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INFORMATICA 2/1982 

STEPS TOWARDS N A T U R A L COMPUTAT 10 N 

UDK: 159.953:681.3 

PIERRE MARBE LAWOREL 

CNRŠ, INSERM UNIT 94, LYON, FRANCE 

This artlcle deals wlth problema of natural computatlon, l.e. processes In human braln indlca-
ting some avenues of research In neuropšychology and neurolingulstics where Inspiratlon may be 
found for future advances in computatlonal sclence. The artlcle dlscovers problems of human 
aofttiare and braln wetware, cooperatlve processes in the braln, and computer simulatlon of 
actlvity In the braln. The new approach presented in thls artlcle enables neuropBychologl8ta 
to test cognitive models of braln processlng that are thought to match anatomical and psyslo-
logical discoveries. Computer simulatlon thus appearš to be an efflclent method to verlfy the 
relevance and the robustness of theoretlcal modela in the neurosclences. 

(The Edltor) 

Koraki v amerl naravnega računanja. Ta članek obravnava problematiko naravnega računanja, tj. 
procesov v človekovih možganih s posebnim ozirom na raziskave v nevropsihologljl in nevrollng-
vistlki, kjer Je moč pričakovati ideje za prihodnji razvoj računalniških znanosti. Članek od
kriva probleme človekove programske opreme in možganske "vlažnosti", kooperativnih procesov v 
možganih ter raSunalniSke simulacije možganskih aktivnosti. Nov pristop, ki Je v članku pri
kazali, omogoča nevropsihologu preizkuSanJe kognitivnih modelov možganskega procesiranja, ki se 
ujemajo z anatomskimi in flzioloSkimi odkritji. RaSunalniSka simulacija se tako pokaže kot 
učinkovito sredstvo pri preverjanju tehtnosti in obstojnosti teoretičnih modelov v nevrozna-
noati. 

In 1961, Marvin M1nsky publlshed a paper 
entitled "Steps toMards A . I . (Artif iclal 
Intelllgence)". His Influence and that of his 
students or colleagues (Schank, Ulnograd, 
NeMell. Co1by, Bobrov«, Woods) were so great 
that the croMd of computer sclentists qu1ck1y 
reallzed that a new sclence was born. Cyber-
netlcs, the mother discipline concerned w1th 
machlne processes as we11 as braln processes 
and other natural systems dynain1cs, was 
considered to be too o1d and too general. 
Cognitive psycho1ogy, braln theory, sod al 
systeins dynaffl1cs, and Al gradua1'ly developed 
as diversifled flelds. But processlng models 
remalned a central Issue. In computer pro-
grams for the comprehension of language, for 
Instance, debates went on about wh1ch top-
down or bottom-up algorlthms were more e f f l 
clent, or what types of data were to be 
processed (acoustic data, syntact1c structu-
res, or semantic-pragmatic representatlons). 
Yet, one sweep1ng statement frequent1y made 
by Al speclallsts kept disturbing people who 
Morked In naUropsycho1ogy and In llngulstlcs. 
Almost everjl̂ one In the computer sclences 
cialmed thai psycho1og1ca1 rea11ty as we11 as 
neurophys1o1og1ca1 rea11ty cou1d be forgotten 
when one cortcelved a system that wou1d handle 
language, or control a robot, or sol ve heu-
rlstlc problems. The 6n1y guestlons to be 
asked were « Does I t do the tr1ck7 Is I t both 
econofflical j irid efflclent? What Is the 

percentage of errorT Very soon, however, 
honest sclentists had to admit that wh11e Al 
systems were at the origin of very useful 
methodologlcal progress In program designing 
and In computatlonal theory, they could not 
successful1y replade man for verbal communl-
catlon. The on1y systems that seemed to y1e1d 
sat1sfactory resuUs were extremely sophlstl-
cated and cost1y, and could on1y handle 
re1at1ve1y small samples of natural language 
(e.g. for Engllsh : Thorne, Brat1ey and Dewar 
(1968). Woods (1970), Rleger (1975), Rlesbeck 
(1975), Minograd (1972), Schank (1973, 1975), 
Simmons (1973), Small (1980)). Besides, these 
systems did not so1ve many morpho-syntact1c 
amblgultles, and anaphora or elllpsis caused 
misinterpretatlons. 

For ali these reasons, foreraost Al 
experts started meeting cognitive sclentists, 
llngulsts, and neurologlsts In the 1970's, In 
order to renew the part1y unsuccessful 
approaches wh1ch they had favored before. 
After severa! Individual exper1ments, like 
HARPY (Newel1. 1978), HUIM (Woods et a l . , 
1976), HEARSAV I and I I (Erman et a l . , 1980), 
PARSIFAL (Marcus, 1978) and PSI-KLONE (Bobrow 
and Webber (1980), where some hypotheses 
about natural language comprehension wer'e 
tested, two conferences were organized by 
Arblb, Caplan and Harshall In 1980-1981 at 
the Un1versity of Hassachusetts (Arblb et 
a l . . 1982). ' 



Thn piirivirr w.is expHc1tely to formiilate somo 
noural modols of langiiatio processlnri and 
<»ncoiJraqe partkipants lo piit thnm to the 
tost w1lh compiitcr simulatlon and renowed 
testlnn In cllnical nniiropsycholony. 

Followfnfi tho samo ep(stpmolof)1ca1 
track. I stiali nnw try to Indlcatf some 
avoniiGS of rosnarch in neiiropsycho)<i v and 
ii"iiro)lnqii1st1cs whorf! Inspiratlon ma/ be 
fotmd for fiitiiro advances In computatlona) 
scfencip. I sirqqost to ca 11 thls ncw style of 
Informatirs M.Č. (Abhrovlated for Natural 
Compiitatlon). 

llllfWI SOFfKARF ANn BRAIH WETWARE. 
"'TKari1<s'~To'manV šuččessriiT dlscnverlos 

of the last twenty yeai's, braln sclences have 
rmich to offcr to theoretfclans of 
Informatfcs. Iho biophys1cal stiidy of the 
cpntral norvoiis svstem of aniroals and the now 
pnwo?fu11y Instnimented observations of 
lesloned human bralns have enahled 
np»rophys1olo<)1str. and nem opsvcholonlsts tu 
fnrmulate modols of how the 14 bllHon neiiron 
braln proccsses 

- representatinns of the phy5lcal 
world, 

- rpprcsrntatlons of real or 1ma(ifnary 
soclal, cultural, and artistic worlds, 

- schpnas of clonicntary motor acts, 
- mals, plans and strate<i1os for 

complcK beh.ivlor, 
- intcrartfve cnntrol bpt.ween reprp-

scntatlons, schomas, and overall scheming, 
- second or third ordor ropresenta-

tlons of ropresentations, called volunta-
rv or Involiintarv lanquaqp and si^n commiinl-
calion (See Lavorel, 198-V). 

I t nnist f i rst he admitted that the 
braln doos not work like a classical compiiter 
wlth stored data and sets of coded rules to 
be apnlied in a given ordor corresponding to 
alijorithms or sets of programs. The nature of 
npiiral activitv is totaily iinrelated to the 
nature of Intellectual objects bcinn pro-
cpssed. Neurons or neuron modulcs Jiist keep 
hointi active or Inhibited (Szentagothai and 
Arbib, 1971). nasically, the biochemical and 
electro-ma<jnetic phenomena of neural tissiie 
atf! the samo in the most stupid amphibians 
and in the most famous Nobel prize winners 
(fccles, 1977). What is different In animal 
and in man is f i rst the nurober of neural 
processors and their ab1Hty to memorize and 
forget. Secondly, the number of connections, 
their architecture and their plastic1ty 
dotermine self-orqan1zation In the system, 
and a qradual diversification or a redundancy 
of Its functlonal subsystems. Thirdly, the 
order of complexity of the simultaneous pro-
paqat1ons of rhythmic signals in the cortex, 
which Is a conseguence of the two properties 
already distinguished, ensures a style of 
cnnipiitation which can transfer and transform 
Information in a funct1onally efficient 
manner, in spite of confllcting stlmulations, 
of roinor breakdowns, or of possibly erroneous 
knoKledge. Thus, the human braln can be hy-
peractive in order to adapt itself instanta-
neously to intricate aspects of novel stlmu-
lation, or i t can react more econom1cally and 
more aiitomaticall/ to recurring situatlons 
that i t bas learned to 1dentify and catego-
rlze. 

Some ncurophysiolog1sts and some 
elcctrical engineers have tried to devise 
nctvKorks that would possibly approach the 
computational properties of maramal neural 
nmdiilps (e.g. Reiss (1962), Me Gregor and 
I.ew1s (1977), Anderson, Ritz, Sllversteln and 
.lones (1977), de Canatay (1981). Wood 
(19nr)). However, the fact that they do 
research for electronlc computers llmits 
their altempts essentially to the study of 

multiplpx1ng, of timing control, of nolse 
f i l ter ing, and of ccliular automata w1th 
ftizzy inputs. What they show bas In fact 
fllready been predicted by mathematicians like 
Kinograd and Cowan (1961), Milsson (19fi5), 
Amari and Arbib (1977), Arbib and Manes 
(1975) or Dalenoort (19fll). I t has also been 
observed at a microscopic level by anatomists 
and phys1ologists. Mountcastle (1976) for 
examp1e showed how skin sensations are 
distribiited In the monkev's brain in an 

Figure 1. Cumulated PET Scans diirlng a 
rep~eT1TTon task (Left and R1ght hemi-
spheres. In Lavorel, 19(13). G = le f t ; 
D = right. 

ovprlapping manner acrnss the post-rolandic 
somato-sensory area. He and nthers explained 
that parallel representatlons ensiire rich, 
accurate, and safe computation when thousands 
of neurons can ansvier simiiltaneoiisly to, say, 
a prickling stimulation at the tip of one 
finger. Thus, f i rst generation network5 of 
ar t i f ic la l modules have only verlfied mathe-
matical or electrophys1olog1cal models.. 

In fact, a reductlonist attitude, 
although 1t teaches us something about some 
phvsical properties of some lavers of neural 
tissue, does not Increase our global compre-
hension of the processing style of the braln 
when, for Instance, an animal sees a prey 
and catches H , or a man sees cberries and 
says "I'd like a pound of these cherrles, 
please". So, what are the maln principles 
that subserve mental representatlons and 



ichemas? To-dayi by covering miich muUIdlscI-
p11nary thebretical ground I w m try and 
define cooperative computatlon wh1ch Is one 
of these principles. I ciaim tnat thls aspect 
of Natural Computatlon can be Implemented on 
modern computers and that I t cou1d enable 
sclentists to Improve the eff1c1ency of thelr 
systeras for Tanguage coraprehension, plcture 
recognUlon and autoraatk control of robot 
nuvements. . 

COOPERATIVE PROCESSES , 

The f i rs t striking fact that PET Scan 
plctures of the braln at work (Lassen et a l . , 
1978) have shown neurologlsts Is that when a 
subject H elther. percelvlng sonethlng 
j l l gh t . sbund or bod|y sensation), or dolng 
something (talklng, moving a hand, e t c . . . ) , 
IniJected gluclds can be šeen to be metabo-
llzed at the same time In several areas of 
the braln. The fo11ow1ng plcture is a cumu-
1ated representatlon of šuch an act1v1ty for 
several subjects who repeat numbers as they 
are hearing thein. 

Here, high act1v1ty can be observed In the 
temporal lobes, In 1ower and upper parts of 
the fronta! lobes, along Ro1ando's fissure, 
and re1ative1y Intense actlv1ty Is al so to be 
found In several areas of the anterlor and 
posterlor lobes. Although the locallzatlon of 
high act1v1ty varles from one task to 
another, or from one type of stimulus to 
another, mental computatlon always seems to 
take plače in a cooperative manner between 
several perceptual or gnosic areas of the 
posterlor lobes and several motor or planning 
areaSi of the frontal lobes. Patho1ogy had 
Indicated that 1f on1y one area Is severely 
lesloned, processIng Is disturbed at least 
for some tirne. That led to the belief of 
gnosic centers, prax1c centers, language 
centers, e tc . . . The globa! observatlon of 
normal act1v1ty indicates that the emphasls 
should -be put on cooperatlon (or connex1ons, 
for neuroanatomists) rather than on locallza
tlon. Performance may of course be disturbed 
and w111 have to be reorganized 1f part of 
one processIng subsystem Is destroyed. I t raay 
even not be reorganized 1f the system has 
aged and evolved Into an over-spec1al1zed, 
over-automatized ent1ty, That Is part1cularly 
true for secondary perceptual and motor areas 
wh1ch already reach a relat1vely stable štate 
a few weeks after birth. 

From the standpoint of the cognitive 
functlons that have to be Inferred whenever 
psycho1og1sts study Intelllgent activit les, 
like form recognltloii, or the grasping of an 
object on a table, or language comprehension. 
I t Is of course comforting to find that many 
cortical and subcortical areas have to colla-
borate In every form of behavlor. To clalm 
that the understanding of a spoksn message 
must Involve many levels of analys1s and that 
these parallel searches may cancel or confirm 
one another (Lesser et a l . , 1981), or to 
clalm that differences In processIng speeds 
between one comprehension process and another 
may occaslon hasty, part la l , and erroneous 
Interpretatlons (Frazler and Rayner, 1980), 
ali that Is ent1rely In keeping w1th what 
conjectures can be made about more or less 
successful 1d1osyncrac1es of calculatlon 
golng on between the cooperating subsystems 
of the; braln. But, Instead of reasoning In 
abstracto as llngulsts have been accused of 
dolng. I t would be better to try and stlpu-
late how cooperative Interactlon really takes 
plače. There are four levels of Issue that 

. need to be considered by braln theory 
sclentists : 

1. What Is the nature of Information 
gatibn between co-active areas? is there 

something ime bottom-up or top-down transfer 
between prfiiiarV, secondary and other repre-
sentatlonal areas? Or between different 
modalltles of cognitlon (Visual, aud1tory, 
somato-sensory)7 Are control modalltles 
distributed or centrallzed In certaln areas 
(Frontal, llmblc, sub-cortical)? 

2. What are the basic functlons for 
computatlon between flie šTx layers of the 

' cortex, between adjolnlng columns or modules, 
and between neighboring neurons? 

3. Is there wnd competitlon or we]l-
tlitied harmonTous regulatlon between the two 
hemlspheres? or between these two hemlspheres 
and other sub-cortical more primitive 
subsystems? 

4. How does a co-operative system 
evolve over time? ••̂ ~"̂ ~ ' i 
I wiii not address the fourth issue In thls 
paper. Elements for an understanding of the 
problem have been suggested In LavoreT (1982) 
and In varlous papers about the research 
carrled on by Spinelll , Bartow, or Bozinovski 
(1982). 

1. What Is the nature of Information 
propagatlorTItetneen co-actlye areas? "" 

Since no ultimate an-lnclus1ve model 
can be devised at the present stage of phy-
slologlcal -knowledge. I t might be best to 
cite a few significant exper1ments that w111 
suggest the style of Information propagatlon 
In the cortex. 

The recording of 1nd1v1dua1 neurons or 
of groups of neurons In animals, as wen as 
the anatomical study of cortico-cortical 
pathways w1th chemIcal or radlo-active 
tracers, and w1th ar t i f ic la l leslons (Jones 
and Powen, 1970) has Indicated that afferent 
signals travel from pr1raary to assoclative. 
areas (secondary, tert1ary, e t c . . . ) . I t was 
therefore belleved untll recently that 
processIng was h1erarch1cally organized and 
that the assoclative areas dealt w1th more 
abstract and multlmodal patterns wh11e 
pr1mary areas only Identifled features. I t 
Was al so belleved that secondary assoclative 
sensory Information was normally sent to 
motor areas (Everts and Fromm, 1977). At 
least three exper1ments have recently shown 
that things are a l l t t l e more comp1ex. For 
tnstance. ascending activatlon waves are 
regulated ( l . e . Inhibited or preactivated) 
by descending priming. In many cases, 
perceptual neurons (e.g. of the pr1mary 
visual, cortex) may f i re when motor responses 
to thelr prevlous sensory Inputs are recorded_ 
(Fischer and Boch, 1981). For example",'the 
follow1ng histograms from Br1dgeman's recent 
paper (1982) show the peak act1v1ty of three 
neurons of layer IV of the pr1mary visual 
cortex of monkeys (Macaca fascicularis) wh11e 
these tralned (awake) animals performed a 
voluntary movement In answer to a vlsua! 
stimulus ( l lght ) . Two neurons out of three 
keep firing whne the motor response Is 
triggered off. The histograms on the right 
show mean act1v1ty for a whole grdup of 
visual neurons (Mult1plex1ng hypothes1s) when 
there Is and when there Is not a motor 
response (= Incorrect behavlor) : 



Figure 2 . Two act1v1ty peaks In tlie visual 
cor€ex oT iTionkeys. One corresponds to tlie 
motor response (R) , one to visiial stlraulJtlon 
that preceeded I t (-120 mlU i-seconds).Two 
visual neurons'out of three show renewed low 
act1v1ty (spikes = 6 per sec. and 8 por sec.) 
during the motor response. 
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The next figure represents peaks re-
corded 1n the secondary assoclative visual 
cortex of anesthetized para1yzed cats. 
Through learning, comparable responses can be 
evoked when an individual neuron Is first 
primed by simultaneous visual and aud1tory 
stimuli and then exc1ted only by the visual 
stimuli prev1ously assoclated w1th aud1tory 
Information. 

f i"^ I 
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Figure 3. Modiflable discharge of a visual 
cortex neuron (Reproduced from Morrel, 1972). 
L stands for "response to a llght beam 
stimulus". C stands for "response to a 
cllck". The fourth serles of peaks (L) 
matches the third' (L + C ) . The four serles 
correspond to successive seguences of llght, 
cllck, llght and d lok, llght stimulatlons. 
40 repetitlons of L + C are sufficient to 
determine multlmodal learning. 

Time (msec) 
Figure 4. Is t i i is l ine hor1znnt.il? (Siiiinii,-
TFaiii^T; Discrlminatlon is d i f f t c u l t . Vlsu,il 
feature perception Is not indopeiult-nt fnini 
assoclated Information. 

The th i rd exper1ment cunsisls In 
show1ng horizontal l lnes on a circular scroi.Mi 
to a subject (anlmal or human) wa1t1ng in Uie 
dark. The task consists In detecting tho 
l lnes wh1ch are not perfect ly hor izonta l . 
Phys1oloq1cal studics have shown that such i 
Job Is essent1ally depending on the acl iv1ty 
of specif lc pr1mary and secondary visual 
cortex neurons f i r i n g In a selectlve iikiiini-r 
for l lnes oriented one way or anolher. llow, 
1f the same l ines are shown 1 no i de of a 
square frame that may be s l i yh t l y t l l t e d to 
the l e f t or to the r i g h t , subjccts very 
qu1ckly make er rors , thus indlcat ing tliat the 
Iden t i f i ca t ion of oriented l ines Is far from 
belng only a pr1mary feature detection ttisk. 

As a f i r s t conclusion to these three 
exper1ments, one raight say that visual 
perception, ulilch has been picked up as an 
examp1e of a bottom-up functlon where motUiles 
only have to answer to Individual visual 
features. Is in fact a very In teract ive 
process. The propagatlon of Information to 
and from imiltl-raodal secondary perceptual 
areas, to and from motor control areas 
appears to be Just as Important as- the Input 
stimuli from the outside world. Seelng Is not 
Just using one's visual system. 

I f we want to predict a l i the sorts of 
feedback and feed-fori^ard regulatlon between 
subsystems In the bra ln , we only have to look 
a t anatomy. Connectlons betvueen hemispheres, 
cortex and subcortex, lobes, local modules 
are Inumerable. Each area of the layered 
braln Incorporates d i f fe ren t neurons 
partaking In representatlonal or In motor 
functlons. Assoclative cortex I t s e l f 
genera11y Includes layers of pyram1dal 
motoneurons as well as 1ayers of other 
neurons 1nd1rectly connected to perceptual 
pathways (4 to 7 r e l a y s ) . 
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Figure 5. Von Economo's model of the 
HTirrlbuffon of neuron types In f lve major 
types of cerebral cortex (Ullllams and 
Warw1ck, 1975). As seen on thls plcture, when 
cytoarch1tecton1c studles of the cortex are 
consulted, they "^reveal that the so-called 
speciflc centers of perception or of motor 
control • are not f i t t e d exc1us1ve1y w1th 
motoneurons or wit,h perceptiial neurons. For 
example. In additlon to the glant pyram1dal 
neurons of " f ron ta l " and "par le ta l " cortex 
(1ayers I I I and V), the above "granular" and 
"polar" visual cortex (ocdp l ta l lobe) aiso 
Includes. a number of neurons wh1ch are knovn 
to medlate motor processes (In layer V more 
exactly). The cortex of•Brodmann's frontal 
areas 6-8 (premotor cortex) Indudes a good 
number of neurons answer1ng to visual stimuli 
(In layer IV). As for the lower part of the 
parletal cortex. I t Includes layers of 
neurons part ic ipat ing In almost every 
representatlonal or motor act1v1ty. 

