computers were used
only for calculation. Almost . all data
processings were numerical. The main point of
use has moved from calculation to storing and
searching data - information. There has been a
great progress of new approaches, methocdologies
and tools for developing of information systems
respectivly application by +the last decade.
The information system is a system with the
following tasks: creating,’ collecting,
processing and distributing informations.
Information systems could be developed only if
they in some way can improve some activities of
information process.

The progress of computer technology, especialy"

the fall of prices, caused +the mass use of
computers. The development of applications has
become a bottleneck. This is a reason why the
languages of the fourth generation (application
= functional languages: LISP, PROLOG, query
languages...) and a great number of computer
aided tools for system analysis and design have
been produced.

Theré are a great number of graphic tools and
methodologies that can be used for analysing
and design of information systems. The problem
is to choose one from this set of
methodologies, that will be the most efficient,

easy for wuse and will give the best results. .

There are many qQuestions: 'Which methodology
to choose?’, ’'Which is the best?’, ' Which is
the most general?’, 'What are advantages of
each of them?’

Which methodology to use? This is a difficult
question because it depends on your needs, on
the type, the extension and the complexity of
information -systems you want to develope, on
your experience, style of thinking and probably
on your knowledge of principles of different
methodologies.

We restrict our study on methodologies that are
shown 1in table 1, mainly because we think they
are the most efficient and widespread used for
developing information systems. This paper
presents the results of study the different

‘methodologies with the purpose to answer some

questions above.

Table 1: In the <following we give the
methodologies covered in this report along with
developers

Methodology Full name of Developers
mnemonic methodology
SDM System Development G.F.Hice,

Methodology W.S.Turner
SA-SD Structured Analysis De Marco
and Structured Design Yourdon
ISAC Information Systems Mats
Work and Analysis Lundeberg
of Changes

JSD Jackson System |
Development



It must be pointed out that our analysis
on the referenced literature. This 1is
important because methodologies are not
finished products. They do not have precise
characteristics. They are improved through
time. Methodologles in a practical use can be
adapted to chainging environments and
circumstances. On the other hand, the authors
often emphasize ascpects considered as most
original, while aspects regarded as more usual
are left out.

Several points of view can be used to analyse a

methodology and all of them must be considered
in a complete analysis.

2 LIFE CYCLE COVERAGE

draws
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In this paper
through the

each methodology is presented
description of the following life

cycle steps:

- analysis,

- design,

- implementation,

- wvalidation,

- evolution.
2.1 Analyala
Analysis 1s the first step of any information
systems development activity. The result of
this step is besides the requirements
definition also a functional specification -

description of system functions and an answer

to the question 'What should the system
By analysing the mentioned methodologies, we do?’. ° Functional specifications are used
find out that they have much in common. They during the design phase as a checkpoint against
have a great diversity in form, 1in original which to validate the design.
principles and in name of each phase, but they The successful analysis includes communications
agree with basic elements that need to be with the users. The analysis must be able to
defined. A lot of them cover almost all phases bound a problem and to identify those areas
of a life cycle(table 2). where +the information system 1is wuseful and
practical.

The life cycle 1s an 4important concept in
discussing methodologies. Our view is that an A particularly effective method of analysis is
efficient methodology must support a process of modeling. Models represent the problem and the
activity that covers the entire life cycle. It real world in a formal form. Models used for
does little good to have a methodology for analysis are graphical diagrams, graphs and
design if there 1s not a procedure for tables.
specifing requirements and functions which are
used for the design and the system that must be Because of the complexity of problems and
built. There are numerous life cycle models in systems, methodologies must support a problem
use and many of them separate analysis and decomposition which can be procedural or data
functional specification activities./PORC83/ We flow or data abstraction.
merge both of them into one phase (analysis)
because the discussed methodologies do not All discussed methodologies are performed
distinguish between these two steps. For both through an analysis of the data, either data
phases almost all of them (except the ISAC structures or data flows! The data orientation
methodology) support  the same graphical is sensible because data are more stable than
diagrams and other tools and in both the users processes. SA-SD and ISAC analyse data flows,
are most included. but the Warnier methodology analyses the data

! ANALYSIS ! DESIGN { IMPLEMEN-! VALIDATION x

{process ! data ! data ! process !TATION t

!model ! model model ! !

model !
I

ISAC

A
o

7

Warnier
Orr

! !

z;/// "Aln property tables is documen-
V'EA C ftation of how the original
Y

! // A
! e

//Arequirements are fulfiled.
|System outputs are
C )'validated against

—_——

SASD

I

!

: Di;igoutput requirements.
/,

i///ﬁcompleted system can be

C A compared with original

////Astructured specifications.
i

]

A

L

./ Transformation of specifi-
A C Jcation to implementation
J/C///can be manual checked.

EA - methodologyAcontains a special phase with the purpose to choose specific

equipment and then to adapat the equipment independent

this choice :

c - coding

solution to

* - how the completed system is validated against the original requirements

Table 2: Life cycle coverage




structures of the outputs. JSD analyses +the
entity/action structure .of +the real world.
(Figure 3)

methodology
/\
/ N\
/ \
/ \

/ \ .
are performed through are performed through
an analysis of data an analysis of data

structures flows
JSD, Warnier SA-SD, ISAC
Figure 3: A simple division of the information
systems design methodologies

Our view is that the .data flow methodologies
are more understandable than the methodeologies
which base on the data structure. A data flow
diagram (DFD) is a better tool for
understanding and more' perfect representation
of any information system than data stiructure
diagrams. It represents both flows and
actions. (Figure 5 shows an example of DFD.)
It is a network diagram that can be easy used
for bounding the system. First of all, we draw
the diagram with only one action and with input
and output data flows. They are then
decomposed. We think that so the users and the
analysts ~ can easily, systematically and by

degrees, with the help of DFD, make the
requirement definitions and +the functional
specifications.

The SA-SD methodology 1is very useful for
working in a team because of +the - logical
functional decomposition and well-known input
and output data of any decomposed action.

More complex and detailed analysing process can
be done by. ISAC. Besides the information
(message) flows we can also describe +the real
flows (persons and objects). The picture of
current and future ‘information system is
complete.

ISAC is very strong in the early phases of the
system 1life cycle: the change analysis, the
activity analysis and the information analysis.
The ISAC approach is extensive and
comprehensive!

In ISAC interest groups are studied thoroughly
and described both with the problems they have.
This is a part of the change analysis. The
ISAC approach is widespread used in the
Scandinavian countries.

The weak point of ISAC is that .the graphical
notation for the information analysis is
redundant because all information contained in
information graphs (I-graphs) is derived from
activity graphs (A- graphs) from the change or
the activity analysis. ( Figure 6 shows an
example of A-graph!)

The weak point is also that it is necessary to
illustrate +two i1dentical information sets in
the same I-graph because of +the hierarchical
way of description. Two sets are needed when
one information set is output set of a graph
and at the same time is a precedent to other
‘set in the same graph.

I-graphs show information sets and precedence
relations among information sets, but C-graphs
(component relation graphs) describe the
contents and the structure of the information
set. The methodology does not provide that the
sSame information set will have only one
C-graph. It depends on when the particular
C-graph 1is created. .

We think that many of definitions and work of
the information. analyse could be overcome by
use more powerful information model such as

extended entity-attribute diagram to replace
both information graphs and component graphs.

Weakness of JBD 1is the first step of
methodology (entity-action step), by which we
analyse data and actions of the real world. It
seems to us that in this step the methodology
does not provide such a graphical tocl which
can help the users and the analysts to edit,
colect and represent specifications (especialy
all entities).

Graphical notations are useful in showing +the
interrelationships between the system
components, which enable easy communications
between the users and the analysts and so help
both of them to bulld the complete .information
system.

. JSD does not provide such a graphical tool.

Jackson suggests a simple process to make a
wide list of entities and actions: nouns which
appear in the users description of the real
world are identified as potential entities, but
verbs as possible actions. The users many
times forget to mention some parts of the
reality because they do not have resocurce for
sistematic description of often very complex
sistems. Unfortunately, the complete list of
entities and actions is request and condition
for success of entire development. JSD does
not support graphical presentations of 1links
between entities of the entire system, from.
which can the users and +the analysts quickly
find out the missing entities.

The JSD methodology is little oposite ‘to the
other information syatems development
methodologies. They tend to more. exact
analysis with purpose to build a better system
with less price to meet the needs of its wusers
and to reduce costs of correcting.

The second tendency is reducing of returning to
pravious steps. Of course, there is an
iteration, but we all want to reduce it as much
as possible. Modern methodologies and computer
aided tools include mechanism to reduce it to
minimum. .

In the Warnier methodology the first step is to

determine which are required outputs. The
answer ‘is quite obvious when the system is not
too big. Else we have to subdivide the real
system into several smaller. Many times the
subdivision will be done according to the
organisation of the firm. Analyst may help
formulating questions and so help to create a
list of required outputs. The methodology does
not provide any graphical tools to help in this
first step.

All the methodologies except JSD apply the
hierarchical decomposition. Of course, levels
of detail are related +to complexity and
vagueness. The vagueness concerns the early’
phases of life cycle, when the functional and
the 'data system may be fuzzy and there is no
clear idea how the system will work.- In +this
context a crude information analysis is quite
good alternative. The possibility of the crude
information analysis is embedded in the ISAC
methodology. We start to build new system with
the crude information analysis in the change
analysis and then we end with the detailed
analysis in the information analysis phase.
The crude information analysis is also
supported by SA-SD, ‘which enables simple
execution of the functional decomposition.

Qur view is that the most detailed analysis 1is
provided by ISAC, then follow SA-SD, JSD and
the Warnier methodology.

2.2 Design

is the process of determining the architecture



of the system components, the algorithms to be
used and the logical data structures. This
phase 1is an answer to the question:’'How will
the system perform the functions defined in the

previous phase?’ . An output of design
activities can be used by the programmer to
implement the system. We must‘/emphasize that

coupling and coheison are the simple judge of
whether a design strategy produces good designs
or bad designs.

A developer must be able not to continue only
forward to the next phase of the life cycle,
but also back to a previous phase, The need
for +this is the fact that work must be changed
and any necessary corrections can be made. It
is important to note that information lost at a
particular phase is generally lost forever with
a bad result on the system. For example, if a
requirement are not documented, it will not
appear 1n +the functional specification and it
will cause the failure of the system.

All the methodologies except JSD are very
strong based on the levels of abstraction and
cn the hierarchical decomposition, where there
is always the problem of wheter the model at
the lower level satisfies the specification
fixed at +the upper levels. This problem can
partly be dispatch by detailed transformation
rules from an upper level to a lower one and by
automated tools.

SA-SD supports two transformation rules: a
transform analysis and an analysis of
activities for producing a structure dilagram

from data flow diagrams. We must tell that
structured diagrams can not be made only by the
transaction and the transform analysis but it
requires some judgement and common sense on the
part of the designer.

This strategy is considered in the Warnier
methodology well but in ISAC only particular.
ISAC makes levels of abstraction quite visible,
but there is not a visible connections between
the analysis phase and the design phase.
Perhaps it is the reason in use of other method
(Jackson Structured Programming) for the
design.

2.3 Implementation

is the production of executable
transforms algorithms into

procedures and logical data structures into
pPhisical data structures. It must be pointed
out that good coding cannot make up for poor
analysis or design. Good coding cannot make
bad information systems good! This phase is an
answer to the question: 'How can we run this
system on machine available to us?’ .

The ISAC and the JSD methodology enable design
which is not confused with implementation. The
delimitation between design and implementation

code. Coding
functions or

is in the ISAC and the JSD methodology very
rigorous. Not Dbefore +the latest phase we
include the use of existing hardware and

programming languages for realization developed
system.
This is an

advantage of both methods, because

the design system 13 more transferable and more
portable. We can use it with little changes on
different hardware bhecause only the last phase

must be changed.

The cheoice of the hardware and the software
needed and technical asspects of the
implementation the Warnier mathodology and

SA-SD do not solve.
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2.4 Validation

is the process of determining that a system
correctly performs those functions described in
the functional specification. It 1is often a
step performed as a part of each phase where we

must verify that the phase correctly carries
out the intent of the previous step. The
validation of code may be done either through

testing or formal proof of correctnes.

The methodology must support determination of
system correctness through the 1life cycle.
Methodologies usualy enable correspondence
between the results of one stage of development
and the previous stage.

Table 2 shows how the whole system can be
validated against the original requirements.

2.5 Evolution

Systems go through many versions during their
lifetimes. The development methodology can
help in evolution phase by providing system
documentation and, of course, a well structured
software system that 1s easy modified by people
making the system changes. The great emphasis
to a well structure of a program 1is given in
the SA-SD methodology. The factors
contributing to interactions between systems
components (modules) and the coheison of
individual systems components are very well
described. /Your79/ We +tent to the greater
coheison of individual modules in the system
and the lower coupling between modules.

3 INTERMEDIATE WORK PRODUCTS
By methodology we mean a number of coherent
work steps including rules for types of
documentation that are produced during these
work steps. The documentation must be a
natural part of work and not something that you
do afterward! Table 4 shows the steps of all
the four discussed methodologies and the
products that are produced at each step!
Figures5,6,7 and 8 show the working procedure
of all the four methodologies. Each working
procedure is presented by the diagram, which is
particularly signicifant for each of the four
methodologies.

We have already emhasized that graphical +tools
in ISAC seem to us redundant because the
contents in I- graphs is the same as in A -
graphs. But the purpose of using both graphs
is different. A- graphs give an overview of
the connections between the information system

and its environment. I-graphs show the
information contents in detalil. ISAC enables
adding details in a systematic way, but by help
of the different graphs.

We think that the data flow diagrams (SA-SD
methodology) have an advantage, because it can
be used for connections of the information

system with the environment by sorces/sinks and
for adding details by the functional
decomposition and multilevel diagrams. For all
this we have to use more graphical notations of
the ISAC methodology.

There is an assumption in ISAC that careful and
detalled decomposition of the user activities
will largely procedure the information
requirements. From ISAC point of view work
methods are more important than description
tehniques. We do not aquite agree with this
because we emphasize that description tehniques
must be used as the basis for understanding the
problem and for communication between the users
and team.




TABLE 4:
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Table shows steps of system development of all the four discussed

methodologies and the products that are produced at each step:

ISAC: working procedure:
different analysis and design ! :
areas each of them is devided ! workproducts (documentation)
into more than 3 steps and substeps!) !
______________________________________ e e e e e e e ———————
1. CHANGE ANALYSIS:analysis of problems! A-diagrams are used for hierarchical
and needs and the current state. ! decomposition current activities.
We define and produce alternative . !
changes and choose the best! 'We can use also: problem groups tables,
: 'text pages, property tables, table of
tobjectives!
2. ACTIVITY ANALYSIS: we continue with ! :
the decomposition of activities. ! A-graphs (Figure 6), property tables
We more detail define information flows! ' :
and information subsystems! h
3. INFORMATION ANALYSIS: we analyse ! I-graphs:hierachical graphs of
relationship between information sets ! information flows, textual description
and the structure of information sets. ! .
! C~graphs
4. DATA SYSTEM DESIGN ! D-graphs
!D and P strctures (JSP)
5. EQUIPMENT ADAPTATION ! E- graphs
JSD: working procedure ! work products (documentation)
1. ENTITY/ACTION STEP: We define !
entities and actions by help of user ! entity action list
specifications (actions are verbs, {
entities are nouns). !
2. ENTITY STRUCTURE STEP ! structure hierarchical diagram
. ! (Figure 8)
3. INITIAL MODEL STEP: An entity is v System Specification Diagram
defined as a proces which is with data! .
flow or state vector conected with !
entity of the real world or with !
other process in a model. Processes are!
detailed described with pseudocode. { Jackson pseudokod
4. FUNCTION STEP ! System Specification Diagram
5. SYSTEM TIMING STEP ! note. of temporal reguirements
6. IMPLEMENTATION STEP~ ! System Implementation Diagram
SA-SD: working procedure ! workproducts (documentation)
1. ANALYSIS of system actions, !data flow diagrams (DFD)- (Figure 5)
information flows, data bases !data dictionary, decision tables,
!psedocode
2. DESIGN : with help of transform ! structure diagram
analysis and transaction analysis ! psedocode
we produce from data flow diagram !
hierarchical data structure! !
WARNIER:
working procedure ! workproducts (documentation)

subdivision the big system into several!
smaller, each of them have its own data! note of subsystems
procesing system. !
the list of the required output and the'

description all of them . ! Warnier diagram (Figure 7)
_______________________________________ v oy N S g

the oréanlsatlon of all the data needed!
to obtain the output, the design of a ! Warnier diagram
logical base.

'

!

the definition of transactions needed !
]

]

|

to update the data.
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Figure 5: DFD of the SA-SD working procedure
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Figure 6: A- graph of the ISAC working procedure
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big system

into several smaller

of the-

required output and the
description of each of them

to determine logical structure

to definite the actions
needed to update the -
data stored in the
processing system

\_ to determine the logical programs

to determine phisical structure

Figure 7: Warnier graph of the Warnier working procedure
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Figure 8: Structure diagram of the JSD working

procedure
ISAC is relatively complex due to several It is important to emhasize that JSD is
levels of abstraction .and several graphical intended for development not only for data
notations. processing, but for other applications also.

) Temporal dimension of information is not

It seems clear that understandability is treated explicitly in ISAC, nor in the Warnier
reduced by the relative complexity of methodology. :
descriptions.
In all development phases of +the Warnier
methodology wWe can use only one graphical
“tocl-Warnier diagram (Figure 7). We can 5 LEARNABILITY
describe the data and structure process by only ~
three basic components of stuctured programming The methodology must be easy to learn because

(sequence, iteration and selection).

4 BEHAVIOR IN THE REAL TIME ENVIRONMENT

Behavior of the methodology 4in the real-time
environment 1is also very important because the
information system represents a set of coherent
different or equal actions. We think that JSD
is the most suitable of all the four discussed
methodologies for applications from the real
world with the important temporal extension.
In the JSD System Timing Step adequate measures
are taken to ensure a correct scheduling of
system processes. For this purpose,
synhronisation processes are defined.

even within single organisation, there will be
quite a great number of people who have to use
the methodology as a resource and it must help

all of them and not make a developer process
more difficult.

It is clear that the methodologies must be
communicable to other persons not only +to
developers. Learnability depends on the
complexity of the methodology , which \is
probably related with covering the software

development life cycle and perhaps on the depth
of the wunderstanding of information systems
provided by it. We establish that among the
four discussing methodologies only ISAC is more
complex, the others are relatively simple. We
think that ISAC i3 less easy to learn.



§ AUTOMATED TOOLS

It is clear that automated tools which offer
series of understandable resources, brought
near people, make possible the supervision of a
project and immediate repalring existing
failures. Automated tools glive up to date
version to all members of the team.

automated tools and
been explicitly developed to
studied methodologies. We
such tools are commercialy
methodology in a broad sense
the ISAC group a prototype system
called IA/2 was developed in the early
seventies. Automated tools faciliate the work
to designers and improve the productivity of
both the individual developer and development
team. .

A great number of
environments have
support nearly all
do not know if

available for ISAC
although in

Tools for computer-aided software

provide these bepefits:

engineering

- improved productivity and faster systems
development (They automate design and
documentation, eleminate manual drawing and
redrawing and allow quick changes.)

- higher quality  software (They produce
universal documentacion, promote
standardisation.)

- reduced maintenance (They promote easy

changes and allow on-line access to design.)

7 CONCLUSION

information
better

It 1is clear
development
methodology!
We think that there is no one information
systems design methodology which is best for
developing all information systems.

We have represented the main findings about the
methodologies. It 4s clear that our analysis
is in many respects preliminary, because of
extreme complexity of the subject.

In this section we describe importance of the
methodologies from the practical point of view.

that any
methodology is

systems
than no

We demonstrate that each of the four
methodologies 1is relative powerful in some
situations.
We evolute the applacability of the
methodologies in very crude terms by use these
dimensions:

- fuzziness of the information

requirements

- complexity of the data system
- complexity of the actions on the
of the system

data

Qur view is that the relative value of ISAC are
the earlier phases. It 1is effective and
suitable for fuzzy information requirements,
but it 1is restricted to not too much complex
system because of the restrictions caused by
division information and data system 1into
relatively small and simple sub-systems without
any flexible mechanism for integration.

We conclude that the Warnier methodology is
less powerful in the fuzziness aspect. Then
follows JSD methodology. SASD lies somewhere

between JSD
special mechanism to
Figure 9.a)

and ISAC which include a powerful
manage fuzzines. (See

JSD is not quite useful for very complex data
systems, but for systems with many actions,
which bring entity from one stage to other,
because ‘JSD methodology provide good
description technique for showing temporal
sequence of actions with three basic components
of structured programming (iteration, sequence,
selection), but it does not provide good
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description of entities of
relationship between them. In the
implementation step we consider temporal
performance of each groups of actions. It is
more powerful in the description of actions
then entitles. (See Figure 9.b and 9.c)

entire system and

We think that the Warnier methodology is
suitable for developing complex data and action

systems because of use only one simple and
efficient Warnier/Orr diagram.

Our view is that SA-SD is very useful also for
more complex data and actions systems. SA-SD

methodology enables simply description of data
components in the data dictionary. A structure

of actions are described by a structure
language or decision tables.
complexity of the complexity of the actions

data system on the data of the system

high ~ high:
H .
+ SA-SD s
] .
+ WARNIER !
+ ISAC + JSD
+ JSD ' + 3A-SD
! + WARNIER
i yagueness + ISAC
| - !
low ! high \ low !
+ ISAC
. |
Figure 9.b + SA-SD Figure 9.c¢
|
+ JSD
+ WARNIER
1
4
low !
Figure 9.a
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DATA RESOURCE SHARING IN YUGOSLAVIA

UDK [681.3:002:02](479.1)

Abstract

The first section of this paper presents a
brief overview of the environment and efforts
made in automating library and documentation
center functions 1in Yugoslavia. The second
part describes ongoing activities and the
nation-wide project for improving services

provided by libraries and documentation
centers. The project 1is in the development
stage. Some of the component programming

systems are already implemented. Information
services already availlable to the end-users are
listed in the last section.

Introduction

For many years in Yugoslavia there have
been made efforts to automate 1library and
documentation center services.

No nation-wide action was undertaken in
the field of library auvtomation. There were
many reasons far this. There are eight
national libraries, one 1in each republic and
province, and in addition one federal
organization Yugoslav Bibliographic Institite
(JBI). The library activities and library
development remain the responsibility of the
national libraries for each particular region.
National libraries produce theilr respective
national bibliographies, catalog cards, which
they send to their subordinated libraries, to
other national libraries in the country and to
JBI. National libraries and JBI receive along
with the catalog card also the original
publication. JBI is issuing annual
bibliography of Yugoslavia and 1is responsible
for the coordination of activities with other
countries. Bibliography of Yugoslavia is
maintained in these nine different places.

Efforts in Automation in Libraries

The 'level of automation in particular
libraries depended on the need for automation,
the accessibility of computers, readiness to
change ‘and previous experience of staff and
available finances.

Various libraries automated particular
functions that represented bottlenecks 1in
performing thelr everyday activitigs. These
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libraries developed programs to meet oﬁly their

local needs. Software development and data
processing were in most cases carried out on
the leased hardware. Since all these libraries
worked independantly of each other, the result
was heterogeneity and 4incompatibility of the
developed software. Nevertheless, some
experience was obtained.

. Libraries automated various functions,
such as cataloging of bibliographic units in
different formats and cataloging rules,
circulation and information retrieval. Though
Yugoslav libraries agreed upon the format
UNIMARC and uniform cataloging rules already in
1984, in practice +they rarely followed the
agreement. It was very common that libraries
decided to automate first the «circulation and
as a side~result producing online catalog in an
abbreviated format for the needs of 1local
lending and gathering of statistics. Only one
library 1in Yugoslavia started to catalog
immediately following the UNIMARC standardized
format (National and OUniversity Library in
Zagreb).

Programming eystems developed at first,
supported technical services' functions and
were aimed to reduce ' staff effort needed to
perform various repetitive library operations.
Systems that support public services were also
being developed 1later, but very limited in
scope and performance. .

Automation in documentation centers

With the proliferation of large
information services, in other countries,
especially the USA, many documentation centers
were established, most of them in the north.

One of the functions of these
documentation centers was .the nmnediation of
services of the large international information
vendors. Obviously that could not have been
done without appropriate hardware, software and
communication equipment. They proceeded in two
ways, one was direct online access to the host
computer, and the other was copying of certain
databases to the local system.

The latter method reguired access to a
computer with appropriate software and also
knowlegeable personnel who could maintain
functioning of the computer, update databases,
develop solutions for searching and displaying
of data. They also started to build their own
databases, but these were very modest in scope,
the formats different and and the quality of
data poor.



No documentation center had ite own
computer. They were renting computer
equipment, which was becoming more and more
expensive. Microcomputers represented, for
many, a solution to the problem. Databases
were . getting transferred to standalone micros
and thus became inaccessible online for
end-users., Another difficulty with thisg
approach, and one most detrimental, was the
storage of data at various locations.

One of the activities of these
documentation centers and libraries was online
searching in databases of the big information
vendors. Searching was done directly, using
the commands of the host programming system.
The communications were established through PTT
network, due to the lack of better alternative,
using a regular terminal equipment and modem.
But as even this minimum equipment was ascarce
in documentation centers and libraries, s0 was
also the interest for the information retrieval
service. Usually those terminals were also
used for other taske.

Several programs have been developed for
data entry and information retrieval. The most
widespread system was IBIS, which was designed
on the 1idea of &similar systems developed in
USA. It was implemented on different computers
running various operating systems, £guch as
DEC-1@/TOPS~16, VAX/VMS, ATARI-ST/GEM. Its
major disadvantage was inadegqguate
user-interface.

Ongoing activities

It was impossible for information workers
to offer efficient service and to expect major
interest for their services from the users. At
the beginning of 1987 a plan for automation of
library and documentation center operations was
proposed. Later during the year University of
Maribor Computer Center (RCUM) was chosen the
coordinator for library sutomation activities.
The ain wags to bulld an efficient system where
hoth 1librariee and documentation centers could
perform their tasks cooperatively.

