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ANALYSIS OF BUFFERED MULTISTAGE INTERCONNECTION

NETWORK FOR PARALLEL PROCESSORS

UDK 618.3.02

INFORMATICA 4/87

Duan Fajfar

Institute for Teleinformatics
ISKRA Telematika, Kranj
Matija Lokar

Abstract In the paper a method for calculating distribution law on the number of memory éequests in
the finite buffer in multistage interconnection hetwork of parallel processors is given. A modified
delta network i3 used for the connecting proceséova with memory modules. Memory requéata on each
processor are generated randomly and independently. Two cases of traffic flow are discussed: the
constant average rates of regqueats and the time dependent average rates.

Povzetek V dlanku analiziramo ve¥nivojsko povezovalno mreic med procesorji in pomnilniZkimi moduli,
ki jo sestavljajo elementi z vmesnimi pomnilniki omejene kapacitete. Podana je metoda za izradun
porazdslitvenega zakona 3tevila zahtev po podatkih iz pomnilnika v posasieznem elementu arefe. Yoak
procesor generira zahteve po pomnilniSkih modulih nakljudno in neodvisno o2 ostalih. Obravnavana sta

dva primera: Gasovno konstantno in s Sascm spreminjajode se povprednoe dtevils zahtev.

Keywords Buffered network, delta network, multistage interconnection network, buffer length, queueling

~ University E. K. Ljubljana, Department of Mathematics

theory.

L. Introduction

In the recent years a lot of new nultiprocessor
architectures have been proposed., The main problem of any
multiproceasor systeam is 1its interconnection network. &
typical configuration of such system is illustrated in
Fig. 1. Many identical processars are connected vla an
interconnection netwerk to identical memory modules. Each
proéeasor should have access to each memory module with

requests generated randemly and fndependently at each

processor.
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We have several possible organizations of such,
processora - memory interconnection., For example, a

shared bus 1in an unexpenslive, but admits very low

tranafer rate., On the other hand maximum tranafer rate
ia attained by the full crossbar switch (with nsm
awltches where n is number of proceasoba and m number of
memory mecdules). However 1t 1s far too complicated and
expensive for. practical applicaticon. Thus we have to uase
interconnection networks with less then nEz switches. One
of them is multistage interconnection network [1). & lot
of them have been presented 1in the literature
((21,031,041,(5),[6}). 1In this paper we atudy a delta
network with scme modifications in the first and the last
atage (input process from processors and output .process
to memory}. In section II deseription of network 1a
glven. The network consists of three types of awitches.
For more detailed presentation see [6]. In sections III,
IV and V the distribution law of buffer length for each
type of switeh 1s calculated, In section VI results and

conclusions are given.
1I. The n=twork model and syatem operation

We discuss a multistage network for connection N
processcrs with N memory modulesa, whera N = 2", The model
for N =z 16 is illustrated in Fig. 2. '

The network consists of log, N + 1 stages. Each stage
has N identical aswitches. With regard to the number of
input and oﬁtput linka there are three types of awitchea,
Switches at the first stage have one input and two cutput



links, switches at the last stage have two input ‘links
and only one output link. Switches st all other stages
have two input and two output links. To achleve higher
tranafer rate and to avoid blocking there 18 a finite
buffer at each output link, where the incoming requests
wait to be proceased further,

hs we have finite buffers we propose that in the
case when the buffer is full, the incoming requests are
lost.

For the time unit we choose the system cycle time.
At each cycle only one request can be transmitted through

the same link except at the first satage where more than
ohe request can come by input linka from each processor.

In one time unit only the first requsst in the buffer
can travel from the stage 1 to stage 1 + 1. As we can
see on Fig. 2. there are no links between the switches
of the same stage. The input links of stage 1 are the
cutput links of the stage i-1. The first stage has input
links from processore and the last stage has ocutput 1inks
to memory modules. This regularity of the network gives
the possibility to analyze it stage by stage instead of
the whole network at once. In the next section we give
the analysis of the firat stage in the section IV we
glve analysis of the stages indexed from 2 to logéN and
in the section V the last stage is analyzed.

2999999990999509
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III. Switches with one input and two cutput links

Switches with one input and two output linka can be
found only in the first stage. The input links come from
processors and the output links are connected to switches
of the second stage. Each processor is connected to only
ong switch. There are no links between the switches of
the same atage, 80 we have N identical systems. Each
system consiasts of a processor that sends the requests
to switch and two output links, each with finite buffer.

As the memory requests are time independent fel;,
we use the Poisson disteibution with a given average rate
&. The average rate can be different for each processor.
Let pk denote the probablility that k requests are asent
from processor Ln one cycle. By Poisson law we get

PX 2 cemmmmee (1

We analyze the case where a is conatant and the case
where & 1s time dependent, denoted by a(t).

Each request coming from processor is switched in
ona of two output buffers. As requests are uniformly
distributed between memory modules ([6]) there is an
equal probability that the incoming request Joins the
firat or the asecond buffer. By p: we denote the
probability that m of k requestas enter the first buffer
(and k-m requasts enter the second buffer). Thua we gst

k k

k
Pac & (0.5) (2)

Let P denote Lhe probability that m requests enter
the first buffer in one cycle. Then

pm z E pkp: =
k=m
T k =-a k k
=] 2%/ {0.5)
kzm m
- a® g-a/2 42" an) {(3)

The output process is very simple if we compare it
with the input process. In each ¢ycle only the first
request from each buffer leaves system.

Lgt us first analyze stationary system with constant
average rate of input process. Since events on both
buffers are equal we could analyze only one of them. Let
bl denote the buffer length (we propose that all buffers
have the zame length but we do not have any difficulties
when buffers have different length., We Jjust have to
calculate the distribution for all switches). The balance
diagram is shown in Fig 3.

?:%3, 3

The nodes in the diagram denote the number of
requests in the buffer. If we look at in- and out-coming
arcs to each node we get the system of balance equations



where [i{s) denotes the probabllity that we have =3
requests in the buffer,

-«
no) =

fi(a)sl" + f p 1=
JDO oez

: Py = ni1) = Py

=1

= f(0)ap, +k£1 A=, _, . + Bla+dp,
8=1, 2, «uv, bl =1 (4)
aeeLlPy)
bl-1

= D(0)sp, + ) nlk)zs, .,
k=1

Iv we pot P, expressed by {3) in the left side of
equations (¥) we get the following system of linear
equations,

-af2

n(1) = (e - 1) = (D)

n(s)xl1 ~ (a/2)e"2/2) .
a=1
= 0(0)ap, + I

oLy n(k)‘ps-k+1 + ﬂ(a+1)90

a8 =1, 2, «o.y, b1l = 1 %)

nibl) x e/

bl-1 _
s D(0)wpy; + i OUIER,) s
k=1

A8 the system (4°) 1s trivialy sclved by putting
all fi{s} to 0, we add the normalization equation (5).

I pla) =1 {5)

Now the system can be solved by any of the well-known
methods for solving linear system of equations.

For the system where average rate of input process
is time dependent we could not use the same approach.
Because the aystem works in cyclea we conalder the
discrete time, Inatead of probabilities [(as) we have
fil(s,t) where the second variable denotes the cycle
counter. With v; we dencte the probability that 1
requests came on input line to the buffer at the time t

and is expressed by the following equation

=
t k K
v, = Z p; = P (6)
1 k=1 1

A simple calculation gives

e-a(t)lz

i a)® /@ mn) (1)

With a given buffer length bl we get the recurrence

relation for the number of requests in the buffer at the

time t (denoted by qt) if in thls moment V_ requests

will join the buffer.

min {bl, q + Vt+1 -1} q i 0

min {b1, vm} g = 0

qt¢1 =

qt¢1 =
(8}

30 fi{s,t) ia expressed by

a+1 t
ls,t} = 1 a(1,e-1) vy, o
i=1

(9)
+ p(0,t=1) v:

if 5 is less than buffer length bl. In that case some of
the requests are rejected, The equation is almoat the

same as {(9), we muat only replace vt with Fz, where

i
|
=t t
Vi 2 1 = I VJ
J=0

(10

1a the probability that more than i-t requests are
Joining the buffer at the time t.
a+1

fls,t) = J nu,t-n}
1=1

t
g-1+1
(11)

+ pl0,t-1) ;g

We atart with the distribution
p{0,0} = 1, p(s8,0) =0
g2 1,2,0a4,b1

and repeatedly calculate the probabilities.

The same approach we could use in the case where
average Input rate 1s time constant. But as equations
{(9) and (10) can not be aimplified, the calculation with
this appreoach is time consuming. l

IV. Switches with two input and two output links

Switches with twe lnput and two output links we find
in stagea form 2 to log, N. Two input links are connected
to two switches of the previous stage and the output links
are cannected to two switches of the next atage.

The input process now dependsa on the output process
of the previous stage. If the buffers that are connected
to input 1links of the switch are not empty, we.get a
request out of them. As we have conly two input links, we
can not get morsa than two requests in one cyele. The
output process is just the same as described in section
I1I.

Again we first analyze the stationary case with
constant average rate. As we could see from the previous
section and as is shown in this, probabilities that
buffers are not empty (in this case we get a request)

are not changing with time. Let I, and O, be the

2




probabilities that the buffers from where Iinput links
come are empty. Then we have the following probabilities
on the number of Incoming requests

0 _
P1 H] II1 ] H2
pz = ﬂt (1-1]2)4-[[2 (1-“1)
P2 s (=T -1 (12)
P = o k=3 & ...

A8 the path from the processor to the memory module
is completely random, requesta Jjoin each of the two

buffers with equal probability. So we get
(¢]

Po='|
1 1 2
Py =Py 2py=0.5 {(13)

2 4
Py : Py = 0.25

For the probability of m requests coming into buffer
in one eycle we get
k _k
Pp =l P By m=0,1,2 (14)
k=2

The balance diagram for this type of switch is shown
in Fig., .

The balance eguatations which we obtain from the
diagram are

ag) (p1 + p2) = ©(1) Pq
o) + a(13) P, = B(2) 8y (15)

Q{a) Py = Q{a+1) Po 8 =2, 3, .44, Dl =

How the aystem is already linear. We just have te
add the normalization eguation (5) and solve {t. '
For the time dependent system we use a =imilar
procedure aa Iln the previocus section. Conslder that we
analyze the stage i. Then we have
nto,t) = 1, afa,t) =0, 8 = 1, +..y bl,
L= 0, veey 1=1

(16)

After 1 cyclea the first request can come to the switch

on the stage 1. The number of requests in the bulfer may
grow maximaly by a request per cycle, because of maximaly
twoe incoming requests and one outgoing request (except
in the case where at the previous moment the buffer was
empty. But we only have a jump from O to 2 and after

that the length grows maximaly by cne). So we get the
following system

a(0,t) = [0(0,t=-1) + a{i,t-1)] Po

B(2,t-1) Py (17)

a(2,t) = [(a(0,t-1) + 8(1,t-1)] Py +
2(2,t-1) By + B(3,t-1) oy

8+1
fite, ) =k§a_ O(a-1,t-1)p_ .,
82 3, 40, bL =1

A(bl, &} = R(BL,t=1) (p, + p,) +
a(bl-1,t-1) p,

Equatations (17) are the same in the case where average
input rate is time dependent and whare is not.

V. Switchss with two input and one output link

This kind of awitches we find at the last stage.
The input links come from the previous stage and the
output links are connected to memory modules. From each
awitch we can reach only one memory module. The situation
is almost the same as describad in the section IV. The
difference is only that we have just one buffer so all
requests go in the same buffer. So we have to change the
coefficients p defined by (12) and (14),

VI. Summary and conclualon

In the Table 1 probabilities on number of requests in
the buffer for one awitch on the [firat stage with
different average input rates are given.

average rate

8 0.5 ] 1.5 1.9

0 0.75000 D0.50000 0.25085 O.07687
1 0,21302 0.324%36  0.28020 0.12189
2 0.03277 0.12260 0.19489 0.12635
3 0.00385 0.03779 O.11706  0.11699
4 0.00037 0.01O91 0.0678T  0.1059%
5 0.00004 0.0031%  0.03975 0.09569
6 0,00000 O0.00088 0.02258 0.08643
7 0.00000 0.00025 0.01302 0.07807
8 0.,00000 C.00007 0.00751 0.07052
9 0.00000 0.00002 0.00433 0.06370C
10 0.00000 0.00001 0.00250 0.05753

Table 1



average rate

s 0.5 1 1.5 1.9

0 0.75000 0,50000 0.25086  0.08057
0.22959 0.38889  0.39047  0.19T34
0.01999  0.09876 0.23004  0.20422
£.00041 0.01097 0.08251  0.15007
0.00001 0.00122 0.0825) 0.11028
0.00000 0.0001%  0.02960 0.0810Y
0.00000 0.00002 0.01062 0.05955
0.00000 0.00000 0.00381  0.04376
0.00000  0.00000 0.0C137 0.03216
0.00000 ©0.00000 0.00043  0.02363
0.00000 0.00000 0.00006 0.01737

[ B e o T VL B R VU ) B

Py

Table 2 ) .
In the Table 3 the probabilities for the switches on the
last atage are given. All requests are generated with
equal average input rate, '

average rate

8 0.5 1 1.5 1.9
¢ 0.50000 0.02500 0.00000 0.00000
1 0.38889 0.07S00 0.00000  0.000CO
2 0.0987T 0.10000  0.00000  0.00000
3 0.01097 0.10000 0.00000  0,00000
4 0.00122 0.10000 £.00000  ©.00000
5 0.00014 0.30000 0.00000  0.00000
6 0.00002 0.10000 0.00014  0.00000
7  0.00000 0.10000 0.00125 0.00000
8 0.00000 0,10000 0.01117  0.D00C0S
9 0.00000 9,10000 0.09?58 0.00897
10 0.00000  0.10000 0.88784  0.99094

Table 3

As we can see from the tables it is obvioua that as
the input average rates grow to hhé maximum output rate,
which {8 2, the buffers are more and more full, so also
grows the number of rejected requests.
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INFORMATION DETERMINATIONS II INFORMATICA 4/87

Anton P. Zeleznikar

UDK 519.72 Iskra Delta, Ljubljana

Abstract. This essay is the continuation of the previously published
‘Information Determinations 1! {(2eleznikar, IDI) and 'Principles of
Information' (2eleznilkar, PO!) and investigates some additional higher
informational forms and Informational proecesses. in respect of
determination from the Informational point of view, it deals with
ereatlvity, language, writing, reading, utterance, hearing, philosophy,
ideology., dialectic, science, technology, aestheties, ethies, rhythm,
harmony, art, titerature, crisis, capability, incapability, funetions
of mind, information systems, social systems, and artificial
intelligence. As c¢lose a8 possible, these {nformational forms and
informational processsas are investigated through the so-called
informational principles of spontaneity, counter-information,
Informing, arising, embedding, counter-informing, ejpreularity,
recurrence, parallelnes, and seguentialness of information. The cholce
of very divergent informational (forms (for {instance, creativity,
ldeclogy, technology, erisis, ete.) and their informational
investigation shows appropriateness and sultability of informational
comprehension of different subjects.

tatRoAIRE (1

tnton P. Zeleznikar
“Iskra Delta, Ljubljana
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Keywords. Aestheties, art, artificial intelligence, asoclal,
association, autopoietie, Dbeauty, bisociation, capabllity, circular
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10.1. Creativity

Creativity 1is not nearly as mysterious as
the genius view leads us to belleve, but
nefither 1{s it as trivial as the behaviorist
view claims. ... Creative thinking must
remain mysterious and unknownable. ... In
the case of creative thinking, the myths
explain the phenomena, the creative products
of artists and scientists, by emphesizing
unconscious thought processes, far-ranging
leaps o! insight, and some unique personal
characteristies. ... what we believe about
creativity 1s not based on hard data but ls
more or less folklore ... The creative
capaclty that the anclient Greeks assigned to
the mythical gods has in our era been
assigned to the unconscious and to other
exotic processes.

(R. W. Welsherg, CRY, 3)

Creativity 1is one of the most

regular
properties of information. Creativity as
Informing concerns sponteneous arising,
embedding, and counter-Informing in an

informationally ecircular manner. Information is
creatlve in its elrcularly shaped arising,
embedding, and Counter-Informing. Creativity ls
semantically and hermeneutlecally closest to the

Greek 'polesis' and Latin teogitatio'.
Informing of information is e¢reative, whereas
counter—information is the result of

informational creation.

Creativity s ecircularly spontaneocus process,
which ts field-directed, domain~-
characteristically or field-concerning oriented
complexity of mutually dependent and eireularly
connected informational processes. Creatlvity
is individually structured and organized
domain-subjected informational activity whieh
results in creative behavior (thinking,
handling, happening).

In comparison to intelligenece, creativity is a
highly paralle]l informational process which
integrates various Inteiligent processes, and
has the capacity to inform over and above
different intelligent actlvities. Creativity
can influence the arising of varlous
Intelligent processes by itsell. Therefore it
is similar to individual expertise, where
expertise is understood as the highest possible

state of individual capability in a specific

domain or disecipline. Individual expertise is

to be wunderstood as the highest point of a
particular Intelligence where expertise is
achleved by pessing through at least five
developmental stages of .the performer: mnovice,
advanced beginner, competence, proficiency, and
expertise (Dreyfus, Dreyfus, MOM). In this way
the performer achieves the state of expertise
through 1learning, instruection, experience,
investigation, and counter-Informing.
Creativity is grounded 1in ‘'self!', through
individual expertising, taste, and origin.
Creativity is no iess than individually
expressed metaphysics of a being, a processing
within total information of a living being.

In this respect, creativity Is more or less &a
normal informational way of eircular-
spontaneocusly informational arising-embedding
{in the human brain), grounded in a specific
informational realm (background, fleld, domain,
discipline, 8kill, art, profession). From the
mythical point of view, creativity manifests
and roots in the mind of a genius in the form

of creative thinking and ereative behavior.

Al though creativity is wunderstood as a
particular and characteristic Informational
processing of a living being in general, there
fs no reason to understand it alse as an
informational phenomenology in mnon-living or
cosmic space. Theoreticelly, creativity can be
divided in seversl arjising-embedding (parallel,
parallel-serial, and sequentlal} informational
subprocesses such as (accaording to G. Wallas,
AOT) preparation, incubation, illumination, and
verlification of the created subjects (CRY).

Creativity involves novel combinations of
information and observation, investigation, and
recognition of these combinations. Where
contrasted to assoclation, the combining of
unrelated information is termed bisociation. At
this point, a question arises, whether an
unirelated information exists at all? Creative
information informs by connecting or
bisceiating an information in whieh some
Informational relations are not evident, It
artses and comes Into exlstence by this
combinational Informing. In this., process,
connective Information of previously unrelated
informational forms and processes becomes
regular Iinformation. And this is the act of
¢creation.

The comprehension of designing, planning, and
discovering of procedures, by which problems
will be sclved or objectives achieved leads to
the notion of creativity. Most of the funetions
in the Informational eand process—-generating
hierarchy of the brain are learned. Is
creativity merely an 1llusion whteh turns
operational through infermational reeurrence of
combining and discovering information, this is,
through recursive procedure for discovering
procedures? What kind of information do we have
tn mind when something new is created?
Obvicusly, some ({information 1s teken f{rom
somewhere and then this information is
processed by another information inta a new
information glving it a new name or
interpreting it anew. Known information s
taken and changed inte another, sc that this
process guarantees eccurrence of a new
information.

Real creativity when inventing a completely new
information from the informational nothing Is
caoansidered not possible. Information can only
arise from gtven finformation. The question
comes from whether a complete creative act
could be recognized at ali. Information of a
being simply cannot be related to sensory input
patterns whieh are entirely .different f(rom
patterns known up to now, from patterns
memorized or presented as cortiecal processes,
Such sensory Informational patterns will be
recelved as informational nolse wlthout
meaning or sense, as strange information, or as
possible hostile information. This is the way
of sutopoietie iInforming in whieh® a being's
total {nformation 1s molded when information
processing is taking place in the living
substance.

Philosophieally, every living being is creative
In its entire behavior because information can
never be repeated in an exact manner. . However,
this Informational change is not understood to
be creative 1f the arlisen information 1is not
essentially shifted, bent, Inflected, thus
becoming different from averagely changed
information.

Creative Informing is characterized by
capabllity of hypotheses selection, generating
realistie expectations, and by precise
processing and evaluation tn accord with some
given rules. In this manner, creative Informing



is the art of a complex objective-oriented
behavior. Most creative acts need habitual
obgservation, investigation and cognition, and

yet unusual selection of voluntary objectives,

The informational value of creativity occurs in
fts rareness in the functlion of {informational
process and In informational (biclogicai, life-

conecerning) advantages, which it carries. 1Its
rareness 1s a consequence of non-creatlve
information processing in human mind.
Creativity is oriented into advantage,
usefulneas, benefit, favourableness, and

privilege by discovering new information which
is useful for the being and its population.

As a case, creativity
possibility of learning the
that of solving problems. A human belng learns
to be ecreative in a silmilar way as it learns
adopting of several patterns of problem
solving. However, creativity Is also a coming,
eruptive, and dominant information process,
whieh <carries 'the power of new cognition &and
development of inventive thinking. No matter
how, creativity remains a regular, circular
arising-embedding Informational process.

also offers the
inventiveness and

According to Maturana (AAC, xxviii), it |is
important to stress that a creative belng,
which is an observer, s&an investigator, and a

recognhizer, always ls potentially antisoeial. A
being can simultaneously be a member of several

social systems {a family, fraternity, club,
clan, party, religion, army, race, tribe,
nation), however, as a creative being it can
create a metadomain from.whieh Lt can see (ts

participation in social systems that it
integrates. In this way, through observatlon,
investigation, and ¢ognlition, through a being's
counter~Informing, & creatlve being Is standing
behaviorally outside of socfal Systems and may
find them contradictory, controversial, so,
that it may undergo social interactions that do
not confirm these social systems.

10.2. Language

«»e in thinking Being comes to
Language 1is the house of Being. In its howe
man dwells. Those who think and those who
create with words are the guardians of this
home. .

language.

(M, Heidegger, BW, 193)

Language &as phenomenclogy of
behavior {speaking,

cormmunicating, etc.) ls
higher informational
process by whieh
informational
arbitrarily.

thinking and
hearing, writing,
st the same time a
form and {informational
also the complex realm of
phenomenology c¢an be governed
Language .is founded in the

capability of generating and comprehending
regular and irregular (new) sequences of
phonemes, words, and thoughts. The coding of
arising information cen be achlieved by

different linguistie seguences.

Natural language as informational expression
and as iInformational reception is a living,
socfally active and developing informational

process, which carries and generates a variable

coding {interpreting) of the meaning.
Linguistie processing 1s a (fair example of
information processing concerning the eircular

arising-embedding principle of symbolie¢ meaning
and formal expression. Arbitrary informational

phenomena can be deseribed and expressed in
linguistiec {forme and performed by 1linguistie
processes. However, specifice

portlions of
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informational phenomenology cannot be
adequately or sufficiently precisely expressed
by mesns of natural language. Such are several
forms of sensory information {(coneerning sight,

hearing, smell, taste, or tactility),
expertience and other information. in this
respect, language remains particular
Informational form, i. e, particular

information, or sub-information.

in spite of the faet that it is possibie 1o
express information by language, 1t is not
possible to express information in the way as
informational forms and informational processes
appear in a 1living substance. Expressing
information always involves informational
transformation, whereas through language,
think{ng, a notlon, &a ferm, or a process are
translated {from their original informational
appearance in a specifically linguistic manner.
Under language an external and environmental,
contextual, and grammatical-semantically
determined natural language can be understood.
The Internal, intellectual, mind-concerning
information ineludes Imaginative, picture-like,
acoustiec, extraordinarily shaped,
individualized properties which are determined
by internsl, individual informational patterns,
connectives, relations, processes, and as such
canhot be expressed immediately and adequately
by means of a natura)l language. However, the
use of language 13 a form of behavior, a means’
of social aection, which are characteristically

related with thinking and development of the
possibillity for future expression of
information.

Language is destined for specifle sacial
interactions, such as awarding, refusal of

punishment, or achieving success in the social

hierarehy. Lingulstie behavior enables
Informing, counter-informing, ecomuniecation,
receiving of reverae Information and counter-
information from the environment. This kind of
behavior ls primarily a kind of soclal
interaction, populational culture, and valid
behavioral forms, which cOoncerns highly

intelligent and creative being,
and intelligent information.

its conscious

Language generation and language cognition also
root in Informational processes of rhythm,
periodiclty, and patterns of harmony which
appear on different Informational levels snd in
different soclal situations. Already very
simple, however well-structured or metaphoric
linguistic entities can Iinfluence the creative
power and cognition of language generation and
language understanding.

Language reflects a
information, iInforming
itself. Creative, meditative, strategic,
contemplative and other kind of thinking |Is
internally arising and linguistically
structured Iinformation. 1[It i3 expressed and
understood In the realm of a being's total
information by means of its natural language.
Language possesses its informational depth and
penetrates as informational phencmenclogy Iinto
arbitrary depth of philosophy and poetry,
Through language it is thought about
information and language, up to arbitrarily
possible abstract informational levels. In some
examples, language reaches the power of
information by whieh it 1is coming inte
existence in an Information-processing manner.
A being with language capacity and with its in-
ftself~-language 1{is continually speaking. It
gets on the way of this language through
aeoustie articulation, through 1listening 1to
other speaking beings, and through thinking by
means of linguistic categories. Internal.speech
and being's (volece-articulated) speech are

being's internal
of this Infermation in



sprouting tnternally, developing language, and

processing tt. Being's information processing

from one kind of complexity into another, f{rom
less to more compiex and viece versa, is setting
on the way to a new meaning and new symbollsm.

Language is the home of informational

abstractness, symbolics, meaning, semantles,

hermeneuties, cognition, understanding, and
other linguistie-informational modeling and
behavior. ' ’

Language means speaking of language and Its
processing in {tself. Information means
eircular arising-embedding of information.
Language is eircular arising-embedding of
language. Several informational forms of a
being are language-characteristic, verbally
shaped, or processed by linguistiec means on
different informational levels. These forms can
have language-charaecteristie codes,
abstraction, symbolism, meaning, and
understanding. Mastering a language means
emphasizing lingual abstractness and
recurrence, developing lingual thinking and

" eounter-informational processing up to the
highest level of behavior-generative hierarchy.
1t 1involves exploration of the arlsing of
counter-language and lingual invention, where
new semantical and hermeneutical categories are
constructed. Speaking in verbal language means
the arising of language-shaped information, the
development of linguistie
processing, Language develops Being of language
In the direction of htgher or lower diversity,

variety, complexity, and {informational
performance, Language is at-the-top of a
being's Iinformationalness. It is a tool,
expression, cause, and consequence of
intelligence, the being's creativity. .In the
cortex of a human being, janguage is
represented as 8 form of particularly

distributed information
linguistiecally coded,
symbolized.

processing whleh is
abstracted, and

To some extent, language is informational selfl-~-
sameness when it speaks about information,
supposing that the information is comprehended
by lingual categortes. Language develops
information about information. Language
develops information about language when
language speaks language and speaks about

- language. In this case, the way to information
is on the way to language where a being's
Informational processes ol a being are verbal.
The way to languege by language is &lso the way
to the betng's Information by -information.

Language processing is an essential faculty of
being's informationalness, which [¥:]
distributed, essentially rhythmie¢, harmoniec,
filtered, and modulated by other informationatl
processes (for instance, emotions) of mind. A
being 1is a developing informational, 1lingual
system, where language processing is embedded
into the being's informationalness. Language
processing 1is only one of possible modes of
information processing. A being's imagination
can be characteristically verbal, processed
linguistiecally. On several Informational levels
language processing c¢an be semantically and
hermeneutically evened to a being's
Informationalness. Language is an informational
model which models * information, and
simul taneoustly represents and processes
informatlon by linguistic means. In a similar
way, as information is on the way to
information by c¢ounter-informatton, language s

on the way to language by counter-language,
which {s the arising meanlng, expression
{concerning linguistie form), and
understanding.

informatlon
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total

Within '"elassical” cognitive psychology {(CPY),
language 15 defined by notions of semanticity,
arbitrariness, discreteness, displacement,
productivity, I{teration, and recursion (CPY,

322). One of the basic questions of language
remains how linguistie entitles, wunits, and
fragments are coming intoe understanding, how

the processes of apprehension and comprehension
are arising, developing, coming into existence
within & belng and in & being's population
(environment, culture). In this respect, the
approach to understanding within the being's
total information is hermeneutie, focused upon
internal information and on the internal
process of speaking. In eontrast to hermeneutic
information, the approach to understanding in
populational environment or culture is
semantic, informing linguistie facts
externally, by external processes of speaking
cultural languages.

10.3. Writing, Reading, Utterance,
and Hearing (in verbal Language)

.++ Language |Is not a defined realm of the
speakable, over against which other realms
that are unspeakable might stand. Rather,
language is all-encompassing. There Is
nothing that is fundamentally execluded from
being said, to the extent that our act of

meaning intends it.

(H.-G. Gadamer, PHH, 67)
On the one hand the informational. forms and
informational processes, like writing, reading,

uttering, and-hearing all conecern language, 1.
e, live linguistiec acetivity, thus covering acts
of internal and external speaking. On the other
hand the said activities also involve
Interaction and reaction of speakers (writers)
and hearers (readers). Writlng, reading,
uttering, and hearing are social activities
which concern social action of living beings,
social Interactions within beings' populations.

Writing a text In a (natural,- formal,
professional) language concerns creative
internal shaping of meaning, planning a
sequence of meaning as a hermeneutic form and
afterward transforming this hermeneutic
skeleton Into an adequately grammatfically and

semantically shaped result,

displayed in an
appropriate external,

linguistie, or cultural

form. This process of hermeneutic-semantlie
translation causes a displacement of meaning
between the initial hermeneutic plan and the

final semantic result. Displacement of meaning
is the difference accurring between a being's
information (its metaphysical
presentations) and external language-ruled
information. The being's metaphysical
fragments, which represent the hermeneutically
shaped econtent of guiding ideas are through
writing carefully translated Into linguistie
(grammatical and semantic) entities. However,
this is only the first step of the writing
lteration.

Linguistically written text is now presented
for further creative improvement of its meaning
and {ts form, Semantics of the written text can
now be analyzed, observed, {investigated, and
recognized by reading the text. Through these
processes, the text may be transformed Into
hermeneutics, giving reason to change,
complete, add, or reduce semantics of the given
text for the gsecond time. According to this,
changes, Insertions, additions, or dropping of
some textual {ragments may oceur. Such



improving fterations of meaning and form can
continue until writer is getting satisfied with
the final result. One has to bear in mind that
the Iinformational process of writing econcerns
planning of the meaning on the hermeneutleal
level, translating this meaning Into
grammatically written text on semantie level,
reading this text by translating it on
hermeneutic lavel, correcting the obtained
hermeneuties, translating hermeneutie form into
semantiec one, ete., In this way, writing and
correction (improvement) is an iterative
informational process of text ecreation.

Writing and writer's skill i3 =a complex
informational goal-directed aetivity, . a
particular intelligence, which was acquired

through laborious learning,
self-correction, self-motivation, sensitivity,
perception, ecognition, mastering of meaning,
style, grammar, composition, expression of
writer's thinking, Iimaginatlon, and factual
_ knowledge. However, no one text js written in
such & form that it would not call for
improvement, in order to lnerease its
linguistie and informational valuableness, In
this econtext, |nformational valuableness has
the meaning of the power which 15 toe generate
intended Informing Ln the readlng auditory, to
influence this auditory informationally
{ideoclogieally}. .

repeated exercise,

Reading a text i8 an
transform!ing
hermeneuties

informational process of
the ‘'semanties of the text into
of the reader, In the process of
reading, the linguistie information informs a
reader's total information by counter-
information which reaults into hermeneutics of
the given text. In process of understanding,
the reader ecan repeat reading of precblematic
pessages until he obtains the information that
is hermeneutically satisfactory. In the process
of reading, the reader's information informs
and counter-informs, 90 the reader is getting
its own new information, its counter-
hermeneutics., By reading, an informationally
sensitive being can be informed and ecounter-
informed, f{for he performs its own Informing
concerning the semantics of a text. Of course
he develops it in =& new hermeneutiecal
direction, where the "ecoming-to-understand"
arises. Reading is the individualized process

of Informing where text Is Enformation, giving
¢lues for the context of a belng's entire
information.

Utterance (speech) 1Iis the &act of ‘speaking
{volce articulaticon) in the context of saclal
tnteraction (hearing). Internal speech

(utterance within ltself) has a form of dialog,
of & socjal interaction with a beipg itself,
with imagined speekers and hearers. In speech
and n hearlng of ~ the speech, hermeneutic
interaction occurs among speaker and hearers.
In this soctal interaction, speech Iinterferes
and depends from the reaction of hearers.

In speech, the speaker informs in several ways:
while spesking he plans the meaning of speech
fragments 83 his hermeneutics, articulates this
hermeneutices in a linguistically appropriate
form through several Informational
transformations {hermeneutie-semantie,
semantic-grammatical, linguistic-articulatory,
ete.}, recelves reactigons {linguistie,
gestural, mimie, sighing, ete.) of hearers, and
Interacts with adaptation and correction of his
speech activity. 1In this way, hearers can
influence the planned utterance of the speakar,
signalling and communicating their hermeneutle
agreement gnd disagreement to the speaker. Only

a poorly structured and organized speech lacks
such 8 social Interactlon of speaker and
hearers.
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Speech gives evidence how It Is important
hermeneutic backgrounds of speaker and hearers
are evened to the appropriate extent and must
not be to far away. If not, the speech wiil be
received as informational noise without a
wishful speaking-hearing Interaction. If
hermeneutie backgrounds of hearer are very
different, speaker has to use & sufficiently
bright semanties, whieh is externally velid for

that

a4 broad or mixed auditory; a 'good! speaker
will wuse general accepted cultural forms of
utterance and convenient grammatical and

semantic forms.
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11.1. Phtlosophy

. It philosophy is the scientifle
construction of a world-view, then the
distinetion between "sctentific philosophy"

and "philosophy as world-view" vanishes. The

1two together constitute the essence of
philosophy, 80 that what ls really
emphasized ultlmately s the task of the

world-view.

(M. Heldegger, BPP, 7}

Philosophy is & linguistiecally based (usually
Ilterary) form and a 1linguistically based
process of particular (philosophical)
information with a specifle, wuttered, written,
esseyistieally structured, logieally organized,
and thought-free orientation. 1[It is dedicated
to some selected, philosophically
characteristlie objects {questions, problems),
Each philesophy has lts own system of
information and its own way of Informing. The
orientation of a philosophy 1s its semantical
(objectively selective}, comprehensional
{philosophically systematical observation,
investigation, and cognition), and stylistical
{characteristically orgenized and formalized)
task. In this way, philosophy i8 & eculture-
memorlizing, a being-investigating, and a
population-concerning information.

In philosophy, poetry, literature, and
ideology, informational processes can come into
existence informationally and counter-
informationaily through their particular
respectabiliity. They are established through
bethinking, sensing, grasping, and
comprehending occurrences, which are separated
from the Iimperative of necessity and can be
arbitrarily informationally perverted. The
informational processes are variably playable,
truant, magically oriented into the
contrariness of the real, wunresal, rational,
irrational, free, forced; they are involved
into the play of themes, images, sounds,
colors, notions, events, models, Into self-
bethinking &8 a response concerning similar
environmental absurdity. Furthermore, they are
characterized by the autoreflection of counter-
reflection. is this kind of information
autopathological or is it a healthful discourse

which is also self-contrary, evidently
autcabsurd, autocorrecting, in many cases,
however, anly mataphorie, paraphrasing,

poetically expressive, and philosophical?

Since the anecient understanding, philosophy had
been a friendly, methodiecal Iinforming,
reasoning, wisdom, and basic cognition without
a purpose. It could have been explicated as an
informaticn theory in itself. Throughout the
histaory and cultural development, philosophy



became more and more formalized, structured,
purposely const{tutional, specialiced,
scelentized, artistie, and ideological.
Eventually it turned Iinte a systematie,

purposeful, utilitaristie, methodologleal
reasoning about being, nature, cognition, mind,
1itfe, history, and about itself alone. From the

original, (riendly reasoning it developed also
into human hostile, external, forced thinking.
In the hlistory of mankind, philosophical

orientations were confronted, prosecuted, and
prohibited as information of unbound thinking.
In this respect philosophy appears to be only =
particular, cognitively oriented historical
phenomenon of information and counter-
information.

By Its informatlonal nature, philosophy enters

the realm of abstractness and theory, where
modeling, changing, systematizing, and
artifiecial thinking are exerclised, due to

Inherent philosophical capacity of performance.

in this capacity lies its developmental-
progressing and thinking-complex value.
Philosophy offers possibilities of divergent
and heterogeneous discourse about arbltrary
questions of being, existence, essence, and
within these questions alsc about eculture,
science, technology, economy, demoeracy,

applying philosophical modeling and
of answers. I[nformation which is
philosophy in this way,

prevision
generated by
can be transformed into
counter-information down to the arbitrary
cognitive depths. In this respect,
philosophical information basically contributes
to cognitive informational processes in
scjence, technology, and management.

Philosophy is the prineipal informational
activity of philosophers (from Plato to
Heldegger) and their writings are informational
forms of philosophy. According to A, Flew
(DPH), "... philoscophy is a matter of standing
back a little from the ephemeral urgencies to
take an aphoristie overview that usually
embraces both value-commitments and beliefs
about the general nature of things." Responsive
phllosophy can always be understood as a
being's therapeutic and developmental counter-

informationsal phenomencn of 1its creators,
producers, and followers. Philosophies ecan
" inform therapeutically and developmentally

against pathological Informational syndromes. A
sound being or a sound populetion wunderstands
ideology as an essentially reduced, specialized
Information of already acute, mass incapabillty
of brains (illness, lesion, imnjury, bleoecking,
excessive artifleial or mnatural excitation),
whose consequences are pathologiecal, without
expected therapeutie efficacy, descending Into
pathologie compensation and momentary balance
of survival.

Philosophy of information is nothing more than
a particular informetion about information, an
expressively recurrent informational process,
counter-information about information, which
broadens and innovetes comprehension and
informationalness of information. I[n any case,
philosophy Is only a preinformational process
ol general informational arising, sinee it is

only a particular form of informational and
counter-informational regularity, naturalness,
reasonability, cognitivity, and

progressiveness.,

For Martin Heidegger (BAT, 487), teee
philosophy "is universai phenomenoiogical
ontology, and takes (ts departure from the

hermeneutic of Dasein, whieh, as an analytie of
existence, has made fast the guiding-line for
all philosophical inguiry at the point where {t
arises and to which it returns.” ...' Counter-
information especially embraces phileosophy as
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sufficlently complex informational process, as

suffielently broadened investigation ~of
phenomenoclogy of beings living in the beings'
environments.  Information departures from
explaining 1ife processes or survival, from

analytics of survival, from existence of living
and non-living, from information itself and via
counter-information alse returns to
information.

Basic questions of philosophical entology and
anthropology eannot Surpass informational
essence, informational Being of & belng,
and informational 1liveliness whieh accompany
beings from their conception to thelr death. A

being's informational origins and sinkages are
autopoletically uniimited in thinking and
in behavior of beings.
11.2. Ideology
To learn {deology means to step into
ideological cirele. To understand ideology
means to observe informationally the
ideclogieal behavior.
Hitherto, it 18 not possible to give an
exhaustive, sufficiently’ determined and

informationally well-embedded notion of
characteristiec ideological forms and processes.
In this seetion, only a beginning {nto the
actlion of opening of informational
understanding of ideology will be given, mostly
through putting questions being on the way to
ldeology. What is ideolcgy as an Iinformational
form and informational process 1In a being,
population, or society? Which informational
prineiples does it follow? What is ldelogy by
Itself as an {nformatlional prineciple? In what
way 18 it characterized through informational
arising, embedding, counter-Informing, and
circulation?

Ideology will be the
characteristically structured,
semantically oriented

label for a

organized, and
informational form or
informational process. In general, ideclogy as
information violates the most fundamental
principle of information ~ the prineciple of
spontaneity {Z2eleznikar, POI). Ideology
concerns being's everyday experience
through unpleasant, disagreeable,
intruding, officious, and manipulative
Influence. Ideology is essentially distinctive
from the natural being's metaphysies or from a
freely arising population's ontology. It is
very close to the informational artifaect or to
artificial information, which has its own way
of informational propagation and cireulation.
Ideology 1{s, for example, the informational
product of an archaie culture, of a eivil-
backward, hindered population, whieh is marked
by antifreedom. Ideology stands for ethleally,
morally, scientifieally, and philosophieslly
bound learnlng, doetrine, It ts is an evident
example of non-spontaneous, strange,
fietitious, objectively false, and
inappropriate information of the modern epoch.

the
its

In general, information is a free, spontaneous,
tormally unlimited and in no way formalized
phenomenon., Every Iinformational formallzation
excludes some  substantial meaning from an
informational domain by introduction of =&
specifically formalized language (ideologieal,
philosophieal, secientifle) in a being's realm
of thinking., Ideology 1is characteristically
formalized, orlented and limitedly cultural
informational form of population or individual



being. It may be treated as informational
process concerning thinking and behavior of
beings. From this point of view, the question

of ideology versus information can be
questioned upon If 1t is to become the topiec of
this section. This questlioning will produce
interrogated and newly arlsing.questions whiceh
will all recurrently tnfivence making
questioning about the essence of ideology.

It seems that in
thinking, tdeology
formalized in

the realm of a
qua information is
a specifie way. Through this
thinking, this formalization is extended also
into the reslm of the behavior of human beings
and their culture. Each formalization, which
also holds true for the informational one, |8

being's

restricted in the spontaneous {Informational
arising, embedding, counter-Informing, and
cireulating (recurring, paralleling, and

sequencingl}., In some cases,
formalization 1s presented
linguistically oriented,

this ideologlesl
culturally in a
written, spoken, or

behavioral form as a process of traditional,
fraternal, clanish, or revolutionary (radically
new) orientation. Ideology is developing out

from its magie, thus conducting and managing a

body of ldeas, embedded 1n the being's
metaphysics andsor in the population's
ontology.

Ideclogy is an jdeally oriented metaphysics or
ontology, possessing its conducting kernel. In
this respect, 1ideology has {ts informational
grounding, which can be mutually different to
the extremes. Extremes given actually represent

a 1ist of synonymous antonyms, such sas:
axiomatie ess dogmatice,
magie <+ indoectrinating,
suleidal ves fratriecidal,

gentilistie
nihilistte
rationalistice
logical
hard-scientifie
caste-feellng
tribe-liable

homicidal,
positivistie,
behavioristie,
ideologieal,
artistte,
class-hostile,
individual,

..
e
iaa
e
R
[N

etc. Ideology has its own approved system of
rules for the so-called ldeological deduction,
induetion, argumentation, and inference of
jdeological truth and untruth (ildeologically a
false information).

Various ideological - forms and ideclogical
processes can be understood, for example, as
particular forms of informetionism, informism,
informativism, Informatism, informatizism, and
informatizationism {deseribed 1in
1.4, 2.3, 3.2, 4.3, 5.3, and 6.2). Linguisties
(or formalization) of an ldeology
determined more exhaustively, restrietively,
paternally, radiecally, or when led 1o the
extreme §in the form of a totajitarian ldeology.
It is more tndefinite, pragmatleal, or
jdeological-independent when concerned with
subtle, concealed, underground, or apparently
non-manipulative Iideology. As a totalitarian
code system, and through this as a total form
of a being's thinking, ideology governs =&
being's behavior, not only through a being's
restraining but also through the ideological
farecasting as behavior It 1s ldeologically
expected. In this way, any ideology 1s being
vitally approved or verifled as a gystem of
truth and through this, 1t compells beings to
perform ldeological behavior.

However, any ideology is only an informational
form or informational proecess, 8o that the
arising prineiple or counter-Informing of
ideology qua information ls preserved. 1IN the
informational context of a being's total

paragraphs
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information, ideology ls appearing as a hardly
ever informationally resolved counter-
informatjon producing informatlon for everyday
life. The arising of information in an
ideological environment 1is the governing
ideoclogy itself. Further, it seems that
ideclogy, which 1in some broader information-
embedded speciffc information is embedded In
its own grounding. In such a manner the being
‘18 self-sufficlent, self-producing, self-
preserving, self-referencing, and autopoletie
in an ideclogieally specifie manner. With
regard to normal informational arising inside
being's thinking, ideology appears as a
characteristie counter-information, by which
the environment 13 exerting pressure on a being
in the direction of an tdeclogicaliy ordered,
oriented, non-diverse, non-alternative, non-
spontaneous thinking. Through this it keeps the
being's ideological, non-natural, artificial,
counter-feint, pathogenie, imitative, mimieking
or generally deceiving behavior. Ideology is an

environmentally supported movement of
Information which pertains to population and
society {n general. Obviously, ldeology I3
Informing in a specifie, informatlonally and
counter-informationally blocking way.

Ideology i3 self-perpetual, gaining its own

orientation in amplification, maintenance, and
in its perpetuity, This is possible because
fdeology i{s concerned with counter~-information,

whieh is a trivial {ldeoclogically well~
structured) form of ecounter-information, the
respective tdeological realm itself. 1In this

econtext, the self-perpetutty has the meaning-.of
ideological, of 1ideologically true, of non-
spontaneous arising, whieh is governed by the
perpetulty itself. FEvidently, ideology is non-
intelligent, non-creative, because in ideology,
intelligence or ecreativity as a phenomenon of
informational throwness 18 superfluous, not
needed as an informatfonal progess.

In many c¢ases, the so-ealled traditional
background Is ideclogical to some extent too
and rests on a being's (ontic) metaphysices or
on a population's ontology. A traditional
orientation as {nformational background ts
cultursl, in faet ontically outward, however, a
being feels It as it it were its own, as to be
in a being dwelling orientation. Therefore, a
being defends the tradition as its own
information, for which {t feels as belonging te
itself, as It having been co-produced by a
being itself.

How i1s It possible to characterize ldeology qQua
information? Albeit, the following 1list of
characterizations s not completed since [t

only supports further questioning applied to
ideology: ideology as fnformation i{s non-
autonomous, alternatively blocked,
ideologically controlled, filtered, and
modulated in its aristng or In 1ts multi-
directional-arising, Ideologically structured
and organized, topologically unified, iterating
in itself. It is further ideologically
sutopoletie, but generally non-poietiec,

dogmatically embedded and ideclogically stable,

with' a being's influencing and supervising.
ldeology at the same time ecovers ldeal,
axiomatie, simplifying, and utopian features.