Consequently, a reasonable computa-
tlonal hypothes1s about cooperatlon between 
cort ical areas m1ght be that activatlon Is 
constantly propagated bottom-up and top-down 
w1thout any other preestabllshed control 
principles than "motor neurons project to 
motor neurons, perceptual neurons project to 
perceptual neurons. As seen In Figure 3 
above, spec1f1c1ty for one modal1ty of 
Information for Individual areas would not 
even be an absolute pr incip le. According to 
such hypothes1s, what would tune down or 
preorder tralns of si gnal s would not be a 
preestabllshed central schedule, but only the 
vary1ng effects of preactivatlon, of propaga-
t lon t iming, of post - f i r ing refractory sta-
tes, and of local Inhib i t lon by pre-synapt1c 

and post-synapt1c regulatory neurons. Vary1ng 
delay1ng effects might also be attr.lbuted to 
regu1atory neurons of layers I and I I (See 
below). I f such a theory was val I d , control 
could even be completely d ist r ibuted. YeCr 
pathology has shown that ovcrall planning and 
scheming ensured by the Hmblc system In 
collaboratlon w1th f ronto-orbi ta l and pre-
frontal areas also play a role : Self stlmu-
lat lon and conscious control are constantly 
Introducing medlatlon, or pr1or1ty, or global 
Inhib i t lon constraints on the Information 
t r a f f i c (Pribram, 1967; Merzenich and Kaas, 
1980). Therefore, control Is part ly (IJjtrl^-
buted and part ly regulated by coorifrnafTng 
uni ts. 

Uhat are the 
compu"ta"t1on be"tween t"he 

basic functlons 
?Tx" 

Jof-
Tayers "bf the 

cortex, between aTjolnlng columns"o"r modiiles, 
and between nefgHBbnng neuronsT 

Ever sTiice Plf ts and^^Hč Culloch 
started modeli Ing neuron networks In the 
f i f t i e s , many contrad1ctory theorles have 
blossomed up and faded away. Among the most 
robust principles kept by a l i the theoret l -
clans In phys1olog1cal processes, two must be 
distingulshed because they are relevant to 
the Issues ralsed here. 

F i r s t , the pr inciple of £ooperat1ve 
exc1tat1on and of relnforcement or IjjKffiTtTnn 
of the aktivi tyoF"motor celT"1 ayers^T^^.tl^^e" 
other 1ayers of the same motluTe. Kn earTv 
p'1ece of rel lable evidence caiiie fTom studies 
on the frog tectum by Lettvin et a l . (1959), 
by Ingle (1976) and by Ewert (1976). When a 
frog s i t t i ng on a f1xed disk Is confronted 
w1th f i l es placed on a circular disk re-
volvlng around the f i r s t one, I t w111 snap at 
them after having v1suany recognized them. 
Evoked potentlals can be recorded In cel ls of 
varlous layers of the tectum. These phys1ca1 
measurements have been analyzed by mathematl-
clans (l)1dday, 1970), and by theoreticians 
who bu l l t up a plausible theory of v1sual1y 
controlled motor performance (Arblb, 1981). 
In short, visual Information gradually bullds 
up an exc1tat1on cycle In several layers of 
neurons that a l i Interact d1rectly or Ind l -
rect ly w1th "foodness layers" where motoneu
rons are golng to f i r e eventuany and send 
Information to the efferent motor systcm (For 
a short report and f igures, see Lavorel and 
Arblb, 1981). What 1s Interesting Is that, 
wh11e di f ferent layers compote to bulld up 
act ivat lon, cel ls of the superlor layers ( 1 , 
11) may or may not Inh ib i t the process on the 
basls of complementary sensory Input (perhaps 
visual or aud1tory context effects) and of 
motor feedback and feed-forward that has to 
do w1th present and past motor act1v1ty. In 
suinmary, everyth1ng looks l i ke a a)op£r_at1 ve_ 
decislon functlon based on a very frTčky 
IfiSlng of : 

- one sensory Input, 
- multimodal knowledge medlatlon, and 
- activatlon decay when a delay 1s 

Introduced between the I n i t l a l Input and the 
f inal motor output. 

Hardcore cybernet1c1ans would argue 
that th ls looks l i ke a sort of Boolean AMD 
gate functlon medlated by a delay that Is 
I t se l f a functlon of act ivat lon, Inh ib i t lon 
and decay functlons. But that would be try1ng 
to think In terms of Irrelevant concepts 
about a new type of calculus that Is not 
real ly based on gate management but on very 
complex Interactive exc1tat1on and Inhib i t lon 
among assoclated cel ls In an adaptive 
network. Furthermore, our frog example does 
not Incorporate llnear mult1plex1ng effects 
wh1ch are obv1ous1y fundamental in mamraal 
l«yered braln modules, where we do not deal 
w1th half a dozen neurons In s1x layers but 
w1th up to ten thousand of them competing for 
one decislon. But results on mammal studles 



wou1d perhaps make the computatlonal sty1e of 
local modules 1ess obvlous because of niany 
phys1o1og1ca1 deta11 s that wou1d hI de the 
prtncipal procedure. For the same didactic 
reason, the frog model does not 90 very far 
In integrating post-firing refractory States, 
peripheral Inhibitlon around exc1ted celiš, 
and competitlon between neighboring modules 
or columns that recelve Inputs from contra-
lateral sensory channels (e.g. alternatlng 
visual columns 1n the v1sua1cortex correspond 
to Ipsilateral or contralateral visual 
stimuli). In fact, phenomena are so Intricate 
that paper and pencll modelUng can noF" 
represent reaiity. oniy computer simulatlon 
can nanaie many tffe variables and keep tracIT" 
oT timing constraints. 

The second basic functlon for 
computatlon between local celiš Is spreading 
activatlon dvnamics wh1ch has been ciinsldered 
•By psycnoiinguists to be a plausible expla-
natlon for assoclative behavlor observed In 
semantic tests (Oullllan, 1968; Colllns and 
Loftus (1975)). Better computatlonal argu-
ments In favor of spreading activatlon have 
been offered by neuroscientists who work on 
wave dynain1cs and resonance phenomena In the 
axon and dendrite mesh of the cortex 
(Khodorov (1974).; Scott (1977); and Scott 
(1978)). De Cal1atay (1981) recently 
concelved a braln simulatlon model that 
Incorporates cascading top-down and bottom-up 
wave dynam1cs In an additive memory connected 
w1th a robot and pattern recognitlon devices. 
Thls bldirectlonal network, where exc1tat1on 
Is propagated after Input stimulatlon.ls 
capable of recognizing prev1ously memorized 
patterns and of assoclating motor scheraas to 
sensory Input. Act1v1ty Is distributed to the 
different processIng un1ts in a perlodical 
manner and It spreads along connectlons as 
long as 1t Is not Inhibited by concurrent 
propagatlon (Refractory or 1nh1b1t1ng 
effects). The bursting (1.e. firing) of cells 
determines vita! IntelHgent operatlons, like 
the decislon functlons described above. But, 
s1multaneous1y, the spreading of activatlon 
throughout the network ensures learning. 
Acqu1red know1edge can thus play a more and 
more Important role as the system evolves and 
becomes more or less sensitive to Individual 
patterns of exc1tat1on (For a better 
understanding, see M1nsky, 1980). 

Not only learning and phys1cal growth, 
but al so pathology and ageing must be 
considered when one deals w1th blologlcal 
machines. Zalmov, for Instance, studled the 
effects of blodegradatlon and, based on 
studles of Wedensky (1901), Pavlov (1949, 
1951) and Uchtomsky (1966), found that In the 
čase of leslons normal processIng by a neural 
network may go through successive paranormal 
phases of extreme act1v1ty, of undlfferentl-
ated behavlor, or of complete Inhibitlon 
corresponding to necrotizatlon. 

In short, apart from cooperative 
decislon functlons, and spreading activatlon 
effects, many other computatlonal aspects of 
neural modules are belng observed, characte-
rlzed and modelled. Most of the theoretl-
clans conjectures are stili to be verifled. 
But It Is already possible to assemble some 
principles and rules Into prototheorles of 
bra1n-l1ke layered machines. 

3. Is there w n d competitlon or well-timed 
harmonlous regulation between the two 
nemispheres? Or between these two hemisphere? 
ana other~šub-cortrcai systemš7 
Most of We arguments !n thls fleld of 
research come from the observatlon of patho-
logy. Nature performs exper1ments on the 
human central nervous system when small or 

1arge leslons appear for varlous traumatic or 
etiological reasons. The present state of 
knoMledge about hemispheric speclallzatlon 
was rev1ewed recently by Springer and 
Deutsch (1981), and by Gazzaniga (1982). 
Rather than attributing particular facuUles 
to elther hemisphere, neuroscientists now 
consider that everyth1ng works as 1f two 
different entitles, each one having Its oMn 
processIng style, were functloning slmulta-
neously and certa1n1y exchang1ng results at 
every step of calculatlon. Of course. each 
stimulus remalns the same for the two heml-
spheres 1f the sensory captors are In a good 
functlonal state (Lavorel, 1983 b). What 
differs Is the role of each hemisphere In 
ultimate representatlons of rea1 or 1mag1nary 
worlds. 

Khat Is more Interesting Is to 
consider control and timing effects when 
garallel procedures come to trigger off 
ehavlor. 

A very spectacular and convlndng 
exper1ment consists In presenting dicampic 
visual stimuli to normal or lesloned subjects 
(Lavorel, forthcoming). For a few mllll-
seconds (50 to 200), they are shown a plcture 
on one side (l.e.. In one hemifleld) and a 
word on the other side. For example. In one 
hemifleld they see the plcture of a snake 
and. In the center of the other hemifleld, 
they see the word SERGENT. If the stimulus Is 
presented after many other plctures (prefera-
bly faces or moving scenes), subjects often 
read SERPENT. If the stimulus Is presented 
after many wr1tten words (preferably 
abstracts or compound words), they see the 
trap and read SERGENT In many cases. If, 
Instead of presenting the plcture of a snake, 
together w1th SERGENT, we present another 
word like SNAKE or VIPER, very few subjects 
read SERPENT by mistake. The results of thls 
exper1ment In art1f1c1ally controlled dys-
1ex1a are founded on competitlon between 
right and left hemisphere processes. When the 
double bra1n-system Is habituated to a global 
Gestalt approach to plctures. It neglects 
ana1yt1ca1 routines that 1dent1fy Individual 
letters and transcode themlnto a phonologl-
cal structure. When the systero Is habituated 
to a llngulstlc task, like pure graphlc-
phonlc translatlon. It Is less Influenced by 
a pictorlal context. That the global Gestalt 
approach corresponds to right hemisphere 
dominance and that the analyt1cal graphlc-
phonlc translatlon corresponds to a left 
hemisphere dominance can be concluded from 
the fact that the side of the stimuli 
Influences performance according to whether 
subjects are right-handed or left-handed: 
Another convlndng element Is the fact that 
patlents w1th unilateral leslons tend to have 
elther a unilateral ext1nct1on or a marked 
1nfer1or1ty of one procedural style. 

Other. pleces of evidence, not about 
competitlon, but rather about harmonlous co-
operatlon between hemispheres have been found 
In neurollngulstlcs, the study of the neuro-
P5ycholog1ca1 substrates of language. The 
analys1s of sllps of the tongue or of lapsus 
llnguae In normals, and the observatlon of 
semantic paraphasla In aphasics (Lavorel, 
1980), Indicate that repetitlon, naming or 
Invoking rest upon converging left and right 
hemisphere cues (Lavorel, 1981). It Is we11 
known that leslons In the dominant hemisphere 
are detrimental to language. But It Is aiso 
obvlous that leslons In the minor hemisphere 
disturb word-process1ng trans1tor11y or In a 
discrete manner. Furthermore, spllt-braln and 
disconnectlon studles have proved the minor 
hemisphere's verbal competence to be real 
though different and much weaker than the 
left hem1sphere's gllb abllltles. 

A word must be sald about sub-cortical 



external regulatlon. Patho1ogy has demonstrar 
ted the essentlal functlons of the Hmblc 
sy$teni, for example. Kowever, much reraalns to 
be observed before a good understanding of 
goal .ca lcu la t lon, of reward and punishnient 
modalit ies, of a t tent ion, of autoraatizatlon 
of behavlor, etc, can.be reached. Mean-
wh11e,1t Is possible to consider that most of 
the a1ready coinp1ex cooperative computation 
In the cortex 1s elther prepared, or cross-
checked, or completed by subrcortlcal cotnpu-
ta t lon . But we v i l l l 1eave such Issues aside 
for the moment. 

After having accumutated a few pleces 
of evidence about what Is meant by 
cooperative computatlon 1n the central 
nervous 5ystem,, I w m now cpnclude th ls 
study of one aspect of N.C. w1th a br ief 
n i us t ra t l on of computer models that t ry to 
emulate the human bra1n. 

discussed here. They are presented at length 
In G1gley's PhD dissertat lon (1982) and In 
G1gley (1982). the system can be (tefined both 
as a d is t r ibu t ive cooperative computatlon 
tool and as a set of deterministic devices 
achieving undeterministic calculus. For those 
two reasons HOPE Is the f i r s t computer system 
w1th control modaHtles based on N.C. 

The resuUs of processIng Implemented 
from 1980 to 1982 have surpassed a l i expecta-
t lons. Not on1y does HOPE perform typ1ca11y 
human functlons but I t can also be Induced to 
commlt errors exact1y l i ke norma) or patholo-
glcal human brains. To n i u s t r a t e these 
statements, here Is an account of how HOPE 
can be used to reproduce our naming behavlor 
and also our d1ff1cu)t1es when we cannot for 
Instance recal) somebody's name, or remember 
how to say "good bye" In Japanese (Although 
we do know the word and feel that I t Is on 
the t i p of our tongues). The processIng of 
visua) Inputs Is d ist r ibuted In the fonow1ng 
manner : 

COMPUTER 
BRAIN. 

SIMULATIOH OF ACTIVITY IN THE 

Computer simulation of Natura) 
Computatlon does not on1y provide a way of 
understanding comp1ex Interactlon arid fraglle 
tlmlng control 1n neurologlcal systems. It Is 
also an experimental approach to natural 
computatlon as long as the models Implemented 
are true to 11fe and not oversimpllfled. 
In1t1ally observed phenomena can be repro-
duced, often leading to the. d1scovery of 
unsuspected relatlonshlps and blatant 
Insuffidenčles In the models. Later, bold 
predictlons about the .weaknesses and the ' 
strsngth of neuroblologlcal systems w111 be 
possible. Ageing, handicaps and possible 
recoveries wni be understood from the Inside 
of the black box. More str1k1ngly, even 
heuristic processes of language and of 
problem solving that had remalned out of the 
reach of machines w111 be grasped by 
mimicking the marvellous human braln. 

One such system called HOPE has been 
developed at the Un1vers1ty of Massachusetts 
by Helen G1gley, w1th the collaboratlon of 
neuropsycholog1sts (Duffy and Lavorel). HOPE 
has been used for the simulation of some 
aspects . of language pathology (Aphasla). 
Instead of try1ng to simulate human per-
formance w1th a sequent1al model, the system 

, permits simultaneous processIng that Is time 
synchronous. Several modules deal slmulta-

j neously w1th dlfferent aspects of a glven 
task. Each module Is a threshold mečhanism 
w1th an ašsoclated activatlon. Exc1tat1on 
propagates at each step of calculatlon, 
elther according to a f1xed-t1me spreading 
schedule, or after reaching or surpassing 
threshold and firing (Indicating a decislon 
has been made about one facet of representa-
tlons or schemas). Other control principles 
of HOPE are d1rect1y Inspired by neurophys1o-
1ogy rather than by traditlonal algorlthmlc 
concerns. They Include : 

- Memory decay : any active Informa
tion decays In tirne unless It Is 
relnforced; 

- Preorganized distributlon of Inputs 
Into parallel modules that may collaborate 
or compete according to goals and to the 
nature of Inputs; 

- Post-firing effects : the firing of 
one module confirming one decislon inhibits 
a H the other processes that were competing 
on the same task; ' 

The f1r1ng of one module also determl-nes a very short-term refractory state In the same module. 
Ali these characteristics w111 not be 
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Figure 6. Dis t r ibut ive control of repre-
sentation modules used for naming tasks 
(reproduced from Lavorel and G1gley, 1982). 
I t must be added that each one of the pro
cessIng modules (Phono-acoustic; Perceptual-
gnoslc; Lingulst ic-semiot ic) raay I t s e l f be 
siibdivided Into two complementary ones (One 
for each hemisphere). 

One Instance of cooperative naming 
performance can be represented very schema-
t1cal ly by the follow1ng flowchart : 
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Figure 7. Namlng procedure : one Instance 
among many (Lavorel and G1gley, 1982). Note 
that distributive access to representations 
Is assodated with matching procedures ( l . e . , 
a sort of dvnamic 1ex1ca1 component). For the 
sake of s1mpl1c1ty, only three Interacting 
modes are focussed upon here (In the center, 
context free coraponent; on the right, context 
sensitive component; on the l e f t , transfornia-
tlonal component). Each one of the three 
procedura! modes competes w1th others or 
corrects them. 

I t must be romembered that since control is 
bas1ca1ly a matter of Interactive activatlon, 
Inhibitlon. and decay, know1edge consulted or 
produced at al i levels w111 on1y p1ay a part 
In wor1d representations and In motor acts 1f 
I t reaches a threshold. And I t w111 do so 
only 1f the leve! of confidence assodated 
w1th Indlvldual processes Is high, or 1f 
several processes concur In bulldlng up 
confidence. 

Abnormal performance, Hke word 
amnesia or misnaming, w111 take plače 1f 
Information that was to be processed In A, B, 
C, or D (Figure 7) Is not transferred, 1f I t 
Is transferred too early or too late, and 1f 
I t Is distorted, fuzzied, or Incomplete, For 
examp1e, I t has been observed that In le f t 
hetnl-sphere leslons, proper names cannot be 
assodated . w1th portralts of we11-known per-
sonalltles elther because patlents find I t 
d i f f icul t to recognize the Individual 
features of the face presented to them, or 
because they cannot retrleve the phono-
art1cu1atory pattern to be assodated w1th 
the glven visual stimulus. Such a natural 
situatlon can be simulated by 1ower1ng 
activatlon elther In the glven a r t i f i d a l 
Vision module or In the glven a r t i f i d a l 
speech generatlon module. Thus a dedslon 
threshold can never be reached. Other solu-
tlons are to lengthen processIng time ( l . e . 
activatlon bulld-up) and to accelerate 
Information decay, so that for Instance 
visual Identification Is fuzzied or erased 
before I t can be matched w1th one and only 
one candidate among phonologlcal patterns. 

The present state of M.C. model s like 
HOPE can only be a far cry from actual braln 
work. However, al i our recent exper1ments In 
cooperative computatlon tend to encourage us 
to pursue thls new approach to the processIng 
of natural language. Other prlndples of N.C. 
based braln studles win soon be tested and 
applled In systems development and pro-
grammlng. Another advantage of thls new 
approach Is that I t enables neuropsycholo-
glsts to test cognitive models of braln 
processIng that are thought to match anato
mi cal and phys1olog1cal discoverles. Computer 
simulatlon thus appears to be an efficient 
method to ver1fy the relevance and the 
robustness of theoretical models In the 
neurosdences. 
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Informatlzation as the world challenge. Informatlzation ia a notlon which can be deduced 
in the full sense from Information, Informatics, intelligence, technological, and social pro-
gress In the last two or three decades. Informatlzation includes computer usage, robotics, new 
educatlon, intelllgent envlronment, new management lnformiat.ion, Information home; it transforiiis 
the human behavlour into informatic one and enables the existence of subcultures and super-
cultures. 

An Information is a process of interpretatlon, repreaentation, evaluation, executlon of 
a message (lingulstic, sensual, data, signal) In the central nervous system or also a reaction 
of a llvlng celi to the changes of its envlronment. A technological Information is convergent 
(aingle meanlng) In the contrary to the human Information vihlch is normally dlvergent (pragma-
tlc). 

Informatics ia a vjorking, research, technological sphere uslrig computer as a concentro-
tion of algorithmic intelligence (determinist.ic knouledge). Informatics is amplifying the 
human Information envlronment. It develops ita ldeology, slyle of llfe and of VKork; here, tlie 
allent trarisition into informatlzation as an organizlng strategy of life is taklng plače. 

In the transition phase of informatlzation the Intelligence as a speclflc Information 
process in bralna and machlnes is gettlng more and more Important creating the so called inte
lllgent envlronment. Thls kind of envlronment evoliiates tlie use of human brain substentlany, 
raising the inten3lty of Intellectual w6rk. Informatlzation connects systema into planetary 
net, Information into sceletnin world Information, production parts into distrlbuted productlon, 
BO, the integration of resOurces is gettlng a complete form whicli could not be aciiicwed in the 
wave of industriallsm. In thls way, informatlzation is becomlng a challenge for developed 
and undeveloped countries giving tliom an encouraging vision of the future. 