The goal of the project is the development
and Iimplementation of a programming system

supporting library technical and public
services. The envisaged programminig system
includes the following modules: cataloging,
information retrieval, circulation and
interlibray 1loan, and acquisitions. System

support modules such as front-end interfaces,
utility programs for conversions from various
formats, etc. will be implemented in phases.
The passibility of purchasing some of the
modules is not excluded.

The project includes the installation of
communication and computer infrastructure with
the following components:

- host computer (VAX 8880, location RCUM),

- subsystems for larger users (uVAX or a nmore
powerful VAX computer),

- intelligent terminals (ATARI or IBM PC),

- dumb terminals (VT18@ compatible),

- leased PTT lines, and LANs.

Communication between the systems will be

realized via packet switched network JUPAK

(X.25 protocol).

In most cases computer, terminal and
compunications equipment will be supplied to

libraries and documentation centers by the
RCUM.

In 1987, three cataloging departments at
the University af Maribor Library (UKM),
National and University Library in Ljublijana,
Yugoslav Bibliographic 1Institute in Belgrade,
obtained the basic eoftware, hardware and
communications support from RCUM, and started
to maintain the union catalog {n a shared
cataloging mode. They input bibliographic
records for monographs and periodical article
citations for the national bibliography in the
UNIMARC format.

Several databases, built at other sgites in
different formats, were converted to UNIMARC
format and installed at the host computer at
RCUM.

Besides shared cataloging module, UKM and
NUK started to use a new wverslion of circulation
system. The eearching module for the
bibliographic databases is presently
implemented with basic capabilities and the
major effort in the software development area
will be devoted to this module.

Information Services

By the end of 1987 RCUM started to provide
information services to the end-users by
enabling online access and searching for the
data in the databases built in Yugoslavia and
installed on the host system: online wunion
catalog, international 1ISDS (Paris) database
for periodical publications, specialized
databases for medicine, textile industry,
mechanical engineering, economics. Local
software is used for information retrieval.

By December 1887 the communication with
and access to the Iinformation services and
library networks outside the country was
provided via the packet switched network JUPAK
(x.25 protocol): DIALOG, WLN, OCLC -~ USA;
DATASTAR, DATAMAIL - Switzerland; FRASCATI -
Italy; ECHO - Luxemburg; CAS/STN, DIMDI,
Informacion center PTT MANNHEIM - FR Germany,
MIC - Sweden. '

Conclusion

Thus I have hopefully presented our first
steps on the way to meeeting the major
challenge of the next century, effective
resource sharing and data transfer between
information providers and information users.




SYSTRAL - SIMBOLICKI STRUKTURIRANI ZBIRNI JEZIK

UDK 681.3.06 SYSTRAL:519.688

£larak dade prikaz hibridros Jezika
koerverncicrmalnog zbirnos Jezika. Niesava

INFORMATICA 3/1988

: Hrvoje NeZié
Elektrotehnitki institut »Rade Koné&ar«, Zagreb

SYSTRALy kaodi predstavlda nadsradrndu
sintaksas uz male prilascdbes moie se

primideniti ma zbirni Jjezik bile kodes eprocescra. Fredstavlidena de i formalna
definicida verrzide Jezika za procescor MCEARRB w vidu LL(1) sramatikes uz vise
primiera za ilustraciju. Razvad Jezika nije spotpunc dovrden. ‘

TOWARD A SYMEOLIC STRUCTURED RSSEMELY LANGUARGE.
SYSTRALs a hubrid lansuaszes which is

assemblw larisuase. The parper deals

This article describes

a superstructure of the conventionmal
with the MCE8QR2R version of the larsuase.

Howevers its suntax can bhe apmlied to the assembly lansuase of anw pProcessors

with. onls a few addiustments.
LL (D) gyrammar is also epresented.

The formal
well as a rumber of 1illustrative

definiticon of the lansuase as an

.examples. The develcement of the lansuase has rcot still beern finished.

1. Wvob

Fisande prosrama o zbirnom Jeziku Jog
uvidek nide mrtva umdetrosts zbos  zradadvih
usteda i brzini i memoridskon prost ori

/MORTONBE/ 5 pa zato ima smisla nastodanje da
se tajJ rad  uctini eroduktivnidim. U élanku
/NEZIC8S/ copisao sam svade prve idede o
strukturiranam  zbirrnom  Jezikwy proizadle iz
teinde da si olakdam rad na relativno velikom
programskom projektu w zbirrnom Jeziku sa kadim
sam se suodia, U to vrideme wrisam znas za
druse slitrne radove! /WALKER81A/y /WALKERBIE/;
/WRIEGER8Q/, /WIRTHER/» /KAWALBR/
/ANDERSONEB1/. Maod eristus riesavanu istas
problema bic je donekle drusacdidi od eristuea
o tim radovima 1  comosudio Je razvod i
wbaosadivande asnavnih idedas st Je
rezultiralo kompeleksridim mehanizmaomn
strukturirania kodi se mote nazvati 1 Jezikom.

SYSTRAL (SYmbalic STRuctured Assembly
Larnsuase) Je hibridni Jdezik baziran na cbidrom
zbirncm - Jeziku. Prosrami se u ndemu  srade
midesandem strukturnih instrukeida i chidnih
instrukeida zbirrmnos Jezika 1 zbos tosa  sa

mokema promatrati  kao Jezik kodi eored
kliuénih rijedis identifikatoras itd.s sadrii
Jod  Jedan  leksidki elemernt — blaok  obiénih

zbirnih instrukeida., Na vidi niva podisrnuta Jje
sama Jjedna kompormenta  zbirrvos Jezikar a to Je
uesravljanie tokom. srasrama. Promatrajuci cdros
SYSTRAL-a prema zbirrnom Jeziku moie se na
primjer rpovuti odredera analosija sa ocdroson
takoder hibridrios Jezika Obdective £ prema
rdescvom baznom Jjeziku C. Medutims Cs pa tako
i Obdective Cv Je Jedirnstvern Jeziky dok  su
zbirni Jezici raznih procescra razlicditis i
razlike prevelike a da bi SYSTRAL mosac biti
sasvim Jedirstven Jezik. Ipaks svi osrnovni
koncepti  Jedrnaki su  za sve procescores a i
razlike u sintaksi su vrlo malere.

Dpcenitos pastode tri nacina
implementacidie strukturirancs zbirnos jezika:

implementacija pomoty makrocinstrukecijas
implementacida pomodu pretrrocesoras i
cielakupra implementacida strukturiranos
zbirrnos Jezika. SYSTRAL se moie implementirati
drugim 1 trecim nadincoms  dok se  poamcdu
makroinstrukecida mote implementirati sama
ndesov podskupr. U vrideme pisania avcos élarka
implementiran Je kompilator u obliku
preterocesara za koemercidalnce =~ daobavldiv
zbirnik epracescra MCEBORA.

Fride nresa predemo na detaldnidi oeis
Jezika dat demo satetak njesovih svojstava.

SYSTRAL Je Jezik kodi sadrii nrnaredbe za
strukturirana upravljande tokom Programa.
Odabir struktura Je takav da uz presledriost,
Gitldivost i lakodu  erosramiranda omosudude i
efikasrnost. Uz ukljutivandie coptimizacionih
alsoritama o prevedilacke mehanizme dobiveni
kod sotovo 1t svim slutadevima mcle biti
Jedrako efikasan kao onad dobiven direktno o
zbirncm Jezikus pri  Cemnu je presledrost
programa i lakoda  kodom se mosu  pravoditi
izmiere W progsramu reusecredivo veda.

Definirana su dva rviveoa Jezika:

SYSTRAL-1 (mote se Cimplementirati
Jedropralaznim preterocesarom) i SYSTRAL-Z (za
implementacidu  Je rnecphadan dvopralazni

pretorocesoar). Prvi nivo Jde eodskue drusos.

Prasramirande se virsi aijesanden
struktuwriranibh i obiénih  zbirnih erosramskih
linida. '

ClLogidki uvdeti baziradu se rna ispitivandu
status bitova ercocesorar no  takvi  osrncovni

uvjeti masu se povezivati u slolere losidke
izraze koristendem AND. 1 OR. ceeratorar a na
drusom nivou Jezika o lwosickim  izrazima mosu

se podavldivati i zasrade. Nazivi standa
status hitova sastode se od cidelih ridedi ili



duzih skradernica a
standa postode 1 razni

za razna zznacenda istas

nazivi.

Detalii w oblicima cildnih
kode te senerirati komeilataor
kortrolirati o izvornom  tekstu
modifikatora za modifikacidun
uraerided definiranih aoblika.

instrukcida
Mo se
koridterden
ndihovih

Resistrima
priddeldivati
simbolicdki opisi

procesara [ B=2-3N se
simbolicdhki rnazivis td.
ndihovih trenutrnih znacdenda.

SYSTRAL Je u velikod mieri erencsiv na
razre procesores uz kaorristende  sotove  iste
sintakse. Razlike za razrne perocescre clitudn
se aglavnom razli¢itim wmodifikatorima,

razli¢itim arsumentima u FOR_»
naredbama 1 razliditim
bitova.

SWITCH. 1 CASE_
viazivima starda status

Jezik, ti., miesovu  verziju za pProcesor
MCEBQQ2» avdde demo prikazati sluiedi se
opisrimy dakle rieformalrnin rnaciroms te

formalnim o vidu LL(1) sramatikes
oba srikaza uzadammo dopundudu.
Opidimce naderide notacidu  kodom
kaoristiti o prikazu sramatike.

pri demnu se

cema se
Z.1 Notacida za erikaz sintakse

Svi  zavréni simboli (kljudrne ridedis
interpunkcide itd.) prikazugu sa: kao
idemtifikatori sastavldeni od velikih slova i
znaka "_" (npr. IF.» ENDIF_» ZAREZ» DATA._.REG).

Svi nrezavréni simboli
identifikataori
znaka "t
faktor).

kac
malih slova i
lista.naredbis

prikazuju se
sastavldeni od
(ripr. Proigran

produkcida sramatike Je
Jednom elementu? nezavréni

strani produkcida  uvidek
zapotindu na samom lidevom rubu prikazas dok
svi simbali sa desrie strare produkcida
zancdiniu sa adredenim aomakom od lidevos ruba
prikaza:

Format erikaza
slobadars osim U

simboli rna lidevod

prvi_simbal  drusi_simbal

tredci_simbol

lideva-strarna -=>

Sve produkeide sa
strancm ralaze se

Jednakaom lijevom
na Jedriom miestn i zarisudu
skradena - simbol sa lidevih strana tih
produkecida epodavliduie se samo Jednoms prije
zapisa desnih strana:

desna_strana_prve_pradukcije
desna.strana_druse_produkcije

nez_simbel --)
-

-=) desrna_strana_zadnie_produkcide

Ake je desna strana produkcide praznas to
se oznacdava rnavodendem simbola ERS (skracdenica
od "eesilorn® )y nper,

riez.simbal -=) desna_stranaudrve_orodukcide
--) EPRS

o

3. & Droesanizacija erasramskih linida

Praosrame w SYSTRAL-u  sradimo mijedajuci
sbidne instrukcide zbirrnos Jezika (nkljudujuci
i direktive) sa instrukcijama strukturirarnda.
Mijesande se vrésl na nivou programskibh linida.

Dakles uvidek razlikudemc abiériu zbirrm
programsku linidu 1 gstrukturiranu prosramsku
linidu. Bvaka strukturna prosramska linida ima

oblik slican kao zbirna linida:
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{labela) kljubna.rided (rarametri) (komertar)

(elementi navedeni

izostatiy.

uritar zasrada neag

Iaka se na potetku strukturne linide
rnalaziti labela, orna se u  opéemn
zanemarudes eri cemnu postodil
izuzetaka.

mote
sludadu
riekal ik

Izmedu pojedinih  leksickih elemeriata
urittar strukturnih erosramskih  linida mosu se

praizvoldnc podavldivati praznine i
tabulatori. Ukoliko nisu naophadni za
razdvadande susjednih elemenata arni se

zanemarudu.

Prilikom neformalnos corpisa leksidckih elemerata
Jezika navadit ¢dem> 1 ndiihove simbole koadi se
koriste u formalriom ePrikazu sintakse.

2.3.1 Kljudre rijedi

rijedi su  rezervirane i
znak "_" da bi se izbjesla
prvenstvero sa direktivama

Sve klJudrie
sadrie na kradu
mosuénost kolizide

zbirnes Jezika. Tako se npr. kljuéne rideéi
IF_s ELSEIF_s ELSE_ i ENDIF_ :zahvaldujuéi
znaku """ razlikudu od ucbitadenih direktiva
IFy ELSEIF, ELSE i ENDIF. SYSTRAL sadrii
slijedede kliuéne rijeci:

18 OR- AND.. NOT ..

IF_ ELSEIF_. ELSE_ ENDIF .

LLO0F_ WHILE. REPERT .

FOR_ NEXT ..

EVENT_- UNTIL.

MONITOR. WHEN_L RESUME _

SWITCH. CASE .. ENDSWITCH.
Simbali kodi se hkoriste za erikaz kldudnih
rije¢di u waopisu sintakse Jednaki su  samim

kliudrnim rijedima.

Sa cilidem povedanda ditldivosti
zamidldenc Jde cvakvo
status bitova:

Prosrama
tretiranie naziva standa

- za odredenc starde status bita mcoie
postadati vide od Jedricos nazivas Jer pajedina
standa mosu  imati vige znadenda oavisno o

kerntekstu w kodem se ispitudu

-~ svaki naziv
slova sadrii
skracenicu.

sam> Jednos 11i
rije¢ ili barem

umiestc
cidelu

dva
dudn

U tablicama 1 i 2 dani su rnazivi starnda
status bitova za erocesore MCEBRQQ 1 Z8QA. Ako
izuzmems nazive EVEN i ODDs preostali rnazivi
standa status bitova procesora Z8@ su podskup
raziva mrocesora MCEERVQ.

Slove “"U" u nazivima LESS_.Us GREARTER.U itd.
cznatava da se radi o brojevima bex eredznaka
{ursisgned).

leksidku
biteava

U formalrnom opisu  sintakse za
katescridu naziva starda status
upotrebliava se simbol UVJET.




SYSTRAL ' zbirni Jezik
Zmoosoosmmoooosl smoozoosTmsTEos
EQUAL !
ZERO ¢ EQ
FALSE !
________________ e o e e
NOTEQUAL. !
NOTZERD ! NE
TRUE !
LLESS ' LT
———— e e
GREATER ! GT
LESSEQUAL ! LE
GRTEQUAL ! GE
LESS_U ! Cs
CARRY !
GREATER_U ! HI
_______________ e
LESSEQUAL_U ! LS
_________________ e
GRTEQUAL U ! cCc
NOTCARRY !
_______________ o o e e —
FOSITIVE, ! FL
NEGATIVE ! MI
_______________ e e
OVERFLOW ! %]
_______________ A ——— e
NDTOVERFLOW ! vC
Tablica 1. Nazivi starnda status bitova

procesora MCe8RRR

SYSTRAL ' zbirni Jezik

Srmorormsso=sams= loosoosoosszozes
EQUAL !

ZERD ! z
FALSE !

__________________ e
NOTEGQUAL :

NOTZERO ! NZ
TRUE !

_________________ o e
LESS_U ! c
CARRY !

— e
GRTEQUAL_U ! NC
NDTCARRY !

————————— — S -———
FOSITIVE ! F

_______________ e
NEGAT IVE ! N

_______________ e e st e e e et
EVEN ! FE
OVERFLOW !
opD . ! FO
NOTOVERFLOW !

Nazivi starnda status bitava
procesora 180

Tablica 2.

Moadifikatori slule ervernstveno zato da bi
se u izvervom  kodu maosli kontrolirvati detaldi
" oblicima cilinih instrukcida kode ce
generirati kaompilators tJ. za eksplicitro
modificirande implicitnih cblika tih
instrukciJja,

Kao erimjer

motemc navesti modifikator
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resistrima

duaong skokas bududi da su instrukecide skokova

najéesde ciline instrukcide., Skokovi mosuw biti
kratki i dugis a akma nijde ekselicitro
drusacdide specificiranc mehanizmi

trarmslatiranda implicitneo
efikasnide kratke skokove. Ukoliko je na nekom
miestu W Arasrany umdesto  kratkos  potreban
dusi skaoks teldieni efekt postite [=1=)
ubacivandem modifikatora duscs skoka ma  to
miestao,

generiraju

Zbos uske povezarosti sa  instrukcijdama
cilinos zbirrncos Jezikas u brodjus znacdendima i
sintaksnim pravilima za upctrebu modifikatora
koncentrirana je vedina razlika u verzijama
SYSTRAL~-a =za razne procesore.

Svi modifikatori sastodje se od Jednos ili

vide znakova unutar viticastibh zasradas eri
&ermu nije dozvoldiena upotreba Praznina.
SliJedeca tablica dade Pregled svih
modifikatora u verzidi za procesor MCEBQRQAs
rdihovih simbela o formalnom opisu sintakses
te rijdedi c¢ida su pofetria slova sastavnhi
dijdelovi modifikatorat
Modifikator Simbecl Izvor

Ll MODIF_L Lons

{B> MODIF_E EBute

LAY MDDIF_A Address

{3 . MODIF._Q Quick

=12 MODIF_M

Inaternda pojedinih modifikatora bit ¢e ocrisana
kasnide.

3.3.4 ldentifikatori 1 konstante

Euduti da Je
nadlakse ga Je
pretprocesora  fa neki postodedéi
razni zbirmici sadrie i razlidita pravila za
tvorbu identifikataras numeriékih i znakovnih
konstantis on ne odredude jedinstvera pravila

hibridni Jezik i
obliku
zbirnik, a

SYSTRAL
implementirati . u

za tvaorbu tih leksiékih elemernata. U sludaju
implementacigje 1 abliku pretprocesora
preuzimaju se pravila komkretnos baznos

zbirnos Jezika.

U formalrnom  cpisu

sintakse =za ave
leksictke elemente upctraebliavan simbole
IDENTs NUM_KONST ‘1 ZN_KONST.

Jedna od
masuénost

specifiériosti SYSTRAL—-a Je
pridieljivania simbeliékih naziva
procesora. Rideé ‘"simboliéki® u
nazivu Jezika odrosi se  upravo na  ovul
mosueriost.

Jezici oamosudavadu
Sama za oznactavanJde
konstarntis dok

Zbirni
simbola
lokacida i

kcristende
memoridskih
najtesde koridteni
obiekti — resistri - imajdu starndardrie razive
kodi  medutim re copisudu  trenutna  znacerda
sadriada resistaras i rne postaodi nadin
izratavania takvih znacenda u izvoarnom tekstus
osim u komentarima.
U SYSTRAL-u
Jje predvidena ta

se svakom resistru za kodes
mosuérnost mode na bilo kadem
miestu u pragramu eridideliti simbolidki ceis
niesovas trenutrias  znadendar Jednostavimn tako
da se standardnom imeru resistra deda znak “_"
kades slidedi apis (npr. D1_LENGTH,
DS. W_OFFSETs RO_TRELE). Pravila tvorbe avakvih
simbaolickih apisa Jjedrnaka su sravilima tvorbe
identifikatcra. Simbolitka imena resistara
mosu  se  pojavldivati i uw strukturnin 1 o
zbirnim progsramskim linijama.



za erocesor MCEBQAAY u strukturnim
prosramskim  linidama dozveoliava koristende
podatkovriih  resistara. adresnih resistara i
prosramskos bradila. Ove leksidke katescoride u

lzvedba

farmnalnom opisu sintakse imadu simbole
DATAR_REG:s ADR_REG i PC_REB. Simbolidka imena
mosu  se priddeldivati sama podatkovnim i

adresnim resistrima.

-

3.3.6. Supstitucide makro arsumenata

Ukoliko se neka stryktura . jezika koda
zahtigdeva adredene arsumente w obliku
registaras konstanti itd. (FOR.. ili SWITCH.
struktura) nalazi unutar nmakro definicides

da se kao arsument u
fiksnos registra ili
formalni arsunent makro

mote se podaviti eotreba
strukturi umjesto
konstante pojavi
definicide.

konstant es
tvarbe makre
implementacide
pravila bazros
makro-a u  raznim

Kao 1 =z2a identifikatore i
SYSTRAL nre cdreduje ni pravila
argumenatas vee se kod
eretoracesaron preuzinadju
Jezika. Formalni arsumenti
zbirnim Jezicima padavlduiuw se u dva cblika:
pozicionom {specificira se redni brog
arsumentas ner. "1" ) ili simbolidkom. U prvaom
slutasu potreban Je posebni  leksidki element
kagi aovdie nazivama supstitucidom makre
aragumenta i oznadavamo simboelam SUPST: dok u
drusom slucadu formalni arsumenti uwlaze u
kate€soriju identifikatora. Razlike izmwedu ova
dva slutada dovode i do rnezmatnih razlika u
sintaksi Jezika. U ovom radu pretsostavidama
prvi sludad i predstavidamc cdscovaradjudu
gramat iku.

3.3.7 Seecijalni znakovi

SliJjededa tabela dadje popis svih
specidalnih znakova u  izvedbi Jezika za
procesar MC&8Q@a i ndiihovih simbola za

koridtende u formalnom oepisu sintakse.

Inak Simbel

» ZAREZ

¢ L_2AG

) D.ZAG

# OINAKA_RROJIA
. TOEKA

- MINUS

+ . PLUS

-

3.3.8 Blokovi zbirnih instrukcida

Zhos . principa mijedanas kodirandas blok
od dedre ili vide zbirnih erosramskih linida
ukliududuci i potpuna  prazve &ini  Jedan
leksid¢ki element kodes oznatavamoe simbalom
ASM_BLOK.

3.3.9 Zavrieci strukturnih linida

1z istos razlosa neorhodno je i
postodande ovos leksitkos elementa. On se moie

sastodati samo od znaka za zavrsetak linide
(nor. CRYy ali i od kKomentara kodes slidedi
CR. Ozriatavamc sa simbolom NEWLINE,
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3.4 Sintaksa i semantika Jezika

Z.4.1 Prikaz srosrama

U poglavlgu

3.4 dat demo uz ostale i vedi

brod  primdera strukturiranih  prosrama. Ispis
rekih orimdera dobiven jde erimierncom prosrama
kaodi automatski uwokvirude sve strukture:
koristedi znakove "!'", """ i "-"y npr,t

! ______________________ i

! IF. H

! l _____________ [ ]

! ! LOOF_ H

¢ ' cee MY

! ! REFEAT. '

! e

! ENDIF._ !

! __________________ 1]
Time Je povedana presledrnst prikaza

strukturiranih ercsrama.

Frije neso
didelava Jezikas
lesalan @rosram.
listes tJ. niza
naredba mole biti
Jezika) ili

opis  podedinih
kakco mote izsledati
Svaki prasram  ima  ablik
naredbis pri édemu svaka
slotera (Jedna od struktura
Jedriastavna {(blok. zbirnih
instrukcida ili strukturna instrukecidsa
EVENT_}). OvdJje su erikazani sintaksni elementi
{(programds (lista_raredbi) i {(naredbal.
Elemert (lista_rnaredbi) ¢estc se keristi i
unutar eodedinih  struktuaras kao &to demo
vidieti u dalindem tekstu.

predems na
utvrdimo

prasran - lista_riaredbi
lista_naredbi ~=) naredba lista_rmaredbi
-=) EPS
rnaredba -} ASM_ELOK
==} event _riaredba
-=) ifostruktura
-=) loop_struktuwra
- for_struktura
-=) monitorostruktura
-=} switch_struktura

U SYSTRAL-u se mosu
logi¢ki izrazi uepotrebom AND_
Medutims csnovni  losidki
obidrom  zbirnom dJezikus zasrovani na
bitovima. Opigsima najerije
specificiraju osnovni logidki

sloZeni
operatora.
kao i ow

status
kakec se
uvieti.

tvoriti
i OR.
uvdeti su

3s 4 3.1 Instrukeida 1S.

U zbirnim Jezicima ispitivanie cdredencs
uvieta orovodi se o dva koraka:d

1) obmavldarnie status bita
2) ispitivarnie starnja status bita
i provodende grananda ovisno o stanmdu.
Zbos tosa SYSTRAL omocsudava
ave faze.

podriavanie obde

Razdvadande tih dvidu faza 4 svim
upravljadkim strukturama Jezika omosutuie
instrukcida I1S_ .

Na erimnders osnavni  oblik IF. strukture

izsleda avako!




IF_
(lista_naredbi_1>
IS (uvaet)
(lista_naredbi.2)
ENDIF_
Element <(lista_naredbi_1) i instrukcida IS0
(uviet) zadedrno Cine nadjedriostavnidi  oblik
losickos izraza - (lista.naredbi_i) cbravlda
status bits a instrukcida I8, (uviet) sa
ispitude i eovisno o niescvam standu eprovodi

srarnanje.
Frethodnu konstrukcidju treba shvatiti
na slijededi nadin:

i ditati

Rk
obravljande status bita

rezultira odredenim standem status bita
tada izvrsi listu naredbi &.

Pritom Je (lista_naredbi_1) primier sintaksros
elementa (lista_naredbi) ceisancs u prethodron
paslavliuws a (uviet) se sastodi od leksidkas

elementa UVJIET kodemu mo2e prethoditi  NOTL
operater (leksidki elemenmt UVJIET predstavlda
nazive standa status bitoval. Elemerit
{lista_riaredbi)> mc2e biti sastavliden i od

slotenih strukturas no
status bitova on de

u funkecidi obmavldarnda
se rajéesce reducirati
Jednaostavno u blok zbirnih instrukecisa ili ¢ak
w o prazra listue naredbi. No bez abzira mna
sastav (liste_rnaredbi_1) perevodiladki prosram
zamidenit de kliuéru ridedé ENDIF. labelams a

instrukeiju IS_ {(uvdet) uvdietrim skokom na tu
labelu.
Za ilustracidu kodiradmo Jednostavni

zadatak - ako su resistri D@ i D1 Jednaki tada
u resistar D2 treba upisati broJ 1:

1IF.

CMP.L D@sD1
1S_ EQUAL

MOVE. L #1.:D2
ENDIF.