1t is: ideologically galning, amplifying, and
maintaining; informationally reduced;
semantically hidden, converted or transformed;
Informationally or spontaneously non-parallel,
impractically oriented, unfitted for life
(inanimate, lifeless, Immatuyre, unhealthy),
ete. Ideclogy is a body of characteristically
limited information (ideas) of a being, of &
population, or of a culture representing
assertlons, theories, and alms that constitute
an tdeologieal program, direeted thinking and




uniform behavior.
organized hierarchically. Its highest,
supervisory level 1is the ideological Kkernel,
which might incorporate different informational
forms as hatred, hate, hostility, fear,
" anxiety, destructiveness or destructive
terationality, archaie or fraternal ‘terror,
suicide, (fratricide, homiclide, genoclide, envy,
revengefulness, Iincapabillity, greed, avidity,
covetousness, ete. The kernel of an ideology is
represented by the so-called avant-garde of a
given 1ideology, where this avant-garde 1is
evidently metaphysically blinded, emotionally

Ideology is structured and

founded, backward, and possibly biologiecally
unsuitable and informationally (cortically)
pathogenie, . :

Ideology is characteristically periodie and 1In
ftself eclosed informational phenomenon, which
repeats {ts patterns of thinking and behavior
in an exelusive, one-way, one-sided, biassed,
partial, wunjust, wunilateral, lop-sided, top-
heavy, single-track, unitarian, uniform,
however rhythmie, harmonie, and thematie
manner. Especially, because of 1its clearly
forecasting possibillities, idealogy is
performing beings' harmonie, informing alsec in
a killing, apathetiec, indifferent, narcotie,
subduing, restrained, consciously excluded, and
repressive way. All these ways of informational
filtering and modulation give the fideology a
fictitious, hypoeritiecal, deceptive,
garbled impression of survivai safety within
its OWN protection. Thus, idelogy is
established in self-protective and development-
stable way. 1n the human brain, ideology s
bloeking, preventing, obstructing, frustrating,
and artificlally separating the left
hemispherical informatlonal activity from the
right o©ne, thus destroying the left-right
informationeal parallelism, connectedness,
mutuality, and harmeony.

Idealogy seems to offer mentally and
behavioristically passive encouragement and
turns out on the other hand to be connected
with an indefinite feeling of delight, safety,
rewarding, efficiency, surviving easiness, and
gelf-motivation which perfectly suits a
properly incapable or dlsabled 1individual.
ldeological feeling changes and varles the
internal world model in the direection of

monochromic beliefs, f{aith, and expectations,
which are being harmonically realized and
approved, although not using the extrapolatlon,
retrospection, and i{ntrospection conecerning the
future posslbiities or rewarding plausible
forecasts for the future survival. Ideologlcal
feel lng and will determinating ldeological
behavior are conditioned with the internal
ideological state of a being's central nervous
system and with the ideological environment or
culture, whieh generates and modlfies thls
internal state. The ldeologlical will selects
ideologliecal behavtor, its patterns and
generatars, whieh are activated in an
ideological environment and In saocial
hierarchy. They incorporate ideologleal habits
and customs (relatlions,  eceremonies, myths,
taboos) as well as strategies and tacties of
fdeological behavior (ldeological speaking,
faithtulness~and-obedience approv!ng,
uniformness, {deological enthusiasm, respeet
for ideologically prohibited and repressive
justness). 1deologiceal behavior makes use of
fdeologieal expertness {flueney of ideplogical
feeling, elucidating, simplifying, sclentiflec
contemplation, and manipulation), and
ideological reflexes {adaptabllity, submission,
doeility, humility, servility).

Patterns and generators of ideclogical behavior
start and maintain the world model, the world-
outlook of an ldeology-subjected being. This

and
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model is based on ideclogical belliefs,
"mindfulness, and remembering. An ideological
world model, which I8 a wishful and expected

image and imagination of an ideology subjected
environment, {ncludes the categories of
spiritual, social, and physical entities. The
spirit of an ldeoleogy is its 1dolatry, guiding
ideas, 1ideological doctrine of salvation, an
essential theory of . the glven ideclogy
including entire idealogieal abstraction,
symbolism, language, sense, and consecration.
The socliablility of an ideology roots ({n an
ideological framework, which is ldeologically
ecorrect, and provides ideologically equitable
relations. These vrelations are reflected from
the ideological environment only. The physics
of such an informational model ls, for example,
dialectically ideology-materialized or
ideology-idealized physical phenomenclogy,
where ideology interferes in a totalitarian
manner with thinking and with modeling of the

physical world.

Sensory processors which are receiving
information and sensations from the ldeclogical
environment, are under the filtering and
modulation control of the 1deologlecal world
model. These ideologlically abstract sensations
are in a perfect, prodigtous, rhythmie, and
harmonic agreement with beliefs, expectations,
and forecasts of the world inner structure and
generate feelings, emotions, and values (in
fact non-values) of contentment, delight,
happiness, safety, and success, but also their
controversies. These feelings which are
virtually satisfactory do control the will for
a rhythmlie and harmonic selection of the
behavior according to ideclogiceal
circumstances. In this way, the ideologlcal
circle of happlness, salfety and their
controversies is jolned into cireculation, 1In a
lcop of ideological feeling. 1In this respeect,
ideology is an evident example of 8
particularly composaite informational
elireularity (recurrence, parallelness, and
serfalism).

The objective of an ideology is to suppress the
spontaneous arising and spontaneous embedding
of counter-information by which the ideoclogy is
observed, examined, and recognized. In the
framework of an ideology, this counter-
information is promulgated as an information of
the hostile environment, because it causes the
decay of ldeoclogical kernel and through this it
results (n decay downfall of ideology {tself.
For an ideology, every spontaneous arlising of
ideplogy-related or even ideology-non-related
counter-information is dangerous and must stay
under the systematical contrel of fjdeology
itself.

In the realm of an ideoclogy, the
phenomenology, <changing of the world and of
information qua vitalization, «qua renewling is
comprehended only in the form of vaceination of
the existing, governing ideoclogy. 1t is
performed by wusage of tdeologically approved
rules of thinking and behavior. In this typlecal
looping and fdeological harmony, ideology meets
its informational regression, extemporizatiocn,
bllindness, diminishing, and decline of its
aorganism, funetionality, structure, and
organization. Sooner or later, every ldeology
must confront with consequences of its
artificlal activity, atrophy, changes of 1its
age, decay, degeneration, and involution.

entire

. Because ideology qua information does not allow

the arising of a spontaneous belng's
information (natural breakdowns), (it remains
Being to {tself without an essential
Informational arising and vanishing. In this
context, ideology is an unnaturally alive,
artifleially inhibjted information.

eounter—



As a being's Iinformationa) process, ideology
ereates its characterlstic world model, whieh
is being supplemented through ideological
behavior and also through jdeological
imagination of a being. Are there two world
models in a being, the first one in the form of
an authentic imagination and the second one as
ideological behavior? What is the model duality
created for, besides the being's authentielty?
In ' general, ideology is an Iimposed outside
informational process, belonging to other
beings; this process interferes with authentie

informational subprocesses. The feeling of
intrusiveness is more or less ontleally
conscious, destined, existential and a belng

accepts §jt as an inevitable disturbance,
indispensability and inconvenience or as a
pretense and bother. This informational model
duality creates the feeling of threat and fear,
which by means of wil! select a counter-feint,

&8 &an

artifietal, and forced Iideologieal behavior
whieh is lacking 1llberty and variety in a
spontanecus bethinking. A being selects the
permissible behavior through a forbidden

imagination. ldeology ls a phenomenon of
informational contrast, of the absurd of
simul taneous affectation and spontaneity, where
the spontaneity is imaginative and affectation
is behavioral.

A typiecal informational side-effeet of the
fdeclogical repression is the so-called
ideological eynicism. If a being feels an
fdeology as a distartion, extortion,
punishment, and torture, the betng responds to
ideology by mockery and revengefulness
simultaneously, individually, however
population-typleal, and expressive, but

population-diffused. As the reply te ideology,
this consciousness is destructive, untouchable
by tdeclogy itself, private, ideologliecally non-
convertible, generally skeptieal, {illuminated
into counter-ideologlecal cons¢lousness, which
1s falsified, nihilistie, although it s
rebelliousty and reslistantly Iimposed. This
eynical consclousness is in contrast_ to
pressing, to rational imperative, it is not
capable to be on the way to this {mperative in
the econtext of Iideology, Decause 1t is a
radical irony standing outside of the senses of

necesslity and survival. An itdeological eynie is

like a ruler and resembles & subdued, malicious

realist, He 1is like a soclally integrated
antiassociate, cynically socialized, 1lost in
his own and populaticnal eynicism. Idecological

eynfcism Is a degraded consclousness, being ill
from repression, for which it has to accept
ideologlical relations, not believing in them,
however being forced to be surrounded by them,
and at last, for whieh {1t must perform
ideologically distorted actions. Idelogical
eynicism 1Is an instructive example of a non-
spontaneocus, informationally repressed,
however, individually perverted, protectively
reactive behavioral process.

11.3, Dialectie

Dialectlical reasoning is only one of
possible forms of counter-information, which
eould arise by ecircularly spontaneous
Informing, counter-Informing and embedding
of information.

Let now dialecetiec be illuminated as a
particular example of an informational f{orm and
an informational process through the following
questions: How fs dialeetie embedded in
philosophy and ideology? What is dialectiec as a
world~view? What 1is dialecetic as information
and . how can it Iinformatlonally embed
information as information?
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The notion of dialectic comes from the Greek
‘dialektike tehne' and has the meaning of skill
performed in dialog, discussion, or discourse.
[ts very first meaning concerns intelligence of
discourse or art of social interaetion in the
realm of lsnguage. In this sense, at its
appearing, dialectie s the label for art of

diseussion In processes of questioning and
answerting.

Through history, dlalectic as a principle of
philesophy and ideology develops from Socratle,
Ptatonie, Aristotelian, Kantian, and Hegelfian
platform to Marxist platform, that 1Is [from
dlseourse, supreme knowledge, reasoning from

premises, transcendental reasoning, and loglecal
pattern that thought must follow {(thesis,
antithesls, asaynthesis) to the pattern that

thought and reality must follow (subjective and
objeetive thinking). In its late development,
one of {ts pupreme orientation or world-view
marked dialectical materialism becomes a
metaphysical doctrine or scocial ideoclogy which
asserts the matter, motion and development of
matter as f[undamental. An informationally
parallel world-view arises a9 historieal
materialism, which as information deals with
developmental laws of human soclety and
thought. Dialectical materialism  opposes
idealism stressing that matter is not a product
of mind, but! that mind is a complex product of
matter. in this manner, the dialectical
doctrine distinguishes materialism and idealism
explaining dislectical principles (rules of
dialectical inference}) as transformation of
quantity into quality, interpretation of
apposites, and negation of negation.

BHow can dialectical methodology be understood
informationally? Certainly, dialectical
principles of thesis, antithesis, and synthesis
can be included in principles of information,
counter-information and informational

embedding, respectively. Furthermore, dlalectic
as & movement and development of things and
thinking coincides with Informing and counter-
informing, respectively, however, not n
information-embracing entirety. Counter-
information, for instance, is not only an

antithesis, but everything which arises, which

comes into existence spontanecusly from
informatien. Also, Information is not only =a
thesis which corresponds to a dialectical

category of consciousness,
free informetional arising f(n a being's
econsciousness and also outside of any
consciousness., Informationally, the dialectical
eirele of thesis-antithesis-synthesls 1s a part
of informational circularity {recurrence,
parallelness, sequentialness) of Informing,
counter-informing, and informational embedding.
in this tinformatlional e¢irecle, Informational
arising as eircular informational spontanelity
is stressed as the bas{c principle of various
informational developments., Dialectical
synthesis concerns counter~informing and
embedding simultaneously. In this respect, some
essential differences between dialeetiesl and
informational approach can be observed, and it
may happen that dialectical principles can be
broadened Into informational ones in an easy,
informationally natural way.

but a phenomenon of

Let now
notion of
through
{through
forms and

information which was developed as &
informatfion and & notion {liuminated
previous exemples in this essay
various examples of informational

informational processes) be thrown
into the realm (informationpal system) of
dialectical discourse. Dialectic &s
dialectically embedded informational system of
materialism, which foliows its own rules of
inference now comes to the conclusion that the
proposed notion of information in thits essay is



nothing more than idealism and/or

metaphysics
{this already are the

necessary dialeetical-
ideoclogical etiguettes of triviallty of =a
notion) because it stands ocutside the eorrect
and known inferential realm, and maybe, cannot
be "direetly" comprehended ‘through basie
materialistic principles (for instance,
materiallstie particles, materialistte forms
and materialistic processes of reasoning).
Informationally, metaphysics is the label for
"the total {(entire) information of a being ({as
determined in sectlon 8.4). Informationally,
idealism 1is a form of philosophical and-or
ldeological informationalism.
Materlalistically, idealism is the
philosophical counterpart of materialism which
does not enter into the materialistie realm as
a materlalistically legal inferential
subsystem, Materigiistically, metaphysics
opposes’ dialectie, for metaphysles is a
materialistically non-movabie, statie,
idealistie doctrine. In this context,
evidently, the exelusion principle of
materialistic reasoning takes its philosophical
andsor ideologlecal power.

11.4. Seience
e Heisenberg argues that contemporary
thought 1is endangered by the plcture of

nature drawn by physies. This danger lies in
the fact that the pleture (s now regarded as
an exhaustive account of pnature itself, so
that science forgets that in its study of
nature ft is merely studying fts OoWn
picture. +++ Helidegger, however, sees the
pieturing of nature as a necessary
_of scientifie thought. Yet both would agree
that so long as sclence is allowed to speak
ex cathedra, other modes of thought remaln
impoasible.

(H. Alderman in HEMP, 41-412)

How science is revealed as phenomenon of
information and how does scientifie information
arise within lnformational process of science?

Science concerns knowledge which is acquired or
gathered scientific-methodologically and
ordered scientific-systematically. In thls
respect, science as s dlscipline concerns its
own sclentifie circle of its . own methodology
and-of its own systematics. Selence cireularly
informs fts own, sceientifically legal or
sclientifically permlssive information.
Seientifie iInformational arising, couhter-
Informing as a scientifie contributing, and
informationatl embedding as scjentifie
(ac)knowledge(ment) are scientifically and

isciplinary bound to the valid scientifie
‘system of truth and untruth. Sctence s
informational process by which the selentifie
knowledge 1is produced through ecriteria of
sclentifieally methodologicel truths. Knowledge
generated by the corresponding science and
scientifleally generated methodology both
represent the so-called scientifically embedded
legal information, from which new sctentific
achievements _can be informed and ecounter-
informed.

Knowledge and methodology are the
intormational foundation
sclence. Scientific Informing proceeds {rom
this knowledge base by application of
methodologiceal rules. Thus, sclence becomes a
tormal system which is scientifically bound by

very valld
(background} of a

its knowledge and rules of permissive inference
{deduetion, i{nduction, inferential Informing).
Selence Investigates (ts truth and its own

tnvestigation; by the said methods 1t deals

feature -
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with discovery of truth, rationality, rellable
predietion, generalization from sufficient
collection of data, theoretical eonstruction,
predictive theory, model, explanation,
deduction, Induetion, knowledge, and scientific
methodology, revealing the truth about the
hidden objective reality. However, science also
deals with fts own ldeological forms and
proeesses of logie, empiricism, positivism,
meanlng of new theories, theoretical concepts,

and verifleation. Through its 1life cyele,
selence accumulates (enlarges) subjects of i{ts
theories, increases 1its knowledge, suggests

theoretical reallsm,

but also imposes doectrines
of formallism,

instrumentalism, snd sclentism.

S5cience does not allow philosophical
spontaneity and philosophical abyss, therefore,
in many cases, it eannot recognize fts factual
possibilities and 1ts sattainments, when it
alludes behind the possible reality. 1In the
framework of its rigorousness and correctness,
sclence has to preserve its characteristic
ideoleogy, autocensoring, disciplinarity, and
steadiness, to prevent it from the decay and to

enable the accumulation of its scjentific
information.,

Although sciences are grounded in knowledge and
sclences are merely that what s known,
knowledge also exists outside of the sciences.
Knowledge s a result of cognition, 1t is an
objeectively founded belie! about the truth of a
proposition, assumption, and consequence.
Cognition, which (s not only scientifie, is an
informational process capable of production of
knowledge, where knowledge appears as truth.
The notion of knowledge contradtcts the notions
of bellef, opinion, and view. Knowledge by
itself is an arising, changing, and recurrent
information.

11.5. Technology

+.. What has the essence of technology to do
with revealing? The answer: everything. For
every bringling-forth is grounded in
revealing. Bringing-forth, indeed, gathers
within itself the four modes of occasioning
- eausality - and rules them throughout.
Within 1{ts domain belong end and means,
belongs tnstrumentality. Instrumentallty is
considered to be the fundamentai
characteristiec of technology. If we Iinquire,
step by step, into what technology,
represented as means, actually Is, then we
shall arrive at revealing. The possibiiity
of =8ll productive manufacturing lies in
revealing.

(Heidegger, QCT, 12)

Technology as Iinformation s nothing more than
a sort of productive presence of beings in
themselves and in their environment. In this

context, productive presence has the meaning of
acetion, development, destruction, and
construction. Technology qua information arises
as beings' thinking and behavior for changing
themselves and environmental ecircumstances,
destructing &and construecting themselves and
environment phystically {constructively,
methodologlcally) and blologically (culturally,
intellectually). In this respect, a machine or
even a living being can be understood as a
final physical and/or biologleal construction,
whereas methodology (thinking or ldeclogy) can
be comprehended as a final cultural and-or
intellectual construetion (or destruction).
However, machines and beings as
physical/biological constructions arise through



circles of informational
(cbunter-Informing, embedding).
information of artificial
construction and destruction,
forms and processes, of beings as bioclogical
structures and organizations, and of
methodologies and minds as forms and processes
for achievement of construective and/or
destructive results.

econstructjons
Technology is
and living
ol machines as

Constructive technological activities
observed in animal-labor (specifle behavioral
patterns}, for instance, in constructive
activities whose products are bird nests, leirs
of beasts, beaver lodges and dams, splder webs,
honeycombs, ant-hills, cocoons, and other forms
which arise through behavioral activity. 1In
eonstructions of this sort, principles can be
observed whose nature can be compared with
sensefulness, optimalness, solidness,
intentness, sultability, rationalijty, and
imagination. Technological phenomena in
mierostructure of matter are, for Instance,
erystals, maeromolecules, synthesis of proteins

can be

{genetie information of DNA as a program of a
machine for synthesis), and at last biologlcal
growth, which reveals construction (structure

and organization of living}.

Roughly, technology as informational phenomenon
also materjalizes and methodizes thought eand
constructive imagination through specific human
behavior whiceh is called labor. The arising
technological information influences and
changes beings' behavior and simultanecusly. and

continuously develops thinking into the
direction eof more and more complex
technological achievements. On this way of

technologicecal development the question comes up
if salready being-like machines (instruments,
processes) can be construeted which could
possess intellectual, brain-like, or mind-1ike
properties, Technology as realization of useful
machines and methodoliogles 1s the developmental
way of construction, of technologlical revealing
and creativity, and alsec a part of strategic
thinking and behavior for survival.
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12.1. Aesthetics

+..+» How nature pleases us belongs instead to
the context that It stamped and determined
by the artistlie creatlvity of a particular
time. ... We are justified, therefore, in
proceeding from the work of art rether than
from natural beauty !f we want to define the
relation between aesthetles and
hermeneutles. ,.. The language of art |is
constituted precisely by the fact that |t
speaks to the self-understanding of every
person, and it does this as ever present and
by means of {ts own contemporanecusness., ...
Everything depends on how something is salid.
But this does not mean we should refleet on
the means of saying it.

(Gadamer, PHH,

98, 102)

Experiencing,
investigating,
understanding,

feellng, sensing,

recognizing, comprehend!lng,
living, describing, determining,
expressing, thinking beauty and value are only
a4 few Informational processes, which can be
hardly determined by linguistic thinking and
expressed semantically. Do the notions of
beauty and value exist hermeneutically, or even

observing,
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~concerning informational relativity. It

ontologleally, or are they first of
emotlonally and intuitively
guided Informatlion? Are beauty and value
tnformation which also concerns ethies,
morality, emotion, rationality, logle, reality,
reason, behavior?

all an
conditioned and

As information, beauty is an experlience,

property, and quality which informs as =a
feeling of fulfillment, perfection,
improvement, sand also as pleasure, happiness,
delight, enjoyment, Influencing pleasurably
through its informationally characteristic
tiltering, modulation, and harmony the
(artistic) emotional domain. In this concern,
aestheties appears as metainformation on
beauty, on value of beauty In thinking,
comprehension, and behavior. Beauty and the

value of beauty are the main subjeets of
aesthetlies which deals with questions as What
ls beauttful? What are attributes of beauty?
What Is the value of besutiful? [s beauty an
irrational value? ete.

Evidently, it would be very difficult or even
impossible to determine beauty qua Information
by lingual means. Beauty as informatlen is only
weakly expressive on the way to language.
Beauty is a characteristice tnformational
process of a befng's metaphysies, an inward
experience of bellef which cannot be entirely
explicated outwardly. Beauty, and through it
easthetics, are evident examples of information
and its metainformation, whose transformation
from the hermeneutic {ontical) to the semantic
{cultural, ontological, 1linguistie) level |is
informationally weak.

Informatlionally, beauty as information and
counter-information is Inferming cof beauty
through besuty. 1In this Informatienal circle,
the experience of beauty iIs arlsing within
metaphysical embedding and within acecepted
environmental information of a beling.

A Wwork of art spesks to a belng
symbols. Only if it speaks,
is beautiful, it is artistic, it is aesthetic.
If. {t does not speak, 1If tts symbols are not
pointing to something which scems familiar,
rhythmic, harmonious, observable,
investigative, or cognitive, this work of art
cannot be observed. It represents a non-
understandable object whose symbols are evened
by informational nolse. In this way, beauty is
& regularly relative ({information, which is
populationally, eulturally, and ontologically
condltioned. However, beauty also speaks
hermeneutically, inwardly, generating
individual meaning or feeling of a being. The
greatest art can appear &s nonsense, whieh in
fact does not sense the sensory system of a
being at all. At this point, aesthetics, as
metainformation of beauty or value of art,
confronts wlth this parttecular, beauty-
appears
beauty, of the

value of art

through 1Its
It 1s symboiie, It

that counter-information of
value of beauty, =and of the
(aestheties) is Informing freely, wildly,
spontaneously, and eircular-unforeseeably.
Evidently, tnformationel illumination of
gaestheties or Informational thinking about
aestheties can bring to the surface
cbservations, which sare controversory to =&
general understending of art or to teaching of
an artistle school, whieh e¢an reveal the
blindness of beauty and art, however, alsc
break down this blindness.



12.2. Ethies

hypoerisy plays an important role in the
realization of humah societies, permitting
human beings under stress to feign having
certain properties whieh they abandon as
soon a8 the stress is removed. This is why
in a human society a soctal change tekes
place as a permanent phenomenon only to the
extent that ([t is a cultural change: =&
revolution I3 a revolutfon only if it is an
ethical revolution.

(Maturena, AAC, xxvil)

The Greek ‘'ethos! has the meanings of hablt,
habjtude, wont, use, usage, custom, practlce,
etc. The-Greek 'ethikos' means moral, virtuous,
righteous, and noble. Some of the basic ethleal

.questions are What 1s right and good? How does

ethiecs or moral imply conformity to established

sanctioned codes or accepted notions of right
and wrong? What is rigtness, fairness, equlty,
or moral excellence? What 13 moral eminence,

particularity, {individuality, and freedom from
anything petty, mean, or dubious in thinking
and behavior? How moral is social and

antisoccial?

In general,

ethics is a philosophical
diselpline, whieh Iinvestigates objectives,
senses, processes, and phenomena of moral wonts

and behavior, eriteria for evaluation of moral
action, and. through these, conception and
crigin of moral and morality. Within these
various orientations, ethics ecan proceed
autonomously {(from an authentical, ontleal, or
a being's origin of moral) or heteronomously
(from a cultural, oentological, or a
population's origin of moral) in an a priori,
empiricistie, Intellectualistie, axlologieal,
naturalistie or voluntaristie way. Within
these . conceptions and heterogenecusness of
ethies, 1t 18 possible to follow eudaemonism,
hedonism, perfectioniam, ete, stressing
individualism (egolsm, altrulism) or soeclal-
moral problems.

12,3, Rhythm and Harmony

.»» One of the most lmportant properties of
regulariy recurring temporal relationships
is that they are predictable., This permits
efflcient learning and optimization of

behavioral trajectories.
{Albus, BBR, 200~ 201)
~Rhythmic and harmonic¢c informational forms and

informational processes appear in the structure
of cosmos and in natural forms and processes of

matter, space, and time as consequences of
different repeating and periodle phenomena;
however, they also appear In living substance

as particular phenomena of life,
as oscillations of macromolecules,

for Iinstance,
electrieni

charges, protein produection, biologieal
replication, and phenomena of thipnking and
behavior in a highly developed being. Rhythm
and especially harmony create feelings of
pleasure, beauty, and good in arfising and
changeable autopoietic systems, By their
nature, autopojetiec processes and autopoietie
forms are rhythmic and harmonic processes of

self-producttion,

self-reference, and circular
spontaneity. -
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Periodic (oscillating) and harmonic
Informational processes appear in a living eell
and are characteristie of life processes of a
being, Processes of this kind are, for
instance, collective ascillations af
c¢ytoskeletal proteins in eukaryotic eells {this
is a communicative function of the Injeetion of
viral nuclelie sacids into host cells (Hameroff,
ULC, 238)), heart-beat, rhythm of breathing, a
belng's biologleal rhythm, harmony of musical,

literary, &and philosophicel expression, ete.
Characteristie behavioral patterns using
rhythmic and periodic information are walking,

dancing, singing, speaking, gesturing, playing,
working, thinking, etec. Life aetivities of a
being are synchronized and harmonized
(coordinated, adjusted, consonant) sccording to

natural and artificial environmental phenomena;

these are life habits, the rhythm of day and
night, <c¢yclic gravitational Influences of the
solar system and cosmos in its entirety.

Poetical, literary artlastie, metaphoriec
expression ¢an have 1its hidden or revealed
rhythmic semanties or lingual rhythmie measure
by which phrases from semantically rhymed and
harmonically selected meanings are composed
perliodically. Sueh a harmony of semantie,
stylistie, and even syntactic periodicity

arises on different Iinformational 1levels cof
audlo-speaking, sensory-motoriec, and language-
understanding hierarchy by means of metaphoric
and diversely hermeneutic processes whieh enter
in the highest informational areas (emotional,
meaning-concerning, planning, decislon-making)
of cerebral cortex.

A muslecal expression has evident properties . of
basic rhythm and harmony or disharmony of
sounds. A melody is a° composjition of
harmonically sequenced eand dependent sounds,
which appear in phrases by means of regularly
repeating themas. A number of synchronized
rhythmie harmonies c¢an be the measure for
musical informational vrichness. A simple
ballade has only one thema, one melody, and one
verse, Multisound, choral music can have many
paraltel, harmonically dependent melodies and
several verses, whiceh can be synehronized into
regularly repeated patterns. Symphonical music
is based on a rather wvarious set of
instruments, where each of instruments is
playing a different, however, harmonically
dependent musical sequences. A symphonical
performance and its comprehension are
expressive examples of arising of a complex
parallel 1information in brains of musieal
performers and their hearers.

In. general, rhythm and harmony are
characteristie processes of informational
iteration and informational recurrence, both of
whieh are survival-regular informational forms
of life. In the brain structure, rhythmieally
repeating  informational processes entering the
assoclative memory areas within the internal, a
being's model of the world exist. Repeating
expectations are caused by these rhythmic
informatjonal processes and then these
expectations are compared to rhythmically
repeated sensory experience. A background of
rhythmie patterns of meaning or rhythmie
hermeneutics always exists and this
hermeneutics pervades the entire generative
information-processing hlerarchy of the nervous

_ system. - :

Regularly repeating informational phenomena and
thelr relations are predictable. This property
of informational {teration and expected
informational recurrence enables effective
learning of a being and through the ilearned or
captured information also a senseful or optimal
behavior. In this way, outcomes from various,



also eritieal situations, een be f{oreseen and
several deviations from normal informatlonal
patterns can be revealed and learned. The

capability of foreseeing and
based on the capablliity of distinguishing
differences which occeur between expected and
observed informatlon. These differences are the

prediction is

so~called Informatlon of error concerning
expectation. information of expectant
difference can be pleasant (harmonic,
beaut|ful, goaod, rewarding, stimulative,

heaithy) or unpleasant (disagreeable, ugly,
bad, punishable, stressful, pathogenic).
Recognizing of essential, although small

systematic
gives

deviations from the predicted ones,
rise to learning and to arising of more
complex recognitions and predicetions.
Recognizing of deviations between expected and
observed phenomena is the basis of a complex
learning of a being, of changes in information-
processing of braln. Differences between
expected and observed informational processes
also modify individual expectations,
hypotheses, world models, &and behavier of a

being. In this concern, perception 1is ah
informational process of searching for sueh
hypotheses that can produce expectations whicech

are adopted to the appearing observations.
Perception gqua information is an instructive
example of eirculer Informing, counter-

Informing, and embedding of information.

A being masters 1ts envircnment
capability of prediction of its sensory
information and through the capabillty to
seleet such thinking and behavioral patterns
that predominantly, consistently, or reliably
produce results of delight (of beauty, good,
pleasure, advantage, survival). In a learnlng
environment, repeating of matter ls rewarding
or attractive by itsel! (repeating in singing,
rhythmic movement and gesturing, hearing of
known musical records, memorizing of sound
phrases, everyday and working babits). In a
potentially hostilte environment, a being has
several essential possibllities of survival if
it can master the prediction of outcomes of its
future actions. In =& periodically echanging
environment sueh predictions are mueh more
reliable than |n a spontaneously or nen-
periodically varying world. In this way, every
informational environment which demonstrates

through the

phenomenal periodleity 1is informing a being
rewardingly. In this context, harmonic
relations agceur between informationatl
hierarchies of behavior generation and of
sensory information processing. Dwelling in a
predictable environment appears to be
pleasant, non-arduous, manageable, safe,
rhythmie, and harmonte.

It is e¢lear that an exact prediction is not
aiways possible, Sudden, abrupt, unforeseen

deviations (f{rom the expected ¢or predicted ones
can produce feellng of surprise, where surprise
stirs up attentiveness snd generates
information of awakeness, openness, vigllance,
lurking, wlllingness, and readiness. Processes
and phenomena which are delightful in &
surprising (a new, an unexpected) way sare
rewarding in an emphaslzing way because before
all they awake the lurking and then they reward
beyond the expectation. Pleasant surprisings
can awake behavioral responses like laughter,
cerying, and excessive enthusiasm.

A pleasant surprise can constitute the essence
of good humor. An interesting story ¢an end in
an unexpected, thoughtful distortion,
perversity, deformation, spinning,
metaphoricalness, ambigulty. Daring, critical,
risky humor has its interest in a luring action
of exceeding, breaking, overstepping boundaries
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and limits of environmental, cultural morelity,
taboos, ceremonials, and habits. Humor
possesses its unexpected, metaphoriecal rhythm
and its spinntng, semantically and
hermeneutically ambiguous harmony.

Unpleassant surprises ean awake emotional
responses of [fear, anger, aggressiveness,
reluctance, disgust. In & hgstile environment,
new and unpleasant events can aweke the feeling
of danger, Trlsk, or critical state. Deviations
from the normal can cause disaster, accident,
catastraphy, misadventure, misfortune.
Incapability of prediction means to be
surprised, means the possibility tc lose the
existing advantages of —-survival. Without
predictabllity not enly learning is threatened,
but also the survival of a being or a
population. A econtinuing and prolonged decay,
disintegration, disorganization, and
interruption of regular informational patterns

in the 1Internal rhythm and environmental
stimull of & being destruet predictabillty,
disable normal learning processes, &and cause

indlvidual and populational stresses (as forms
of punishment) that can produce various social
pathologlie kinds of behavior (neuroses,
intoxication like aleoholism, smoking,
drugging, sulcidity).

Rhythmic informational processes are periodic.
Periodicity enables the prediction of
inforimation arising In informational
processes. Harmonie informational processes sre

adjusted to experienced and memorized
expectations, and Ln this respect, they are
predictable., Informational prediction is the

kernel of the arising of rewarding information,
This information embeds {(confirms) individual
learning and experiencing principles, and
changes them, If environmental phenomena are
changing. Rhythm and harmony as Informatiaon
Inform rewardingly, arise and are embedded
circularly through the information of reward.
However, the principle of rewarding is oniy one
of many other aspects of informational rhythm
and informatlonal harmony.

12.4. Art

“ne We shall now attempt a first
charsacterization of Nietzsche's total
conception of the essence of art. We will do

this by exhibiting a sequence of (five
statements on art which provide weighty
evidence. ...

1. Art is the most perspicuous and

famiilar configuration of will to power;

2. Art must be grasped in terms of
artist; ...

3. According to the expanded concept of
artist, art 1is the basie¢ cccurrence of all
belngs; to the extent that they are, beings
are self-creating, created; ...

4, Art is the distinetive countermovement
to nihtlism;

5. Art is worth more than "the truth."

a4

the

e

(Heidegger, NIE, 67-76)
Art seems to be the summit of unanalyzable,
sensitive, expressive, and recipient
informational spontanelty, the synonym for
the ([ree creative power, however, aliso for
informational skill, cunning, artifice, craft,

and will to

power. Literally, in
characteristie

environment,

its
a work of art s



arising, is creating and being created
eireularly, jteratively, repeatingly,
rhythmiecally and harmonieally. The artist
creates and simultaneously observes,

investigates, recognlizes,
admires the beauty,

experlences, and
artistry of his work. On
this way, also the new, upredietable is
arising, being created out from the artistic

admiration and from the will of artistic power.

The arising of a work of art proceeds
successively, and from the achieved, new
artistie details are growing sensitively and
spontaneously. Thus, the artificlally
unforeseeable, unexpectable s generated,
Certalnly, the arising of work of art |is
soclal-circularly interactive, that is,
interaetively social-spontanecus.

Art Is a specific people's mental, that is

informational aectivity that carries
of sensitivity,

information
lneorporating ereative glance,
the work of art and its experiencing. Art 1is
the capabllity of aesthetje ereation,
expression, reception, of aesthetiec Informing
in the domalins of feeling, thinking,
fantastzing by means of spoken or written
words, instruments, human voice, color, mimics,
plasticity, gesture, ete. In a broader sense,
art lneorporates work of literature (drama,
lyries, epie, novel, story, tale, essay), work
of musie, Dballet, acting, painting, sculpture,
graphics, architecture, Art is productive
(first-hand creativity) and reproductive
{making musle, acting, reciting), applicative
(trade, industrial, professional), and
mediative (film, radlio, television).

Art tnforms
symbolie
existence

in a free and spontaneous
art, information I8 ecoming into
from abstract indefiniteness, f(rom
uncertainty of @ form or of a process of
performance and comprehension. Sculpture
i{s predomlnant in <c¢lassical art, and the
fnward, spiritual dominates over the ocutward In
the art of romanticism (peinting, music, and
poetry). As information, In prineciple, alsco
ltart pour ltart {is nothing more than a
consequence of artlst's spclial and antisoejal
tendentiousness, of his informational
obscurity, ambiguity, and enigmaticalness. Art
ls ecultural information and has little or no

WAY . In

essential Influence outside |Its cultfural
domain.
12.5. Literature
wes Literature |a what has been 1literally
written down, and copied, with the Iintent

that tt be available to a readling publiec.

(M. Heidegger, WCT, 134)

Literature is information whieh dwellis in many
different forms and processes of its production
and receptlon in the realm of npatural ot
formalized (musieal, programming, secientifie)
languages. The fundamental aspect of literature

as natural or Tformalized language usage
(speaking, hearing, writing, reading) is the
social interaction of storytelling, of verbal
expression and perception of stories, tales,

{also in the areas of
programming).

adventures, imagination
musle, formai sciences,
Storytelling is

the basic process In writing

and speaking. The baslc component of every
literature is a story which can be
philosophical, artistilce, scientifie,

technological, and-sor occasional. [n the mind
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of 8 recipient, & story can create several
informational paths (states, processes, and
patterns of them) which can approach the sting

or experience of the story in an associative
and in a bisoeciative (unrelated) manner. A
lingulstle informatlonal path is determined by
& sequence of words and ls understood to be a
program for a distinet informational process or
for & story. Each informaticnal path represents
a story for itself. Lower paths in the story
hierarehy represent details of a story, whereas

higher paths are storjles with more
comprehensive voeabulary, however with less
detalls. These paths are actions In the
hierarchy of storytelling behavior.

informational paths can belong to very
different informational segments of 8 being's
metaphysics {total tnformation of B
storytelling and or story-hearing being). For

instance, Iinformational paths In the hierarchy
of sensory information deseribe experiences and

feelings. Informational paths in the hierarchy
of world-view or world model deseribe hopes,
expectations, dreams, and beliefs. Each
storytelling behavior can be composed of
several stories which appear In recurrent,

simultaneous, parallel, and sequentlial relation
to different lower and higher paths, to detajls
and programs of a story.

Informational paths as hermeneutical
(sub)stories possess basic roles, for they
influence o storyteller's behavior, determine
expetrience, and cause imagination. Hermeneutic-
semantic translation of (infermational paths
into sequences of words causes the arising of
language. A storytelling strategy selects one
single sequence of words from many exfisting
informationgl paths, Essentinl effects of an
arising story can be achleved by jumping (rom
one informational path to the other and from
one hierarchical level to the other. A descent
to a lower informational path enables the
development aof an exeiting, actual, ar
essential detall of the story, whereas an
ascent to a higher informational path enables a
fast transitlon over unexelting, ordinary, or
unessential events.

Informational paths (informational forms and
informational processes) of mind (Iln braln) are
various as much as possible, for instance, they
are behavioral, experiential, emotional,
faithful, intelligent and they enable jumping
and transition over informational paths In a
forward, backward, upward, and downward
direetion in groups of (nformational paths and
their hierarchies.
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13.1., Crisis

Being of erlgsis is informational. Crisis as

information is cireled, closed Into its own
realm of ceriticaliness. On the way out of
erilsis, 1its informatlional circle has to be

broken tnto & new, releasing perspective.

A being's and a population's
incapability to survive, to be successful, 1o
develop rhythmically and harmonieally, can be
particularly investigated through the
perspective of an individual, populational, or

capability and

social ecrlsis. What is crisls qua information
in the context of blologieal, behavioral, and
informational capability and incapability and

how does it arise?



The meaning of the Greek 'krisis' is manifold,
for instance: separation, exposition, decay;
quarrel, confliet, strife; clalm, suit, truth;
decision, breakdown; judgment, arbitration,
opinion; ordinance, fixatlon. Information of
erisis arises in different occasions, for
instance, when a blind informational
orientation is broken down by a new, necessary
information for surpassing the blindness, when
a ruling Iideoclogy Is not capable to change
incapable (unsuccessful) individual and social
behavior in sharpened soclial cireumstances,
when the immune system of a being cannot resist
to or neutralize pathological invaders, when a
disease continuously progresses onhto the
account of health, when a being is feeling
stress, repression, or hostility, ete. and
begins to develop counter-information for
improvement, defense, or change.

Crisis arises informationally from differences
occurring among particular information,
meanings, understandings, and Iinformational
backgrounds in the form of conflicting and
decisive information among them. Crisis 1Is
differenttial information which considers
informational differences BS the most
substantial and most essential informational
entities. In erisis as information, differences
are compared, confronted, and developed to
serve 1in searching the way out of erisis, to
sclve the problems of crisis, and at last, to
annul the Information of ecerisis. If erisis
cannot be solved satisfaectorily, its
information is growing in complexity
overwhelming other, vital Iinformation and
ending in catastrophe in which it eceases to
extst, :

In general, it could be said that erisis begins
to arise In a form of counter-Information from
tnformation within whieh the critieal
incapability is coming to the surface, through
the vrecognition that this incapabillty is a
¢onsequence of tnformational blindness,
insufficient knowledge, incorrect inference and
cognition, ete. This recognition of blindness
simultaneously represents [{nformational
breakdown, the point in whieh eritical
information begins to develop, This information
which relates blindness and breakdown of
blindness [8 c¢alled crisis. Crisis is an
information of opposites which appear ijn the
eritical context of crisis. Simulteneously,
erisis is & corrective Iinformation whlech
insists to correct the ruling blindness Into a
new illumination and perspective, to solve the
problem of crisis, to decide on the way to new
orientation, thinking and behavior. In this
respect, erisis 1is developing as regular
counter-information through speeific, ecrisis-
concerning Informing, counter-Informing, and
embedding. -

Cristis ag information appears in everyday ltte,
Is a consequence of individual or populational

erlticalness, is regular (well-intentlioned,
democratic, cultural) or irregular
(subordinative, repressive, radical)

{information. Crisis as regular Information
gains the development of individual and
populational capabillty, 1ts irregularity leads
to the development of informationatl
lncapability. Regular crisis appears to proceed
by small, goal-directed, and successful ateps,
in an eppropriate developmental rhythm and
harmony, whereas lrregular erisis acts
chaaotically, radically, archalcally,
ideologically, and in this respect
arhythmlcally and disharmonically, also
destructing already positive developmental
achievements of a being's culture.

13.2, Capability

The basie question of survival of a being
and its populatlon remains In the dec¢ision:
to develop individual and populational
capabillity or to stay incapable.

Capability as information of a being concerns
the metainformational structure and
metainformational organization withln the total
information of & being, this is, informational
structuring and organizing of its metaphysies.
Iinformation as informational process integrates
informationally lower and higher components of
informetion and information-processing. It [s
simultaneously a metainformational process
which creates lower and higher informationatl
components. A metainformational hierarchy
includes basiec informational components,
metacomponents and higher metacomponents of a
general degree

meta-meta- ... meta-componentis.

Metainformational hterarchy has the property of
metainformation, that is, of a cireularly

(metarecurrently, metaparallel, and
metaseqguentially) spontanecus metalnforming,
metaarising, metacounter-Informing, and

metaembedding.
{nformation.

Metainformation performs as

Capability I8 the i{nformation of comprehension
and of behavior, by which a being or =a
population 1Is observing, Investigating, and
recognizing its own Informaticon and the outside
information. Capability is a degree, a stage,
the greatest achievement in the comprehension
of the living, also of the human mind. The life
and the survival perspectives are directly
dependent on abilities of observation,
investigation, and cognition of a being, of its
populatioen, and of its environment. There is a
substantial difference between intelligence and
capabllity. intelligence is above all
Ilnformation, which is 8 consequence of
exerelse, practice, experience, drill,
instruction, learning, informational selection,
and will. Capability on the other hand Is the
supreme and creative abllity 1in search &and
examination of various and complex
informetional ec¢lircumstances., Capability of a
being 18 determlined by the ability of lts self-
comprehension, where a bheing 1s ecritically
investigating 1ts entire information and the
appropriateness of its intelligence and
behavior. The counterpart of capability is
characterized precisely by the deficienecy of
this self-comprehensive Informational
component.

Capability of a being is grounded in its self-~
comprehensive Counter-Informing. In this
econtext, all of the four attributes, which are
self-reference {(survival, ethles, moral),
comprehension (self-observation, self-
investigation, self-cognition), Intensive
arising of Informing (creativity, wvariability,
alternation), and resulting counter-information
(antagonism, resistance, rebellian,
disagreement, impossibility, ete.) are
necessary. By capability a being is changing
itself, realizing itsell to a new, more
appropriate capabillty. In this respect,
capability as information concerns capability.

Capability as {nformation can be an active
strategy of Inecreasing the structuring and
organizing principles of a being's total
Information (its metaphysies). Through such an
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intension strategical thinking and behavior are
coming into existence that support the
development of capability. Through capabillty,
a being is intentionally changing, developing,

improving 1its strategic Information for |jts
1ife and survival, and through this
information, It is echanging Llts behavior,

developing new intelligence,

and improving its
strategic thinking. :

13.3. Incapabllity

Te apply ldeologies Iln practical reasoning

"and behavlior means to follow the way into
incapabllity. Thereupon, informationatl
eirele of incapability closes: ideology and
incapability produce each other and perform
a stable course of development into
incapability.

Capability or lnecapability is
form and processing of informational structure
and organization of the human mind. If
informational capabilities lead to survival and
development, then incapabilities approach to
regression, decay, and dying out. There are
some essential informational {also dialectical)

the highest

opposites between capability and {incapability.
Whereas capability builds its decilslve
information on forms and processes of
spontaneity, ecereativity, and throwness into

factual slituations considering developmental
and intelligent experiences, incapability rests
on philosophical and idelogical forms and
processes of informational orientation, uniform

(poputation-molded, conform, individually
stupid) behaviar, and predetermination of
thinking and behavior i{n factual sftuations,

considering promissaory fidecloglical experlience.

In the 1lfe of a belng
the already
change to

and its populaiion,
acquired capabillity can Suddenly
such a degree that it In reality
descends inte incapability, for 1instance,
through the practical wuse of a redical,
revolutionary, unethlecal, or soclal-improper
ideology. Such a turn in thinking and behavior
through ideology prepares the way on which
incapability dominates, s¢0 it can take |[ts
triumphant mareh into a stable, self-
referencing, self-productive, and gelf-
satisfactory incapability. In this casge,
incapability as information develops an
incapablility of a special kind, penetrating
deeper and deeper into its own I[nformational
realm. In the eourse of time, {Incapability of
this sort, whieh becomes beings' and a
population's total orientation in thinking and
behavior actually destroys informationally
regular relations, capable Informing and
counter-Informing and causes Jindividual and
social disaster (decay of sound economy and of
skiliful 1labor, disappearance of spontaneous
creativity and intellectuslity, inereasing of
lawlessness and social diseases, ete,)

14
14,1, Funetions of the Mind

v While the princtpal 1task of the
philosophy of mind may be regarded as the
attempt to provide an account of what mind
is, the complexlity of the task is such that
there is 11ttle in philoscophical literature

that will seem to constitute an (ntegrated

theory of the mind per se. Rather,
that gare centrel to. the philosophy of
oceur throughout metaphysies, epistemology,
logie, aestethetics, and, particularly, in
the contexts of the philosophy of psychology
and what is called mind-body problem. In
contemporary philosophy, most discussions
take the form of analyses of specific mental
econcepts: for example, consciousness,
emotion, imagination, introspectiion,
Intentlion, thinking, and the will.

issues
mind

(DPH, 233, 234)

Viewed informationally, mind is a notion which
eancerns Informational forms and informational
processes of the human nervous system, this is,
informational structure and informational
organization of central and peripheral nervous
system and of the body and its various kinds of
processes as a whole, Mind concerns known and
¥et unknown information of body's processing,
conscious or integrative and microstructural
information on the level of brain and on the
level of proecessing within a particular living
cell, The <concept of mind |5 unrevesled and a
being observes its own mind through "looking®
inte Lt experientially, Investlgating it in a

top-down {brain-integrative, global,
paychological) and in a bottom-up
(biologiecally, physliecally, and blochemically,

fundamental or neurcphysioclogical) manner.