Informatizacija je pojem, ki ga Je moč smiselno izpeljati iz pojmov informacije. Infor
matike, Inteligence ter iz tehnološkega in družbenega napredka v zadnjih dveh a H treh deset
letjih. Informatizacija vključuje uporabo računalnikov, robotiko, novo prosveto, inteligentno 
okolje, novo upravljalako informacijo, informatizirani dom; informatizacija transformlra člove
kovo obnaSanJe v Informatično in omogoči enal^opraven obstoj 8\ib in super civilizacij. 

Informacija je proces interpretacije, predstavitve, vredn"tenja In izvršitve sporočila 
(jezikovnega, čutnega, podatkovnega, signalnega) v centralnem živčnem sistemu In Je tudi reak
cija žive celice na spremembe njenega okolja. Tehnološka informacija Je konvergentna (enoumno 
pomenska) v primerjavi s človeško informacijo, ki je normalno divergentna (pragmatična). 

Informatika je delovno, raziskovalno In tehnološko področje, ki uporablja računalnik kot 
nakopičeno al oritmlčno Inteligenco (determinirano znanje). Informatika ojačuje človekovo in
formacijsko okolje, razvija pa tudi BVOJO ideologijo, stil življenja In delaj tu r.e začenja 
tihi prehod v Informatizacijo kot organizacijsko strategijo življenja. 

V prehodnem obdobju Informatizacije postaja inteligenca kot posebna oblika informacij
skega procesa v možganih in strojih vse bolj pomembna, saj oblikuje tkim. inteligentno (pamet
no) okolje. To okolje bistveno evoluira (razvija) uporabo človekovih možganov, ko pospešuje 
Intenzivnost umskega dela. Informatizacija poveže sisteme v planetarno mrežo, Informacijo v 
skeletno svetovno informacijo, proizvodne dele v porazdeljeno proizvodnjo; tako dobi Integra
cija virov (človeških, materialnih) tisto popolno obliko, ki Je nI bilo moč doseči v dobi indu-
strlalizma. Informatizacija postane izziv za razvite in nerazvite, saj jim daje vzpodbudno 
sliko prihodnosti. 
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Uvod 

Informatizacija, je pojem, ki se pojavlja med drugim 
v delih J.-J. Servan-Schraiberja (1) In A. Tofflerja (Z) 
in ga je moS sm^aelno izpeljati Iz pojmov informacije, 
informatike tn Inteligence. Informatizacija je novi val 
(tehnološki, druZbsnl), ki se razvija po tndustrlalizmu 
in ta val ae zaEanJa v ZDA v razdobju 195S do 1965, nekaj 
kasneje zajame Japonsko z vso svojo moSJo, v laSji obliki 
pa tudi zapadno Evropo in druge predele zemeljske oble. 
Informatizacija obsega uporabo raSunalnikov na vseh rav
ninah, robotizacijo proizvodnje s pomoSJo inteligentnih 
informatlEnlh pripomoSkov, novo prosveto, oblikuje pa 
tudi pametno (inteligentno) okolje, upravljalsko infor
macijo v druZbeni in zasebni infoaferi. Informacijski , 
dom (Toffler imenuje ta pojav elektronski dom), £loveka 
preoblikuje v informacijsko intenzivno bitje, ki iz ske
letne informacije ustvarja (ustvarjalno oblikuje) svojo 
polno informacijo, omogo£a pojav, razvijanje in ohranja
nje lokalnih in globalnih kultur (subkulture in super-
kulture), ki so s planetarnim informacijskim sistemom 
povezane v mreSo. Informatizacija spremeni naSin Sivlje-
nja iz industrijskega v informatiSnega. 

Toffler predvideva, da bi zaradi Informatizacije in 
robotizacije proizvodnje v prihodnje kar 75 % delavcev 
opravljalo svoje delo iz svojega elektronskega doma, ki 
je seveda ustrezno informatiCno opremljen in povezan npr. 
s tovarno, pisarno oziroma z delovno funkcijo. To pa po
meni, da tovarna kot industrijska katedrala ne predstav
lja veS dnevnega romanja delavcev na delovno mesto, de
lavci pa so z delovnim procesom povezani iz svojih domov, 
ko krmilijo, nadzorujejo in usmerjajo proizvodne tokove 
skladno s svoja delovno funkcijo. To Je morda vizija pri
hodnosti, ki pa se uresnifiuje 2e danes z uporabo lokalnih-
informacijskih mrež in Se ne v polnem obsegu. 

Informacija, informatika, informatizacija 

Kratko: informacija Je proces interpretacije, pred
stavitve, vrednotenja, izvrSevanJa sporoSila (jezikov
nega, Sutnega, podatkovnega, signalnega) v centralnem 
živčnem sistemu. Človek sprejema in oddaja sporoSila ozi
roma ukrepa. 5e Je informacija reakcija na spremembo ali 
stanje okolja, potem jo Je mo5 smiselno posploSiti tudi 
na procese v živi celici (prilagajanje) in na tehnoloSke 
procese (avtomatsko krmiljenje z viSjo ali nižjo stopnjo 
t.i. umetne inteligence). 

SporoCilo kot dražljaj sproži npr. Interpretivni 
proces v možganih z vsemi pragmatiEnimi možnostmi, zato 
je informacija kot mednevronski proces (nevron Je živčna 
celica) oziroma proces v nevronski mreži različna pri 
enakem sporočilu (ponovljenem, v različnih možganih, pri 
različnih stanjih spomina, pri različnem keraizmu, elek-

• trični prevodnosti oz. bioloSkemu stanju nevronske sub
stance) . 

TehnoloSka informacija je predvsem enopomenska (npr. 
strojno prevajanje Jezikov), da bi bili procesi predvid
ljivi ter v tehnoloBkih mejah. TehnoloSka informacija Je 
proces ugotavljanja "pomena" (semantike) brez pragmatič
nih ekskurzij. Je torej konvergentna za razliko od di
vergentne, razvijajoče informacije v možganih. 

Informatika je delovno, žlvljensko, tehnoloSko pod
ročje, uporablja računalnik, ki ima nakopičeno algorlt-
miCno Inteligenco (determinirano znanje) v obliki pro
gramov za najrazličnejše' uporaba. Informatika kot tehno-
loSki pojav ojačuje človekovo informacijsko okolje z 
znanjem (programi) in sredstvi (računalniki, informacij
ski sistemi, telekomunikacije), DanaSnja informatika se 

tako lahko utemelji na računalniku z njegovo nakopičeno 
inteligenco in v obliki informacijskih sistemov seže na 
vsa bistvena področja dela in bivanja. Informatika raz
vije svojo tehnologijo in metodplogljo ter tudi svojo 
ideologijo, stil življenja in dela. Tu pa se pravzaprav 
Se začenja tihi prehod v informatizacijo kot organiza
cijsko strategijo družbe. 

Informatika je kot raziskovalno In delovno področje 
utemeljena z znanostjo o informaciji, raziskavami cen
tralnega živčnega sistema, umetno inteligenco, z računal
niškimi znanostmi (raziskovalno in izobraževalno področ
je), z znanostjo in uporabo informacijskih sistemov, z 
uporabo računalnikov, z uvajanjem inteligence v robotiko 
pa tudi z njeno teorijo in prakso, s sistemi za iskanja 
podatkov in naposled tudi s sredstvi in metodami masov
nega in drugega obveSčanJa. 

Na prehodu v informatizacijo dobi Inteligenca kot 
specifičen informacijski proces v možganih in strojih 
svoj poseben, poudarjen pomen. Prehod iz informatike v 
informatizacijo Je bistveno pogojen z Inteligenco, in 
sicer s povečano strojno pametjo ter z oblikovanjem t.i. 
inteligentnega (vse bolj pametnega) okolja. Stroj, ki 
ojačuje znanje človeka in razpolaganje z znanjem, evo-
luira tudi človekove možgane, sili ga v konstruktivno 
miSlJenje, v delo, ki zahteva obvladanje (odkrivanje in 
reSevanje) problemov ter ima svojo praktično, obstojno 
utemeljeno upodobitev oziroma realno projekcijo. Tako se 
človek z informatizacijo realizira na drugačen, času in 
prostoru ustreznejši način, ko Izstopa iz dobe industria-
lizma novemu upanju naproti. 

Informatizacija se tako glede na informatiko razSiri, 
v svoje okrilje vključi in poveže različne infrastrukture, 
kot 80 avtomatizacija (regulacijski sistemi), informatika 
(porazdeljena obdelava podatkov), telekomunikacije (sate
liti, mreže), inteligenca (v sistemu, okolju), robotika 
(robotizacija proizvodnje in storitvenih dejavnosti), ra
ziskovanje (informacijski procesi, nove tehnologije) in 
izobraževanje. Informatizacija pomeni tako med drugim 
tudi realizacijo telelnformatike in njenih posledic, kot 
sta porazdeljena proizvodnja (delo iz informatlziranega 
doma) in porazdeljena administracija (Informatizirani 
urad). Informatizacija omogoči dostop do željenih podat
kov, ki so zbrani v posebnih hazah podatkov za javno upo
rabo - tudi posameznikom iz njihovih domov - omogoči 
kakršnokoli od doma ali od drugje naročeno obdelavo po
datkov za različne namene: podatki in njihove obdelave 
postanejo tako porazdeljeni po informacijski mreži, ki 
zajame in poveže celoten planet pa tudi izvenplanetarne 
podatkovne postojanke. Tako niso porazdeljeni samo podat
ki , porazdeljena je tudi obdelovalna moč In v informacij
skem pomenu postane svetovna mreža podobna velikemu mož
ganskemu informacijskemu sistemu. 

Pametno okolje 

Dvom o tem, da je informatizacija na pohodu, nima 
več realnih temeljev. Japonska hiti v robotizacijo in se 
dviga na viSJe ravnine vsakodnevnega delavčevega izobra
ževanja iz strahu pred prihodnostjo, v kateri bo moč 
zadovoljivo reSevatl probleme njenega in svetovnega ob
stoja le s pomočjo informatizacije. Z njeno močjo bodo 
Japonci racionalno uravnavali svojo potroSnJo (surovin
sko, energetsko, prehrambeno) in dovolj hitro odpirali 
možnosti za nove poti proizvodnje, ki bodo postale nuj
nost (bloloSka, akvakulturna, vesoljska, elektronska in
dustrija). 

Izgleda, da bo informatizacija povzročila intenziv
nejše izkoriščanje in uporabo človekovih možganov, s tem 
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da bo zavestni del drugače napolnjen oziroma informacij
sko bolj intenziven, saj se bo naposled tudi ilovek pri
lagajal informacijskemu okolju. 

ZnaSilnost informatizacije kot družbenega procesa 
Je tedaj tudi v intenzlvaciji človekovega Intelektual
nega dela, v prestrukturiranju človeka kot vSeraJSnJega 
ročnega, fizičnega, pisarniškega in upravljalskega de
lavca v danaSnJega in novega delavca, ki bistveno dru
gače uresničuje svoje delovne naloge v nastajajočem in-
; formacijskem okolju, ki Je bolj pametno. V čem se ta 
vllja oblika pameti odraZa? 

Značilnost informatlzaoije Je moZnost in nujnost 
' stalnega delavčevega IzobraŽevanja (v Soli in na delov
nem mestu) zaradi hitrih sprememb informacijske (In druge) 
tehnologije. Prosveta dobi v informatizaciji novo obliko: 
intenzivno Je podprta z informatičnimi pripomočki za 
učenje, dopolnilno in delovno izobraŽevanje, za reSevanje 
in odpiranje problemov, za doseganje vsakrSnih podatkov 
(strokovnih, upraviJalskih, statističnih, poslovnih) Iz 
specializiranih podatkovnih baz ter v prebavljivi. Inter
aktivni , dialogni, menujskl obliki. Uporaba te Informa-
tične podpore ne zahteva od človeka posebnega znanja; 
sistemi vodijo človeka prek uporabnih možnosti, prikazu
jejo mu možne alternative in pripomočke za iskanje po
datkov, učenje, dopolnjevanje znanja. Seveda se ta infor-
matlčna Infrastruktura vzdržuje s človekom: dopolnjuje 
se ne samo kot uporabnlSki marveč tudi kot delovni sis
tem v proizvodnji. Vedno več ljudi Je udeleženih v pro
izvodnji informatičnlh sredstev, tehnologije, programov, 
uporabniških in delovnih sistemov. Človek tako povečuje 
ne samo svojo tehnoloSko pamet, povečuje tudi svojo kon
struktivno informacijo in Iz informacijskih skeletov ob
likuje sebi ustrezno, novo Informacijo, s sebi primer
nejšo vsebino. TakSen način informatizacije bivanja po
večuje človekovo neodvisnost, njegovo varnost, saj mu 
daje možnosti predvidevanja dogodkov z uporabo dovolj 
kvalitetnih podatkov. I 

Ker Je informatizacija izrazito integrativen pojav, 
ki poveže sisteme v svetovni sistem, informacijo v ske
letno svetovno Informacijo, dele proizvodnje v združeno 
proizvodnjo, dobi integracija v Informatizacijskl dobi 
tisto polno obliko, ki Je nikoli ni mogla doseči v dobi 

Industrializma. Vlogo industrializacljskih integratorjev 
in elit prevzamejo enostavno inforitiatizacijske možnosti, 
informatizacijska moč in povezanost in tako še začenjajo 
zmanjševati razlike v položajih človeka, v stopnjah nje
gove obveSčenostl, povečuje se človekova delovna primer
nost, njegova motivacija in zadovoljstvo. Človek zaZivi 
svojim hotenjem in svoji motivaciji primerno, izboljSa 
svojo zdravje in počutje, svojo vključenost v svetovno 
informacijo, postane dejansko pametnejši (bolj razvit, 
bolje obveSčen), preudarnejBl, BposotineJBi za polno Živ
ljenje. 

VpraBanJe Inteligence (pameti) postane naposled na-
kako obrobnoi inteligenca Je vsalaj relativna, speciali
zirana, prilagojena prostoru in časui' Inteligenca je. le 
posebna oblika trenutno aktualne informacije, ta pa se 
pretaka (v obliki procesov) v živi In tehnoloSkl. infor
macijski mreZl. Inteligenca postane tako le dovolj bi
stveni del informacije In njena statistična prisotnost 
zagotavlja smotrno delovanje sistema: intellgencaefstane 
bolj regularnost kot izjemnost,^čeprav se povečuje njena 
raznolikost in količina (kopičenje znanja). 

Sklep 

Informatizacija postaja izziv za razvite in razvi
jajoče, saj kot možnost in nekje tudi kot dejansko sta
nje daje vzpodbudno vizijo prihodnosti: ukinja klasičen ; 
industrlalizem in njegova tipična nasprotja, spremeni 
nastajanje in strukturo upravljalske informacije in z 
njo povezanih institucij (demokratičen stroj, upravljal
ske elite), utrdi družino in manjše delovne skupnosti v . 
neposrednosti preko dela Iz informatizlranlh domov, raz
reši s spremenjenim načinom bivanja in dela energetske, 
transportne, prehrambene in druge ključne človekove pro
bleme. Informatizacija se pojavi kot počasi naraSčajočl 
val, ki prekrije planet z novo žlvljensko vsebino. 

Slovstvo - •' • • 

(1) J.-J..Servan-Schrelber: Svetovni izziv. 
Globus, Zagreb (1981). 

,(2) A. Toffler: The Thlrd Wave. Bantam Book, 
New York (1981). 
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Abstract: 

Coniputergraphics (CG) and CAD have had a quick development in Austria during the last 5 years. 

Of course, Austria has no companies producing graphic eguipment in large quantities nor do we 

have big companies dealing with graphic software. But there is big need for such software and 

hardware and sorae progress has been made in the development, This paper is giving a survey about 

the Austrian activities research and application in this fieid. 

1. Computergraphic: Research and Development 

Basic research has been made on Computer-

graphics at the Technical University of 

Vienna (TU Uien). There are several institu-

tes involved in CG-research. 

In 1977 a Computergraphic Research Group was 

founded at the "Institut fiir Datenverarbei-

tung" (Dataprocessing) (Prof.Dr.Eier, 

J.WeiB). First a three years program was 

started in'cluding hardware and software de

velopment. Several papers of this work have 

been published, including "circle clipping", 

decentralization of graphic systems, stand-

ardization, development of a colour raster 

display, development of a graphic work-

station etc. This project was fol1owed by 

some others, mostly oriented to CG-appli-

cation and CG-standardization. e. g.: A 

program for input of city maps together with 

statistical information is now being de-

veloped. 

Beside these above mentioned activities the 

"Institut fiir Datenverarbei tung" offers also 

an educational program for computer graphic. 

For interested students exists the possibili-

ty of a lecture including practicum (3 less. 

per week/ one semester). This lecture shows 

an interesting development in the number of 

students: In 1978 there were 18 students, 

in 1982 there are now 175 (I) students. 

Further there exists the possibility of 

practicas and diploma works. 

Another Institute viorking (mostly) on graphic 

languages is the "Institut fUr praktische 

Informatik" (practical informatics. Prof. 

Barth). Prof. Barth and his crew designed a 

graphic extension' to Pascal. This Pascal/ 

Graph was presented 1981 at Eurographics and 

was elected as 3rd paper. This institute, too, 

offers possibi1 i ties working with grahpics for 

the students. 

The work of the "Institut fiir Informations-

verarbei tung" of the "Dsterreichische Akademit-

der Wissenschaften" (DAW) - Austrian Academy 

of Sciences - (Dr.Firneis, DI Herzner) con-

centrates to several University application 

projects. Since 1979, the Institute is also 

Morking in Ihe fields of graphic standardi-

zation. 

Some examples of this graphic application are: 

Drawings of cinematic functions, 

contours of coraplex differential equation 

systeras, 

3-dimensional representation of parameterized 

surfaces using arbitrary sets of curves. 

Furthermore the institute is supporting many 

applications with graphical software in the 

area of University of Vienna and Academy of 

Sciences. In the future it is planned to 

adapt existing software and to base new 

application on the Graphical Kernel System 

(GKS). 
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There is not on1y the university area, but 
aiso companies developing cpmputergrahpic 
software' In Austria. ! ;' . 
The bigger companies as Siemens, CDC, IBM etc. 
provide their packages and develop user-
specific adaptions. There are companies de
veloping graphic software. Fa. Technodat , 
provides a Calcomp based package named "Dipp"; 
which was extended by segment- and colour-
sfunctions, and can handle a big variety of 
dev ices. 

Another corapany, ."Sysgraph", is Consulting 
and developing in computergraphic applica-
tions. Several user-specific programs have 
been installed. A standard graphic package 
and a business gra()hic package are annouriced 
for this year. 

The "Forschungszentrura Seibersdorf" also has 
a crew (Dr.Schoitsch) working on process-
control and computer-graphic. They wrote 
graphic software whichs runs on Digital 
coraputers. 

2. CAP - Development 
2.1) TU Wien " 
In the department of mechanical engineers 
the "Institut fUr Maschinenelemente" (Prof. 
Kazda, Doz.Reinauer) has built up a CAD-
Center. They use PROREN and.have already made 
several pilote studies. Therefore the PROREN-
šystem was extended several times. The 
applications are not restricted to drafting 
purposes. Beside theše there are modelI1ng 
functions, dimensioning, selecting of machine 
parts supported by-computer. Application which 

! have been done are crank shaft drives, gear 
boxes, clutches etc. With CAD-kernel package 
DINAS a roller bearing catalogue system was 
installed. A surface design program origi.nal1y 
made by the Institut fUr Datenverarbeitung was 
cAtcnded to a 30 surface ^modeli ing system in-
cluding hidden line removal. 

Since 1979 a CALMA system has veen installed 
at TU Uien (ProzeBrechnerzentrum). This system 
is raostly used w1th CALMA software for 
applications, now there is also development ' 
done on i t. . 

2.2) Industry 
In the industrlal field CAD-development is 
done at various places. A Viennese company 
dealing with prefabricated buildings (FTB) 
has designed their own CAD -' and drafting 
system. 

which is also 
Support for 

VDEST developed a CAM-systera; 
marked outside the company. 
technical computation (Finite elements etc) 
is given by Technodat. 

3. Applications: 

3.1) Computer Animation 
Since 1980 a company exists in Vienna which 
only deals with computer animation. A 2 /2 
dimensional animation systera was designed 
which is now used in production. 
2^/2 dimension means, that it is a system 
based on surfaces which can be moved in 3-d 
without restrictions. You can even have per-
spective views from this system. General1y 
the ANIMA-System is organized like an ordinary 
cel 1-production animation. There are of course 
no limitations in numbers of cells, which you 
can define and move s1multaneously. The system 
takes čare about what is visible or not. There 
are, more possibi1 ities like on Walt Disney's 
multiplane camera, but with less costs. 
The artist (animator) has an excellent user 
aid and a great var1ety of effects on controlš. 