Frevodendem ovos cdsjedka dobiva se slidedecid

ekvivalentni zbirni Prosram (zbos vece
presledrnosti ukliutere su i izvorrie
instrukeije u obliku komentaral:
i IF-

CMP. L D@s D1
s BNE. S LAB1 § IS. EQUAL

MOVE. L #1,D2
LAER1 PP i ENDIF_
Fodto se kljudna rided .IF_ rie tramslatira u

nikakav kody odsdiedak za obnavlijande status
bita moie Jod 1 prethediti umdesto da se
nalazi izmedu nde i kliudne rideci IS_. Tako

Jje slidedeéi pragram poteurc ekvivalentan
prethadrnom:
cMp. L D@s D1
IF.
1S EQUAL
MOVE. L #1,D2
ENDIF_

Instrukcida I5_ predstavlia u SYSTRAL-u Jedini

nacin za eksplicitrnz izrafavarnde primitivnih
uvjeta bazirarih nra status bitovimas a
primideniude se - povezarnosti .sa svim
instrukcijama kade zahtiJjevaju izralavande

Je bila
najéeste po ovom abrascus

takvih uvieta (u sorndin orimierima to
instrukcida IF.),

(Kliudna_rijed)
‘(lista_naredbi)
IS (uviet)
gdde (kliuctna_rijed)
WHILE. ili EVENT..

mode biti IF_, ELBEIF.,
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Slijedeé¢i eprimder ilustrira koristernse
ingtrukecide IS. u povezanosti sa  kldudnom
ridJe®i ELSEIF. i wiedno prikazude slufad u
kadem  Je rnecphodnn  da lista naredbi za
cbriavldjande status bita bude prazria. Zadatak
Jje slijede¢it u resistar Dl treba upisati broj

@ 1y ili & ovisnoe o tome da 1i Je rijed n
resistru D@ Jednaka nrualis resativra ili
pozitivra.
IF. A
TST D@
1S.. ZERO
MOVE #@sD1
ELSEIF_
IS NEGATIVE
MOVE #1,D1
ELSE_
MOVE #2.D1
ENDIF_
Odsdedak za abnavldande status bita izmedu

ELSEIF_ i IS. u
ponekad se mode

avom slugasu
Javiti potreba

kliuénih ridedi
Je prazams no

da o sadrii neku od struktura Jezikas kao u
slidededen zadatku - u resistar D1 treba
upisati brod Qs 1y ili & ovisno o tome da 14
Jje apsclutra wvridedrnost rijdeti u  resistru D@
Jedrnaka @ veca od 100, ocdnosno manda  ili
Jjedrnaka l1@@:
! —— oy |
[ !
! TST D@ '
! 15_. 1IERO : !
v MOVE  #Qs Di '
! ELSEIF. !
! e e o e vt
! VIFL 't
! v IS5, NEBATIVE H
! ! NEG D@ !'!
! t ENDIF._ "
! I — [}
! CMFP  #10Q0y DQ !
' 15, GGREATER !
! MOVE #1, D1 !
' ELSEL !
! MDVE #2y D1 !
! ENDIF_ !
1 1
Osim v IF. strukturi instrukecida 1S

upctrebliava se i u drusim strukturama Jezika.
U slijededem primieru ona se pojaviiuie u
strukturi petlde sa izlazom na dnu. Prosram
slu?i za racdunande broja nesativnih butova u
bloku odrederncon resistrima AR (podetrna adresa)l
1 Al (zavréna adresa)l.

CLR. W D@_COUNT
e - ————— ——— ———————— - — - . - - H
! LOOF_ !
! e e vt
! [ ] S . 't
! ! TST.B (RA_TREN_ADR) + Mt
! ! IS. NEGATIVE !
! ! ) ADDG. W  #1y DQA_COUNT '
! ! ENDIF_ H
! [ ———— ——————
! REPEAT. WHILE_ !
! CMFA.L  A1_ZAV_ADRs RARA_TREN_ADR !
! IS, LESSEQUAL.U
1 1

Nazivu standa status bita " 1S_
instrukeidi mote prethoditi ocperator NOT_ kaodi
specificira suprotno stande istos status bita.
Ner. instrukecida IS- NOT. TRUE Jje ekvivalentna
instrukeidi IS. FALSE.



3.4.3.2 AND_ i OR. creratori

Instrukeida IS_ u serezi sa cdsdedkom za
aobravidande status bita kodi Jod prethodi
predstavldia nadjedniostavnidi oblik lasicdkos
izraza. Slotenidi izrazi tvore se povezivandem
avakvih osrcovnih ped-izraza pomcdu ANDL. i ORL
operatoras a implementiradu se nadinom kodi se
poriekad naziva kaskadama skaokova /WAITEB4/. Uz
pretpostavku da izraz sadrii dva oeperanda
{(ped—~izraza) pavezanih AND_ ili DOR-
cperatoroms takav riadin implementacije znadi
da se evaluacija izraza prekida nakon
evaluacide prvog operanda ako ana dade
daovalink  informaciduw da se codredi rezultat
cidelos izraza. Pravila su slijedecéa:

~ ako  izraz sadr2i dva uvdeta . povezana ANDL
cperatorom i prvi  uvdet nije ispundern tada
nijJe ispunden ni uvdet titavos izraza

- ako izraz sadrii dva uavieta povezana ORL
coperatorom i prvi uviet Je ispunderns tada Je
isournden i uvdet ¢itavos izraza.

U vidim Jeziecima kodi definiraju evaluacidu
logidkih izraza nrna avakavy nacir losidki
izrazi se evaluiradu slijeva nadesncos dok se u
SYSTRAL-u mole sovoriti ‘o evaluacidi odozsc
orema dolder 5 obzivem da se losidki izwrazi
razvidadu vertikalros a ne horizantalric.

Definicija 1losiekih izraza razlikudje se
za prvi i drusi nive Jezika. Frvi nivo
predviden Je za Jednostavniiu implementacisuw
Jednoercalaznim  preterccescraomn pa su stosa
ritina odredena osranidenda. Sintaksrniz s
lesicki izrazi na prvom mivow Jdezika podskup
arnih na drusomy no i za sintaksnoe iste izrazes
na raznim rniveaima semantika se mode
razlikovati.

Prije opisa losiékih izraza za podedine
riivoe definiraimo sintaksne elemente
(not _ceerater? i (dmpmcdif) (medifikator dusas
skoka) zajednidke za aba nivoa:

not _operator - NOT .
-=) EFS
Jmpmadi f -—> MODIF..L
—--) EPS
3.4.3.2.1 AND_. i DR. cperatcori - nivo 1
Na prvom  nivou Jezika AND_ i DOR_
operatori  imadu Jednak priceitets upatreba

zasrada u leogicdkim izrazima nide dozvoliernas
asnovrni losidki uvdeti modlijedu pravilu desne
asocidativnosti (cdnosnc asccijativriosti
adozdo prema  sore)s a NOT. operator wmole se
koristiti samo =za nesaciju mnaziva standa
status bitova.

Nepostojanie eksplicitnos
zasvadas Jednaki
pravilc desne

srupirarda pomadu
prioriteti oparatora i
asocidativnosti daju efekt kao
da se nakon svakos AND_. ili OR_ oreratora
rnalazi otvorena zasradas a sve zasrade se
zatvaradu na kradu izraza.

Loasidki izraz mode se sastodati od pracizveldno
mnoso IS_. instrukcidas gri  Cemu svakod
prethedi lista naredbi za obravldande status
bitas a svaka IS. instrukcida osim posldednde
u  izrazu sadr:i AND_ ili OR. operator,
Sintaksa Je Jedricstavna:

logicdki_izraz -=) NEWLINE lista.naredbi
IS. nrot_cperator UVJIET
Jmemodif ostatak_izraza
astatak_izraza --) AND. lecsiéki_izraz
--) OR.. logiéki_izracz

--) EFB

Za primier kodiradmo
pozivati
rezultat

treba

slijedeéi zadatak -
potprosram  FOTR  kodi  vracda
uw resistru DAy sve dok Je rezultat u

sranicama izmedua 50 i 10@:

Lasidki

slotenidi -

LDOP_
BSR POTP
REFPERT. WHILE.
CMR  #52y D@
IS. NOT. LESS AND_
CME  #12@s DO
15. NDT. GRERTER
izraz u slijededem primjeru Je nesto
ako Jje ispunden uvdiet kodes bi u

riekom visem Jjeziku specificirali kao

ul and nat w2 and ( w2 o wé )

tada treba komplementirati wud ( uls u& ae 9

us )

st memoridske

lokacide sa zrnadendem

laosidkih varidabli ):

IF.
TST.B U1

IS_ TRUE AND_
TST.B U2

IS_ NDT. TRUE AND..
TST.B U3

I15_. TRUE OR.
TST.B U4

15 TRUE
NOT. B US

ENDIF_

‘Svakom  losidkom izrazu  sridruierne su

dvise labele: labela

uvietu

rielspundencmn
mehanizmi
instrukcidomn

koda edsovara iseundencma
izraza i labela koda odgavara
uvietu izraza. Frevodiladki
svakut  IS_ instrukcidu zamidendudu

uvietrnos shkokas i demu  se

razlikudun tri slutadat

- akeo IS. instrukcida sadrii AND. operator
gerierira se ‘instrukeida uvdetnos skoka nra
labelu reispundenos uvdieta (uviet skioka

supratan

- ako

sernerira

labelu

- ako

aoperator
instrukeide
kontekstu o kodjem se nalazi lesiéki izra:z.

Kompilator
skhokaves
modificirati u
dusoe skoka (L .
U logidkim
naziva status bita u I1S_ instrukcidi:

2.4.3.2.2 AND.- 1 OR. aperatori - nive 2

Na drusom nivow
veci prioritet neso DRy u
Jje dozvaliena upotreba

dubiriu

kaoristiti i za

izraza.

ispunders
Je uvdetu u IS. instrukcigdi)

Je uvdetu u IS instrukeidi)

IS_ instrukcida sadrii OR_
se irmstrukecida

oeerator
uvietros skoka na
uvieta {(uvijet skoka Jednak

S. instrukcida ne sadrii AND. ili OR_
moguda sy wba sorvida  oblika
uvdietrnos skokas &to ovisi o

implicitvro senerira kratke
ne and se (=] N8 eksplicitno
duse primdenom modifikatora

izrazima on se uvidek ubacude iza

IF_

Jezika AND. cperator ima
losidkim izrazima
zagrada uz proizvaldng
griidjeidendas a NOT. ceerater moie se
nesaciju ditavih slotenih pod-—




Kaa i na
sadrtavati vige 1S
zadndia nema AND. ili
prethodi codsdedak za

srvom  nivous izraz mole
instrukecida cd koadih samo

OR. operatory & svakad
cbnavljande status bita.

Naravriny sintaksa Je rnesto sloZenijas
losidki_izraz -3 ¢lan ostali_¢lanavi
&lan ~-=) . faktor ostali_faktori
cstali_élanavi =-=) OR. &lan wostali_édlanovi
-=) EFS
faktor -—> NEWLINE lista_naredbi
15 rnot_operater UVIET
Jmemadif
-=) not _cperator L_ZAG
logsidéki_izraz D.IARG
ostali_faktori --) AND.. faktor
ostali_faktori
- EFS
Ilustriradmo sintaksu na nekaliko

primiera. U prvaom primieru kodirat ceme izraz

Cul or w2 ) and ( U3 or wé ) ¢
IF. (
TST.B UL
1S. TRUE OR.
TST.B U2
15 TRUE ) AND.. ¢
TST.R U3
IS_ TRUE OR.
. TST.B U4
I1S_. TRUE )
NOT. B UZ
ENDIF.
Ovaj odsdietak translatira se u slijedecdi
prasram o zbirnom Jeziku:
I § SH
TST. B U1
BNE. S LAR1 ¢ IS. TRUE OR.
TST.H uz
BEQ. S LARZE i IS. TRUE ) AND. {
LAB1 T5T. B u3
ENE. S LABZ t IS_. TRUE OR_
TST. & - U4 '
BEQ. S LARR3 i IS_ TRUE )
LAEE ~ NOT. B us
LAR3 . i ENDIF_
Kao ¢to se vidi iz erimderas pored labela
ispurndgros i rneispunderos uvieta rcildevi
pajedinih uvietnih skokova mosu biti i labele
sererirane unutar izraza (u ovam  sludadu
LAB1)., To Je i razlos zasto se avad nadin
implemertacide lagicekih izraza raziva

kaskadama skokova.
U slidededem primieru kodirat demo izra:z

(ul or u2 and not (W3 or w4)) and ud 3

IF.
TST.BR UL

1S. TRUE ) OR.
TST.R U2

1S5 TRUE AND.. NOT_ ¢
TS8T.R U3

1S_ TRUE OR..
TST.BE U4

1S_ TRUE ) ) AND_
TST.B US

IS TRUE-
NDT.B UE

ENDIF.

Borndi primjer ilustrira upctrebu NOT..

operatora za resaciju sloateros pod-izraza.
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Inplementacida se temeldi na de Morsarnavim
teoremima -~ OR. opeeratori se tretiradu  kao
AND_ i abratrnoy uz nesaciju operanada.

4.4 IF. struktura

(8]

tekstu naveli swo vide
strukturom. Osim sto
losicke izraze ona Je
strukturama oo ovidgim
Jeziku ADR) i zatac nema
detaldnim opisivandem,
cpisuje farmalni erikaz

U dosadadrndem
primiera sa - oawviam
ukljuduie specifiéne
slié¢ra adsavaradudim
Jezicima (rier. A}
potrebe za ndenim
Naderecizrniide je
sintakse:
if_struktura --) IF. logidki_izraz NEWLINE
lista_naredbi elseif_.lista
else_blok ENDIF_ NEWLINE

elseif_lista -~-? ELSEIF. Jmemcdif
lasidki_izvraz NEWLINE

lista.naredbi elseif_lista

~=) EPS
else_blok ~-=> ELSE. . Jmomcdif NEWLINE
_lista_ﬂaredbi
~=) EFS
cPrilikom prevo8enda  klduérne ridedi -ELBEIFL i

ELSE.. zamidenJjudu se
krad strukture.
skokova nosu se

bezuvdetnim skokovima ra
Implicitrni kratki oblici tih
mxdificirati modifikatoraom

dusos skokars ner.
IF_
18- EQUAL
ELSEIF. (L3} f
IS5 TRbéi
ELSE. %LE
ENDIF.

2. 4.5 LO0OP_ struktura

Struktura petlie moie imati
ocblikatr sa izlazom na  vrhis na
izlaza ma wvrhua ili dnu. Sva tri

imati i izlaze iz sredine.

tri osnovra
drnius 1 bez
oblika moau

3.4.5.1 Petlia sa izlazom na vrhu

Logidki izraz kodi  epredstavlda uviet
pomavidanda epetlie nalazi se na ndencm podet ki
iza kldiutre rideéi WHILE_.» a kraJ peetlje
cznacava kliudtra rijed REFPEAT.:

LOOF. WHILE_. (leositki_izraz),
REREAT_
Pojedine IS5 instrukcide " izrazu
translatiraju se u uvietne skokove na  prvu

instrukcidu iza petlies a instrukcida REFEAT_
u bezuvdetni skok na podetak petlie. Tad skok
more se modificirati rnavodendem modifikatora

duscg skoka iza Kliuéne rijecdi REPEAT..

3.4.5.2 Petlja sa izlazom na dnu

Sa ovim ablokom petlie ved smo se susreli
U primderima. Losidki  izraz takoder slidedi
ride¢ WHILE_y ali se nalazi na kraju petlie:



LOOR_

REFPERT. WHILEL (losiéki;izraz>

Padedine 15 instrukecide u .izrazu
translatiradu se u uvjetne skokove na sotetak
cetlie,

3.4.5.3 Petlda bez izlaza na vrhu ili dnu

Logidki izraz ovdie se ne podavlidude ni
na epotetku ni na kradu retlde:

LOOFP_

REFPEART_
Instrukcida REPEAT.. translatira se u
bezuvietni skok na potetak petlder kodji-. se

mode modificirati modifikatorom duscs skoka.

23.4.5.4 Izlazi iz sredine petldie

Izlaze is sredine petlie mosu imati sva
tri osnovnia oblika petlde. Promatrarco sa
starovidta lositkos srananda prosramas potreba
za nJjima cbiénae se Javlda samc kad trecdes
oblikas a u ostalim oblicima izlazi iz sredine
mosy pridonideti efikasrncsti. Izlaz iz sredire
petlie specificira se primienom kljuére ridedi
WHILE_ kodu slidedi losidki izraz:

LDOFP_
(lista.naredbi)
WHILE. (losidki_izraz)
{lista_naredbi)

REFERT.
Fojedire 1I1S. instrukcide u losidkom izrazn
eyrevode se uvietne skokave na Brvu
instrukecidu iza petlJje.
Ovakvih izlaza u Jednod eetldi mole biti

praizvaldng mnoasos rner, @

LDOF_
(lista.naredbi’
WHILE. (losiéki.izraz}
(lista_naredbi?
WHILE_ (lcsicki_izraz)
(lista.naredbi)
REFEAT_ WHILE_ (lcsicki-izraz}

Cirdenica da kod  procesora MCEBQQQ
rieizvréeni krathki skaok trade marnJe od
izvrsenos mofe se iskoristiti za optimizirande
brzire petldi sa izlazom na dnu na radun
memorijskos prostora /MORTONBE/. To se postile
"odmatandiem" petldes St u SYSTRAL-u cmasududn
upraveo izlazi iz sredine petlde.

Na primijers petldu za tralende prve lokacide
Jedrnake rnuli:®

LOOP_

TEST.B  (RB)+
REFERT_ WHILE.
1S NOT. ZERO

mofemo rnapisati i ovakos Cime se postite veda
brzina:

LDOP_
TST. B (AQ) +
WHILE.
1S_ NOT. ZERO
TST.B (RQ)+
REPEAT_ WHILE_
IS_ NOT. ZERO

Brzirnu moemo dalde povedavati dodadudi nove
parove TST.B - WHILE..

Izlaze iz sredine petlde crcsuéuie
sintaksni element (while_lista) sa wovakvom

sintaksom:

while.lista ~-=) WHILE_. losidki_izraz
NEWLINE lista_naredbi
while_lista
--) EFS

U sludaju nadjedrostavnides losidkos

izraza u svakom prolazu petlde sa izlazom na
dnu izvrdava se samno Jjedan skoks dok  se kod
petlie sa izlazom na vrhu o svakom prolazu
osim everitualrno u  prvom izvrdavadu dva skokas
dto Je marde efikasnc,
Petlda sa izlazam na dnu mole postati losidki
ekvivalentna petldi sa izlazom na wvrhus ali
efikasnidja od nies primJerom modifikatora
ulaska w petlju (=123 :

LooR_.  {-13
REFEAT. WHILE_

15. EQUAL

Ovad modifikatcr senerira bezuvdetrni skok na
odsdetak iza kliuéne ridedi REFERT.. Tasd skok
izvrsava se samo prilikom ulaska v petldiwy a
mote se modificirati da postane dus 3

(-1 {L3

Smisac aznake -1 Je o neizvrsavandu tiJdela
petlie u prvog iteracidi.

Sintaksa modifikatora ulaska o petliu Je
slijedeta:

entramodif -} MODIF. .M JSmpmodif
-=> EFS
3.4.5.6 UNTIL. - EVENT. mehanizam
Dosad opisanim  mehanizmima ne wmosu  se

izraziti sve potrebe za izlazima iz petlie
kode se mogu pojaviti ~ takav Jje slutas kad se
unutar petlie nalazi neka struktura 1 na rnekon
miestu urmtar te druse strukture Je potrebro
izvrsiti izlazak iz petlde.

U svim dosad prikazanim osblicima
strukture petlde vizualrim presledom strukture
vrlo lako se mosu  ucéiti svi ndeni izlazi Jer

st specifikacide izlaza wvidek smiedtene u:z
nekiy od sranica strukture: sorndus  dondu ild
lidevu., Blican Je pristup kod mehanizma  za

amosuéavande izlazaka iz drusih struktura
uratar petlde: na poltetku petlie mora se
deklarirati da postoje izlazi nesdje na

sredini. Deklaraciju cbavlja rnaredba UNTIL_s a
stvarni  izlazak iz petlie provode EVENT_
naredbe.

Naredba
UNTIL. (indikator_.dosadaja)

mote se podaviti na poCetky svih oblika
petlie. Element kodi smo ovdie oznacili kao
({indikator_dosadada) zaprave Jje leksicki
elemert IDENT (identifikatcr). Smisao cvakve
deklaracije Je slidededi: petlda se izvrdava
sve dc pojave codredere situacides ili
drusadide retencs sve dok se ne dosodi dosadad
¢ije ime coznadava (irndikator.dosadadjal.

Naredba EVENT_ ima dva oblika:
- EVENT_. (irndikator_dosadadad

- EVENT. (irdikator_docsadada) IF_
(losidki_izrazd




Frvi oblik izrakava da
odmah  provodi izlazak iz petlder a drusi
sovori da se dosadad dosodic aka Je ispunden
uviet logidkos izraza 1 4 tom sludadu srovodi

se dosadad doscdico i

izlazak. Frvi oblik translatira se o
bezuvdietrni skok koji se mofte modificiratis
npr.

EVENT_ FDUND <{L>

Naravrncos (indikatcor_dosadada) u EVENT. naredbi
mora biti Jedrnak orome u epriepadviod  UNTIL_
naredbi.

Ilustriradms  primjernn UNTIL_. - EVENT.
mehanizma erimierom: treba isepisati datoteku
na Stampadus ali tako da ra pocetku 1 kradu
svake stranice odredeni brod linijda ostare
prazan. Fretrpostavldamo da potprasram GETCHAR
¢ita slijedeti znak datcoteke sa standardros
ulaza u resistar D&y a PRINT ispisude zrmak iz
resistra D@ na &tamead.

EMFTY EQU 3
PAGE EQU 72 - & * EMPTY
CR EQU 13
EOF EQU -1

MOVEM. L D@-D&1 - (SF) :
MOVE.E # CRs DQ@_CR

LBDORP_  UNTIL_
[}

spremi resistre

END_OF _FILE

! DI_LINEs # EMRTY (-1} . #@ t
! PUTCHAR DR_CR ‘

! NEXT. DIi_LINE ot
1- i

FOR.

[}
FOR- DI_LINE: # PAGE (-1} » #@ !
1 o o e e e e o et o o e =~ —————" " 48 " = - — = —— i
LOoR_ !
GETCHAR DE_ZNAK
1 [} [}
' EVENT. END_OF_FILE 1IF. !
! CMP.B # EOFs DE2_INAK !
! Is. EQUAL !
t 1

[}

'

1

]

]

i

)

! FRINT DZ_ZNRK

! REPEAT. WHILE_

! CMP.B D@.CRy» DZ_INRHK
! IsS. NOT- EQUAL

1
X

NEXT. D1_LINE

FOR_ DI1_LINEs # EMPTY {(~13 ,» #0Q
PUTCHAR DO_CR

NEXT_ DI_LINE

MOVEM. L (SP)+,D@-Dg
RTS

i obnovi resistre

Unutar petldie sa UNTIL_ deklaracidom moie
se nalaziti proizvoldno mnoso naredbi sa istim
indikateram dosadadas drusim ridedimas izlaza
iz te petlie mole biti proizvolino mroso.

Doses deklaracide dosadadas td. podrudde

u kodem  Je ona  aktivnas protele se od ndene
pojave ra potetku petlde do krada pPetlje.
Deklaracida mole u didelu svos dosesa biti

nevidliivas ako je prekriva drusa deklaracida
istog identifikatora.
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U erimieru

”

LODP_. UNTIL. FOUND
EVENT_. FOUND
LOOF_ UNTIL_. FOUND
EVENT_. FOUND
REFERT.
REFEAT.
prva EVENT. raredba cdnosi se na vandsku
petlius & druga rna uruutarndiu,

.

Elementi UNTIL_ -
slijededén sintaksu:

EVENT. mehanizma imadn

until_blak . ==) UNTIL. IDENT
- EPS
event _naredba. --) EVENT. IDENT
event_ostatak NEWLINE
event_ostatak --) Jdmpmodif .

-=) IF_ loeidki_izracz

3.4.5.7 Bintaksa LOOF. strukture

Podte  smo
kornadno modemo
LOOF_- strukture:

niene elenentes
sintaksu cigdele

opisali sve
predstaviti

loce.struktura -—--3 LOOF . entrymodif

until_blok looep_ostatak

NEWL INE

loce_cstatak -} WHILE. losi¢kioizra:z
NEWLINE lista_naredbi
while_lista REPERT_
Jmemodi f ’

- NEWLINE 1lista_naredbi
while_lista REPEAT.
loop_izlaz

loce_izlaz - Jmemodi f
—-=) WHILE_ losidki_izraz:

3. 4.6 FOR. struktura

Drusa struktura
tako opéenita

petlie u SYSTRAL-u nigje
kan analogrne strukture u vidim

Jezicima. Ulcsu kontrolne varidable petlie ima
rneki od resistara procescoras petlia uwvidek
napreduie U silazvom smieruw sa korakom -1y a
krajrnda vridednost petlie je fiksno definirana
{kd erocescra  MCEBQQRG ta vridednost je @y a

kod Z8@ .1). Struktura se implementira pomaodu
instrukcida tiea “decrement ard brarch" (DEcc
kod MECEBQRRD)  ako procasor sadrii takve
instrukcides a inacte instrukcidom za
smarndivande sadriada resistra i zatii uvdetrim
skokom,
Struktura FOR_ - NEXT. mole imati  tri

aSNCVNA oblika; aralosnc 1LOOF. strukturi:

FDR. ...

NEXT. ..

FOR- ... WHILE. (losicdki_izraz)

NEXT. ...



FOR. ...
NEXT_. ... WHILE. (lcsid¢ki_izraz)

Kod prva dva oblika petlde raredba NEXT_
translatira se u DBRR instrukcidu a kod
treces, u sprezi sa posldedndan IS_
instrukeidonm u lagidkom izrazw o moérid

instrukecidu DBec.