Several functions af mind have been discussed
in this essay, for 1instance, Iintelligence,
creativity, language, ideology, crisis,
incapability, ete. However, &till many of-
basic functions have to be analyzed
informationally (memory, learning, vision,
ete.)

14.2. Information Systems

Advances In Intracellular
molecular biology have
complex dynamic

Intracellular

rea imaging
illustrated’
organization

ceytoplasm.

and
the
of
Specifically a
dense, parallel, highly interconnected,
solld state network of dynamie proteln
polymers, the "e¢ytoskeleton," i1s a medium
which appears to be ideally suited for
information processing, and whieh is
actively involved in virtually all cell
functions.

{Hameroff, ULC, 386)

Information informs (influences) and
informatizes (generates actively) 1in several
aystems af information. An information system
(or jinformational system) does not exist as a
singular (individual) system of information, as
an informationally isolated or informationally
independent system. However, information
systems exist in the form of (nformational
pluratity, interacting AMONE themselves,
participating Inm other (nformation systems,
being Informatiorally distributed, assocliated,
and integrated, As a consequence of
tnformational’ plurality, iInformation systems
are to some degree mutually informationally
embedded in each other, in informationally
divergent and convergent manner. Within this
informational plurality, {nformation arjises as
a conseguence of systems' plurality, this is,
circuler-spontaneously in the informational
sense. In fact, arising of Iinformation brings
new informational systems into existence.
Information systems Integrate a more or less
[nformationally universal realm of information.



In general, information is always thrown
(injested) in &an informational realm in which

It operates and (s operated on 1ts way of
informing. on this way of Informing,
information finds {ts informational ground, its
embeddlng and its distributive Informational
power in several developing information
systems. Information performs as (Information

system. Informatlon system is only another form
of information.

14.3. Social Systems
.+« An autopoletic system participates |in
the constltution of a social system only 1o

the extent that it participates in it, that
is, only as it realilzes the relatlons proper
to a component of the social system.
Accordingly, in principle, an autopoletic
system may enter or leave a soclal system at
any moment by just satisfying or not
satisfying the proper relations, and may
participate simulitaneously or in suecession
In many different ones.

{Maturana,

AAC, xXxv)

By phillosophieal terms, an autopoletle system
will be presented as belng-in-the-world (or,
more generally, as Dasein). What does a social
system mean from the point of view of 1living
integration? What s the nature of the so-
called social Information?

A very Important constitutive
domain of a human social system |is
cognitive 1linguistie behavior of human beings
that integrate such a system. 1In a social
system, beings of this system inform (or
informatize) among themselves in a cognitively
characteristic way using different linguistie,
symbolje, behavioral, and environmental forms
of Informing, counter-informing, and embedding
of being's and of society's information. Every
cireularly arising informeticnal spontaneity is
socially bounded and it underlies the
characteristically bounded autopolesis of s
particular society. This informational boundary

{(lntegrative)
the

that constitutes a society's informational
closeness (particularlty, peculiarity,
prohibition), c¢ontributes essentially to the
constitutive and integrative power which
orders, manages, subjeects, and governs Dbeings
of a soecfety into maln informational
perspectives of the soclal systems within
society.

From the informational point of view, a scctal

system is {integrated on the basis of an
instantaneously ruling social consciousness (a
state of culture, of economlie development,
of & population's ingenulty) - the society
Integrative ldeology. Thils ldeology is no more
than 8 commonly (socially, culturally,
populationally, democratlcally, ethically) or
suthoritatively (asocially, ideologicsally,
totalistically, repressively) aceepted
information which implements the informational
coupling among belings, realizing s soclal
autopoiesis. In this econcern, a social system
behaves as a belng of beings, s the
populatienal - beilng. True and valid social
information 1is only the commonly accepted
infermation of beings which integrate a social
system. Otherwise, social information is
disagreeable, disappointing, and disintegrative
and has not the power of the being's validity
and acceptance.
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14.4. Artificial Intelligence

twenty-five years of artificial
intelligence vresearch has lived up to wvery
few of its promises and has falled to yield
any evidence that {t ever will, The time has

come to ask what has gone wrong and what we

ean reasonably expect from computer
intelligencs, How closely c&n computers
processing faects and making inferences

approach human intelligence? How can we
profitably use the intelligence that can be
given to¢ them? What are the risks of
enthusiastie and ambittous attempts to
redefine our intelligence in their terms, of
delegating to computers key decision-making
powers, of adapting ourselves to the
educational and business practices attuned
to mechanized reason?

(Dreyfus, Dreyfus, MOM, xi)

Artiflelal Iintelligence as a discipline could
be hardly classified as a science, art, or even
technology. Does it belong to a kind of new
era's working philosophy which only searches
its authentic field in relation to concepts and

yet . tndeterminable images of natural
intelligence?

Oon its wWaY of development, artificial
intelligence has established its own
sorts of applicabillty and methodology. 1Its
applications ean be classified, for instance,
a8 theorem proving, games, roboties, vision,
natural language processing, automatlic
programming, knowledge englneering, ete. Its
basic methodology has developed as
tepresentation of problems, searching,

inference mechanisms,
tntelligence,
knowledge,
tend to

processing

languages for artificial
representation and utilization of

etc., These methods and activities
explore and investigate information

in mind and machines. In this
respect, artificial intelligence is a real and
particular information-concerning discipline
deallng with information tn mind, brain, and in
possible future machines, Artiflicial
intelligence partieularly concerns information,
its forms and processes in the living and the
artificial.

By methodologles used up to now,
intelligence has not achieved the goals and
promises whieh it has glven during Its
developmental phases, It seems evident that its
philosophy of research was founded on the
bellef whieh says that Western-traditional,
rationalistically hard, and in some way
essentially reduced (simplified, quasi-
scientifie) techniques could be sufficient for
mastering problems in the domain of
Intelligence. However, up to now, artificial
intelligenee has not succeeded 1o realize

artificial

an
real or evident intelligence-like product, ro¥
instance, nelither on the level of computer
architecture nor Inp the domaln of computer
programming. The progress artifielal

intelligence has brought lies in the field of

improved algorithmi{cal concepts which
accelerate, combine, and reduce data
processing, however do not prove to be

intelligent in any respect.

Although artifieial intelllgence can and must
use vrationalistic experience of the past, it
must simultaneously step on and search new ways
outside of traditional thinking and
technologlical behavior, In the course of time,
it has to establtsh a new philosophy which witl
consider results coming from marginal sclences




and from marginal philosophies.
information sketched in this
Principles of Information (POI)

Philosophy of
essay and In
is marginal.
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15.1. Coneclusion

In this essay, trials have been made how to
determine difterent phenomena and/cr their
phenomenologies informationally. There could be
understood that 1t is always possible to
observe, investigate, explain, recognize, and
finally also comprehend the entire cosmie
phenomenoloegy through informational
i{llumination, where everything (metaphysically,
on conscious or other non-cognitive level)
appears as informatioen. In this essay, first of
all examples of the so-called integrative,
global, eortical, mind-concerning informational
forms and Iinformational processes have been
revealed, No examples belonging to the field of
biomolecular consciousness (e. g., Hameroff,
ULC) were glven (for 1instance, informational
processes of molecular computing; of
conaciousness as particleswave phystes, as a
property of protoplasm, as learning and as a
metaphysical imposition; of holography,
neuronal signalling, microtubules, sollitons;
cytoskeletal tnformation processing, viruses,
ete.} This kind of informational forms and
informational processes will be treated in =a
separate essay.

The objective of thls essay Ls to show the
necessity and usefulness of further development
of information philosophy, theory, and
technology within a broad, phenomenologically
all-embracing informational realm and not only
from the standpoint of existing mathematical
and communieational theory of information. 1In
the future, the arlsing informatlion phlilosophy
should also essentially contribute to the
philosophy of technologleal possibllities when
intelligent machines will be constructed.

C
{BBR) J. S. Albus: Brains, Behavior, and
RobBotics. Byte Books. MeGraw-Hiltl.
Petersborough, N, H., 1981,

(CPY) J. R. Anderson: Cognitive Psychology and
its Implications. Second Edition. W. H. Freeman
& Co. New York, 1985,

{MOM) H., L. Dreyfus, 8. E. Dreyfus {with T.
Athanasiou): Mind over Machine: The Power of
Human Intuition and Expertise in the Era of the

Computer., The Free Press, Macmillan. New York,
1986.
(DPH) A. Flew (Editor): A Dietionary of

Philosophy. Revised Second Edttion. St Martin's

Press. New York, 1884.

(PHH) H. -G, Cadamer: Philosophical
Hermeneuties. University of California Press.
Los Angeles, 1877.

(ULC) &S. R. Hameroff: Ultimate Computing:

Biomolecular Consciousness and Nanotechnology.

In Print: Elsevier Science Publ. 1887.
(BAT) M., Helidegger: Being and Time. Harper &
Row, Publ. New York, 18962.

(BW) M. Hefidegger: Basfc Writings. Harper &

25

Row. New York, 1977.

(BPP) M. Heidegger: The Basiec Problems of
Phenomenology. Indiana Untiversity Press.
Bloomington, 1982,

(QCT) M. Heidegger: The Question <Concerning
Technology and Other Essays. Harper & Row. New
York, 1877. .
(NIE) M. Helidegger: Nietzsche, Volume I: The
Wiil to Power as Art.

Routledge & Kegan Paul.
London, 1981. .

(WCT) M. Heldegger:
Harper & Row, New York,

What is Called Thinking?
1968."

(AAC) H. R, Maturana, F. J. Varela: Autopoiesis
and Cognition: The Reallzation of the Living.
D. Reidel P, C. Dodrecht, Holland, 1980. :

(HMP) M. Murray (Editor): Heidegger and Modern
Philosophy: Critical Essays. Yale University

Press, New Haven, 1878.
(AOT) G. Wallas: The Art of Thought. Harcourt
Brace., New York, 1326.

h .
(CRY) R. W. Welsberg: Creativity: Genius and
Other Myths, W, H. Freeman & Co. New York,
1986.
(OWI) A. P. 2eleznikar: On the wWay to
Information. Informatice 11 (1987), No. I, 4-
18.
(IDI) A. P. Zeleznikar: Information
Determinations I. Informatiea 11 (1987), No. 2,
a-17. )

(POL) A P.
Information.
17.

Zeleznikar:- Principles of
Informatica 11 (1987), No. 3, 98-

"ERRATUM

In the article A. P.
Zeleznikar, Principles
of Information,
Informatica 1l (1987),
Nr. 3, pp. 9-17, pages
Il and 12 were prin-
ted twice! Instead
page ll, the next
page (page 26 in this
issue) has to be in-
serted. We appology
to our readers for
this fatal error.



examples.
principles

On’' the other side, the following

will depend upon the previous ones,
s0 that all principles will be recurrentiy
interwoven among themselves and simultaneously
open for further comprehensional development.

THE CONSEQUENCE OF [INFORMATIONAL PRINCIPLES.
Principles of information will be counter-
informational too. This means that irrespective
of the principle of information In this essay,

& principle of information will have the
property of information, of fts circular and
spontanebus development (thinking, arising,

embedding} tn the realm of informatlon.

THE CONSEQUENCE OF INFORMATICNAL OBJECT -AND
INFORMATIONAL SUBJECT. Informetion {8 an
informational object and-/or informational
subject (g mastery over itself}. This faet ecan
be expressed tn formalized terms where
information can be understood as an
informational operand and/or as an
informational operator (operation).

informational objects are both (nformational

forms and informational processes which are
simul taneously informational operations.,
Informational objects (operands) can be

formally expressed as unities
informational_form,
being_Iin_the_form,

in the forms as
informational_process,
being_in_the_process, ete.
Similarly, informetional operations (operators)
can be expressed by different verbal
compositions, e. g., inform, generate, arise,
give, Vary, come_into_existence,
come_In_presence, modify_intelligently, embed,
ete.
OF COUNTER- INFORMAT ION,
objeets and counter-
are, for example,
counter-
objects and

THE CONSEQUENCE
Counter-informational
informational operations
counter-informetional_form,
informational_process, ete. as
inform_by_observing,
generate_through_cognition,
arise_by investigatlon, ete.

THE PRINCIPLE
Intormation
informational
formulee which
informational

OF
ean be

INFORMAT IONAL FORMULA .
formally expressed by
and counter-informational
can be constructed by wusing
operands {(objects) and
informational operators (subjects) in a
linguistically free, unbounded foerm.
Informational operations and their compositions
can be used as informational coperands (objects)
and a8 informational operators (subjects).
Although an informational formula is & free
sequence {(a serial expression) of informational
operators and informational operands, it ecan
(formal-linguistically) express eircularity,
spontanelty, parallelness, ete. of forms and

pracesses appearing tn an fnformational
formula. ‘

Now, some examples of primitive and composite
informational formulae can be shown.

AN EXAMPLE OF BASIC [NFORMATIONAL INFERENCE.
The following formula is the deductive
interenece represented in the wusual i1f-then
form:

information informs
{ts_own_and_cther_Informing;
Informing informs informatlon;

informaetion informs information;

An Individual statement 1is terminated by &
semicolon. In general, a list of statements can
represent an 'and', ‘'eor', or even an 'andsor’
statement, etc,

AN EXAMPLE OF INFORMATIONAL EQUIVALENCE.
following formula describes the equivalence

The
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. eonsequent

complex

information informs intelligence
ls_equal_to

information informs Informing:

Informing informs intelligence;

Operands and operators of a
constructed by free cholce,

formula can be
A atatement before

an operator 1is not terminated by a spectal
sign.

AN EXAMPLE OF TWO MEANINGFUL FORMULAE. The
following two formulae, where the first one
concerns the operation composition and the
second one the equivalence of two formulae, are

meaningful:

(1) "inform {s_equal_to
inform, generate, modify;

{2) information informs intelligence

is_equal_to
information informs, generates,
modifies intelligence
i5_equal_to
information informs intelligence,
information generates intelligence,
information modifies intelligence;

In this example some statements sre
by the comma to explicate the
connective, ete.

terminated
special ‘'and!

THE CONSEQUENCE OF THE FORM OF THE OPERATOR
"INFORM', The most general (and perhaps the
strongest) informational operator is the
operator "inform'. This operator can be
understood as a composition of an arbitrary
sequence of other informational operators. Each
operator c¢omposition can be meant to be purely
paraltlel, a mixture of parallel and serial, or
purely serial. The order of an (ndividuail
operator In the composite sequence may or may
not be determined by distinguished formal
connectives.

2, Prineiples of Informing of Information

In this
principles
the verb

section we shall deal
which originate in the
'to finform' and
derivatives. Let
inform' include the meaning of
verbs and verbal compeositions.
verb 'to inform'

with seversl

meaning of
several of 1its
the verb 'to

all possible
In this way, the
can represent an arbitrarily
informational  operator. Let this
meaning also be transparent to the noun
‘information', Yet, information Is understcod
as an arbitrary form, an arbitrary process, or
as both of them. I[In this way, finformation ean

represent an arbitrarily complex Informational
operand (object) and Informational operator
{subject).

Informing of Information as the broadesat

comprehension whieh is imaginable concerns four

basic forms or processes of information.. These
Are: Informing, embedding, arising, and
Counter-informing of information. This
reflection ylelds the following four
principles:

THE PRINCIPLE OF [INFORMING OF INFORMATION,

Informing of information, where Informing
is inherent to information itself, means that
through Informing, information informs
according to the principle of information, that
through Informing counter-information is coming
inte existence according to the prineciple of
counter-information, and that this counter-
information is embedded in existing Information
according to the principle of embedding of
information. Informing eireularly and
spontaneously concerns information aceording to
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- Abstrant. Execution models of the data flow based parallel inference
machine for OR-parallel and AND-parallel Prolog and the experimental

machine architecture are presented.

It is shown that two types of

logic programeing languages with different aims can be supported on
this machine. The programs are compiled into data {lov program graphs

corresponding to machine language codes, Thus, paralleliss in the

program can be exploited naturally.

The machine is constructed from

© processing elements and structure memories interconnected through a
hierarchical network. The processing elements interpret the procedu-
res represented by the data flovw program graphs in parallel. Structu-
red data is distributed to structure memories and shared amang these

procedures.

Keyvords. Fifth generation computer systems, parallel inference aac-
hine, OR-parallel Prolog, AND-parallel Prolog, data flow mechanisa,

machine architecture.

1 Intraoduction

The Fifth Genaration Computer Systems
{FG(S) research and development aim is to build
a prototype of knowledge information processing
system capable of efficiently performing know-
ledge-based problem solving and inference. To-
ward this end, a ten-year period has been
assigned to the FGCS Project, and this period
has been further devided into three stagas.
The goal of the initial three-year stage is to
condyct basic research on individual system
components in order tc establish basie configu-
ration technology for subsystems vhich are -to
be realized in the intermediate four-year sta-
ge.

Fig. 1 shows what has bhecome known as the
"basic configuration image” of the fifth gene-
ration computer C1]. Looked at vertically, it
has a hardware layer, a software layer, and an
external interface to applications systems, as
might bte expected. Logked at horizontally, it
becomes clear that each aspect of the functioc-
nality of a fifth generation cosputer - problea
splving and inference, knou}edge base manage-
ment and intelligent interfacing - requires its
own hardware and software support mechanisas.

The parallel inference machine and knou=-
ledge base wmachine are the most Important
hardware components of the FGCS. In the FGCS
prototype to be completed as the final product
of the project, the two wamachines will be
integrated through a close link. In the initi-
al stage, however, research and development are
proceeding separately {for each machine vith
research themes separately ' determined, since
the initial stage mainly aims to conduct rese-
arch and development of individual component
technologies to estabiish the basic technalogy

for the hardware, called the inference suhS{-
stem and Xnowledge base subsystem to be build
in the intermediate stage C31.

2 Knovledge base and infersnce subsystess

Development of the FGCS hardvare and arc-
hitecture will include the implementation af
mechanisas for processing and controlling a
knowledge bhase and efficient execution of pro-
blem-solving and inference techniques with the-
se& mechanisms. The system will depend on
multiprocessing and parallel processing techni-
gues for which two objectives are criticat:

(1) Provide machines with the power to
handle the mnatural parallelism found in pro-
blems tackled by humans. The structure of a
problem and the neccessary processing for sol-
ving it cam be shown by rules controlled by an
inference aechanism. Thus a major goal of the
FGCS praject is to devise an executlon amodel
for the inference mechanisa and to determine a
way to configure it.

(2) Achieve high-speed parallel proces-
sing ecapable of supporting intelligent human
activities. For this requirement, the princi-
pal reseacch must be concentrated on knowledge
base processing algorithm to handle a large
nunber of facts as well as a mechanisa suppor-
ting the algorithm.

The inference subsystems, together . with
the - knowledge base subsystem, forms the kecnel
of the FGCS hardware [B). The ultimate aim of
the FGCS resecarch and developnent project is a
machine enabling the execution of parallel
inferences [3,7,91. In the followving we shall
describe some FGCE projeot "data flow directed”
efforts in designing such a machine.
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Fig. 1 The overall structure af a fifth generation computer.

3 Parallsl infersnce subsystes

Machine lanquage of parallel inference machine

In FGCS project, logic prograsming was
selected as a bridge ta fill the gap between a
highly parallel cosputer architecture and know-
ledge information processing. Several logic
programning languages, named kernel languages,
vhich define an abstract interface betveen the
hardware and the software, are beeing develo-
ped. The kecrnal language KLO is the machine
language of sequential inference machine fram
which a parallel versiom KL1 is beeing develo~
ped. KL1 is the the wmachine language of
parallel inference machime (2] including two
types of basic languages: AND-parallel Proleog
and OR~parallel Prolog C41.

In the execution of logic programs, a high
degree of parallelism can be implemented vith
use of AND-parallel and OR-parallel executions,
When OR-parallelism is applied alternative clo-
uses of the same goal are executed in parallel.
The altecnative clauses have identical initial
states and do not interfere with each other,
except faor possible concurrent lnitialization
attempts of a goal variable by multiple clau-
ses. On the other hand, in ANMD-parallelism the
conjunctive goals of a clause body are executed
in parallel. In general, the goals may share
varlables and thus interfere with each othec
when the shared variables are accessed concu-
rrently. AND-parallelism in logic programaing
involves the simultaneuos execution of subgeoals

in » clause, Whereas OR-parallelism atteapts
to achieve increased speed by investigating
many postible sclutions in parallel, AND-paral-
lelism attempts to achieve increased speed by
investigating the subparts of a particular
solution in parallel,

In conventional segquential Prolog the se-
arch and test operations (called wunifications)
are executed one by one, but parallel search
and test operations can be impleménted through
parallel machine acchitecture to obtain a high-
speed machine, A few sources of parallelisa
which can be distinguished for parallel execu-
tion of Prolog are AND parallelism, and OR
parallelism.

(1) OR-parallel Prolog. When a gaal 1i-
teral 6 is given, the definition of & is
invaoked. A clause C is then selected {rom the
definition, and unification of G and the head H
of the clause C is attempted. Generally, vhen
multiple clauses €1, €2, .»+ Cn exist in the
definition, wunification of G and each H1, HZ,
v+ Hn cam be executed in parallel. A unit
clause Ci that is successfully unified with G

‘returns the splution(s). A nonunit clause (j

initiates the next wunification, treating its
body as a new goal statement, and waits for the
solutions. The resulting solutions of the goal
6 are merged into streams by stream aerging
primitives <{(in the order in vwvhich they are
obtained) and then ceturned to the goal. Thus,
OR-parallel Prolog is suitable for the clas of
"search-for-all-splutions" probleas.

An example o! OR-parallel Prolog is Paral-
lel Prolog T4,




(2) AND-parallel
expressed as 61 AND 62 AND ...
AND-parallelism can be wused to
conditions for 311 1literals 6i in parallel.
The goal statement is satisfied only wvhen
solutions are found for all the literals Gi and
there is no inconsistency between these soluti-
ons. The consistency checking is easy or evan
unnecessary in cases when the.goal literals Gi
have no wunbound variables shared agrong AND
protesses, or Wwhere shared variables are bound
to the ground instances before invocations of
these Titerals.

Several 1languages have been proposed to
realize AND-parallelism. They include PARLOG,
Concurrent Prolog, and &HC (Guarded Horn (lau-
ses) [4,51.

Prolag. When a goal is
AND @e,

search for

Mechanisms of parallel i e

Various mechanisms of parallel inference
and architectures based an those mechanisms are
beeing studied: data flow mechanism, reduction
mechanisa, complete-copying mechanism and, cla-
use unit processing mechanism., In what follows
we shall briefly describe these four mechanisms
€al:

. €1) Data {flow mechanisam. In the data
flow concept, execution starts when data neces-
sary faor the execution arrived. This caoncept
can result in parallelism regardless of whether

it is explicitly indicated in the ptograas.
This sechanism executes kernel language pro-
grams in parallel based on the data flow
concept. i

€2} PReduction mechanism. When eaxecuted,

an OR-parallel and AND-parallel Prolog program
generates resolvents from & goal and clause,
This can be rvegarded as a process in which a
goal modifies itself using a clause as a rule.
The reduction mechanism can also be viewed as 8
kind o! self-modification. Thus, there is 4
close similarity between the execution of OR-
parallel and AND-parallel Prolog programs and
the reduction mechanism. Accordingly, the re-
duction mechanism was selected far a wmachine
architectura that executes OR-parallel and AND-
parallel Prolog programs.

(3) Complete-copying mechanism.
te-copying is type of reduction mechanisa.
Even if a pracess includes several literals
{subgoals) and only aone literal (subgoal} is
reducible, the whole procass is copied and
transferred to & unit that executes the unifi-
cation process. This increases the number of
copies and the length af a packet im the
network, while enhancing the independence of
each process.

{4) Clause unit processing mechanism. 1In
response to a reguest from an idle processing
unit, a busy processing unit sends a process,
Thus, this mechanisa can avoid an explosion of
resource requests. However, it takes time for
all praocessing units to become busy.

Comple-

Y Data {lov based infersnce sachine

The parallel inference
data {low mechanism (PIM-D) is naturally well
suited to parallel procesing becouse the data
flow mechanism is closely related to functional
languages.

machine based on

Data flow computation ,..

Programs in the data flow eodel are repre-
sented by data flow graphs, nodes correspond to

operators and directed arcs correspond to data
paths along which operands are sent. An opera-
tor i5s deiven by operand arrivals from its

input arcs, and it outputs the result operands
to its output arcs without affecting the other
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functionality of
functio-

operators’ executian. This
operators has olose similarity to the
nal languaqes.

roe and logi o ampin

Execution of logic programs is performesd
in a goal-driven manner: a clause in the
programs is initiated when a goal is given and
returns the solutions to the goal. Logic
programming languages @ake use of the unifica-

tion operation, which is one of their basic
functiaons. Nondeterminism is another basic
feature of these languagesjy in pacticular,
"dan't-knav nondeterminism® is required for

OR-parallel Prolog, while “don't-care nondeter-
minisa" is regquired for AND-parallel Prolog.
The data flow model is also similar to logic
programming languages such as OR-paraliel and
AND-parallel ' Prolog. The pograms written in
OR-parallel or AND-parallel Prolog are compiled
into data flow graphs. ’

Implementation of GHC

GHC was selected as a basic language " of
KL% becouse it has eclearer semantics and provi-
des more efficient implementation than .Concu-
rrent Prolog, and it has more poweriul descrip-

tive power than PARLOG, G6HC programs consist
af guarded clauses such as!

H :- G1, 62y .+sy Gm | B1, BZ, ..., Bn.
where, H, Bi, and B} are head, guard and body
literals, respectively and "“I" is oalled a
cammit operator. When a goal literal is given

each definition clause is invoked and a semap-
hore flag shared among these clauses is ‘grea-
ted. Unifjcation is attempted between the head
literal and the given goal literal and if it
succeeds then the guard literals are invoked as

the new goal literals. Only the clause whose
guard literals succed {first can execute its
body; i.e. the clause whose guard sucgeeds

perforas a test-and-set operation to the shared
semaphore flag. If the result of this operati-
on 1is also successful, the clause can execute
its body; processing of the other clauses is
terminated. Thus, one clause is exclusively
selected faor a given goal from all the clauses
whose guards succeeded. There are several
implementation schemes to support the guard
mechanism in GHC C&J: :

(1) Complete compilation scheme. 'All the
unification directions are analysed in coapila-
tion time and codes are generated using unidi-
rectiaonal unmification primitives. In this
scheme the compiler is complicated.

(2) System number scheme. All the envi-
conments are managed by guard system nusbers.
4 new guard system number is allocated, vhen a
new definition is invoked and is restored to
its parent number when the coamit opecator is
executed. The guard numbers are associated with
all the wvariables included in the jinvoked
cltauses and the invironment to which each
variable belongs is compared with the current
environment when unification to the variable is
attempted.

{3) Pointer colaring scheme, The pointecr
cvoloring scheme distinguishes variables belon-
ging to the goal literals from those belanging
to the current guard by caloring.lf unification

is attempted between a goal variable and a
varliable in the invoked clause, the callee’s
variable is changed to a colored variable,

which points to the original variables. If H
colored wvariable is wunified with a term, the
instance bound to the variable is read before
unification. The commit operator cvestores the
colored variables to their original variables.
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(4) Read-only tagging scheme. This sche- the
me is an extension of the pointer coloring
scheme, in which every varlable has a tag
specifying its read-only level. The read-only

right side of the "=" operatar. The "{="
aperator specifies a procedure "app" invocation
MACTO. The ‘“wait_instance" instruction reads

the instance of the first goal acgument which

levels of the goal variables are incramented by is passed along the input path "acgi*. 1f the

one before the definitions are invoked, and cal argument is an unbound variable it is
decremented by one when the commit operator of 3 9 :

" Y P suspended until the variable is instantliated

each invoked eclause succeeds, . ("uarg1“}). This operation will need remote

access Lf the variable cells are distributed

aover the memory units in the system. Then, the

Translation from GHC program into the "switch_by_type™ instructions switeh all the

d low gragh goal arguments according to the first acgument

"uargi®. If the (first argqument is nil, they

put their left operands on their first destina-

tions, otherwise (if “uargt" is a 1ist) they

put thelr left agperands on the second destina-

We shall illustate the translation from a
given GHC program into the corresponding data
flow graph. Let wus have a saaple program
written in GHC (Fig, 2). It is a list-append

tions., Thus, one of the subsequent sagments is
prugr;m uhlcht a¥p::dsha élfftspefléie:hby th: invoked axclasivaly. The “wrl:e_instance" in-
second arqument o e hea era 0 e en t 5
of the list specified by the first argusent. struction tries to unify its two operands and

{ G2E BOUREX PRISRKL !

apnal([],Y,2Z):-true;zZ:Y.
APNO([H!X)}, Y, Z):-true!Z:=[H!IZ1),apned(X,Y, 2},

Fig. 2 GHC source prograa,

{ ESMPILEE EBOBX )

ret«<zappliargi,arg2,args3).

begin.

{ CLAUSE IKDEXING 1}
uargizwait_Jlnxtance{argi).
fargi_L,argi_R)=switch__by_type(uargi,uargi).
(arg2_L,arg2_R):=switeh_by_typelarg2,uargi).
(arg3_L.,arg3 _R)=switch_by_type{arg3d,uargi).
(ret_i,ret_2)-switch_by_typa(ret,uargt).

I COMFILED CODE OF THE FIRST CLAUSE )
resizerite_lastance{argd3_L,arg2_L).
return{resi,ret_1).

{ COMPILED CODE OF THE SECOND CLAUSE )
(Pi,p2)zdecompoge_tist(arg!i_R).
Pizcreate_glooal_var(argi_R),
Pldz=conu_Jist(pi,pl).
pPS=write__instance(arg? _R,p4).
péc<=app{p2,arg2_R,p3).
res2:checM_consistency(pSs,p6}.
return{res2,ret_2).

end.
Fig. 3 Compiled code.
The resulting list is unified with the third if gne of them is a varliable, it will instanti-
argument. The compiled code 1is depicted in ate the variable to another operand. 1n the
Fig. 3. The first statement of the compiled second clause af the source prograam, there is a
code specifies the procedure name “app" and its variable "21" in the tody vhich does not appear
arguments "arg1", "arg2", and "arg3". The ~ in the guard, For such a variable, the ‘“crea-
pocedure body is enclosed by “begin® and “end" te_global_var" instruction creates a nev varia-
statements and consists of three segments. The ble cell and initializes it. Two body literals
second and the third segment are compiled codes in the body of the second source clause :111 be
of the {irst and second source clause, respec- executed in parailel. The first is the “"vwrite-
tively. The role of the first segment is tao _instance” instruction and the other is the
decide which of the subsequent segments should recursive invocation of the predicate. The
be invoked. Each body statement correspands to “check_consistency” instruction tests their ce-
a node in the data flow graph. The left side sults whether they terminated successfully.
of the “=* operator specifies destination paths The data flow progras graph representation of

for the results of the instuction specified by the compiled code is shown in Fig. 4.
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Fig. 4 Data flow graph representation of the compiled code.

Machine architecture

Abstract machine architecture. The machi-
ne can exploit QR and AND-parallelism as well
a8s pearallelism in unificstion. In head unifi-
cation, if both literals consist of aultiple
arguments, or if both arguments are structured
data, the unification of these argusents or
their substructures  can be executed in paral-
lel. The machine is construtted from multiple

processing elements and multiple structure me-
mories interconnected by networks. The ab-
stract machine architecture is shown by Fig. &
C41.

Experiasntal wmachine. The experimental
machine is constructed from multiple processing
elenent modules (PEs) and wamultiple structure

" memory modules (8Ms) interconnected through a
hierarchial network as shown in Fig. & U5,41.
There are several hievarchy levels in the



processing processing
element element
NETWORK
structure structure
memor? memory

Flg. S The abstract machine architecture.

interconnection network. Each PE has its local
bus, Four PEs and four SMs are lnterconnected
by an inter-module network bus. A set of these
modules is called s cluster. Several clusters
are futher interconnected by an inter-cluster
network hus. The hacrdware specification for
these interconnection husses are the same, and
they are called T-busses (token busses).

Actual i{mplementation of the experimental
machine includes two clusters and is currently
being expanded to four clusters. 0f these
clusters, one is specialized, having one SM
repleced by a host processor (VAX-11/730),
which is used to initialize or monitor the
system.

PE..processing element

Packet formats. Each PE has several sta-
ges in order to implement pipelined ar parallel
executian, Packets transferred betwveen these
stages include result packets and executable
instruction packets.

A resul packet {(a token which is sent
along the directed arc in the prograa graph),
consiets af three tields:

(1) The activity identifier (16 bits)
specifies the lnvoked gpirocedure instance naame
to which the result packet belong.

(2) The destination field (24 bits) spa=-
cifies the address of the destinatien instruc-
tion (a nade in the data flow graph) of the
result packets. It also includes twe bits for
additional information; one specifies whether
the destined instruction receives one or two
operands, and the other specifies whether the
operand is a left or right aperand.

(3) The data field (32 bits} contains the
operand datas to be send to the imstructian.
The machine uses a tagging scheme, in which
each operand has a value field (25 bits) and
tag field (7 bits}, which specifies the data
type of the operand. 1f the operand ls a
structured data, the value field has a pointer
to the structure aemory (5-bit madule nuasber
and a 20-bit local address in meanry), and tag
tield is further divided inta two subfield: a
data type subfield, which specifies the data
type of structure (i.e., 1ist, vectar, ...) and
2 attribute subfield. The attribute subfield
contains a non-ground {flag, which indicates
whather the structure has any simple variables.
The attribute eubfield alsoc contains a shared
flag, which indicates whether the structure has
any shared-type variables (l.e., shared varia-
bles, global wvariables, opr read-only varia-
bles). The machine recognizes the tag field af
the operand and transfers control to the appro-
priate firmvare routine.

An  executable instruction packet consists
af five fields:

¢1) The current instruction address (20
bits) indicates the instruction address to be
executed and i{s used to obtain the destination

SM.stiructure memory <i_
NN..network node

T-BUS

c

CLUSTER 1
< T-BUS >
..... E{g |_:~_||_][_|

PE 1 PE 4 SM 1 SM 4

CLUSTER 8

Fig. & donfiguration af the experimental machine.



address from the destination specifier field as
dascribed belaw.

(2 The operation code {field (8 bits)
specifies the operation to be executed,

(3 The left gperand (32 bits),

(4) The right operand {32 bits).

(8) The destination specifier field (48
bits) specifies the destination addresses af
the results, There are two modes to speciiy
the destination addresses in the destination
specifier fieldy in the full destinatiaon eode
the specifier field contains up to two destina-
tians (each of them is 24-bit length), and in
the short destination mode the specifier field
contains wup ta {four destinations, where each
destimation is of 12-bit 1length and contains
the relative addresses {rom the current in-
struction. The relative addresses are added to
the current instructiaon address to obtain the
absolute addresses.

frocessing elesent module. Fig. 7 depicts
the configuration of each PE, The stages in a
PE include a packsd gqueue unit (PQUY, an
instruction control unit (ICU), several atoaic
processing units (APUs), and a network node
(NN These {unctional wnits have their own
controllers and are operative imn a pipelined
manner. Packet transmission via T-bus is con-
trolled by a NN, which has nine-to-one arbiter
to arbitrate the requests fram its lover level
units and from its higher level bus. The PE
has a local memory unit (LMU}, which is used to
store local data such as activity manegement
information, and is shared and accessible fram
APUs. PRU is a FIFO queue memory to store the
result packets from the T-bus.,  ICU recelves
the result packets fram PGU and checks {f the
destination instructions are executable or not.
An instruction is executable if It receivas a

< | T-BUS )

A A PQU
P P h
u u

u
1 2 ICU

< I-BUS >

APU..atomic processing wunit
PQU..packet queue unit
ICU.instruction control untt
LMy..local memory unit
T-BUS..token bus
I-BUS..instruction bus

Fig. 7 Confiquration of a processing element.

single operand, or if the partner operand is
already in the operand memory (OM) in the ICY
when it receives two operands. 1In the later
case, the ICU searches in its OM whether the
partner operand exists or not, If it does, the
partner is removed frum the memory; otherwvise,
the result packet ics stored in the OM., This
searching is performed associatively by hardwa-

re hash using the identifier and the destinati-
on address as the key field. If the instructi-
on is executable, the 1CU fetches the instruc-
tion code in its instruction memory (IM) and
congtructs an executable instruction packet and
sends the packet to the next stage, one of APUs

via the instruction bus (I-bus). The APU
interprets the instruction packets and sends
result packets to the PQU in its PE or other
PEs, or sends structure acoess comand packets
ta SMs via the token bus,

Structure aesory aodule. The SMs are
responsible for the structure access caammands,
pecform structure manipulation operatians, and
return results to the destination specified by
the cammands, Each €M consists of an structure
processing unit (SPU) and structure memsory unit
(§MU) for storing the structured -data (Fig. &).
The SPUs receive the structure manipulation
commands from the APUs and interpret them. If
the commands need 4the responses, hev result
packets are created and sent back to the PEs.
Such commands include read commands, meaory
allocation commands, and so on.

A
< T-BUS >
I I
S s
P M
u U

SPU..structure processing unit
SMU..structure memory unit
T-BUS..token bus

Fig. 8 Configuration of a structure memory.

The specification and typical processing
times of the various units are given in Table 1
and Table Z, respactively.

Table 1 Specitfication af the units.

————— o ————— - o +
! unit | specification® 1
L e e et e——— m———————— ,emme—mm———— +
| IP&UI FIFD size: 18Kw % 8&b (14K tokens))
I TICUI IM size: F4Kw x 59b (94K instr.)|
IPEI I OM sizet 32Kw x b4b (32K tokens)|
1 1aPU micro store: 1Kw x 3220 ROM $
| S | TKw x 32b RAM |
I ILMUI memory &size: S512Kw x 32b {
o am e e S e e L A e +
I ISPUI micro store: 1Kw x 32b ROM 1
I SM) Y TKw % 32b RAM !
I ISMU! memory size: iMw x 34b (data, tags?!
[ S 1 512Kw x 10b (ref. count)!
o e o e e e e e e e e e e
I NN | FIFO size: &4w x Bbb (&4 tokens) |
omm———— A e e e e e +



Tabla 2 Typical processing times of the units.

1PGUI packet receive

l | delay in queue

1ICUt single operand instruction
t | two operand instruction
(on arrival of 1st operand)
tvo operand instruction
(on acrival of 2nd operand)
"copy" instruction

8M-read operation
SM-write operation
packet receive
packet send

o e o A s e o e e 8 ———

* in machine cycles
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5 Conocluding points

Striking progress in computer technology
has given wus single-chip computers whose pro-
cessing pover far exceeds that of the first-ge-
neration computers. There are also variaus
high-level languages, operating systems; and
data-base systeas. As a result, programs f{or
almost any kind of application can be written,
provided that their algocithms can explicitly
be described. This means that computers can
replace people in many areas because of their
high-speed processing and large memory capabi-
lity. However, there remain many application
fields with hard~to-solve problems, One such
is the knowledge-information processing field,
where FGCE are expected te play an important
role.

A machine to cope with knowledge~informa-
tion processing should support extensive stora-
ge of datz and high-speed inference using the
data. Up to now, inference procesing has
involved implementing functional and logic pro-
gramming languages on caonventional sequential
computers, However, the need for processing
pover of new applications in knowledge-inforaea-
tion processing may exceed the capabilities of
sequantial computers.

PODATKOVNO

PRETOKGVNIL

The architecture of paratlel inference
mechine makes it a possible candidate for
caping with such processing requirements. Coa-
puter architectures proposed for parallel infe-
rence machines include the high-level 1language
machine C103 as well as the data flow machine.
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PARALELNL STROJ 1A

BKLEPANJE. V #lanku je predstavljen paralelni

stroj za sklepanje, ki
fzvelevanju
gtroj podpira izvrdevanje

pretokovnen

temaljl na podatkevno

logittnih pragrasov.
logi&nih prograsov,

zapisanih v OR ali AND-paralelnem Prolagu (Pa-
rallel Prolog, PARLOG, Concurrent Prolog, GHC).
Tak8ni programl se prevedejo v podatkavno pre-
tokovne pragramske grafe, ki ustrezajo strojne-

mu jeziku.  Podan

primec transformacije

programa, zapisanega v jeziku 6HC, v ustrezni

podatkovne gpretakovni
tektura stroja obsega

programski graf. Archi-
procesne elemente ter

strukturne pomnilnike, ki jih povezuje hierar-
hina ace?a.  Procesni elementl izvrbujejo dele
programskegs grafa soBasno, pri #emer si delijo

podatke, zaplsane v

strukturnih poaniltnikih,

Padan so tudi prostorske in fasovne rahteve
posameznih komponent arhitekture. :
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SUMMARY : The paper considers the problem of minimising the number of crews to carry out a specified number of
trips, A trip represents in this case a movement between the two adjacent bus stops (each bus stop is treated as a
timing point). Two procedures are presented for establishing a number of crews in a period of 24 hours which can handle
all trips on ome bus route. The concept of finding an optimum was not applied in solving this problem. Instead, smaller
sets of trips were extracted from the whole number and the best possible combinations of trips in each set are establis-
hed, This gave excellent practical results for the tecst cases,

SADRZAJ: Rad razmatra problem minimiziranja broja posada pomofu kojih se opsluZuje potreban broj voZnji, Voinja u
ovom slufaju pretstavlja kretanje izmedju dve susedne stanice autobusa {svaka zaustavna tatka se tretira kao vremenska
tacka). Prikazane su dve procedure za izrafunavanje broja posada u periodu od 24 tasa koje ukljutuju sve voZnje na
Jednoj autobuskoj 1iniji. Koncept nalaZenja apsolutnog optimuma nije primenjen pri redavanju ovoga problema. Umesto
toga, mali skupovi voinji su izdvejeni iz celeg skupa i iz njih izralunavane. najbolje kombinacije voinji., Ovaj postu-
pak je dao odliZne priktifne rezultate pri testiranju.

1. INTRODUCTION : - preparation time " 2ve,
- layover time in case of an early -
The problem of calculating the neeessary number of arrival MW Z.

crews was solved using different techniques (Ref.1,2,3,
4), The heuristic method is employed to minimise the n
nurber of crews serving a large number of trips, while
smaller sets of trips allow application of the deter-

Definition 2: A duty consists of a set of trips
_executed by one crew during one dzy,
A duty is defined by:

- working hours (maximum allowed) ARBMAX,
ministic method to find the absolute minimum of the - crew preparation time ARBYOR,
number of crews required. So, this problem was never - clear time ARBABS,
solved in a unique manner €or any number of trips. - a selected subset of trips ’ YOS ST

The intention here is to suggest a new method for
solving the crew scheduling problem, and to trigger off
further research for development of this model. The solu-
tion which will be presented does not require special
mathematical software {linear programming, etc.) and it
is economical in hardware reqguirement and running time,

- number of trips . n,

- meal break T.

A sequence of trips may constitute a duty if it sati-
sfies the requirement and restrictions above and at
least one of the conditions (1° ang 2° below} of the
meal breaks T. to which the crew is entitled,

2. DEFINITIONS : 1° The meal break Tp during a duty must not be less
than 1/z of the sum of trip times (e.g. z=6)

Definition 1: A trip is one-way movement of a bus o o
27 1 the above condition (1"} is not satisfied

a;long a route between the two terminal points, However,
in the current context each of the bus stops will be then at least the following must apply:
treated as a tifing point and the term "trip® will indi- - one meal break of P, min, or

cate a one-way movement between the adjacent timing - two meal breaks. of Pé min, or .

points. - three meal breaks of P3 min,
We also define the variables for a trip: - From experience, these values are P _30 win, P2=
- point of departure BPY, = 20 min and Py=15 min. If a mlmmum number of breaks
- point of arrival BPN, exists in a duty (as in case 27), then the time distri-
- departure time ABF, butien of breaks must be as follows:
- arrival time ANK, - the time from the start of a duty to the start
- direction of the trip R, of meal break P, and from the end of meal break P, to
- live running time F2, the end of the duty must not exceed 270 (4:30) min,
- "link" time {required to move the - the time from the start of a duty to the start of

bus from the arrival point to the the second meal break P2 and from the end of the first

departure point} . UMZT,



meal break P2 to the end of the duty must not exceed
270 min,

- the time from the start of a duty to the start of
" the third meal break P3 and from the end of ths_.- first
meal break P3 to the end of the duty must not exceed
270 min.

Meal break may be taken at any stop on route, The
shortest possible meal break is fixed to 10 min, A meal
break less than 10 min is ignored.

The problem is to find a simple algorithm for deter-
mining the minimum number of crews {or value close to
the minimum) on one bus Jine, In other wards, to dis-
tribute the total number of trips N on one line in cne
day to the minimum number of duties M, so that each du-
ty satisfies all the previously mentioned restrictions,
Also, it should allow for the fact that a new trip of
the same duty gannot start before the previous one has
finished (this will be vreferred to as "trip combina-
tion" ).

The number of buses servicing one lire has not been
considered in the analysis. The number of buses repre-
sents a separate problem,

3. ALGORITHM

This section considers an alg¥rithm which can give a
short-gut solution SC and a general solution GS which
is more complex but more accurate. They differ in the
number of salutions which can be obtained from one
execution of the algorithm and the way it is implemented
on a computer, Two methods can be applied for both
solutions, The methods differ from each ather in the
sequence of selecting duties; metho# F calculates du-
ties in an ascending time flow, while method 8 does
the reverse, i.e, in a2 descending sequence. Method F
will be explained only since there is an analoﬁy bet-
ween F and B, '

The general solution G5

A. Sort all the trips using departure time ABF;
resviting in a sorted set of trips

Sy = {a;; 1=1, N3,
B, Extract all the trips from the set SN‘wh'ich satis-
fy the inequality
ABF(a,) < ANK(aj) < ARBMAX - ARBYOR - ARBABS. +
+ ABF(2,),

(aj; 3=1, rf11) (1

and let them constitute the trip subset Sr11 =
= {?!'1; i=1, r11} from ril members, with member 31=a1
in the first position, Trips from this subset only can
take part in the selection of the first duties.