Just to define effects and controlš:E.g.: 
moving a character (figure) from left to right 
is an effect. The definition of the velocity -
how fast the character has to be moved - is a . 
control. 
The pictures are made out of lines, areas with 
or without borders, areas w1th partial1y exi- , 
sting borders, curves, texts (freely define-
able) etc. 
There is a varlable text defineable wh1ch ca.n 
also be controlled by the effects. 
The system is capable to make "in-betweens" 
between defined keyframes. The whole system 
consists of 3 subsystems 
1. Input of the graphic , 
2. Definition of effects and controlš 
3. Film production. 

Output is done on colour raster displays 
ranging in resolutioh from 48o x 64o to lo24 x 
lo24. Direct filming from screen wouTdn't give 
good resolution and stable colour. It is done 
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Via a video-camera. Even In use the systein is 
expanded w1th new functlons. There are many 
possibnities using coraputergraphic for 
anlmatlon. Thls system was main1y deveioped at 
the Institut fUr Oatenverarbeitung, TU W1en. 

of diagram. The system then gives the picture, 
which Is updated every minute or 5 minutes. 
The' contro1system not on1y shows the data 
which are aiready available. There is an 
extrapo1at1on done for ali important data. 

3.2) Computercarthographics: 
The Municipai Council of Vienna, Department 
for Oataprocessing, (01 Koloseus, DI Wi1mers-
dorf) deveioped a rather big system, which is 
capable of stor.iing the who1e city map of 
Vienna in a very detailed manner. It is 
possible to connect geometric-oriented data 
bases to the graphical objects.In the last 
years nearly the who1e city was digitized. 
This department also takes čare of statisti-
cal Information needed by the nunicipal 
authority. It is produced in form of business 
graphic charts. 

Another Institution is the "Amt fUr Ver-
messungswesen" (Dr.Ziromermann). It is di-
gitizliig the territory of Austria. Its aim 
is to get the la-nd-regi ster informations into 
this database. Out of this inforraation the 
official.maps are produced. 

3.3) Business graphics: 
Besides the foreign business-graphic systems 
in use, an interesting development is going 
on in busine.ss and re presentation graphics. 
In the university area the Institute for . 
Statistics (Prof.Vlertl, DI Guttmann) Is 
developing graphical output methods for time 
series and other statistical data. It is a 
slmilar approach like business graphic. A new 
system is announced by the company "Sysgraph". 
Due to this activitiesjACGA (see chapter 4) 
offers one day courses in this field starting 
in autumn 82. 

3.4) ground.glass Joint design program: 
As an example of an Industrlal order a ground 
glass Joint design program was deveioped. An 
exarap1e is shown in the figures. 

3.S Process control for power supp1y 
In the power supp1y companles in Austria 
there is a movement to use more full graphic 
output instead of semigraphic disp1ays in 
process control. An installation in Linz, 
OKA, made 1979, glveš the managing person' 
ali consuffling and producing data in a graphic 
representation. The user decides on the type 

4. Standardization of Computer Graphic Systems 

The Austrian Standard Institute "Dsterreichi-
sches Normungsinstitut") has: an active group 
which is work1ng on computer graphics. Due to 
the reason that Austria is not big enough for 
Its own graphic standard, this group supports 
International activities. e.g. the graphical 
kernel system (GKS) which is nov* ISO draft 
standard is supported within ISO, but also 
discussed and published in Austria, GKS was 
or1g1na1ly a German draft. There was some 
Austrian-German cooperation on GKS. The 
Austrian relation to GKS exists since this 
time. The future plans for standards are not 
detailed. But it looks like, if the work will 
continue on a graphical metafile and a device 
driver interface. 

5. Organisations supporting CG and GAD 

5.1) The Austrian Computer Society (OCG) 
The OCG (Dsterreichische Computer Gesel 1schaft) 
Is an organisation supporting ali activities 
in the area of computing (President: 
Or.N.Rozsenich). The OCG is based upon per-
sonal and institutional members. OCG is 
supporting several special interest groups 
(work1ng groups). There is also one for 
Computergraphics and CAO. Thls working group 
(Arbeitskreis) is organizing lectures, 
tutorials and conferences. The last greater 
one was "Graphische Datenverarbeitung 79" 
(Computergraphics 79) which was organized 
together w1th TU Wien (Institut fUr Daten
verarbeitung) 1979. 
OCG is also a liaison member of Eurographics. 

5.2) Austrian Computer Graphic Association 
(ACGA) 

The Austrian Computer Graphic Association was 
founded in Vienna in December 198o. This 
assoc1at1on's purpose is to foster the 
research and the practical use of this fast 
proceeding computer science in Austria. The 
association is a member of the Uorid Computer 
Graphics Association. 
The ACGA coordinates its act1vity w1th the 
Austrian Computer Association. The major 
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evidence o f t h e ACGA|s;attlyity is the 
publishing 6f a byinonth1y publlcation, the , 
CAP, and.the organizatlon of iseminars and --> 
c o n f e r e n c e s ' . ;•; • .i ''''•'•'••••••-':'•'•'•'•••• ':• ' 

6. Conclusion , .,'f V'"; ; 

Computergraplilc and CAb' are';fast-growing ' ; - • 
branches in Austria. Thiš paper cbuld not. ,• 
cover ali the projects going on now. The 
activities which' Kave been mentioned concern •: 
subjectš wh1ch are cpmpletely- or at least to ; 
a great extent designed and programined in ' ; 
Austria. -̂ •••".••-.••''-'•.•.•'••'-•.-.̂  .••̂  

O f c o u r s e , there is a lot of software -
especially in CAO - coming from abroad. It is ; 
niy opinion there should be a balanced relation 
between development and buying. This depends. 
very much on the particular application. 

E.g.: It needs a lot of good ideas and reason 
to start a new (3-0) model 1 ing system for 
CAD. It is here similar situation like for 
programniing languages some years ago, But the 
daily use computer graphics offers many 
possibilities for "home brewn" Systems which 
are not covered by already existing! systems : 
on the market. This seeros to me thelarea for 

: . i 
national activities. Last but not least, doing 
so, a .very iraportant knowledge is built up 
step by step. To get the Information;exr 
changed among these pebple is the task of 
ACGA and OCG. If they are working well - like ; 
they did - it will be fine to see you some day 
inAustria at a graphic conference, tutorial 
or seminar. 

The author's address: DI Johann Weiss 
Castellezgasse 4/13 

A - 1020 Wien, Austria 
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8. Pictures 

figure 1. Surtace representation using 
general parameter lines (OAW) 
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figure 2; Surface representation using 
general parameter lines (DAIJ) 

figure 3: Exarap1e of ground glass design layout 
(TU Wien) 

figure 4; Surface modelllng for technical applications (TU W1en) 

figure 5: Mechanical Engineering: crank shaft drive (TU W1en) 
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Advioe Lanojuages were developed to facilitate the implement at ion of fcnouledcje-based solutions to 
probleas that are ooinbinatorial in nature. This paper reports on an efficient implement at ion of AL2 
(in Fortran)! and eiperioents with its appUcation to chess endgames. In particulart a difficult 
ending with king and kntght vs. king and rook was implemented in AL2 following the structure of an 
older advice prograo which uas previously uritten in ALI. The new implementation of this endingt in 
AL2i is about two orders of magnitude faster than the previous ALi program. 

UHINKOVITA IMPLEMENTACIJA JEZIKA NASVETOV AL2. Jeziki nasvetov olajSujejo reševanje komb i nat or i t!n ih 
problemov s pomočjo aktivne baze znanja. V tjlanku je opisana utiinkovita implementacija AL2 in 
eksperimenti z njegovo uporabo v Šahovskih konOnicah. Na podlagi prejšnjega programa napisanega v 
ALI) je bila v AL2 implementirana teifka konfinica kralja in skakaOa proti kralju in trdnjavi. 
Implementacija v AL2 je od prvotnei programirane v ALli hitrejSa za dva reda velikosti. 
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nltlal problem sltuatlon. S, flnd a 
f actlons Mhlcn transforms S Into a 
atlon« f, such that F° satlsfles a 
conditlon G. The actlons can be 
a predeflned repertolre of 

e operations on problem sltuatlons. 
al concept Is reflected In varlous 
for representlng problems« wldely 

tlflclal Intelllgence, sucn as 
;e, ANU/OR graphs, or game-trees 
son 1980). iLxaniples of practlcal 
hlcn'naturally flt tnese formallsms 
natorlal optlmlzatlon, computer-alded 
tomatlc programiulngi tailure 
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try to mate. 

Tne Nhoie problem ot matmg nas oeen leuucea 
into tiie (easler) subgoals: torce the 
opponent's King to the edge, and, when on the 
edge, carry out tne tlnal phase for mate. 

Tnls Is, basicallv, the form In wnlcn ^he 
Knowledge about problems is couifliunicdted tu 
tne proulem-solver vla Advlce Language 2. 
T«o nontrivlal endgames have been Implemented 
In ALI and AL3: King and knlgnt vs. King and 
rooK (KNKH) In ALI (UratKo and Hlchie I9t)0b], 
and King and paMn vs. king and pann in AL3 
(BratKo 19d2a; 19il2b). AS snown by Kopec and 
Nlblett (19tf0), the dlfflcultv of perfect play 
In KNKK Is beyond the capablllties of chess 
masters. Tne performance of an advlce program 
In ALI tor KNKH mas, If not perfect, at least 
comparable to tnat of human masters. 
One trouble wlth ALI was Its slotiness, due to 
an inefficlent Implementation in PUP-2. To play 
a muve In a nontrivlal KNKK posltlon, it tooK 
the systeni typlcallv a few nlnutes of CPU on a 
Ui::C Kl-lO processor. Me translated the ALi 
program tor KNKK into AL2 and used It as a 
benchmark for testlng our present 
Implementation of AL2. Ttie present 
implementation tvplcally ušes betaeen a second 
and a fe« seconds to play a move iii a difficult 
KNKK posltlon on a ui::c KL-10 processor. Tne 
pace of play of a few seconds per move is 
attalned bv AL2 Nhen Eearching about lOuO 
positlons in the game-tree. Under regular chess 
tournaiiient conditions, the plaver is allomeu 
about three mlnutes per move. So under 
tournament conditions, the program would be 
allomed to.search correspondinglv larger 
portlons of the game-tree. Wlth, say, !>0 tlmes 
more tirne per move, the system would be able 
search some bO chousand ot positlons per nove 
actually played across the board. Tnls figure 
is comparable to tne speed of some (not 
fastest i) tournament cness program*. 

The rest of the paper describes the details of 
AL2 and its Implementation, and some' 
experliiiental results. 

http://det.ec
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2. 'AI.2 DESIGN 
The overail structure of the kL2 tviten !• 
deplcted In Fig. i, The fflaln modulei of the 
svstem are > 
(U the IcnoKledge bage 

Knowledge Is represented In advlce-tables 
and pleces-of-advlce. each advlce-table 
Is speclalised as to deal trith certatn 
problem-subdonaln. According to the 
current probleiti-sltuatlpn It 
chooses an aproprlate advlce-llst. 
Advlce-llst Is an ordered list of 
pleces-o£-advlce. A pleče-of-advlca 
suggests what goal should be achleved next 
whlle preservlng some otner condltlon. 
If thls goal can be achleved In a glven 
problem-sltuatlon then we say that the 
plece-of-advlce Is satl^žlabie. 

(2) the search module 
Ihe search module talcčs an advlce-llst ttoa 
the KnoKiedge base and trles to satlstv a 
plece-o£-advlce In the list, sequentlally 
actemptlng the pleces one after anotner, 
untll It succeeds. To satlsfy a 
plece-of-advlce is to flnd a speclflc 
subtree o£ the game-tree called 
forcing-tree. Forclng-tree niay be 
Interpreted as a strateov that guarantees 
us the achlevement ot the goals prescrlbed 
In the flrst satisflable piece-of-advice 
from the advlce-llst. 

(3) the Interactive Interface 
Ihe Interface facllltates the conimunlcatlon 
between the user-player and the system. 
It accepts a forclng-tree from search 
module and Interprets It as our strategy 
£or playlng our moves. besldes thls It can 
show useful statlstlcs and enable trace 
durlng the search £or a forclng-tree. 

posltl 

positl 

KNOMUJCDGE 
ttAse 

on Ple 

SEARCH 
MUDULEi: 

on str 

INTERACTIVE 
XI TSRF* CE 

chess endgame / 
Knotfledge V 

ces-of-advlce 

9tegy 

moves ^/ 
statlstlcs V 

(user ^ 
experty 

(user A 
player^ 

Fig. li The basic structure of the AL2 systeD. 

It should be noted that the baslc structure of 
Ati2 as descrlbed above Is almost Identlcal to 
tnat of the ALi systera (Implemented In POP-2 
at the Universitv of Illinois, outlined also 
in Bratico and Mlchle 1980). 
In the folloulng paragraphs »re descrlbe the 
modules of AL3 In moi;e detalls. 

2.1. Ihe lcno«ledge base 
Advlce-tabU ii a let of rulet of the form 

If preconditlon then advlce-llst 
If more then one preconditlon Is satlsfled 
then slmply the flrst ruie li chosen. 
A plece-of-advlce is a flve-tuple 

(HG, BG, UHC, THC, MAXD) 
Khere HG and BG are predlcatei on posltlons 
called holdlng-goal and better-goal 
respectlvelv, UHC and TNC are predlcates on 
noves, called move-constraints for us and for 
theo respectlvelv and HAXD is a depth-bound 
of a forclng-tree. By "us" we nean the side 
to move In a glven posltlon, elther whlte or 
blacK, and by "them" the opponent of "us*. 
Nove-constralnts can besldes a mere selectlon 
of a subset of legal moves prescrlbe an 
orderlng on the ooves that are selected. 
We say that a plece-of-advlce is satlsflable 
in a glven posltlon if and only If : 
(1) the "us" side can force the achlevement of 

the better-goal In less then MAXO plles, 
whlle 

(2) durlng the play toward the better-goal, 
the holdlng-goal Is never vlolated, 
and 

(3) the "us" side always chooses Its moves only 
from the set of oioves that satlsfy UHC, 
and 

(4) the "them" side's cholce of moves Is 
llmlted only to the moves tnat satlsfy THC. 

Goals iiiay also be expressed by the 
satlsflabllltv of some other plece-of-advlce, 
at follOHS I 

Better-goal (or noldlng-goal) is achleved 
In a posltlon If the other piece-of-advlce 
Is satlsflable In the same posltlon. 

k 
TaKe, as an example, the klng and pawn vs. Iclng 
endlng, A plece-of-advlce for the stronger tlde 
that suggests slmply "push the pamn to tne 
gueenlng sguare" can be deflned as t 

(pawn.sate, pawn_queened, pawn-nioves, 
Iclng.macro.move.to.gueening.sguare, 9.pllet) 

If we talce for example the posltlon In Fig. 2, 
it Is obvlous that thls plece-of-advlce fallt, 
because the blacK klng can capture tne whlte 
pawn. 

•----t"-t—-t--->-"—t-.--*—t——» 
8 1 I I I I l O I I I 

+ — - + — - • — . + .._+>._+JI.+._. + ...+ 
7 I I I I I I I I I 
+ — t - . - + ...+___+_._+_..^.._^.__+ 

6 I I I I I I I I I 
t — t — t — • " - + --- + --- + -—••-"+ 

S I I I I I I I I i 
t- — t " - t — • — -+ — - + — - + " - + — - + 

4 I I I I I I I I I 
• - . - f — + . . - + ...+.__+.._^.._^.._^ 

3 I I I & I I I I t I 
t---f---f---t---t---'t'---t---*'---'f 

2 I I I I I I I I I 
t—.f..-t—-t---t 1 • — + • i I I I iC | ? i I I t t 
+-..+—-•..-t Js-t---t"-t---+—t 

a b c d e f g n MHITE 
Fig. 2i An exanipie of nontrlvial posltlon 

for Mhlte to move and wln. After 
tne natural move K d2 blacK 
can dram by K e7. Ihe only correct 
move is K c2'l. 
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2.2. The learch nodule 
Control Btructure chooses whlcn place-of>advlce 
from advlce^list to apply next. Then It trles 
to satlsfy It by simpie depth-flrst search. 
It and only If a plece-of-advlce Is satlsflable 
iln a glven posltlon there exlsts a £orcina-tree 
and the search module finds It. 

^orclng-tree Is a subtree of the game-tree 
rooted in a given positlon, such that i 
(i) every node« except the root-node, 

satlsfles HG, 
C2) every npnterinlnal node satlsfies not BG> 
(3) every terminal node satlsfies BG> 
(4) there is exactly one move itoa every 

nontenolnal us-to-move nodei that move 
must satlBfy UMC> 

(5) there are ali legal moves troni everv 
theiifto-rnove nontermlnal node that 
satis£y TMC, 

(6) the lenght ot the longest path must not 
exceed the depth-bound MAXO; the root-node 
is supposed to be at depth O. 

Me say that In a posltlon, from mhlcn there is 
no legai "us' move tnat satlstles UHC, the 
better-goal can not be achleved. But 1£ there 
is no legal "them" move that satlsfies TMC, the 
posltlon Is a terminal node ot a forclng-tree. 

In Fig. i there is an exanipie o£ torcing-tree 
<jenerated tor the posltlon in Fig. 2. Here, a 
plece-ot-advlce for \»hlte that suggests how 
to get the Klng In tront o£ the pawn Is 
Batlstied. 
|>K c2 bK e7 WK b3 

BK ti WK d3 
BK e8 ina. b3 

BK d6 
BK e6 
BK d7 
BK e7 
BK eo 
BK e7 
8K d7 

MK b4 
WK C4 
WK b4 
WK C4 
WK C4 
MK C4 
«tK b4 

BK C6 
BK dS 
BK d6 
BK d6 
BK C6 
BK d6 
BK d6 
BK 06 
BK dd 
BK C6 

F \q. The forcing-tree for white for the 
position in Fig. 2. On any black's move 
white has an answer that brings his king 
in front of the pawni so that blaok 
cannot eventually prevent the qLieening. 

AUVlCe NODES 8 
1 
2 

NODES 
Fig. 4i 

19 
bb 
77 

1 
3 

5 1 b 
9 0 15 
<CPU t ime 

1 4 1 
10 15 0 

= 0 . 1 8 s e o ) 

1 
0 

Statistic typed during game-tree searoh 
for white in the position from Fig. 2. 
The first piece-of-advice "push_pawn" 
fails in 8 pliesi but the second 
"bring_king_in_front_of_pawn" succeeds. 

i . j . The Interdctlve InCertace 
The Interface can interpret some dozen commands 
from the user, to start various tunctlons o£ 
the systera. The search module trlggers tne 
searchlng for a torclng-tree on tne user-plaver 
reguest. This one Is then interpreted as our 
strategy and executed by Interactive Intertace 
in across-the-board play. 

The user-expert iiiay speclfv tne svstem to Play 
in the "strong-iiiode" or In tne "»leaK-mode". In 
the flrst čase the st,rdtegv is executed up to a 
terminal node In the forclng-tree. On tne other 
hand i£ the "vneaK-mode" Is cnosen It means that 
there is no polnt In £oHowlng the current 
strategy up to Its end, and a ne« £orclng-tree 
is generated lmmediately on the next move. 

3. IMPLEHENIATION 
A Fortran lopiementation o« the AL2 system mas 
developed on a PDP-ll/34 at "Joze£ ste£an* 
Institute, LJubllana. tater it was installed 
on a DEC-10 at the unlversltv o£ tdlnburgh and 
at the E. Kardelj Universitv at bjubljana. The 
development o£ the AL2 programmlng pacKagc 
Mhlch contains about 3000 Fortran coramands 
required about a hal£ a year woric ot one of us. 

Fortran is not very convenlent language for 
sucn a Klnd of programmlng tasK, but at the 
moment when the woric mas inltiated no other 
hign-levei programmlng language tras available. 
On the other hand the Fortran Implementatlon 
has turned out to be much more efficient then 
the Khot̂ n Implementatlons in others, more 
pouerful lanouages (P0P*2, Prolog). For exttiiiple, 
the current Fortan Implementatlon on UEC-IO is 
about 100 times faster and even on PDP-ll/34 
about 10 tlmes faster then POP-2 implementatlon 
of the Alil. svstem. Tne reason Is oniy partly 
due to the 4 tlmes faster processor in tne 
first čase. The efflclencv Is measured In 
the number of posltlons generated per second 
during the game-tree search. The Ali2 
system exanilnes Detween 500 and 1000 posltlons 
per second, dependlng on the complexlty of 
predlcates in pleces-of-advlce. 