Rrialosida sa LOOFP. strukturcm re prestaje

kod osravnih oblika petlde. Mosuki S
videstruki izlazi iz sredine petlde pomocu
WHILE. naredbi (sintaksni alement
(while_lista)) kaae i izlazi iz struktura
usndetderih 1 petldus primdencm  UNTIL. -

EVENT. wmehanizmai: a mole se
madifikator ulaska u epetldu.

primideniti i

3.4.6.1 Osnovni oblik FOR-

petlie

Jednostavnis najéesce upctreblijavani

oblik FOR. petlie izsleda ovako:
FOR_. {resistar)s (pat.vriids (krad_vrid)
(lista_naredbi)
NEXT. <(resistar)
U izvedbi za erocesocr MCEBRAA (resistar) mora
biti padatkovhni resistars za podetru

vrridedriost ( (pod_vrid)
adresni nadini procesaoras
( Akras_vrid) ) Je uvidek #3. Naravnos
registar koji se podavldude v NEXT_ riaredbi
mora biti Jedrak resistru iz FOR. naredbe.

) su dozveoldeni svi
a krainda vridedrnost

Hao primjer napidimo
zbradande 1@ ¢larnova poljas

odsietak za

CLR D@_SuUM
| J—— - ey |
! FOR. DIi_.COUNT, # 9y # Q !
! ADD (RA_TAELE)+» DQ_SUM !
! NEXT. DIi_COUNT '
1 t
Instrukcida FOR. tramslatira se u instrukeidu

pundenda koritrolnos registra potetrnom
vridedrnodéns dakle
MOVE # 9 D1 3
a NEXT. u DBRA instrukcidu.
Podetna vridednost nide 1@y ved 3y pogto Jde

kradnia vridednost @,

S.4.6.1.1 Izostanak specifikacije ectetne
vridedrnosti petlde

Potetrna vridedrost eetlie rne
uopée specificiratis ved se umijestao
navesti dvije uzastopne todke.
ne gererira podetnu
inicijalizacije resistras Jer
resistar ved inicijaliziran
potetnu vridednost retlie.
oblikom FOR. rnaredbe wmoXe se Javiti ner. u
sludaju kad Je kentraolrni  resistar eetlie
arsument potprosrama u kom se petlda nalazi.w
Transforniradmne prethedni primder w poterasram
sa arsumentom U resistru DI kodi predstavlda
brod &lancova ecldad

mora se
nie mosge
Tada kompilatcr
instrukeidn

se smatra da Je
i sadrii ispravnu
Poatreba za cvakvim
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CLR De_suMm

1 o e e 47 1 2 i e e e o e o e o T S T —— T A A7 —— A e — ]

LS § = !

! TST DI1_COUNT !

! 1S. NOT. ZERO !

! SUEQ #1» DI1_COUNT !

) 1 e e e e et e 2 e e e e 1

! ! FOR- Di_COUNT, .. s #Q v

! ! ADD (AG_TARBLE)+: D@_SUM !!

! ' NEXT_ DI1_.COUNT t

1 1 Pt

' ENDIF_ !

] [

RTS

Da bi maoterosram bio opdenit morali sme uzeti
u obzir i sludad kad Je brod Jjedrniak @. Tada se
ne smide izvrditi nijedan prolaz kroz petliu
sto  osisurava IF. struktura. Frijde potethka
petlie brad treba smanditi za 1.

S.4.6.1.2 Modifikater ulaska u eetliun u
FOR_ strukturi

Modifikator ulaska u setldiu omisali smo i

prikazu LDOP. strukture. On cmosudude ukazak u
petldn ma ndenom driu umdesto na potetkus a u
FOR_ strukturi mote se podaviti iza
specifikacide pxtetrne vrijdjedrosti petlies bila
da Je orna Purna ili prazrna.

Slijedec¢i primjer Je varidanta erethodna
dva - brod €lancva polda  cdredude nenoridska
lokacida N@

CLR D@_SuM

FOR_ DI_COUNTs N {-1} » #Q@

1 ]

! RDD  (AQ_TAERLE)+; D&_Sum !

! NEXT. D1_COUNT '

1 H
Modifikator ulaska u petliun  sererira

bezuvietni skok na
instrukecidu.

U FDOR. strukturi cznaka -1
neizvrdavanie tijela petlde wu
vet i ¢indenicu da se prije eyrvas izvrdavanda
tidela petlde (ako do mniesa uwopte dode)
potetna vridednost eetlie smandude za |i.

krad eretlies dakle na DERA
izra*ava rne samc
prvioad iteracidis

3.4.6.1.3 Modifikatori
resistra petlde

potetrnos pundensa

Fodetno pundende kontralrnos resistra
petlije implicitro se ostvarudje MOVE
instrukcidam, Medutims ecriekad masw  biti
prikladnide instrukcide MOVE.EBs MOVE.L ili

MOVER 41 tada zahtdeve za asenerirandem tih
instrukcida izratavamo ubacivarnJjem
modifikatora podetros pundenda resistra petlie
u izvorni tekst.

To suw {(EY » {L} i <0 .
Navode se  iza specifikacide potetre
vridednosti petlies rpr, s
FOR. D@ s (A1) {E} . #&
ili
FDR_ D& 1+ #7 (0> , #D

a ako postodi i
se rnavaodi

medifikator
iza nJdih.

tlaska u petliu on

Sintaksa Je slijedeca:

loédmodif - sizemcdif
- MODIF_Q
sizemncdif -—> MODIF_E

-} MODIF_L




Element (sizemodif) keristi se
strukturi.

i u SWITCH.

3 4. 6.8 FOR. wpetlia sa losicdkim izrazom

na driu

FOR_ petliu sa losiékim izrazom wma vrho
ne treba posebno obijasndavatis pa zato
prelazimn rna tredi oblik petlded

FOR.. (resistar), (ecd_vrijd,
(lista_naredbi’
(resistar) WHILE. (losidki_izwraz)

(krad_vridg)
NEXT..

Osrniovrni- razlos
strukture Jje
instrukcije DBcc.

oblika FOR.
severiranda

postojanda ovos
amosudavande

RidJesimo ria primier zadatak posmicanda &
nitih bitova resistras sve dok se ne posmakne
prvi bit Jedmak nuli:

FOR_ D1, #3s5 #@

LSR #1s D=z
NEXT_- D1 WHILE.
15. CARRY
Instrukcide NEXT_ i IS5 zajedno se

translatirvaju u instrukecidju DRCC.

Rko je losidki
za pojedine IS_

izraz slolenidi sererirani

kiod instrukecije se razlikude:

LAEL i FOR_ D@s .. » #@

¢ NEXT_ D@ WHILE_

BEG.S LABE i IS TRUE OR. -
DERA  D@s LAER1
ERA.S LAEZ

LAEE
BER. S LAE3 i IS_ TRUE AND_
DEEG  D@» LAE1 i IS_ TRUE

LARZ ..

Instrukecija 15- sa AND. operatorom translatira
se u uvietmi skok kodim se izlazi iz petlies a

ona sa OR. operatcrom 1 niz «od tri
instrukcide.
3.4.6.3 Sintaksa nadina adresiranda

procesora MCEBQQR

0d sintaksnih elemernata kode dema ovddie
prikazatis i FORL strukturi koriste se
{arsument) i {data_resistar): a u SWITCH_
strukturi i {(adresni_resistar} te (memcrisal.

argsument - resistar
' - OZNAKRA_EROJA
nepasredni_arsumernt
- memnarija
resistar -=> data_resistar
~=) adresni_resistar
data_resistar -—>) DATA_REG
-—) SUFST
adresni_resistar --) ADR_REG
-=> MODIF_A SUPST
adresni.pc_resistar --) adresni_resistar
- FC_REG
neposredrni..arsument --) NUM_KONST -
- IDENT
- IN_KONST
- SURST
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memorida L) L_.ZAG adresni_resistar
D_ZAG rlus
- MINUS L.ZABG
adresni_resistar D_ZRG
- viridedrost ind_onadin
ind_madin - L.ZRAG
adresni._pc_resistar
drusi_resistar D.ZAG
-y EFRS
plus - F'LUS
-=) EFS
vridednaost —-=) NUM_KONST
-=-) IDENT
- IN_KONST
drusi_resistar —-) ZAREZ resistar
-—) ERS

Vidimo da se kac resistar podatakas
resistar i rneposredni arsument mofe pojaviti i
supstitucida makro arsumenta (SUFRST) . U
sludadu adresrnos registra elementu SURPST mora
prethoditi modifikator adrese (A2,

adresni

3. 4.6.4 Sihfaksa FOR- strukture

Sinmtaksa cidele strukture Jje owvakval

—-—)

for_struktura FOR. data.resistar
ZRREZ drusi_arsuwaent
entrymodif ZAREZ
OZHNAKR_EBROJA  NUM_KDNST
until._blok for_ocstatak

for_ostatak -=) WHILE. 1lwmsidki_izraz

NEWLINE lista_rnaredbi
while_lista NEXT_
data_resistar

==} NEWLINE 1lista_naredbi
while_lista NEXT_
data_resistar for_izlaz

for_izlaz - WHILE_. losidki_izraz
-=3 EPRPS

drusi_arsument --) arsument loadmodif
-=) TOEKA  TOLKA

3. %.7 MONITOR. struktura

Ova struktura omosuéduie strukturirani
zapis U onim sludajevima kaodi se re mosu
efikasno rijediti upotrebon precstalih

struktura. Oma predstavida erodirende korcepta

UNTIL. - EVENT. za omosucdavande idzlaza iz
petlie sa bilo kaodes nivoa sniJetdenda urmutar
nie. '
Opé¢i oblik strukture Je slidJededi:
MDNITOR. (dacsadai-1)s .. s f{(dosadai_N)
{lista_naredbi)
WHEN_ {dosadad_1?

{lista_raredbi.l)

(dosadad M)

WHEN_
{lista_naredbi. N}

RESUME _
U raredbi MONITOR_ deklariradu se dosadadi
koadi-se nadzird uw listi rmaredbi kodae slidedi.
Urutar te liste naredbi nralaze se EVENT_
riaredbe kaje indiciradu pojavu  podedinih
dasadadas ta. prenose kontrolu rna pricadrne
liste naredbi specificirare cdsavarajuéim

WHEN_ naredbama. HKada se doscodi rneki dosadads
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nakorn  izvrdavanda peridrutere  liste naredbi riaredba mote se medificiratis rer, :

struktura zavrdavas tj. kontrola se erencsi na

instrukcije 3to je slijede. Ako se urnutar prve WHEN. SUCCESS (L2}

liste naredbi re dosodi nijedan dosadal i

kentrola dode do prve WHEN. naredbe: struktura Medutims w  rekim sludajevima tad skok Je

admah zavréava. nepctraban (rimr. kad Je lista naredbi

eridrutena  zadniod WHEN_ raredbi erazrnal.

Za razliku od LOOF. 1 FOR. strukture u Upotreba modifikatora adrese u WHEN. rnaredbis

kodima se doses deklaracide dosadada srotete npr. §

cidelan strukturomn, doses deklaracida L

MONITOR- riaredbi eproteze se od potetka WHEN_ SUCCESS ¢/

strukture do prve WHEN. naredbe., Bilo kodi

dzgsadas deklariran u  MONITOR_, LOOF. ili FOR- uzrokude same senerirande labele (simbaliéke

naredbi mole u didelu svas dosesa  biti adrese)y a ne i skoka.

revidliivs ti. prekriver deklaracijom istos
daosadada u druscd MONITOR.» LODP. i1li FOR_. Za ilustriracidu dademe erosraimn za
naredbi. binarno seretrativande tabeles orikazan na
slici 1. Baziran Je na primieru iz refererce
Ercd i redoslided WHEN. naredbi mora biti /HARMANAS /. Pocdetna adresa tabele Je m
Jedrak brodun i redoslijedu dosadada resistru A u D1 Je broj tlanova tabeles a u
deklariranih u MONITOR. naredbi. D2 brad bytova kodes sadrii svaki  dlan. Prvi
bute svakos clana Je kliud kodi se uspcoredude
Svaka WHEN. naredba translatira se u sa zadanim  Kkldutem u DO. U resistru RE vraca
bezuvietrni skok na krad struktures te u se adresa dlana tabele sdde Je naden kljud,
labelu ~ ¢ilj skokova deobivernih translacidan ili @ ako nide nadern.

EVENT. raredbi. Skok kaodi sererira WHEN.

MOVEM. L D2-D5» - (5F) ;i spremi resistre

SUBQ.W #1, D2_END 1 end = broj ¢lancva - 1
CLR.L DZ_REGIN ! besin = @

MOVE.L D3_BEGIN» R&-ADR_KEY { izlazni resistar = @

WHEN_ FOUND

1
1
UUEVENT_.  NOT_FOUND  IF_ b
! CMF. W  DEZ_ENDs DI_REGIN t
! 15. GREATER v
] i
: aka Je besin ) end pretraltivande !
3 zavrsava neuspiedno !
MOVE.W DE_EBEGINs D4_MIDDLE

ADD. W Z.END: D4_MIDDLE !
LLSR. W #1, D4_MIDDLE !

i middle = besin + end / &
MOVE.W D4_MIDDLEs DS_OFFSET !
MULU D1_LENGTHs DS_QFFSET !
i offset = middle *» lernsth !
1
1]
t
1
1)

' EVENT. FOUND IfF. '
! CMP. B Q(RAB_TRBLE: DS..OFFSET), DA_KEY '!
' IS, EQUAL L
1] 1

§ ako Je kKliud Jednak vriJdedrnosti u

{ tabeli na miestu middle

i pretrativanie Je.uspjedno zavrienc

15 LESS i ake Je mandi
SUBG.W  #4s D4_MIDDLE
MOVE. W D4_MIDDLEs DZ_END
i end = middle - 1

ELSE.. T ako Je vedéid
ADDR. W #1s D4_MIDDLE
MOVE.W D4_MIDDLE. D3_BEGIN
i besin = middle + 1

{RZ

LEA Q(RO_TARLEy DS_OFFSET)s RE_ADR_KEY

upidi 4y izlazni regsistar adresu

WHEN. NOT_FOUND <{A2

i

]

!

sdde Je naden kliue !
1

i

3

RESUME _
MOVEM. L (SF)+s DE-DS i obnovi resistre
RTS

Slika !. Fraosram za binarns pretrazivande tabele




Sintaksa struktuwre Jje ovakva:l

——) MONITDR_ lista_ident

momitor_strukturea
NEWLINE lista_naredbi
whern_lista RESUME_
NEWL INE
lista.ident -—> IDENT ost.ident
ast_idernt -3 ZAREZ lista_ident
- EFS
when_lista - WHEN_ IDENT whermadif
NEWLINE lista_naredbi
wheri_lista
- EFS
whermoadi f - MODIF..L
-=> MODIF_A
- ERS

3, 4.8 SWITCH. struktura

SWITCH. struktura
(nadvise) Jedrne od
zavisnosti =3

omosuduje selekeidu
mhosih mosuéih akecida  u
virijedrosti selektorskos

arsument a. Svaknod akcidi pridruien Jje skue
uriaprijed definirarnih, u nacelu konstantrih
vridednosti. Ukoliko Je rieka od tih

viridednosti Jednaka vridednosti  selektorskos

arsumenta izvodi se mripadna akcida 1 zatim
struktura zavrsdava. U supratnom se . izvodi
akcida adrederna kldiuériom rijedi ELSE_s a akao

on& ne postoadi struktura odmah zavréava.
SWITCH. struktura mote se implementirati

rna vige nacinat: pomodu CHMP i TST instrukcijas

pomacit indirektrnos skoka preko tablice adresas

a 13-4 rieka asranidena i pomodt DERRA
instrukcide. Pristue SYSTRAL-a Je podriavande
svih triju nacina eri  2demu programer u

2eldeni mnacin.
skokom mosuca Je
kompilatoras tako da Jde
na druscm nivea Jezika. Razvod
SYSTRAL—-a nide epotpuric  zavrden. Trenutro Jde
potpurie definirarm samc  prvi  oblik SWITCH.
strukture 1 zato ¢e Jedino on biti  ovdie
copisarn.

izvorrnom  erosramu sepecificira
Implementacida irdirektrim
same’ kod dvopralaznos
definirana sama

Opei oblik strukture je ovakav:

SWITCH_ (selektorski_arsument?
(lista_raredbi)
CASE_ (lista.arsumenata’

(lista_nrmaredbi)?

CASE_ (lista_arsumenata)
(lista.rnaredbi)

ELLSE_ .
(lista_naredbi)

ENDSWITCH_
Selektorski arsument mode biti resistar
pxdataka» adresni resistar 1l1i memoridska
lokacidas i cvisn: o tome struktura se
implenentira paomoty CMPY CMFA  ili  CMPI
instrukcijas a akt sa slijdedi modifikator
veli¢dine instrukcide dobivaiun eksternzidu LR

ili L . .
Frva lista naredbi
cdredivarde
arsumenta.

U strukturi
CASE_ naredba.
rijedi CARSE_»

sluti za
selektorskos

ako nide praznas
vridednosti
mora  poestodati nadmande  Jedrna
Osim prves sve ostale kliuéne
kaa i ELSE. naredbas
translatiradu se u bezuvdietre skaokove rna krad
strukture i stosa ih [(\=3-1) slijediti
maxdifikatori dusos skoka.
Kao arsumenti CASE. naredbi dazvolieni su svi
adresni nadini  procesora MCEBRQRQ. Podedini
arsumenti u listi odvodeni su zarezima. Za
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‘da 1i Je

CMFL ili
Amode sa

svaki arsument senerira se CMFs CMFAs
T8T instrukcijay te wuvdietni skok
modificirati modi fikator smiesten iza
arsumenta). Cilj skoka za zadndi arsument u
listi Je slijededa CASE_ ili ELSE. naredba ili
krad strukture: a za zadrndi arsument potetak
pripadne liste naredbi.

kodiradme zadatak iseitivanda
slove u resistru D@ samcslasnik.
Izlazrna informaciJda cstavlia se u resistru D1t

Za primjer

SWITCH. D@_ZNAK {E>
CRSE_- # 'R’y # 'E'y #' 71"y # 0", # °U
MOVE #1: D1_SAMOGLASNIK
ELSE_
MOVE #@» DI_SAMOGLASNIHK
ENDSWITCH. :

Na kradu prikazudemc sintaksu strukture:

SWITCH.. sSw.arsument
sizemodif NEWLINE
lista.naredbi CASE_
lista_arsunenata
NEWLINE lista_raredbi
case_lista sw_else_blok
ENDSWITCH_ NEWLINE

switch_struktura --}

resistar
-=) memorija

aw_arsumert

arsument Jmpmcdif
owstali_arsumenti

lista_arsumernata --)

ostali_arsumenti --=) ZRAREZ lista_arsumeriata
--=) EPS
case_lista -->» CASE_ Jmemodif
lista_arsumenata
NEWLINE 1lista_rnaredbi
p _case.lista
--y EPRS
sw-else_blaok ~=-y ELBE_ Jmemodif
NEWLINE lista_naredbi
~--) "EPS

«4.3 Optimizacida kvalitete koda

8]

svaka struktura

o kontekstu  u
¢esga dobiveni kod
Kasnida faza
kvalitetu koda.

optimizacida Je aptimizacigja
Takav larnac ¢ini ner. skok na

U erved fazi eprevodenda
se prevodi zasebnos neovisne
kojem Je smiestenas zhos
nide uvidek cptimalan.
cptimizacide mole pobolddati
Osnovrna potrebna
lanaca skokava.

miesto sdie se nalazi drusi  bezuvietni skoks
sdJe se eventualno ma2e nalaziti drusi
bezuvietni skoks itd.» kao u  slijededen
primderu:
LOOF _
IF_
1S. ZERD
’ ENDIF..
REFERT..
Lanac zapodinje uvietnim ili bezuvietnin
skakoms DBRA ili DBcc instrukcijomn.

Optimizacida ¢ini cildeve svih skokova u larcu

Jedrnakim cildu posliednies skoka.

Ostale potrebne optimizacide zahtidevadu
postodande posebnih simtaksnih  menanizamas u
avom fasu nepctpunc definiranih.
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2.4.10 Opoije kompilatora

U naredhbi za aktivirande kompilatora
posebrno su  korisne cpcide -1 i -s  kode
specificiraju da de svi gernerirani skokavi
biti dusis odnasno  kratkis bez cobzira na
pastodande modifikatora., Frilikom razvioda
prosramas kad se an festo misenjas kompiliramo
prasrarn nz opcidun -13 kermadriu verziju
kompiliramno sa -s  da vidimo sdde su epotrebni
dusi skokovii  tada na ta miesta wubacimo
modifikatare i1 komeiliramo bez opcida.

4, IAKLJUEAK

U tlarmku su opisare strukture i mehanizmi
simbcligkos strukturirances  zbirnos Jezika
SYSTRAL. Razveod dezika nide potepuno dovrder.

U toku protekle scodine dlarnovi ekipe
projekta disitalre resulacide elektritkih
strajeva 1 Elektrotehrnitkom institutu "Rade
Kondar” koristili su BYSTRAL za razviad
prosramske padrske, Dsriovni zahtdev postavliden
rna erosramsku podrska tos  erodekta Je  vrlo
velika brzina rada. Zahtijev Je zadovalien Jer

Je erilikom razvoda Jezika i 'odabira niescovih
struktura i mehanizama maksimalna painia
posvetena efikasnosti.
S. ZAHVALE

. Posebno  zahvaldudem T. Crnosidis Prvom
korisniku SYSTRRL-a» ¢ida su iskustva i
primiedbe pridonijele pavedandu mosuénosti
Jezika 1 razludivandu bitrnih i mande bitnih
aspekata. Zahvaldudem i Z. Pelesu i I. Sumisi
cije =30} primiedbe takoder pridomidele
pobaliganiu Jezikas te N. Periéu na podréci

prudernod razvodu ovos projekta.
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IBM - ENHANCED GRAPHICS ADAPTER (EGA) KARTICA INFORMATICA 3/1988

Matjaz Debevc
Metka Zori¢
Rajko Sveéko
Dali Ponlagit
UDK 681.325 Tehniska fakulteta Maribor
POVZETEK
Nalpodrbtju'ratunalnistva prihaja vedno bolJj dao izraza  poedrocje
ratunalnidéke grafike. Osebni radunalniki postajajo tudi vedno bolj
pristopni 4irokim mno2icam uporabnikov, Trenutno najbolj aktualna
motﬁost grafiénega prikazovanja nam podaja EGA grafi¢na kartica za
IBM in kompatibilne osebne radunalnike. Delo opisuje zgradbo, osnovo
in programiranje te kartice,
ABSTRACT
Computer graphics is becoming more and more districtive in the
field of computers. Personal computers are becoming acessible to a
wide number of users. At the moment the EGA graphics card presents
the best possibility of graphic display for 1IBM and a compatible
personal compuiers. The present thesis discribes the structure and
programming of thie card.
1. UvoDp ) 2. IBM - Enhanced Graphics Adapter
N Na  osebnih racunalnikih IBM in njemu

Ra¢unalniéka grafika Jje ena najbol j kompatibilnih je danes najbolj aktualna
spektakularnih mo2nosti, ki nam jih dajejo grafiéna kartica EBGA, ki je nadla pot v
racunalniki. Radunalnidka grafika je poseben marsikateri osebni radunalnik in je najveékrat
medij, ki omogoca najlazjo in najhitrejso obravnavana kot standard za ostale grafiéne
komuni kacijo - med ¢lovekom in strojem. © kartice. EGA kartico imenujejo tudi IBM-HR
Clovedko okao lahko dosti hitréje razbere (High Resolution) kartica. To je kartica, Ki
informacijo 2 grafié¢ne slike, kakor pa s postavlja nove mo2nosti na .podrodju grafike na
tabele, polne 4tevilk. osebnih racunalnikih,

Dolga leta je bilo to podroéje izredno 2@ vel kot dve leti je ta kartica na trgu
drago in te2ko dostopno. Zadnjih 30 let je in '~ %2e- obstaja cela vsta tako imenovanih
cutiti enakomeren padec svetovnih cen na kompatibilnih EGA kartic., V grafiénem naéinu
podroé¢ ju radunalnidtva. Ta padec se gibl je Za je. EGA kartica z resolucijo 640 % 350 tock za
okoli 15% letno. To je vzrok, da postajajo 150 grafiénih vrstic boljsa od stare barvne
ratunalniki 2z velikimi zmogljivostmi vedno gﬁafitne kartice CGA (Colour Graphic Adapter).
bolj dostopni,. Povetdanje zmogl jivosti in Takéna resolucija nam omogoéa ukinitev
padec cen se med drugim tudi éuti na podradju utripajote sl{ke, ne glede ‘na to ali
osebnih ratgunalnikov I1BM in njemu uporabl jamo monohromatski zaslon ali novi 1BM
kompatibilnih, Nekdaj niti pomisliti ni bilo "Emnhanced Color Display". Seveda omogoca EGA
mogocte na visoko zmogljivo grafiko. Slika, ki kartica tudi emuliranje starega zaslona @
je bila neko¢ narisana v nekaj minutah z resoluci jo 320 % 200 ali &40 * 200 (glej
majhno resolucijo zaslona, se danes naride v Nad¢ini EGA kartice).
trenutku na visoko resoluci jskem ekranu. Ni Za individualno uporabo EGA kartice sedaj
daleé¢ ¢tas, ko bo trodimenzionalna dgrafika ne obstaja veliko uporabniskih programskih

¢isto nekaj vsakdanjega. paketov. Druzba Borland International



predstavlja s svoiim TURBO FASCAt.-om verzija
4.0 zelo dober in tudi poceni programski
paket, ki med drugim podpira tudi EGA kart%co.
Vendar obic¢ajinc tako velikega programskega
paketa niti ne potrebujemo. Poleg tega mora
biti program napisan v pascalu.

" la pisanje samo nujno potrebnih, kratkih
funkcij za uporabo EGA grafitne kartice Jje
potrebno poznati zgradbo in delovanje grafitne
kartice.