C. Combine ail the trips from subset Sr” in accor-
dance with the restrictions from section 2, so that
each combination has in its first position the trip a.
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Combinations with the highest time utilisation factor
(the ratio of the sum of trip times in a duty and the
duration of the duty) are stored as the best solutions
for the first crew, hence creating a table € =
“Heig it

Element €5 for i<j, assumes a meal break |:|4i
be tween a ~-th and aJ-th trip from the subset S rt1e If
the tnps a1 and aj are simultaneous, then c, J-O The
symmetrical element c.. assumes the sum of times f
executing the ai-th tﬂp and moving the bus to the
starting point of the new trip a‘j at the same station,
If &, and 'ai‘j cannot be combined, then f,=0.

The vatues of p1j,and f‘lj are

P, j=m;ﬂ'5j }-ABF (3, )-FZ(3; )-UMZT (&, ,EJ. )-2¥6(3, )-
~G(BPN(E;), BPV(%‘J.J)
f1j=FZ('a'|'i) + lmn(%‘i ,'a“j)

(2)

G is a table of the times between stops. Element gij
of this table represents the time required to travel the
distance between the arrival point BPN{a } of the trip
31 and the departure point B‘JP(aJ) of the trip 3.
user specifies a time interval Tc in which trips can be
combined and this results that the table C contains only
those merbers of c and c.: 340 which satisfy the inequali-
ty for trips ai and .'a‘i

ABF(aj) <RBF(E) + T, i< (3)

This restriction and condition for combining trips
results in a sparse table , greatly reducing the number
of combinations, The solutions for the first crew are
found via the subscripts of the table elements which are
greater than zero and are located above the main diagonal,
E,g., let us examine a series of this table elements:
©1,3 C3,8% Cg, 138 Cy3,27 7,413 C4y 57+ Their subs-
cripts point to the trip corbination 345 334 3gy 349,
8970 3495 2570 When we analyse all the trip chains, we
get S11 solutions for the first crew, Let us label them
as K](a”), Kzta”),....Ks“(a”). The parametar LIY
means that these potential solutions for the first crew
have been selected from the first extracted subset LY
that ag, is the first trip in all solutions (in the first
execution of step C in the algorithm a“=a1). Hence, ,it
follows that

v(Ki(a”),Kj{a”))eSr” is K{(a”)AKj(a“);!U
(4)

i 1..!':{1.511}.
Each calculated duty which has a time utilisation factor
greater then the preset thershold time utilisation fac-
tor p_, is entered in one row of the table H, Let us
assume that vi1 solutions satisfy this condition. For
instance, let us say that after the first execution of
steps B and C of the algorithm we have v11=3 solutions
for the first crew, i.e,



K1(a1J: 3, 858, 3. 3525 3353448524, 0...0 a, i1 Py
Kz(a1]: By 3y 3, 3 35 35 23,3,42,, 0.....0 ag 91 Py
Kyl 8y 2y a53084808068,480,8,0 O.0.0000 20 10 104y

This shows that the number of trips for three duties
is n1(a1)=10, nz(a1)=9 and na(a1)=10, with the first un-
related trips being ap1(a1)=az, ap2{31)=33 and ap3(a1)=
=2, Time utilisation factors are v Py and Pas
respectively, .

In general case, after first execution the steps B
and C we have K1(a”), Kz(a”),‘...,Kv”(a”) solutions
for the duties with n’{a”),nz(a”).....nv”{a”)
trips in each, and the unrelated trips in these soluti-
ons being ap1(a11),ap2(a11),...,apv“(a“), respecti-
vely. .

D. Create sets sN-n1(a”)’SN-n2(a11):""SN-nv”(a”}
without the trips included in the duties K1(a“),
Kz(a“),...,l(v“(a”). respectively.

Extract subsets Sr'21' Sr22" "'Srsz from these
sets by executing step B of the algorithm v11 times,

Execute step C once for each of these subsets and
the best second duties should be extracted.

E.g., the solutions for the first and the second
duties whixh can be combined would be

K1(a11) + (K1(az1), Kz(am),.... szi(a21})
Kolagy) + (Ky(ap0)s Kafagp)aens Kypplars))

.

(5)
Kor1laq 4 KyQaggqqds Kolagygqdaees Kigypylagyggl)

.

The number of solutions is high, hence the user is
allowed to select only those pairs of duties which
have a high time utilisation "factor,'or a high number
of trips in duties. If we wish to retain the same num-
ber of solutions as in the selection for the first
crew, and assuming that the values in brackets in rela-
tion {5) are sonéd in a descending sequence of the
time utilisation factors, the set of solutions for two
duties. would be K1(a”)+l(1(a21), KZ(a”)+Kl(a22),....'
Kv“(a“)+l<1(32v“). These so1gtions satisfy the condi-
tion for combining duties represented by relation

(Ki(agq)8K (ap9))=0s  fe{t,v1n} (6)

The unrelated trips of the first duties are the
first trips of the second duties, i.e.

a1(2y)ma5q0 002 4072p50 0 uiay gy(2gg)may 4.

This explains how a set of solutions for two crews
is creatéd. The procedure is repeated until each row
of the table H contains:alt the trips from set SN'
If a greater number of solutions is obtained (rows in
the table) which contain the same minimum values of
the number of crews M, then the final choice is made
by the user.

The short-cut solution SC

This is a simplified version of the algorithm provi-
ding a single solution of the required number of crews.
Because of simplicity and short running time on the com-
puter, this solution is of greater practical value,

a) Sort all trips of the set SN by ABF parameter as
in A, }

b) Extract the Sr11={3’.i; j=i, r11} subset of trips
from the SN set according to the inequality condition
(1), |

c) Determine the combination of trips from subset
srﬂ which has the highest time utilisation factor as in
C. Let this be the combination K1(a") with ni(au)
trips, Let us declare this combination as the first duty,

d) Revise the set SN extracting all the trips which
make up the first duty.

We now obtain a new set § , ={3'.; 'i=1,
N-n [ii‘I ) !
N—n1(a”)}. Branch to step b of the Algorithm.

After k-th pass through steps b, ¢ and d of the al-
gOI"ifhljl, duties Ky(a,,)s K1(a21),.... K1[ak1) hav-ie been
established from subsets S,r11’ 5.-21"""5rk1' with
n1(a”), n1(a21]...., n,‘(am} trips per duty, respecti-
vely, Test whether the remaining trip set
SN'H1(a~|1)'“1(321)'---'n1(ak1) 1s empty’ Ifit is’ the
algorithm terminates and the total number of crews is
M=k, otherwise substitute k+1+k and branch to b,

4, REDUCING THE NUMBER OF CREWS

IT we use alternative GS of the algorithm, we can
end up with a large number of solutions. Amongst that
set of solutions there is a great chance that we obtain
the solution with the minimum number of crews., However,
the general solution is &bomomically justifiable only
if it is applied to smaller sets of trips or if few
solutions are required. We shall now explain the proce-
dure for reducing the number of crews which will also
improve the result obtained from the short cut colution.

We proved experimentally that in applying methods
F and B of the short cut solution on a set of N trips,
we get two independent solutions R,, Rz..... Rp and

. L‘I’ LZ""’ Lq-1? Lq. The number of crews p and q are

different in the general case, It becomes evident that
there is a tendency for the time utilisation factor of
the duties to decrease as the subscript i increases for
the row R and vice versa for L, This statement is not
always valid for two consecutive duties, but it can be
considered as such when the whole set of duties is
analysed, This becomes more evident when numerous
frips are taking place simultanepusly. Also the quality
of each duty is dependent on the size of the subset
from which it was selected, the mean trip duration,
time distribution of trips and on the selection of the
previous duties, ‘

Here, we shall try to reduce the number of crews
as obtained from solution R and L, to get a series of
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m crews where m can be represented by

m < min (p,q)

{7)
The following procedure is recommended. Lét us con-

sider the relationships which may occur between duty
R1 and LT“

1° L1CR1; all trips of duty L1'are included in duty
R1.
Based on 1° transform series R and L into the fol-
lowing form

Rys fRpseres Ry RO

A=) (=)
R1’ Lz » L3 [EENE] Lq_1, Lq

The character {-) appears, for example, in duties
I.2 and L3, and means that certain trips have been ex~
tracted from these duties, as they have been included
L duty RT‘ In further steps, the series which are being
compared are on the right hand side of the vertical
line,

20 LPR1; all trips of duty R, are represented

B

in duty Li‘ The procedure is the same as in 1°, We get
{=} pl=)
L1’ R2 loR3 * AR ay R

Ly

p-1* Rp

v Lgrenns Loga Ly

3? R1ﬂ|.1; certain trips from duty R1 are not inclu-
ded in duty L, and vice versa. Based on the time utili-
sation factor we select, for example, duty R1. The se-
ries now becomes

Ry» R%:)Rs,(L;., Ry-qs Ry
+ +
R1’ Lz ’ L3 3 esry Lq_ta Lq

Characters + and - show that some trips have been
extracted and added to duties L, and L3, for exampie.
For the new values Lg;) and Lg+ it 1a not evident
whether they can represent duties, However, based on
the assumption of monotony of the series R and L, Rz
will assign in the second place of the L series, hence

R1, Rz, eees R

Ryv Ry

By analogy, after two steps, going from right to
left the series becomes__

p-1* Rp

++
L3 seany Lq_1, Lq

(++)
Rye Ran g ween Bog 1 Lgpo L
{++
R1s Rz’ L3 Y eas g Lq_1| Lq

Generalising the procedure we arrive at a subscript
i for which

D(R” * pl(zz) +...+p,gi) (8)

is valid, Here PR and p, are time utilisation factors
of the seties R and L, 1f the standard deviation from
trip duration is small, we can also suppose that

MOBORINC

oM@ inl1) s o DinDs ) ©)

{a simplified notation was used, lence nai )=n1(a”)).
We repeat the procedure starting from the end of
serias R and L until we reach subscript j for which

pép~d+1)+p£p-5+2)+_..+p£pl< p{q-3+1)+pfq-j+2)+
+...+o£q) (10}
and
P30 unlo=392) | 4alP) ¢ p(a-31)qlamis2),

#ouotnl9)

(11)
are valid,

Hence, i+j duties with high utilisation factors are
taken as those finally selected and we extract all
their trips from further reduction. These are R1. Rz,
"“Ri' Lq-j+1""’|“q-1’ Lq. The remaining duties are
determined by executing the short cut version of the
algorithm on the remaining N " trips '

w1 )=N-(n|g1 )maz)h . '*"{R‘ ))-(nI{_q'j+2)+. ..+n£q))

(12)
and then we repeat the reduction procedure with an
interactfve control from the terminal. After reaching
certain values 1 and j, the selection of duty Ri+1
may have a negative effect on L, , and vice versa, In
such a case the general solution of the algorithm is
recommended.

5. A NUMERICAL EXAMPLE

In order to test the algorithm, a program was
written which processed a set of N=227 trips. Variable
Tength trips, between 5 stops of a route were taken,
with a mean trip duration of 35.45 min and with a stan-
dard deviation of 8.91 min. The short cut solution gave
a result of M=27 crews, By reduction, the total number
of crews was reduced to 26, Using a Honeywell, leve! 6
computer, and 23 K words of store, the processing took
12 min.

6. CONCLUSION

During the analysis stage of this problem it was
quite evident that it is impossible to calculate, in
a short time on' a computer, all distributions of N
trips in M crews allowing for a set of restrictions.
Hence, it was impossible to select a solution with a
minimum value for M, However, an algorithm was develo-
ped, where the number of combinations under investiga-
tion is reduced to a minimum by searching through a
significantly smaller trip subsets and extracting
the best duty from each,

The weaknesses evident in selecting duties from
subsets with a smail number of elements or in selecting
the Tast duties, can be eliminated by reduction, This
procedure also reorganises duties. On the other hand,
the general solytion represents a set of simplified
solutions. Also, it gives the user the flexibility in



selecting solutions with a high time utilisation factor
in accordance with the optimisation level it wishes to
attain and depending on the computer resources
available, )

It would be interesting for further research to
apply this algorithm to the inseparable strings of
trips. In this case, a string would mean a sequence of
trips with a high percentage of live running time,
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ABSTRACT. This paper is a selected survey of parallel computer systems. A

classification of parallel computers

is given and some most attractive

architectures are discussed. Special attemtion is paid to massively parallel
processars. The organization and interconnection structure of multiprocessor
systems is given. By analyseing a trend of research in parallel computer
systems over last 10 years some predictions are given about individual
features which will probably have great influence on future parallel computer
systems. An extensive survey of references in parallel computer systems is

given.

IZBOR IN PREGLED PARALELNIH RACUNALNISKIH SISTEMOV. €lanek podaja izbor in

pregled paralelnih radunalniskih

sistemav,

Narejena je klasifikacija

paralelnih radunalnikov in opis nekaterih najboli zanimivih arhitektur.
Fodana je organizacija multiprocesoriev in opisane so razlidne povezovalne
strukture med procesorji ter pomnilniki v posameznih sistemih. Analiza trenda

raziskav paralelnih raéunalniskih

sistemov v zadnjem desetletju omogoca

izlptitev posameznib znatilnosti, ki bodo predvidoma mofno vplivale na razvaj

baodoéih paralelnih  ratunalniskih

gistemov. V Dbihliografiji je prilolen

obdiren pregled referenc za paralelne racdunalniske sisteme.

1. INTRODUCTION — EVERYBODY MAKES IT PARALLEL

A few years ago all high developed counties in
the world have started projects in developing a
parallel computer system. All these projects
were financially supported by governments. Many
companies and research institutes also started
research projects on parallel systems. The
falling price of microcomputers and VLSI
fecilities on universities has encouraged many
universities to design and to build parallel
computer architectures based on linking many
microprocessors or specially designed VLSI
chipe together to work on one job.

Development of a parallel computer is an
extremely difficult task which includes:

- development i new concept of parallel

computer architecture,

- design of an operating system that supports

parallel architecture,

- transformation of traditional sequential
application programs to parallel programs
el ther by prepraocessor or by a parallel

programming language.

We see that by switching from SISD (single
tnatruction saingle data? machines to MIMD
(multiple instruction multiple data) machines
one can not simply upgrade an existing SISD
computer system but cne is faced with problems
which are conceptually new. Resgarch and
devel opment of a parallel computer system
requiree a very strong research which often
includes)

~ more than {00 specialists,

- a bilion dellar financial support,

- research and development phase which lasts
several years.

Gavernment financial support is only a fraction
af the whole finances which are devated to
projects in parallel computing. Strategy makers
in most companias ars familiar with market
regearch studies which predict that parallel
processing machines will take about 30 percent
of the market in high—performance computers by
1990,

2. CLASSIFICATION OF PARALLEL SYSTEMS

Parallel computers are usually divided into
three architectural configurations:

- SIMD pipelined computers
# early vector processors,
attached processors,
recent vector processors,
other vaectar processors,

* ¥ &

- SIMD array processors,

~ MIMD parallel processors,
* massively parallel processors,
# amall scale parallel systems.

Another grouping in possible as for example
clagsasification according to distribution of
local and glpbal memory into tightly and
locsely coupled parallel systems or
tlassification actording to applicatien
possibilities into general purpose or special




purpose computers.

several
pipeline

Many existing computers are now using
parallel approaches. Parallelism in
coenputers is performed by averlapping
computationsg and is therefore temporal
parallelism, Parallelism in array proceasors is
performed by multiple synchronized ALl and 1is
therefore spatial paralleliam. Parallelism in
multiprocessor systems is performed by a set of
processors with shared resources which work in
asynchronous mode,

The 1list of projects in parallel computing is
getting longer every day. By camparing the
architectural approach in different projects we
see that the computer scene in parallel
computer systems is particularly varied. It isg
difficult to classeify parallel computers, but
helpful in order to concentrate on similarities
and differences hetween the computer
architectures. Because parallel computers are
using aseveral different architectural
principles one might argue a proposed
classification.

Bome of described computlr are "paper machines”

that bhava been studied theoretically and by
simulation, but have not been build. Many af
this prajects were funded by governmant
agencies, but scme af them are industry
projects (IBM, Burrcughs, CRC,...).

There follows an alphabetic list of the
parallel computer systems or projects, each
with the name of the chief architect and host

ingtitution., A list of references dealing with
each project is also given, The most
interesting architectures are briefly
degscribed. The
grouped accarding ta uwpper classificatian.

SIMD PIPELINE CdHPUTERS

Ef P 3L R

EARLY VECTOR PROCESSUORS

BVM (Boolaan Vector Machine), Robert A.
Dukse University, North Carolina.

This is a collection of 1-bit processing
@lements connected as a4 hypercube with rings at
each corner, using the Cube-Connected-Cycle
topology.

Wagner ,

STAR-100, Control Data Corporation .

The design of Star started in 1965 and was
delivered in 1973, This is a processor with two
nonhamogeneous arithmetic pipelines. (HWABS,
LINBZ, PURY4).

Tl ASC, (Texas Instruments Advanced Scientific
Camputer), Texas Instrument. .

This machine usez 1 to 4 hamogeneous
and was delivered in 1972. (HWABS,

pipelines
KDG81}.

ATTACHED PIPELINE FRODCESSORS

CSPI MAXIM/ &4,
Massachusetts).
Maxim/&64 in a minimal configuration includes a
14 slot chassis, a &4-bit flaating polint array
processor, 15 Mbytes of data memory and Micro
vax-I11 CPU. The machine is designed for
research, scientitic and engineering users and
costs about $170.000, (NANBG!.

(CSP Ina,., BILLERICA,

FPB-AP120,

Oregon, USA.
This company produces also a new version of
attached pipeline processors FPS-14&4 and FPS-

Floating point asystems, Beaverton,

list of parallel computers is
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264 which is used in configuraticon named LCAF
(Losely coupled array of processors). More than
1500 machines had been sold and were used
mostly for signal processing. They are gquite
cost effective in comparison to Cray or Cyber
computers, (HOCB1, HWABS, WIL82).

IBM 3838
I1BM 3838
processor

is a multiple pipeline scientific
specially designed to attach to 1BM
mainframes, like the System/370, for enhancing
the vector-processing capability of the bhost
machine. It is microprogrammed pipeline
processor which can be supplied with custom-—
ordered instruction sets for specific wvector
applications.

RECENT VECTOR FROCESSORS

Cray-1 Cray Research Inc., Chippéwa Falls,
Wiscansin, USA. :

This is the first successful vector computer.
More than 40 camputers have been sold and
installed, +first {n 1975, It comprises 12
special—-purpose pipelines for the different
arithmetic operations. It is very expensive.

(HWAGS, JORB2, RUS?E).

An upgrade aof this computer is Cray-<2, (HOLBS).
Cyber-205 .
This computer is an example of pipelined

architecture and is highly campetitive with the
CRAY-1. It is based on CDC BTAR 100. It |is
based on one, two or four pipelined general-
purpose units working always to and from main
memopry. It i an expensive machine, designed
initially to weapons’ calculations and weather
simulatiaon. (HOC81, HWABS, VONB84).

CDC/NRSF Control Data Corporation Numerical
Aercdynamic Simulation Facility.

This is a supercomputer to be used in 1990s for
aerospace vehicle or superjet designs. The
speed requirements wae set to be at lest 1000
Mflops and the purpose is to calculate the

viscous Navier-Stakes fluld equatiaons far three

dimensional modeling of the wind tunnel
experimenta. (HWAB3, HOCE1).

VP-200, Fujitsu,

This syatem has & scalar and a vector processor
which can operate concurrently and it can be
used . a3 a loosely ¢toupled back—-end syatem.
(HWABS, LLU84, UCHBS).

OTHER VECTOR PROCESSORS

Ahmdal 1200

This computer is & Euraopean varsion - of
Fujitsu’'s racent vector processor VP-200.

Similar version of VP-10C is known in Europe as
Ahmdal 11900 computer., (KOC85).

Siemens VP200

This is another Europtan version of Fujitsu's
vector processor YP-200. Fujltsu’s VP-100 ig as
Siemens product known as Stemens VYP100Q,
(KOC8S) .

YH1
This is Chine’'s first supercomputer, known also
as "Galaxy". The development started in 1978 at

the University of Defense Science and
Technology in Chang=a. The machine looks like a
Cray computer. (NEWS3/1).



SIMD ARRAY COMPUTERS

BSP, (Burroughs Scient]fic
Burroughs (HOCB1, HWABS, KUCB2} .
BSP has been largely based on the experiences
that Burroughs have gained as major contractaors
on the ILLIAC IV project. The design principles
of the BSP were to provide a machine using a
standard technology, which would be programmed
in a high level language and sustain a
continuaus 20-40 Mflopm/s.

Processor},

ICL RaP (ICL Distributed Array Processor)
(Hacal).

This is an array of cne-bit processors which
are . often called asnsoclative processors. The
design of pilot DAP was started in 1974 and
consisted of a two-dimensional arrays of 1024

i=-pbit processors.

ILLIAC-IV (BAR&A, DAVETZ, BAUTZ, HWABS)

This computear was designed for the splution of
partial differential egquations and can be
described as an 8x@ array of &4-bit floating
point procesaing elements each (PE) with
2kwords of memory. It was working with ngarest-
neighbor connections (fig. 1) and cantrolled by
a wingle inatruction stream processed 1n a
central control unit.
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Fig. 1.3 The connectivity between &4 processing
elements in ILLIAC IV (HWAES).

MPP, {Massively Parallel Processor)

This PpProcessor was developed for processing
gatellite imagery at the NASA Goddard Gpace
Flight Center and has 1268x 128=143684
microprataessors that can be used in parallel.
Each processor iS associated with a 1024-bit

RAM. (BATBO, BATB2, HWABS)

FEPE -(Parallasl Element Processor Ensemble).
This special purpose computer 1is Burroughs
$loating point processor array which was

developed at Bell Laboratories and designed ta
control a ballistic missile defense aystem of
radar detectors and missile launchaers. This is
a loosely coupled eystem of 288 processing
elements, each containing three processars.
(KARBZ, YAW?7, FIN?T)

BTARAN

In this
memary is
associative

processar a bit gerial associative
usad. Staran consists of up to 32
array modules each containing 25é
processing alements. The first Staran was
installed for digital image processing in
1975, (YAWT?, RUD7T2, BAT77, KARB2}
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MIMD PARALLEL PROCESSORS

SEnRacas .

MASSIVELY PARALLEL FROCESSORS

The main

accent in this architecture i3 in
intercannection mechanism to connect saveral
mundred processors with memory modules. A high

processing power is achisved even by applying a
standard processors.

BUTTERFLY, BEN - Bolt,
(HOLES5/2, HOLBA, RETS6)
The Butterfly computer is a large scale shared
mamary parallel processor that achieves high
performance in configurations as large as 296
pracessars. The processors used are Motaorola
&H0Z0 with Motorola 68881 floating point
bardware. The system has a maximum performance
af 256 MIPs of processing power in 1 MIP
increment and up to 1 Gbyte of memory in &
Mbyte incrementa.

Proceéssor—memory interconnection is realized
via a multistage self-routing switch network.
All processcrs can access memory simultaneously
and in parallel, provided that na two
processors try to take the same output path
from a particular node. Butterfly network for
16 processors and 16 memories, called barrel-
switching network is shown in fig 17.

Thae speedup is nearly linear and is measured in
a4 system with 256 processors ranging farm 180
to 230 times that of a single processor (fig
22).

Beranek & Newman

CEDAR, David ‘Kuck, Duncan Lawrie and Daniel
Gajski, University of Illinois at Urhana-
Champaign, USA. (ABUB4, ABUBL).

Cedar is an eight year project that started in

1983. The architecture is hierarchical: sixteen

clusters of eight processing elements are
connectad wia an extended Umega global
switching network to 2586 glabal memory modules
of 4 to 146 Mwords eath. Each cluster has eight
processing elements, each with 16 kwords of
laocal memary. These processing elements are
pipelined and interconnected via a iocal

switching network (fig 2.)
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LM - local memory
tCU - cluster control unit
14 ~ processor
P1 -~ communication processor
pC - disc controller
Fig. 2.3 The architecture of CEDAR parallel

computer (ABUBS).

The
eight

prototype Ceder 32 has four
PEs and uses 400 ns clack

clusters of
period., This



gives a total maximum performance of 80
Mflops/s (Comparable to the Cray-1) +for the
desk-top sized prototype. Cedar 128 will have
14 clusters, giving total maximum performance
of 320 Mflops (1988) and Cedar 512 will have &4
clusters, glving total maximum performance of
1.2 Gflop/s (1990)., An alternative engineering
is planned wusing 40 ns clock period giving a
four cluster Cedar 32H 800 Mflops/s (1989) and
16 cluster Cedar 128MH 3.2 Gflopua/s (1991).

Extensive software development project called
Parafrase is underway. It is focused cn program
transformations to enable standard FORTRAN
programs to run on parallel Cedar machine.

TRAC, (Texas Reconfiqurable Array Computer),
J.C.Browne _et. al., University of Texas,
Austin. '

1& 8-bit microprocesascors will be connected via
a 4-~level banyan switch to Bl memory modules.
{JENB1, JENBZ, LIPY?Y, FREBZ, SEJ80),

CHiP (Configurable Highly Parallel Computer),
Lawrence Snyder, Purdue University, Indiana
(SNY81/1, SNYB1/2, YALBS)

This computer 1s an array of processing
elements ambedded in  an array fo switching
elements such that network connectivity between
the processing elements can be reconfigured
under program control in one machine cycle. The
switch lattice is typically a regular structure
such as four neighbor or eight neighbor mesh.
Fig. 21. illustrates how the original lattice
is reconfigured as a mesh and as a binary tree,
The project aims to produce 2expB and 2explé
processing elements with a few processing
elements on a VLSI chip.
COBMIC CUBE (Nearest Neighbor Concurrent
. Progassor, NNCP), Geoffrey Fox and Charles
Seitz, Cal Tech {California Institute of
Technelogy?), Los Angeles, California. '
The first machine is 2expé Hypercube hosted by
VAX11/780, wWith processor Intel 8084 at each
node together with 8087 floating point
copracessor and (2B Kbytes RAM. This machine

was caommarcialized by Intel and marked as iPSC.

The Intel iPSC ts available with 32, 64 and 128
nodea. Each nmode i an Intel BO2Z2BS processar
and 80287 coprocessor together with 312 Kbytes
of local memory. The maximal performance of the
2expl0 hypercube i8¢ estimated to be about 100
Mflopa/s that ls to say about the same as the
large supercomputers Cray X-MP and Cyber 205.
({CHABS4, SEIBS, EMMBS, EMMB&/1, EMMB&/2),
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Fig. 3.r Architecture of Delft Parallel
Processor DPFB81 (SIPS4).

DPPET (Daulft Parallel Processor B87)

This computer is an upgrade of DPP81., The DPP8!
consists of one PE-cluster with B proceassing
elements (fig. 3). -

DPFE? is a modular MIMD system with up to 14
processing modules each having 32 processing
elements., Each processing element consists of a
stack ariented arithmetic processor AMD 9511. A
PDP 11/283 s a host computer. The DPPA7
computer is designed for aimulation of systems
{(EIPB4).

EBPA (Erlangen General Purpose Array). W.
Handler (HANBS)

EBPA caonsists of a grid-like array of memory-
coupled processor modules. Above the array
there is a pyramidal hierarchy of processors
for supervising and for data transport., Each
node consists of one praocessor and one memory
block (fig.4).

Coteway to public

Software dote natworks

<~ Processor-Memory—-Module (PMM)

— symmetric multiport-memory connections
between neighboring PMMs

asymmetric multiport—-memory connections
between PMMs of different hierarchical
levels

we 1/0 communication to elementary pyramid,
supparted by 1/0 processor

Fig. 4.t The EGPA multiprocessor architecture
consisting of as processor—memory-modul es
(HANBS) .

The project started in 1975. The  processor-
memory modules are commercially available
computers AEG 80740, Interprocessor
communication takes place via common control
blocks and mailbox techniguesa.

FEM (Finite Element Machine), David Loendorf
and Harry Jardan, NASA Langley Research Center,
Hampton, Virginia.

Pracessing elements are TIFY00 microcomputers,
contralled by a TI?90 minicomputer.

FLEX/32 {(Flexible Camputer)

This parallel system s composed of 32 bit

processora NS 32032. Up to 20 processor modules

are connected by a bus and for a box. Common
busses link as many as 10 local buses per

cabinet (fig $5.). . )
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A total system is designed for 24B0O processors.

The system has global and jocal memory. The
price for minimal configuration i{is $1350.000,
(MANBS, 2808&).

IBM GF11, 1BM T.J. Watson Research Center,
Yorktown Heights, NY, USA (BEEBS)

BGF1t is a parallel computer with 574 floating

paint processors (512 primary processors and &4
spares). Each processcr has space for 2 Mboyte
of memory and ie capable of 20 Mflops, giving
the total machine a peak of L1.1 Gbyte of memory
and 11.% Gflops. The floating point processors

are interconnected by a dynamically
reconfigurable non-blocking switching network
called the Memphis switch (fig é&.1.
Memphis Switch
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Fig. &.¢ The GF1} architecture.

Tha main intended applicaticn of GFIl is& a
clase of calculations arising from quantum
chromodynamics in nuclear physics where GF11 is

expected to be 100 times faster than Cray 1.

IEM RF3 {Ressarch Parallel Processor Project),

IBM T. J. Watscn Research Center, Yorktown
Heights, N.Y¥Y. (PFIB&).

fiP3 project is performed in cooperation with
the Courant Institute of Mathematical Science
at New York University. The goal of RP3 project
is a parallel system with 512 32-bit
microprocessors and 2 Ghytes of main storage.

RP3 has two multistage Omega-like networks to
cannect processor-memary elements. The first
network is constructed from high—speed bipolar
logle and designed for fast interconnection to
nanlocal starage. The second network is using a
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technique, devel oped at the NyU
Institute Ultracomputer project (EDLBS,
GoTe3, SCHBO)., This netwark contains more
complex functions required to carry ocut
synchronizaticn operation and storage reguests.
With these technigques the efficiency of
parallel system is not degraded as the number
of processors is increased.

The language support,.initially envisaged,
consista of minimal extensions of commonly used
languages such as Fortran, C, and Pascal. The
adaptation of other languages, such as Cammon
Lisp and Ada to the highly parallel environment
is also being studied.

The operating system will probably be an
extension of BBD 4.2 Unix, modified internally
to make it a fully distributed, symmetrical
system, and extaended to provide multiple
process shared memory and efficient massage
pasasing.

The RFP3 is expected to achieve an aggregate of
1000 MIPS an shared memory sciaentific
applications. A demonstration of the RPY with

Courant
cOT82,

44 processor-memory elaments is planned for
iz87.
RP3 machine is not associated with any IBM

product program, and it ie expected that very
fow 0f the RP3 prototypes will be constructed.
RP3 is target to explolt automatic
parallelization of Fortran and compilation of
functionally-oriented languages.

Development of parallel applications for RP3 is
parformed before the completion of RP3 hardware
construction by means of an experimental
emulation system called EPEX (Environment for
Parallel EXecutiaon}.

MIDAS {Modular
System) , Creve
California, Berkeley.

Thie is a hierarchical system of

Intersctive
Maples,

Data Analysis
University of

a primary

SEL 32/

| M . 16Mb/s

SAM  Memory

L&

AP 120B ~ array processor

H5D - high speed data interface with
.4 Mbits/s throughput
GPIOP - general purpose 1/0 processor
Fig. 7.t The architecture of ONERA parallel

camputer (LECB&).



camputer contralling several secandary
computers, each of which . controls a Multiple
Processeor Array (MPA}. Each MPA alsa has an
input and an output processor and a crossbar
switch connecting the processcrs to l4a
switchable memory modules each of 25& Kbytes.,
The system is used to solve problems in
computational physics particularly nucl ear
science.

ONERA. (Office Nationel d’‘Etudes et Rechers
Asrospatiales).

S This is French project on a multi-array

processor which started in 1979 and evolved to

a loosely coupled architecture. It Was
designed to salve partial differential
equations. The present system has as a host a

32~bit Bould SEL 32/77 minicomputer. Four array
processors AF 120B are connected to the SEL
bus. The APs are connected to a sharable memory
of 32Mbyte (fig. 7.) (LECB&, ADESS)

PAESM (Partitionad SIMD/MIMD machine), Howard J.
Siegel, Purdue University Indiana.

Envisaged that a full machine might have 1024
processing elaments connected via a multilevel
switch network. A prototype wiil have 16
Motorola &B000 processors and four contral
units (SIEB1, S5CHBs).

PRINGLE, University of Washington
University af Purdue (called RP2) .
64 processors Intel 8031 are connected via a
switch and controlled by an Intel B8O8A,
(KAFPB4) . :

and

SUPERNUM. W. K.
HOFP8s&, KRAST)
This isn a
‘processing in
hierarchical
nodes,

Giloi, H. Muhlenbein, (GILBS,
national project in parallel

Germany. The computer has a
hardware structure consisting of
clusters and hyperclusters. It is
conceived as a &4 cluster machine with 1024
nodes. Each cluster has 146 nodes and 130 Mbytes
winchester disc. Motorola 68020 processors are
used in nodes. Fig. 8 shows a SUPERNUM
architecture with 16 clusters, where each
cluster has 4 processors. The processors in the
cluster are connected by & bus. The clusters
are connected by row and column rings.

CmiCm w2

3-8 jES-1e

Fig. B8.: The tapology af the SUPRNUM parallel
computer (KRABT). )

The system is designed for solving partial
differential equations and other numerical
applications.

VFPP (Very Fast Parallsl Processor), Norman
Christ and Anthany Terrano, Columbia
University, New York.

Thie is conceived as a 1léxléd array of 256
processing elements with nearest neighbor
connectiona. Each processing element has  an

Intel 80286 with B0O287 toprocessor, 20 Kbytes
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of 1local memory and an 11 stage pipelined
microprogrammable vector processor. VFPP is a
special purpose camputer designed for lattice-

gauge and similar calculations.

SMALL SCALE PARALLEL SYSTEMS

The word small in this context meane only a few

processors connected together. To get high
pracessing power by these machines one needs
powerful processors with interconnection

mechanidm which need not be as sophisticated as
by connecting several hundred processors,

ALLIANT FX/8 (Alliant Computer Systems Corp.,
Acton, MA O1720) (LLUB&L/2Z2, HARB&, SIESBS, TECED)
An FX/B computer combines vectar and concurrent
processing 1In a system consisting from 1 to B8
computational elements. Each computational
alement is a aicroprogramed processor which can
execute ‘both scalar and vector instructions.
Computational element can actess via a crossbar
switch, two &4 Kbyte caches. FX/B can have from
2 to 12 interactive processors based on a

Motorola 48012 microprocessor. Each interactive-
512 Kbyte local memory
of parallel
).

and is
I1/0 and

pracessor has
designed for execution
ocperating system tasks (fig.

Concurrency
contral
bus

CE -
ipP -
I C ~
CP C -
M -

computational element

interactive processor

IP cache

CP cache

mul tibue

Fig. 9.1 The Alliant FX/B architecture.

Concentrix is an

4.2 wversion. a1
computational

FX/8 operating system
extension of UNIX Berkeley
minimal configuration with 1
element costs $270.000.

CONMVEYX C-1 (Convex Camputer Corp., Richardscn,

TX 75081}
C-1 supercomputer i3 based on a Cray-like
architecture. The pracessing units are

interconnected through &4-bit buses and include
a dedicated scalar and vector unit. 1t has a
dual ported main memory and up to five 32-bit
1/0 processors. The operating system is Convex
UNIX operating system, eimilar to UNIX 4.2 BSD
operating system. The price for a basic system
is $500.000. New versions are coming to the
market, Ci1 XP processor, a faster version of
C-1. (HOLBS/3, TECS4)



CRAY X-MP, &Steve £hen, Cray Research Inc.,
Mendota Heights, Minnesota. (HWASS, O0QED8S,
ERHES, LUBSS)

The Cray X-MP is a multiprocessor upgrade of
the Cray~1t architecture. It comprigses 1, 2 or 4
CPUs s=haring common memory of up to 8 HMwords
in &4 banks of 38 ns ECL memory chips (fig 10).
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control

ceu-140

P L

§so 10§

i

—~— flaia path Mass storage
=== Control path devices

Fig. 10.1 Cray X-MF aystem organization
(HWABS) .

Each CPU has 13 pipelired functional units

which operate with data in B vector registers,
each holding up to 64-bit elements. Three
memory access pipelines or ports are provided,
allowing each CPU to read two vector argumentsa
and store one vector result simultaneously.
Each CPU executes its own instruction stream,
and rapld synchranization is achieved via 14
shared registera and 32 shared one-bit flags.
The clock period is 2.5 ns, giving maximum
performance of a pipeline 105 Mflops/s.

CRAY-3, Seymaour Cray, Chippewa
Wisconsin., (ERH8&, HWABS, ODEDBS&,)

The Cray-3 is scheduled for 1987. It consists
of 4 CPUs accessing a shared memory of 256
Mwords. It ig an implementation of Cray-2 in
gallium arsenide technology, and it | ¥
speculated that a clock period of 1ns might be
pbtained lwmading %o a maximal performance of
1Gflops/s per floating point pipeline.

Falls,

C.mmp, Carnagie-Mellon University, Pittsburgh,
Pennsylvania, (HWASS, JONBO, MASB2Z, 0SLS82).
This was one of the most ambitious early
examples of MIMD computers. This comprised 1&
DEC PDP-11 minicomputers connected to 14 memory
modules by a 1éx1é4 crossbar switch. The design
stagted in 197%f and the machine was completed
in 1975.

Cm», Carnagie-Mellon University, Pittsburgh,
Pennsylvania. )

This computer was a successor of C.mmp and was
based on microprocessors that had now been
available. Communication betweean the
microprocessors is via 8 hierarchical packed
awitching network. A basic computer module was
DEC LSI-1! microprocessor and may act as an
independant computer or may be linked to a
comman interclusted bus with up to 14 other
modules to form a tightly coupled cluster. The
total Cme is built-up by loosely coupled
clustera. (SWA??).

CYBERPLLUS, CcoC
Mimnesota, USA.
The architecture of CyberPlus is based on
communication wvia multiple ring topology. The
architecture was derived from the Advanced
Flexible Processor which was build for rapid
analysias of photographs taken form aircraft.
CyberPlus comprises Fform 1| to 14 Cyberflus
processors connected in a ring and attached to
a channal of & hast CDC Cyher 170/800. Up to 4
such ringe can be attached to the bost.
Communication between processors is achieved by
sending information packets to the ring. The
packets move round the ring at the rate of one
station per clock period, until their
destination is reached.

The CyberPlus processor has 234K or 512K words
of &4-bit memory for floating point data, 16K
words of 16-bit memory for integers and a
program memory of 4K words of 240~bit
instructions. It has 15 independent functional
units. The clock period is 20 ns , giving a
flpating point capability of 4SMflops/s in &4~
mode and 103 Mflope/s in 32-bit mode.

Corporation, Minneapolis,

ELXSI 4400, Elxsi Corp., San Jose, California.

This computer is8 similar to CyberPlus. It
containg | to 12 CPUs and § to 4 1/0 processors
acceesing 1 to 6 memory systems via the
Gigabus. Potentially the system can achieve 72
Mips. The system incorporates three operating
systems: Embos, UNIX BED 4.3 and UNIX System
V.2 -~ they can all run concurrently. The price
for 12-CFPU system is approxametely %3 million.

HEP (Heterogeneous Element Processor), Burton
J. Smith, Denelcoer Ine. Aurara, Colorado ,USA.
(HWABS, LINB3, SNEBS)

The MHEP computer was the first commercial
computer to offer the faclility Of programming
with multiple instruction gstreams. A full HEP
configuration comprises of 1é& Process Execution
Modules (PEMs) connected to 128 Data Mamory
Modules wvia a multilevel packet switching
network called shuttle network. Each may have
up to 30 user instruction streams.

But the largest system buillt at the time oaof
writing has 4 PEMs and 4 DMMs and is installed
at the NASA Soddard Space Flight Center (fig.
11).,
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Fig. 1i.: The architecture of a typical HEP
system with four processors (HWABS) .

1BM LCAP, {Loosely Coupled Areay af
processors). Enrico Clementi, IBM Kingston,
usA. {CLEB4, NEWBS, SIESS)

LCAP is a powerful parallel system put together



from parts "off the shel+". Thege parts are
from 1BM and Floating Foint Systems, Beaverton,
Oregon. IBM contributed a host which may be
diffaerent in different configurations as Ffor
example IBM 4381, I8M 4341, 1BM 3081, IBM 3089,
I1BM 3090, and Floating Point Systems
contributed attached pipeline processors FPS
164, FPS-164/MAX and FFS5-264. Eacth FPS-# ig a
single instruction stream computer. AN example
of LCAP configuration consists of seven FPS-
144, each with 4Mbyte of main memory, attached
to an IBM 43B1 host through a 3 Mbyte/s
channgl, tree FPS-144 are hosted by an IBM-4341

"{fig. 12). For favorable problems the system is
capable of &0 Mflops/s.

AP — array processaor
Fig. 12,1 Schematic diagram of the LCAP
architecture (CLEB4).
A bottleneck in this architecture is the time
needed ta transfer information between the
constituent computers. It is necessary to

decompose a problem inta substantial parts that
gseldom need to communicate with each other.
Many physical and chemical problems decompose
well and for those problems an LCAP is a cost
effective computer.

A similar project to Clementi’s is that of Ken
Wilsan at Cornell University. He has linked 8
FPS=100 to VAX 11/750. He plans to expand the
system to 4000 1&4/MAX to give a theoretical
maximum performance of 40 Gflops/s. '
New versions aof LCAP are under
LCAP-2 and LCAP-3.

constructian

MINERVA, Lawrence Widoes, Stanford University,
California. .

B Intel BO0BO microprocessors and Ffour Intel
3000 microprocessors form a shared memory bus
system. :

PLURIBUS

This is a aymmetric tightly coupled

mul tiprocessor which was based on Lockheed SUE
minicomputer, thig is a 14& bit computer similar
ta DEC PDP-~11. The system has its beginings in
"1972. A lot of attention was paid to -software
davel opment. (KARBZ2)

8-1, Michael Farmwald, George Michael et al.,
Lawrence Livermore L.abhoratary, Livermore,
California. {(HWAB3)

This is the largest MIMD project,
U8 Navy and Department of Energy. The complete
design for §-~1 computer comprises 146 Cray-l
class pipelined vector computers connected to
16 memory banks by a full cross—bar switch. The

sponsored by

8~1 can therefore be regarded as a "grown-up"
version of C.mmp. An overall performance {is
expected to be 1§ Gflop/s. Each of the

unipracessors is provided with a data cache of

47

&4 Kbytes and instruction cache of 16 Kbytes in
order to limit traffic through the switch, Each
memory module may contain up to one Gbyte of
storage, giving a total physical storage of up
to 2 Gbyte. Single instructions are provided
for some common mathematical functions e.g.
sine, exponential, etc, and operations e.g.
matrix multiply, fast Fourier transform, etc.

We have in this survey excluded logic machines
that are being proposed to support the aims of
Fifth Beneration project, and also dataflow and
raduction machines. The reason for this is the
fact that these type of computers will probably
form a special group of dedicated machines and
will not evolwve in a general purpose parallel
computer of 90,

3. MULTIPROCESSDR SYSTEM

After we have looked at different
computer system architectures, we are going to
concentrate on multiprocessors. We are
particularly interested in multiprocessors
because they are almast general purpose
parallel computers and have therefore a great
potential power to upgrade or even replace some
existing computer architectures.

parallel

Mul tiprocessor is a single computer
multiple processors.

with
Processors communicate and
cooperate at different levels in solving a
given problem. Multiprocessor i8 classified as
MIMD computer which is defined to be a cantrol-
flow computer capable of processing more than
one stream of instructions. The communication
between processors may’ occur by sending
messages from one pracessor to the other or by
sharing a common memory. Frocessors have access
to common sets of memory modules and peripheral
devices.

A mutiprocessor system is controlled by one
operating system which provides interaction
between processors and their programs at  the
process, data set and data element level. |,
Multiprocessors are classified according to
organizational classification into tightly
coupled and loosely coupled multiprocessors and
according to structural classification into
groups which have similar interconnection
structures or topology.

3.1 Multiprocessor arganization
Multiprocessors can be arganized in a

coupled organization or in a loosely
organization.,

tightly
coupled

Tightly coupled multiprocessors

Tightly coupled systems can tolerate a high
degree of interaction between tasks performed
on different processors. Processors communicate
through a shared main memory. A small 1local
cache memory may exist in each processar. The
connectivity may be accomplished by different
interconnection structures between the
processors and the shared memory. When two or
more proceseors attempt to access the same
memory unit concurrently performance
degradation occurs due to memory contention
(fig. 13),
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Fig, 13.1 Tightly coupled multiprocessors where
a complete connectivity exists bhetween the
proecessors and memory (HWABS) .

Loosely coupled multiprocessors

Loogely coupled systemsz are efficient when the
interactions between tasks are minimal.
Processes which execute on different computer
modul es communicate by exchanging messages
through a messaga - transfer system (Fig. 14).
In logsely coupled multiprocessars each
processor has 8 set of input-output devices and
a large local memory where it accesses most of
instructions and data. Sometimes loosely
coupled multiprocessars are referred to as a
distributed system,
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Fig. 14.1 Loosely coupled multiprocessars where
proctesses communicate through message transfer
systam (HWABS),

The message - transfer system could be a time
shared bus or a sharaed memory system.

Very often computer architecture in paraliel
processing is a combination of loosely and
tightly coupled processors. Loosely coupled
systems have often hierarchical organization.

3.2. Interconnection structure

Interconnection structure between the memories
and pracessaors is elither:

- time shared common bus,
- switched network,
% crosabar
#+ muitistage
. omega
. banvyan
- multiport memories,
- interconnection network,
* mesh,
cube,
reconfigurable,
hierarchical.

LR B

A term "interconnection netwark" is sometimes
ugsed also for switched networks especially for
multistage switched networks because they
intercannect processors with memary madules.
But we distinguish in this paper switched
networks from all ather interconnection
networks.

Timg shared common bus

The time shared common bus is the simplest and
attaches every processor to every memory board
{fig. 15)., Bus requester, driver, and receiver
perform all address and data handling. Because
its low coat, low complexity and high maximum
throughput the common bus interconnection
structure is today the most widely used
commercial type of parallel computer system,
but is limited to small shared memory computers
with up to 20 processor modules (ALLIANT FX/B,
ELXSI 4400, FLEX/32, MINERVA).

Pl PI P

< TOMMGN BUS >

W, My Ma

P - processor
M - memory module

Fig. 15.1 A comman .bus
structyre.

interconnection

Switched network

The switched network system is realized either
as a crosshar switch or as a multistage switch.

A Ffurther subdivision of switched networks is
divided, according to the type of
interconnection network, into:

- crogs bar (C.mmp, 5-1)
- multi-stage {(Butterfly, Cedar, GF-11, HEP,
RP3, ULTRA, TRAC).