4. EXPERIH£NTS ANU Hi^SULTo 
IKO major experlnient5 conducted wlth AL2 tiere 
concerned »ilth the Implementatlon of tv«o 
endgames: Klng and pawn vs. Klng CMozetlc 
19»0J, and iclng and knlght vs. Klng and rook 
(KNKR). Here ve present the second experlment, 
the more compiex test of AL2: a KNKR advice 
program. Uur AL2 program for KNKH is. In fact, 
a translatlon of an advice program for KNKR 
in ALI (bratKo and Mlchle 1980b). 
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Is a summarv of baslc ideas 
KNKR advice program. The 

for tne »eaKer slde, i.e. the 
If a KNKK position Is 

won for the rooK's slde, the 
n tMO motlfsi first, roating 
econd, capture of the Knlght. 
posslble elther after a short, 
tlon le.g. based on plnnlng the 
ter a long-term strategic plan 
of separatlng the Knlght and 
ing, and subsequently 
e Knlght. If neitner of the two 
an be exploited then the 
eoretlcally a drat». The advice 
e Knlgnt's slde is based on 
ttacKer's goals. The 
broad advice is as folloms: 

1. Avold mate: Keep the klng as far from 
tne edge as posslble; 
Keep the Klng as far trom 
tne corner as posslble. 

2. Preserve the Knlght: Keep the Knlght as 
near the frlendlv Klng as 
posslble and far from the 
eneiiiy Klng. 

The aetalls ot tt)lE broaJ strategy are 
Incorporated Into an aovlce table comprlsed 
of 5 columns (nihlch corresoonds to 5 
producCion rules) ana 16 pleces-ot-advice. 
As our KNKR aovlce prograra is a rather 
Etralgnttorniard translatlon of the original 
program in Aui we nere present only examples 
of its bsnavlour, speciallv aitn respect to 
Its efflclency. 
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In the £ollowlng exasiples Me glve the CPU tlee 
the'system spent for plavlng the move, and for 
some posltlons statlstlcs on the number of 
posltlons searched (tor separate pleces-of-
advlce trled beCore the move was found, 
shOHlng aiso these numbers over tne depth of 
posltlons In tne game-tree; depths correspond 
to columns labeled t'6]. 

Example 1; 

I h l s I s a gatne between t h e a d v l c e program and 
an I n t e r n a t i o n a l c n e s s m a s t e r . The s t a r t l n g 
p o s l t l o n ot the qame I s In t h e £ o l l o w l n g 
d iagram. Tnl s p o s l t l o n I s won for v h l t e , as 
Known from d a t a o a s e s of c o m p l e t e KNKR p o s l t l o n s . 
Mhlte can f o r c e t h e c a p t u r e of the k n l g h t 
a g a l n s t b e s t d e f e n c e In 24 moves . 

* • - - - + - - - + " - • » — - - + - - - 1 — - • « • " - • - — • 
e I I I t I i I I I 

< • - - - • * • - - - • < • - - - • » — - - • - - - • * • - - - • » • — — t - - — « -

7 1 I I I I | Q I I I 
• " - + — • — • r r - t — 1 - - - + — t — • 

6 1 I I \W I I I I I 

5 < I t i I i I I S I 

4 I I I I I I I I I 
+ - " - • » • - - " + " - + - - - + -"-•»• — - + — + - " t 

3 1 I 1 ^ 1 I I I I I 
+ . . . . « . . . -^ .__ f .__4 ._ ._^_ . .^_ ,_^___^ 

2 1 1 1 1 1 1 1 1 1 
• • — - - • • • - " • - - - + - — • - - - + - - - • - - - • • — - • 

1 I I i I ( I I I I 
^.._- + , . . + . . . + . . _ + « _ _ + ; ,__^_._^___^ 

a b c d e f g h 

8 . . . . , K e67 ( 5 . 7 8 s e c ) 

ADVICE NODCS 1 2 3 4 

1 
15 
14 
13 
12 

NODCS a 

6 
828 
828 
896 
93 

2651 

6 
6 
6 
6 
1 

0 
65 
65 
105 
18 

0 
18 
18 
33 
7 

0 
100 
100 
113 
67 

0 
71 
71 
71 
0 

0 
568 
568 
568 
0 

Up t o t h l s p o l n t both t h e program and t h e 
master p l a v e d o p t l m a l l v . T h l s i s t h e f l r s t 
mlstaKe In t h l s game v h l c h c o n s l d e r a b l y 
s h o r t e n s t h e r e s l s t a n c e of t h e wealceT s l d e . 
C o r r e c t was K f 6 t . 

9 . R h 6 t , K eS ( 0 . 9 0 s e c , 464 n o d e s ) 

WHITE 

1 . K eS , N a4 ( ( 1 . 8 8 s e c ) 

(The b e s t d e f e n c e , r a t h e r hard t o f l n d . ) 
S t a t l s t l c s on s e a r c h f o l l o w s . ) 

ADVICE NOOES 1 2 3 4 5 6 

1 
IS 
14 
13 

Nooes s 

14 
172 
172 
423 
781 

14 
14 
14 
7 

0 
25 
25 
54 

0 
30 
30 
47 

0 
31 
31 
86 

0 
21 
21 
30 

0 
51 
51 
199 

2 . R h7+, K e8 ( 2 . 5 4 s e c , 1078 n o d e s ) 

3 . K d6 , N b6 : ( 2 . 4 6 s e c , 1074 n o d e š ) 

4 . R h S t t , K ti ( 0 . 9 8 s e c , 389 n o d e c ) 

5 . R h4 , N c 8 f ( 1 . 9 8 s e c , 880 n o d e s ) 

6 . K d7 , N b6+ ( 0 . 5 4 s e c , 218 n o d e s ) 

7 . K c6 , N c8 ( 1 . 4 4 s e c , 594 n o d e s ) 

8 . H h 7 t , . . . 

8 1 I l A I I I I I t 
+ „ . t — - + — • — t " - • - — • — • - — • 

7 1 I I I I t \ 9 \ I g I 

6 1 I iCTOi i I I I I 
• « — — • • " - + J * - + - - - t — + - » - • — - • - — • 

5 I I I I I I I I I 
t » - - ' f - — + — - f — t - - - t - - - « - - — • — - t 

4 1 I I I I I I I I 
+ - - - > • • - - + • - - - • - - - + — - * - - » • - - - + - » - • 

3 1 I I I 1 , 1 I t I 
• — - - + - " - + - - - t - - - + — • • " — • » • — - • - » - • • 

2 1 I I I I t I I I 

i I i I I I I I I I 
t - - - + - - - + - • - + - - - • — — • • - - " t - - - + — t 

a b c d e f g h BLACK 

Play was sto^ped here as the whlte's «ln Is 
clear byi 10. K d7, N a7 11. H a6, N bS 
12. R a5 etc. 

Exaaple 2i 

In the follovlng game agalnst another chess 
naster the program agaln defended a lost 
posltlon. Thls tirne, after a master'« nlstak« 
the program saved the game. 

^ . . . f . . . t . . . t — t — - ' • ' — t — - > — " • -
6 I I I I I I I I I 

7 I I I I I I I I I 
^ _ _ . t . . . f . . _ 4 . . . _ t — t — ' » — — ' « ' " - ' • ' 

6 1 1 1 1 1 1 1 1 1 
• — t — + — • — t — • — t — • — • 

5 I I I I I I I I t 
t — - t — — t — • — f ^ — — t — - t — t — - - ^ 

4 1 I I I I I 1 ^ 1 I 
« . . . . ^ . . . ^ . . _ t — • « — ' < — — ' • ' — ^ - ' — t 

3 1 1 1 1 1 1 1 1 1 
• — t " - * — + — • — + — + — — t — — • 

2 1 1 1 1 1 1 1 1 1 

I I l O I iCCP I I I iSL I 
• - - - • J * - t — • " * « - + - - - • - - - • - - - • - - - • • • 

a b c d e f g h WHITE 

1. R h4t, N f6Tl (2.32 sec) 

ADVICe NODES 1 2 3 4 

1 39 
15 980 

NODES s 1019 

6 
17 

24 O 
13 186 

O O-
91 672 

The move N £6 was good, but not optlaal. Best 
«as N e5. 

2. K d2 , 

3. R d4? 

K b2 (1.00 sec, 417 nodes) 

After thls nlstaice the posltlon is theoreticallv 
dravn. Correct was K d3. 

3. 

4. 

5. 

6. 

7. 

8. 

• * 
K 

R 

K 

R 

K 

• • 

d3 

d7 

d4 

e7 

d5 

, 

, 

t 

t 

, 

, 

K 

N 

K 

K 

N 

N 

b3 

e8 

b4 

b5 

d6 

C8 

(1.06 

(0.74 

(0.88 

(1.02 

(1.66 

(0.64 

sec. 

•ec. 

•ec. 

•ec. 

• eo. 

sec. 

434 

287 

388 

448 

717 

241 

nodes) 

nodes) 

nodes) 

nodes) 

nodes) 

nodes) 

At thls polnt draw «as agreed. Posltlon is 
obvlouslv drawn. 
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Exainpie 3l 

+ - - - • — • - - - • — • " " ^ • - - — • • — » • — • 
8 1 l i l I I I I I 

t _ _ . f — f - - f — t — f - t * - " ^ — t 
7 1 1 1 ^ I I I I I I 

6 1 I I I t I B ' ' ' 
f . . . f — . f — + —«4^——f — t — t — — f 

S I I I I I I I I I 
t . . - f — • f - r - t — ' f " - t — t — t — ' - + 

4 1 I iCS^I I I I I I 

3 1 1 I I I I t V I ) 
t . — f . - . f — t — • — f — t - - - + — - 1 

2 1 I I I I I I I I 

I I I I I I i I I I 

a b c d e f o h BLACK 

ExBmple 5> 

• — • T T ^ t — • — t — r * — • — • — • 
6 1 l O l I I I I I I 

• — + - ' - t — • - - - • — • — • ^ " • " - * 
7 1 I I I S I I I I I 

6 1 I I 1 1 1 I I 1 

5 1 I I I I I I I I 

3 1 1 l i l i I I I 
• — • — • • — • — • — • — - • — • - • • • 

2 1 I I I I I I I I 
+ - - - t — t — + — 4 — • — • " - " • — • 

I I I I I I I I I I 

a b c d e t 9 h BLACK 

'rogram pJ 

AOVICG 

1 
15 
14 
13 

NOD£S s 

lavsi K h4 

Nooes 

11 
196 
349 
956 
1512 

1 

11 
11 
ii 
S 

(3 

2 

0 
20 
42 
62 

.60 

3 

0 
15 
28 
36 

sec) 

4 

0 
38 
84 

201 

5 

0 
16 
21 
48 

6 

0 
96 

163 
604 

Tne prograin piavs the only dravlng novei 

K cA. (2,24 «ec) 

ADVICE NODES 1 2 3 4 5 

1 
15 

NODES » 

10 
B97 
907 

10 
5 

0 
32 

0 
18 

0 
152 

0 
5S 

0 
632 

Tne move played by the program K n4 Is the 
only, study-liKe draulng move. ine natural 
.DDOve K g4 Nould lose atter R c6, N d8, R e6. 

Example 4» 

^ . . - ^ . . _ f > - - ' « ' - - - f - - f •>--'«'--• t - — t 
8 1 I I I I I I I I 

• — - • - - - • - - » t — t - - - 1 • - - • » • - - - 1 - " -1 
7 1 I . I I I I I I I 

+ - - - + - r " * - - - + - - - + — t — - + " - + - - - + 
6 I V * ) I t I > I < 

t . ' « - « . . - . t - - - > ' f — - f — - t — - f - - f - ' - - f 
5 1 I I I S > I • I I 
4 1 I lOO^I 1 ^ 1 I I I 

3 1 1 I I I I I I I« 
+•--'»'"-'»—4—'«'-r-'«'—-«'—-+---'«' 

2 1 I I I l i l i I 
t . - > t - — f — - t - - - ' f — t — - f « t — - t 

I I I I I I I I I I 
^ . . . + . . . t — — t ' - - - f - - - t — - + — - t - — 4 -

a o C d e t g h 

Program playB: K b7 

ADVICe NODt:S 

BLACK 

1 13 
15 706 

NOOeS 3 7X9 

b7 

1 

11 
4 

(2, 

2 

2 
37 

.Ot> 

3 

0 
29 

sec) 

4 

0 
142 

5 

0 
49 

6 

0 
445 

The nove K b7 is agaln surprlzlng, but only 
correct. The Intultlve move K b6 loses atter 
R d4 torclng the Knlght tar trom its 6wn Icing. 

^xaiiiple 6» 

f . . . ^ . . _ 4 . . . ^ . . . t — f . — 4 — t — « 
8 1 I I I I I I I I 

+ - - - + - - - + - - - + — t — " • — " • - - - • — • 
7 1 1 I I I I I I I 

V+ + — + + — + — . + _ — + — • — • 
I I I I I I I I 

5 1 I I H I I I I I I 
+ — • — + — + - - - + — • — + — • — • 

4 1 1 I l O D i I I I I 
t — • — - + — - + - » - • - - - • — t — + — t 

3 1 I I i 1 % I I I I 
+ _ . - + — . + . . _ + _ . » ^ j C t . . . + . . . + . _ . t 

2 1 1 1 I I I I I I 
t — t — + — • " - • — + — • — • — • 

I I I I I I I I I I 
to — t — f — . t — • + — > t — t — f —<» 

a b C d e t g h 
BLACK 

the prograa tlnds tne prettv and only correctI 

K b6 (0.86 sec) 

AOVICe NOUtS 1 2 3 4 5 6 

1 
15 

NODES B 

13 
271 
284 

11 
3 

2 
19 

0 
27 

0 
34 

0 
26 

0 
162 
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S. CONCbUSION 
The Implementatlon of AL2, presented In ttils 
paper. Is by about tfo orders of magnltude 
faster than the prevlous Implementatlon of ALI. 
Ab2 Is aiso currentlv the oniy itnpienieritatlon 
of Advlce Languages vhose legal move generator 
Is complete. others are llinited to certaln 
subganies only. 
AL2 as a language Is very slml 
onlv Introduces small but usef 
The major Iraprovement over ALI 
A(i2's efflciencv. On the other 
conpered to ALI and AL2, as a 
programmlng language, nuch mor 
general. However, Its present 
DiaKes It a rather Impractlcal 
solvlng reallstlc problema. On 
posslbllltv Is to comblne the 
lingulstlc power and AL2's eff 
the hlgh level reasonlng mould 
donaln of ALi3. The result of t 
'plans', or pieces-of-advlce, 
passed to AL2 for concrete che 

lar to ALI, it 
ul Improvements. 
thus lles In 
hand, AL3 is, 

nonprocedural 
e £lexible and 
IneffIclencv 
tool for 
e attractlve 
AL3'S 
iclencv. Thus 
be done in the 

hls would be 
Mhlch would be 
ciclng by search. 
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R A C U N A R S K I H S I S T E M A 

UDK: 681.3.02 

MARIJAN M. MILETie 

DO ISKRA - DELTA 

ELECTRONIC COHPUTERS TECHNOLOGV 
Thla artlole briefly descrlbes aeven levels of computer technologiea from raanufacturers point 
of view. These are: semlconductors, modules, peripherals, systems hardware Integratlon, ba.sic 
softuare,' appllcatlons softuare and servlces. 
Manufacturlng procesa in DELTA Is presented. 

Članak opisuje tehnološke nivoje računura opSte namene sa aspekta prolzvodača. 
iS?-

To Bu: poluprovodnici, moduli, periferne jedinice, integracije sistema, osnovna programtika op
rema, aplikacloni programi 1 servisi. 
Prikazan je proizvodni proces u RO DELTA. 

1. UVOD 

U ovom ilanku dai5emo kratak prikaz osnovnih tehno
logija elektronskih raČunarsklh sistema opšte namene sa 
aspekta prolzvodača raSunara. 

Naatoja£emo da koliko je moguSe Izostavlmo nume-
ričke podatke 1 razlifiito dljagrame. Na slici 1. je dat 
prikaz poteka proizvodnje računara u RO DELTA. 

Pojava jeftlnih mlkroprocesora daje snažan Impuls 
reSavanJu apllkaclono usmerenih računarsklh sistema. Pro-
izvodaSi Integrlsanlh kola su preuzell i deo pripreme os
novne programske opreme te znaSajno olakSall široko uvo-
denje ovlh najkompleksnijih poluprovodnlčklh komponenti. 

Veliki broj programskih timova i samostalnih kuča 
lanslra programske pakete opSte namene 1 osvaja mlkrora-
čunarlma sve veži deo kolača namenjenog slstemlma opSte 
namene. 

To je rezultiralo u konačnom "Priznanju" mikro-
računara kao nove klase računara od strane IBM-a, DEC-a 
i ostalih. 

Značajno Je joS uočiti sve tesnlju Integraciju ra-
čunara i telekomunikacija, kako u digitalizaciji komuni
kacija tako 1 u kompleksnim mrežama računara sa raznovra-
nim bazama podataka. 

I pored ova dva znaSajna trenda u kompjuterskoj 
tehnicl, principi proizvodnje raSunarskih alatema se nisu 
bitnije menjali skoro dvadeset godlna 1 no oSekuJe ae 
drastičniJa promena ni u sledečih deset. 

2. TEHNOLO§KI NIVOJI 

Sa aspekta prolzvodača elektronskih računara 
moguCe je Izlučltl pojedine faze pri kompletnoj proizvod

nji sistema. 
To su sledeči specifični tehnološki nivol: 
1. poluprovodnici, 
2. moduli, 
3. periferne jedinice, 
4. integracija mašinske opreme, 
5. osnovna programska oprema, 
6. aplikativna program.ska oprema, 
7. servisi. 

Ovih sedam vertikalnih nivoa čine zaokruženu ce
limi u proizvodnem ciklusu, mada se pojedini proizvodači 
specljalizuju samo za pojedine horizontalne nivoje. 

Ove nivoje treba posmatratl dlnamičkl sa migraci-
jom na niže, Tipični primeri su VLSI kola koja preuiii-
maju ranije funkcije viSe modula, implementacija gpera-
tivnog sistema 1 prevodloca u ROM-u, koriščenje daljin
ske diagnostike u servisiranju Itd. 

Karakteristična Je velika primena računara u eumoj 
proizvodnji računara. 

3, POLUPROVODNIČKA TEHNOLOGIJA 

Performanse poluprovodnlčklh elemenata u jiajvečoj 
meri odreduju i performanse kompletnih elektrom^klh raču
nara . 

Danas svl veči proizvodači računara poseduju sop-
stvene kapacitete za razvoj 1 proizvodnju Integrisanih 
kola. Interesantno je, da su mogučnostl nekih od njih 
(IBM, FUJITGU) bolje od mogučnostl primarnih prolzvodača 
komponenti (TI, INTEL). 

Osnovna avrha sopstvene poluprovodničko tehnolo
gije prolzvodača računara nije se bitno promenlla od 
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IBM-ovog poteza 60-ih g^dina pri uvodenju Serije 360. 
Na slllkonskoj ploSlcl lakSe Je sakriti speclflSna 

organlzaciona reSenJa kompleksnih arhitektura Slme se 
postlže ve&a vremenska dlstanca od "koplraJuSlh" konku-
renata. 

Domlnante poluprovodnlSke tehnologije vlsokog 
nlvoa integracije su nizovi logiSkih vrata u bipolamoj 
tehnlcl za logiSke funkcije 1 NMOS za memorijska kola. 

Trendovl ou ka korlBSenJu galljum - araenlda za 
veSe brzine 1 submlkronsklh rezolucijs za ve8e guatlne. 

' Kao Jednu od visoko zahtevnih tehnologija, karakte-
rlSe Je brz razvoj i velika kapitalna ulaganja. 

Izražena Je vodeSa uloga Amerike 1 Japana sa grSe-
vltlm nastojanjlma zapadne Evrope da održi korak pomoSu 
Infuzija drSavnog kapitala. 

4. TEHNOLOGIJA MODULA , 

Modul baziran na Stampanlm kolima Je osnovni oblik 
Integracije razliSltlh elektronskih i elektrlEnlh elemen
ta sa odgovaraJuSim priklJuScima za medusobna povezlvanja 

Kao 1 kod poluprovodnlka, uoSlJlv Je trend ka 
primeni veSih Stanpanih ploSa sa vellkom gustlnom kompo
nenti radi smanjenja manje pouzdanih, eksternih konta-
kata 1 veza. 

Ovoslojna Stampa sa raetallzlranlm rupama Je mini
malni zahtev, a sve vlSe se koristi Setvoroslojna sa ve
likim, unutraSnJlm |;>ovrSinama srednja dva sloja namenje
na napajanju. 

Skupa sa poluprovodnlSkom 1 magnetskoni tehnologi-
Jom, tehnOloSki postupci u proizvodnji Stampanlh ploSlca 
su veoma "prijavi" zbog koriSčenJa Jako otrovnlh kemi
kalija. 

Radi smanjenja proizvodnih troSkova te£l se ka 
što viSem stepenu automatizacije u projektovanju, testi
ranju 1 ulaganju komponenata. 

Oeo IJudskog rada na modulima Je veSi nego kod 
poluprovodnlka Sto se odraiave u sporijem padu cena. 

5. TEHNOLOGIJA PERIFERNIH JEDINICA 

Ovde možemo diferencirati dve dodatne tehnologije: 
magnetnu i flnu mehaniku. 

Magnetna tehnologija Je neophodna za Izradu fika-
nih disk jedinlca koju su glavna eksterna memorlja ra8u-
nara. 