2.1. IGBRADBA EGA KARTICE

Programiranje za EGA kartico je teiko te

zaradi mno2ice registrov (70), kakor tudi
zaradi mnotice funkcilj, ki jih ta kartica
omogoda. 2e ko pogledamo v "Technical

Refersnce Manual” in blokovni diagram za EGA
kartico (slika 1), nam postane jasno, da je
potrebno natanéno razumevanje funkci j in
registrov, ¢e 2elimo, da bomo imeli pravilno
delujo¢ programski paket. Kot osnova nam

sluti knjiga "IBM - Personal Computer, IEM -~
Enhanced Graphics Adapter®.
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slika | t Blokovni diagram EGA kartice

Glede na blokovni diagram delimo EBA kartico
nat

2.1.1. CRT Controller

CRTC (Cathode Ray Tube Controller) je
po funkciji razsirjeni 6845, Generira
sinhronizirane signale za horizontalne in
vertikalne premike. Odgovarjajoci
parametri se programirajo v 19 CRT
registrih, Vertikalni registri so dolgi 9
bitov, kar nam da resolucijo 512 slikovnih
todk. te Jje drugi bit v "“Mode Control
Register” enak 1, se lanko resolucija
podvoji na 1024 vrstic na slikao, kar pa
pomeni, da potrebujemo poseben monitor.
Nadal je skrbi CRTC za obnovitev slike
shranjene v dinamiénem RAM-u. Naslov =za
obnovitev slike Jje dolg dva byta, kar
pomeni, da CRTC doveol juje naslavl janje do
&4 Kbytav.

CRT kontroler dosetemo 2
vhodno/izhodnim nasloveom 37?4 in 3?5, kjer

“e" pomeni B ali D.B uporabimo za
Monochrome naédin, D pa za barvni nadin.
3?4 je naslovni register, medtem ko je 375
bralno pisalni podatkovni register.
Vsebina registrov:

1. Address Register

2. Horizontal Total

3. Horizontal Display End
4, Start Horizontal Blank
S. End Horizontal Blank

6. Start Horizontal Retrace
7. End Horizontal Retrace
. Vertical Total

9. Overflow

10. Preset Row Scan

11, Max Scan Line

12. Cursor Start

13. Cursaor End

14, Start Address High
15, Start Address Low
16. Cursor Location High
17, Cursor Location Low
18. Vertical Retrace Start
19. Light Pen High

20, Vertical Retrace End
21. Light Pen Low

22, Vertical Display End
23, QOffset

24, Underline Location
25. Start Vertical Blank
26. End Vertical Blank
27. Mode Control

28. Line Compare

2.1.2. Zaslonski paomnilnik

Zaslonski pomnilnmik se sestoji iz

stiribh pomnilnidkih prostorov (Bit
Pl anes). V osnovni verziji Jje vsak
prostor velik 16 Kbytov in se nahaja na
EGA kartici. V dveh korakih se lahko

kapaciteta dvakrat poveta. Fotem govorimo
o 64, 128 ali 256 Kbytni EGAR kartici.
Slika 2z resolucijo 640 » 330 1ma B8O # 350
bytov. Organizacija slikovne todke v
zaslonskem pomnilniku je v grafidnem
naéinu naslednja:

Prvih osem slikovnih toék zaslona
(zgornji levi kot !) se nahaja na naslovu
Q004  slikovnega pomnilnika, naslednjih
osem na naslovu OOIH itd. FPrva slikovna
to¢ka znotraj enega byta je bit 7
naslednja je bit é&.

]

2.1.3. Grafi¢ni in tekstaovni nadin

Stirje pomnilnigki prostori
zaslonskega pomnilnika reprezentirajo v
grafic¢nem nadinu tudi naslov barvnih
atributov ene slikavne todke (16 barv).,
Ta naslov je oznaéen v
Attribute-Controller-ju kot indeks v

barvnem registru. Vet o tem je napisano v




2.1.4.

2.1.5.

poglaviju o Attribut-Controller-ju. (e ima
EGA kartica 64 Kbytov na lahko
uporabimo samo 4 barve.

vol jo,

V tekstovnem
prostor

natinu je pomnilnidgki

z2nakovno kodni pomnilnik,

pomnilniéki prostor 1 je pomnilnik za

atribute, pomnilniski
znakovni generator,

Ce se

prostor 2 pa Je

selektira tekstovni

prenese BI0OS enega od dveh

nadin,
znakovnih
stavkov v pomnilniski prostor 2.

Sekvenéni generator in multiplexer
Naslovni multiplexer (MUX) krmili
naslove zaslonskega pomnilnika, ki pridejo
enkrat direktno od CrPU-ja (naloditev
zaslonskega pomnilnika) in drugi¢ od CRTC
osvetitev).
(SEQ)

(zaslonska Sekvendni

generator generira krmilne signale

za zaslonski pomnilnik in takt za
zaslonsko ponavljanje. Map~-Mask-Register
omogaca individualno vpisovanje . na
zaslonski pomnilnik. Zraven lahko tudi

izberemo dolodeno barvo. Za
(A/N) se

Character—-Map~Select

tekstovni
nacin nahaja v
registru

dtirih znakoVnih stavkov.

izbira

Sekvenéni register doselemo 2z naslovi
3C4 (select naslaval) in 3CS (podatkovni
vhoano -~ izhaodni registér).

Vsebina registra :

1. Naslov

2. Reset

3. Clocking Mode

4. Map Mask

S. Character Map Select
&, Memory Mode

Grafiéni kontroler
Grafiéni kontraler lahko dela v dveh
nac¢inihg v grafiédnem ali v tekstovnem. v

graficnem na¢inu se prenesejo - podatki
serijsko preko tako imenovanih Bit-Flane
vodil Co, Ci, €2, C3 k Attribute -
Controler-ju. Ta ¢&tiri vodila, vsako za
zaslonski pomnilnidki prostor (Bit
Map) tvoeri jo 16
Attribute Controller),
Prvi grafic¢ni
zaslonski

Plane
moinih barv (§lej
kontroler Je za
pomnilnidki
byta) , drugi

prostor O in 1 (2

grafi¢ni kontroler pa za

astala dva (2 in 32, Oba grafiéna
kontrolerja imata wvsak po 16 bitni
podatkovni register, kjer se lahko vpide
ali bere 32 bitov slikovnih podatkov v

enem pomnilnisgkem
nahaja v obeh

ciklusu. Nadal je se

grafi¢nih kotrolerjih ge

krmil jenje za izbiro slikovne todke in

njegove barve, kakor tudi 4tiri logidne

funkcije (zamemnjava, AND, OR, XOR).
Color-Compare register omogbé#
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hkratno primerjanje z eno doloceno barvo
preko osmih slikovnih toék enega byta. Y/
tekstovnem nacinu se podatki
transportirajo direktno v
Attribute-Controller,

Register dosetemo :z naslovi = 3CE

(select naslova) in 3CF (podatkovni vhodno
izhodni naslov).

Vsebina registra:

1. Graphics 1 Fosition
2. Graphics 2 Position
3., Graphics | & 2 naslov
4. Set/Reset

5. Enable Set/Reset

&, Color Compare

7. Data Rotate

8. Read Map Select

9., Mode Register

10, Miscellaneous

11. Color Don‘t Care
12, Bit Mask

Attribut Con;roller
Ta kontroler je zadnja postaja
slikovnih podatkov na poti k zaslonu. Ima

21 registrov. Prvih 16 naslovov so tako
imenovani barvno paletni registri. Biti ©
do bita & teh 146 registrov
dinamié¢no izbiro 64 moinih barv.

Barvno paletni register se

omogodajo

naslavl ja

preko stirih vodil CO - C3, ki pridejo od
grafiénega kontrolerja. To se dogaja
serijsko, torej tod¢ka za toc¢ko. Freden

enega od teh 16
gredo

registrov

podatki tudi
Color-Plane~Enable registra. Fonavadi se
naslov pusti tukaj na miru, da imamo lahko
na voljo 16 Dbarv. z
registrom

naslavl jamo,
preko

Color~Flane-Enable
pa lahko omogoéamo prikaz enega
od stirih slik, ali pa
gtirih slik.

V tekstovnem
podatki

kombinaci jo teh

naéinu se. tekstovni

prenasajo paralelno iz slikovnega

- pomnilnika v Attribut Controller.

Osvetilni naslov generiran od CRTC se
naslavlja najprej na slikovni pomnilnigki
prostor O in 1.

Byte naslova, shranjen v pomnilnidkem
prostoru 1 se prenese v Attribut
Controller, kijer ima za vsakokratno
prikazano ¢rko svojo vel javnost.
Znakovna koda iz pomnilnidkega prostora O,
na primer 41H za ¢rko "A", se naslavlja v
povezavi z Row=Scan-Count

Prebrana

registrom
zaslonskega pomnilniskega prostora 2, kjer
se@ nahaja ta v ROM-u naloten znak.

Prebrani biti se posl jejo skozi
graficni kontroler k Attribut kontraler ju,
skupaj z barvnimi vrednostmi in so nato
vodeni serijsko dal je k zasl onu.
Row-Scan-Count register nastavi vertikalno
vidino znaka na zaslonu, to pomeni $tevilo
horizontalnih vrstic iz katerih je znak

sestavl jen. Znak je lahko velik maximalno



32 znakav in se nastavi v CRTC registru 9.

Vsebina:

1. Address Register

2. Palette Register

3. Mode Control Register

4. Overscan Color Register

S. Color Flane Enable Register

&. Horizontal Pel FPanning Register

3. PROGRAMIRANJE EGA KARTICE

Prejdne
spoznavanju

poglavie je bilao namenjeno

zgradbe in strukture EGA kartice.
To poglavije pa je namenjeno programiranju EGA
kartice.

Namesto da bi pisali
graficéni paket, véasih potrebujemo
osnovne ukaze za risanje na ekran,
primer vklop, izklop grafike,
brisanje zaslona. V resnici
programskih paketov, ki
kKartici za IBM—-PC in kompatibilne,
programerji, ki telijo imati
uc¢inkovite programe raje setejo po
funkcijah, ki jih lahko sami napiseja.

la programiranje EGA kartice
EGA-BIOS funkci je. v ROM-u
nahajajo poleg teh funkcij 4e oba
stavka in ena samostaojna funkcija.

EGA-BINS vsebuje
vektor- je OSH in
heksadecimalno).

velik programski
samo
kakor so na
risanje é&rte in
obstaja veliko
podpira grafiko na EGA
vendar
hitre in
osnovnih

potrebujemo
kartice se
znakovna

interrupt (prekinitvene)
10H. (H
OSH

pomeni

Interrupt uporabimo za

izpis na zaslon, medtem ko uporabljamo
interrupt 10H za 19 krmilnih funkciji EGA
kartice.

Ker se na PC-ju najvedkrat wuporabljata

prevajalnika TURBO-PASCAL in TURBO-C oca firme
BORLAND, so tudi napisani v teh
dveh Jjezikih. Prenos na prevajalnike ostalih
firm ni problematiden, samo potrebno je
kako klic¢emo BIOS funkcije.
vkl judujeta ukaze za vklop,

risanje todke (pixla)

podrogrami

vedeti, Frograma
grafike,

in brisanje ekrana.

izklop

3.1. Nastavitev nac¢ina EGA kartice

{adar (elimo risati 2z EGA kartico,

najprej vklopiti EGA v ustrezni nadin.

mar-amaQ

Delovni nac¢ini EGA kartice:

EGA natin resoluci ja stevilo barv
CcC o 320 X 200 16
E O 320 X 350 16764
c1! 320 X zoo 16
E 1 320 X 350 16/64
c 2 6540 X 200 16
E 2 640 X 350 16/64
c3 640 X 200 16
E 3 &40 X 330 16764
C 4 320 X 200 4
€S 320 X 200 4
C 6 &40 X 200 2
M7 720 X 350 4
CD 320 X 200 16
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M E 640 X 200 16
MF &40 X 350 4
M 10 640 X 350 4/16
C - IBM Color zaslon, E - IBM Enhanced Color
M - IBM Monochrom zaslon
3.1.1. Za vklop in izklop grafiénega

zaslona uporabljamo naslednje BIOS funkcije:

AH = Q izbira BIOS nadina
AL: EGA nad¢in po zgornji tabeli
AH = OFH; prikaz trenut. zaslonskega statusa

parametri, ki vraéajo podatke so:

AL £GA -~ natin

AH: $tevilo znakov/vrstico

BH: stevilo trenutnih zaslonskih strani
Podprograma:

Ce uporabljamo verzijo 4.0 TURBO-FASCALA,
potem v glavi programa vstavimo :

uses DOS;

tip pa je definiran z Registers.

Kadar pa uporabl jamo verzijo 3.0 pa je
potrebno dodati :

type Registers =
record
case integer of
1: (ax,bx,cx,dx,bp,si,di,ds,
es,flgs: integer);
2: (al,ah,bl,bh,cl,c,dl,dh:

byte);
end;

procedure Grafika(vklop: boolean);

var
reQ: Ragisters;
nacin: integer;

begin {Grafikal
i¥ vklop then
begin

{ branje aktualne nastavitve zaslona »
reg.ax:= $OF00;
Intr($10,reg);
{ shranitev nacdina )
nacin:= reg.als

{ EBA naé¢in za Enhanced Color Display }
reg.ax:= $0010;
Intr($10,reg);

end
else

begin
reg.ah:= 0; { izklop grafiénega nacina >
reg.ax:= nacinj;
Intr{siO,regl)j;

end;

endy {Grafikal)




Jezik C:

# include <dos.h>

union REGS reg;
int nacing

Grafikadl(vklop)

int vklopg

( 1 .
if (vklop)
{ .

reg.x.ax = OxOF00;
intB6(0x10,4&reg,&req);

reg.x.ax = 0x0010;
intB6(0x10,&reqg,&regqg);

b4

else

<
reg.h.ah = 0;
reg.x.ax = nacinj;

intB8&6(0Ox10,&reg,&reg);

b
}

3.1.2. Za risanje tocke uporabl jamo naslednje
B10S funkci je: ’

AH = OCH; nariséi grafidno todko
BH: tekocta stran
DX: .Y pozicija (0 ~ 349)
Cx: X pozicija (O - 639
AL: barva (O - 63)

AH = ODHj beri grafi¢no toclko
BH: tekota stran
Dx: Y pozicija (O - 349)
CX: X pozicija (O = 639)

Vrnjen parameter:

AL : barva 2el jene vrednosti

Podrogram za risanje toé¢ke v pascalu:

procedure Tocka(x,y,barval;
begin {Tockal}
reg.ah:= $0C;
reg.cx:= x;
reg.dxt= yg
reg.al:= barvaj;
Intr($10,reg);
end; {Tockal

{ ridi grafi¢no toctko ?}

Program v C jeziku:

Tocka(x,y,barva)

int x,y,barva -
{

reg.x.ah = OxOC;

reg.x.cx = xj

reg.x.dx = y;

reg.h.al = barva;

intB6(0x10, &reg, &reg);

.3.1.3. Za brisanje ekrana uparabimo naslednjo
BIOS funkci jo:

AH = O7H; pomik trenutne strani navzdol

AL: . vstavitev okna

CH: spodnji levi rob (vrstica)
CL: spodnji levi rob (kolona)
DH: - zgornji desni. rob (vrstica)
DL: zZgornji desni rob (kolona)
BH: barva ozadjaj;

FPodprogram za brisanje ekrana v pascalu:

procedure brisiZaslonj;
begin {(brisiZaslon}

reg.ah:= $07; { pomik strani navzdol
reg.al:= O; { vstavitev okna >
reg.ch:= 0; { spodnji levi rob )
reg.cl:= O3

reg.dht= 24; { zgornji desni rob }
reg.dl:= ?9;

reg.bh:= 0; { barva ozadja }

Intr($10,reqg);
end; <{brisiZaslon}

vV C jeziku

brisiZaslon()

{

' reg.h.ah = 0x07;
reg.h.al = O3
reg.h.ch = 03
reg.h.cl = 0;
reg.h.dh = 24;
reg.h.dl = 79;
reg.h.bh = O;
int86(0x10, &reg, &regl;

¥ .
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Fartner kot samostojen grafidni
grafiéni protokol med njim in med
dosegli, da se wuporabljajo 2-31
tem smo uporabili pomoini knji%nic:

In wish that we use Fartner as an indepandet graphic terminal,
was -written a special graphic protocol between Partner and Vax. With
that we are able to use all Fartner’'s graphics instructions.

TEXUSR on Partner and SUNLET on

UDK 681.326
POVIETEK
vV felji, da bi wuporabili
terminal, je bil napisan
raéunalnikom VAX. S tem sma
Fartner jevi grafidni ukazi,. Fri
TEKUSR na Fartnerju in SUNLET na VAX sistemu.
ABSTRACT
We used additional libraries:
VAX,
1. uUvoD

Zar-adyr raznovrstnih mo*nosti uporabe vseh

mogoéih graficdnih paketov, ki  s0 namenjeni
velikim, dragim in tetko dostopnim tujim
grafi¢nim terminalom b1 bilo wugodno, ko bi
lahko vse te pakete uporabljali kar na
mikroraédunalnikih - sadovih nase,
jugoslovanske ustvar jalnosti.

Frimer takega mi kroradunalnika Jje
Iskra-Delta Fartner z grafi¢no kartico.

Mikroradunalnik Partner je samostojna enata =
enoéarvn1m. grafié¢nim, rastrskim terminalskim
zaslonom in najvedjo resolucijo 1024 » S12.
Fartner bi radostoval za osnovno spoznavanje
delovanja grafike, vendar le do takrat, ko bi
uporabnikove 2elje postale zahtevnejde. 2al
FPartner nima dovol] prostora za velike
grafitdne pakete, ponavadi instalirane v HOST
racdunalniku, '

Takéni paketi so na primer GiS(Graphical
Kernel System} , CGI (Computer Graphics
Interface), CGM(Computer Graphics Metafile),
FPHIGS (The Hierarchical
Interactive Graphics System). Za vetino
programskih “paketov je znadilno, da poskugajo

Frogrammer ‘s

biti ¢imbolj aparaturno neodvisnt. iz jema Je
le krmilni del (DRIVER), K1 skrbl za pravilnc
komunikaci jo , osrednjega neodvisnega dela s
terminalom. Za vsak terminal ga Je potrebtno
napisati znova. Da bi lahko napisal: tahkéne
programe za Partnerja, ga moramo uporabiti kot
samostojen grafiéni terminal hkrat: = AOST
rac¢unalnikom, s katerim e povezan. Na ta
na¢in lahko klicdemo grafidne podprograme [¥a]
funkci je v HOST radunalniku 1n pra tem
izkoristamo vse graficne
mikroradunalnika Fartner.

lastnosti

Za realizacijo te komunit aci je Je
potreben protokol za ¢i1m hitrejdi odtoh 1n

pritok informacij v mikroradunalnyi.

2. PROTOKOL GRAFICNE KOMUNIKACIJE

Frotokol poment v splosnem gogovor o
obnasanju komunikaci je med radunalnibi o:z:iroma
terminali,

Frotokoli (=] oogovornl za

generiranje 1n procesiranje podatkowv. Najool)




znana mreta 0S1/1S0¢(

Interconection /

Open System
International Standard
Organisation) na.primer vsebuje sedem nivojev:
1. fizi¢ni nivo

2. nivo podatkaovnih povezav
3. mrefni nive
4, prenosni nivo
S. usklajevalni nivo
bé. predstavitveni nivo
7. aplikacijski nivo’

Za usklajevanje
uporabimo

aplikacijskin nivojev
aplikacijski protokolj v tem okviru

se gibl je tudi pr-otokol za grafiédno
komunikaci jo.
Osnovni in najbolj grobi princip

protokola .za grafidno komunikacijo je v tem,
da program v Partnerju prebere niz dolodenih
znakav, poslanih s HOST racéunalnika, in pri
tem poklice ustrezni Fartnerjev grafidni ukaz.
Kadar 2elimo risati na Partnerju brez pomoci

HOST rat¢unalnika uporabl jamo grafidne ukaze s

sistemske datoteke BIOLIB,PAS, V njej so
podprogrami in funkeci je za risanje na
Partner ju. Pri tem . je treba paziti le, da
pigemo programe s katerimi klidemo te ukaze, v
TURBO pascalu. Ukaze za komuniciranje =z
grafi¢nim procesorjem klidemo 3 pomod jo
funkci je BIOS (29) - (Basic Input/Output
System); od tod tudi ime datoteke. d

S HOST racunalnikom, v
VAX-8800 in MikroVAX,
teh podprogramov .in
BIOQULIB.PAS v Partnerju.

primeru z
dostop do
datoteli

nasem
telimo najti
funkcij v

la doseq te realizacije,
raéunalnika nek dolocen niz

podil jamo s HOST
znakov.

Na Fartnerju deluje program za zazmnavanje
znakov na vhodu/izhodu, pri spoznavdem nizu
zaustavi nadal jno vnadsanje in izvede
grafidno funkecijo. Po
doloden niz

usﬁrezno
potrebi posl je tudi
znakov nazaj k HOST racunalniku.

3. REALIZACIJA PROGRAMA ZA PARTNER

Glavna naloga tega programa Jje torej, da
bere niz znakov iz vhoda/izhoda v Fartner, pri
dolo¢enem spoznavnem nizu poklide ustrezni
grafi¢ni ukaz in po potrebi po%lje ustrezne
parametre HOST radunalniku.

Problem se pojavi pri branju in
na vhod/izhod Fartnerja, kjer je bilo potrebno
tudi ob¢asno zaustavljanje tega

problem Jje resen s podprogrami

pisanju

procesa. Ta
in funkci jami,

napisanimi v datoteki TEKUSR.INC. Ti nam
omogodajo dokaj preprosto branje ali pisanje
na vhod/izhod Partnerja. Razvili so jih
strpkovnjaki v Iskri — Delti v Ljubljani.
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spoznavnega niza
smemo motiti ostalih

oznadujejo ukaze, namenjene HOST racunalniku.
Foiskati je treba takséen niz znakov, ki
normalnih ukazih skaorajda nikoli ne
Fri bolj zmogl jivih grafiénih

uporabl jamo ubeine sekvence (escape
za klicanje grafiénih funkcij.
ne pozna, zato smo se odlod¢ili za razpoznavni
niz "%d". inak “%" se zelo redko pojavi,
vendar je 4e mnogo manj¢a verjetnost,
za tem znakom pojavil znak "3d". Fred vsakim
nadal jnim ukazom' stoji zopet znak "d"  za
kontrolo, ¢e bi prisdlo do kaksne motnje pri
komunikaciji. S tem je dana molnost,
celoten sistem,
enem ukazu. la

Pri iskanju

znakov . ne

grafiénih
nizov, ki

se pri
pojavi .
terminalih
sequence)
Fartner tega

da se bo

da se ne
2Zrusi ampak je napaka samo pri

znakom "d" sledi

spoznavna
koda ukaza.

S to kodo ugotovi
GRAFIKA, kateri ukaz bo maoral poklicati iz
datoteke BIOLIB.FAS. Tej kodi sledi
znakov, ki predstavljajo parametre,
za tekoti grafiéni ukaz, Niz parametrov se
zakljuéi z znakom “@" za oznatitev zatetka
naslednjega ukaza. la popolno zakljulitev
poséil janje znakov grafike nam sluli znak "Z".

program 2 imenom
niz
potrebne

la izvajanje grafiéne
vtipkamo ukaz GRAFIKA, za zakl jutitev
komunikaci je uporabimo znak "“<CTRL>\".

komunikaci je

4. REALIZACIJA MODULA ZA VAX

Za posiljanje in sprejemanje kod s HODST
racunalnika sMmo razvili modul 2 imenom
GRAFFART. FAS. Modul nam omogoda klicanje

ukazov 2 enakimi imeni, kakor pri BIOLIB.PAS v
Partnerju tako, da podlje ustrezne razpoznavne
kode in njim pripadajote parametre. Fred tem

poskrpi za pretvorbo parametrov v znake.

Naravna &tevila se pretvorijo v niz
stevilskih znakov in logi¢ne spremenl jivke v
posamezen znak (TRUE <=> "T"), sprejemu
pa se znaki pretvorijo v ustrezne vrednosti
parametrov. v datoteki GRAFFART je
spremenjeno le ime gtext v.text,
podprogrami InitWs,

Fri

godani
CloseWs in Update.

pa so

smo
modul
Jo2ef

vhod in izhod
upcrabili SUNLET, todneje
TTI0. Knji2nico so razvili ma Institutu
Stefan v Ljubljani,

Za interaktiven
knji2nico

Da bi bil komunikacijski program ¢im bolj

u¢inkovit, se lahko dr2imo naslednjih pravil:

- poslane kode naj bodo ¢im krajse,
- za

spoznavanje ukazov raje uporabimo érke

namesto ' stevilk, s ¢imer prihranimo
pomnilnidéki prostor,

- pri kodiranju. oziroma pri dekodiranju

uporabimo hitre algoritme,

- uporabimo knji*nice SUNLET-TTIO,



=~ 2a izpis znakov imamo tri moinosti:

a) uporaba lotila, ki se ne
tekstu dvakrat zapored,

b) uporaba 1lodila,
pojaviti,

€) uvedba parametra za s$tevilo ¢érk v nizu.

sme pojaviti v

ki se v tekstu ne sme

Za izpis teksta smo uporabili moinost pod

€), ki Jje bila za to komunikacijo najbolj
primerna. Naslednji primer nam prikage
podéil janje kod s strani HOST raéunalnika

(GRAFPART) :

%DA1ICIH20 20 7GRAFIKADER

X3 =
A =
1 =

zatetna razpoznavna koda
vklop grafike
tip resoluci je

ac = brisanje zaslona
aH = znak za tekst
20 20 = vrednosti za nadin pisanja
? = 4tevilo érk
GRAF IKA = tekst
aB = zakl jutek grafike
Ko dobi program GRAFIKA na Partnerju na primer
niz "dALl", poklite funkcijo ginit(i) z datoteke
BIOLIB.PAS.
5. SHEMA PROBRAMQV:
Partner VAX

program GRAFIKA
z moduli

TEKUSR in BIOLIB

modul GRAFPART
s knjiznico

TTIO

6. SEINAM UKAZOV IN NJIHOVO DELOVANJE

Initws - inicializacija delovne postaje in
knjidnice SUNLET

CloseWS - zakljuéitev dela z delovno postajo

ginit - postavitev v grafidni nadin in
nastavitev resoluci je

gexit - zakl jucitev grafitnega nadina

gclr -~ brisanje grafi¢nega natina

igxy - premik na pozicijo (x,y)

text - pisanje graficﬁeqa teksta

vbar - narise blok

circ - naride krog

disc - narise polni krog

ring - narise zapolnjen kolobar

draw - naridée ¢érto

vect - naride ¢rto z relat. koordinatami

scroll - premik slike po. y-osi

getpix - pove ali je toéka na mestu, kjer se
nahaja grafiéni kurzor pritgana

qfill - polnjenje omejenih podroédij v
vedoravni ali navpidni smeri

getcursor - vrne koordinate tocke

Hardcopy - kopira ekran na printer

Update - aturiranje slike
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7. PRIMER

Naslednji
podprogramov, napisanih na
sistemu VAX-8800.

primer nam prikate uporabo

ractunalnisken

Narid4i poln krog s koordinatama x = 100 in
y = 100 in s polmerom rad = 50 !