A swwitched system can be realized as shared
memory system or as a distributed memory
system. In a shared memory system each
processor communicates with each memory module
through a switch, In a distributed mamory




system each memory module is connected as local
memary to corresponding processor, Tha rale of
a switch is now to interconnect the processing
elements, and there are no memory modules
connected directly to the switch.

The crossbar switch 1{s an extension of the
coamman bus and implements N buses for N
processors and M buses for M memory modules. A
‘separate awitch unit connects together a number
of processors (P) and memory modules (M). The
nodal circults that couple the processor bus to
a memory bus are the switch., A crossbar switch
allows all processdrs to access memary modules
simul taneously, as long as each processor
accesses different memory module. When two or
more processora contend for the same memory
module, arbitration lets ane processer proceed
while the others wait by applying the same

technigues as used on a common bus
architecture. Since mpst of the logic 1is
concentrated in the switch nades , the

complexity of a croasbar zwitch and its cost
grows as the square of configuration size. The
switch is gquite likely toc be the largest unit
in the system and may be as expensive as one ar
several of the processors.It is & good choice
for systems that are not highly parallel and
have about 10 powerful processors.

Fig. 1&4.2 A crasshar swWwitch interconnection
structure.

A multistage network reduces the size and the
cost of a crossbar switch by linking multiple
crossbars as nodes in a network so that each
node in a multistage network resembles a small
crossebar awitch, For example & multistage
netwark that connects 1& processors to 14
memories, realized in two levels consists of 4-
by-4 crossbars. The . switching elements -are
distributed throughout the system (fig. 17).

A ctost bpf multistage network that attaches n
processars to n memaries grows as n log n.  All
processors can access memory simultanecusly
provided that no two processors try to take the
same output path from a particular node. 1In
order to reduce this limitation many
multistage network architectures have extra
pathways to reduce the potential of contention.

The switch im a multistage network is complex.
A type of multi-stage switching network is
usually omega or banyan. [t seems that the
multistage shared memory switched computer is
the most favored current architecture in
parallel processing and enables efficient
parallel seystems with up to a few hundred
processors.

In most switched systems there is both
substantial local memory as well as subs;antial

global memory. Local memory is often realized
in a form of registers, cache or buffer memory.

PROCESSDRS

P - processor
M - memory moddule

Fig. 17.1 A multistage network interconnection
etructure,.

Multiport memory

A mutiport memory with m ports is similar to n-
by-m crosbar sgwitch., In a wmultiport memory
system is the switching logic simply bounded
ohto the memory module.

Frequently memory module has two ports, one
connected directly as local memary to one of
the processors, and the other port connected to
the swltch. Thus sach memory bank is both local
to one of the processors and globally available
to the other processors via the switch.

A multiport memory system could alsoc be treated
as a special technical implementation of a
switched network and not as a topology.

Interconnection netwarks

This is & large varity of different
interconnection network topclogies in parallel
systems. Networks are constructed in four
different topolagies:

- mesh networks (CYBER PLUS, VFPP)

- cube networks (COSMIC CUBE, iPSC)

- reconfigurable network (CHiP) and

= hierarchical network (Cm#, EGPA, SUPERNUM).

Mesh networks are one or multidimensional and
are realized in sgquare, hexagonal or other
geometry. In a square mesh of dimensionality,
d, each processing element ims connected to 2d
neighbors., The number of procetusing elements
N=n exp d, may be varied independent of of
the dimensiopality by increasing the linear
dimension of mesh n. For example, a square mesh
with dimensiconality 2 is connected to four
neighbors. Fig. 18. shows a mesh system with 14
processing elements.
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4. APPLICATION OF PARALLEL SYSTEMS

Uniprocessor architectures are approaching
theoretical limits in processing speed.

In high speed or real time processing tightly
coupled computer systems have to be used.

Most parallel computer nowadays are designed
for numerical work with fleating point numbers,
and are build +or the soclution of large
problems In physics, chemistry and engineering.

Large computer capabilities are
particulary in:

necessary

- complax graphic images,

- structural analysis,

- aerodynamics,

- meteaoralogy,

- madical diagnostics,

- research in an oil exploration,
-~ ressarch in fusion physics,

- industrial autematization,

- processing of sensing signals,
- genetic engineering,

- molecular dynamics,

- quantum mechanical problems,

-~ socioeconomic models, etc.

Mathematical problems which are solved by
parallel systems aret

- Monte Carlo simulation,
- Hartree-Fock equation in the electran gas,
- finite element methods, etc.

Many of multiprocessors are &lmost general
purpose as for examplas

ALLIANT, BUTTERFLY, CEDAR, C.mmp, Cm#, CONVEX,
COsSMIC CUBE, ' CRAY X-MP, CRAY-3, CYBERPLUS, DCA,
DPP, EGPA, ELXS! 46400, FLEX/32, FMP, HEP, IBM
RF3, IBM LCAP, 1IBM GF11, MINERVA, ONERA,
PLURIBUS, PRINGLE, SUPERNUM, 8-1, TRAC, ULTRA.

These multiprocessors are designed for large
scientific and engineering problems, for CAD
automation, real time voice data multiplexing
and other computationaly involved problems.

Some multiprocessors are more limited in
applications and are considered as special
purpose parallel computers designed for one bit
logic operations, or image processing,
knowledge based expert systems or designed for
nther special applications |in artificial
intelligence. Special purpose multiprocessors
aret

£HIP, DADO, . FEM, MANIP, MEIKO, PASM, PUMPS,
VFPP,

5. WILL PARALLEL PROCEESING WIN?

Many ambitious projects in parallel processing
in past have failed, For example ILLIAC IV cost
four times the original contract figure and did
not come evan within a factor of 10 of its
ariginally proposed perfaormance. However |(ts
influence was profound and ILLIAC IV was tha
first to to pioneer the new and faster emitter-
coupled logiec {(ECL) rather than the established
transistor-transistor lagic (TTL), ILLIAC 1V
also pioneered the use of 15~layer circuit
boards and computer aided layout methods.

Other parallel computer systems of the 70’ were
alec not very successfull. For sxample C.mmp
and Cm* had problems with hot memories because
their intecaonnections structure, which was
based on crossbar switch was not intelligent
and could not overcome this problem. Naowadays
these solutiona are given. BEP NASF had a
hottleneck in a central control processor and
no efficient synchronization mechanisms were
known at that time. But again ICL DAP was
pioneering in an important feature of
engineering dewign that processing element
logic is mounted on the same printed circuit
board as the memory to which it belongs. VLS!
technology can now include proceasing element
and its memory on the same chip.

Now the technology has advanced sutficiently to
make parallel architecture practicable.
Therefore we see sucth great interest in
parallel processing.

&. CONCLUSION

It is not possible to predict which of these
varied computer architectures will prove the
most successful in future on the market.

By analyzing the performance of multiprocessors
which is primarly dependent on interconnection
structure one might get an insight to the
development of parallel computer systems and
try to predict future trends in parallel
caomputing. It seems that in next decade the
most influence on parallel computing are going
to have the projects in massively parallel
processort

-~ NYU Ultracomputer, whose principles are
applied in 1BM-RP3 parallel system,

- Butterfly, produced by the company BBN Bolt,
Beranek & Newman,

- Cedar, a multiprocesscr supercaomputer of the
Univerdity of Illinois,
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‘Fig. 1B.1 A mesh network with 1& processing
element connected in a lattice (a) and
connected as a torus (b).

Cube networks have either hypercube
architecture or cube-connected-cyclies netwark
architecture. A cube-connected-cyclas network

is a cube where each node of the hypertube is
replaced by a ring (or cycle) of processing
elements. In & d-dimensional binary hypercube
there are d connectiona to each processing
€laeament, n=2, and therefaore the number of
processora  equales N=2 exp d. We see that the

pumber of processing elements can nat be
increased without also increasing the number
of connections to each processing element. For

example, a six-dimensional hypercube which has
44 nodes is topologically the same as 4x4x4
three dimensional mesh with triply periodic

boundary conditions.

Fig. 19.1 A cubs network with 4,
processing elemants.

8 and 1é&

Hierarchical class of multiprocessor systems is
realizeaed as tree network, hiararchy of
pyramides or clusters of clusters.
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cases in
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natworks inglude all
which the interconnection pattern
processing elements can be changed. This is
usually achieved by interspersing switching
elements between the processing elements which
may be controlled by a user program.
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Fig. 21.1 Tha original switch lattice in CHiP
parallel computer conflgured as a mesh and as a
binary tree,

s compare three
topologies) common hus,
network. Saven
compared:

most widely used
crossbar and multistage
features are going to be

~ cost

- complexity

- max. throughput
interconnect bandwidth
~ # of signal paths

- efficiency

- max. # of CPU’

NS W -
|

We see (table 1.) that cogt of a parallel
is the lowest in a common bus topology,

but efficiency drops with increasing the number

of processors. A crossbar switch is .very
powerful in connecting a few processors, but
the price and complexity of a system is very

high. & multistage network i8 a good topology
to intercannect a large number of processors
for a medium cost,

CROSSEBAR MULTISTABE NET.

FEATURE BUS

1 low high (CPU exp2) medium {(n logn)

2 low high (CPU exp2) madium

3 high no limit high

4 fixed by proportional proportional
cycle time to # of CPU to # of CPU

5 large medium medium

& drops linear linear

7 up to 30 up to 10 up to 1000

Table 1.t Comparison of different features for

& common bus, a crossbar and a multistage

parallel computer system.

NMew synchronization machanisms for multistage

switched networks are nowadays enabling almost
linear speedup for sSystems with up to 256
processors (fig. 22).



The reasons for success of these projects seem
td be the fact that they are devoted to
development of a GENERAL PURFOSE MIMD parallel
computer. Excellent performance results are
reachad particularly because they usel

- MULTISTAGE INTERCONNECTION NETWORK:1 A near
linear speedup is reached by 25& processors
using as interconnection structure between the
memories and processor a multistage
interconnection network (Omega network);

- INTERLEAVING: that is spread data uniformaly
throughout common memory modules in order to
avoid contention for any aone memory modules

- FETCH-AND-ADD: a very effective
interprocessor synchronization operation,

An operating system e®em to be a
version of a UNIX-like operating system.
possible to achieve high performance
connection a large number of
elements, even with "of the shelf" standard
praocessors. It seems also that Bsome
architectural features as for example the size
of local memory or the size of cache memory at
every processor is of secondary importance for
high performance of a parallel system.

parallel
It is

by
processing
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i. INTRODUCTION

This paper describes the implementation of a
computer graphics program on an array of tran-
sputers. This program was written to provide 1
demonstration of the performance obtainable by
using large numbers of transputers., We used a
technique Xnown as raytracing wich can generate
very realistic images but reguires massive
amounts of computer power. This is an ideal
application for transputers as the calculation
for each picture element on the screen are
independent of one another an so can be done in
parallel on separate transputers. The entire
program 13 written in occam, however, the main
part of the program c¢could have been writien in
any suitable language. Only those parts of the
program which deal exsplicitly with concurrency
and the dadistribution of work are easier to
write in occam.

2. BACKGROUND
2.4, Transputer

Concurrent systems can be constructed from a
collection of microcomputers which operate
concurrently and communicate through point to
pelnt serial communication . links. The INMOS
transputer /i-4/ is the ideal Dbuilding Dblock of
high performance multiprocessor systems which
provide maximum speed with minimum hardware,

A transputer contains memory, & processor and
& number of standard point-to-point communica-
tion 1links which allow direct connection to
other transputers, The processing capability
may be general purposé or may be optimized to a
specific purpose.. The on-chip memory may be
extended of chip by suitable interface. A tran-
sputer may also have apecial purpose interfaces
for connection to specific types of hardware,

The 2irst transputer avallable was the IMS
T414, & 32 bit RISC mnmicroprocessor with a

raytracing, performances.

throughput of 10 mips. It has 2 Ebytes of fast
SRAM {50 ns) and .four 3serial links. The 32 bit
multiplexed bus allows up to 4 Gbytes of exter-
nal memory to be accesssd, Compatible with the
T414 i3 IMS T800 wich includes 4 Kbytes SRAM
and floating point arithmetic,

2,2, Occam

Oceam /5.8/ is a small and elegant language. It
combines the bdest of contemporary thought about
control structures and variable scoping wlith
some radical new structures to handlie concur-
rency. It is based on an modei of computaticn
that is different from conventional languages
in that it includes the notion of communica-
tion, parallel execution, and synchronization
in its very structura.

The Dbaaic unit of occam programming is a pro-
cess that performs a sequence of actions and
then terminates. There may be more than one
proccess executed at any given moment. Occam
programs Aare constructed #from three primitive
processes: assignment, lnput and output. The
assignment

LA

sets the variaple v to the value of the expres-
sion e. The output

cl e

outputs the value of expression e to the chan-
nel ¢ Similarly, the input

c?T v

sets the variable v to a value input from the
channel o Constructors are used to combine
processes to form larger processes, The sequen-
tial constructor, SEQ, causes its components to
executed one after another. The parallel con-
steuctor, PAR, causes 4its components to be




executed concurrently. Finally the alternatlive
constructor, ALT, chooses one component process
for execution which 1is earliest ready. It 1is
clemre that IF and WHILE constructors are also
provided in occam program.

2.3. Raytracing

Raytracing is a now well introduced technique
for realistic image synthesis #from three dimen-
sianal geometric scenes. The basic raytracing
algorithm is described in /7/ and is Dbriefly
given here. Simplifying somewhat, for each
plicture element of the rastered image, a ray 1s
‘trased from the viewpoint into the three dimen-
sional scene to calculate the {first jintersec-
tion with an object. If the object is reflec-
ting or refracting, an appropriate ray i3 dete-
rmined by the law of reflection and refraction.
These new rays are traced analogously. To cal-
culate shadows, the ray-object intersection
points are connected by l1ine segments to ‘the
peint light sources illuminating the scene. If
there i3 an obJect intersecting the 1line seg-
ment, the intersection point lies in the shadow
of this light source, and its intensity is not
taken 1nto account for intensity calculations,

3. LOGICAL ARCHITECTURE .

The Key problem with raytracing is the relati-
vely high unavoidable basic amount of computa-
tion. In the past, two main strategies were
followed to process sets of elementary primi-
tives: image decomposition and scene decomposi-
tionm. In a former c¢ase a 3ubset of picture
elements of the image are assigneda to each of
several proécessors. Every processor has access
10 the relevant primitives of the scene. In the
later case & subset of primitives are assigned
to each processor. A processor has access to
the relevant rays of the scene.

The calculations performed for each picture
element on- the screen are completely indepen-
dent so they can be performed in any ordered
and on any number o0f processors, The example of
distributing the work to a number of processors
is given in Fig. {.

from host

ontrolle

i

display

calculators

to display
hardware

Fig.t: Logical architecture
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This sciution requires three different proces-

ses rvunning concurrentiy on three, or more,

processors:

- <¢ontrol process {(controller),

- 4intersect and shading calculation process
{calculator),

- display process (display).

A controller interfaces with the user or host
computer to provide a description of the scene
beeing viewed and allocate work to DProcessors.
A calculator c¢an be replicated any number of
times, to render the picture elements. A dis-
play collect the resuits from each calculator
and drives the graphic display.

Every calculator is first given the description
of the scene and then processing work can be
allocated Dby the controller giving each calcu-
Iator plcetura slement to evaluate. ¥hen the
calculations have been completed the results
are passed out to the display. The display then
informs the controller that there is now a free
processor and another picture element 1is sent.
out for evaluation.

The amount of computation required varies 4rom
picture element to element and this method
automatically balances the load amongst the
processors . and ensures they are all kept busy.
An interesting idea here is that the picture
elements do not need to be generated in sequen-
ce and, if they are generated in some pieudo-
random order, a good impression oof the final
picture can be obtained well before savery pilc-
ture element has been evaluated. This could be
particularly useful in a CAD system where the
user wishes to change ‘his view of mn object
very rapidly.

Note, that this structure is not related to the
raytracing algorithem and 1is suitable for any
problem which can be broken into independent
PaArts,

4. PHYSICAL ARCHITECTURE

4.4, Basic design

It appears, a first .s.i.ght. that the ahove ar-
chitecture cannot be wmaped directly into a
network of transputers because of the fixed
number of communication links available.

There is a partitioning which can aid the un-
derstanding and implementation of the structure
of parallelism. The data processed on calculs-
tors consist a sequence of values (plcture
element}, then all of the processes can be
executed concurrently, even those which process
the data (n sequence, Alternatively the con-
structed process can Dbe replicated over a num-
ber of calculating transputers each of which
will execute the construct on a subset of the
dats structure as illustrated in Fig. 2. This
hardware realisation nsmed proces replication
is nmapped onto a network of transputers, active
data structure is mapped onto the reconfigurab-
le processor array (RPA) Both are ideal for
occam process virtualisation. The occam model
adopted in the RFA system, uses point to point
commpunications to synchronise processes. A
processprocessor mapping is implemented by
providing a physical network' of transputers,
which is isomorfic to the process structure,
but only at the chosen point in the hierarchy
of the occam program.

It is very simple to arrange for the controller
to communicate with any transputer in a network
by passing measages through the intervening
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Fig. 2: Physical architecture

.transputers, For simpiicity, the raytracing
algorithm was mapped on to a linear array of
transputers /8,

In Fig. 2 where the basic architecture jis shown
we see that each transputer link implements two
occam channels, one. in each direction. There-
fore, this mapping uses only twe of the four
links available on & transputer. Control andq
display processes are executed in parallel on
one transputer (control/display transputer}
while the rest of the transputers 4o the inter-
section and shading calculation processes (cal-
culating transputers). The control/display tra-
nasputer also does these calculations and the
same, parameterised, program j§is loaded into
every calculating transputer, Such method ot
mapping processes requires that each calcula-
ting transputer also execute routing processes,
l.e. conmands and dats are passed from the
controller along the array and results are
passed Dback for display. This linear connection
of transputers implies some sort of command
protocol for identifying the nature and desti-
nation of date, consequently the routing pro-
cess on each transputer conly needs to decide
whether a message is to Dbe accepted locally or
passed on to be dealt with elsewhere.

4.2. The control/display transputer

There are {wo processes executed by the con-
trol/display transputer (Fig. 3

-~ sendPatches,
- loadBalance.

centrol/display
transputer patches
host gend-— -
- Patches
- load—
display Balance plcture
elements

Fig. 3: Processes on conirol/display transputer

SendPatches inpterfaces to the host computer to
receive the description of the sc¢ene being
mode}lled and other commands, It passes the
world model out to all the other transputers
and then sends out requests for picture ele-
ments to be evaluated. Square areas of the

screan, called patches, rather than individual
picture element, are given to each transputer
for two resons:
a) to give Dbetter ratio of calculation to com-
munication;
b) to enable segments of data to be transmit-
ted,
A segment communication transmits an array of
words as a single operation. This has two big
advantages over the transmission of individual
words, Firstly, there is the same processor
overhead for setting up’ the links to transmit &
single word as for a miilion words. This better
exploits the autonomous transputer 1links and
allows the processor to continue calculating at
very nearly full speed. Secondly, it gives a
better ration of communication to computation.

LoadBalance coordinates the sending of data to
the other transputers and the display of the
generated picture elements. The £irst thing it
does is to determine the number of transputers
in the system. This 1s done by sending a count,
incremented by each transputer, around the
ioop. If theres are n transputers then loadBala-
nce passes on primitives containing 2In pilcture
elements from the process sendPatches and then
waits until a result is returned before passing
out another request.

4.3, The calculating transputer

The worXk of each o¢of calculating transputers 1is
organised as three processes (Fig. 4)

througput,
render,
feedback,

from to

previous "~ next
to - fesdback from
previous caleulating transputer next

Fig. 4: Processss on the calculating transputer

The throughput process receives patch requests
from the previous transputer and either pass
them on to the next or Keep them {for processing
locally. It LIs also able to hold one request in
an internal Dbuffer so, 1initially, it accepts
two requestes. The £irst is passed immediately
to render process for svaluation and the second
is held until needed. Any further patches re-
ceived are passed on to be evaluated elsewhere.
As soon 43 rander has finished the computation
of Its patch, throuwghput passes it the Dbdbuffered
patch to work on and is then ready to acscept
another. Since the time taken to compute &
patch iz less than the time before throughput
receives the next patch request, the render
process is Kept busy.

The' render process is given patches to eva-
luate, i.e. it does all the calculations to
find intersections, buijd the bundle of Trays
and then traverse this bundle to get the £final
plicture element value, ¥hen the plceture ele-



ments in the patch are evaluated then another
patch 13 requested #from throughput and the
picture elements are passed out to the feedback
priocess. This is a completely sequential part
of program which -can be written in any standard
programming language.

The feedback process multiplexes the local
result and those received from other transpu-
ters and passes them back towards the display
transputer via the shortest route,

+.4. Occam implementation

ASs we have said the transputer architecture
simplyfies system design by the use of proces-
ses as standard software and hardware building
block s, The ability to specify a hardwired
function a4s an occam process provides the ar-
chitectural f{framework for t(ransputers with
specialized capabilities (e.g. graphics). The
required <function (e.g. graphics drawing sand
daisplay eéngine) is definied a3 an occam Ppro-
cess, and jwmplemented. in hardware with a stan-
dard occam c<hannel interface.

The oc¢cam program of the
(see Fig. 2) contain:

proposed architecture

= the description
system,

- the control/display transputer program,

- the calculating transputer program.

of the entire transputer

For simplicity, only the essential outline of
the mentioned above occam pPrograms 1s gliven
here.

The system description is as follows:

VAL numbertransputers IS 24: )
VAL last IS number.iransputers - 1I:

CHAN host, display, loopback,
forwardfnumbenr.transputers)},
returnfnumber.transputers):

PLACED PAR

-- transputer 0 ¢ comtrol/display transputer
PROCESSOR 0 T4
-~ data from host .
PLACE host AT nkoin
-~ to display
PLACE display AT
-- patches out
PLACE forwardf0) AT linkiout:
-= plcture element value
PLACE returnf{o) AT linkiin :

linkoout:!
back

control ( host, display,
forwardf0}, returnfC} )

== tHe main body of the pipeline of calculators

PLACED PAR i1 = 1 FOR numbertransputers - 2
PROCESSOR I T4
-« patches in
PLACE forward{i}] AT linkOin :
-~ plicture eclements out
PLACE »returnfi] AT linkiout:
-=- patches out
PLACE forward{i+l] AT linkiout:
-= plceture elements in
PLACE returnfi+t] AT 1inkKoin :

calculate ¢ forward(i},
returnfi+i),

forwardii+},
returnfl) )

-- the last transputer is a speclal case as It
-~ has no one else to talk to. The fact that
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-- the channel ‘loophack’ 15 not placed means
-- that an Jinternal ("soft") channel will be
-- ecreated. In fact this channel is never used
-= but 15 required as a parameter.

PROCESSOR last T4

PLACE forward{last) AT 1linkoin :
PLACE returnflast} AT linkKOout:

calculate ( Fforward{last),
leopback,

loopback,
returnfiast) )}

The program running on the
iransputer is:

control/display

PROC control ( CHAN fromHost, toDisplay,
toCalculators, pixelsin )

definition ef sendPatches procedure
o derinitions of loadBalance procedure

CHAN data:

PAR

sendPatches ( fromHost, data )

loadBalance ( data, toCalculators,,
’ pixelln, toDlsplay )

Finally, each of the calculating transputers
runs the following program:

PROC calculate ( CHAR fromPrev, toNext,
fromNext, toPreav )

definition of the throughput procedure
. definition of the render procedure
- definition of the feedback procedure

CHAKR tolLocal, fromlocal, requestnoreﬁ
PRI PAR

-« run these at high priority for

-- fastes response to messages

PAR . .
throughput ( fromPrev, toNext, toPrev,

tolLocal, regquestMore )
feedback ( fromlocal, fromNext, toPrev )

-- and this is at low prlorlity

render ( tolocal, fromlocal, requestMore }

5. CONCLUDING REMARKS

5.4. Performances

whithout doubt, the processing speed of the
system is directly related to the number of
transputers used. A number of factors contri-
bute to this aspect of the system. Most of
these were carefully worked out design deci-
sions but one had to be determined empirically.
The transputers require only two words of data
to specify the position of the all plcture
elements Ln the patch. If the work were distri-
buted on a picture element by element hasis
then two words of data would be required for
every element. This would mean a worst ratio of
communication to processing. A more intelligent
approuch use of segment communication for data
{paragraph 4.2.). These means iless Processcr
overhead per word sent and allows a greater
amount of concurrency between the link englnes
and the processor, It 1is important to - say that
the. message routing processes are had to be run
at high priority to ensure that incoming mes-
sages can be examined and forwarded immediately
it i3 received, Carefully ordered priority in
the ALT constructs of these processes are en-



sure that patches are returned to the control
transputer as qulickly as possible. Withholdings
in the work in throughput and #feedback proces-
ses, are reduced by introducing software buffers
into two input channels of these processes.
Channel buffers are ifrequently used, and easy
te implement, in oc¢cam programs. Buffers intro-
ducing made a significant difference to the
performance from

speed = (transputers + 1} » K/2

to very nearly

speed = trapsputers » K,
where K is the performance of a single transpu-
ter.

5.2, Robuitness and reliabjlity

The system described above is Already remarkab-
1y robust. It should hbhe possible to exploit the
number of transputers with some Adegree of redu-
ndancy. If a calcuiating transputer fails then
the system will progressively dadeadlock only 1t
the nelghbour, on the controller side, attempts
to communicate with it. In order to make the
system more robust it must be possible to de-
tect when a failure has occured. This reqire
the -using & timeout on all communications.
Secondly it must be possible to ensure that, if
A communication does fail, all the input and
output processes will terminate. These desired
function are performed by a number of prede-
fined procedures which allow an input or output
to be atiempted within a time limit, an recove-
ry from a falled communication /9/. The use of
these procedures means that failure of a tran-
sputer can be detected Dby its neighbour. The
controlling transputer could then bde informed
and so take action to recover or regenerate the
lost data. Detectlon of the failure of a tran-
sputer impiles that Ffaclilities could bhe added
to allow the defective transputer to be Dbypas-
sed, AS we remember, on each transputer two
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communication 1links are unused. So this can be
done with no extra hardware in such a way that
the precedent of fall transputer switches it to
the other 1link to communjicate with the next
transputer along.
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ABSTRACT: Dataflow architecture is accepted as the architecturs for future
cosputers because (it can’ explait potentialy all the parallelise in a
progras. This architecture is assused to execute dataflov graphs. The

nodes in the dataflow graphs

represent asynchronous tasks. The arcs

connecting nodes represent cosaunication paths for the aessages (tokens)
generated by nodes or suplied fros the external environasnt. Each node is
executed (fired) when the required input becoses available. The dataflow

arhitecture proposals can be

classified as static and dynamic

architectures. 1In a static architecture the nodes of a progras graph are
loaded into asemory before the computation tegins and at aost one instance

of a node is enabled for ¢iring

a time. A4 dynamit architecture

facillitates the firing of several instances of a node at a time and these

nodes can be created at runtiae.’

We have developed program language DFL],

sisulator for the sisulation dataflos cospuler agdels and theis key
sechanisas, iaproved hardeare, software and set of instructions nesded to
support an efficient fault-tolarant datqfln- cosputer,

1 INTRODUCTION

Over the last few years data flow cosputer
architectures have been proposed and sose computers have
been built. A simple data flow execution sodel is based
en a “"pure* data flow program organisation: with an
instruction being enabled when all its input tokens are
available. Each instruction wmay have any nuaber of
inputs and any nuasber of outputs. Discyssing the
U-interpreter, Arvind and Gpstelow suggest that eaxiauva
parallelisa tan only be extracted from a program if an

. arc is allowed to carry more than a single token - a

praocess achieved by carrying a label with each token
that identifies the context qf that particular token
(ARVI 82). Packet coasunication machine organisation
and high level cosputer language with exploiting
inherent parallelisa in data. flow graph is the wsost
significant for the data flow architecture. We have
developed program language DFL1 {XOX 84) and simulator
for the sisulation of five various data flow computer
aodels, which are suited for todays technolagy. During
the sisulation, sisultaneous execution of a data {low
‘prograa in distinct units ' (token transaission and
satching, foraing activities) and some ieportant
statistical paraseters (i.e. an  input streas, a
business period, an idle period, 3 service tiese ...} are
observed (DJST 84, 2uUM 85-1, 2UM 835-2, 0JST B4, O0JST
87-2).

2 DESCRIPTION OF MORELS

Dur scdels are based on the packet coesunication
sachine organisation with token satching and cansist of
an input section, wesory sections, a global store,
pracessor sections, an output section and units for

comaunication amaong sections, The input section
decosposes the data flow progras and supports semory
sections with input data. Me have used two

decoaposition aethods:

- Each instruction into its own wsemary section. 14
there are aore instructions than aespry sections,
then scre instructians are stored in one memory
section. [Instructions are randomly distributed.

- Each block into its own semory section. 14 there
are aore blocks than aemory sections, then more
blocks are stored in one memory section.

The semory section matches tokens into sets of
tokens. MWhen all of its input tokens having the saae
context are available, it forms activity {(executable
instruction which cansists of a set of tokens with the
same context and a copy of instruction} is $oraed and
sent into an processor section. The processar sectian
executes the activity and sends output results into
asaary sectians. The "output section collects final
results of computation. The global stoee is used to
prevent deadlock of the systea. Coasunication units
(networks, husses) transait sessages (tokens, sats of
takens, activities). They use post office
intercannaction perinciple for transaission sessages.
Coasunication wunits in our sisulatian are sisulated is
delay units,

2.1 MNodel 1

jprocensor
eatinn

. Jremecy
nection N

nput
sztlon,

—
Elubali
atare
Figure 1:The model 1
The aadel 1 uses two networkst  one  for

transaitting activities and gne for transmitting data.
[t has separate aeaory sections and separate processor
sections. The mesory section consists of an input FIFO



queue, a wmatching store, an iastruction store, an
assoclative logic and an output FIFD queue. The
processar section conaists of an input FIFD Qqueue,a
processor, an ocutput FIFD queue. This configuration is
not suitable for super-systess, because networks cause
tooc such delay time in transmitting eessages. An
advantage of this sodel is asvtonomic work of units, The
aondel is suitable for small systeas and faor a subsystes
of a large systes.

2.2 MHNodels Connected In Clusters

global
Stors

Figure 2:Models connected in clusters

Models 2,3,4,5 are very sisilar. Sections «of

sodels are connected in clusters.
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Figure 31 The clustsr of acdel 2
Figure 4: The clustar of aodel 3
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2.2.1 Model 2

The meacry section and the processor are associated
in one elesent {(figure 3). The mesory section satches
tokens into sets of tokens, foras and executes
activities. Output tokens which dan‘t have their own
instructions in the cluster are transmitted into butput
FIFD queue. Other tokens are satched in tha cluster.
Higher speed of forsing and executing activities is the
advantage of this aocdel. There is na additional
transaitting betwen mesory section and processor. This
aodel is very syitable for ssall and sediua systeas if
the adequate decosposition sethod is used.

2.2.2 HNodel 3

The processor and the assory section are separated
(figure 43, 1§ the oprocessor is idis and ths semory
section hasn’t any activities, it can receive activities
fraa other cluysters. I the semcry section has
activities and the processor isn‘t idle, activities are
transaitted inta the output FIFC queue. The global
network transaits it to the idle processor section.

2.2.3} Models 4 And 5

Hodels 4 and T are sisilar to wmode}l 3,
cluster they have one or sore pracessors. The aemory
logic establishes which processer is idle and adresses
the activity to it. Model 4 is slightly better than
aodel %, because it needs less tise for writing in FIFD
queues. .
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3 SIMULATION RESULTS

99 different paraseters can be varied in our
sisulation but it is reasonable to vary just sose of
thea. Constant values are given to all others. Qur
aodels are sisulated with four prograss, the blocks of
which are coaposed of data flow graphs shown on figures
7:8,%,10. Prograa blocks are independent and they have
no cosspn flow of data tokens.

Figure ¢

Figure 19

All data flow graphs have 13 instructions. Eraphs
shown on Figurea 7 and 8§ have sany inherent parallelise
and nead sany input data tokens. The graph shown on
Figure 8 consists of instructions /, which are sxecuted

38 timses slower than instructions +. Such an
instruction delays the execution aof Following
instructions. The graph with few inherent parallelisas

is shown an Figure %¥. On Figure i1F the graph with sany
inherent parallelisas and three input data tokens is
shawn. Each instruction {in the graph shown on Figure
18, has one input operand and ane constant. This
increases the speedup of firing enablad instructiaons.
How are algorithas influenced to our sodels is described
and evaluated.

Our sisulation is executed with these constant input

paraaeters:

- an instruction + is executed in 2 cycles

an instruction / is executed in 50 cycles

aatching ons token in & set of tokens is executed

in ! cycle

- activity forming is exscuted in 1 cycle

FIFO queues have J eleaents

- writting er reading tise to FIFO queues is
negleable

= a network can transait an infinite nuaber af
aessages

- blocks of program are independent

- a model 1 has 5 aemory sections

I |
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In the file of input paraseters we have varied the

folloning paraseters:

= the selection of systea { 1 - § )

- the decosposition method

- the delay tiae in transaitting aessages theough the
network (#, 1, 2 cycles}

= the capacity of aesory section and a capacity of
global store

= the input algoritha

The prograe consists of an equal nusber of blocks
and mesory sections.

We have reduced the nusber of observed output
paraseters to the winisus following ones: a prograa
execution tise reguested {or execution of 248
instructions, an average number of busy processors, an
utitization of processors, an average number of busy
agaory logic in amsory sections, an average aunber of
sets of tokens, which are aatched in seanry section, an
utilizatian of a wsatching stere, an average nuaber of
sete of tokens, which are satched in global store, and
an utilization of a glabal store.

The fallowing abbreviations are used in diagraas:

UP - the utilization of procassors ()

ON - the delay time in transaitting eessages through the

network (cyclas)

NP - nusber af processors

TE - the progras execution tise (cycles)

slgorithe shown on Figure 7

algoritha shown on Figure 8
9
1

algoritha shown on Figure
algorltha shown on Figure 18

For the sodel 1 the decospposition wmethod “‘wach
instruction into its own aesory section® is bettes than
"each block into its own sesory section®™ , so we have
nade diagrass which evaluate the model i, only for this
sethod. For asodels 2,3,4 we have aade diagraas only for
*each block into its oun assmory section® decosposition
sethod because this sethad is better.

‘The progras exscution time dependent on the delay time
in tranamitting sessages through the natwork
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The utllization ol processora dependent on the delay
time in transsitticg seseages through the network
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The algoritha shawn on Figure iF is the fastest one
(it has a eaxiaus degree of inherent paralleiiss and a
ainisus nuaber of input datal. Proportions in executing
time of progras and an utilization of units are changed
by increasing the delay tiwe in the transeission through
the netwark. An executing time of program is dependent
an an inherent paralleiisa of algorithm znd a nuabee of
input data needed far the execution of this algoritha.
The executing time of algoriths is decreased tp some
lisit and then it keeps constant value (all inherent
parallelisas are used), if the nuaber of asnory sections
or the nusber of processor sections are increased or
delay tise in transaission through the comaunication
units is decreased. Owing to the Fact that the
processor section and the mesory section of sodel 2 fors
one eleaent, execution time of model ? is almoust twice
4s lang coapared to model 3; but its advantage is the
best utilization of units., Because delays of reading
and writing into FIFO gqueues were not considerad, the
results of sodels 4 and S are identical. With this
considerations we have found that mode! 4 is hetter than
sodel 3. The biggest average nusber of sets of tokens
in tha eemary section is in the algoritha shown on
Figure %, bescause instruction / delays the execution of
following instructions, On model 1 we have siaulated
the deadlock of a systea. 1§ matching stores are full,
then other tokens sust satch in the global store. This
causes bad wutilization of anits in & sodel (a lot of
tiae is wasted for comeunication betwen semory sections
and the global store). ke have sisulated the deadlock
with decressing capacity of satching stores. & good
decoaposition wmethod can prevent deadlock or had
utilization af a systes,

4 FAULT TOLERANT DATAFLON COMPUTER

Results af sisulation and our knowledge about
dataflow cosputers are shown that there are aany
prohleas to be solved. In the design of an actual
dataflow cosputer the sain probleas are:

- constructicn aof a large and fast matching memory at
& reasonsble cost,

construction and aanageaent of a structure aspory,
network construction,

interryption, error and excaption handling,
insfficiency dus to insufficient parallelise,
‘developing efficient conteol, partitioning and
scheduling algorithas.

)

We have developed key aschanisss, ieproved
hardware, softmare and set of instructions needed to
support an sfficlient fault-tolerant dataflow cosputer
{0J8T B7-1, QJST 47-3).

Praposed  dataflonm architectures are very
inefficient on regular structurss becauss aqf ¢ine
granularity of theie operations, When data is
structured (vectors, satrices, records) the contral and
data flow is very regular and predictable and there i3
na need to pay high overhead for scheduling. These
architectures don’t have aechanisas for interruption,
error and exception handling, & sechanisa which
reassigns nodes to another unit if faults have been
detected, a sechanisa which stops sending tokens to the
faulty processor and a sechanisa which destroying
read/urite requests in sesory after fault. Contents of
data buffer in the output port of the fail ‘processor are

<N

Figure 11z Task Invocation $tructurs
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figure 14t Processing Elesent of FTDFM

In our cosputer nmodel (figures 12,13,14)  the
coabination of control flow, data flow and demand driven
dre used, MWe adapt to the granularity of the data
structure and treate large structures as one cbject. MNe
reduce scheduling overhead by combining together as many
scalar operatiaons as possible and executing thea as aons



abject.

Hierarchical decoaposition aeethod {ARVI B3} are
used. - This wsethod is based on the concept of resource
bounded graphs (RBGs). The RBE is a progras frageant
for which a bound on the resource requiresent of the
fragasnt can be derived at compile time as a sisple
function of a collection of parallelisa paraseters. A
progras is viewed as a collection of RBEs. :

The execution of a prograa can be represented by a

trae of task invocations { figure 11). This aethod yse

“breaadh-first partitioning algoriths until sufficient

‘parallelism is generated and then it use depth-first

partitioning algorithe. With depth-first partitioning
algoriths deadlork are avoided.

Qur systea is a dynamic architecture for task level
dataflow with facilities to support node reassignaent
when processors fail. It uses tagging schese sleilae to
the MIT dynamic architecture. [t have thres
hierarchical levels. The purpose of using three
hierarchical levels is to exscute prograss efficiently
by utilizing principles of locality. Each hierarchical
level have an instruction . stare, a block tahle, a
structure stors and a control unit. The insteuction
store holds copies of the instructions which are
sxecuted in this level. The structure store holds input
data structures (DS) of RBE which are executed in this
level. The hlock table contains adresses of units where
RBEs- are executed. The control unit adresses RBGs and
its D3 to units in this level and generates block table,
1f hardware faults occur in one of the units, control
unit reassigns R3Gs and its DS to healthy units. With
this sechanisa we achieve that only the RBE and their DS
which is assigned in the faulty unit aust be reexecuted.
Control unit also delstes ABGs and DS when the
computations af them are finished. 1t also controls the
asount of available asaory and the utilization of units.
If deadlock is occured the control unit reassigns RBEs,
its sets of tokens and DS fros too busy units to idle
units.

Our proposed sodel has high bandwidth (HBI and  low
bandwidth (LB) coasunication paths. HB paths are
intended for ¢{ranssaiting RBGs, D5, activities and
tekens betwen units. The LB paths are intended for
transsaiting status, diagnostics, control and
seasureaent inforsation. Cur sadel has 1/0
instructions, instructions which are executed in
exception condition, instryctions laeplesenting the
special operators for dynasicaly creating instances of
node resulting froa recursive nodes in dataflow graphs,
loop and streass, table-oriented instructions (for
readind an entry, writing into an entry and sodifying
parts of an entry), structure-oriented instructions ifor
selecting an elesent #roe a structure, appending an
elesent to a structure and testing for esptiness),
string weanipulation instructions (to search #or a
substring and a lenght of a string to cospare strings,
and concatenate strings), streas oriented instructions,
fized-point instructions, lagical/shift instructioens,
floating-point instructions, ccepound instructions lior
reducing token aavesent).

3 CONCLUSION

Today a vast collection of single-board computers
are available which offers raughly 1 MIPS at low cost:
these are touted as building blocks for sultiprocessors.
Can. datatlow asachines cospete? It is not clear if a
single dataflow processor can achieve the performance of
a von Neusann processor at the sase hardware cost. The
dataflom instruction-scheduling mechaniss is clearly
sore cosplex than incresenting a progras counter. Aa
enginesring effort substantially beyond any of the
current dataflow projects is required to make fair
coaparison. The SIENA-L (SHIMN 854) project is an
important step in this direction. The question becoses
aore interesting when we consider sachines with sultiple
processors, where the dataflow scheduling sechanisa
yields significant benefits. The dataflow apperoach can
be viewed as an extrese solutions to the semory latency

probles - the procesaor never waits for resppnses fros
aeanryt it continues processing other instructions.
Instructions are scheduled based on the availability of
data, so aesory responses are siaply routed along with
the tokens producad by processors. It is our belief,
that dataflow architectures together with isproved
hardware, software, set of instructions needed to
support an efficient fault tolerant dataflow cosputer
and with powerfull high level functional languages, will

. show the prograsaing generality, performance and cost

effectiveness nedded to aake parallel aachines widely
applicable.
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ALTERNATIVNI POSTUPAK ODREDIVANJA TIPOVA
ENTITETA | AKCIJA U JSD METODI
PROJEKTOVANJA INFORMACIONIH SISTEMA
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Dubravko Zivkovié
Savezna direkcija za promet i rezerve proizvoda
sa posebnom namenom, Beograd

ABSTRACT. This paper presents alternative way of determining an
initial =set of entities and actions in the Jackson System
Development - JSD ~ method of information systems design. The
propousal is based on analysis of system input documents insted
of determining entities and actions by studying kinds of words
from system description as suggested by Jackson in /JACK 83/.
This approach has wuseful application in design bf busines
oriented information systems using JSD method.

SAZETAK. Ovaj rad pokazuje alternativni postupak kojim se

pdreduje inicijalni

skup entiteta | akcija u Jackson System

Development - JSD - metodi projektovanja informacionih sistema.
Predlog se =zasniva na analizi ulaznih dokumenata u sistem
umeato na bdredivanju entiteta i akeciia prouecavanjiem vrsta reéi

iz opiza sistema,

Ato sugerize Jackson u /JACK 83/. Ovai

pristup ima korisnu primenu kada se projektovanje poslovno
orijentisanih informacionib sistema vrzi JSD metodom.

1. UVOD - JSD METODA PROJEKTOVANJIA
INFORMACIONIH SISTEMA ’

Jack=on System Development ili skraceno
JED metoda proiektovanja informacionih sistema
(/JACK B3/, /CAME B&/) nastala je iz JSP metode
projektovanja programa, (/JACK 75/, /INGE 7%/),
primenom istih principa na 2iru klasu problema.
Fo JSD metodi, projektovanie poéinje fazom
specifikacije sistema, koja se odvija kroz
prvih pet koraka, a zavriava se fazom
implementaci je koja je ujedno i zadngi, zesti,
korak JSD procedure razvoja projekta.

Koraci JSD procedure su:

1. Entiteti i1 akciije

2. Btruktura entiteta

3. Inicijalni model

4, Funkci je

S. Vremensko uskl jadivanje
4. Implementaci ja

Na slici 1. ovi koraci su prikazani - kao
listovi stabla, a redeosled njihovog izvodenja
definisan je prefiks prolazoem kroz stablo.

U praksi, medutim, razvej sistema ne
odvija se striktno po opisanod proceduri ,
kretanjem od njiencg jednog do drugog koraka,
bez potrehe za povremenim povratkom na neki od
prethodno predenih. Iteracilje svakake postoje,
ali metoda raspolate mehanizmima da ih svede na
minimum.

"entitete i akci je.

2. ODREDIVANJE TIFDVA ENTITETA I TIPDVA AKCIJA

Prvim korakom JSD procedure - entiteti i
akci je - poeéinje opisivanje realnog sveta koje
se akondava u  koraku struktura entiteta.
Naime, proueavanjem raspolozive dokumentacije,
atruene literature, intervjuisanjem korisnika
i astalim nacinima upoznavanja sa problemem,
projektant nastoji da identifikuje 2to veei
broji grupa, pojedinaca, dokumenata,
arganizacionih delova, jednom reé&ju objekte o
sistemu, koje moie proglasiti entitetimat?

1) Znadcenje pojma “entitet" u JISD povezano
je sa idejom procesa u mopdelu i idejom
vremenshkog uwredenja njegovih akcija. Zbog
toga se i razlikuje od znadéenja koje se,
z2a 1isti termin, sred¢e u vezri sa bazama
podataka, gde Jje entitet statidan, tj.
niti provedi niti je izloten dejstwvu
akci ja.

(kandidati =za entitete). Osim potencijalnih
entiteta, prouéavanjem dogadaja koji se
odigravaju « realnom svetu, projektant formira
i listu mogueih akcija.

Rad na preojektu, kao 2toc je reéfeno,
projektant =zapod¢inje izborom kandidata zZa
Da bi spisak potencijalnih
entiteta i akcija bip zto £iri, jer je to vaian
zahtev 4w ovoi fazi rada, a da se . moguénost
pogreinog izbora svede na minimum, Jackson
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Implementaci
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Slika 1i. Procedura razvoja JS0 projekta.

projektantu predlaze jednostavan postupak:
svaka imenica koja se javija v ppisu realnog
sveta identifikuje potencijalan entitet, a
svaki glagol maogueu akciju. U toji preporuci se
pod "opisom” podrazumevaiju sve forme
upoznavania sa podriejem interesovanja.
Freporwuka se zasniva na sliénosti izmedu JSD
modela i prirodnog jezika, tj. na predpostaveci
da 1 judi svoje misli izrazavaju u terminima
entiteta, akcilda koje ti entiteti wvrze i/ili
&ijem su dejstvu izlofeni. Medutim, ovaj
predlog propracen je komentarom da je potrebno
‘obratiti  paziznju na einjenicu da mnoge imenice
imaju’'svoju glagolskuw formu (glagolske imenice)
i obrnuto, 2tp moe izazvati odredene prebleme.
Dsim taoga, moie se ponekad dogoditi da neki
vatan entitet nema ime, ¢tj. da se u opisu
pojavliuie u abliku okoliine, zaobilazne $raze,
ito oterava njegovu identifikaciju.