Nedeflnlsana Je sudbina memorlja sa mehurovima, 
dok feritne memorlje sve vlSe gube tržiSte. 

Kod magnetnih traka se oSekuJe znatno veSe gusti-
lie pakovanja informacija Jer su mehaniSki limiti brzina 
.veS dostignutl. Time če se magnetna traka i dalje odrla-
ti kao najjeftlniji medij za arhiviranje 1 razmenu poda-
taka. 

Tehnologija fine mehanike Je sve znaSaJniJa u erl 
minijaturizaolje, a odlufiuJuSa kod StampaBa. 

Ekranski terminali su naJsllSniJi prolzvodlma Ši
roke potroSnJe (televizorima) sa klasičnim zahtevima po 
plastlci 1 vakumakoj tehnioi katodnih cevi. 

KarakterlatlSna Je sve Sira prlmena mlkroprocesora u 
kontrolnoj elektronicl perifernih Jedinlca. 

Apetltl korisnika su u stalnem porastu, posebno za 
dlBkovima, te Je proizvodnja perifernih Jedinlca zna8a-
Jan izvor prihoda prolzvodaSa raSunara. 

Pored klaslSnlh kompjuterskih perifernih Jedinlca, 
ne treba zaboravltl Široki spekter komunikaclonih Jedi
nlca 1 industrijske periferije, no ovi su naJSeiSe na 
nivoju modula. 

6. INTEGRACIJA MA3INSKE OPREME 

Tehnologija ovog nivo* •••tojl •• u nizu proce
dura ca elektrlSnoi elektroniko 1 programske taatlranj« 
raBunorakog sletema. 

Integracija maStnske opreme Je prva faza u kojoj 
se pojavljuju flzlEke konture buduSeg raSunarskog sis
tema. Ova faza Je neophodna zbog kompleksnosti sastav-
nlh podsklopova maSlnske oprema: centralnog procesora, . 
glavne memorlJe^kontrolnih 1 perifernih Jedinica^ts niza 
razliSltlh kombinacija istih u finalnem sistemu. 

Svaki od ovlh podsklopova mogiiSe Je vellkoserij-
skl prolzvodltl u nekoliko standardnih verzija. 

Ovde au naJizraSeniJi problemi mehanlSklh reie-
nja podsklopova, napajanja, hladenja 1 povezlvanja. 

Da bi se obezbedlla pouzdanost celog sistema vrSi 
se integracija najosnovnlje konfiguracije za svakog po-
JedlnaSnog korisnika sa oblmnlm testlranjlma radi ot-
klanjanja eventualnih meduaobnlh smetnjl u skupnom radu. 

Kako ova faza stvara dodatne troSkove u proizvod
nji, kod manjih raSunarskih sistema rlzlkuje se "inte
gracija pri otpreml", te se ceo sistem prvi put "oZiv-
IJava" u instalaciji kod korisnika. 

Kod mikroraBunarsklh sistema ostavljena Je moguS-
nost samom korisniku da IzvrSl Integraclju najrazllčnl-
Je maSlnske opreme. 

7. OSNOVNA PROGRAMSKA OPREMA 

Optlmalan rad maSlnske opreme kontrollsan Je ope
rativnim sistemom. 

ProizvodaSl raCunara cesto nude vlSe operativnih 
sistema koji su prilagodenl razlifiitim reSimlma korišče
nja raBunara. 

Operativni sistem doživljava Šeste promene pre 
svega zbog novih komponenata maSlnske opreme, no uvek se 
nastojl da se održl kompatlbllnost na nivoju korlsniS-
klh programa u maSlnskom Jeziku. 

U osnovnu programaku oprerau JoS spadaju prevodlo-
cl razliSltlh raSunarskih Jezika, programi za rad sa ba
zama podataka, programi za raSunarske komunikacije 1 niz 
pomoBnih, Besto korlSBenih programa. 

Doata se oSekuje od novih Jezika za strukturalno 
programiranje (ADA),te relaclonih baza podataka. 

Svl proizvodaSl raSunara se trude da ponude Sto 
Siri spekter osnovne programske opreme radi veSe unifl-
kaclje obrade podataka na JednoJ familiji raSunara. 

8. APLIKACIONA PROGRAMSKA OPREMA 

Apllkacionu programsku opremu veSlnom razvija ko-
rlsnik sam, dok proizvodaSl najSeSBe nude programske pa
kete prethodno razvljene kod nekog korisnika 111 za in
terne potrebe. 

Sve veSom primenom raEunara u naJrazliSitiJim ob
lastima, prevazidena je podela aplikacija samo na pos
lovne 1 tehnlBke, pojavom znaBaJnih programskih segme-
nata u proizvodnji, transportu, obrezovanju, obredi te-
kstova, automatizaciji kancelarijskog poslovanja 1 komu
nikacijama u Birem smislu. 
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Kod apllkacionlh programa je veona Izražen nlzak 
stepen unlflkaolje i standardizacije sa veS poslovlSno 
nlskoffl produktivnoSSu programera. Sto rezultlra u po
rastu cena programske opreme 1 anullranju pada cena ma-
Sinske opreme. 

Upravo na podruBJu apllkaclone programske opreme 
neophodan Je tehnoloSki proboj, da bi se omoguSlla naj-
masovnija prImena mikroprocesora. 

PomoS kod uvbdenja sistema Ide paralelno sa pro
dajnim aktlvnostima 1 ogleda se planiranju raSunarsklh 
resursa, prostornim, klimatskim i energetskim zahtevima 
raBunara i Instalaciji raSunara. 

Korlsnlku se naJ8eS£e nude kompleksne InSenJerirB 
usluge koje obuhvataju i znaiajan deo programski pomoči. 

10, ZAKUUCAK 

9, SERVISI 

RaSunareki sistemi zbog svoje kompleksnosti zah-
tevaju dosta servisnih usluga od strane proizvodaSa.. 

To su pre svega odr£avanJe maSinske opreme, pro
grami Skolovanja, te pomoS kod uvodenja sistema. Ovde 

' možemo svrstati i prodajne aktivnosti koJe tra£e Jedan 
. viSi nivo znanja komercijallsta. 

OdrSavanJe maSlnske opreme'se pospeSuJe ugradlvia-i 
••' nJem diJagnostlSklh funkcija Jo5 u fazi projektovanja si , 
sistema, daljinskom dljagnostikom kvarova te pobolJSa-
njima operatlvnpg sistema za rad sa dellmiSno Ispravnom 
maSinskom opremom. 

Servisna.organizacija oblSno uključuje i obimnu 
logistiku rezervnih delova, programskih produkata i pot-
troSnog materljala. 

Školovanje treba da zadovolji internevpotrebe po 
permanentnem obrazovanju, te mnogostruke zahteve koris-
n l k a . , v' • 

Dinaml£ka industrija elektronskih raSunara ima 
Jedno od glavnih mesta ubuduSem, informaclonom druStvu 

Petu generaclju elektronskih raSunara 90-ih go-
dlna bazlranu ha prlnciplma veStaSke inteligencije biče 
moguSe realižovati tehnoloSkim napredkom na svlh sedam 
nivoa u cilju permanentnog poboljBanja odnosa cena i 
performansi sistema. 

OvaJ saSet prikaz tehnologija elektronskih raSu
nara dat Je sa Seljom da omoguSi potencijalnim,. Jugo
slovanskim "proizvodaSima" raSunara da sagledaju svoje 
odgovaraJuSe mesto u jednoj specifiSnoJ industriji, 
koja kod nas preživljava bezbroj porodajnih muka. 

Literatura:, 

C.G. Bell et al. COMPUTER ENGINEERING, Digital Press 
1978 

ELEKlRa KDMPONE(<TE 
poluprovodnici 
integrirana kola 
otpornti, kondervzatori, 
kablovi, Konektori 

^ 

MODULI 
štannpane ploCe 
hsertinanje komponenti 
lernljenje 
testiranje 

i 

PERFERNE JEDINICE 
magnetni diskovi i trake 
stampači 
terminali 

NABIJANJE 
usmeroGi 
stabilizator! 
razdelnici. 

I 
MEH. KOMR 
kabineti 
ventilator! 
filtri 

JiAl. jbk-
CENTRALNl PROCESOR 
mehaničko. sestavljanje 
testiranje iroduti i hopajanja 
aritmetičko-logička jedinica 
ulazno-izlazni koniroleri 

^ 
I 

MEMORUE 

^ 

NESTANDARDNE OPCIJE 
brze memorije 

Komični zarez 
omercialni set 

vb^kk. 

APLIKACIONI 
PROGRAMI 
tetinički 
poslovni 

L̂̂  
SISTEMSKA INTEGRACIJA 
finalna konfiguracija 

^kompletno testiranje 
^instalacija programa 

PFTf: TFT 

OSNOVNI PROGRAMI 
operacioni sistem 
prevod ioc i 
baza podataka 
komunikacije 
ponročni programi 

ŠKOLOVANJE 
korisničko 
interno 

SERVISI 
instalacija 
garancija 
održavanje 
potrošni mciterijal 

i 

"TF 

^ 
en 
a: 
o . 

DOKUNENTACIJA 
proizvodna 
servisna 
korisničko 

SHEMA PROIZVODNJE ELEKTRONSKIH RAČUNARSKIH SISTEMA U RO ISKRA-DELTA 
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Izziv informacijskih sistemov v osemdesetih letili. Tozave in tveganje v povezavi z upravljavskim 
informacijskim sistemom (MIS) so znane že iz sedemdesetih l e t . Današnja organizacija MlS 
predvideva (več aH manj standardno) pot členov. Projekt vodi navadno poseben pomočnik direk
torja (tudi podpredsednik podjetja), kateremu poročajo (odgovarjajo) štirje izkušeni vodje (slika 
1 ) . Administrator baze podatkov odgovarja za stanje podatkovnih virov, s istemski upravnik pa za 
ustrezno materialno, programsko in komunikacijsko opremo organizacije. Operacijski upravnik 
odgovarja za obdelavo vseh aplikativnih paketov in upravnik razvoja aplikativnih sistemov za po
krivanje potreb vseh uporabniških organizacij . Članek razčlenjuje vrsto bistvenih nalog sodobne
ga MIS. , , , . ., > 
^ (Urednik) 

Introductlon 

The hazarda and difflculties associated with mana-
gement poaltionE in the MIS department of any organ iza-
tion are well known. During the early and mtd alxtle3 
Computer 6yatems raanagement waQ the most dlfflcult poat-
tion. A major contrlbutor to thls dlfriculty was the 
rapld technlcal advances In both the hardmare and syEtema 
software. During the late slxtles and through the mld 
seventies the Data Processing (DP) Manager'B posltlon 
waa the "hot sedt" in MIS. Several surveys reported 
"life-expectancies" of lesa than one year for DP mana-
gers during this tirne. The appllcation aystem exploslon 
ia usually credited wlth being the largeat contrlbutor 
to the problema DP Managera faced during thls tirne. The 
most difficult managerial poaitlon in MTS durlg the late 
seventies was that of the Database Administrator. The 
rapid expandlng supply of corporate data from transactio-
nai and operatlonal appllcation system3, coupled with an 
Increasing amareness that data and Information could and 
should be vlewed as organizational resources, contribu-
ted toward making the Database Admlnistrator's posltlon 
difficult during thls tirne. The rapid technologlcal 
advances in database management Bystem8 and the pro-
llferation of new software products by both hardmare 
vendors and newly evolving softurare houses farther con-, 
trlbuted to the problems of managlng the organlzation'a 
data resources. 

From 1960 to 19B0 the typlcal MIS organizatlon chart 
changed considerably, reflectlng the changlng role of MIS 
In the organizatlon, the changtng management needa wlthin 
the MIS organizatlon, and the Influences of computer and 
ByBtema technology. Today the top levels of most MIS or
ganizatlon charta appear ns illustrated in figure 1. The 
senlor MIS manager today Is usually at the vlce president 
level and has four senlor managera roportlng dlrectly to 
hlm/her. The Database Administrator Is responalble for 
managlng the organlzatlons' data resources and Increaain-
gly plays a major role In provldlng Consulting and tral-

ning services to the user community. The Syat<jma Manaftfr 
Is responslble for provlding approprlate har<iware, soft-
ware and Communications facilltles for the organizatlon. 

The Operations Manager (formal]y called the DP 
Manager) is responslble for processing of ali applir.a-
tlons Bystem3 In the organizatlon. The ASD Manager is 
responslble for meeting the needs of ali uHer orguniza-
tlons for appllcation syatem3. 

DATAUASE 
ADMTNISTHATOH 

MIS 
VP 

SYSTKMS 
MANAGER 

OPERATIONS 
MANAGER 

ASD 
MANACKH 

Typlca] Early 1980' HFS Organizatlon t:hart 

FlGUllE 1 

The current managerial "hot seat" in MIS 1B the 
Applications SyBtem8 Developmeiit (ASD) Manager. The 
biggest task facing thls manager today Is meeting the 
challenge to dellver effective and efflclent Informa
tion 8y8teniB to any user group in the organizatlon that 
"requests" an Information system. That cliallenge is the 
tople of thla paper. 

The Major Challengea 

The major challengea to the ASD Manager arlse from 
three eources; 1) technologlcal advances in computer 
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herdvnare, 8oftware, and methodologies, 2) Increasing 

orgonlzatlonal awarenesa of the need to manage the Infor

mation resourco, and 3) Increasing managoment awaronesB 

.' of the value of informatlon In Increasing their own and 

, their subordinates' productivltjr. Thls paper will focus 

on those Issues th^t are most common to ali ASD Mana-

gers, recognlzlng that the sequence and level of concern 

^ over the iesues may vary 8lgnlficantly across organlza-

: tlons. These issues will be presented in the form of 

• queBtlons - questfbnš that the ASD manager will have to 
find ansvers for in the near future. 

. Hov do I manage the grbwlng backlog of new applica-

tioh ByBtem development projeets? 

A frequent first reaction to thia question is to 

^ask why Buch a backlog exiBts and Why is it growing. 

! These are natural questionB given, that hardware oostB in 

1980 aro 1% of vrhat thoy were in 1960 and that pro-

' gramraer productivity is five times what it was in 1960. 

The explanation of this apparent paradox lles in the fact 

that user expectations are growing faster than develop

ment capaclty, even with increasing development budgets. 

; Another factor explaining the lag in development capa-

I bility is that a high proportion of most development 

I budgets are' expended on maintenance of or enhancements 

> to existing 8ystems. Reports of maintenance costs at 

eighty percent or more of the total development budget 

! are cominon. 

Let's look at the feasibility of some typical Solu

tions considered by. ASD Managers. The flrst solution set 

is based on expanding the MIS resource base. 

Since' the lat̂ gest capaclty constraint is the pro-

grammer/ahalyst, why not Just hire more programmers. 

lntultively thls response la appeallng. But even if the 

development budget could be expanded to meet Increase in 

the development staff, are these akilled people readily 

available? The answer is almost always no. While the-

number of programmers has grown conslderably the demand 

for these people has grown even faster, as illustrated 

in figuro 2. 

: Date 

1975 

: 1985 

Programmer Jobs 

Available 

320,000 

640,000 

Programmers 

Available 

308,000 

476,000 

Shortfall 

12,000 (4%) 

164,000 (26«) 

Source: U.S. Department of Labor Statistloe 

* - . • 

Programmer AvallabHity 

FIGURE 2 

Turnlng from the resources available to the ASD 

•.Manager, let'B examine the demand side of the questlon. 

Assumlng that the requeBtod applicatlon sy8temB have 

been subjected to an appropriate value (coatbeneflt) 

analyBis, the demand is real. The best that can be gained 

from prlorltlzing the backlog is a higher return on in-

vestment. Given the difflculty in quantlfying payoffs 

(especlally for decislon siipport Bystema (DSS) which are 

rapidly becoming the mos|; common type of new applicatlon 

system) there is little to be gained in structuring; the 

backlog. 

Can the ASD Manager learn to llve with the backlog? 

Probably not, because of the next queation to be ansue-

red by the ASD Manager. 

How do I respond to upper managements' tnereaslng 

demand for solutlons? 

One solution that Is attracting considerable atteti-

tlon today is user-developed 8ystems. The titlo of James' 

Martin'a 1 atest book, Application Development Vllthout 

Programmers, reflects thls orlentatlon. Further, the 

tremendous number of personal computera in use and thelr 

continued decreasing cost indicates that the typical 

organlzatlon user can afford thlB solution. Many advo-

cates of user-developed 8ystems argue that non-procedu-

ral languages and user-frlendly softvare packages allov 

the user to implement this solution. Given that thls so

lution is economically and technically feasible raises 

the nejct questioh. 

How do I handle users seeking thelr ovm solutlons? 

One answer, suggested by advocates of user-developed 

sy8tem8 is: You don't..Leave the users alone and let 

them seek their 6wn solutlons. The problem most ASD Ma

nagers have wlth this solution is: Hov« do I manage appli

catlon systems development If any user can build hls/her 

8yBtem? The answer, of course, is he/she cain't. The 

bigger que8tion is, does the procese need to be managed? 

The weight of evidence at thia time aeema to clearly 

indlcate an afflrmatlve answer. The major reason for ma-

naging the process is that the rlsks of not managlng are 

too high. Gordon Daviš recently articulated several of 

these rlsks: the high probabillty of programmlng errora 

leading to a loss of Information integrlty, a resurgence 

of ali the problema assoclated with duplicatlon of data 

files and databases, and large inefficiencies assoclated 

with duplicatlon of effort. The next questlon is cloBely ; 

llnked to this issue. 

Hov do I effectlvely manage the organizatlons' 

informatlon resources? 

One neceasary response is, by not advocating mana-

gerial reaponslbility or totally delegating thar respon-

siblHty to the users. The most Important issue to under-

stand here is that the ASD Manager managea in cooperatlon ' 

wlth the other MIS managers. These managers must work in : 

concert to manage the organizatlons' Information resour

ces. When the MIS functlon is managed, new technologies 

are regularly Introduced in the organlzatlon. Thts raises I 

another question for the ASD Manager. 

How do I utilize technologlcal advances wlsely7 

Given the scarcity and high cost of people, the In-

creased avallabillty of ineKpenslve computatlonal capa-

clty, and the avallability of fourth generatlon soft-

ware, what tradeoffs are available to increase the pro-

ductivity of the systems/information analyBt7 In other 

vords, how do I best use techn61ogy to get sy8tema deve-

loped? 
"J- ' ^ • ' • • " 

The anaver to this, and the other questlon8 asked-

by the ASD Manager, lles in the examinatlon of the pro

cess used to build sy8temB. Ninety percent of ali sy8-

tems developed in 1980 vere bullt using the same metho-

dology that vas used in 1960. That methodology is the . 

sy8tems' development llfo cycle. Over the last tventy 

years the major costs (in time and dollars) have shlfted 

from the physlcal design phaae of the life cycle to the 

loglcal design phase, and partlcularly to the Informa-
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tlon requirements definition atep in that phase. But the 

methodology has remained essentially unchanged. A new 

Bystem development niethodology, prototyping, goea a long 

way in helping the ASD Manager meet the challenge for 

Information systems in the eighties.-

Meeting The Challengea 

Prototyping is presented here as the most appro-

priate way for the ASD Manager to meet the challenge for 

infornation systems in the '80'8. Prototyping is not a 

panacea, it is simply a sound methodology that provides 

answers to many ot the present needs In the systems de

velopment area. The follonring sectiona defino and de-

scribe the methodology, the tools reguired for ita 

Buccessful applicatlon and then deacribes how it meets 

the challenges facing the ASD Manager, 

What ia Prototyping7 

Prototyping is a development methodology; A metho-

dology uhlch has been used in the design fields (engi-

neering, architeoture, etc.) for centuries; A metho-

dology both prlholophically and operatlonally different 

from the tradltlonal llfe cycle methodolog. Prototyping 

has noc been used in the applicatlon systemB development 

area in the past for one simple reason - the tools requi-

red to enable prototyping of appllcation systeros were not 

availablo until the late '70's. Prototyping is not pilo-

ting, although one can pilot a system that was developed 

by prototyping. The prototype procesa ia typically 

carrled out by two individuals — a competent user and 

a technically skilled system3 analyst. The prototype pro

cesa is describedin figure 3. 

tdentify the User'a 

Basic Information 

Hequirements 

' ' 
Develop a Worklng 

Prototype System 

• \ ' 
Use the Prototype 

System to Refine 

Uner Requirements 

\ ' 
Revise and Enhance 

the Prototvoe 

Sy3 tem 

The Prototype Proceaa 

FIGURE 3 

Prototyping is a foî r step procesa, The flrst step 

is to ldentify and capture a nucleus or skeleten that 

embodies the essential foatures of the user'a requlre-

merits. The systems analyst work9 »lith the user during 

this process which usually takes less than four hours. 