CINHERIT(‘grafpart’)3
{ vstavitev ukazov za grafiko ?

program prisersg

begin

{ inicial. delovne postaje in SUNLET >
InitwWs;

{ inicializacija grafike 1024 » 512 )
ginit(1);

{ risanje polnega kroga J}
disc(100,100,5%0);

{ zaklué¢itev grafiéinega nacina ?
gexits

{ zakljutitev knjitnice SUNLET
CloseWss

end.

Ko program zakl ju¢imo, ga prevedemo in
nato povelemo z objektno datoteko GRAFPART,O0BJ
in knji¢nico SUNLET.

8. ZAKLJIUCEK

Ta komunikacija nam torej omogoca pisanje
krmilnih programov za grafiéne pakete tako, da
uporabl jamo ukaze, ki jinh
mikroracunalnik Partner. Seveda ne

pozna
sSMemo

pozabiti, da mora pri tem na Partnerju ves ¢as
delovati komuni kaci jski program z imenom
GRAF IKA.

Programi so napisani brez odvednih znakov

in poskusa jo omogociti eim hitrejso
komunikaci jo med HOST radunalnikom(VAX 8800,
Mi kroVAX) in mikroraéunalnikom Fartner.

Razlika v hitrosti delovanja
samem Partnerju in
delovanija programa preko HOST

skorajda neopazna.

grafic¢nega
pr-ograma na hitrosti

ratunalnika je

Knji2nico je uporabljena tudi za
krmilnega programa
Fartnerju.

pisanje
GKS sistema za grafiko na
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ZASNOVA RAHLO-SKLOPLJENEGA PORAZDELJENEGA SISTEMA

ZA VODENJE INDUSTRIJSKIH PROCESOV

UDK 681.3:62

POVZETEK - V ¢&lanku je

osebnih radunalnikov za opravljanje posameznih nalog pri vodenju
konstrukciji takinega sistema so bile: -~ uporaba
vodenje v realnem &asu, enostavna instalacija,

INFORMATICA 3/1988

Dragan Mrdakovié, Primoz Krajnik
Institut »JoZef Stefanc, Ljubljana

predstavljena zasnova rahlo-sklopljenega porazdel jenega sistema z razliZnimi verzijami

industri jskih procesov. Osnovne zahteve pri

2e obstojele materialne in programske opreme, — primeren za
vzdrZevanje in rekonfiguracija. Za povezavo postaj v sistem smo

izbrali mre2o tipa ARCNET, kot najbolj primernc za industrijsko okolje.

BASICS OF LOOSELY COUPLED DISTRIBUTED SYSTEM FOR INDUSTRY PROCES CONTROL - This peper presents basicas for loosely

coupled distributed system for
input/output

manufacturing automation based .on various types
digital and analog extension boards. Basic needs in constructing such a system were: — use of existing

of personal computers and

hardware and software, simple implementation, maintenance, reconfiguration and flexibility. We choose ARCNET as an
appropriate industry standard for factory floor communications between personal computers.

1. UvoD

Vse vedja popularnost osebnih radunalnikov pri raz-
iskovalnem in inZ2enirskem delu je vplivala na proiz-
vajalce materialne opreme. Na svetovnem trgu je moZno
kupiti #iroko paleto zelo kvalitetnih vhodno/izhodnih
modulov. Skupaj 2z ustreznim ohidjem in filterskimi
hladilnimi napravami lahko uporabl jamo osebni
racunalnik v
vodenje procesov. Pomanjkljivosti
osebnih ra¢unalnikov) 80 znane: - precej zaprta
arhitektura v primerjavi s - konkurenti (STD, VME,
Multibus) in - omejena hitrost. Ne glede na to,
izredno pestra 2e izdelana programska oprema za
pisarnidko okolje in nizka cena wvpliva na izbiro
osebnih ralunalnikov za vodenje industrijskih
procesov. (npr. programi za tabelariZno poslovanje
lahko direktno sprejemajo podatke iz procesov za
obdelavo, kot je LOTUS MEASURE). Glavna prednost
osebnih ralunalnikov je njihova nezahtevnost progra-
miranja, saj za konfiguriranje in aplikativno delo
uporabniku ni potrebno podrobnejBe znanje programira-
nja - v&asih saploh ni&. Uporabniki in programerji
imajo danes na razpolago vrsto kvalitetnih program-
skih jezikov, z ustreznimi knjiZnicami in pripomolki
za testiranje svojih programov. Ponujajo se opera—

PC vodila (vodilo

cijaki sistemi za vodenje v realnem Zasu, kot so QNX,
C-DOS, ... S pojavom novega vel-opravilnega operacij-
skega sistema 05/2 firme MICROSOFT prilZakujemo, da se

bodo na 8iroko odprla vrata za uporabo osebnih
ra¢unalnikov pri vodenju industrijskih procesov. Zelo
pomembna Jje tudi moZnost povezovanja  osebnih
radunalnikov v lokalno mreZo, kjer lahko radunalniki

med seboj | izmenjujejo informacije 2za &im bolj
racionalno in ulinkovito vodenje procesov. Na 1JS
imemo 2e izku3nje 8 porazdeljenim sistemom DMS-860

" glede povezave PC/XT/AT osebnih.radunalnikov v mreZo,
primerno za vodenje procesov. .

2. ZASNOVA RAHLO-SKLOPLJENEGA SISM PRIMERNEGA ZA
VODENJE INDUSIRIJSKIH PROCESOV

Pri zasoovi takdnega sistema za vodenje industrijskih
procesov smo si zastavili naslednja izhodiia: /lit.
1,3,4,5/

industrijskem okolju za nadzor in

1.) Uporabiti 2e izdelano standardno aparaturno
opremo, ki je lahko dostopna in zamenljiva,

2.) MoZnost upormabe 2e izdelane programske
opreme, ki 2za izvedbo aplikacij ne zahteva
preve¢ dodatnega dela - v ¢&im vedji meri
izkoristiti obstoje®o programsko opremo, ki
dopuiéa enostavne in ulinkovite spremembe za

. aplikacije,

3.) Povezati aparaturno opremo s standardno
lokalno mreZo, ki je primerna za delo v
realnem ¢asu v okolju z motnjami,

4.) Preprosta instalscija in vzdr2evanje,

5.) MoZnost enostavnega dodajanja novih postaj in
funkcij v sistem,

6.) Vse to dosedi s &im manjdimi potrebnimi
vlaganji.
Naloge sistema so razdeljene v dve skupini:
- naloge, ki Jih opravl ja centralna

mikroratunalni3ka postaja in
- naloge, ki jih opravljajo periferne postaje
neposredno 6b procesu.

'Funkcije centralne mikrorafunalnifke postaje so:

~ operaterju omogola dostop do sistema in moZnost
izvajanja skcij v sistemu, ) -

- prikaz stenja in izpis informacij o sistemu,

- alarmiranje, beleZenje in arhiviranje alarmnih
situacij in drugih vaZnej&ih podatkov o sistemu,

- _komuniciranje =z ostalimi mikroratunalnidkimi
postajami v sistemu — postaja ima lahko nekakino
monitorsko funkcijo nad sistemom.

Naloge perifernih mikroralunalniskih postaj so:

- zbiranje podatkov o proizvodnem procesu preko

digitalnih in analognih vhodov (podatki iz
senzorjev, Atevcev, merilnih  pretvornikov,
¢asovnikov, itd.),

- vkljudevanje posameznih izvrdilnih &¢lenov

(releji, ventili,...) z digitalnimi izhodi,
- start naprav z eqalognimi in sekvenénimi izhodi,

~ komunicira 8 centralnim mikroraZunalnizkim
sistemom,
~ _obdeluje podatke o procesu in na osnovi

algoritmov izvaja regulacijo in vodenje procesa.



Centralna mikrorafunslniske postajs naj bo wvisoko
zmogljiv IBM kompatibilni osebni racunalnik tipa
AT-386 ali AT-286 (na osnovi mikroprocesorja INTEL
80386 eli 80285). Na njem bo tekel vel-opravilni
operacijski sistem. Vgrajen bo pomnilnik - trdi disk
velje kapacitete minimalno 40 Mbytov (obicajno 80
Mbytov). Imel bi vgrajeno 5.25 ali 3.5 colsko
disketno' enoto ali vsaj moZnost prikljuZitve teh

zunanjih enot za nalaganje programov in
konfiguriranje. V dolo&enih primerih bi lehko sluZila
tudi za arhiviranje manj&ih datotek (arhiviranje

alarmov, posegov V proces, 0z.
podatkov o proizvodnji).
dtevilom podatkov oz. parametrov, bi leshko zaradi
vetje zanesljivosti in arhiviranjs datotek veljega
obsega dodali tradno "BACK-UP" enoto (streamer-tape)
za ob&asno shranjevenje vsebine trdega diska. Za
izpis podatkov o sistemu bo poleg pisalnik. Za prikaz
aktivnosti in spremljanje doloZenih procesov in
nazornejdega predstavljanja paremetrov in rezultatov
analiz bi poleg navadnega monitorja dodali Be ve&ji
grafiéni barvnl monitor (z 19-20 colsko diagonalo
zaslona).

drugih vaZnej&ih
Pri procesih z vetjim

Z wuporabo dovolj
vet—opravilnega
veljo uporabnost

zmogl jivega raunalnika in uporabo
operacijskegas sistema bi dosegli
in izkorid&enost centrelne postaje.
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gotovih  izdelkov, sprotno izradunavanje dejanske
vrednosti izdelka in 8 tem donosnosti
proizvodnje, ... S tem bi lalje optimirali tokove
proizvajalnih sredstev. Uporabili bi ga lahko tudi
za ratunovodsko-administrativne naloge. e bi en sam
centralni racunalnik ne zmogel vsega tega, bi za
pisarnidke opravila lahke dodali &e dodatne
radunalnike, lahko 3ibkejle (vnos podatkov in
lokalni izrauni) in jih povezali z glavnim v mreZo,
da bodo med aeboj izmenjevali potrebne podatke.
Vseeno Jje priporotljivo, da radunalnike za vodenje
procesov ne obremenjujemo 8 temi dodatpnimi
administrativnimi izratuni in v ta namen raje Ze
takoj poveZemo v mre2o radunalnike za te namene, oz.
tedaj, ko se pojavi potreba. Zaradi tega smo izbrali
zelo fleksibilno mreZo za povezovanje raZunalnikov,
da lahko spreminjamo konfiguracijo - dodajamo in
odvzemamo radunalnidke postaje.

Za periferne postaje bomo glede na potrebe uporabili
dve osnovni konfiguraciji IBM kompatibilnih PC/XT/AT
ratunalnikov:

A.) Industrijska verzija PC/AT ralunalnika =z
vhodno/izhodnimi digitalnimi in analognimi moduli za
neposredno povezavo 8 procesom. TakBen ratunalnik
mora biti odporen proti agresivnemu industrijskemu
okolju (prah, vibracije, elektri®ne motnje EMI/RFI),
zato ne bi imel trdega ali gibkega diska. V primeru
pomanjkanja pomnilnika bi dodali plo&&o z delavnim
pomnilnikom (RAM kartica z 2-16 Mbytov).

Na njem bi labko vodili podatke o materialnem
poslovanju delovne orgenizacije - npabava surovin,
stanje zalog, trend porabe surovin in zahteve po
nabavi novih, podatki o proizvodnji polizdelkov,
PROCES
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SLIKA 1. prikazuje zasnovo rahlo-sklopljenega sistema za vodenje 1n&ustrijskih procesov, kot smo si ga zemislili na
Odseku za energetiko in vodenje procesov na Institutu "JoZef Stefan” v Ljubljani.

B.) Standardna verzija IBM PC/XT/AT kompatibilnega
ractunalnika, ki bo imel trdi disk manj3e kapacitete
- 30 ali 40 Mbytov in po potrebi #e disketno enoto.
Preko RS422 komunikacijskega wvmesnika (do 10 Mb/s,

diferencialni napetostni prenos) bi nanj prikljutili
mikrokontroler (npr. na osnovi INTEL 8051 ali 8096
serije), ki bi kmrmilil svoj proces. Standard RS422

smo 2e uporabili na porazdeljenem sistemu DMS-860.

IzkuZnje so pokazale, da je potrebno uporabiti &im
bolj 1inteligenten kontroler za mre2Zni vmesnik, da bi
razbremenili procesor in povelali hitrost prenosa na
podatkovnem komunikacijskem vodilu mreZe. /lit. 2/.

Za povezavo vseseh teh postaj med seboj v enoten in
celovit sistem pa potrebujemo lokalno mreZo. Tu smo
postavl jeni pred zahteve:




- mre2a mora biti dovolj hitra - propustnost skupne-
ga komunikacijskega kanala mora biti ustrezno
velika,

- ker bo speljana v industrijskem okolju, mora biti

" prenos imun na elektromagnetne in radijske motnje
(RFI/EMI). Izbrati moramo ustrezno kodiranje in
fizi&ni prenosni medij — kabel,

- delovanje v realnem d&asu (zekasnitev med podanc
zahtevo 1in odgovorom druge postaje nanjo mora biti
¢im krajsa in deterministiéno dolo&ljiva),

- omogolati mora enoatavno priklju&evanje in
rekonfiguriranje mreZe (dodajanje novih postaj oz.
opusdanje 2e obstojedih),

- mre?a mora biti standardna (IEEE 802.X standard),

- sposobna mora biti
medsebojnih razdal jah.

povezovati postaje na ve&jih

Pri izboru mreZe 8e 1lahko odlo¢amo med CSMA/CD
/1it. 6/ (Carrier Sense Multiple Access with
Collision Detection - IEREE 802.3) protokolom, ki
omogoda mnoZilen istoZesni dostop na skupno komunika-
cijako vodile =z =zaznavo trkov. Sem apadata najbolj
znani mre2i EBthernet (10 Mb/s, baseband, odseki v
mre2i so lahko dolgi do 500 m, e uporabljamo stan-
dardni koaksialni kabel) in StarlAN (IM b/s, base—
band, odseki v mre2i so lahko dolgi 250 m, oz. z
uporabo vmesnih vozlis¢ 500 m ob uporabi prepletenih
telefonskih paric) ali TOKEN-PASSING protokol - proto-—
kol 8 podajanjem Zetona v token-bus (IEEE 802.4) ali
token-ring (IEEE 802.5) izvedbi.

Tu sta najbolj znani ARCNET (token—bus 2,5 Mb/s,
baseband, odseki 2z aktivnimi wvozlis&¢i do 600 m pri
uporabi  koaksialnega kabla) in  IBM token-ring

(4 Mb/s, uporablja oklopljene parice).

Po primerjavi in priporo€ilih MAP skupine (Manufactu-
ring and Automation Protokol) - skupine, ki se ukvar—
ja 2z reazvojem in izdelavoe standardov na podro&ju
lokalnih mreZ za industrijsko okolje, smo se odlo&ili
za ARCNET, ki edina od teh deluje na osnovi token-bus
(IEEE 802.4) nalina dostopa do skupnega komunikacij-
skega vodila.

3. OPIS ARCNET LAN /lit. 1,5,7/

Arcnet je baseband (z enopasovnim prenosnim medijem)

_ token-passing (s podajanjem Zetona) lokalna mreZa, ki
se odlikuje 2z enostavnim povezovanjem, fleksibilno

topologijo, zanesljivostjo in ustrezno propustnostjo.
Izdelani sta dve vrsti vmesnikov, eni za medsebojno
povezovanje IBM PC/XT/AT sistemov in drugi ze povezo-

vanje sistemov z VME vodilom.

ARCNET uporabniku zagotavlja naslednje funkcije in
moZnosti:
- ker temel ji na token-passing protokolu je

zakasnilni ¢&as lahko deterministi&no dolo&ljiv v
nasprotju s CSMA/CD, kjer obstaja le verjetnost
dostopa dololene postaje na vodilo.

- hitrost prenosa je 2,5 Mbitov/a, prenos je
enopasovni - baseband, =zaradi &esar je vmesnik
enostavnejdi in cenejai,

- ARCNET ponuja razli¢ne moZnoati povezovanja.

Izbiramo lahko med topologijo zvezde, vodila ali
kombinacije obeh. S tem se lahko pribliZamo
industrijskemu procesu in zmanjSamo strodke =za
kablirangje. Standardni prenosni medij je
koaksialni kabel (baseband R6-62/U), lahko pa
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uporabimo tudi opti¢na vlakna
razdaljo med postajami, dosedi
motnje iz industrije in
zanesl jivost prenosa).

(ée holemo povelati
popolno imunost na
zagotoviti  vedjo

-~ ARCNET Jje zelo prilagodljiva mreZa. S svojo
fleksibilno topologijo Jje mo2no preprosto izvesti
dodajanje, odvzemanje ali prestavljanje mikroratu-
nalnidkih postaj. Rekonfiguracija se izvrii avto—
matsko kadarkoli odvzememo ali dodamo postajo v
mreZ2o, kar naredi ARCNET za enc najbolj zaneslji-
vih mreZ na trZid&u v tem trenutku. Cas, potreben
za rekonfiguracijo, se giblje med 21-61 ms, kar je
odvisno od Atevila postaj in ID Btevila.

- VzdrZevanje in odprévljanje napak Jje enostavno.
Aparaturno opremo, ki ne deluje, lahko enostavno
odklopimo in, ko jo popravimo, vrnemo nazaj,

- z ARCNET lahko v osnovni konfiguraciji poveZemo do
255 poataj z razponom do 6,4 km. Veldje mreZe
doseZemo z uporabo mostilkov (bridge) - velje &t.
postaj ali uporabo optiZnih vlaken za premostitev
vet&jih razdalj. .

— ARCNET Jje ena najlaZjih mreZ, kar se tice instali-
ranja. Pravila povezovanja so zelo enostavna z le
ralo omejitvami.

Pri mreZah na sploSno Jje proces konfiguriranja
mreZe, dodajenja in odvzemanja delavnih postaj teZka
in zapletena naloga. Pri ARCNET mreZi pa so vsi ti
procesi implementirani hardversko z VISI tehnologijo
integriranih vezij. Ta ARCNET kontroler zato ne
potrebuje posredovanja progranske opreme, 8ssj te

funkcije izvaja avtomatsko:. Tako ne obremenjuje
procesorja’ v sami mikroradunalnidki postaji.
Procesor ima opravka samo #e 8 sprejemanjem in
oddajanjem sporodil. V starih izvedbah se je

pojavljal problem "overhead-a", da so ektivnosti za
mreZo vzele prevel tasa procesorju , zaradi Cesar se
je zmanjdala dejanska propustnoast oz. hitrost
prenosa na nivo 100.000 bitov/sek. Poleg tega je
procesor imel manj Sasa za opravljanje svoje
primarne vloge, npr. ni mogel skrbeti le za proces,
ki ga Jje krwilil, =zaradi <&esar se algoritem ni
izvajal optimalno.

— ARCNET dejansko lahko uporablja skoraj vso opera—

cijsko programsko opremo za mrele.

4. POVEZOVANJE OSEBNIH RAZUNAINIKOV V ARCNET
MEEZO0

ARCNET omogola topologijo zvezde, vodila ali kombina-
cijo obeh. /1lit. 7/ Zvezdasta struktura se priporoZa
za prostorsko medseboj bolj oddaljene postaje. V

osebni ralunalnik se vgradi ARCNET vmesnik tipa 110.
Postaje povezujemo med seboj preko centralnih
vozlis&., Obstajata dva tipa vozlis& za povezovanje
postaj: - 8-vhodno ektivno in - 4-vhodno pasivno
vozlidde. Razdalja med aktivnim vozliZZem in postajo
lahko 2z uporabo koaksislnega kabla doseZe 620 m, pri

pasivnem vozli3dZu pa le 30'm. Za fiziZni medij pri
povezovanju lahko uporabljamo v isti mre2i hkrati
koeksialne kable in opti¢na vlakna. Prikljulevanje
Je izvedeno z navadnimi BNC konektorJi.

Pri topologiji vodila se uporablja koaksialni kabel
2z BNC T konektorji. Topologlja vodila je zelo ekono—
miZna pri povezovanju postaj, ki se nahajajo blizu
skupaj. Tu ne potrebujemo vmesnih aktivnih vozlisg
in kabli so krajsi. Posamezen odsek je dolg 300 m in
nanj lahko prikljuimo do 8 postaj v katere vgradimo
ARCNET 210 wmesnik tipa 210. Te vmesnike za velje
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SLIKA 2. prikazuje
vinesnikov za povezovanje in moZne najvedje razdalje med sestavnimi deli mree.

primer ARCNET mreZe 2z

konfiguracije povezujemo z aktivnimi dvo-vhodnimi
vmesniki, ki jih je ve& wvrst, 2za povezovanje

odsekov 8 koaksialnim kablom ali optiZnimi vlakni
(do 3,6 km odsek, ki lahko sluZi povezovanju
razliZnih atavb ali bliznjih dislociranih
obratov).

5. ZAKLJUCERK

Pojava &iroke palete vhodno/izhodnih modulov in
2e obstojeta programska oprema opravidujejo upo-
rebo osebnih ratunalnikov v industrijskem okolju.
Z njimi smo dosegli osnovne cilje pri zasnovi
rahlo—sklopljenega sistema primernega za vodenje

industrijskih procesov kot so: - uporaba 2e izde-
lane aparaturne in programske opreme primerne ze
delo v realnem <&asu, - enostavna instalacija in

vzdrZevanje in podobno.

Hrbtenica tak8nega sistema je komunikacijsko vodi-
lo. 0Odlo¢ili smo se za mreZo tipa ARCNET (ve& kot
500 000 vgrajenih vmesnikov v svetu, oz. 25 X-ni
delez na tr2i3éu mre2). Omogola dokaj hiter pre-
nos informacij, deterministiéni dostop do vodila,
razliéne topoloske strukture, uporsbo opti&nih
vlaken in koaksialnih kaeblov v isti mreZi, enosta-—
vno rekonfiguriranje. Izku3nje na Institutu
"JoZef Stefan” so pokazale, da mora biti vmesnik
za mreZo C¢im bolj samostojen -~ z inteligentnim
kontrolerjei, da razbremeni glavni procesor. Za
mre%o tipa ARCNET je razvit niz komponent, ki
opravl jajo vse naloge vazane na vzdrZevanje
Zetona, konfiguracijo in rekonfiguracijo sistema.

vpisanimi tipi

——F3

K ORUG

3500m 2GRADB!

vmesnikov instaliranih v osebnih racunalnikih, vozlisg&,

Osnovna karakteristika predloZenega rahlo—sklopljenega

sistema je njegova fleksibilnost. Sistem omogoda
prilagajanje konkretnim potrebam, enostavno
nadgrajevanje in prikljuditev novih izdelkov.

Pridakujemo, da bo zado#Zal tudi za
zahtevnih industrijskih procesov.

vodenje zelo
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Clanek predstavlja Komuniacijski vmesnik KV8, namenjen pqvezgyi

razlienih racunalniskih sistemov po RS232 standardu. KomuplkaCJJ--

ski vmesnik KV8 omogoca prikljucitev in povezavo do 8 sistemov,

ki lahko komunicirajo med sabo preko tega vmesn}ka. . ) .

Vv ¢lanku je podan princip delovanja komunikacijskega vmesnika KV8.

Communication Interface KV8

This paper presets communication interface Kv8, used for connection

of maximum 8 different systems through RS232 interface. All systems,

connected through KV8, can communicate to each other, but maximum 4

connections can be made in the same time. _ ‘ ' )

paper presents principles of operation of this communication inter-

face.

2.1. CPE ( centralna procesna enota )

1. Uvod

Komunikaciski - vmesnik KV8 je bil razvit za po-
vezavo razlicnih racunalnisko krmiljenih meril-
nih sistemov s poslovnim sistemom, za prenos
podatkov o kakovosti proizvodnje in merilnih
rezultatov med posameznimi merilnimi sistemi in
za prenos podatkov za poslovno informatiko.
Komunikacijski vmednik KV8 je zgrajen modular-
no, tako aparaturna, kot programska oprema, da
je enostavna siritev vmesnika, ¢ce je to potre-
bno. Komunikacija lahko poteka med posameznimi
kanali, pri tem je mo2no istocasno prenaSati po
4 poteh, ¢ce se vzpostavijo komunikacije med
razlienimi kanali.

Poleq osnovnih 8 kanalov ima komunikacijski
vmesnik KV8, se dodaten serijski kanal, 20 mA
tokovna zanka, za prikljucitev terminala, ki
omogota v nadzornem nat¢inu dela spremeniti pa-
rametre serijskih vmesnikov za posamezne kana-
le. Preko prvega kanala, ki je vezan na poslo-
vni sistem, je mo2zno vzpostaviti tudi direktno

komunikacijo, za normalno delo terminala na pr--

vem kanalu.

2. Materialna oprema Komunikacijskega vmesnika
KV8

Materialno opremo Komunikacijskega vmesnika KV8
tvorijo moduli CPE, 16Kbyte RAM pomnilnik, in 4
moduli z dvema serijskima vmesnikoma.(slika 1)
Siritev materialne opreme je mozna z dodajanijen
modulov z dvema nadalnjima serijskima kanaloma.

Na komunikacijskem vmesniku je mo2no poljubno
nastaviti na vsakem kanalu RS232 serijsko komu-
nikacijo, ali pa 20mA tokovno zanko { tty ).

CPE vsebuje poleg 8 bitnega mikroprocesorja se
1 K byte RAM pomnilnika, v katerem so locirani
sklad, vsi statusi vmesnikov, statusi povezav,
naslovi pomnilniskih vmesnikov vseh kanalov in
ustrezni kazalci, ki omogocajo komunikacijo med
posameznimi kanali komunikacijskega vmesnika.
4Kb EPROM pomnilnika vsebuje vse potrebne pro-
grame za delovanje komunikacijskega vmesnika
KvVB8. Na CPE enoti se nahaja se serijski komuni-
kacijski adpter za prikljucitev terminala (20mA
tokovna zanka), ( slika 2 ), za nastavitev pa-
rametrov.