Ovakav pristup, pogotovu kada su u pitanju
elpteni sistemi, mo2e generisati ebimnu listu
kandidata za entitete i akcije, sa kojom bi
dalji rad bio znatno otexan. FProblem se moie
donekle ublatiti na taj nacinm 2to se vese u
procesu formiranja spiska pristupa sa odredenom
dozom kriticnosti, taka da se u spisak  ne
ukljueuiju objekti i1li dogadaji za koje je
evidentno da nisu interesantni.

Sliany proceduru, premda u drugom
kontekstu, predlazu i drugi autori- (/CHEN B3/,
/BODC 83/). )

Po okonéanju ovog posla, dobijeni spisak
potenci jalnih entiteta i akecija treba suziti,
imajudi u vidu sledeca pravila:

1. ODpzta pravila za izbor akciia:

- Akcija se uvek desava W odredenom
vremenskom trenutku i 0 nadelu nema
trajanje. Na primer, u projektu LD,
"REDOVAN-RAD" ne moe biti dopustiva
akci ja entiteta "RADNIK" pozto rad

2.

3

Osi

radnika u redovnom radnom vremenu ima
atribute koji se direktno odnose na
trajanje redovnog rada, osim ako je

vremenska skala projekta tako
pndredena da se ¢citav period vremena u
kome je radnik radio smatra kabo

trenutni dogadas.

Za akciju mote biti odabran dogadal
kojii se desava u realnom svetu, a ne
u sistemu. U tom svetlu, na primer,
"ORRACUN-LD"” ne mote biti. vaieda
akci ja jer 88 ne odigrava van
sistema.

Akci je su nedel jive, tj. ne mogu se
dekomponovati na podakcije ili  neke
druge sastavne delove.

Opita pravila za izbor entiteta:

Entitet mora provoditi  ili biti
izlo*en dejstvu akcija.
Entitet mora postojati u realnom

svetu van ragunara, a karakteriie ga
odredeno trajanje.

Entitet karakterizze uredenost akcija,
ndnosno definisan redosled po kome =se
akcije odvijaju u vremenu f{(struktura

entiteta), a koja se prikladnim
sredstvima moie ppisati.
Stanje entiteta se menja tokom

viFemena.

m nabrojanih opatih kriteri juma,

projektant Jje slobodan u izboru posebnih  koji

=0

imajuéi ‘
ukl jueiti w konadan spisak entiteta 1 akcija

akao

se

prihvatljivi za& projekat koga razvi ja,

u vidu da entitet ili akciju treba

planira da sistem u eksploataciji treba

da proizvodi ili koristi informacije o njima.

Oda)

branim - tipovima entiteta i akci ja

projektant daje kratka i razumliiva imena.
Medutim,

opisivanje entiteta i akcija samo



njihovim imenima nije doval jno, jer bi
razliecite osobe mogle na raxlicite nacine ova
imenrna tumacitli. 2Zbog toga se jo2 zahteva da

akci je, pared naziva, budu daodatno opisane sa:

1. Kratkim neformalnim opiscem koiji ima za
cilj detaliniju specifikaciiu semantike
naziva akci je.

2. Atrihutima, fime se znazenje akcije joi
blize odreduje. Entiteti, medutim, ne
zahtevaju dodatan opis jer su dovol jno
opisani akci ijama u njihovom sastavu.

Blavni dokumenat koraka entiteti i akcije
je (pregifcen) spisak tipova entiteta i tipova
akci ja. Akcije su, saglasno zahtevu metode,
dodatno specificirane opisom i atributima. Sa
ovim spiskom kao ulazom, zapoéinje rad na
slededcem koraku JSD procedure.

. ALTERNATIVNI POSTUPAK ZA ODRERIVANIE TIFOVA
ENTITETA I AKCIJA

1] ovem odel jku bice prezentiran
alternativni postupak za odredivanje tipova
entiteta i tipova akeida koji se moie horistiti
prilikom projektovanja poesliovna orijentisanibh
informacionih sistema (IS). U osnovi tog
postupka Jje analiza dokumenata koji iz raznibh
izvora ulaze uw sistem. Ovakav pristup ima
opravdanje u ctipjenici, da poslovno
orijentisani sistemi mogu prec¢i itz Jjednog
stanja u drugo samo ake postoji edgovarajudi
dokumenat koji opravdava ili registruje takvu
promenu. Sa druge strane, promena stanja
sistema u JSD terminima nastaje pod dejstvom
akecija odredenih tipova entiteta. Iz toga
proizlarci da Jje razumno predpostaviti
postojanije odredenog stepena korelaciije izmedu
skupa akcija u JISD modelu i skupa dokumenata u
posmatranom poslovnom sistemu. Dalja
razmi2l janja u tom pravcu navode na zakl juéak
da se, u ovoj fazi, izvorli dokumenata mogu
poistovetiti sa JSD entitetima. Inicijalan skup
tipova entiteta i tipova akciia, koii je
dobijen na opisan naé&in, potrebno Jje dallje
analizirati koriszecenjem honcepta funkcionalne
zavisnpsti, a pridrifavajuéi se i opstih JISD
kriterijuma za izhor entiteta i akcija, da bi
s dobio njihov konacan skup.

Dvakav postupak, nesumnjivo, daleko brie
dovodi  do zavrietka prvog koraka JSD procedure
od onpga kaoii je predloien u referenci
/dACK, 8%/, Jjer je broj dokumenata i izvora
njihpvag nastajanja daleko maniji od broja
imenica, glagela i drugih vrsta reei. pomoeu
koiih BB DpRpisuie funkcionisanje doti¢enog
poslovnog sistema. Samim tim je i posao
projektanta manje obiman, njegov rad je
produktivni ji.

U ovam odeljbu, dakle,
postupak za odredivanje tipova
akci ja prilikom projektovania
prijentisanih informacionih sistema
zasniva na analizi ulaznih dokumenata.
neophodnibh obiaznjenja, izlaganja ¢e
zakl juesena definisanjem procedure
projektant u radu treba da sledi.

biese izlozen
entiteta i
poslovno
koji se
Nakon
biti
koju

3.1. ODREPIVANJE TIFOVA ENTITETA I

ANALIZOM ULAZNIH DDKUMENATA

AKCIJA

za vreme dok
sistemom,

Qanovni zadatak projektanta,
je angaiovan na upoznavanju  sa

sastpji se o tome da identifikuje sve tipove
ulaznih dokumenata koji su  vaini za rad
sistema. Uporedo sa tim, on treba da odredi i

objekte iz okruzenja koji predstavl jaju

&6

izvore, wuzroénike, njihoveg nastanka.
nadin bide Ffarmirana inicijalna lista tipova
akci ja i entiteta. Akci je ¢e u ovoj fazi biti
poistovedene sa odgovarajudim tipom dokumenta,
a entiteti sa uzrognikom njihoveg nastanka.
Opravdanost za takav pestupak moie &8
ilustrovati na mnoitvu primera. U sistemu LD,
na primer, paverilac upuéuie u RO
administrativnu zabrany, pa se zbog toga moze
tretirati kao potencijalni tip entiteta koji

Na taj

provodi akciju tipa ‘YMzabrana'. 8lican je
primer, takode, sa dobavl jacem — tip entiteta -
koji Jje poslao fakturu - tip akcije - za
isporuéenu robu, itd. itd.

Dokumenat koga projektant izgraduje dok
radi na ovom zadatku, slican je Ffinalnom
dokumentu iz koraka entiteti i akcije. Razlika
pastoji Jedino uw nadinu tretiranja atributa
akei ja, kojima se, kada je u pitaniu metod

zasnavan
vaingst u
entiteti i

na analizi vrsta reci, pridaje manja
pdnesu na onu koju imaju  kada s=se
akci je odreduju na asnovu ulaznih
dokumenata. Ibog toga, skup atributa neke
akci je moke, u  prvom sluecaju, biti i
nekompletan, jer sluti prvenstveno :tbog twoga da
pocbhaol j2a semantiku akeije. Kada se entiteti i
akcije odreduju na ospovu ulaznih dokumenata,
tada se svi podaci koii =me nalaze na odredenom
dokumentu tretiraju kao atributi akcije koja je
izvedena na osnovue tog dokumenta. Dodatan
zahtev, koii se tom prilikom pred projektanta
postavl ja, sastoji se u tome da treba izvrziti
unifikaciju naziva atributa, odstranjivaniem
tzv. sinanima i homonima.

Skup potencijalnih entiteta i akecija koii
je odreden poistovedivanjem ulaznih dokumenata
sa aktijama i uzroénicima njihovog nastanka sa
entitetima, u nekim slucaievima nije Lt
dovol jnoj meri precizan. Ta nepreciznost moze
se odnositi kake na dobi jene tipove entiteta
tako i na tipove akcija. Regularni tipovi
entitetas su U  takvim slucajevima podloini
pogreinoj identifikaciiji, dok je za skrivene
tipove entiteta karakteristieéna da s
jednostavno izostavl jeni iz razmatranja.
Nepreciznosti prilikom odredivanja tipova
akeija najéesee su takve prirocde, da se
manifestuju nerazlikovanjem zajedni&kih akcija
vitie tipova entiteta. 0Od projektanta se, radi
toga, odekuje da sa inicijalnim skupom entiteta

i akeija nastavi rad. U tom smisiuc njegova
patnja treba da se usredsredi na atribute
akeci ja, sa ciliem da se identifikuju
funkcionalne zavisnpsti koje postaoje medu

atributima. Na osnovu tih zavisnosti, potrebno
je ‘odrediti kl juseve relaci ja koje
korespondiraju inicijalno odredenim akcijama.
Nakon toga, provodi se, eventualna, %korekeija
identifikovanih tipova entiteta i preciznije
odreduju tipovi akciia.

Zbog kontinuiteta izlaganja, u nastavku je
dat primer koji ilustruje popstupak odredivania
k1l juta realacije kada su poznate funkcionalne
zavisnosti, a za detalje s tim u vezi potrebno
je konsultovati literaturu, npr. /ULLM 82/,
/ALAG B4/ ili  /LAZA 895/,

PRIMER.
Posmatra zse relaciona iema:

R(Aa,ﬂz.ﬁ:,ﬁ;,ﬁg,ﬁg)

za koju vazi
zavisnosti F:

sledeci skup Ffunkcionalnhih

te Ay > A,
2. Ay w—m—3> A,
3. A ———> A
4. Az — > Ag

Po definici ji,
da zadovolii oschine

kl ju& relaciije treba
jednoznacenosti i




neredundantnosti. Ove osobine zadovoliava
jedino par atributa A, Ag, pa oni
predstavl jaju kljue relacije R. =
za akkcije,
ih predstavl jaju, u
primeru w praksi odrede
kl jueevi, dobi jeni rezultati mogu sB
prezentirati tabelarno na naéin  koji je
prikazan na slici 2.

Kada s svim kandidatima
odnosno relacijama koje

nekom konkretnaom

Kl jusevi Ka !

Akci je

* ==§-ns+=w=¢B=+--====s+======+
!oon ' ! ! !
r—————— B s s
LI Y ! ! !
+
|
]
1

...+._.-.-+

Slika 2. Tabela koja sumira podatke o
kl juzevima relacija koje su
izvedene iz ulaznih
dokumenata u sistem.

tabelu uwnedeni
projektant je
za odl néujuen

Kada U
aktijama,
pripreme
entiteta i akcije.

Skup entiteta odreden je skupom
koji su upisani u zaglavlju tabele (K4,

podaci o
izvriio
fazu

svim
neophodne
odredivanja

kl juseva
Kayeass

[ Bvaki kljue identifikuje jedan entitet,
pa u apstraktnom primeru, - 4&ija Jje tabela
prikazana na slici 2., postoii n tipova
entiteta. Na osnovu podataka o %ljuéevima,
madutim, nije mogude odrediti da 11 neki
entitet pripada kategorilii regularnih ili
skrivenih entiteta., Da bi se napravila ova

razlika medu entitetima,
dva nacina.

Prvi se 2asniva na analizi preslikavania
koja postoje izmedu klijuenib atributa. U tom
slusaju, ako izmedu dva k1l juéa postoji
preslikavanje {1: M), tada je entitet
predstavl jen kl jucem koii u preslikavanju
ueestvuije sa kardinalnodéen M, kandidat =za
skriveni tip entiteta. U sistemu LD, na primer,
izmedy matignog broja radnika (kljusg ki) i
broja partije keoji predstavlja deoc kljusa
entiteta OCRITAK (el jues K=), postoji
preslikavanje Ky < *—> Ka, tj. preslikavanje
(1:M). Ovaj tip preslikavanja postoji i izmedu
broja partije i aifre poverioca (klijue Kz, za
koje se takode mo2e pisati Kx < y=3 Ka. Zbog
toga se odbitak moze tretirati kap kandidat :za
skriveni tip entiteta.

Drugi pacin u analizu  ukl jueuie akecisje,
odnosna preciznije, akci je i pridrusene
k1l jueeve. Fo tom postupku, ako neki entitet E,,
kpji je predstavlien kljuéem K,, nema ni.Jjednu
akci ju  kojoid Je pridruten samo jedan k] juéni
atribut, u konkretnom sluzaju kljueni  atribut
Ky predstavl ja kandidat za skriveni tip
entiteta, Do tog zakl judka se dolazi ako se ima
u wvidu da skriveni tip entiteta karakterisu
iskl jugivo =zajednicke akcije sa drugim tipom
ili tipovima entiteta. Zajednicke akecije su,
dakle, one kojima je u tabeli pridruzen sloieni
klju&. HAko se kao primer 1 ovog puta uzme
sistem LD i zadrze uvedene oznake za kljuieve,
tada <&e administrativna =z2abrana {(koja je u
prethodnim izlaganjima bila predstavl jena
akcijom ZABRANA) biti identifikovana kil jueevima
Kiy Kz i Ks., Bli¢na je stvar i sa ostalim

mote se postupiti na
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tipovima akcija za koje je u tabeli npaznac¢eno
da sadie Ka. Bvi oni, pored Kz, imaju i druge
atribute (Ky ili Kg) koji formiraju slokeni
kl jua. 8 druge strane, nalog da se poverilac
ukl juei u registar poverilaca takci ja
EVIDENTIRANIE) ili odluka o prijemu radnika u
radni odnos {akcija ZASNIVANJE~RADNOG-ODNDSA} ,
imaju kljuceve koji se sastoje od jednog
atributa, Kz i K, respektivno. Samim tim, u
sistemu LD, projektant ima osnova da zakljuei:
da su RADNIK i POVERILAC reguwlarni, a da Jje
DDEITAK skriveni tip entiteta.

Vaino je primetiti da entitet tipa ODBITRK
nije ni identifikovan, niti je to mogao biti,
u prvoj fazi rada. Do te spoznaje moglo se

doei tek nakon analize funkcionalnih
zavisnosti. B :

Ma slican naein bi se provodila analiza
imajuei uw wvidu § ostale tipove dokumenata
odnasno  akcija, tako - da nienim okanéanjem
projektant dobija konacnu listu entiteta i
akci ja sa kojom moie otpoéeti aktivnosti iz

sledeteg koraka JSD procedure.

Razume se da je projektant slobodan u
izboru postupka koje ¢e w radu koristiti, a
moze ih i kombinovati, take da rezultate do
kojih je dofac na jedan naé&in proveri pomoszu
drugog. Medutim, bilo kakvo da je njegovo
opredel jenje, on treba u toku rada uvelk da ima
na umu t optte JSD kriterijume =za izbor
entiteta i1 akcija. :

Da bi skup entiteta i
analizom ulaznih dokumenata
potrebno je da projektant u
tipove dokumenata koji su
odredenog poslovnog sistema. To nede uvek biti
lakoy, & razlozi koji do toga dovode mogu bhiti
razlieiti, Jedan od njih je svakako neiskustvo
projektanta, a zatim sledi njegovo nedovel ino
poznavanje ablasti poslovanja, za koju treba
projektovati 18 uw fazi kada je potrebno
odrediti entitete i .akcije. Medutim, istji
problemi postoje i ako se entiteti i akcije
odraduiv  postupkom koji je predloiic Jackson.
U slugaju poslovnpo orijentisanih informacionih
sistema, oni su &ak i izrateniji ako se umesto
analize wulaznih dokumenata koristi neki ' drugi
postupak. Problemi takode mogu nastati i u
slucaiju kada Jje stepen organizovanosti
konkretnog poslovnog sistema rizi od
uobi ¢ajenog, kada u sistemu postoje mnoge
prirudne evidenci je koje nema ju zvani &ni
karakter, kada iz okrutenja dolazi lote
kreirana dokumentaci ja itd. Istrativanje
odnosa apstraktnog skupa ulaznih dokumenata
("idealan" skup dokumanata), #0ji bi omogueio
jednoznaenu identifikaciju entiteta i akcija u
nekem sistemu, prema realnom skupu dokumenata,
verovatno bi rezultiralo interesantnim
zakl juecima koji bi se koristili u procesu
odredivanja entiteta i akeija. U ovom praveu bi
g2 mogla odvijati dal ja istraxivanja!

odreden

kompletan,
obzir uzme sve
bitni za rad

akci ja
bio

Ur malo dodatnag truda projektant moze,
ako entitete i akeije odreduje postupkom
analize ulaznih dokumenata, jednim potezom

obaviti dva posla, tj. definisati skup entiteta

i akeija i izvrziti pripreme za odredivanje
strukture entiteta. Radi se o tame da je
potrebno, u toku upoznavanja sa dokumentima i
niihovim ‘izvorima, prikupiti podatke i =]
tragovima potenci jalnih entiteta. Da tin .

padataka on moie dodi pazljivijim proudavaniem
postojeceg =istema evidencije koja sluzi
registrovanje prim! jenih dokumenata.

Ako se u postupku odredivania entiteta i
akeci ja analizom ulaznih dokumenata, angatovanije
projektanta na uodavan ju tragova smatra
pozitivnim, to se bez izvesne ograde ne moze
prihbvatiti w vezi zahteva da je potrebino, akp
se¢ postupak 2eli korektno primeniti, prousiti
funkcionalne zavisnosti koje postoje medu
atributima. Naime, poznavanje funkcionalnih
zavisnosti nesumniivo je kprisno i sigurha <de
biti iskoriseeno za projektovanje baze

za



paodataka, ali se angatovanje projektanta na tom
posln w  koraku entiteti 1 akcije smatra
preuranjenim. Taj rahtev e :sbog tioga i
najvesi nedostatak nvog fostupka.

2.2, FROCEDURA Zrn DODREBIVARNIE TIROVA ENTITETA I
AKCITA
Ma kraju, postupak za odredivanije entiteta
i akcija metodom analize wulaznibh dokumenata
bi¢e izlozen u formi procedure. Ona treba da
.plaksa primenu opisanog postupka u  praksi,
poito doprinosi da korak entiteti 1 akcije
dobi ja strukturniju formuo.
Frocedura se sastoji iz & koraka i’ to:z
1. karak. froucavanjem dokumenata koji postoje

u RO, citanjes steoene literature,
iz saradnje sa korisnikom 1 drugih
raspolozivih izvora, potrebno  je
identifikovati razlisite vrste
dakumenata koji iz okrutenja dolaze u

poslovni sistemn &iji  rag treba
automatizovati. ia svaki tip
dokumenta potrebno je pdrediti mesto
ili psobu koja e  odgovorna za

niegovo kreiranje.

Foistovetiti svaki
odredenim tipom akcije,
mestima odnosno
dokumente generiiu. Rezultate treba
prezentirati o formi spiska koii je
slican konadnom dokumentu za korak
entiteti i akcije, ali se v ovol fazxi
od projektanta ne zahteva da akcije
dopuni  tekstualnim opisam. Medutim,
atributima akcija treba pakloniti
wecu painju. U tom smislu podaci sa
dokumenta postaju atributi akcija, a
od projektanta se oiekuje da niihove
nacive ujegnagi i1 izhegne pojavu
sinonima i homonima.

2. koralk. gokumenat a4

a entitete sa
osobhama koJi

3. korak. ldentifikovatti shup funkciocnalnih

zavisnosti nad skupom atributa swvake
akci jea
4. korak. Na osnovil  poaznatih funkcionalnih

zavisnosti odrediti kljuceve relacija
koje korespondiraiu iniciijalno
pdredenim  akci jama odno=no wlaznim
dokumentima. Rezul tate prezentirati
W tabelarnoj ftormi na takav nac¢in da
52 za svaku akciju naznadi nien
kljueni atribut ili atribuki.

uradena
precizni je definisati
skup entiteta i akcija od onoga koji
Jje identifikovan u drugom koraku
procedure. Konadna odluka o tome da
11 ¢e neki od kandidata za entitete i
akeije biti odabran za nastavak rada,
koji e od nith bhiti wklijucen o
finalni dakumernat ove procedure,
odnosno finalni dokumenat koraka
entiteti i akcije, =zavisi i od toga
da li je on v ekladu sa opitim JISD
kriterijumima za odredivanie entiteta
i akcija.

S. korak, Horistee¢i se tabelom koja je

u 4. koraku,

Fada st
definigane

6. horak. odabrani

Nnijiihove

entiteti i
akci je, ndluke

€8

koje 54 tom prilikom donesene
potrebno je na prikladan naéin
dokumentovati a to se postize izradom
spiska entiteta i akei ja. Ovaj
dokumenat treba da udovolji zahtevima
JSD metode, 2to znasi da svaka akcija
i entitet treba da imaju kratke i
razuml jivo ime i da se akcije, osim
atributima, -dopune i kracim
neformalnim opisom.

Definisanjem procedure
entiteta i akcija wmetodom
dokumenata, okondava se i
bvu temu odrosi.

=a odredivanje
analize wlaznih
izlaganie kojie se na

4. IAKLJUCAK

U ovem radu predloten je altermativni
postupak za odredivanje tipova entiteta i
akcija o J8D metodl projektovania IS, On e

zasniva na analizi ulaznih dokumenata u sistem,
a ne na analizi vrsta re&i sa kojim je sistem
opisan, kao ito predlaie Jackson. Kpod poslovno
orijentisanih IS predloteni postupak birte
daveodi do rezenja, a definisana procedura
prvom hkoraku JSD procedure projektovania s,
"Emtiteti i akcije", daje strukturniju formu.
Nedostatak predl oienog postupka Jje
prewanijena analiza funkcionalnih =zavisnosti
medu atributima, koja se provodi da bi se
precizni je odredio skup entiteta i aAkaija.
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Ta prispevek obsega primecjavo module-2 5 programskimi jeziki pescel, ada in &, sploden opis
prevajalnika za modulo-2 In opis najbolj vidnih prevajalnikov ta razli&ne operacijshe sistewme.

Sklepni del prispevka je namenjen kratkemu opisu

proceduralnega jezika {(module-2 in prologad.

zanimive zdrufitve zmoZnosti {unkcionalnega in
V¥ dodathkyu navajamo dva primera programav v moduli-2,

ki naj bi predstavila tako osnovhna natela sistemskega programiranja, kot postopek modularnega

prograsicranja. Ta prispevek Jje nadaljevanje

.predstavitev jezika modula-2.

prej objavljenega &lanka in zackroluje kratka

Programming With Modula-2 In this paper the comparisson of Modula-2 with Pascal, Ada and C is given.

Further, the general overview of compgiler
operating systems,

is presented with same specific examples for sevecal
Finally, the very smart connection of functional and procedural language (Frolog

and Modula-2) is given. The appendices contain two examples of programmes which should give a
flavour of modular and system programming in Modula-2. This paper with prevecusly published aoane
closes the sketching of Modula-2 programming language.

i, UvoD

te je bil prvi del prispevka namenjen jeziku
samenmu, potem poskufamo v tem delu Jezik
pastaviti nekam v okol je. Tako navajamo
nekatera podatke, ki bode pomagale oceniti
razmer je module-2 de drugih programskih
jezikov., Temu 80 namenjena prva tri poglavja.

Y nadal jevanju opisujemo sam princip prevajanja
programov napisanih v wmoduli-2 in nivojski
ustroj splo&nega prevajalnika. V  zakljuénih
-dveh poglavijih pa poskusamo prikazati nekaj
zelo zanimivih primerov uporabe jezika na dokaj
cazlifnih primerih 2unaj in pri nas.

V posebnem dodatku vam pradstavl jamo dve lupini
programov, ki sta napisana v moduli-2 in sicer
razpore jevalnik procesorskega &asa in program
za pogovor med dvema terminaloma.

2. PASCAL IN HMODULA-Z

e v pre jénjem seetavku o . moduli-2 smo
opotorili na to, da Jje wodula-2 kakavostna
nadgraditev pascala, Po njem je podedovala
predvsem blo&no zgradbo in vse oasnavne tlpe
stavkov, od njega pa se bistvenoc razlikuje
predvsam v naslednjih pagledih [S531

4) gradnik “"modul" omogoda
- la&enc prevajanje programskih in podpro-
gramskih modulov
- enostavnd gradnjo wodulov s programskimi
arodji
- kn}itnice, ki so podprte & sistemom jezika

b) nizkonivajsko ali gistemsko programicanje
- dostop do poljubnega stalnega mesta v
pomnilniku .
- dostop do posameznih procesorskih regi-
stroy ’
- pisanje prekinitvenih podprogramoyv
- pisanje splodnih sorutin ’

c) podprogram je defimiran kot poseben tip

d) sintaktiéne razlike

Razlike pod tofkami a, b i ¢ so bistvene in so
semantifne narave, medtem ko so razlike pod
to&ke d predvaem oblikavne oziroma sintaktidne
narave, Ker pascal ne pozna pojma modula in
ker ne amogola eistemskega programiranja, ga na
teh dveh podro&jih tudi ne moremo primerjati 2
modulo-2, ’ ’

2.1 Podprogras kot tip

Padpragram kot tip je v zelo omejenem smisluy
sicer poznal %e pascal in sicer kot parameter
podpragrama €&, 161, ki Jje moral biti brez
parametrav, V moduli-2 je povsem pravilna

detinicija naslednjega tipa:

TYPE
_ProcType = PROCEDURE (Typel, Type2): Typedy

Parametrl padprogramov so prav  taka lahko
kakrénegakali tipa.

2,2 Bintaktisna razlike

Modula-2 je podobna pasecalu tudi po zunanjem
videzu. Vendar vseeno ahstajajo nekatere
razlike med obema jezikoma in 3jih navajame
tukaj:

a) modula-2 lo&i wmed wvelikimi in malimi
2rkami. Na oprimer: sna ni ista spremen-
ljivka kat ENA

b} pascal pozna dva tipa komentarjev, medtem
ko je v moduli-2 dovol jen samo eden, ki pa
ga lahko gnexdimo. Tako v moduli-2 { to
ni komentar ¥, (# ampak to %), (% ki je
lahko (# gnezden #) #).

€) modula-2 pozna ved asnovnih tipov kot

pascal.
d} v moduli~-2 so dovol jene razli&ne okrajsa-
ve za ved&rkovne apsratorje. inak

neenakosti <> se zapide kot #; logi&ni AND
Jje dovaol jeno okrajfati v &.



e) modula-2 ne pozna sestavljenega stavka,
kajti izkale se, da je nepotreben. Tako
je besedica begin v naslednjem primercu

povsem advednati

pascal:
for it=1 to 10 de
bagin
staveki
stavaek2y
stavakn
ond;

modula=-2;
FOR i1=1 TO
stavekt;
stavak2y

10 DO

stavekn
END;
{) modula-2
stavek).
g) stavka IF o1 THEN s1 ELSIF
ELSE &3 END; pascal ne gozna.
h) v moduli-2 se vsi stavki zakljulijo z
rezervirano beseda END, kar je razvidno %o
iz primera za sestavl] jene stavke.

pozna brezpogojne zanko (LOOP

c2 THEN s2

i} v moduli-2 je povsem prepovedan goto
stavek.
jy razlika Je pri definiciji funkeijskih

podprogramay.

k? modula~2 ne pozna standardnih podrogramov
get, put, read, readliln, write, writein za
delo z vhodno izhodnimi enoctami.

1) modula~2 ne pozna tipa file.

Tu naZtete razlike seveda niso edine, vendar so
po nasem mnenju najpomembne j&a.

3. ADA IN MODULA-2
Ada £21, 241 in modula-2 sta po letnici rojstva

vestnici, zato ni ni& &dudnega, &e v obeh
jezikih najdemo nekatere biatvene podobnosti,
k1l jub bistvenim sintakti&nim, zlasti pa

semanti&nim razliikam.
3p kar velikost jezika.
£20], obsega formalna
strani, medtem ko za modulo-2 zadostuje Ze
dobrih 2S. Tamu primecna Jje tudi razlika v
velikosti prevajalnikov in kode, ki jo naredi
preva jalnik. Zata na majhnih ra&unalnikih
popolnih prevajalnikov ra ado prakti&no ni,
medtem ka jih za modulo-2 najdemo kar nekaj C9,
221.

lelo pomembna razlika je
Kot navaja Pomberger
definicija ade ve2 sto

Podobnosti med ado in wodulo-2 si
primecjavi padatkovnih in ukaznib struktur, na
primerjavi modularnosti in moZnaosti lo&enega
programiranja ter na primerjavi sposobnosti
jezikov za nizkonivojske programiranje in za
vzporedno lzvajanje postopkav.

oglejmo na

3.4 Podobnost podatkovnih in ukaznih struktur

Ada in modula-2 poznata podobne asnovne
podatkovne tipe, le da ada obvlada tudi &tevila
v takoimenivani stalni vejici. vV maduli-2

realiziramo ta 8tevila s sestav) jenim tipom:

FixedPoint = RECORD

num: CARDINALG
base, delta: REAL
END;

Razen tega ada pozna podtipe, ki jih v moduli-2
lahko vodimo kot delne tipe, po drugi strani pa
ada ne pozna tipa PROC. Foleg tega mwmodula-2
pozna tip w®nolice, ki ga v adi realiz2iramo s
tabeloa:! .

70

BITSET is array (D..15) of BOOLEAN;

in podatkavnli tip ADDRESS, ki ga
definiramo kot

tahke v adi

ADDRESS 1is acosss WORD;

ukaznimi strukturami
Qbas jezikea poznata podobne
vendar iwma ada pri tem nekaj
vel moaZfnosti, Modula-2, na primer, ne pozne
stavka deolare (nadomestimo ga lahko 2 uporabe
novega modula) in delay stavka (nadomestime g@a
8 klicem ustreznega podprogramal. Madula=-2
tudi povsem prepaveduje uporabo GOTO stavka, ki
pa Jje v adi dovoljfen. Naslednji stavek, ki ga
najdemo v adl in ne v moduli-2, je null stavek.
vV resnici obstaja tudi v moduli-2, vendar ga
tam ne napifema, saj je predstavijem s praznim
stavkom, ki ima obliko samo podpifja ali celo
nitesar. Kako v moduli-2 nadomestimo calse
stavek iz ade, pa bomo opisali na primeru
nadome&danja strukture wexception in njene
uporabe.

Razlike wmed
bistveno manjte.
osnovne stavke,

Jjezlikav so

Ada je tudi precej moZnejfa kot modula-~2 pri
uporabi podprogramov, vendar lahko ‘prednosti
ade doselemo s pametnim programiranjem tudi v
moduli-2., Tako adino prednost, da je rezultat
funkcijskega podprograma lahko tudi strukturi-
ran tip, v moduli~-2 nadocmestimo s tem, da
izradunani rezultet vrnemo preko parametra, ki
Je bil klican po naslovu {(referenci). Pad pa v
moduli-2 ne obstaja moZnost ponovnega definira-
nja osnovnih operacij, kot so na primer
nnotenje, sgstevanje in podobno C(infiksne
oparaecije), in si morame zato pamagati s klici
ustreznih podprogramov.

3.2 Possbnosti in csnavni podprogrami

V adi obstajata dve strukturi,
nima: prva je aexcaptions
namen jena predveem za obravnavanje posebnih
stanj (na primer napak) v lzvajanju grograma,.
Te strukture v moduli~2 v bistvu spleh ne
potrebu jemo; &e smo pravilno razbili nad
program, moduli sami prestrelejo vse napake in
Jih astali program spioh ne zazna.

ki jih medula-2
(pasebnosti) in je

Druga struktura, ki jo najdemo samoe v adi,
izhaja iz dejstva, da je nek algoritem (recima
za vodenje sklada) povsem neodvisen od tega,
kakéni elementi so v skladu. V ta namen pozna
ada takoimenavane ogsnovne podprograme (gene-
rlo), kar Je \'4 modul i-2 e najte? je
nadomestiti. Pri tem si pamagama z splo3nimi
tipi (ADDRESS, WORD, BITSET, ARRAY) in predvsem
z molnoatjo lolenega prevajanja, kjer uporablime
za dano razlidico dani modul.

3.3 Modularnost in lofsno pravajanje

Nadela modularnosti in mo¥nosti 1lpdenega
prevajanja smo s1 e ogledali v Catrtem
poglaviu prvega dela nadega prispevka. Na tem

mestu pa si oglejmo le podabna strukture ade.

Modularno programiranje in loSeno prevajanje
amagoda ada enake dobro kot modula-2. Pojen
modula nadomef2a v adi pojem paketa (package).
Kot modula~2 tudi ada loB8i med definicijskim in

delovnim madulam. Definici jaki modul Je
zaznamovan I bhesedo paockage, delovni pa 2
package body. Kot v wmoduli-2 so tudi v adi
definirane strukture 2za oddajo in prevzen
tipav, spremenljivk in podprogramnay (use,
private). Bistvena razlika med obema jezikom
pa je v programskem maodulu, ki je pri adi

podprogram v moduli-2 pa zopet modul.




V sistemu jezika modula-2 po definipiji obstaja
4e ena bistvena prednaost pred ado. Sistem
jezika modula-2 namref v postopku prevajanja in
.povezovanja sam preverja, da je modul, ki
prevzema neko strukturo 1z drugege . modula,
preveden kasneje. Tega ada v asnovi ne pazna.

3.4 Nizkonivojska programiranje in viporednost

Na tem podrolju je ada v definicijah grecej
gibkejéa od module-2, Adino spremenl jivko, na
primer, ni mo¥nog namestiti na Zel jeno mestoc v
pomnilniku in programer ima na voljo le Se
dinamifen natin dostopa.

la programiranje vzporednih postopkov ima ada
enoto task, ki je podobna procesu v moduli-2.
Pradnost pred madulo-2 pri vzporednem programi-
ranju pa predetavl jajo adine ukazne strukture,
ki amogodajo vsklajevanje vzporednih procesaov;

v modul §-2 mora programer te podprogram
napisati sam. Kot modula-2 tudi ada omogola
poslutevanje prekinitev.

Callins C14%1 pravi, da bi bila primerjava
module=2 in ade nekaj podobnega kot primerjava

med pascalam in PL/1:
moduli-2 programerju,
Jezik. Tu

ade. :

kar je
je v adi te
lahko tudi i&femo vzrok obgeinosti

prepufdeno v

\

4. C IM HODULA-2

Modula-2 in jezik c sta zela razliiéna jezika.
Zato se bomo ome}ill le na primerjanje moZnosti
za programiranje wna spodnjem nivoju, torej na
nivoju sistemskega programiranja. Razen tegs
je smiselmna primerjava med obema jezikoma v
pogledu prenosl jivosti programov, medtem ko bi
bila primerjava vi&djih programskih struktur
brezpredmetna, ker jib v c-ju ni. Zato v c-ju
ne poznamo principov modularnega programicanja
in lo&enega prevajanja. Tudi v podatkovnih
strukturah je c dokaj reven.

Jezik c je nastal hkrati ¢ operacijskim
sistemam Unix [7, 23] ter postal osnovni jezih
tega mobno raz&irjenegsa pperacijskega sistema.
Zato program napisan v c~ju lahko dandanes hbre:z
veBjih sprememb polenemo na poljubnem drugem
radunalniku 2z operacijskim sistemom Unix. Prav
prenosl jivosti programov je tisti pojem, po
katerem je smiselno primerjati moduio-2 in c.
Kot pri jeziku e, je torej tudi pri moduli-2
zagotovl jena pranosljivqst pragramav, vendar v

primeru programov v moduli-2 ne samo  med
razli#&nimi ralunalniki z istim operacijskim
sistemom, ampak celo med radunalniki =z

razli&nimi operacijskimi aistemi. Dase&i ta
cilj v kar se da veliki meri je nalaoga delovne
skupine projekta 08851 C21]. Todneje, izdelati
2elijo nekakZen vmesnik med
poljubnim operacijskim sistemom.

Jeziku ¢ obhiZajno pripisujejo mod in
predvaen pei nizkonivajskem programiranju,
vendar zlahka uvidimo, da ima vse te zmoZnosti
tudi modula-2, ki omogola celo vedji nabor
sistemskih operacij.

prednost

Najvedja mo& jezika c fe v naslavl janju
pamnilnika, vendar prav ©¢ ne pozna statiZne
definicije spremenl jivke na dolodenem mestu

pomnilniku. Pa® pa c lahko pal jubno spremen-
1jivko pretvori v kazalec na naslov (to
doseiemo 2z uporabo posebnega znaka #), kar v

moduli-2 dose?lemo & klicem funkoije ADDREES. V
¢-ju lahko vedno ugotovimo naslov v pamnilniku,
kjer se nmnaha}a doloGena spramenl jivka, ¥
moduli-2 pa to opravimo s funkcijo ADR.

Ker © izhaja po svojih definicijah iz zbirnika,

vgrajeno v

modulo-2 in
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ki mu poskuda ostati Simbolj podoben, je
primerno bogat tudi

temu
fo nadinih naslavl janja.
Avtomati&no dodafanje {(x++) ali odvzeman je
(x-=i) v c—ju, Jje v moduli izvedljivo :z
dodatnim klicem podprograma INC.

¥V e-3ju obstaja poseben na&in definiranja
posameinih spremenil fivk, ki prevajalniku pove,
naj poskufa shraniti spremenljivke v procesac-
ske registre (ragistsr). Y moduli-2 to ni
potrebno, ker sc reglstri neposredna dostapni,
drugi cilj omenjens c-jeve  strukture -
optimizacija kode, pa Jje v bistvu problemn
prevajalnika in ne jerika samega.

Dela s posameznimi biti, ki je v c-ju zelo
enostavno, Je v moduli~2 izvedl jivo s
spraemenl jivkami tipa BITSET in klicem podpro-

gramov INCL ter EXCL.

Za razliko aod module-2 pa v c-ju ne
uporabl jati procesov in tudi poslufevanje
prekinitev po definiciji ni del jezika [Ci1, 7,
191,

Nizkonivojsko in sistemsko
kar je c doka} primeren, je enako dohro padprto
tudi v moduli-2, 0b tem pa nam modula-2 ponuja
Se vese prednosti strukturiranega programiranja,

programicanje, 2a

lo&enega prevajanja, preverjanja- savpadanja
tipov in ¢&e cele vrste prednosti, ki jih
zahteva sodoben, ulinkovit programski jezik, s

timer se ¢ ne more ravno pohvaliti.

Nak a -

v tem poglaviju sl bomo agledali tri
prevéjalnike in en interpreter ter z njimi bomeo
prehodili kratko zgodovino module-2.

4.1 Pravajalnik M2M in M2ART11

Prevajalnik M2RT11 ({410,
Zurich je bil prvi
prevajalnik za modulo-2;
radunalnik PDP-14 (LS1-11) pod operacijskim
sistemom RT-11., Avtor module-2 Wirth C25] je
novi jezik dokon&no oblikoval in realiziral
skozi ta prevajalnik.,

11, 12, 151 iz ETH
Siroko uporabl fani
pisan je v moduli-2 :za

fokumentaci}a obsega pet zvezkov, ki opisujejo

samo sistem jezika brez primerjave & kak&nim
drugim jezikom. vV njih tudi zasledimo, da
obstaja razli&ica tega prevajalnika za apera-

cijski sistem Unix.

Osnovni prevajalnik (M2RT11) je petprehodovni,
kakedni so praviloma tudi vsi drugi. Prav
poZasnost prevajfanja, ki dzvira iz 4&tevila
prehodov, je ena najveBijih slabosti mopdule-2.
Ker sp wsi novejZ2i prevajalniki nastali prav na

podlagi tega osnovnega prevajalnika, si ga
ogle jmo podrobneje.

Sistem jezika sloni na kosu programa, ki je
napigan v zbicniku in se imenuje Run Time

System. ¥V njem sg vsebovani vsi podprogrami,
ki 3ih oddaja modul SYSTEM in &e nekaj sploinih
paedprogramoyv. Klie wvssh teh podprogramov je
izveden preko programskih prekinitev - pasti.
Vedno ohstaja molnost ‘preprogramicanje tega
dela programa taka, da 1lahko potem poganjamo
program brez podlage operacijskega sistema
(atand alanel.

V gistem fe vkljuBen prevajalnik, ki
naslednjih pet prehodov:

ohsega

1.1 preverjsnje sintakti&ne pravilnost pre-
vajane enote in branje simbolne datoteke
vnedenih modulov

2.1 preverjanje pravilrosti
izdelava refernéne datoteke

deklaracij in

moremo -



2.: preverjanje sovpadangjs tipov v
podpragramayv

4.1 generiranjie kode za izraze

5.t ganeriranje kode za posamezne stavke in
izdelava izhodne datoteke

telesih

Kasneje so defininicali neko obliko vmesne
kode, podobno kot p-kodo pri pascalu, in jeo
imenavali M-koda. Prvié je bila ta oblika kode
uporabl jena pri prevajalniku M2M, kjer sta 4.
in 5. prehod zdrulena v enega samega in sicer:
4.t generiranje vmesne, M kode

vV dokumentaciji Jje dodan tudi interprceter te
kpode in njen opis [13] SBicer pa se vsi prehodi
izvede jo ie pri prevajanju delovnih in
programskih modulov, medtem ko so za definicii-
ske module dovolj e prvi trija.

Poleg prevajalnika vsebuje sistem jezika %e

povezovalnik in iskalnik napak (debuggec) ter

vesto uporabniskih modulav z orodji, ki
) omogofajo delo z datotekami in podobno.

Sigtem razpolaga 2 vel vrstami datotek, ki jJih

lo&i po podal j8kih:

~ MOD: programski ali delovni modul

-~ JLDEF: definiclijski modul

- .LS8T: 1izpis prevedenega programa (potrebuje

ga iskalec napak)
- +REF: refern&na tabela (potrebuje Jjo
napak)
.LMK: izhodna datoteka iz prevajalnika, ki je
primerna za povezovanje
- LLOD: ithodna datoteka iz povezovalnika, ki
je primerna za izvajanje v ochviru sistema
- M2M in M2B: sistemske datoteke

iskalec

Vgi naslednji primeri prevajalinikav s9 nekakéne
izpel janke iz osnpvnega M2M,
5.2 Modula-2 za ZI80 pod CP/N

Tudi ta prevajalnik prihaja 4z 8vice, je pa

precej okcnjena razlilica, sa) ne pozna pojma
procesa in vzporednosti delovanja. Razen tega
tudi ne omogot8a posliulevanja prekinitev. Kot
nadomestila pa ohranja povezava 2 zhicnim
jezikams: wuporabnlk lahka pao Eelji dalo&ene
dalovne module napife v zbirniku.

Sistem gestoji iz podobnih delov kot M2ZM in

zapet je prilofena mno?ica delovnih modulov, ki
omogofajo delo € samim aperacijskim sistemom.
Dokumentacija te implementacije sistema modu-
le~2 [14] podrobno apisuje razlike med pascalam
in moduloe-2.

5.3 Modula-2 razvajnl sistams

Je interpreter za module-2 z2a ralunalnik v tem
primecu IBM-PC. Med predstavl jenimi primeri je
to tudi edini interpreter. Nastal je leta 1784
pri tvrdkli Modula Corporatian. Ta
pravzaprav c¢eloten prevajalnik, ki pa mu manjka
peti prehod, tocrej generacija kade, ki bi hila
izvedl jiva na ciljnem radunalniku, Implementa-
clja module-2 je dokaj celovita, saj iz
definicije jezika manjka samo moinost poslule-
vanja prekinitev (podprogram SYSTEM.IOTRANS-
FER). Ta sistem Jje &e najbolj primeren :za
nadal jne razvajno delo na maduli-2, predvsem v
smeri razvoja in izdelave petega prehoda, ki bi
izdeloval resnifino izvedljivo kuoda. Motne pa
bi bilao tudi dodati te en prehod za
optimizacijo M~kade, ki bi ga wvstavili med
&etrti in peti prehod.

sistem je-
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5.4 8DB-XP
Sisten 805-X%XP sodi trenutno med najbo!ljie
prevajalnike za modulo-2 za ralunalnik I8M-PC

in operaeitski sistem PC~DOS,

Implementacija madule-2 je paovsem popolna in
vkl juBuje molnost nadzora nad prekinitvami ter
vzporedno poganjanje procesov. Pa tudi sicer
lahko o sistemu zapifemo samo najboljse, saj
poleg abidajnih delov veebuje &e poseben
urejevalnik, v katerem so definirane posebne
tipke, ki omogoBajo enostavno pisanje ukaznih
struktur (zato tudi odpade prvi prehod) ter
motnost uporabe knjiinice modulov, &esar ne
omogoéa nobena druga od opisanih implementacij
module-2. Razen tega BOS-XP odlikuje ¢ izraedno
bogatimi orodji, ki so vkljuSena v sistemski
knjiZnici ITCLLIB.

5 tem smo zakljulili pregled nekaterih vidnih
primerav pravajalnikav za modulo-2. Ta pregled
pa ni popoln, saj nismo omenili sistemov za
velije radunalnike (VAX pod VMS) in podabno.

b, MHodula-2 in proleg

fadnjih nekaj vrstic tega pregleda namenimo
zelo zanimivamu paketu za povezavo module-2 (n
prologa. Razvit je bil v Zurichu pad vodstvam
Carla Mullerja C17, 1831, Poverava med obema
programakima jezikama Jje dvosmecrna, saj lahka
uporabl jamo v prologu podprograme napisane v
moduti~2, ali pa grologova nadela lagifnega
iskanja po podatkovni bazi v moduli-2, Prva
moincst je zelo enostavna., Definirati moramo
le oblikoc podprograma vsebovanega v nekem
modulu. Ta podprogram nam v postopku
interpretaci je prolegovegas programa predstavl ja
nek prologav stavek (klavzula)d. Taka lahka
resnitne pri&nemo razvijati nek program v
prologu in postopoma stavek za stavkonm
prevajamp v modula-2, Na koncu imamo celoten
program v maduli-2, ga prevedemo in s tem
pridobimo na hitrosti, ki Jje najbolj EZibka
tolka prologovih interpreterjev.

Obraten, manj pogost primer uporabe, slani nha
klicu pralogovega interpreterja, ki je sama nek
podprogram, Temu podprogramu predsmo kot
parameter nek niz, ki je v ©bistvu proleogov
stavek, katerega interpreter obdela na enak
na#in, kot vsak drug prologov stavek. Opisani
gistem Je bil razvit na radunalniku Lilith,
sedaj pa je na valju tudi za ralunalnike IBM-PC
pad MS5-DDS in VAX pod VMS.