Both the data abstracting and the procesa simulatlng 

approaches are successful in this step. The second atep 

is corapleted by the eystems analyst using a unique set 

of resources that have become widely available in the 

last five years. The most important characteristlc of 

this initial prototype ia that it must be implemented Jn 

a very short tirne — over night, if poasible, The initial 

prototype is purposefully incomplete. It is a slmulatlon 

in the sense that it represents the essential elements 

deslred by the user in a siraplified form. Design and im-

plementation of the aystera is accomplished not by cora-

pletely determining the user's Information requlrements 

but by developing a syBtem which delivera as output the 

key or critlcal Information requirementa. 

Steps one and two of the prototype procesa return 

nothing to the user. Step three, however, is delivery, 

installatlon, training, operation and use of the proto-

type system. This "hands-on" experience with a real sys-

tem provides a baais for mutual understanding of the 

8ystem by both user and analyst. The user exercises the 

syBtem during this step and records the problems and 

incongruities as well as his/her discoveries as to what 

they uiah the system could do. The user controls the 

tirne spent in this step and then contacts the analyst to 

begin atep four. This final step involves only the ana-

lyst. The analyst's job is to enhance and modify the pro-

totype syBtem to meet the desires and needs of the user. 

These modifications must be raade rapidly — within a few 

days. Steps 3 and 4 are repeated as many times as the 

user feels necessary and at intervala determined by the 

user. 

This prototype process is based on a simple prin-

ciple — that it is easier for the users to describe 

what they don't like about an existing system, than it 

is for them to describe what they would like in an ima-

glnary systera. 

The Tools Reguired for PrototyplnB 

Prototyping takea advantage of the technological 

advances made in the last decade. The baslc tools that 

are essential for prototyping are: 1) Interactive 8ya-

tems (elther through tirne sharing or mini/micro corapu-

ters). Interactive facilities extend the apparent power 

of Information processing resources by reducing delays 

and by extending control over the resources to the user. 

2) Database management syatema (with as full a range of 

enhancements as possible). A natural language based 

query language is essential. 3) Generallzed input and 

output software is required if not available wlth the 

database management syatem. Thia aoftware includea re-

port generators, report writers and nonprocedural, natu

ral languages. 4) A model base (whlch containa ali of 

the essential featurea of a database). Many other tools 

are desirable when prototyplng but the purpose of this 

paper is not to discuss the tools in detail, rather tt 

Is to describe how to meet and beat the challenges for 

Information eystema in the 80's. 

How Prototyping Meets the Challengea for Information 
Syatems 

The prototyping solution addresses the baslc reason 

for most of the challenges ASD Managera face today. It 

strlkes at the heart of the problems ~ an inefficlent, 

• tirne consuming and labor intensive development methodo-

logy. For the last twenty yeara the 8ystems development 

llfe cycle has remained e3sentially unchanged and has 

been the only methodology employed to develop applicatlon 

8ystems. Prototyping provides a viable and attractive 
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alternative methodology. Ali future appllcation Bvatema 

wlll not be developed uslng prototvplng. But based on the 

reported evidence and my personal experlenceB wJth proto-

typlng over tihe laat four yearB, I am convlnced that pro-

totyping wlH be the domlnant development methodology by 

the mid-elghties. Let's examine some pf the reasons why. 

Prototyplng providea a real reaponse to upper management.'a 

demanda for sojutlons. Prototyping providea a real aolu-

tlon because: 1) It reduces the development tirne requl-

red to deliver a functlonal and useful system to the user, 

While the reductiona in development tirne vary conaide-

rably, times between 10X and-20% of that required by the 

traditional methodblogy are very common, 2) The propor-

tlon of syBtema analyst time to user tirne in the develop

ment proceas ahlfts šignificantly placing a greater load 

on the users to do what they can do best — define their 

own Information and 8yštems requirements. By reducing 

the tirne required to develop applicatlon 8yBtems and by 

lessening the Bystems analyst's involvement, prototyping 

: 8hows great promiae for reducing the appllcations deve

lopment backlog. 

PrototypinB helps handle users aeeking their own Solu

tions. Prototyping providea an alternative to the users. 

The users can get the system they liiant without having to 

become a computer non-programmer. Prototyping focuses 

the user's attention and energy on that aspect of sys-

tems development for whlch he/she is best qualifled. The 

roaulta, unlverHally reported, are much higher, user sa

ti sfaction wlth the appllcation aystem. 

Prototyping helps the ASD Manager to manage the organi-

zation's Information resoureea, Prototyping trades off 

machine inefficiencies for people efficisnciea. Uith 

cheap and abundant computational reaources and expensive 

and scarce human reaources, this is the approprlate mano-

gement tradeoff. 

Concluslon 

There are large number of compelling reasons to use 

prototyping as a development methodology. It far sur-

passes any other available alternative in meeting tho 

challenges facing ASD Managers today. But a word of cau-

tion ia approprlate in closing. There appear to be two 

pot'ential problema with prototyping: the reduotion of 

confrola on both the procesa and product and the dlffi-

culty in easlly integrating prototyped systera8 with 

other, traditlonally developed aystems. The ASD Manager 

should carefully asaess theae potential problema lest 

he/she slmply trade one set of challenges for another. 
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Rozmatrano je problematiko I c i l jev l standardizacije zo područje informatike i ročunonke tehnike. 
Razrodjeno je metodologija rada no standardimo u oblast! informatike koo i srednjeročni plan rada 
Grupe za stondordizociju Saveznog zavode za standardizaciju u oblasti informatike. 

STANDARDS AND STANDARDISATION POLICV IN THE FIELD OF INFORMATICS A N D COMPUTER 
SCIENCE. The poper discuss the problems encountered in the development of standords in the f ie ld of 
informatics and computer science os well os the standordisotion pol ic ies. The areas and procedures of 
standardisation are treated too. The working plans of the Vugoslav Committee for standardi sati on in the 
f ie ld of informatics for the next f ive years are presented. 

4 . METODOLOGIJA RADA NA STANDARDIMA 

U metodologiji rada no standardimo, koja predstavlja sodoš-
nju praksu rado u SZS. 

4 . 1 . Faza planiranja 

Planiranje je prva aktivnost u rodu na standardimo, Zadotak 
planiranja je da obezbedi do standard! koji če bi t i predmet 
roda u narednom periodu odrožovaju stvarne potrebe drultvo 
u odredjenoj oblast i . U oblasti informatike plan se donosi 
usaglošavonjem mišljenja struine javnosti, rodnih organizacijo 
I organa uprove. 

Pod terminom stružna javnost podrozumevoju se: 
- noučni instituti i fakultet! u č i ju delotnost spada oblast 

informotike, 
- udruženjo korisniko računaro u republikama i pokrajinama, 
- soveti zo informotiku republiko i pokrajino, odnosno 

upravni organi za područje informatike i Društveni sistemi 
informisonjo. 

Pod terminom rodne organizacije podrozumevoju se 
- predstavnici ve l ik ih centaro zo informotiku, elektronskih 

računskih centaro i s i . , 
- predstavnici proizvodjočo ročunora odnosno zostupnici u 

SFRJ svojim specijolizovanlm tehničkim službama. 

Pod terminom organ! uprave podrozumevoju se predstavnici 
orgono sovezne uprave koji imaju i l i če imoti Centre zo 
outomotsku obradu podatoko i l i im je delotnost vezano za 
oblast informatike. 

Konkretan plan roda no standardimo, kako petogodišnji tako 
i godišnji predlože odgovorajuča služba, odnosno stručnjok iz 
SZS no osnovu usvojene koncepcije i sogledanih potreba u 
odredjenoj oblosti standardizacije. Zo oblost informatike, iz 
nopred izleženih razloga, nojpogodnije do se rad na i t o n -
dordima organizuje u okviru kompleksnih progroma zo odre-
djene oblost i . U pojedinim oblastlmo rodil i bi specijallzovani 
rodni timovi sostovljenl od stručnjako potrebnih prof i la , o d 
nosno odredjenom rodnom timu bi poveri l i rod no čelom 
kompleksnem programu u dotičnoj oblast i . 

U narednom petogodišnjem planu u informotici su načelno 
sogledane sledeče oblasti standardizacije : 

Grupa I . Informotiko i obrado podatoko 

1 . Opita grupo 
2 . Skupovi znokovo i kodovi i šiforski sistemi 

2.1 Skupovi znakovo 
2.2 Kodiranje 
2.3 Šiforski sistemi 

3. Magnetni nosioci podatoko 
3.1 Magnetne troke 
3.2 Kasete 
3.3 Diskete 
3.4 Diskov! 

4 . Prenos podatoko 
4.1 Opšti deo 
4 .2 Osnovne kontrolne procedure sistema za prenos po

datoko 
4 .3 Kontrolne procedure visokog nivoa sistema za prenos 

podatoko 
4 .4 Veze terminalne opreme so komunikacionim sistemom 

5. Projektovanje sistema, programiranje i dokumentacijo 
projekta 
5.1 Projektovanje 
5.2 Metodologija programiranja 
5.3 Izbor sistema za AOP 
5.4 Unos podatoko 

6. Ostali periferici 
6.1 Papirne kartice 
6.2 Papirna traka 
6 .3 Uredjoji zo optičko čitonje znokova 
6 .4 Terminali 

7 . Programski jez ic i 
8 . Ročunorski sistemi i oprema 

B.1 Opi t i standardi 
8 .2 Testiranje 
8 .3 Sigurnost 

9 . Numeričko upravljanje mošlnomo -
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Mehonizam prihvatanja plana u principu se odvija prema 
procedurama uobičajenim za druge oblasti standardizacije, 
odnosno veriFtkuje se u toku javne diskusije, a potom prihvo-
ta u odgovnra|učo| komisiji kao definltivon plan. Na osnovu 
plana.pravi se detaljan program rada. 

U fazi planiranja roda no standardima SZS uiestvuje kao: 
- inlcijator aktivnosti 
- formolnl davalac predloga plana 
- organizator aktivnosti kod verifikacije I konačnog 

usvojonjo plana 
- osnivač radnog telo za rad na standardu (komisije, pod

komisije, rodne grupe). 

Na osnovu prlhvadenih godiinjlh planova SZS organizuje rad 
no predlogu standarda. Predlog standarda radi se u somom 
SZS lil se za rod na predlogu zadužuje rodna grupa li l 
stručnl tim izvon SZS. 

4.2. Fazo pripreme 

Faza pripreme počinje u trenutku kod SZS od svog sorodnika, 
rodne grupe ili stručnog timo dobtje pripremljen rodni mate
ri jol - predlog za donošenje standarda. Predlog se nojpre me
todološki kontroliSe, d potom se vrli i provera njegove teh-
ničke sadržine. 
PoŠto se sve stručne primedbe otkione vrši se uniflkocljo pred
loga standarda 1 njegova pravno 1 terminološka kontrola. 
Nakon ispravke dobljenih primedbi završova se fazo pripre
me i predlog standarda postoje prednocrt standarda. 

4 . 3 . Fazo prednacrto 

U fazi prednacrto. surodjuje Komisija za standarde, koja na
stavlja da rodi i u fazi načrta standarda. Nojveči problem 
u fazi prednacrto je obezbedjenje komisije koja poseduje 
potrebnu stručnost i kojo istovremeno reprezentuje sve zoin-
teresovone nivoe i strukture korisnlko. Formiranje strukture 
komisije u smislu odredjivanjo stručnog profila članovo komi
sije, koji bi bili u stanju do so stručnog aspekta aktivno 
saradjuju u rodu, kao i sogledovonja interesa korisnlko tre-
balo bi vršiti.za svaku oblast standardizacije posebno. Tako, 
na primer, kod standardizacije protokola za prenos podataka 
u sastov komisije bi trebolo do bude uključena JPTT, koja 
so druge strone nema nikakvog interesa zo rod u druge 
oblasti informatike. Kod standardizacije programskih jezika, 
koji nisu rozvijeni u našoj zemlji, trebolo bi obavezno 
uključiti i zastopnike proizvodjačo ročunaro i si. Kod for
miranja komisije za standarde u SZS je i do sada bilo 
praksa do se nostoji da biidu uključeni svi subjekti zo koje 
bi se moglo pretpostaviti do su zpinteresovoni. Specifičnost 
situacije u oblasti informatike je ta do zo sada još ne po-
stoji razradjeni mehanizmi organizacije, a so druge strone 
broj i disperzija interesovanjo subjekoto je izuzetno velika, 
odnosno korisnicl potlču iz prlvrede, bankarstvo, javne 
uprave, specljolizovanih institucija, noučnih institucija i td. 
Kod sestavo komisije je potrebno posvetitr ozbiIjnu požnju 1 
pristupiti tom poslu izuzetno aktivno i profesionalno. 

No osnovu primedbi usoglašenih komisije vrši se ispravko 
prednocrto stondordo 1 tako se dobijo načrt standarda, koji 
je spreman zo jovnu dlskuslju. 

4 . 4 . Fazo nocrto 

Faza načrta počinje onotacijom, odnosno formalnim stovljo-
njem standarda no jovnu dlskuslju koja može trajati do 3 me
seca. 

Nakon zovršetka javne diskusije komisija pregledo prispele 
primedbe i usaglašavo ih a potom vrši isprovku načrta stan
darda. Ukoliko su isprovkfi suštinske prirodo, ovo fazo se . 
može ponoviti. Inače, posle unošenja ispravki završova ko
misija sa rodom, o nocrt postoje konačn! predlog standarda. 

4 . 5 . Faza usklodjivanja 

KonainI predlog standarda prolazi' u SZS poslednju stručnu 
kontrolu zatim pravnu i terminološku kontrolu a potom uhifl-
kociju. 
Polto se ive primedbe otkione dobijo se konačnl tekst stan
darda. 

4 . 6 . Faza objovljlvanjo 

Konačnl tekst standarda prolazi zakonski proplsonu proceduru 
objavijlvonjo, jugoslovenskog standarda. 

4 . 7 . Faza tehnlčke obrode 

Jugoslovenski standard se prevodi na jezike naroda I narod
nosti, vrši se njegova tehničko obrada 1 standard izdaje u 
njegovoj konočnoj formi. 

5. SREDNJEROČNI PLAN RADA GRUPE ZA STANDARDIZA-
CIJU U OBLASTI INFORMATIKE U SZS 

Detoljnim uvidom u medjunarodnu i inostronu nacionolnu stan-
dordizociju došlo se do osnovnog spiska standarda koji u ne
rednih 5 godino treba do budu predmet jugoslovenske standar
dizacije. Spisok treba shvatiti kao minimalni skup standarda, 
potreben do se dostigne prihvotljiv nivo standardizacije u 
oblasti informatike u našoj zemlji. 

Grupo 1 ! Opšta grupa 

1 . 1 . Rečnici pojmovo 

1 . Osnovni pojmovi (postoji standard) 
2 . Arltmetičke i logičke operacije 
3. Tehnologija opreme 
4 . Organizacija i iskazivanje podataka 
5. Priprema i rukovanje podacima 
6. Programiranje 
7. Periferna oprema 
8 . Medijumi za sklodištenje i čuvanje podatoko 
9 . Pouzdonost, raspoložlvost 1 održavonje 

10. Prenos podataka (postoji, potrebna revizija) 

Grupo 2: Skupovi znokova, kodovi 1 šiforski sistemi 

2.1. Skupovi znokovo 
2.2. Kodovi 
1 . 7-bitni jugoslovenski kod za razmenu podataka za lotinič-

no srpskohrvatsko i slovenačko pismo 
2 . 7-bitni jugoslovenski kod za razmenu podataka zo čirilično 

srpskohrvatsko pismo 
3. 7-bitni jugoslovenski kod zo razmenu podataka zo čirilično 

makedonsko pismo 
4 . 7-bitni jugoslovenski kod zo razmenu podataka zo albansko 

pismo 
5. 7-bitni jugoslovenski kod zo razmenu podataka. Osnovna 

verzija 
6. Pravilo za proširenje 7-bitnog na 8-bitni kod 
7. Primena 7-bitnog i 8-bitnog kodo za razmenu podataka pri 

rozmeni podataka na 9-kanalnim magnetnim trokomo širine 
12,7 mm 

8 . Primena 7-bitnog i 8-bitnog koda za razmenu podataka pri 
rozmeni podataka sa kasetom sa mognetnom trakom širine 
3,81 mm 

2. 

9 . 
10. 
11 . 
12. 
13. 
14. 
15. 

3. Šiforski sistem 

Ši farni k gradova i opština Jugos 
Sifornik zemoljo 
Šifornlk valuta 
Sifornik OO.UR 
Sifornik ortikolo 
Sifornik republika i pokrajino 
Obeježavonje datuma 1 vremena 
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Grupa 3: Magnetni nosioci podataka 

3 . 1 . Magnetne trake 

1 . Neispisane magnetne trake za razmenu podataka iirine 
12,7 mm (0.5 in) $o 8 i 32 reda po mm (200 i 800 bpi) 
NRZI i 63 reda po mm (1600 bpi) fazno kodirane - f i -
zičke i magnetne osobine trake 

2 . 9-kanalna magnetno traka zo razmenu podataka širine 
12,7 mm (0.5 in) sa gustinom upisa 32 reda po mm 
(1600 bpi) 

3. 9-kanalna magnetno traka za razmenu podataka širine 
12,7 mm (0.5 in) so gustinom upisa 63 reda po mm 
(1600 bpi) fazno kodirana 

4 . Labelisanje i struktura datoteka kod magnetnih Iraka zo 
razmenu podataka 

3 .2 . Kasete so mognetnom trakom 

5. Kasete so mognetnom trakom za razmenu podataka širine 
3,81 mm (0.15 in) so gustinom upiso 63 reda po mm 
(1600 bpi) fazno kodirane 

6. Labelisanje i struktura datoteko kaseto sa mognetnom tra
kom za razmenu podataka 

3 .3 . Diskete 

7 . Izmenjive diskete za razmenu podataka, fizičke i magnet
ne osobine 

8 . Izmenjive diskete za razmenu podataka, format staže 
9 . Labelisanje i struktura datoteko disketa za razmenu poda

taka 

3 .4 . Diskov! 

10. Izmenjivi magnetni diskov! so 6 ploio, fizičke ! magnetne 
osobine 

11 . Izmenjivi magnetni diskov! so 6 pločo, forrnat staže 
12. Izmenjivi magnetni diskov! sa 11 ploča, fizičke I magnet

ne osobine 
13. Izmenjivi magnetni diskov! so 12 pločo (loo Mbytes) 
14. Izmenjivi magnetni diskov! so 12 pločo (200 Mbyfes) 

Grupa 4: Prenos podataka 

4 . 1 . Opšt! deo 

1 . Struktura znakova za start-stop i sinhront prenos 
2 . Upotreba provere I ong i tudi na I nog pariteta za otklanjanje 

grešoka kod prenosa podataka 
3. Sinhrono signalizacijo kod pi-enosa podataka 
4 . Sinhrono signalizacija velike brzine izmedju terminalne 

(DTE) i komunikacione (DCE) opreme kod prenosa poda
taka 

5 . Odredjivonje performans! sistema za prenos podotoka 
6. Kvalitet prenosa ! granične vrednosti kvaliteta sistema 

za prenos podataka 4.' 
7. Funkcionalni zahtev! za medjuveze niieg nivoa kod 

dupleks veze od točke do tačke 

4 . 2 . Osnovne kontrolne procedure sistema za prenos 
podataka 

8 . Osnovne kontrolne procedure sistema zo prenos podataka 
9 . OsnoVne kontrolne procedure, prenos podataka nezovison 

od koda 
.10. Osnovne kontrolne procedure, procedure za prekid i 

roskidonje veze 
1 1 . Osnovne kontrolne procedure, procedure zo oporavok 
12. Osnovne kontrolne procedure, procedure zo odablronje 

Staniča 
13. Osnovne kontrolne procedure, konverzaciona rozmena 

poruka 
14. Osnovne kontrolne procedure, ostale procedure 

4 . 3 . Kontrolne procedure visokog nivoo sistema za prenos 
podotoka 

15. Kontrolne procedure visokog nivoo, osnovne procedure 
16. Kontrolne procedure visokog nivoo, dodatne procedure 
17. Kontrolne procedure visokog nivoo, struktura okvira 
18. Kontrolne procedure visokog nivoa, uravnotežena veza 

Staniča istih nivoa 
19. Kontrolne procedure visokog nivoo, neuravnotežena vei.a 

sa primornom ! sekundarnem stanicom 
20. Kontrolne procedure visokog nivoo, komunikacion! trans

portni protokol 

4 . 4 . Veze termlmlne opreme sa komunikacionim sistemom 

2 1 . Specifikacijo konektora zo DTE-DCE vezu, so 15 nožico 
2 2 . Specifikacija konektora zo DTE-DCE vezu, so 25 nožico 
23. Specifikacija konektora zo DTE-DCE vezu, sa 37 nožica 
24. Medjuveze DTE-DCE kod start-stop prenosa u javnim mre

žama zo prenos podotoka 
25 . Medjuveze DTE-DCE kod sinhronog prenosa u javnim mre

žama zo prenos podotoka 
26. Medjuveze DTE-DCE kod paketnog prenosa u javnim mre-

žamo zo prenos podotoka 

Grupo 5: Projektovanje sistema, programiranje (dokumentacija 
projekta) 

5 . 1 . Projektovanje sistema 

1 . Metodologija projektovonjo informocionih sistema 
2 . Projektno dokumentacijo 

5 . 2 . Metodologija programiranja 

3. Simboli za dijagrame sistema obrode informacija (postoji, 
potr. reviz.) 

4 . Metodologija struktuironog programiranja 
5. Programska dokumentacijo 

5 . 3 . Izbor sistema zo AOP 

6. Metodologija izbora sistema za automatsku obradu podataka 

5 . 4 . Unos podataka i obrodo 

7. 
8 . 