2.2, 16 Kbyte RAM pomnilnik

Pomnilnik je razdeljen v bloke 1 Kbyte za spre-
jem in 1 Kbyte za oddajo na kanal. Zato morajo
biti paketi podatkov za prenos manjsi od 1
Kbyte znakov. Lo¢ten pomnilnik sprejemnika in
oddajnika pa omogoca sprejem podatkov na posa-
meznem kanalu se preden je linija 2z oddajnikom
vzpostavlijena.

2.3. sSerijski vmesniki

Na vsakem modulu sta dva serijska vmesnika, ki

sta programsko nastavljiva. To sta vezji SN2651,
ki jima je mozno programsko nastaviti hitrost

prenosa, dolzino besede, pariteto, stevilo stop
bitov in nacin dela. Za vsak modul je mo2no iz-

brati poljubni 8 bitni naslov, ki definira ste-

vilko kanala za programski dostop do vmesnika.

Nastavitev komunikacije vsakega kanala na RS232

ali na 20 mA tokovno zanko je mozno z nastavi-

tvijo kratkospojnikov na modulih z vmesniki.

Ob inicializaciji so vmesniki nastavljeni na 7

bitno dol2ino besede, hitrost prencsa 1200
baud, 1 stop bit, pariteta prepovedana.



3.Programska oprema

Programski paket sestavljajo
ki omogo¢ajo inicializacijo komunikacijskega
vmesnika, <¢itanje znaka posameznega kanala v
sprejemni buffer tega kanala, prenos znaka iz
oddajnega bufferja v serijski vmesnik, prenos
znaka iz sprejemnega vmesnika kanala I v
oddajni wvmesnik kanala J, ¢e Je vzpostavljena
povezava med kanalom I in J. Rutine testirajo
zasedenost oddajnika pri vzpostavitvi zveze
sprejennika in oddajnika, vzpostavitev zveze,
prekinitev zveze ob koncu prenosa podatkov med
kanaloma I in J, kjer wvelja I <> J, ter
I ,J3=1(0, 11, «.. , 71,

Za vse rutine je stevilka kanala vhodni podatek
za dolocitev odmika v tabeli parametrov kanala
in tabeli kazalcev na vhodne in izhodne pomnil-
niske vmesnike ter flage povezav.

stevilne rutine,

Opis posameznih rutin:

3.1. Inicializacija

hitrost prenosa
1 stop bit, ni

Inicializira wvse vmesnike na
1200 baud, dolzino besede 7 bit,

paritete, vse povezave so dovoljene, nobena
povezava ni vzpostavljena, podatkovni vmesniki
so prazni, poslan Jje ‘ctrl Q' ukaz Vv vse
serijske vmesnike - dovolitev prenosa. Cita
status nactina delovanja in ¢e je v nadzornem
na¢inu delovanja omogo¢a delo prikljucku na CPE
modulu. . -
3.2. Sprejem

Rutina ¢ita status serijskega vmesnika izbra-

nega kanala in ¢e ta vsebuje znak, ga prenese v
sprejemni vmesnik tega kanala. Istocasno tes-

tira =znak in v primeru, da 3Jje ‘ctrl s' ali
‘ctrl Q' vrne znak med parametre 2za prenos
podatkov preko tega kanala, kar definira flag

za dovolitev oddajanja na kanalu.
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Prav tako testira, ce Jje sprejet znak STX, za
dolocitev povezave sprejemnika z oddajnikom -
po sprejemu tega znaka Jje mozno vzpostaviti

povezavo sprejemnika in oddajnika prenosa.
3.3. oddaja

Ta rutina prenasa znake iz oddajnega bufferja k
serijskemu vmesniku kanala. Ta prenos poteka
toliko c¢asa, dokler ne zazna v pomnilniku
zapisan znak EOT - konec prenosa. Ob prenosu
vsakega znaka ugotavlja, ¢ce status dovoljuje
nadaljevanje prenosa.

3.4.Kopiranije

Ko je dolocena povezava 2e vzpostavljena in so
doloceni vsi kazalci, ki bodo omogoc¢ili prenos
podatkov iz sprejemnega vmesnika kanala I v od-
dajni vmesnik kanala J, kopirna rutina prenasa
podatke v ustezni vmesnik. Naslov ponora poda-
tkov je dolocen prehodno z rutino, ki ob znaku
STX ugotovi, ¢ce je mozno vzpostaviti zvezo in
jo, ko je mozno, tudi vzpostavi. Ob koncu kopi-
ranja iz kanala I v kanal J , ob znaku EOT, se
zveza razdre, ko pa so vsi podatki preneseni,
pa bo oddajni del kanala J zopet na razpolago
za prenose, kanal I pa je prost za delo 2e ob
koncu kopiranja podatov.’

4.Prenos podatkov

Prenos podatkov iz kanala I v kanal J je mogoC
takrat, ko je v kanalu I moz2en sprejem znakov,
kar pomeni, da Jje kanal prost in je bil na
kanal I poslan znak ‘'ctrl Q' . S tem lahko
pricne sprejem znakov v sprejemni buffer kanala
I. Kanal J pa lahko pricne sprejemati znake od
kanala I v trenutku, ko je koncal prenos zna-
kov, ki jih je imel v oddajnem bufferju kanala

SERIISKA
KOMUNIKACHJA

MIKRO-PROCESCR

RAM EPROM
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, PODATKOVNG _VODILO
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J. V tem trenutku se najprej vzpostavi zveza
med tema dvema kanaloma, istotasno so lahko 4
zveze, ki omogotajo prenose podatkov v KV8. Po

vzpostavitvi zveze je postavljen flag, ki dovo-
ljuje kopiranje, iz kanala I v kanal J, zveza
pa Jje zapisana v parametrih obeh kanalov, in

NASLOV| NASLOV | PODATKI| STX | PODAT.BLOK|ETX|EOT
SPREJ.|ODDAJ. | NADZOR ZA PRENOS| -

sicer v kanalu I, je vpisana vrednost J, v
parametrih kanala J pa vrednost za kanal I.
Vsak prost kanal ima v parametrih 2veze kanala
vrednost FFH.

Do vzpostavitve zveze je lahko prislo po spre-
jemu znaka STX v sprejemnem vmesniku kanala I,
sprostitev zveze pa je mogota po prenesenem
znaku EOT pri kopirni rutini. Nove 2zveze pa
kanal J ne bo vzpostavil, dokler ne bo prenesen
kompleten blok podatkov. -

5. Sklep

Prenos podatkov v Komunikacijskem vmesniku KvV8
je izveden v pooling nacinu delovanja celotnega
mikroracunalniskega sistema, mozno pa bi bilo
popraviti sistem na interruptni na¢in delo-
vanja, vendar je za izbrano aplikacijo, kjer je
relativno majhno stevilo prenesenih podatkov,
ki pa se tudi malokrat prenasajo, ustrezna
resitev popolnoma zadovoljiva. Vsi vmesniki so
vecji, kot je maksimalno stevilo prenesenih
podatkov v eni transakciji, zato je bil izbran
tak nac¢in dela Komunikacijskega vmesnika KV8.

Slika 3: Struktura podatkov za prenos v KV8

Ta vmesnik bo omogotcal v aplikaciji prenose
podatkov med merilnimi sistemi v proizvodniji
Hibridnih vezij, omogotal bo povezavo le teh z
laserji za aktivno justiranje uporov na hibri-
dnih vezjih ter povezavo merilnih mest z poslo-
vnim racunalniskim sistenom, za prenos pedatkov
o opravljenih meritvah kvalitete izdelkov.

CPE 16 RAM
ENOTA o POLNILNIK
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FORUM INFORMATIONIS

FORUM INFORMATIONIS V CASOPISU INFORMATICA

Forum Informationis (FI)
ka ¢asopisa Informatica, ki bo prinasala pole-
mi¢ne, kriti¢éne in druge aktualne prispevke s
podro¢ja rac¢unalnistva in informatike. Tudi
Slovensko druatvo Informatika je na seji svoje-
ga Izvr&nega odbora, dne 8., 4. 1988, ustanovilo
interesno skupino z imenom Forum Informationis,
ki naj pospesuje in razvija javno razpravo o
bistvenih problemih domacega in tujega informa-
cijsko-razvojnega komleksa, ki ga sestavljajo
npr. problematika industrigje, raziskovanja,
izobrazevanja, uporabe informacijskih sredstev,
publicistike, zakonodaje, integracijskih proce-
sov, drobnega gospodarstva, vodenja, =zasCite,
ekonomike, . poslovanja, politike, mednarodnega
povezovanja itd. Pri tem gre za strokovne,
intelektualne, kulturne, razvojne in druge
vidike v kontekstu socialne relevantnosti racu-
nalnistva in informatike. Casopis Informatica
se tako ustvarjalno vkljuéuje v krizno in raz-
vojno polemiko sodelavcev in bravcev ¢asopisa
Informatica.

je nova, stalna rubri-

KRATKO POROCILO S PRVEGA ZASEDANJA
FORUM INFORMATIONIS

Prvi sestanek FI je bil za okroglo mizo, dne 5,
maja 1988, v sejni dvorani 80ZD Iskra, v Ljub-
ljani, Trg revolucije 3/XIV. Na ta zactetni
gsestanek Jje bile vabljenih 42 strokovnjakov,
novinarjev, zasebnikov itd. s podro¢ja racunal-
nistva in informatike, Udelezba je bila polo-
vidna s prisotnotjo 20, in sicer: Bozidar Blat-
nik (Intertrade), Petar Brajak (I Delta), Vanja
Bufon (I Delta), Rado Faleskini (SOZD Iskra},
Bogo Horvat (TF Maribor), Marko Jagodi¢ (1
Telematika), Andrej Jerman-Blazi¢ (I Telemati-
ka), Srecko Klanc¢ar (I Avtomatika), Mitja Ko-
sirnik (student FE), Milan Mekinda (I Mikro-
elektronika), Peter Mirkovie (Teleks), Alenka
Migie (GZS), Sasa Presern (I Delta in I1JS),
Mija Repov2z (Delo), Ivan Rozman (TF Maribor),
Uros Stani& (IJS), Bruno Stiglic (I Electro-
nics, Santa Clara, Ca), Marko Vali¢ (I CEO),
Jernej Virant (FE) in Anton Zeleznikar (I
Delta). Ved¢ina povabljenih neprisotnih se je
opravic¢ila.

Prisotne sta pozdravila predsednik Slovenskega
drusdtva Informatika Milan Mekinda in ¢lan KPO
S0ZD Iskra za raziskave in razvoj Rado Faleski-
ni. Podpisani je posku8al navesti razloge, ki
so pripeljali do ustanovitve FI. Konec prej-
Snjega leta so se ingenirji Iskre Delte resno
zateli sootati s problemom finan¢ne nezadostno-
sti Iskre Delte pa tudi s trendi demotivacije
zlasti v raziskovalno-razvojnem sektorju. 2Z
izjemo projekta Parsys, ki je reseval svoje
prezivljanje s potencirano samoorganizacijo in
s stiki s svetom, so ostali veliki razvojni
projekti stagnirali, se osipali in drseli v
svoje prenehanje. Hkrati je postajalo o&itno
nesorazmerje med 'napredovanjem' znanosti in
"nazadovanjem" industrije, med znanstveno samo-
namembnostjo in njeno finan¢no poteSenostjo na
eni in kriznostjo industrije na drugi strani.
Znanost je dosegla finan¢no neodvisnost od
industrijske neuspesnosti predvsem z delovanjem
svojih lobijev.

Vrstni red razre8evanja krizne problematike v
okviru FI za letosnje leto bi lahko bil nasled-

nji: industrija, raziskovanje in izobrazevanje.
Ce rac¢unalniska industrija in z njo povezana
infrastruktura ne bosta preziveli, se prav
lahko zaé¢ne postavljati vpra%anje o smiselnosti
nadal jevanja raziskovalnih in izobrazevalnih
naporov kompleksa ra¢unalnistva in informatike.
(Verjetno bi Slovenci s tem lahko vstopili v
zgodovino ¢lovestva kot ena prvih civilizaciy,
ki se je zavestno odpovedala lastnim mozZnostim
oblikovanja informacijske druzbe.)

Namen prvega FI je bil informativen. Sprejeta
pa so bila priporo¢ila, da se takoj oblikujejo
interesne skupine 2za pripravo koreferatov, ki
bodo obravnavali podro¢je industrije, izobraze-
vanja in raziskovanja. Posameznim skupinam naj
bi zaenkrat predsedovali podpisani, prof. dr.
Jernej Virant in doc. dr. Sasa PresSern. 2Za
podroc¢je industrije naj bi bil sklican nasled-
nji FI konec Jjunija. Predlo2eno je bilo (Mija
Repovz), de se k delu industrijske skupine
pritegnejo tudi mlaj&i, "nedogmati¢ni" eko-
nomisti. V korpus te skupine so bili predlaga-
ni Bufon, Faleskini, Gerkes8, Jerman-Blaz2ic¢,
Kajzer, Leskovar, Rupnik, So¢an, Sprah, Voh,
Vovk itd.

Dnevno ¢asopisje Jje poro¢alo o prvem FI
dvakrat in Teleks). Teleks je ocenil FI kot
provokacijo, ¢eprav se podpisani bolj nagiba k
oceni resevanja, kar se res8iti &%e more. Pred-
vsem pa ostaja funkeija FI prej ko slej obliko-
vanje nove intelektualne (dejavne) zavesti na
podrod¢ju Ril.

{Delo

A. P, Zeleznikar

Qddprio pismo wrednidkem odboru dascopisa
Spodtovani:
(e vseh dvanajst let obdasno spremliamo

razvol casopisa Informatice. Fo svoiih modeh si
namred tudi sami prizadevamo za razved
radunalnigétva in vsaj tistega dela informatike,
ki Jje vezan na raéunalnistvo, na katerega se
vgaj malo spoznamo.

Casopis Informatica je igral pomambno
vlogo pri razvoju raéunalnigtva pri nas. Do
paojava Majega wmikra (in Bita) de bil eaedine
slavenska revija, posvedana racdunalnigtvu.
Seveda Jje takih pomembnih dogodkaovy v razvaiu

racunalnigtva pri nas ge veliko. Spomnimo se le
kongresa  [FIF, ki Jje leta 1970 pripelaial v
Liubliano celotno svetovno radunalnidétvo. Fotem
Je tu ge ustanovitev RRC, pa cacetel
visokofonlskega 4dtudija raéunalnigtva, ki ga
izvajata FE in VTOZD matematika in mehaniba, pa
zagetki slovenske radunalnigke industrije in Se
bi lahko nagtevali.

Bojimo pa se, da vlage é¢asopisa Informa-
tice v danagdnji situaciji ne razumemo ved. Zato
bi  prosili predvsem glavnega in odgovornega
urednika, mogocde pa $e koga drugega i1zmed
urednikov ali pa €lanov zaenkrat e anonimnega
Farum infermationis =za odgovore na naslednja
vpragania.

L. KaksSen je koncept in kak&na je perspek-
tiva ¢asopisa Informatice? FKomu je namenien? Ce
gre za strokoven éasopis, namenjen jugoslovan-




o Semu so pobtem v
ini, nekateri celo s
Mli pa gre nemara za

voang!
Edini ()7

nanstven

va je teda]j znanstvena raven tega

; roniti med wredniki niti med

ni  zaslediti videti uglednih tuiih
iskovalcev, pa tudi ni 2 v tuwiinl ge nismo
videli, da bi se kdo skliceval na rezultate,

obiavljene v Informatici
gre zea tretjerazredni
snanstvenem svehtu nima
Veseli bamo, &e nas prepridate,
sklepli napadéni.

bi lahko sklepali, da
anshvenl tasopis,  kiow

nikakrdnega odmeva.
da so nasi

JORRS (-}

2ni recenziji so podvrieni prispevki

ra €asopis Informatico? HolikZen odstotek pri-
spevioy  je  zavrnjen? Fakdna Jje bila  vioga
tehniénega odbora in ¢emu je bil z desetim

letrnikom le-ta ukinjen? Ali so prispevii lekto-
rirani? Kaka “asopis skrbi  za slovensho
radunalni terminolaogijo? Kdo shkebi za

angleiddino®

Nazliednje vpraganje pa je glavni razlog,
da smo se odlodili za pisanje tega pisma.
Oylejmo sl najprej nekaj citatov iz za-
dniih dveh &tevillk:
al "Umetna inteligenca prihaja na sam rob
racionalizma, ko govori o inteligenci, ki pa ni
ved racionalistiéna kategorija. Razumevanje

inteligence Jje povezano z novim pojmovanjem
informacije. Stroji, ki bodo imeli vgrajeno
inteligenco, ne bodo vel zgolj-raciona

listiéni." Informatica 1/88, str. 5.
b "We hope to (be) able to receive “your
technical reports and to exchange information

in the future." Informatica 1/88, 7%,

str.

<) "We look forward to fruitful joint research”

Informatica 1/88, str. Bl.

d) "Have 1 really done nothing in the last two
years" Informatica 1/88, str, 91.

@) "The goal of this preliminary discourse is,
of course, to lay out the way which leads to
something termed informational legic. In "the
framework of such new logic, it will become
possible to develop essentially changed con-—
cepts of set, relation, function,  category,
etc.

as was the case in today’'s and yesterday’'s

mathematics.", Informatica 2/88, str. 21,
) "Zakljudek tega razmidljanja je torel
da tako i&lovek kakor stroj nista

in imata ustvarjalne sposobnosti”,

2788, str. 114,

tak,
determinirana
Informatica

Omenjene citate smo izbrali
tovili, da stil prispevkov v Informatici
stopa od stila obidajnih uglednih med-
znanstvenih in strokvnih revii. Fodob-
‘ov bi lahko nabrali predvsem v zatdnjih
v ge precej ved.

zato, da bi

narodnin
nik cit
latnit

Vo ocitatu a) qgre oditho za
spekulacijo. Ker pri nas obstajajo
Ixlemom primerne revije (npr.

afem mnenju veljialo take
am.

filozofsko
takim pro-
Anthropos), bi po
prispevike objavlijati

V citatih b) in )
abljube, tore]
v prihodnosti.
ni mesta

je opaziti,
za nekaj, kar naj bi wgoadilo
Mislimo pa, da ze take obljube
v resni reviji. Friéakujemo, da bomo o
ih wspehih projekta Farsys kmalu  brali
matici in v drugih, mednarodnih revijah
primeru pa qre fa rarmetavanis oz

da

B

are za

= ovaal kar prostora v o Informatici
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Citat d) kafe na polemika. Mislima,
polemilka brez strokovnih argumentov ne sodi

strani Infarmatice.

da
na

Citata e} in f)
to, da disita po laZni znanosti.
katerih sta vieta citata, po nagem mnenju
namred nista znanstvena. Morda sodita v filozo-
fijo. V¥ tem primeru bi ju ponudili npr. spet
Anthroposu.  Morda sodita  tudid v znansty
fantastiko, vendar o tem tefko sadimo,
na nanstveno fantastiko ne spoznamo.
natin, nikakor ne sodita v Informatico.

pa imata skupno predvsem

Frispevka, iz

Ma  wvsak

V Informatici dajeta vtis, kakor da qre za
pravo znanaost. Dopuécamo seveda moinost, da se
motimao. Kaj pa e je res mogoée dokazati da
ima stroj wustvarjalne sposobnosti{!)? Mogo pa
gre res za temelje £isto nove loaike, bo
pospravila z obstojedo logiko in matematiko. ¥
aobeh primerih se éudimo skromnosti avtorjev, da
sta za tako epohalna odkritja izbrala revijo s

tako majhno ddmevhostjio. -

Menimo, da avtorja iskreno verjameta v fo,

kbar pifeta. Zato ju rotimo, da pogljeta  pri-
spevka v angleséini v ponovno objaveo. Ce se ne
moreta odloéiti, katero od uglednih revij

izbrati priporotamo, da prispevke poéljeta pri-
jateliem: M. Fkalosu, D. Sieworeku, Z. Seqgallu
ali T. Winogradu (glej njibove slike na straneh
Informatice), ki bodo fe vedeli, kje je pravo
mesto za take rezultate. Ce so omenjeni rezul-—
tati resnidni, bi avtorja =zasluiila YER
najvigia odlidja, vkljuéno z Nobelovo nagrado.

In zdaji %e vprafanje.

3. Zakaj Informatica objavija prispevke,

ki se prikazuiejo kot znanost, pa to niso?v

Za  konec
primernosti in

e pojasnilo. o govorimo o
neprimernosti prispevikov Ta
Informatico, imamo v mislih urednigko politiko
in strokovno recenzijo, nikakor pa ne cenzure.
Mislimo, da bi drufba morala poskrbeti =za
ohjavo &Se tako spornih  prispevkov - vendar
nismn prepri¢ani, da ravne na straneh Informa-
ticea, le-ta ne redefinira svojega koncepta.
{rpr. fasopis za radunalnisko filozofijo in
Alternativa bi bila, da

=]

znanstveno fantastiko).
bi vpeljali rubrike za radunalnigko filozafijo,
ratunalnigko znanstveno fantastiko in
racunalingki  humor, v katerih bi lahko bre:
zavajania bralcev objavljali ustrezne prispevke
seveda ob strokovnil recenziiji in ob  obveznem
lektariranjuw vseh prispevkov.

Z veseljem bi vam poslali tole pismo =
elektronsko pogto, pa nimamo vafega naslova.
Mogoée bi lahko v eni prihodnjih &tevilk pojas-—

nili, kako wvam lahka elektronsko po&iljiamo
prispevke.
Vo upaniu, da pismo razumete v emislu

natanénejéega doloéevanja urednifkega koncepta

tasopisa Informatice, vas lepo pozdravljamo.
Toma®f Fisanski,
Vliadimir Batagelj, Marko Fetkovéek, Marian

Spzgel, Bostjan Vilfan, Iztok Tvrdy

O ODGOVARJANJU NA ODPRTO PISMO

Odprto pismo, ki ga objavljamo, nac¢enja vrsto
vprasanj, ki ne zadevajo le problematike ¢aso-
pisa Informatica, temve& se razprostirajo preko
domene aktivnosti, ki jih ¢asopis le reflekti-
ra. Vsako poenostavljeno odgovarjanje, ki bi



bilo brez nadaljnega mogo&e, bi hkrati podpira-
lo tudi sprenevedanje in blasfemijo podpisnikov
pisma in tako prav gotovo ne bi odkrivalo
izérpnejsih in za prakso strokovnih in drugih
dejavnosti informatike (in racdunalnistva)
uporabljivih odgovorov. Predvsem bo na vsa
vprasanja piscev pisma odgovorjeno, vendar se
to zaradi omejenih mo2Znosti hkratnega odgovar-
jJanja ne bo zgodilo v enem samem izérpnemn
paketu. .

Nekateri oc¢itki so pa&¢ takani, da jih ne bo
mogote dokazovati le 2z navedbami iz domac¢ih
logov pa tudi ne tako poenostavljeno, kot to
upajo pisci pisma. Pri tem bo potrebno posec¢i v
navedbe {in prakso) podobnih (celo avantgard-
nih) strokovnih ¢asopisov po svetu (v mislih
imam npr. ¢&asopise kot so Artificial Intelli-
gence, New Generation Computing, AI Communica-
tions, IEEE Computer, IEEE Transactions on
System, Man, and Cybernetiecs itd., ki so na
svojih podro¢jih strokovne in tudi znanstvene
relevance - beri rac¢unalnigke in informaci jske-
vodilni na svetu). To pa bo zahtevalo nekoliko
veé dela, ki ne bo brezplodno in bo prav gotovo
koristilo doma¢im (T. Pisanski bi brzkone hitel
poudariti "tretjerazrednim") razmisljanjem.

da bodo v kriti¢ni dialog,
ki se s tem zadenja, posegli tudi bravei.
Kon¢no se zaé¢enja tudi to, kar bi lahko imeno-
vali "normalni polemi¢ni in kritiéni dialog na
podro¢ju informatike in rac¢unalnistva”. Ta
dialog je seveda zazeljen in ¢asopis Informati-
cea ga mora podpirati v razumnih mejah, dokler
se vprasevanje odprtega pisma ne bo izérpalo.
Seveda prosim pisce pisma za dolo¢eno potrpez-
ljivost, da poctakajo na sadove njihovega vpra-
gevanja.

Seveda pricakujen,

Urednik

NERZNANSTVENO KRATEK ODGOVOR UREDNIKA

Znanost lahko odgovarja le z dejstvi, ta pa so
v primeru tudi na urednika naslovljenega pisma
kratko tale (po vrstnem redu vpraSevanja):

1. Koncept ¢asopisa Informatica je stroka,

znanost, raziskovanje, obve&c¢anje, izobrazeva-
nje, industrija, proizvodnja, razvoj, zanimivo-
sti, novosti iz racunalnigtva in informatike

itd. Perspektiva ¢asopisa je lahko samo njegova
zadostna aktualnost na podro¢ju opisanega
koncepta. Casopis je namenjen inzenirjem,
raziskovalcem, razvijalcem, $Studentom, podi-
plomcem, tudi vodilnim u¢iteljem itd. na podro-
&ju koncepta. Da pa v tako opisanem okolju
koncepta ni filozofskega, se verjetno ni mogocte
strinjati (nagemu doktoratu znanosti ali tehni-
ke recejo v Ameriki doktorat filozofije).
Prispevki v anglesé¢ini so koristni vsaj iz dveh
razlogov: zaradi moznosti neposredne izmenjave
prispevkov z znanci, prijatelji in priloznost-
nimi interesenti v tujini (recimo kar od Ameri-
ke do Japonske) in =zaradi obvladovanja (tudi
uctenja) Jjezika, ki je nujnost pri pripravi
prispevkov (tudi tistih, ki izhajajo v Informa-

tici) za objavo v tujih ¢asopisih. Casopis
Informatica sodi torej v "nacionalno 1ligo"
jugoslovanskih strokovnih ¢asopisov, kar je

bilo tudi povsem jasno ob njegovi ustanovitvi.
Povzetki v japons¢ini so bili res maloStevilni
(izjemni) in so bili predvsem kulturni preizkus
moznosti japonskega zapisa na slovenskih tleh.
V industriji 2e danes poudarjamo nujnost obvla-
dovanja japong8¢ine, ki se nam za na8 razvoj
kaze enako pomembno kot obvladovanje anglesc¢i-
ne. Informatica prinasa tudi znanstvene pris-
pevke, ki se financirajo v obliki raziskav iz
znanstvenih druzbenih skladov. V tem svojem
segmentu Jje Informatica znanstveni &asopis,
tetudi tretjerazreden, kot ga lahko pad¢ obliku-
Jjejo doma¢i znanstveniki. Na koncu tega dolgega
odgovarjanja lahko odgovorim zaradi meni vsi-
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ljene konverzacije le v slogu "milo sa drago”:
tudi med podpisniki pisma ne vidim nobenega
posebno uglednega domac¢ega ali tujega znanstve-
nika in tako naprej. Za to nekorektnost se
upravic¢ujem, vendar piscem kaj boljsega ne znam
povedati. Seveda bi bilo zanimivo spremljati
odmevnost ¢lankov v Informatici. Verjetno bi za
to uslugo lahko zaprosili VINITI (Vsezvezni
indtitut za 2znanstveno informacijo} v Moskvi,
ki mu ¢asopis redno posiljamo.