Enostavna prenesljivost paketa Jje prav plod

uporabe 0881 standarda, ki ga paket wuporablja
za vese posege proti operacijskemu sistenmu.

7. Lastne ixkudnisy

Vv Odseku za radunalnidtve in infarmatike
Instituta Jolef Stefan e nekaj Sass sistema-~
ti&na zbhiramo dokumantaclijo in arod ja za
programiranje v moduli-2. Do sedaj smo v
maduli-2 realirirali nekaj manj&ibh poskusnih
prajektov, od katerih jedra dveh navajamo v
dodatku., Med deugim smo v moduli-2 cazvili
razporejevalnik cistemskega ¢&asa in s tem
omagoftili pleanje cesni&nibh solasno tekedih
procesov na enem procesorjuy v naspratju 2
definicijo module-2, ki pazma samo sorutine.

Naslednji korak pa Jje implementacija vedih
solaano tekofih procesov na ve#ih procesorjih,
Projekt razvijamo v okviru razveja poskusnega
kol ja PS-11 za programiranje vzparedno
delujo&inh procescorcjev na vodile @ C3, B81.
Dosedanji rezultati so dokaj vzpodbudni: daoslej



smo uspeli pognati ved
zaenkrat nesadelujoéih
skupni pomnilnik,

vzporednih, vendar
procesav, ki =i delija

Poleg tega nastaja v nmadih laboratorijah
implementacija 0SS! standarda
sistem RT-411 in MicroVMs.

prva
ta aperacljski

s akl jufiek

Modula-2 se Je v preteklih nekaj letih
uvel javila kot jezik za sistemsko programiranje
in kot jezik za pisanje velikih programskih
sistemov., Obstaja ocena, da Jje v moduli-2
napisane _Ze okoli 15% novejde sistemske
pragramske apreme. Razlog za hitro razfirjenje
jezika je brez dvoma v njegovi enostavnosti in
uéinkovitosti. Prav gotovo si bo modula-2 s
svD jo preglednost ja in majhnost jo samega
slstema, ter enostavnastjo rokaovanja pridobila
v prihodnje Se veliko vedjo veljavo in (e morda

kar kmalu nadomestila "stari dobri pascal®,
Zahvala
1a ‘vg0 poma® peri iskanju navih  znanj in

dragocane nasvete pri oblikovanju besedila se
najlepte zahval jujem praf .dr.Bo3tjanu Vilfanu.
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Dodatek A — Phonm

Phone omogata pogovar med
Ker je
sisten,
terminal, Tu

drugega. Pri

program paienemo
obeh se na

znaki,

spodnjo pa zanki, ki jih

Program sestoji iz Zestih modulav:

- Phona: osnovni program
- r8or: modul za delo z enim zaslonom
- x8pr: skcbi za drugl zaslon

= VTLibx: posebni ukazi za delo s terminali
tipa VT100
- rPort: poslufevanje prekinitev na enem
vhodu
~ nfPort: poslufavanje prekinitev na drugenm
vhadu
Na sliki 1 je &e prikarana podrobnejés shema
medsaba jne adviasnosti posameznih madulav.
Phone
rScr 4 VTLibx 4 XScr
rPort xPort
slika 1
Pefinicijeki moduli:
DEFINITION MODULE rScr; .
(¢ modul za delo s prvim tecrminalom #)
EXPORT QUALIFIED
cPutCh, rPripraviEkran, rBrisi, rGetcChy

PROCEDURE rPutCh (ch: CHAR} flag: BOOLEANY 4
(# izpige znak na prvi zaslon #)
PROCEDURE rPripraviEkran (VAR rVect,
rCSR: CARDINAL):
(% pripravi zaslon terminala #)
PROCEDURE rBrisigs
(s zbride zaslon tecminala #)
PROCEDURE rGetCh (VAR oh: CHAR;
VAR OK: BOOLEAN);
(% pobere zlog s terminala #)

END rScr.

DEFINITION MODULE VYTLibwj

(®* Ukazl z2a delo s terminali tipa YT 100 »

EXPORT QUALIFIED sCursor, sErase, sWriteline,
sScroll, sNewLine, entice,
PutString, Obrazeec, DelChg

CONST

enticre = 235 (+ zbri%e ves zaslon #)

Intecface

J.L.Yates; Advanced

Prentice-

Third,

dvema
prikl jufenima na ra&unalnik LSI-11
pod cperacijskim sistemom RT-11.
enouparabnidki
le en

izberemo
pojavi abrazec.
izpisu jejo
la, na
posil ja drugemu.

RT-11
je lahkao hkrati aktiven

zaslonu
Na zgornjo poloavico zaslona se
sprejetli od drugega termina-
terminal



TYPE WriteProc = PROCEDURE ({HAR);
(* podprogram z2a izpis zloga #)
PROCEDURE sScroll {(from, to: CARDINAL;
write: WriteProc);

(# dolo&i obmolje premikanja zaslaona &)
PROCEDURE sEcase {(area: CARDINAL;
write: WriteProc);
{# zbride dolodten del zaslona %}
PROCEDURE sCursor (x, y: CARDINAL;
. writes WriteProc);
(# postavi slednik na dolotenoc mesto #)
PROCEDURE sNewlLine (write: WriteProoc);
(% premakne slednik v nove vesto #)
PROCEDURE sWritolLine (long: CARDINAL;
write: WriteProc);
(# 1zpiZe &rto zahtevans dalZins »)
PROCEDURE PutString (what: ARRAY OF CRAR;
write: WriteProo);
(# izpife niz #}
PROCEDURE Obrazec (write: WriteProcly
(# izpile osnovni zaslonski obrazec #)
PROCEDURE DelCh (write: WriteProc};
(# zbrife zadnji znak v tekodi vretlci »)
END VTLibk.

DEFINITION MODULE xPortj
(# poslufevanje prekinitev na kanalu &}
EXPORT QUALIFIED
xGetByt, xInit, xClose, xPutBytj
PROCEDURE xGetByt (VAR chi CHARj
VAR OK: BOOLEAN);
(& pobere zlog iz vmesnika,
ce je na vol jo %)
PROCEDURE xInit (VAR xVect, xCER: CARDINAL);
(# nastavi vse prekinitvene podprograme ®)
PROCEDURE xClose;
(# zapre in vee pospravi okoli kanala )
PROCEDURE »xPutByt (VAR ch: CHAR;
VAR OK: BOOLEAN) g
(* vstavl znak v vmesanik, &e je prostor #*)

END xPort.

navedli
Druga ata

V primeru wodulov rSer in xPort smo
gama po en modul =za vsaka stran.
namred skoraj povsem enaka. Sledi &e podoben
pregled programskega in delaovnih modulov.
Navajtamo samo delovna modula, ki sta zanimivej-
#a (izpu&Bama VTLibx).

MODULE Phanaej

(# glavni programski modul %)
FROM xScr IMPORT

xGetCh, xPutCh, xPripraviEkran, xBrisij
FROM rScr IMPORT

rGetCh, rPutCh, rPripraviEkran, rBrisi;
FROWM TTIQ LIMPQRT

WriteString, Read, Write, SetMode;
CONST ETX = 003C; (% CCTRLYAC) #)
VAR xch, rch: CHARj

0K, OK: BOOLEAN;
LS8R, Vect: CARDINAL;

PROCEDURE BacrlCSR (niz': ARRAY OF CHAR;
VAR Vect, CSR: CARDINAL);
(* dalao#i vektorja in naslove statusnih
registrov obeh terminalov *)
VAR Enocta: CHAR;
BEGIN
WriteString (niz);
fead (Enata); Write (Enatal;
CASE Encta OF

*1¢:; Vect 1= 310B; CSR := 17465108
1 r2't Vvect := 3508; CSR := 1765508
END
END BeriCSR;
BEGIN .

SatMode (0, FALSE)Y; (# prepove <CTRL<C> #)
BeriCSR ¢’ 0d TT (st.Y: *, Vect, CSR};
xPripraviEkran (Veect, CSR);
BeriCSR (’ Proti TT (st.): *, Vect, CSR);
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rPripraviEkran (Veot, CSR});
REPEAT (# glavna zanka za irmenjavo znakav #)
xGetCh (xch, O0K);
IF OK THEN
rPutlh (xch, TRUE);
END
rGetlh (rch,
IF 0¥ THEN
xPutCh {rch,
END
UNTIL (xch = ETX) OR {prch = ETX);
¥Brieij cBrisi
END Phone.

xPutCh (xch, FALSE)

DKY;

TRUEY; rPutCh (rch, FALSE)

IMPLEMENTATION MODULE rScr;
(# delo s sprejemnim zaslanom *)
FROM rPort IMPORT
rlnit, rGatByt,
FROM VTLibx INMFORT

rClose, rPutByt;

sCursor, sErase, shrcitelLine, €Scroll,
sNewLine, entire, PutStcing, Dellh,
Obrazec;

CONST CR = D15C¢ LF = 012C; DEL = 177C;
8BS = 010C; REFR = 027C; ESC = Q33C;

VAR xm, xt, ym, yt, x, y: CARDINAL;
PROCEDURE Send (ch: CHARY

(# podlie znak na zaslon #)
VAR ak: BOOLEAN;
BEGIN

REPEAT rPutByt (ch, ok) UNTIL ok
END Send}

PROCEDURE rPripraviEkran (VAR rVect,
rCSR1 CARDINAL);
(# nastavi terminal in izpi%e abrazec #*)
BEGIN
rInit (rVect,
xm 1= 13 xt 2= 1; ym 1= 11; vyt
X IS Xmj Yy % ym;
Qtrazeo (Send}
END rPripraviEkrang

rCSRY;
1= 224

PROCEDURE rPutCh (ch: CHAR; flag:
(# interpretira sprejeti znak *}
PROCEDURE Uredi (VAR a, b: CARDINAL);

VAR i: CARDINAL;
BEGIN
1F ch = REFR THEN
FOR i:=1 TO 10 B0 sNewline (Send) END;
a @
END}
IF ch = DEL THEN Dellh (Send); at=a-1
ELSIF ch = CR THEN sNewLine (Send); a:=1
ELSE 8Send (ch)y a := a + 1 ENDj
END Urediy

BEGIN

IF (flag) THEN
IF x % xm THEN

BOOLEAN) ;

sScroll (3, 11, Sendl
gCursar (xm, ym, Send)j
X IR xm

END;

Uredi (xm, ym)

ELSE

IF x & xt THEN

sS5croll (14, 22, Sendl;

sCursar (xt, yt, SBend);

* 1= xt
END;
Uredi (xt, yt}
END;

END rPutChy

PROCEDURE rGetCh (VAR ch: CHAR;
VAR OK: BOOLEAN);
(& dobi znak 8 terminala #)
BEGIN
rGetByt (ch, OK);
END rGetCh;

PROCEDURE rBrisis
(% zbride ekran in zakljudi komunikacijo =)




BEGIN

sErate (entire, Send); rClase
END rBrisi;

END rScr.

IMPLEMENTATION MODULE xPort C71;
(# podprogrami za delo z enim od kanalav #}

FROM SYSTEM IMPORT
ADR, AUDDRESS, SIZE, WORD, :
NEWPROCESS, TRANSFER, l1OTRANSFER;

CONST N = 32

TYPE DLV11J = RECORD
‘ rC8R: BITSET;
TBUF; CARDINAL;
XkCER: BITEET;
xBUF: CARDINAL
END;

TypeCSR = POINTER TO DLW11J4

VAR rn, rin, ruut,.xn, xin, xogﬁ: CARDINAL

rbuf, xbuif: ARRAY LCU..N-123 OF CHAR;
*PRO, xPRO, CON: ADDRESS;
cWSp, xWSp: ARRAY LOD..1778] OF WORD;

pxl, px2, px3, px4: WORDy

activef BOOLEAN;
Vector: ADDRESS;
CSR: TypeCSRjg

PROCEDURE xGetByt (VAR ch: CHAR;
VAR OK: BOOLEAMN);
(# pobere zlog iz sprejemnega vmesnxka.
de lahko #*)
BEGIN )
IF rn > O THEN
QK := TRUE;
¢h := pbuf Crout?; on = on - 4%
cout 1= (rout+4) MOD Ny
ELSE OK := FALSE
END
END xGetByt;

PROCEDURE praoducer;

(# sprejemni prekinitveni pndprogram *)

BEGIN
LOOP
ICTRANSFER (rPRQ, CON, Vectori
IF rn < N THEN )
rbuf Ceind) = CHR (CSR™.rBUF);
rin t= (cin+1) MOD N;
rn = rn + 1
END
END
END producer;

PROCEDURE xPutByt (VAR ch: CHARj
VAR OK: BOOLEAN);
(# vstavi zlog v oddajni vmesnik,
&e lahka #)
BEGIM
IF xn < N THEN
QK = TRUE} .
xbuf Cxind t= chj xn 1= xn + 14
xin 1= (xin+1) MOD N;
IF NOT active THEN
INCL (CSR".xCSR, &); active i1= TRUE
END
ELSE OK := FALSE;
END
END xPutByt;

PROCEDURE consumer;
(# oddajni prekinitveni podprogram #)
BEGIN
LoopP
10TRANSFER (xPRO, CON,
ADDRESS (Vector+4))y
IF xn > O THEN
‘CBR™.%BUF := ORD {(xbuf Cxoutl);

xn 1= xn - 413 xout 1= (xput+l)d MOD N
ELSE
EXCL (CSR™.xCSR, &); active := FALSBE
END
END
END consumer;

PROCEDURE xInmit (VAR xVect, xCSR: CARDINAL);
(# inicializiramo registre, kil Jjih bomo
potrebovali in poleneme nov proces #)
VAR a: ADDRESS}
BEGIN
Vector t= xVect CSR := TypeCSR {xCSR>;

(# shranimo stare vrednosti #)
a := ADDRESS (Vector)y
px1l 3= a™; INC (a; 2}y
px2 3= a”; INC Ca, 2}
px3 1= a™y INC (a, 2}
px& 1= a’y .
rn t= 03 cin 1= D) rout 1= O3
NEWPROCESS (producer, ADR{rWSp),
S1ZECCWSp), rPROY;

Kkne=034- xin:-ﬂs xautt=0; actlve'=FALEE;
NEWPROCESS (consumer, ADR(xWSp),
SIZE(xWSp), xPRO);

WITH CSR™ DO
INCL (rCSR, &) TRANSFER (CON, cPRO)
TRANSFER (CON, xPRO)
END
END xInit;

PROCEDURE xClose;
(# ppdistimo vee za seboj #)
VAR a3 ADDRESS;
BEGIN
(# obnovimo stare vrednosti )
a 1= ADDRESS (Vector)i
a~ 1= pxi; INC Ca, 2}
a® 1= px2; INC (a, 27
“ t= px3; INC (a, 27}
a“ t= px4
END xClosey
END xPart.,

-

Na sliki 2 pa podajawo fe prikazr medsebojnih
klicev modulav. Primer Jje tudi 1lep naéin
vazbit ja na module in definicije njihovih
stiénih tofk - podprogramov.

Podatek B - Razporsisvalnik

Tukaj navajamo samo primer definicijskega in
delovnega modula razporejevlanika procesorskega
&asa in kratek primer z dvema procesoma.

DEFINITION MCDULE Scheduler;
EXPORT QUALIFIED ProcessGoy
PROCEDURE Preocessfo (whichs PROCj
space:s CARDINALY;
(#+ pozene nov proces, ki uporabl ja space
velik proster v pamnilniku #3
END Scheduler.

IMPLEMENTATION MODULE Scheduler(?7];

FRON SYSTEM IMPORT

ADDRESE, PROCESS,

NEWPROCESS, YRANSFER, LOTRANSFER;
FROM Stocage IMPORT ALLOCATE;

CONST N = 103
(% najvecje stevilo procasov #*)
ClockVec = 1008; .
(¢ prekinitveni vektor ure #)}
TimerSpace = 2008
{#* prostor za prekinitveni
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slike 2

podprogram z2a uro ¥}
TickhsPerPeriod = SO
(# stevilo urinih enot, ki so
dodel jeni enemu procesu %)

VAR StartNewProcesst BOOLEAN;
wsps ADDRESS;
FirstProc, (# starting process *)
TimecAdd: PROCESE3(* hece ig timer #)
Processes: ARRAY [1..NJ OF PROCESS;
n, currents CARDINAL;

PROCEDURE Timer;
(* dusa razporejevinika )
VAR NumberOfTicks: CARDINAL;
BEGIN
Number0fTicks := TicksFerPerind;
Loap
IF n > 0 THEN
if StartNewProcess THEN
StartNewProcess 1= FALSE;
NumberQfTicks := TicksPerPeriad;
surcent:=n
ELSIF NumberOfTicks <= O THEN
NumberOfTicks t= TicksPerPeriod;
currantt={current MOD n)+1
ELSE
NumberOfTicks.i= NumberDfTicks - 1
END; P
I10TRANSFER (TimeraAdd,
Processeslcocurrentd,
CloockVec?

"ELSBE
Number0fTiuks 1= TicksFPerPeriod;
IOTRANSFER (TimerAdd, FirstPrag,
ClockVec)
END;
END
END Timery

PROCEDURE ProcessbGo (which: PROC
space: CARDINAL);
(# pozene nav proces %)
VAR wsp: ADDRESS)
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01dCur: CARDINAL;
BEGIN .
IF n { N THEN
ALLOCATE (wsp, space)}
(* poisceame prostor za novi proces #)
nt=n+14
NEWPROCESS (whioh, wsp, space,
Processeslnl);
StartNewProcess 1= TRUE,
IF n = 1 THEN (+ ali je prvi %}
TRANSFER (FirstProc, TimeraAdd)
ELSE {* sicer ga pozene Timer #)
TRANSFER (Processesfcurrentl,
TimeraAdd)
END;
END
END ProcessGog

BEGIN
ni=0; currenti=i; StartNewProcess = FALSE;
ALLOCATE (wap, TimerSpace);
NEWPROCESS (Timer, wsp, TimerSpace,
TimecAdd)s
TRANSFER (FicrstProo, TimerAdd)
(# in pozeneo Timer =)
END Socheduler.

MODULE TestScheduler)

FROM Scheduler IMPORT ProcessGoj
FRON VTLibx IMPORT sCursor;
FROM TT10 IMPORT UWrite, Read;

CONST SpaceNeedad = 4008;
VAR cht CHAR3

PROCEDURE One;
(# na zaslon izpisuje “A" #)
VAR f1 CARDINAL;
BEGIN
ProcessGo (Two, SpaceNeeded)y ii=1;
LOOP
sCursor (i, 4, Writed] i;=(i HOD BO)+1;
Write (TA’)
END
END Oneg

PROCEDURE Twoj
(# ta pa naj izpiauje "B" »)
VAR ir CARDINAL;g
BEGIN
it1a1g
LOOP
sCursor (i, 5, Weite)} i:=(i MOD B0)+1;
Write (‘B’)
END
END Twoi

BEGIN
ProcessGo {(One, SpaceNeceded)
END TestScheduler.




IMPLIKACIJA ORGANIZACIJE NERVN{H SISTEMA INFORMATICA 4/87
NA RACUNARSKE SISTEME : :

: Markovic Pavie
UDK 681.327.2 Visoke vojne tehnitke Skole, Zagreb

Strukturna | funkcionalna organizactja | neaclin interpretacije dolszecih
informaclja nervnlh sistema su medju najslozenijim strukturama koje Je prirods
stvorilay, | Jos uvek su daleko od moguce tehnicke emulscijes Osnovns nacels te
organizacl je su od skoro poznata | Iskorlscens su u ovom radu v Implikaclji ns
racunarske sisteme, U radu su ns osnovu 1zvrsene anallze orgenizaci e najviseyg
stadiJuma nervnlh sistems (mozga) postavijeni globalnt zahtevl koje nekl
racunarski{ sistem mofa Ispuniti da bl mogec emullireti snalizirsnu nervou
orgenizacl ju. .

Kt juche recli? blolosk] sitemly upravl jack| sEisteml, obreda informactjse

IMPLICATION OF NERVOUS SYSTENS ON COMPUTER ORGANIZATION, Structural and
funclional organizetlon and the manner of Interpretaticn of Inconming
Informatlon of nervous systems are the most compliceted structures In nature
and they ere far awey of possibie technical emulation. BRasic principles are
known - and wused In this paper in laplication on computer systems. After
anslyzing the higest Jevel of nervaus system [humsan brasin) the glabal
requinents whlich same computer have to have In order to emulate the snalyzed
nervous organizatlion are glven,

Keyuardst biologlcal systems, control systems, Information procesing

l«. UV OD U centralizovanom pristupuy sve .Iinformacl je
¢ stanju svakog oblekta upravijanjis & venjskin
. . delovan/ime dolaze u centraine mesto
Brzlne racunara se od njlhove pojave deo upravljanjs, Tu se pa osnovu Informacl js o
danas visestruko pavecales. Ipak, danasn]i stanjJu sistems | buducim zadacliea odredjuju
napori | ponusajl 2nacajnijeg povecanja brzine . upravi jacxe akclje 2a svakl elemsnt sistemn.
recunanja Sw tesko ostverivl | veoms skupl. Ovakva strukturs se nmoze ucinitl Ideeadnom 2a
Uglavmom onl su usmeren! u sledecim pravcimat pristup wupravijanlus ell ona u sebl nosl |
- tehnolosko povecanje brzine rada dosts skrivenih poteskocs. Jedns od nJlh je i
glektricnih . nomponent| pravellka twolicing Informecija koje dolaze u
- promene u arhitekturi racunarskih centralno wsesto wupravijenja. To automatskl
sistemn, znacl tesko odredjivanje najpovoljnijeg rezima
rade u resinom veemenus upravo 2zbop precbli]s

Tehnolosko povecanje brzine rada {nformacl ja.

elektricnlh kKomponentl nems vise onakevy ostar

predi jent porasts %a0 pres tegko ds se glavna Ie razlliku od centrellizovancg pristupes
povecsnle brzine reounanja ocekuju u promenams samoupravnl podrazumevs skoro potpunu
arhitektura racunarskih sistema. Iakos, koncepti autonomi ju odluclivana svakog elementsa
multiprocesorskihs multiracunaskihs sistema, Prl tose svakl element slstema
distridulraninh, hiljerarnijskih i drugih sistema samostalino reseve viastite lokalne 2adatkes dok
su odavnpo poznati» njlhove primens ne daje ona u saradnji ss druginm elementina sistems resevae
povecanlja brzine racunsnja  kala su se zadatke od 2zajednickog interesa, QOstvarenje
oceklvela, U .pomenutim organizacljamea jos uvek sistems u kome bl svakl nt Imso totalnu
klJune teskoce njihove Iskar¥stivost] sutonomiju Je prakticno neizvodljivo Jer bi
predstav!jajus tada bhila nemogucs wuskisdJenost rasds ciltavop
-~ probleml dekompoziclje paosia ne grupe sistema v cellnl, Zato ova] pristup upravl janju
zovisnith | nezavisnih zadstekas nosi u sebl obelez]jJs | prvog I treceg
- prablemi komunikaclje v sisten| pristupa.
- pristup wupravl janju (koordinaciji) wu :
sistemu Decentaralizovani pristut podrazumeva
resclan]ivanje sistema na delove (hljerarhi jski
Od gornja tri problema centralno mesto sisteal) izaed]u koJih se uspostaviJa
zauzlma probiewm pristupa upraviJanjJu v sistenu, koordinacija. Tada upravl jacki element viseg
Svl dosadasnjl pristupl mogu se svrstatl u nivos wupravljs elemention nlzeg | sve tako do
Jednu od shedece tri kategorl je! najnizeg. Hl Jerarhl jska strukturs, sthieno
- centrallzovan! pristup centrallzovanojs podrazumevs lzdvajanje
- samoupravnl pristup uprav] jackih elemenate sisteme visep nivos od
= decentrallzovanl pristup uprav! jackih elemengts nlzeg nivoas []

funkcionalna podela rada smislens je samo ne
istom nivouy kao razdvajanje razllcitih
podzsdateks Istog nlvoa,



ReaslizaciJa bilo kog navedenog pristupa
upravl jasnju u multiprocesorskim sistemima opste
nameéne pokazals se¢ nedovol jne eflkasnosn Jer Je
unosila dodatna ogranicen]ja U priment |
uprav| janju resursima. Zbog togs S¢ krenulo v

anallzu onlh biolosklh sistema 2a KkoJje se
slgurne moze tvrditl da spadaju u - klasu
nuitiprocesorskih sistema (nervnl sistemi},
Autor smatra da 3u ti sistemi najsiozenlje
strukture. koje Je priroda stvorila {mozda cak
| optimslne) | da Jje danasnja nauka i
tehnologljs Jjos uvek jako daleko od njlhove

moguce Implempentacl je. Na osnovu takve anallze
trebatl su proistecl osnovni zahtevi koje neki
racunarsk| sistem wmora Ispunitl kako bl
Iskoristio pristup wupravijenju kojl se nalazi

ugradjen u nervnim sistemima. U analizu nervnih

sistema poslo se od nJihovih elementarnih
ocblike da bt se zavrsiia 58 anallzom
naJstozenijlh nervailh formacija tJ. mozpa

coveka,

Analiza nervnih sistema fzvrsena je ss
stanovista njlhove funkcionalne organizacl je |
naclna Interpretsacije ulaznlh Informaci Ja.
Ovako trazenon pristupu najbaolje Je adgovarao
pristup ruskog akademika i osnlivaca
Neuropsihologi je AR Lurifle, 8 kojl je on dao u
knjizli 'Osnovi neuropslhologljets L[prevod ne
srpskohrvatskom Jzdala Je izdavacke kuca Nollt
u bibtliotecl SazvezdJal, Autor nije Imso namery
da prepricava pomenutu knjigu ve¢ su sve
diskuslije vezane Za oroanizacije nervnih
sistems; & koje se nalaze u ovom tadus (1}
prepisane (41 samo prilagodlene rtadu (zbog
duzine tekstualnih objasnlenjel.

doslo
polna

De se prilikom clitanjs teksta ne bI
u kotizlju vezno je objasniti tumacenje
"nive hilerarhije”, u orgenlzaci]i covekovag
mozga. 2lbog tumacen)a nlvos hijerarnlje u
poaenutoj knjlzl wuzeto Je sledece znacenje!
starl delovi mozga | mozdano stablo se
nazlvaju anizim tako da retikularna formaclja
predstavija nafnlzl nive hijerarhije | judskog
mozga @ a@aparatl nove kore naJvisi, U Istom
smisiu tumacl se znaceanje nivos v uparedno]
ToplikaclJl na organizaclju racunarshog
sistema,

2« RAIVOS NERVNIH SISTEMA

U evolucljl Je
najeliementarnt jim nivoma

poznato da se na
rezvojs zlivotinjskog

sveta prijer slgnala | organizaclija kretanjs
ostvaruje difuzninm it arezastim nervpnlinm
sistemom. Na toj etapl evoluclije ne postoji
Jedinstvenl centar kolJl prims |} obradjulje
Informacl jer | protok drazl se odredjuje onim
privremenis dominantnim centrims kojl se
stvaraju u aovem JI| onom delu nervnog sparata.

Uporedjujucl takav nervni epatat s rcacunerskim

sistemima dolazl se do zak!jucke da bl se taj
sistem sastoleso od vise 'izolovanih' racunara
kojl svakl radl svoj possor a u pojedininm

momentimas onl medjysobno razrmenjuju poruke koje
bl govorlie o wukupnom stanju sistemsa 1}
pods)stema. Poruke su kratke | vezZane samo Ia
ukupno stanje sistema. Na danasn]jem nivou
racunarske tehnike ovom modelu naJblize sy
distribulrane racunarske mreze (silika 1)s U
toku datje evolucl je dolazl do ra2vitka prednje
gangllje KkolJs polake pocinje da preuzima
slazenlJe funkclje, Ona prima | preradjulje
informacile sa receptors | prebscuje nadrazalje
ns silazne puteve kojl se¢ krecu ka motornim
aparatima zivotinja.

Slika 1, Oistribuirana rofunarska mreio

u ranim stadl jima evoluclje tervi)
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prednja gangll ja Je imela  Jednostavny
funkcionalnu strukturu dok u kasnijim
(Insekti) doblja sve s)ozenl Ju funkcionsliny

otganizacl Ju (izdvaJaju Se neuranl koJi reaguju
Ju samo ns pojedine vrste drazi
(vidnesmirisnestaktiinel)s Gledeano ss strene

racunarske tehnlkxe ovakvim nervniem sistenina
odgovaraJu centrallizovene mreze Isilke 21 gde
centar pocinje da preuzima pojedine funkel je
znacajne Ta sigtes,

Slike 2. Centralizovano rofunarska mrefa
Visim steadl Jumaimn ovih nervnih apearasty

odgovara ju tekve strukture gde se centreinoa
racunaru predodel juje sve vise funkclija tJj. on
pocinje da bivs sve znacajniji | uticaJnijl na
ukupnl sistem,

U toku daljJe
prednlje gangll je
pritagodjavenje naglo
sredine, U takvim slucajevima ocuvanje vrste
noguce Je 1l zahval JuJucl preobiino]
proizvodnJi indlividua 111 2zashveljuJucl rozradi
Indlvidusino=promenl jivog ponasanja.

evolucije nervnl
ne 200U da obezbede
promenjenie usiovias

aparati

fo ovo)] drugo] IiniJl se¢ odvija razvitsk
kicmenjoka. Ako kod nizih kilcmenjoka vazl starl
princip onda se kod kicmenjJaks ko)l prelsze na
egzistenclju ns kopnu pojavijuje potrebs za
takvim nervnim eparatom kojJl ce obezbed]lvatl
maksimalinu Individualinu promenljivost ponasanja
koja pak odgovara vellko]J proment |lvostl usiove
zlvote na zemlJi.

Takvim bioloskim zadacima odgovara mozak,
Ne ovom nivou razvoJa nervalh sparata amoze se
siobodno J2Javit) da postoJl jedan Jedinstveni
centar koji ne pruza nlkakvy il nely
autonomiJu rada., To vaodl do zakljucks da
postoJl (racunarskl giledane) Jeden centralnl
sistem koll sve oko Ssebe kontrolise. Neas
nikakvih distribuiranih wreza v koJima se
Informacije prenose g Jednogp ne drugl krajs vec
sve Informscije s» senzore dolsze ns centraino
nestos tu se obradfulu | reakcl je prenose ne
aktustore (sliks 31,

SENTORI

.

Ralunan

AKTUATORI

Slike 3. Rafunarski uprovijon proces

Dolezl se do zakl jucka da Je to konacno resenje
s Jednim centralnie racunsrskim sistemom hoJi
obavils sve funkeije, MedJjutims postavijes se
problem  vellcline tog racunsrskop sistema
{propusna moc) kojl bl Kkt9z svye etape
evoluci je sisare zadovol jlo sve zshteve kol}i se
pred njlm postavijaju. Ocigledno Je dss
gliedajuci eovoluclJu od nsjerostlJih sisars do
covekay da bl ta] racunsrskl sistem verovatno
rasteos eksponenci jalne (propusnse wmoc) I} po
neko) slicno) funkcljls obzlrom na broj |
slozenost funkelje koJje bl on kroz uporednl
evolucionl razve] m®mozgs morao da zadovel]ji.
Deiglednim kvantitativnia poredjenjem se vidi
da cavek neme tollko proporcianaine vecl moZak
od nlzlh sissras kollkl bi po broju funkclhja |
slozenoscy operscljs trebalo ocekivatis, Sams
gornjJa ¢lnjenlca navodl ns 2ektjucsk da resenje
problems lezl u unutrasnjol organizeciJl tog
nazovimo ga racunarskog sistems.
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241 Funkcionalna orgenizacija mozdanog
aparate

Kao sto je poznato aparatl mozga SV u
potpunosti sposobni da ptimaju | analiziraju
infarmaci je koje dolaze |z okolne sredine,
preradjuju f§hy ' formiraju nove veze | cuvaju
njthove tragove, Onl su ¢ stanJu da wuyrodjene
ponasanja iamene stoZenimy
individlalno=promenijivim, obezbedjujucl prl
tome. ne samo razradu uslovnih refleksa vec |
formiranje mnogo slozenijih programas ponasanja.

Velike hemisfere mozga | mo2dana korg
postaju kod coveka najvaznl }i aparsat ze
regulisanje ponssanja. S8 prelaskom od visih
sisara k8 coveky evotucl ja mo2ga povezens Jjt se
povecanjem povrsine najslozenijih (terci jarnlh)
rnih} 2ona kores dok povrsina elementarnih
delova kore {(primarnih }J sekundarnih) prakticno
SE Nne pOveCcavd: ¢ L7 g Ry

~
: [ nive prijema ji :
{ . ]
3 e §
1 1
i L nive obrode ] |
] 1
]

: : :
| | nivg upravljonja | !
L ; J

AKTUATORI

Slike 5. Videnivovska orgonizacijo
rofunorskog sistemo

Bilo bl nepravilino smatrati, dea ake
caveks vodecu ulogu dobija mozdane kora, da se
anda sve neryne formaclje koJe su ma nlizim
nivoima evoluclje predstavl]jale Jjedine aparate
ponasanja sada u potunostl odstranjen! od
rada, Ti prijasnjl nervni aparat| ostajJu u
njemus ustupaJuc! pri tome vocdece mesto novim
formacl.jama | dobilJaJu novu uiopu. Onl sve vise
postaju eparatl ko jl obezbedjuju osnovu
ponasanja sto aktivno ucestvule u regullisanju
stanja v kome 5S¢ nalazl organkizams predajucl
tako funkcl je prijema, obrade | cuvanja
informaci Jar a isto takeo | funkclju stvaranjs
novih programa ponasanjas regullsanja i
kontrole svesne delatnost]l visim aparatima

mozdane kore. Sve navedeno, gledana s
racunarskog stanovista vodi do zakl jucka da bl
racunarsk] sistem koJl bl korlstio osnovne
principe rada mo2ge morag biti realizovan kao
neka visenlvoska orgenlzachijn tshika 5). Sama
vera izmedju nivoa nije definisana all bi ons
morala 2zadovolJltl osnovne principe evolucl e,
a to je da svaki ntzi #1i visl aive mora
predstavl jatli Integrainl deo ukupnog sistema s
odel jenlm funkci jama po nlvoima, a opet u cldju
sveukupnog delovanja celog slstema. To zpnaci da
taj racunarski sistem po svojo,j strukturi mora
bitl Jedan dinamickli skstem kojl mora
obezbedlti neku promenjivost (prilagodijivost)
funkelja po nivolme. NIzt nivoi bi preuzimall
aktlvno wucesce wu ofganlzaciji i pripreml
aktivnosti za vise nlvoe,

Iz fiziologlje 1 nevurologlije se 2na ds
najlednostavnije elemente ponasanja kao sto sy
segmentarnt refleksl ostvaruju samo mehanizml
kie¢mene mozdine. Gledano tehnickls refleksi
klemene mozdine predstavljaju zastitu pojedinih
‘organa 2a koJe se uspostavijs refleksnl &krug.
To je slicnoe kao kad se u krugu za regutacl ju
brzine tiristorskl upravljanog motore postavi
osigurac 2a prekostrujnu zastitu ¢ tim da jes
grubo gledano, avde refleks izbagcivanje

osiguraca,

Takod]e se 22na da najslozenl]Ja urodjena
forma ponssanja kao sto Je regullsanje
ravnoteze razmene materljs ,koju obezbedjulje
disanjes hranjenje i termereguiacija »
ostvaruje posredstvom mehanizame kojl Se nalaze
y gornjim delovima mozdenog aparata (produzenoj
mozdinis  hipotalemusul, Jos siozernije forme
ponassanjas koje zahtavaju obezbeds Jivanje tonusa
| koordinacije tesno su povezane sa radom malog
mozga i subkortikalnih motornih centara.

“Konecnos nalslozenbije Forme dedatnost! ne mopu

bitl obezbed]Jene bez ucesce moxdane korepr Koja
predstavt js organ naJvisih forml ponasanja
zlvotinje | svesnog ponasanja coveks, 1z  ovih
cinjenice se vidli de wtoga nizih nlvos mozdanop
aparata Ims odlucujJucu ulogyu v enim funkcijama
koJe s najinacajni je za cebl organizam
[odrZenje orgenizmel. WYjedno te funkclje po
svom karaktery 4 psihickim delatnostima su
nize. Kac bl se to pokusalo presiikati na nekl
ragunarskl sistes ondeg bl nizl nivol prevzimall
funkel je koje su po svojol kompleksnostl nize
ali 2nacsjnije Za vkupnau organizacijuv |
funkcl Ju sistema, dok bl visi nlvel vrsill
detal Jnu obrady - informecija 1 predurimali
potrebne akcl]e koje ona 1zlskuje.

2.2 Strukturna | funkcionalnae organizacije
mozdane kore '

Posmatranjs koje su pokezale da morek o
celostis, a delimlieno | nJjegova kora nlisu
Jjednorodne strukture datlirajJu . iz pocetka
proslog veka.

Kakeo su pokazala kasnida istraziven)s nove
rmozdana kora se sasto]l od sest -slojJeva cellJa.
Samo donJl od nJlh predstoevijeju aparate koJi
neposredno povezu fu mozdanu koru se
periferijomt organima cula IV~ aferentni
s10J) | mislcima {V = eferentni sic))s. DOvl
slojevi se nazivalJu primarne 2one kore.

Slika &. Grubno topogrofskn karta moZdanih zono
a) spoljne  povriing
b) unutragnjo pavriinag

Kako su pokazale iIstrazivanja nad svakom
‘primarnom'sy 2onom kore nadoprad juje se sihstem
'Ysekundarnih®, 2ona u kojims domlnantno mesto
zeuzime)Ju slozenildl po svojoj strukturl II §
II1 sloj. TiI slojevl sastoje se od cellifa sa
kratkim sksonlma od kojlh najvec! deo ili nema
veze sa perlferijom ili dobljs svoje impulse I2
subkortikainih formaci jas koje se nalaze u
dubini mozgas a kojJe ostvaruju prvu preradu



informacija sto dolaze sa periferijes Struktura
tih sicjeva omogucuje da se svrstaju w
slozenijl ssoslicajativni 11} integralni aparat
mozdane kare.,

Hijerarhl jska strukturs mozdane kore {ako
se mole videtli ako se popleda topogralska karts
mozpa (sllka 6. Hao sto se na karti moze
videtls v mozdanoj korli coveka se magu
[zdvo Jiti oblasti koje leze na greanicganms
izmedJu kortlkalnih predstavnistva pojedinih
osecaJnih tons mozdane kores, a koJ# su dobile
naziv tercl jerne zone kare tind zone
prepokrivanjs kortikalnih delova pojedinih
analizatoral. Te oblastl kore se sastoje wu
celostl od gornJih slojeva cellbjas i one nemaju
direktne ve2e sa perlferljom: Postoje sve
osnove za predpostaviku da terclijerne zone kore
obezbedjuju zalednick!| red grupa anatlizatora:
tJe najslozenlju funkclju mozga.

Sve do sada izneseno vodi do 2sk!jJucks da
racunarski model kaji bl karltstio asnovne
principe rada mozgs wmare bliti hljerarhl jska
struktyra u vise pnivoa, 0 samoJ hijerahljsko)]
strukturi blt ce detal Jno govoreno kasniJje all
one sto je vazno napomenut| Je to da nlzi nlvel
hijerahlJe sa stanovista ukupnog sistema morsju
izvrsavati znacajnl]Je funkcl je. Ovo proizlazi
iz sazmanja da ntzl nivol mozga kontrolisu
najznacaliniJe funkcije organlzmas kao sto su
disanjey puls, jucenje zlezda Iitds Onl ne
fzvrsavaju vise psihlcke delatnostls, all igraju
odlucuy jucu ulopu 1] funkc) jama odrzavanja
prganizma sto Jje sa stanovista ukupnog sistema
najznacajnije funkcija.

Keko suv pokszala istrazivanJa, dete dolazl
na svet Sa potpuno oforml jenim aparatima
subkortlkalnih formaciJa | najJednostavnl jim,
ptoJekclonim Lt primarnim zoname kore | s
nedovol jno oformijenim aparatima slozenljJih
sekundarnih.{ tercijainih Zona kore, Najburni je
sezrevanje sekundarnlh detova kore Zapaza se U
uzrastu od 2-3 godine zlvota dok najslozenliJje
oblast] sazreveju konacho wu wv2rastuy od 6-7
godine, TerclJerni delovl kore sazrevaju u
periody do 33,5 godins 2ivota dok najstozenl je
obtast| produzavaju svoj razvitak do 12 godine
2lvota, Ova hlgerahi jska struktura mozdene
otganlzaclje [ same kKore govor | da 54
nsjznacajnije funkclje po organizam {(za njegovo
prezlvijavanje u sredini) kod ¢oveka wugradjene
od samog rodjenjas dok sve vise forme psihicke
delatnost] se razvijJaju ktoz razve] sekundarnih
1 tercljJalnth zona kore g samim tim | visih
nivoa mozdane hijerarhljes To znaci da nizi
nilvol hljerarhije pored svojih unapred
definisenih funkci ja imaju | dodatnu funkel ju
‘stimulisante'y | oadredJlvanja razvoja visih
nivoa Jer njlthove funkeciJe se tex kasnije u
ontogenez) razvlJeju zZajedno s razvojenm

sekundarnih zona khore, Aho se povuce partsleln
na model racunarskog slstema to znacl da nizi
nlvol hijerarhlje bl moratl da pored svojih
nermalnkh {nlzih) funkci ja i da aktivne
ucestvuJu u funkcijama visih pa cak | da te
funkclhje odredjuju.

James Atbus u  svojoj knjizi *Bralnss
8ehavlors & Robotics'sy Jje dao hiljerahijski
model morga (sSllxa Tl 7.2) gde nizi nivel
ekstrahiraju Informaclje zs& vise nivoe, Tal
modef bi vazioc kad bi se covek radjao s potpune
farmifanim sekundarnim | terciJarnim zonama
korey Jer onda bl nlzl nlivel hijerarhl je
tzluclivadl informaclje za vise., All keako to
Vlztuclvan]e dzvrsitl kad visi nivol hijerarhije
nisu formitani do kraja | kad nizi nivol wuticu
na formiranje visih?

2¢3 Tri osnovna funkclonalna bloka mozga

Moguy se 12dvojlt! tri osnovna funkcionalna
bioka §1i tri osnovna moZzdana aparatas cije Je
ucesce neophodno Zza ostvarlivanlte bilo kakvog
abllke psihfcke detatnosti, TF osnovnl blokovl
sut 1, blok regullisanja tonusa [lI stanja
budnostis 2. blok prljema, obrade & cuvanja
informacijas 3+ blok progremirenja, regulisanja

I kontrole psihlicke delatnostia

Svakl od tlh osnovnih blokoeva poseduje
hljerarhl jsku struktury | sastoJt se od
nheJoanje tri nadgradjene zone tipa! primarne; u
koJu stizu lmpulsl sa periferije ill odekie se
upucuJu lmpulsi prema periferiji; sekundarne, u
kojo) se obavija obrada primljene informec|je
1 se pripremajy odgovaras juc! prograni;)
tercijarnes kojs predstavije aparate vellklh
hemisfera koJi obezbedJulJu nejsliozenije forme
pslhicke deletnosti, Da bl racunarskl model
opstao morao bl zadovolJiti wuprave predlozeny
hljerarsi Jsku strukturu KkoJs bl na nekl nuscin
oponasala wupravo pomenuts tri funkclionains
bicks mozga. TaJ racunarsi sistem bl morao
fmati adekvatne kKomponente pojedinim
funkclionainim blokovima | tot

= Aktlvirajucy {uzbudnul kompenentuy

= Dtradjujucy kompenentu

-~ Programirajucy komponentu

2+43.,1 Blok reguilsanja tonusa 1 stenjs
budnosti

Jedno od najvsznljih otkrlca 23 mesto
bloka koji regulise tonus kore je otkrivanje
cinlenice da se t| aparatl ne moraju neiasziti v
samoJ korly, vec u delovima moZge koJl se nalaze
u delovima mozdanog stabia | subkortikeinim
formecijamay 1| de se t§ asparati naleze u
dvojnom odrnosu prema korl poedlzucl nJlen tonus 8
istovremeno | osecaju na sebl njen regulacioni
utical,

Godine 1949 dva Istaknuts naucnika, Megun
I Moruel, otkriil su da se ¢ delovims mozdancg
stabla nalazl posebna nervaa formaci s, koja je
pe svoloj strukturi | po svaJim funkcionetnim
svojstvime prilagodjena 2edatku da ostvarule
ulogu mehanizema kol tegulisu stanjs mozdane
kore tJ. ona Je u stanju ds menjs njlen topus i
obezbedjuje stanje budnosti.

Ta formaciJes je sagradjena po tipu nervne
mreze u kojJu su ubascena tela nervnilh cell ja. Po
mrezi te formacije koja Je nazvena RETIKULARNA
FORMACIJAy nadrazs)] se sirl ne pojedinin
lzotovanim impulsimar ne po zakonu sve 1|
nistas vec postepeno menjajuct svo}l nlvoe |
modutlrajuci stanje celokupnog nervhog aparata
(slika 7).,

sistem

Srednjt
mozak
S
ha enzorne
Produfeng E. funiije
3di 4 g
moZdina I
z
Kifmena
mozdina

Stika 7. Shemo aktivirajue retixularne formacije

Jedan deo viakana retlkularne formaclje
fde nagore 2avrsavaJucl se u visim nervnim
formacljama 1 ne kreJu y formeci jama nove kare
clja Je wutoge u arganitaciji slozene psihicke
detatnostli. Te formaclje su dobile nazly
uzlazni retikularni sistema. Samo otkrice da se
v evoluciono najstarijim delovima mozge nalazi
takva formgcije koja regulise ukupnl tonus kore
govorl punor Jer su to Istovremeno najnizi
nivol hljerarhijJe moz2g9e. Racunarski gledsno to
znacl da nizl nivol prediczenag hlijerarhijskog
modelae delulu wupravljackl na vise nivoe, Ovaj



nadet je suprotan svim dosadasnjim
hljeranhljskim modelima jer su uvek nizi nivoi
samo ekstrahirall informaciJe za vise a odluke

donositi visi
modela 1&zl u
obradjuju. sve

nivoli. Magucnest opstanka ovakvog

cinjenica ste nlzi nival ne
Intarmagl je veg samo gne ko je sy
najinteresantnije za odrzanje sistema. UJedno
vreme obrade takvin Informacija Jje minimalne,
Jer reakcl) je moraju blIti jako brze. 7bog tags
nizi sisteml hljerahl je moraju wticatht na vise
kako bl wkupna reakclja sistema bila skore
trenytnar a samim tim wisi nlvol S$e moraju
podclniti nizim, Ovo daovodl do gzakljucka da
najnlzim nlvoima moraju biti dostupne sve
Informacije koje dolaze u sistems Priroda Jje to
resiia postavivsi retikutarny formaslju kao
oka svih
dolaze u mozdanl sistem

Jdednu mrezastu cillndricnu tvorevinu
kojl

nervhnlh viakana
fslika B).