2. Recenzija prispevkov v ¢asopisu je za
nase razmere normalna, ¢eprav bi lahko bila
strozja pa tudi mednarodna in z vidjo pedagosko
stopnjo (tudi ob vedji angaziranosti podpisni-
kov). Normalni sistem recenzije bi lahko delo-
val s podpisanimi formularji treh neodvisnih
{po posameznih 1lobijih locenih) recenzentov,
kjer bi moral vsak recenzent dokazovati pred-
vsem bolj, zakaj ¢lanek podpira, kot pa, zakaj
ga zavragéa. Glavni urednik bi lahko bil 1le
razsodnik v primeru nasprotujo®&ih mnenj recen-
zentov. Recenzija prispevkov v Informatici Jje
opravljena navadno na mestu njihovega nastaja-
nja, dajejo jo mentorji, navadno po konzultaci-
Ji 2z glavnim urednikom. Zavrnitev prispevkov je
vselej spremljana s pomoljo za njihovo dodela-
vo. Razmerje takih prispevkov (od zacetne do
kon¢ne faze) znese vsaj 30%., Problem tehnitnega
odbora je bila de facto njegova samoukinitev,
saj 80 se v tem razdobju pojavili novi mentorji
in sodelavei, ki so bili v ¢asopisu aktivni.
Tehniéni in urednigki odbor sta bila imenovana
v zagcetku leta 1977 po tedaj veljavnem terito-
rialnem in strokovnem "ravnotezju" in seveda s
ciljno strategijo, da Jje potrebno oblikovati
zadosten krog piso¢ih v okviru ¢asopisa. Lekto-
riranje ¢lankov je dolznost samih avtorjev, kar
je bilo tudi razumljivo v dobi proizvodnje
prispevkov 8 pisalnim strojem in v obliki, v
kateri se prispevki objavljajo (fotokopiranje}.
Za terminologijo je v okviru tehniénega odbora
{vendar ne recenzije) skrbel prof. dr. L.
Pipan, za angles¢ino pa avtorji oziroma njihovi
lektorji anglescine.

Odgovor, ki zadeva t.i. glavne razloge za
pisanje pisma piscev, bo v tem preliminarnem
odgovoru urednika karseda kratek.

a) Za to izjavo, ki Jje iz teksta sicer
iztrgana, stojim brez pridrzkov. To potrjuje
danes Ze praksa nekaterih komercialnih izdelkov
{glej npr. predavanja prof. B. Souceka v okviru
SAZU, MIPRO '88 in njegovo knjigo o nevralnih
ra¢unalnikih, ki je nedavno tega izsla pri
zalozbi J. Wiley).

" b), e¢) in d) Ti citati se nanasajo na pod-
vig, .ki sem ga imenoval ekspedicija Parsys.
Verjetno moti pisce pisma najbolj to, da je
projekt Parsys tudi za strokovno javnost osam-
ljen primer, ki se ni rodil v univerzitetnem in
ingtitutskem okolju. V industriji gledamo na
slovensko racunalnisko 2znanost morda neobjek-
tivno kot na posebno obliko po¢ivanja in spava-
nja. Ce je pismo piscev tudi odlocenost, da s
tem prekinjajo, potem to pismo vsekakor poz-
dravljamo.

e) Da nastaja danes "nova matematika" v
razli¢nih oblikah po svetu, ni nobena skriv-
nost. Te "mggematike", ki si nadevajo razlid¢na
imena, seveda %e niso znanje, ki bi bilo zrelo
za sprejemanje v matematic¢ne katekizme. Razvojj
enostavno kaz2e, da so minili ¢asi t.i. izkljue-
no trdne matematiéne doktrine in da postaja
matematika kot disciplina obc¢utljiva tudi =za
mehkej3i konceptualizem (npr. adaptivna, fuzzy
matematika in cela vrsts aksiomatiziranih logik
kot so 2e stara modalna logika, pa logika
prepri¢anja, zavesti, umovanja, inteligence,
informacije itd., ki trssirajo prav pot uporabe
nevralnih rac¢unalnikov oziroma se prigznavajo
kot smiselne in zdravorazumske formalizacije v
okviru umetne inteligence, kognitivne znanosti,
filozofije). Vse to se seveda dogaja brez




blagoslova pravoverne matematike,
teh raziskavah sodelujejo tudi

seveda industrija (npr. IBM). Informatika pac
ni matematika, kar Jje menda razumljivo. O teh
poskusih bomo lahko zapisali ve¢ podrobnosti v
naslednjih prispevkih Informatice.

f) Kaj je v citiranem stavku narobe, bi
morali izpostaviti predvsem pisci, ne pa 1le
kazati nanj, kako je sporen. Da ta stavek ne
more potrjevati prepri¢anja in tudi ne apriori-
sti¢nega pudarjanja nepreklicne =znanstvenosti
piscev, je tudi razumljivo.

vendar prav v
matematiki in

Glede stila nekaterih, prav gotovo ne vseh
prispevkov, vkljuéno s pismom piscev, pa se s
pisci niti priblizno ne bi mogel strinjati.
Zato naj mi bo v posebnem prispevku dovoljeno
citiranje neobicéajnih, fantasti¢nih (to je grda
slovenska beseda, ki zveni kot psovka), lazi-
znanstvenih in neznanstvenih izjav v najugled-
nejsih mednarodnih znanstvenih in strokovnih
revijah s podro¢ja radunalnistva in informati-
ke.

3. Na to vprasanje iz pisma je bilo odgovor-
jeno Ze na ve& natinov., Poudarjam, da sem Vv
pismu piscev iskal tudi znanstveno razpravo in
ne le namigovanja, ki nimajo 2z znanostjo in
trditvijo,, kako so pisci  znanstveni, nicCesar
skupnega.

Pismo podpisnikov razumem predvsem kot njihovo
pripravljenost, da v slovenskem, jugoslovanskem
in mednarodnem znanstvenem prostoru dajo svoje
znanje in svojo znanost v objavo in v sodelova-
nje tudi v ¢asopisu Informatica. Menim, da bi s
tem ¢asopis Informatica postal tudi lazje

znanstveni trzni produkt, Razmere so vsekakor
dozorele: to pa ni samo redefinicija neke
politike, temve¢ je spremmeba vedenja in ved-

nosti akterjev, ki 8 svojim delom in sodelo-
vanjem lahko proizvajajo ustreznejsi d&asopisni
produkt.

Urednik

SE O SONCIH V PRAZNEM PROSTORU

Anton P. Zeleznikar, Iskra Delta

Veliko sonc krozi v praznem prostoru:
vsemu, kar je temnega, govorijo s svojo
svetlobo - meni moléijo.

o, to Jje sovrastvo .luc¢i nasproti
svetedemu, neusmiljeno hodi svoja pota.

Na dnu srca je kriviéno nasproti svete-
¢emu: mrzlo nasproti soncem -~ tako se
gibl je vsako sonce po svoji poti.

Friedrich Nietzsche (1} 112
O loc¢evanju znanosti in filozofije

To, kar posebej "odlikuje" "danasnjega
cloveka" kot ¢loveka znanosti, Jje, da ne
ve o sebi ne kdo ne kako JE in da se s to
svojo nevednostjo niti ne sreda kot =z
zadevo svoje lastne ¢loveshkosti.

Ivan Urban¢ie [2] 428

Da znanstvenik ni filozof in filozof ni znan-~

gstvenik, to bi lahko bila resnica predvsem
domac¢e {(izvirne), naravoslovno pravoverne
utopije. Seveda, ¢e bi bilo mogo¢e ukinjati

prepletenost kulturne informacije (filozofije,
znanosti, tehnologije, zdravega razuma) in
povezanost informacije znanosti {(npr. interdis-
ciplinarnosti umetne inteligence: psihologija,
kognitivne znanosti, neurofilozofija, modalna
logika itd.). V tem domac¢em dialogu s kritiki o
skodljivosti ali neprimernosti filozofsko-
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znanstvene relacije (za znanost) se ne bi
skliceval na avtoritete iz matemati¢no-filozof-

skega sveta, npr. na Descartesa, Pascala,
Lebniza, Whiteheada, Hilberta, Russla, Wittgen-
steina itd. ali na kriti¢na stalisc¢a samih

akterjev umetne inteligence, kot so npr. D.
McDermott (Artificial intelligence meets natu-
ral stupidity [6}1), Winograd, Flores [3}, H. L.
Dreyfus, 8. E. Dreyfus {4], kritika in odgovori
na kritiko v ¢asopisu Artificial Intelligence
[51, vrsta kriti¢nih prispevkov v Mind Design
[6] itd. O teh in podobnih izhodi&c¢ih sem pisal
tudi sam [7].

Sonce informacije - ¢e uporabim Nietzschejevo
prispodobo - ima svojo pot, ki ni prema (plato-
ni¢na) steza matematike, 8olniske podatkovne
strukture, umetnointeligenéne {(ljubljanske)
subkulture, dore¢ene in varne znanosti in
njenih v njih zaverovanih -uzivalcev. Matematika
se je ‘\varno in seveda skladno 2z mejami svojih
moznosti ognila bistvenim problemom informaci-
Jje, ¢Geprav je nekaks8no merjenje (kolic¢ino)
informacije razglasila za informacijsko teori-
jo. Sicer pa je Dretske [8] dal dovolj objek-
tivno in umirjeno kritiko te skrajno zoZene in
poenostavl jene discipline (glej nekatere teh
zna&¢ilnih citatov v [14]).

Ne domisljam si, da sem v svojih delih {9, 10,
11, 12, 13, 14] sploh zapisal kaj izredno
izvirnega o informaciji, kar bi bilo izven
obstojetega obmo¢ja zdravega razuma, ki 2e
stoletja govori o pojavu, ki ga razume kot
informacijo, ¢eprav mu nadeva razli¢na imena
(npr. tudi pomen, bistvo, bit, eksistencsa,
pojem itd.). Kibernetsko pojmovanje informacije
v 2ivem in tehnoloskem je vsaj od Wienerja
dalje to, kar je predmet mojih spisov. Kot Zivo
bitje pa nosim prepricanje, da Jje te informa-
cijske principe mogoée simboli¢no formalizirati
in strniti v logi¢no konstrukcijo tako, da bi
ta. lahko postala predmet uporabe zmogljivejiih
in novih strojev, kot so0 npr. t.i. nevralni ali
paralelno masivni rac¢unalniki. To pa seveda ne
pomeni, da postopek simboli¢ne formalizacije
informacijskih principov ne bo proces nastaja-
nja, ki se bo razvijal skozi prihajajo&e obdob-
je z domiselnostjo in iskanjem novega. in pred-
vsem 8 povezovanjem filozofskega in znanstvene-
ga, konceptualnega in konstruktibilnega.

Tudi si ne domisljam, da bo termin informacij-
ska logika v okviru redefinicije informacije,
kot Jjo predlagam, prezivel. Verjetno se bo
nasel nov pojem za nekaj, kar Jje v bistvu
postinformaci jsko. Ze danes se slisijo glasovi,
da je doba informacijskega (seveda na temeljih
starega razumevanja informacije kot nekak&nega
pretoka znanja) v zatonu in da prihaja doba
umskega (mind-like), ki naj bi prekvasilo ne le
znanost in tehnologijo, temve¢ tudi ekonomiko
in socialno filozofijo in akcijo.

O citiranju in kritiki citatov

Ideologikritika ni misljenje, a si le tako
zagotavl ja svojo premoé nad vso filozofijo
in tudi ideologigjo.

Ivan Urbanc¢ice tZ] 428

Citiranje uporabljam navadno kot vodilo oziroma
vzpodbujanje, ki se dolo¢enemu miselnemu toku
prilega in mu daje metaforiédno usmeritev.
Seveda pa Jje citiranje mogoc¢e uporabiti tudi
kot napad na dololena stali&¢a in izjave.
Vendar je v tem primeru smiselno in civilno
kulturno upostevati kriti¢no toleranco predvsem
takrat, kadar so informacijska ozadja iz jav-
ljavcev in kritikov preve¢ oddaljena in se



zaradi tega pojavlja problem razumevanja kriti-
ziranega.

V citatu (a}) [0}, v katerem se mi
zofska spekulacija [(15],
studentom, da v okviru nekaterih danasnjih
racunalniskih predmetov (operacijski sistemi in
prevajalniki) ne bo mogote razreSevati proble-
mov inteligentne uporabe strojev. Opozorilo Jje
pedagosko in Jje izziv 8tudentu, da razvija
potrebno kriti¢nost do =zmogljivosti danasnjih
algoritmi¢nih konceptov, ki obvladujejo in
omejujejo danasnjo rac¢unalnisko uporabo. Stvar
osebnega okusa je, kako Jje mogote 3studenta
motivirati in ga pripravljati na problematic-
nost njegove poklicne dejavnosti, ki bo drugacd-
na od pric¢akovane, Morda pa je vendarle simpto-
maticdno, da studentje, na njim lasten nac¢in,
demonstrirajo bojkot (tihi strajk) predavanj, v
katerih se zrcali strokovna in pedagoska nespo-
sobnost utitelja, ki zmore le pomanjkljivo
interpretirati "znanost", ki ni predmet njego-
vega lastnega raziskovalnega dela in je le
mehani&no in pedagosko pomanjkljivo prenasanje
znanega pa tudi nerelevantnega. Ob tem bi se

o¢ita filo-
gre za opozorilo

morali zamisliti prav uditeljevalski podpisniki
pisma, ker ta ugotovitev velja tudi za njih
same. Seveda ne bi imel posebnih zadrzkov do

objavljanja nekaterih mojih spisov tudi v
filozofskih ¢asopisih, ¢eprav sem prepric¢an, da
v njih ne gre za "filozofsko" filozofijo.

Citat (e) [0] Jje programska izjava o moznostih
nastajanja informacijske logike. Ozadje te
logike je podano z mo2nostjo informacijskih
principov, kot sem jih formuliral v [12]. Tu ne
gre za platonsko izjavo, saj bi bilo v (bistve-
no) omejeni obliki mogo¢e formulirati tovrstno
logiko tudi s pomo¢jo navadnega matematic¢no-
logitnega konstruiranja (npr. 8 posiljevanjem
formalnega Jjezika v okvire predikativne logike
prve stopnje). Da pa rojevanje take logike ne
bo encstavno in matematid¢no rutinsko, opozarjam
implicitno in eksplicitno prav s filozofijo
dolo¢enih pojmov. Podro¢ja informatike in
njenih problemov nisem nikoli razumeval kot
trdne, algoritmi¢ne discipline, ¢eprav racunal-
niski "strokovnjaki" (v stilu objektov iz
razreda "Fachidiot") prepricujejo sami sebe, da
je informacijsko (tudi inteligencno) v bistvu
prav in samo njihova racionalisti¢na znanost.

O histeri¢nem pamfletiranju

Znanost danes ne misli: in samo v tem Je

njena mo¢, ucinkovitost.
Ivan Urbanceie {2) 428

pisma iskreno verjamejo v to,
Odstavek, ki govori o ponovni

Menim, da pisci
kar so zapisali.

objavi prispevkov, pa bo -~ upam na iskreno
veselje piscev pisma - upostevan. Seveda ne gre
za ponovno objavo khar vsega povprek, saj je

npr. potopis [16] le pricevanje o dolo¢eni
izkusnji projekta paralelnega rac¢unalnika. Po
srbskem reklu bi lahko prostodusno ugotovil, da
se nekoliko histeri¢no med3ajo babe in 2abe. Za
objektivno komunikacijo bi bilo potrebno odprto
pismo prevesti v angle&¢ino - in to bi lahko
storili pisci sami. Ker domaé&¢i znanosti ne
velja =zaupati, naj bi tudi za pisce pisma
veljalo le to, kar bo pripravljen potrditi nek
zunanji klan. Upam, da se bo to zares zgodilo!

Ne morem si kaj, da odprtega pisma ne bi razu-
mel kot histeri¢no pamfletiranje, ki dosega
svoj vrh z Nobelovim nagrajevanjem. Ali se
morda motim, ¢e govorim o custveni razdrazlji-
vosti piscev pisma, njihovi nagnjenosti k
blasfemiji, posebni avtosugestiji in o njihovih
motivativnih konfliktih? Ali ne kaze "napad
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povprek” na dramatiéno obliko vzklikanja in
celo neprikrite agresije, ki je dale¢ od kul-
turnega ali vsaj znanstveno sprejemljivega
dialoga, za katerega je potrebna prisotnost
publike, ¢eprav seveda "kritika" ni nevarna za
okolico? Mislim, da bi pisci pisma svoj problem
veliko lazje razres$ili s svojim lastnim znan-
stvenim delom, ki bi ga z veseljem objavljali v
Informatici in spremljali njihovo uspesnost v
tujini. Tako pa se mi njihova intenzivna ¢ustva
kazejo predvsem kot simptom nemoé&i, nedozorelo-
sti in 2al tudi govorjenja v tropu {(organi-
cizma).

O rotenju, zaklinjanju in herostratstvu

Znanstveno rotenje in zaklinjanje ne zalezeta,
te sta predmet in metoda rotenja in zaklinjanja
deklarativno znanstvena. Naj mi bo dovoljen
tale citat [17], ki se prav gotovo lepo prilega
formalnemu vzklikanju piscev pisma:

Tine: Moja metoda je metoda znanosti.

Igor: To so visokodonede besede! Toda ali
ne vidis, da uporabljas krozno dokazovanje:
metoda ti pove, kaj Jje znanost, le-ta pa potr-
Juje metodo. V formalni logiki nisi ravno doma,
ali ne?

Pa tudi po motivacijski in logic¢ni plati ne
verjamem, da je pri doloc¢enih obratih v mislje-
nju in tudi v znanosti herostratstvo primerna
metoda, da se prav z njim blokirata napredek in
razvoj disciplin, kot so npr. t.i. discipline
umetne, nevralne in molekularne inteligence {(ta
klasifikacija je povzeta prosto po B. Souceku).
Informatika kot disciplina verjetno se ni
dosegla svojega zenita, &eprav se ji danes ze
o¢ita, da Jje =zastarela in da ne dosega tega,

kar se imenuje inteligenca oziroma um. Sam sem
seveda toliko konzervativen, da trdim, da sta
inteligenca in um kot 2ivi procesnosti tudi
informacijski obliki. Kakor koli 2e, politika
celotne znanosti razvitega sveta kaze, kako bo

ta prej ko slej postala del strategije, ki jo
predsednik ZDA Ronald Reagan imenuje economy of
mind. Kje smo v znanstvenem razmisljanju o
trendih tega razvoja pri nas, na univerzah, v
ingtitutih in v industriji? Ali je sploh mogoce
znanstveno raziskovati brez dolocene filozofi-
je, ki vselej nastaja izven ¢iste znanosti in
izven dosega mis8ljenja znanosti predanih in le
njej vzklikajo¢ih sluzabnikov? Ker tudi res
nismo dale¢ od tega, kar pravi gsvedski matema-

tik Axel Berringson: "Nesmiselno je iskati
zabavo v matematiki v trenutku, ko Jje pol
¢lovestva lacénega.”
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Pratedi razvo] novih kompjuteriziranih tehnologija i po-
stupaka za proraunavanie, projektiranje i oblikovanje, te
poslovne i proizvodne sisteme kao i napredak u teoriji
informacijskih, - plansko-poslovnih i proizvodnih sistemo,
odluiili smo da zo ovaj, jubilarni, 10, medunarodni sim-
pozij »Projekliranje i proizvodnja podrieni raéunalom -
PPPR '89«, koji Ce se odriati od 17-19. 10. 1989, bitno
prodirimo i drugadije grupiramo teme Simpozija.

Naime, suvremeni pristup sve viie zohtijeva inlegrociju
i sistemsko znanja, 3to islovremeno nomede nopuitanje,
podiele po uiim strukama. Teme bi pored CAD, CAM,
CIM i CAE trebale zahvatiti i y podruéie eksperinih siste-

‘ma, umjetne inteligencije, problematike velikih sistema,

dajuéi i pregled postojeéeg stanja i predvidivi bliski raz-
voj preko ovih novih podruéja. To su i rozlozi zbog kojih
je Programski odbor zcmijenio dosadoinje sekcije zasno-
vane na shrukoma [elekirotehnika, strojorstvo, brodogrod-
njo, gradevinarstvo itd} novim temama, koje obraduju
ratunarske postupke primijenjene na probeme zojednié-
ke rozli¢itim strukama.



TEME SIMPOZIJA

1. Metode proratuna delormabilnih tijela
(elastitnih, plostignih, viskoelastiénih, viskoplasti¢nih
itd)

2. Metode proraluna polja
(elektzomagnetskih, toplinskih, hidromehonikih,
ceromehanigkih, opligkih ild)

3. Projektiranje informacijskih sistema
{tehnickih, poslovno-planskih, zdrovsivenih itd)

4. Operacije i proizvodni procesi
[metode analize, sinleze, simulacije i optimiranja kon-
tinuiranih i diskretnih procesa u tehni¢kim sistemima
razligitih struka)

5. Oblikovanje raéunalom
{oblikovanje proizvoda na danoj ili pratpostavljeno]
osnovnoj morfoloskoj, topolotkoj i geometrijskoj struk-
turi, koja proizlozi rie3avanjem primarnih (funkcijskih)
i sekundornih {onalize) procesa. To se zavrino obliko-
vanje temelji na kriterijima funkcionolnosti, ergono-
miénosti, estetitnosti itd)

6. Novi horizonti u primjeni raiunara
(koncept eksperinih sistema, nove metode razvoja
softwore-g, komunikocija izmedu radunaro i korisnika,
vrlo kompleksno projekiranje, metode upravljenja apli-
kacijama, uljecoj novih metoda u grofici i novih gro-
fitkih moguénosti, utjecaj novih jezika i oZekivanih
standcrda) .

ROKOVI PRIJAVE SUDJELOVANJA S RADOM

Ispunjenu prijavu zajedno sa saietkom od oko 500 rijedi,
koji dobro ilustrira sadrioj i svrhu rada poslati nojkasnije
do 1. 11. 1988, godine no odresu tehnitkog orgonizaioro
~ ATLAS, Kongresni odjel Zogreb.

Cdabrene rodove, napisane prema uputama koje de
autori dobiti uz obavijest o uvjeinom prihvaty rada na
temelju soietka trebo poslati predvidivo do 3. 4. 1989,
Predovadimo ¢e prilikom izlegonjo biti no raspolaganjv
diaprojekior, grofoskop, videoprojektor (VHS sistem).
Jedcn autor meie prijaviti najvife dva rada, bilo koo
autor ili kao koautor. Obavezni, sostavni dio prijave rada
je anketa o radu tiskana na poledini prijcve, U obzir za
tisok ée se uzimati somo radovi autora za koje bude
provovremeno uplaéena kotizacijo.

JEZICl

Sluibeni jezici Simpozija su hrvoiskosrpski i engleski je-
zik vz simultono prevodenje, Zbog medunorodnog karak-
tera Simpozija, moguénosti bolje komunikacije i moguéeg
objavljivanjo u stranim Eosopisima posebno preporuia-
mo ouvtorima da rodove pidu no engleskom jeziku.

HOTELSKI SMJESTAJ

Za sudionike Simpozija organizotor ce osigurati smieltaj
u hotelima A { B kategorije. Sve detaijne informecije kao
i notin vrienjc rezervacije smjedtajc biti ¢e objavliene
v 2. obavijesti.

PREDSJEDNISTVO ORGANIZACUSKOG
| PROGRAMSKOG ODBORA SIMPOZIJA

Predsjednik
Or Zijad Hoznadar, redovni profesor Elektrolehnickog
fakulteto Sveuéilifta v Zagrebu

Potpredsjednik
Dr Vesna Juriec, sovietnik Republitkog hidrometeorolos-
keg zavoda SR Hrvaotske, Zagreb

Tojnici

Mr Sead Berberovi¢, asistent na Elekirotehni¢kom fakul-
tetu Sveutilidta u Zogrebu

Dubravka Pavlovi¢, ATLAS, putnitka agencija, Kongresni
odjet Zagreb

ADRESA TEHNICKOG ORGANIZATORA

KOTIZACUA

Informacije o visini kolizocije i nokinu uplodivanjo bili ¢e
objavliene u 2. obavijesti {predvidivo svibanj 1989. godine).

MJESTO | VRIJEME ODRZAVANIA

Simpozij ¢e se cdriali v Kongresnom centry Zagrebotkog
velesajmo, Avenija Borisa Kidri¢a 2, Zagreb, u okviru
specijalizirane priredbe INTERBIRO-INFORMATIKA od
17-19. 10. 1989, godine.

STRUKTURA 'SIMPOZIJA

Usmena izloganja, poster sekcije, prezentacije hcrdware-a
i software-q, izlozbe.

ATLAS - Kongresni odje!
Trg senjskih uskoko 7

41020 Zogreb

Telefon: 041/525.333, 528-094
Telex: 22413 aticon yu
Telefax: 041/525.468