Siika 8. Aferentni putevi | gsefajne
zene Ipo F I Poljakovu}

Druga vlegkna retlkularne formaclje krecu se
u suprotnom smeru, Ona polaze od visih nervalh
formacija | Idu ka nlzlm strukturama srednjeg
moZgas hipotslamusa | mpzdappg stabla, Te
formacije sy doblile naziv silaznl retlikularni
shstem 1§ one stavl!jaju ostale delove mozga pod
kontrolom onlh programa koJi se stvaraju u korl
vellkog mozge | za clje Je izvrsavanja potrebna
modlflkaclja i mogulaclja stanja budnostl. Qvo

gavorl o ‘povratne vezet'; od vislh

ntzfm 11§ od vislh
psihicklh procesa ka nizims Racunarskl
gledano, to znaci da vwisl nlvel hijerarhije
imaju poevratni utleaj na nlze nivoe | to takav
da onl mogu modullratl]l utlcaj nizih nivoa all
$4 ograenicenjem da on moze postojatl samo do
Jedne grentce, Vish nivol ne mogu Iskijucitl
funkclje nizih jer u tom slucaju bl postejatl
radl sebe samih, Poznato Jje d2 se nerwvni
sistem nalazi stalno v stanju odredjene
antlvnosti | da Je postoJenje lzvesnog tonuss
neophodno za Ispol Javanje blfo kakve
aktlvnosti.

posto Jan,ju
nervynfh formecija ka

Magu se |zdvajltl trl f[zvara aktivacije
nervnog slistema. Prvl od |zvora Jje praces
razmene wnateri ja organizma kojl teze u asnovi
unutarnje ravnoteze organizma | Instiktivnih
procesas Orugl lzvor aktlvaclje je povezan sa
doleskom wu organlzam drazi iz okalnog sveta |

on dovedl do nastanka patpuno druglh foral
aktivacl je ko je se Ispaljavaju o obliku
orjentacionog refleksa. Svaka reakcl ja na
‘hovotari ju', zahteva porecdjenje nove sa
slstemom starih drazi, Ssamo takvo poredlien]e
moze da odredi da- Tl je data draz nova |
zahteva Vi orjentaclonl refleks 1§11 Je wvec

81

poznata ste znacl da za nju nije potrebns
posebna mobliiizacijs ocrgenlizme, Sano  takavw
mehanlzam mo2e da obezbedi proces privikavan]s
kada ¥vilse puts ponaovljena draz gubi karakter
novog. Ocigledno Je da Je v ts] mehanlzam
ycenje uki Jucen achanitan pamcenia ka ji
omagucuje tekvu komparael Ju. Insten deo
) judske aktivnostl wuslovlijen je naemerams |

planovima, perspektivama | programima ko jJi se
formiraju u procesu svesnog 2lvats coveka | oni
predstavl jaju trecl [zver aktivacijed )

!

Tipovl izvorasktivacl je govore de mozdani
sistem stalno vodl racune o svom wunutrasnjen
stanju s+ okolini 1 tekucem lzvrsenju programa
gsihicke delatnosti, Kad racunarskih sistems
kaJl bl waristit) princlipe mozdane organizacije
tite bl 2za ocekivati da sva tri {zvora
aktivacije budu zestupljena, Drugl | trecl po
semoj prirodi modela moraju biti prisutni  ali
se postevlja plitan)e sta s prvim tipom lzvora.
Kod coveks postoJl vellkl broj redundantnih
sistema skojl preuzimaju funkcije ako plevnl
nostiac funkclje odkaze, Najbolji primer je
disanje koJe Je Jedna od kritienih funkecl ja zs
Zivot. Kad se presecanjem nerva kol regulise
tupravi ja) radom dijefragme ona Iskljucl iz
rada ne dolazil do gusenja vec nlJenu funkel ju
preuzimaJu medjurebarn) misicl kojl sire t
skupl jsju grudnit kos | take omoguculju razmenu
vazduhs u plucima, Ista stver se dogedje | 5a
mozdanim centrima. Kad neki centar usted nekng
ostecenjs otkazey drugl prevzimeju njegove
funkcl je v petpunom [t degradiranom obliku.
To znaci ako se zell bilo kgkva redundanci ja u
modedu {(nekl obllk slstema neosetijlvog na
greske) tval izvor aktivaciJe mors bitd
prisutan. U stavrnisti model b} stalno vodio
reaune 4 kakyom se stanju (funkclonalnom) naleza
pojedine komponente hijerarhlJe i seml nivoi
hijerarhije., Globaine odluke o stanju sistema |

njegovo eventualno rekaonfigurisanje wvodilo bl
se na naJnlzea nivou hijerarhl Je

2+3.2 Blaok pfljemas oabraede | cuvanja
Informaci Ja

Dvaj blok se nalazl u spollnjim delovime
nove kare | zauzima njene zadnje deloave,
ukl jucufuel v sebe aparate vidne (potil Jacne),

{temenel
neurons

slusne (slepoocne) i opsteosecajne
oblastl. 'sastoji se od subkortlkalnih
I mozdane kore, 'ti neuroni rsde ns princlipu
sye 11} nilsta primajuci odvojene Inpulse
prencse ih hna druge grupe neurcha. Druginm
recima ova] funkclionalni bltok prima nadrazaje
od perffernih receptorar rastavi Ja Ih v
najslitnlJe delove (vrsl opnaltizu nejsitnijin
delova informecijal)s | vrsl komblnovenje u

potrebne dinamicke funkclonslne strukture (vrsi

funkelonalne
ovaj blok bi

slntezu u cltave
racunarskom modelu

sisteme). U
morao

zastuplJe keo analizator |
utaznih informaeclijs u sistem | sluzio bl kae
podioga zs buduce reakci je sistema.
Drgenlzaclh Ja ovog bioka anslogno predhodnom bi
morafa da bude hiJerahl jskas :

sintezator svih

Osnovu ovop blioks sacipjaveju primarne 11
projencione 20ne mozdane kores koJje karakterise
razva} neurona IV aferentnog slojar, ¢lJi 2Znatan
deo postduje naljvecu modalnu specificnost. Npr:
podedini neuroni vidnih aparata reaguju samo na
nijsnse btojer warakter lin)jer pravac kretenja.
U erimarnim 2onama poJjedinih oblastli mogy se
stestl neuronl multimodalneg kavaktera koje
reaguJu na nekellko vrsta drazi all nJlhov bro]
nije vecl od & - 5 X%,

Uprava ova clInjenica moze davest!l u sukob
s prediozenim mocdelom jer najnizl nlvo bi morac
da vrsl najfgrublju obradu Informach ja 3
nadredjeni su visem, Kako to da neki nive koJli
vesi oantizu najsitnl jlh delove informaect ju moze

biti na nlzem nivou od nivoa keJi vrsi sintezu?
Odgovor lezi u naclnu sanalize Informaclija |
reakcija na nJu. RestavijJangje Informaclje ne

delove dato je njenom prircdom | ono samo ne
znaci nista. Medjutimy reakcije sistema ns neke
elemente Informacila (npr. bljesaks, Jjak zZvuk:s

bitl -



gorak ukus) moraju bit] br2e (trenutnel) | ta]
nlzi nivo mora tu brzu reakclJu omogucitl. Tek
kasnlJe se ustanovljave [sintezom Informac!ja}
sta se dogod)io | da Il Je reakclja sistema
bila {ispravna {1l ne., To zZnaci da nlzl nival
hijerarhl je modets vrse rastavi janje
informacl j2a na sastavne delove za vise nlvoe, 8
reakcl Je koje onl preduzimsju na osnovu tlh
delova Inforwaci je sd u svoajo] sustint
znacajnije za sistem od reakclja vislh nlvoa.

Nad primarnom nalaze se aparati
sekundarnih 2one kore v kollms vodece mesto
zauzimaJu neuronl II | I1I siojas, | onl nemslju
{zrazenu mnodafnu speclificnost sto omogucuje da
se komblnuju drazi Kkoje dolaze wu potrebne
"funkcionaine obtlike! i tako ostvaruje
sinteticka funkcl ja.

Saznajne deistnost coveka se nlkad ne
eslanja $8Mo na jednu vrstu drazi vec

predstav! ja rezultst poli~ modalne delatnostl,
Zbop toga sasvim Jje prirodno sto ong mora da se
astan]a na zaJednick! rad celog sistema zona
kore vellkog mozga. Funkeljy obezbed]livenja
takvog zaJednlickog rada cete grupe - analizatora
ohezbedjuju | nose - tercljarne 2one blaoks 111
kako se ane nazlvaju zone prepokriveanje
kortikainkh deleva razllcltih snalizatora.

Tercijarne zone zadnjih delovs mozge se
skoro u cejosti sestoje od celiJs II & III
sfoja kore sto znaci da se njihova funkci je
skoro u potpunostl svadl na integracl ju
.stimutuse kolJl dolaze sa raznih anallizators,
Smatra se da najvec! brof neurona tercijarnog
stoja 'Je multimodalnog karaktera i da reaguju

na xompleksne oznake sredine {oznike
u prostorijis broj eaflemensta
reaguJu neuroni prva dva sloja.

raspoerda
sve) N8 koje ne

Detatnost tercljarnth zona zadnjih deiova
kore je neophodna ne samo za uspesnu sintezu
ocigledne Informaclije vec | za .prelszek od
nivos neposredne oclgliedne sinteze ns nalvo
slabolickih procesas zn - operisanje 53
znacenjina rechs slozenin gramatickim §
togickim strukturema, sa sfkstemima brojeva
gpstraktnim odnosima, Oruplim reclma terci jarne
zone predstavi jaju aparste cije Jje ucesce
neophodno zs pretvaranje ociglednog zepazanja u
apstraktno mist jenje | za ocuvanje u pamcenju
orgenlzovanog iskustva. Orgeanirzacl ja
sekundarnih [ tercljerzonih anaiizatoras govore
da 2za detaljnu obradu prispeith informact ja
treba puno vise vremena nego 2@ primarnu
anallzue To Znaci da reakclje sistema su puno
spari je all punc kvalitetnije I da nivali Hhi=-
Jerarhlje kael)i vrsl sintezu informacl]a moraju
blti u visim nivaine hijerarhl Je, Jer za fine i
visoke akclje pa svaloJj strukturl moraju pored
nlzlh nivoa bltl uk)jucenl | visl. Ovo sto e

iztozeno suprotno Je svim dosadasnjim modelina
anslize | sinteze Informaclja. ¥ao potvrda
ovome pristupu moze posluziti podatak da ne
spomenute drazl tipa, bljJeskar, gorkog ukusss
Jeklh zvukovar, reakclje mozga nlsu ha nivou
nove | stare mozdape kore vec nas *© nivou
jimbickog sistema kojli se nalazi 'Ispod*s nove
i stare kore. Za deteliJnu anelizu | sintezu tih
drazi kad se wustanovlJavaju razlozi njihove
pojaves reakclje su na nivou nove | stare kores

2e3.3
kontrole

Blok programiranjas rtegulisanla |

siozenlh forml delatnosti

Prijem,
predstevije

prerada | cuvan]e informacl Ja
samo Jjednu stranu pslhickog rivota

coveka, NJenu drugu stranu predstavl ja
orgenizacja sktivnes svesne pslhicke
delatnostil, Covek ne reaguje samo pasivho na
signale koJe prima. On farmira plancve |
pragrame svojlh akcl Jay prati njlhove
ostvarivanje i regullse svole paonassanjes

usaglesavjucl ga sa tim planovima | programima.
Ne krajus on kontrollse svoju svesny delatnost,
poredec| efekat svojh akelja sa polaznim
namerama | korigujuci pocinjene greskas vhkas
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Apatat] treceg funkclionalnog bioks nalaze
s¢ u prednjin delovima vellkih hemlsfers,
tspred prednje centratne vijuge. IZlaZne vrata
tog bioke predstav|js motorne 2ons kore vellkog
mozgas c¢iJl V slo] sadrzi Becove gligsntske
plcamidatne celljes; ¢l ja viakna . vade ka
motornim Jedeims kicmene mozdlnes U toJ zonl su
U najvecem stepenu zastupljenl organi  kolji
imsju najfunkclonalnlJl 2znsca) 1 koJima je
potrebna nalfiniJa moguca regulacija. Prirodno
Je da motorna struktura Impulss koje salje ovel
deo kore mora bitl dobro pripremljens t}.
ukl jucens u odredjene programer Jer bez takve
pripreme se ne bl pmogll-ocbezbeditl svrsishodni
pokreti, Sa stanovists modelis primarnl sfo)
ovop blokas bit ce najJvisl sio) hljerarhi je
predlozenog modela, Razlog za to Je oclgledan

Jder an bl u recunarskom modetu  uprasvijao
aktuatorime kojl wupravlilaly procesomn 1l su
veza s okollinom,

Priprema moternih Impuise ne moze bIt]
ostvareng samo plramidatnie cell jama vec mora
biti obezbadjiena kako apsratonm predn je
centratne vijuge tako I visla gspatatima
*sekundarnih', 2onas motorne kare. Predn s
centratna vijugs predstavije projekclonu zonus

fZvrsni aparst mozdene kore. Odlucujucl 2naca}
U pripremi moternih Impuisa Imaju sekundarne |
tercijarne 20ne, koje se poteinjsvaju istim
principima hijerarhijske sStruktuyre | sliszne
specificnost] kaoe | predhodne dva bloks ali v
ebrnutem redosiedy, Ulogu sekundarnlih zons
igraju premotorni delovi ceane oblastl mozgs.
Drazenje tih delovae kere (2aZlivs citave
koempieksna pokrete kao sto sut pokret] ocijus
gtave ) celop teis | powrati ruke kols nesto
uzlosaess 58 stanoviste modelsn znacl da
nepasredno nizi nivo vrsi arganizaci ju

(pripremy) reskctje sistemas all ne samo  se
stanovista proracuna tprograme} reskel Je
sistema vec | sa stanovists buduce reskeije

sistema.

NalJznacanll} deo ovog funkclaonsinog bioke
predstavi Jaju prefrontaini delovi mozgs koJi su
sastavijen! od vellkop broje celiJs 1! ¥ III
sioja | predstavijJaju tercilJerne zone., Oni
igrajJu najznacalniJu ulogu u formirenju namere
i programa i regulisan.js i kontrote
najsfezeniJih formi ponssanjs coveka. Upravo
zbogp tages prefrontealina obiest Ims najbogatl i

sistem vezs 53 druglm delovime mozgs kao | s
retikuisrnon formaci jom. Zahval jujuctk
dvostrukom karakteru tih veza prefrontsinl

delovl kore ¢ najaze u posebno povol Jnom polo-
pelozeju I u odnosy ha ponevnu preradu
najslozeni jih uzbuda, KkoJe dolaze od svlh
delova mozga | 2a organzaclJu wuprevl]jackih
inpulsa kol omegucavaju da se obavl Ja
reguiacione delavanlje na sve te strukture, Ako
najvlsi nivo hijJerarhi Je Je neposrednl

12vrsilac radnje ands nizl nival
pripremati globalne Instrukcije 2s

izvesenjJe, Ta pripresa globalinih radnJi  Je
tesno povezana E predhaodno dva cpisans
funkcionaina bltoka modela | ne moze se vrsit|
bez njih. Hizi nivoi hijJerarhl je donose
gliobalne odluke o© reakcijl sitstema dok vis|
nivol semo fzZvrsavalu globalne odluke |
eventualnoe vrse njihove doterlvanje. Ovde je

nors jJu
njihovo

vazno napomenuti znacaJ povratnih infarmaclja
ko je ovia nivolas govore [] i2zvrsenju
prtedvidjenlh progrema | teakel Ja. Nas osnovy
njlh ova) blok wvwrsi kortekciJu (doterivanje)

svojlh programs tj. globainlh akclja,

Od odlucujuceg '§;acnja Je cinjJenica da

ceone regl je mozga posedujJu  jake sSnopove
uzlaznih 1 silaznih vezs s3 retikularnona
formacijom. Te oblast! nove kore doblJaju

impulse od sistema prvog funkcionsinog bDloka
dok Istobvemeno one vrse intezlvan modulacionl
utles) na formaciJe retikxularpe foramsci je,
dajucl njenim axtivirajucim Impulsima
diferéncirans karakter | usaglassvalucl Ih s8
onim dinanicklim semama  ponsssnja kojJe se
formiraJu neposredne U ceonoJ korl wmozga., Oveo
Istlice ushy funkclonminy sarsdnju prvog |
treceyg funkclonsinog bloks § vezu sa svim



komponentama nervnpg sistema. Sa
modela to znacl da su uzbudnl 1
sisteml tesna povezanl. Programireljuci moze
defovatl na wuzbudni, afl konache odluke 2za
sistem yvek donosi wuzbudnl. Kod modela treba
Istacl dga se sva trl funkclonalna bloka

-.gktivirajuel . ’

= obradjujuel

- _ programirajuci nataze ‘med Jusobno
lzmesani na svim nivoima hijerarhije | to ne
kso odvpjene komponente vec integraine u svim
komponentama hilJerarhl je.

stanovista
programirajuci

3. T AKLIUCAK

1z syega do Ssads
racunarsk! sistem kojl bl pokusao
osnovne postulate rade poZgs more tadovol jitl
sledece globalne zahteve:
- .Da - je :to dinamlcka
struktura sa vise nlvoa
- Da Je stanje takvog sistema odredjenc
spoljnom okcllnoms unutrasnjim stanlem i
funkcijom koja se trenutno lzvrsava
-~ D8 su svl wylaz) u sistem direktno na
najnizem nivou a svim ostalim nivolma se
prosledjuje samo onaj podskup ulaznlh
Informaclje koJi mu je potreban 2a obavl janje
nJjegove funkcl je
= Da najnizl nive na osnovu Informacljs 12
spoljnjeg svetar unutrasnjeg stanta | funkelje
koja se obavija uw sistemu donosl odluke o
buducoj reakciJl sistema (funkel jt) | na osnovu
nje inieira dalju analizu | sintezu ulaznih
informaclije. Istovremeno vrsi distribuciju
odabrane reakeclje ¢stalim elementima sistems
- Da poseduje sledece tri - komponente
ukonponovane na svim nivolma hijerarhi je
- aktivirs jucu
= obradjujucy
- programirajucu

lznesenog sledi da

hijerarhi jska

Iskoristitl
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-~ Da ima dvosmernu kxomunlhkacilju
nivoa | ynytar nivea hijersarhl je

= 0Os na osnovu odred)ene buduce reakci je
se bzvrsi rekonflguraciJa sistema kako bI se
sIsteam najbolje prilggodio nastelo) situaci)!

= Da najnizl nlvo svoje odiuke i reakcije
donasli skorg trenutnos a svi ostali nivel
2akasnjenju za njlm

- Da postoje

fzmed ju

moguenosti wuticeda visih

nivoa na.nlze u procesu odredjivanlts buduce
reakel je sistems
= Da svi nivol ImajJu mogucnost utliceja ne

kontralisani proces stim da sto Je nivo visl to
nlegovy utlcs) more bitl viseg kaviiteta.

= O ako nani2l nive odredi pogresnu .
reakel Ju sistema ne postojt niko ko bI  tu
reskei ju promenlo uw drugu
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abastract

The paper deals with the communication concepts and functions assoclated
with the upper lavers of the IS0/0S1 Reference Model. The baslc communica-
tion functions 4in the wupper layers of the model are compared to the
information processing functions of a computer system. The role and the
tagk of both functions in & distributed aystem are explained in an
understandable way.

povzetelk

Priapevek obravnava komunlikacijaske koncepte in funkelje vidjJih nivojev
referenénega modela OSI. Primerjall smo naloge komunikacijskih funkeij v
modelu z nalogaml funkecij za obravnave in obdelave informaci) v ralunal-
niskem sistemu. Viogl cbeh funkcij v distribuiranem slstemu sta razlolent
na enostaven nalin,

1. Uvod teh funkel) moZna komunikacija med porazde-
ljenimi aplikaci)skiml ©procesi 2z napravami
Ysaka komunikacija med dvema all ved partner- za prenos podatkov. Aplikaci jskim procesom
Ji vklJuéule komunikacijske funkclje, ki Jih morajc biti na razpolago v racunalniikih
identificiramo zaradi preglednosti in naérto- sistemih, v katerih so aplikaclje locirane.
vanja slstemov kot tri razrede komunikacij-
skih funkci). Ta razdelitev vella ne dglede Slika 1. 4flustrira odnos med informacijsko-
na to, all komunikacijo 1izvajajo ljudje s procesnimi funkecijamli enega raZunalniikega
prenasan)em pisem all komunicirajo atroji z sistema in komunikacijskimi funkcijami apli-
elektronskim izmenjavanjem podathov. Stan- kacl jekega procesa. Za uporabnika se komuni-
dardi iz refereniénega modela 0OSI cobravnavaljo kaci jske funkcije izvajajo kot del aplika-
te funkclje =za primer komuniciranja preko cijakegsa procesa, z vidika sistema pa se te
naprav za prencos podatkov, na primer preko funkeije izvajajo kot funkeije lodenih nivo-
mre? s preklapljanje paketov ali vodov, naje- Jav. Nekatere od teh funkeid =0 tesno pove-
tih 1linilj, lokalnih mrel all javnih mrei za zane s specifi®énimi komunikacl jskimi potreba-
prencs podatkov mi uporabnikove aplikacije, zato se te funk-
cije specificirajo za vsako aplikacijo pose-
Komunikacljske funkcije vaakega od razredov - bej. Uporabniisko specifidne funkcije se ve-
obravnavajo razliéne, dobro loéljiive vidlike 3ejc na funkcije v sistemu, ki a0 splodnega
komunlcirania, Ti =o: ' pomena in s0 uporabne pri vedjemu dtevilu
razliénih aplikacij. Splodnih funkeci) v ra-
1. prenos podatkov - to s0 komunikactjske dunalniskem sistemu, ki ima vgrajene funkcije
funkclije za prenos predstavitev informaci) za komunikacijo, ni treba posebe] apecifici-
{podatkov) 1z enega konénega siatema v druge- rati, ker sc uporabniku na raspolago kot del
ga, s pogostostjo napak, sprejemliive 2za sistema. Najbol) elementarne komunikacliske
aplikactijskl proces. funkclle so sistemsko speclifidne funkelje, ki
delajo = Xkonkretnimi napravaml za prencs
2. povezava - to so komunikacijske funkcije, podatkov,

ki omogodajo aplikacijiskim procesom, da vzpo-
stavijo dialecg. Ker v wvsakem radunalniikem

sistemu pogoato obstaje veé aplikacijskih =. Opredelitey komuni-

procesov, ni dovolj, da se podatki dostavijo kkacidslkih Ffunkci d

v lzbrani konénl sistem. Potrebne so0 3e v OST RM

funkcije, ki ugotovijo, kateri aplikasciiski

proces poiilja ocz. sprejema informacije. 0SI RM identificira naidtete tri nivoje komu-
nikaciiskih funkeid in jih dalje dell v sodem

3. sodelovanie - to so komunikacijske funk- nivojev, ki ustrezajo asedmim nivojem tega

cije, ki omogodajo aplikacijskim procesom modela. Vsak od nivolev nudli del mnozice

smiselno keomunikacijo in izvajanlie procedur vseh funkcij, ki s¢o potrebne za scdelovanje

za porazdel jeno procesiranje informaci). oddaljenih aplikacijskih procesov. 031 RM
podaja abstrakten pogled na te funkcije, ki

Te funkcije a0 del sistemske opreme sodobnih . ga prikazuje slika 2. Slika 2. kombinira

radunalnisdkih sistemov, Lker Je le s pomoéjo razliéne poglede na aplikaci)ski proces in



prikazule odnos med tremi nivojl komunikacij-
skih funkci] in nivoji QSI RM. Tudi v 0SI RM
so funkcije prenosa podatkov lodene od funk-
ci} poverovanl)a in aodelovanja. S to lofi-
tvijo funkecij na meli med transportnim nive-
Jem in nivojem seje Je naznafensa razliika med
funkei jaml prenosa podatkov (spodnjdimi nivo-
J1) in funkeijemi porazdel jenega procesiranja
podatkov {zgornjimi nivoji).

V¥ nadallevanju privzemamc, da so funkecije

spodnjih nivojev realizirane. Te funkelje
Aplinaciphi proceni
L LL Ll
Inlermacijtie
-— pacens
lunkeije
Sadelovanje tparabnilke- specitidne
Povazevanjs Skupne Tomunikacijske
tvmbcija
Pranay Sittem P T
podothoy “Uporabnilki rnfut
O sistemssi vigin-

Slika 1 RaziiZmi vidiki kemynikecijski tunkeif

podpirajo funkcije zgorniih nivojev s prena-
tan)Jem predstavitev informaci) med Xxondnimi
sistemi v obliki nizov blnarnih oktetov .in
nudijo servis s kvalitetc, ki Je sprejemljiva
za dane aplikaci)ske procese. Funkcije vseh
spodnjih nivojev skupaj nudijo servis tran-
sporta podatkov, ki podpira izvajanje funkeij
zgornl)ih nivojev.

Kot ilustrira sllka 3., je regultat izvajanja
funkecij spodnjlh nivojev prencs nilzov binar-
nlh oktetov iz oddajnega v sprejemni konéni
sistem {lahko preko pecljubnega 3tevila siste-
movy - posrednikov). To Jje analogno prenosu
pisem ali magnetnih trakov. Servias, ki ga
nudijo spodnji nivoli, Jje Kot servis dostave
poillike "od vrat do vrat”, ki ga nudl postni
sistem. Slovenski del JUPAK-a na sedanji
stopnji razvoja nudi le pribliZek tega servi-
sa (prve trl, namesto &tirih nivojev). HNav-
pid¢ne puidlice mna sliki 3 predstavljajo tok
podatkov 1z enega konlnega sistema v drugega.
Vodoravne puilice ypredstavljajo interakelje
ali protokole, potrebne v vaakem od nivojev
za tzvajanle funkci} transporta podatkov. Po
terminologiji OS] 3o to funkcije in protoko-

li, definirani =z 0OSI standardi za Zfiziéni,
linijski, mreini in +transportni nive, ki
nudi jo zgornjim nivojem servis transporta
podatkov.

Preden aplikacijski procesi lahko uporabljajo
podatke, Jih morajJe sprejetli 1in pravilne
interpretiratl. ¥ wvsakem radunalnildkem si-
stemu lahke obstaja velike aplikacijskih pro-
CosoY. Zato se morata aplikacijsks procesa,
ki Zelita izmenjavati podatke, najprej dcgo-
voritli za komunikacijo in doloéiti pravila,
po katerih bo potekala. Ker vsak proces po
asvole predstavl])a informaclje, se morata do-
govoriti tudi za enotno predatavitev informa-
ci) pri izmenjavi.

Za to potrebne funkcije in protokoli omocgota-
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Jo aplikacijskim procesom v ‘'razliénih raéu-

nalniskih sistemih povezavo in sodelovanje.
Vv 03I RM so definirane kot funkeije nivoja
seje, predstavitvenega in aplikacijiskega ni-
voja.

3. Povezovande - nivo
s=aje

Nive seje nudi funkeijde za povezave dveh

aplikacijskih proceasov v odnos logiéne komu-
nikacije in funkciJe ze organizacijo in ain-
hronizacljo njunega dialoga. Pri tem se
uporabljajo mehanizml za vzpostavitev, vadr-
3evanje 1in razpustitev poveravy na nivoju
seje. Povezava na nivoju seje je dogovor med
dvema aplikacijskima procesoma o vkljuditvi +
kontrcliran dialecg za izmenjavo podatkov.
Aplikaciiskl procesi torej izmenjujelo podat-
ke s poxmodjo povezavy na nilvoju seje, S
pomodjo mehanizmov povezavy na nivoju selje
lanko aplikacijskl procesi poidiljajo podatke,
ki jih sprejemnl sistem doatavi naslovlijenem

aplikacijskemu procesu, :

Preden zafneta dva aplikacijska procesa izme-
njavatl podatke, morata vezpostaviti povezavo
na nivoju séje. Vsak aplikacijski proces
lahke sam sprofi pobudo za vapostavitev pove-
zave na nivoju seje, lahko pa tudl sprejme
zahtevo za vzpoatavitev povezave od drugdega
aplikaci jaskega procesa. Ko je tao opravlieno,
Je odnos med aplikacl)skima procesoma vzpo-
stavljen in procesa lahke zadneta izmenjavati.
podatke.

Povezave na nivoju seje lahko obravnavamo kot
povezave med dvema aplikacijskima procesoma
prekc nivojev seje njunih konénih sistemov.
Vendar ne smemo pozabitl, da je povezava na
nivoju seje odvisna od povezav, vapostavlje-
nih na niz2jith nivodih za izvajanje funkci)
nivoja asejs. Te povezave 30 potrebne za
prenca podatkov in protckeolnih informacij med
konénima sistemoma. Privzeli bomo, da te
povezave obstajajo, to Je da Jjih spodnii
nivoji wvapostavijajo in razpuidalo v akladu =
potrebaml povezav in funkei) na nivoju selje.

Povezava na nivoju sejle se lahko raztegne
tudl &ez ved povezav na spodnjih nivelih. To
lahko primerjamo z dvema 3ahistoma, ki igrata
partijo preko telefona. Podobno kot povezava
na nivoju seje, parti)a tele, dokler se eden
od 3ahistov ne odle&l za honec. De janska
povazava preko telefona pa se lahko medtem
vadhrat vzpostavi in spet ragzpustl, sal] Je
potrebna samo, kadar eden od 3ahistov Zeli
drugemu sporofiti naslednjo potezo.

Med vzpostavljanjem povezave se dva aplika-
cijska procesa dogovorita za pravila dialoga,
ki se bode uporabljala pri komunikacijli med
njima. Pomen pojma dialoga na nivoju seje Jje
analogen kot pri komunikaciji med 1judmi.
Prvi tip dialoga oznaluje pretok informaclje
samo v eni smeri, na primer cd predavatelja k
poaludalcem. Pri drugem tipu dialoga tede
informacli ja v obeh smereh, vendar hrati samo
v eni smeri, ko na primer predavatel) preki-
nja predavanje, da lahko posiudalei posta-
vljajo vpradanja. V tem primeru si predava-
tel) in poslufalel izmenjujeJo pravico govo-
ra. Primer tretjega +tipa Je komunikacija
dveh ljudi, ki kontrolirata &asovno Mkritiden
proces {na primer pristajanje letala), zato
morata nujno imeti oba ves <as pravico do
govorjenja. Bistveno Je, da potreben tip
dialoga izhaja iz narave aktivnosti.

Rivo =eje nudi 3tevilne tipe dialcoga =za
razliéne tipe apllkacijskih procesov. HNeka-
teri aplikacijski procesi (na primer tistl =
podroé¢ja kontrole ¢asovno kritiénlh procesov)



prikazuje odnos med tremi nivoji komunikacij-
skih funkecld in nivo)i O8I RM. Tudi v OS5I RM
so funkeile prenosa podatkov lodene od funk-
cij povezovan]a 1in sodelovanja. 5 to lodi-
tvijo funkcil na meji med tranaportnim nivo~
Jem in nivojem seje je naznadena razlika med
funkeci jami prencsa podatkov (spednjimi nivo-
Ji) in funkeijami porazdeljenega proceairanja
podatkov (zgornjiml nivojii).

¥V nadaljevanju privzemamo, da so funkeije
spodnjih nivojev realizirane. Te funkclje

bplnciphi pracesi

poceae
lenkcije

Sudelavanje Uperabnidke- spacifilng

Povezomnie Shupne

Praaas
podatkoy

Sistem

Slika 1 Nazlilmi vidiki kemunikacijski funkeij

podpirajo funkelle zgorniih nivolev s prena-
sanjem predstavitev informaci] med konénimi
aistemi v obliki nizov binarnih oktetov in
nudijo servis s kvaliteto, %i Jje sprejemljiva
z&a dane aplikacljske procese.. Funkcije vaeh
spodnJih nivojev skupaj nudilo servis tran-
sporta podatkov, ki podpira lzvajanie funkelj
zgornjih nivojev,

Kot 1lustrira slika 3., je rezultat izvajanj)a
funkci) spednjih nivojev prenos nizov bLinar-
nih oktetov iz oddajnega v sprejemnl konéni
siatem (lahko preko poljubnega 3tevila siste-
mov - posrednikov). To je analogno prenoau
pisem all magnetnih trakov. Servias, ki ga
nudl jo apodnji nivoJji, je kot servis dostave
po3iljke “od vrat do vrat”, ki ga nudi poi3tni
sistem. Slovenski del JUPAK-a na sedanji
stopnli razvoja nudi le priblizek tega servi-
aa_ (prve tri, namesto &tirih nivolev). HNav-
pidne puddice na sliki 23 predstavljajo tok
podatkov iz enege konénega sistema v drugega.
Vodoravne puidice predstavljajo interakcije
ali protokcle, potrebne v vsakem od nivojev
z2a lzvajanje funkclj transporta podatkcv. Po
termincologlji O0SI a0 to funkecije in protoko-
11, definirari z OSI standardl za fizlénl,
1inijski, mreini 1in transportni nivo, ki
nudljo zgornjim nivojem servlis transporta
podatikov.

Preden aplikacijskl procesi lahko uporabljajo
podatke, Jih morajo sprejeti in pravilno
interpretirati. ¥ wvsakem radunalniikem si-
stemu lahko obataja veliko aplikacijiskih pro-
cesov, Zatc se morata aplikacijska procesa,
ki Zelita lzmenjavati podatke, najprel dogo-
voriti =za hkomunikacijo in dolofiti pravila,
ro katerih bo potekala. Keyx vaak proces po
avaje predatawvl]a informacije, se morata do-
govoriti tudi za enotno predstavitev informa-
¢id pri izmentavi.

Za to potrebne funkclje in protokoll omogoda-
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Jo aplikacijskim procesom v -razliénih radu-

nalniskih slstemih povezavo in aodelovanje,
¥ 0OSI RM 350 definirane kot funkcije nivaja
sele, predatavitvenega in aplikacljskega ni-
vola.

3. PoverzovanJdle — niveoeo
sajo

Nivoe seje nudi funkeije za povezave dveh

aplikaci)skih procesov v odnos logiéne komu-
nikacije in funkecij)e za organizacijo in ain-
hronizacijo nJjunega dialoga. Pri tem aa
uporabljajo mehanizmi za vzpostavitev, vazdr-
tevanje in razpustitev povezavy na nivoju
sele. Povezava na nivoju s=eje je dogovor med
dvema aplikacijakima procesoma o vkljuditvi v
kontroliran dialog za 1izmenjavo podatkov.
Aplikacljskl procesi tore) lzmenjujelo podat-
ke 3 pomollo povezavy na nivoju seja. S
pomoéjo mehanizmov povezavy na nivoju seje
lahko aplikacijski procesi roiiljajo podatke,
ki Jih sprejemni sistem dostavi naslovl jenemu
aplikact jakemu procesu.

Preden zaineta dva aplikacliska procesza izme-
njavati podatke, morata vzpostaviti povezavo
na niveoju séje. Vsak aplikacljski proces
lahko sam spro2i pobudc za vzpostavitev pove-
zave na nivoju seje, lahko pa tudl spreime
zahtevo za vzpostavitev povezave od drugega
aplikaci jskega procesa. Ko je to opravljeno,
Je odnos med aplikacijskima procesoma vzpo-
stavljen in procesa lahkco zadneta izmenJjavati.
podatke.

Povezave na nivoju seje lahke obravnavamo kot
povezave med dvema aplikacijiskims procescma
preko nivojev asje njunih konénih sistemov.
Yendar ne smemo pozabiti, da je povezava na
nivoju saje odvisna od povezav, vzpostavlje-
nih na niZjih niveojih za lzvajanje funkely
nivoja seje. Te povezave S0 potrebne za
prenos podatkov in protokolnih informaci) med
kontnima sistemoma. Privzeli dbomo, da te
povezave obstajaje, to Je da Jih spodnii
nivo}il vzpostavlijalo in razpudiajo v skladu =
potrebaml povezav in funkciJj na nivoju seje.

Povezava na nivoju seje se lahke raztegne
tudl dez ved povezav na apodnjih nivojih. To
lahko primerjamo z dvema Aahistoma, ki igrata
partijo preko telefona. Podobno kot povezava
na nivoju seje, partija tele, dokler se eden
od Sahistov ne odlo¢l 2za honec. Pejanaka
povezava preko telefona pa se lahko medtem
vedkrat vzpostavi in spet razpusti, saj Je
potrebna same, kadar eden od sahistov feli
drugemu sporoditi naslednjo potezo.

Med vzpostavljanjem povezave se dva aplika-
cijska procesa dogovorita za pravila dialoga,
ki se bodo uporabljlals pri komunikaci)i med
njima. Pomen pojima dialoga na nivoju seje je
analogen kot pri komunikaciji med 1judmi.
Prvi tip dialoga oznaluje pretck informacije
samo v eni smeri, na primer od predavatelja k
posluialcem. Pri drugem tipu dlaloga tele
informacija v obeh smereh, vendar hratli samo
v eni smerl, ko na primer predavatel) preki-
nja predavanje, da lahko posludalci posta-
vljajo vpradanja. V tem primeru si predava-
tell in poslusalel ilrzmenjujejo pravico govo-
ra. Primer +tretjega tipa Je komunikacljia
dveh 1ljudl, ki kontrolirata &asovno kritiden
proces (na primer pristajanje letala), zato
morata nujno imeti oba ves <¢as pravico do
govorjenis, Bistveno Je, da potireben tip
dialoga lzhaja iz narave aktivnosti.

Nivo seje nudi 3tevilne tipe dialoga za
razliéne tipe aplikacijskih procesov. HNeka-
terl aplikacijskl procesi (na primer tisti =
podrodja kontrole ¢asovno kritidnih procesov)



odprtimi sistemi in jih ISC razvija kot
skupna orodja za katerikoll tip aplikacij.
Nekatere standarde aplikacijskega nivola ra-
zvijajo druga standardiracljska telesa =za
tipe aplikacij splosnega pomena (npr. za
delo s sporodili in izmenjavc dokumentov),
medtem ko se ostali rasvijajo za uporabo v
posebnih deéjavnostih (npr. v banénlitvu,
traovini, letalskem prometu, knjiinicah itd.}
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Nekateri standardi aplikaci jskega nivola pod-

pirajo splodne tipe aplikacij, ki 30 zgodg-
vinako ' povezane g uporabo radunalniikih si-
stemov. To so standardl 2za prenos datotelk

med porazdeljenimi sistemi in delo 2z njihovo
vsebino (prenos datotek, dostop do datotek in
upravljanje z datotekami), dostop do radunal-
nidkih sistenov. prako terminalov (servis wir-
tualnega terminala) in za izvajanje poslov v
porazdel jenih sistemih {prenos in manipulaci-
ja poslov)., 'Te standarde razvila ISC za
podporo mnofice raenih tipov aplikacil}, pri
katerih so potrebne te splofne procesne funk-
¢l jea.

i

5. Predstavitven¢ ni-
Vo sodalovanda ' - .
Standardi aplikacijskega nivoja definirajo
procedure in tipe informaci), potrebne za
sodelovanje med porazdeljeniml aplikacijskimi
procesi. Defisicija tipov informaci), ki se
uporabljajo v danem aplikacljskem procesu, Je
abstraktna sintaksa podatkov. 2Za sodelovanje
aplikaclijskih procesov Je potrebno, da upora-
bljajo isto abatraktno sintakso.

Podatkovni slementi, definirani s atandardi
aplikaci)skXega nivoja, so abstraktne defini-
cijo informacl), Xxi se bodo prena3lale in
morajo biti nekako zakodirane. Naédin kodira-
nja v posameznem radunalnidkem sistemu Je
odvisen od konvencl), ki se uporabljajo v tem
siatemu, ter od prevajalnikov, zbirnikov itd.
; El 30 blll uporabljenl za krelranje aplika-
cijaskega procesa. Vse konvencije za predsta-
vitev informaci) v racunalniikem sistemu szku-
paj imenujemo konkretna sintaksa informaci).
Pri scodelovanju hetercgenih sistemov Je obi-
sajne, da so informaecije lokalnc predstavl je-
ne v vsakem sistemu po drugatnih konvencijah.
Konkretno sintakso za predstavitev informacl}
¥ posameznem sistemu imenujemo njegova lokal-
na asintaksa.

Pri sodelovanju morajo aplikacijskl procesi
kodirati informacije po istih pravilih. Ce-
prav ni nujno, da sodelujoda  procesa upora-
bljata enake 1lokalno sintakso, 36 morata
degoveriti za konkretno sintakso za kodiranje
informaclj, ki se bodo prenadsle med njima.

L

aplodne abstrakine sintakse, brez

Konkretno sintakso, ki ae uporablja pri pre-
noesu, imenujemo prenocsna sintakaa. Prenosna
sintaksa Je lahko enaka lokalni sintaksi
enega ali obeh sisztemov, kar pa ni nujno.
Bistveno Je, da se sistema dogovorita =za
doloéeno prenosnco sintakse in sta sposchbna
prevajatl med svojo lokalno =intakso in 1z-
brano pren¢sno sintakso.

Mehanizmi predatavitvenega nivoja omogobajo

aplikacijskim procesom definicijo in izbor
prencsne - sintakse 2a- -'njihovo komunikacijo.
Prencanc sintaksco igberejo 2z dogovarjanjem

med sistemoma funkcije predstavitvenega nivo-
ja v imenu apllikacijskih procesov iz mnoiice
prencanih sintaka, ki jih pedpirata oba si-
stema. WMed komunikaclijo se funkelje predata-
vitvenega nivoja lahko degovorlijo za spremem-
bo prenosne alntakse i1in 1zberejo nove v
skladu s standardi aplikacijskega nivola. To
se na primer zgodi v primeru, ko dva aplika-
cijska procesa komunicirata po standardih za
delo z datotekami in se dogovorita ea dolole-
no prencano sintakso za izmenjavo anakovnih
nizov. V¥V nekem trenutku se pojavi potreba po
prenosu datoteks, ki vsebuje cela 3tevila, V¥
tej toCki lahko funkecije predatavitvenega
nivoja 1izberejo novo prenosno aintakso - za
predstavitev celih atevil,

Prencsna sintaksa je rezultat uporabe mnoZice
pravil kodiranja na abstraktni sintaksl, ki
jo uporabl jata ‘sodelujotsa aplikacljska proce-
sa. Kot rezultat standardovy aplikacijskega
nivoja se definirajo wvedno nove kategorije
informacij, ki predstavljalo informacije v
raznih tipih aplikacij. Vsak od teh standar-
dov definira za predstavitev informaci] po-
datkovne tipe razliéne kompleksnosti. Ce na}
uporabdl jena prencosna sintaksa odrata semanti-
ko komunikacije, mora bitl sposobna pradsta-
vitl vae potrebne podatkovne tipe in pripada-
Jode podatkovne vrednosti, Bilo bl na primer
nemogo&e predatavitl vase informacije (t.J3.
aimbele) 8-bitno kodirane znakovne umnolice,
¢e Jje bllc za prencs izbrano 5-bitno kodira-
njle.

Vssk aplikacijski proces mora aujno imeti
pripravljenc eno ali ved prencsnih sintaks za
komunikacljo z drugimi sistemi. Zato mora
biti wvsakemu standardu aplikaciljakega nivaja
pridruiena prenosna sintaksa, ki je dovol}
modna 2a lzrazanje kompletne semantike stan-
darda. Ena od mo2nih reditev bl blla  aeveda
definicija ene same prencsne sintakse za
podatkovne elemente dolodenega standarda a-
plikaci jskega nivojla, morda po kak3nem obsto-
Jatem standardu za kediranje podatkovnih -ele-
mentov. Tako bl lahko nek standard predpisé-
val, da se moraje znakovni nizi vedno prena-
iatl kodirani po ISO 646. To bl pomenilo, da
bl dva siastema, ki uporabljata ta standard,
nujno morala prevajati svojo lokalno sintakso
v ISO 646, tudi ¢&e bl bili njuni lokalni
sintaksl enaki, kar ne bl bilo goapodarno.

Zeto Je bil pri zgornjih niveilih  izbran
pristop specifikacije potreb po prencsu in-
formaci) na aplikaci)skem nivoju v obliki
spacifika-

Primerno
predstavitveni

cije specifiéne prencsne sintakse.
prencsne sintakso mora nuditi
nivo.

Definicija 1in registraclja prencanih sintaks
je posebno podrodje standardizacije. Vaaka
prencana sintaksa se definira in registrira.
glede na abstraktno sintakso, ki Jo peodpira.
Tako lahkc predstavitvenl nivo izbere prenc-
sne sintakse, ki a0 nalprimernejie za doloden
standard aplikacijskega nivoja. Britanski
nacionalnl radunski center (National Compu-
ting Center) Je prevzel dolinosti telesa za



reglstracijo kod oziroma kodne sintakse za
apecifiéne aplikacije.

Standardit predatavitvenega nivoja definirajo
mehanizme za dogovarjanje o mnoilicl apreje-
mliivih predstavitvenih sintaks ter izbor in
apremembo lzbora ene izmed njih, Pri tem
predpoatavijajo, da so obravnavane sintakse
uradno reglstrirane, vendar ne 1izkljudujejo
moznosti dinamiéne definiel e poaebnih preno-
snih sintaks s pomodjo Jezika za definicijeo
podatkov., =

S . Sklepne misli

IS0 in druge standardizacljske organizacije
intenzivno delajo na standardiszaciji zgornjih
nivojev. Z napredovanjem tega dela postaja
vedno bel] wviden njegov odnos do drugih
vidlkov procesiranja informacij. Ceprav po-
dro¢je OSI standardov poXkriva same komunika-—
oijske wvidike povezovanjia odprtih aistemov,

morajo ti standardl upodtevati tudli Birie
zahteve.

Zato Jje nujno, da naértovalei in strokovnja-
ki, ki delajo na sorodnih podro2jih standar-
dizacije, priznajo uporabnost komunikacijskih
serviaov, ki se astandardlzirajo v okviru OSI,
strokovnjakl za O0S1 pa morajo pril razvoju
novih servisov upoitevatl potrebe aplikacij,
ki Jih bodo uporabljale.

7 . Refeaerence

Uporabljenli s8¢ bill delovnl dokumenti in
standardil IS0 za podrodéje 0SI.