Dokumentacija zo sistem unoso podataka 
Dokumentacija obrade 

Grupa 6: Ostoli periferni uredjoji 

6 . 1 . Papirne kartice 

1 . Nebušene papirne kartice, mere, uslov! kvaliteta (postoji, 
potr. rev.) 

2 . 80 kolonske bušene papirne kartice - specifikacija ubušenja 
3. Primeno jugoslovenskih lotiničnih kodovo zo razmenu poda

taka no bušenoj papirno j kartic! 
4 . Primeno jugoslovenskih čiriličnih kodovo zo razmenu poda

taka no bušenoj papirno j kartici 

6 . 2 . Papirna traka 

5. Nebušena papirna traka, osobine 
6 . Bušeno papirna traka, dimenzije i lokacije ubušenjo 
7. Rozmena podotoka na bušenoj papirnoj troci 
8 . Primeno jugoslovenskih lotiničnih kodovo zo razmenu podo

toka no bušenoj papirnoj troc! 
9 . Primeno jugoslovenskih čiriličnih kodovo u rozmen! poda

taka na bušenoj papirnoj troci 

6 . 3 . Uredjoji zo optičko prepoznavanje znokovo 

10. Skup znokovo za ručno pisanje za uredjenje za optičko 
prepoznovonje znakova 

1 1 . Hartijo zo uredjaje zo optičko prepoznavanje znokovo, spe
cifikacije, optičke osobine, testiranje 
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12. Skup Stampanih znakova za maiinsko pitan|a za ured|o|e 
za optičko prepoznavanje znokova 

13. Dimenzije znokova za uredjaje za optiiko prepoznavonje 
znokoVo 

14. . Pozicija linija na dokumentima za urisdjaje za optiiko 
prepoznavanje znokova 

6 . 4 . Terminali 

15. Alfanumeriiko tostoturo zo latinično irpskohtvatsko i 
slovenaiko pismo za 44,46- i 48 tipki 

16. Alfonumeričko tostoturo za iirilično trpskohrvalsko i . 
makedonsko pismo za 44,47 i 48 tipki 

17. Alfonumeričko tostoturo za albansko pismo za 44, 47 i 
48 tipki 

18. Alfonumeričko tostoturo za modjorsko pismo za 44, 47 i 
48 tipki 

19. Tastature zo numerički unos podotoko 
20 . Skup znokova zo ručno pisanje zo uredjaje zo prepozna

vanje znokovo pisanih magnetnim mostilom 

Grupo 7: Programski jezici 

1 . Programski jezik FORTRAN 
2 . Programski jezik COBOL 
3. Programski jezik PL/1 
4 . Programski jezik BASIC 
5. Reprezentacija izvornog programa kod rozmene progroma 

na jezicima FORTRAN, COBOL, PL /1 , BASIC 

Grupo 8: Računarski sistemi i opremo 

8 . 1 . Opšti stondordi. 

1 . Oceno performdnsi sistema za AOP 

8 . 2 . Sigurnost opreme 

2 . Opšti zahtevi zo smeitoj opreme zo outomotsku obrodu 
podotoko 

3. Zahtevi zo sigurnost opreme zo AOP, mehoniiki in flzički 
zahtevi 

4 . Zahtevi zo. sigurnost opreme zo AOP, električna instala
cijo 

5. Zahtevi zo sigurnost opreme zo AOP, protivpožorne i 
drugo inst. 

6..Merenje rodio-interferencije opreme zo AOP i dozvoljene 
vrednosti 

8 . 3 . Testiranje sistema 

7. Hordversko testiranje ročunoro, testiranje centrolnog pro-
cesora, centralne memorije i perifernih procesoro 

8 . Hordversko testiranje ročunoro, testiranje periferika 
9 . Hordvorsko testiranje ročunoro, testiranje analognih uldzo 

I Izlozo 
10, Testiranje operativnog sistema 
1 1 . Testiranje programa prevodiloco 

9 . Numeričko upravljanje moSinoma 

1 . Numeričko upravljanje, simboli 
2 . Procesor zo numeričko upravljanje, logičko struktura 

izlozo. 

6 . ZAKLJUČAK 

U moterijolu je učinjen napor do se sogleda problematiko 
standardizacije u oblasti informatike i računorske tehnike. 
Uočeni su tokodje, problemi koji bi mogli iskrsnuti u toku 
reolizocije srednjoročnog plana grupe zo stondardizac iju u 
oblasti informatike. 

U utečenoj metodologiji roda SZS uočene su faze gde bi 
SZS treboo do zadrži iniciotivu, koordinotivnu i kontrolnu 
ulogu, dok bi ostalu aktivnost trebalo do se prepusti odgova-
rojuiim subjektima izvan SZS. 
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The ever diminishing size and oost of microelectronio devices has brought about two technological achievements. 
Firstljr, in the integration of two technologies, namely, Computer Aided Design and Computer Aided Manufactiiro iiito 
unified CAD/CAM syatema, whereby a design is developed and the manufacturing process controlled fiom atart to finiiih 
with a single system. Seoondly, in the feasibility of low cost CAD/CAM system3 on an economic scale wliich cun bc 
related to amall aized nanufacturing induatries. 

The system concept described is in an effort to obtain the optiraum benefit from recent developmeiits in the ii.-je of 
niioroprocessors in the field of CAD/CAM. 

The eurrent 3y3tem is capable of 2D and 2 1/2 D design and machining of railling components compriidng of utrai^lit 
lines and arcs, which conforma to the need of a large aection of the manufacturing indU3try. 

HARDWARE CONFIGURATION 

The CAD/CAM Workstation 

The CAD/CAM work3tation'a hardviare is based around the 
Motorola 6809 8-bit microprocessor and at the tirne of 
purchase (1980) if represented one of the most versa-
tile microcomputer sy3tem3 providing a wide range of 
hardware and softvjare support. 

The gverall hardware configuration of the integrated 
CAD V^orkstation, Fig. 1, consists of: 

A Southnest Technical Products (SWTP) 68o9 8.bi L 
2 MHz microprocessor based sinjile user syst<jm Wilh 
64 K bytes of user RAM, of which 8 K byte3 is iiti-
lised by FLEX9 Operation Systeni. For prograins rt-
(|Uiring large data storage the RAM caii be exp>inded 
up to 768K on a single user 3y3tem. The 6809 micro
processor, although an 8-bit device, has a IC-bit 
architecture which inakes it one of the most vi:i;ia-
tile and fastest 8-bit microprocesaors in the 
market (1). 

Suuthvest Technical Producfa 

M6809 a-blt Hlcracomputer 

64K 

RAM 

8K 

ROM 

I/O 

COMMUNICAT-

lON PORTS 

AMD 9511A 

APU 

Dual dr Ive 

8 Inch floppy 

disk unlc 

Graphl ca/A 1 plta-

numerlc vdu 

HP 264eA 

Multl-mlcro 

cumputer based 

p l o t t e r 

•ruxt 

Pr in t e r 

CoimuuitlcutiiMi 

liiik tu NC 

i:yarem 

P l q . l Tlie baslo hdrdware of the CAD/CAM workstatlon . 



39 

r' "^ 

e 
m u 
O) 

o 

E o 
O 
Di 

j<: 
o 
ra. 

d) 

o 
u 
I 

2. A dual 8 inch double density, double sided flexible 
disk uriit, providing up to 2 M bytes of usable (for
mat ted) online storage. 

3. An "intelligent" conibined alphanumeric/graphios 
raster soan vdu - Hewlett Packard 2648A refresh 
terminal. It contains its own microoomputer whioh 
commands the execution of display oontrol functlons 
on a spreen resolutipn of 720 x 360 pixel3, and ope-
rates at 9600 baud. 

4. A flat-bed AO multi-microoomputer based plotter. 

5. And a text printer. 

Besides the standard I/O ports the SWTP system also 
providea the user with additional peripheral coinmunica-
tion ports (i.e. serial or parallel) 

so that several peripherals as well as oora-
puters can be linked to the norkstation. The ability 
to comraunioate with other oomputers is a very impor-
tant feature in that it provides the oapability of 
developing larger and more oomplex programa by distri-
buting the tasks amongst several heterogeneous oompu
ters arranged in a hierarohical configuration. Another 
advantage is that the CAD/CAM workstation is capable 
of simultaneously communicating with several NC machi-
ne tools, similar to a DNC sy3tem configuration. 

The Multi-Miorocomputer CNC System 
The CAM hardware..oan be. sub-^divided into two discr-ete. 
elements, n;amely, the oontrol ay3tem and the mechanical 
coraponents associated with the machine tool. 

The oontrol sy3tem is one vihich has been developed at 
Imperial College for the control of multi axe3 machines 
3uch 33 maohine toola, plotters and robots (2). The 
basic architeoture of the control systera is a hierar-
chioal one. of a master/slaves configuration. By emplo-
ying such an architeoture system modularity, flexibili-
ty and expandability are maintained. The conoept of 

. the general control 3yst;em is that it can be customised 
to the specifications arid peculiarities of exi3ting ma
chine tools.. 

W0RKSTATI0N'3 SOFTWARE ARCHITECTURE 

Software HierarGhy 

Suocessful design and development of CAD/CAM softWare 
packages on a microcomputer reguires oareful evalua-
tion of the architeoture, capabilities and limitations 
of the systera (3). The three most obvioua limitations 
that are inherent to most microcomputer sy3tems, espe-
cially 8-bit miorocomputers, are fir3tly, they possess 
relatively slow processing speeds compared with mini-
oomputer based CAD/CAM system3, secondly, they lack 
softuare backup, and thirdly, they have severe fast-
store restrictions. Deapite these impllcationa there 
are several ways one can minimise these restrictions 
for the development of a CAD/CAM sy3tem. Some of the 
most coramon ways are: 

. development of a modular software 

. development of a modular and intelligent CNC sy3tem 

. utilization of a "powerful" operating system 

. use of intelligent peripherals 

. allow communication with other computers. 

As a result of these reoommendations tlie software pac
kages described were formulated not only to be modular 
but be executed in such a manner as to optimise the 
flow of Information from tha design stage to manufac-
ture. Since the procesa of product design and iranufac- • 
ture is a systematlc one following a standard design 
sequence, whereby first the design is formulated, 
analysed and thien the cutter path moveraents generated 
follovved by the machining procesa, the 3equence of the 
CAD/CAM aoftuare muat adhere to it. However, it doea 
not imply that ali the packages should be resident in 
memory at the same tirne during the various stages of 
the product design. Thus, in order to minimise on board 
storage the software packages can be sub-divided into 
three main claasificationa: 

1. Creatioti and viaual display prograins. 
,2. Cutter path simulation prograna. 
3. Part program generation programa. 
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Product Level 

Component Lovel 

Prtinlr.lvc [..evel 

Pig.3 A three level hierarchlcal data base atructure 

By sub-dividing the software packages into the above-
mentioned classifications one oan develop quite large 
acale CAD/CAM programs on microsy3tems by executing 
them 3equentially with intermediate formats tranafer-
red frotn one package to another, Fig. 2. 

The CREATE Paokage 
The CREATE package is responsible for the storage of 
data and the general management of the data base (DB). 
CREATE is written in 6809 assembly language raainly for 
apeed and ease of memory management and data decoding. 
The CREATE package acoepts command from the user and 
calls diaplay and edit routines to interactively viau-
alise and modify the elementa of a component. The com
ponent can be related to any machining operation e.g. 
turning, milling, punching, drilllng, eto. ' 
The iitructure of the data base is illustrated in Fig. 3 
and represents a simple way of atoring data Ct). Hie
rarchlcal configurationa repreaent an ideal way of 
representing Information which itself is not oentra-
lised. . ̂  

into 
The hierarchlcal atructure falla/three main categoriea 
(5), namely Product Specifioation, Component Specifi-
cation and Primitivea. The Product Specificatlon con-
tains Information pertinent to the managerial aapeota 
assooiated with the product auoh as the materiala, 
quantities required,contraot number, ou3tomer'a name 
and delivery datea. The product ia then sub-divided 
into several coraponents, which comprise of aeveral ge-
oraetrical Primitivea. These Primitivea are a collection 
of georaetrical attributea which can be called and ap-
pended to from the geometry of the component. For mil
ling operationa aome of the commonly uaed primitivea 
are oylinder, thread, line, fillet, boxi pyramid, etc. 
Thua by either iiaing the standard primitivea (or by 
defining new primitivea) complesc milling geometries 
can be quiokly and easily entered into the coraputer. 
The EDIT Package 
This package, also written in aaaerably language, allow3 
componenta to be recalled and modified interactively. 
Similar to a text editor, primitivea can be analysed 
graphically aa well aa numerioally. By sequentially 
stepping through the primitivea which define a compo-

nentjgeometrical errors can be quickiy and easily de-
tected. Once the error has been detected, two very 
powerful comraands, namely Delete and Insert, allow 
entire primitives to be deleted and replaced by new 
onea. 
The DISPLAY Package 
DISPLAY ia an Interactive, modular graphica package, 
uritten in PASCAL, and ia responsible for the canpre-
hensive display of the technological primitives and 
oomponents as they are created or modified by the 
above-raentioned packages. 
The output ia either in the form of a single view of 
the part or a four vlew first angle orthographic pro-
Jection whereby the vdu screen ia aub-divided into 
four viewporta aa illuatrated in Fig. iJ. 
General diaplay featurea such aa orthographic views, 
iaoraetric views, clipping, wlndowing, rotation, scaling 
and dimenaioning form the baaia of the DISPLAY package. 
The PLOTTER Package 
The PLOTTER Package oommunicatea directly with the raul-
ti-miorocomputer baaed flatbed plotter designed and 
built at Imperial College via, a standard RS 232 serial 
communioation bua. The PLOTTER package contains an 
ASCII character generation set in software and ia 
reaponsible for the production of graphical hard co-
piea of the component in firat angle orthographic 
proječtion and/or rotated 3D views. Due to the llraited 
reaolution of the vdu screen high resolution plotter 
hard oopies can be used for the verifioation of the 
component's geometry as well as cutter paths. 

The Hillin« Cutter Path Derivate and Sim.il^te MCPDRS Packafie ~ — — 
Once the geometry of the component to be pocket-milled 
has been entered, displayed, analyaed and stored, using 
the above-mentioned packages, the cutter path'3 locl 
oan be generated. The automatic generation of the loči 
and the machining commanda, auch aa feed ratea, apindle 
5?oSno °"'' ^°°^ changes, are the reaponaibllity of the 
MCPDRS package. A macro flowchart of the MCPDRS paokage 
ia illustrated in Fig. 5. f- "o 
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Fig.4 A typical view of a component displayed in four views . 
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,5 Macro nowchart of the MCPDRS package 

The geometry of the workpiece ia decoded fcom the com-
paot data base format and dlsplayed in any desired 
view. Conventionally, the desired views are the plan, 
elevation, side elevation, and isometrio view3. Thus, 
by displayit)g the above-mentioned four vievjs a quiok 
and acourate graphical visualisation of geometrical 
errors or illegal cutter path movements oan be deteo-
ted and corrected. 

The blank size and geometrical parameters are input 
whi'le tools and the mac^iining parameters are selected 
from toollng and machining data libraries. Thei.libra-
ries oontain the oommonly used tools (outters),"ma
teriala and their corresponding machining speeds and 
feeds. From this information the blank, roughcut and 
finecut offsets are di3played, Fig. 6. 

The spindle speeds and the feed rates are oomputed 
using the following formulae: 

Spindle speed = g"tting speed of the milling cutter 
(cutter's diameter) 

Feed rate = Number bf teeth in the cutter i 
X recomraended feed per tpoth 
X r/min of the cutter 

Having oomputed the speedg and feeds a visual simula-
tion of the roughing process is displayed (either on 
the vdu or on the plotter), Figs. 7,8, followed by 
the final roughcut at a reduced feed rate. After a 
tool change for a finecut tool, U3ually an end mili, 
the finishing cuts are displnjod at a slower feed rate 



AN EXMIPLS OF POCSET HIUING 
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and spindle speed so as to aohieve a good surfaoe fi-
nish. 

The roughing algorithm has been formulated bearing in 
mind the limitations and oapabilities of the present 
microoomputer based Morkstation. Thus the roughing 
cutter path locus consists of horizontal and vertical 
(X,Y) moveraents only. For the majority of cases where 
the machining tirne is not a critical factor this algo
rithm is an acceptable one. Honever, the raodularity of 
the package enables suoh algorithms to be optimised or 
changed without grossly affecting the rest of the pac
kage. Furthermore, fast algorithms do exist (6) for 
the optiraisation of the cutter paths for machining ar-
bitrarily shaped pockets, and they can be ea3ily In-
corporated on a comraercial system. 

The final operation is drllling. If there are any dril-
ling operations to be perfdrmed then they too can be 
executed by performing tool change(s) and using the 
milling head as a drilling machine. 
The tool changes, spindle speeds, feed rates and cutter 
paths are stored in an integer binary format in a 
cutter location data (CLDATA) file for subsequent access 
by tlie part progr^am GENERATE package. 

The Part Program GENERATE (PPGP) Package 

This package is responsible for the oonveraion of the 
CLDATA from a binary to an ASCII forrrat and transmit-
ting it, via a standard RS232 serial canmunlcation bus 
to the CNC system(s). 

COMMUMICATION BETWEEN THE MORKSTATIOH AND THE SYSTEM 

One of the advantages of the above sy3tem is that ia 
eliminates the NC papertape which ia oonventionally 
used in transferring NC cominands from the CAD worka-
tation to the NC machine tool. The papertape have se-
veral disadvantages over the direct oomnjunication link, 
and are as follows: ' 

. relatively alow to generate and to read, 

. takes tirne to be transported- fî ora the workstation te 
the NC machine tool, 

. expensive in terras of paper and storage costs, 

. easily damaged, 

. and are diffiould to identify. 

Thus, by generating an ASCII CLDATA file and trans-
mitting it down a standard communication bus (e.g. 
RS 232) ali of the above-mentioned disadvantages tire 
eliminated. Furthermore, the bus can also be utilist;:.! 
for the two way communication. The implioations a;-;so-
oiated with this are almost limitless. 

RELATIVE MERITS OF THE.CURRENT SYSTEM 

Several benefits of the current sy3tera can be postu-
lated .and summarlsed as: 

1. A reduction in the total systera costs due to the 
introduotion of micro-electronic technologj' in the 
procesaing, control and mechanical engineering 
areas. 

2. Low ooniputer software coSts due to the modular 
structure of•the packages. The raodules' arohlteo-
ture is suoh that raodifioation and interfaci:ig 
with other modules ia a relatively stralghtforward 
taak. 

3. Interactive and visual (simulation) foaturea lead 
to the rapid detection and correction of errora. 

1). Customised software packages can be quickly and 
ohoaply aasembled from existins modulea. 

5. A general purpose hierarchical DB which ia coninon 
to ali the 30ftwart! packages. 

6. A dircot communication link between the CAD works-
tation and the CAM system greatly reduces CAD to 
CAM data tranafer times by eliminating the gene-
ration of NC papertapes. This greatly improves 
design to production times with lower overheads 
and skilied labour costs. 
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LIMITATIONS OF THE CURRENT SISISU-
As briefly mentioned earlier, microcomputer based 3y3-
teins possess certain restrictions in the form of on-
line raemory, processing speed, fast baokup storage, 
or exiating software backup. This is especially true 
for most 8-bit ralcrosystems and the above described 
CAD/CAM packages were formulated with those implioa-
tions in raind. However, by developing most of the 
aoftware packages in a high level language and main-
taining modularity then the task of transferring them 
from an 8-bit to a l6-bit microcomputer is a relati-
vely simple one. 
The transfer to a l6-bit microcomputer with a link to 
other computers will be welooraed since it encourages 
more complex 2D, 2 1/2 D and even 3D milling operati-
ons to be perforraed. 

CONCLUSIONS 
The design and development of an 8-bit microcomputer 
based CAD/CAM systera for the design and direct manu-
faoture of simple milling components has been descri
bed. Con3equently, the system has been formulated for 
2D and 2 1/2 D pocket milling operations but.softnare 
modularity enables expansion of the packages to handle 
more complex 2D, 2 1/2 D and 3D milling operations. 
Furthermore, other maohining operations such as tu-
rning,' drilling, shaping and grinding can ea3ily be 
introduced since ali that is rewuired is the replace-
ment of the cutter path derivate and the part program 
generate packages. 

The inmediate fUture of thia CAD/CAM system is to 
transfer it onto a 16-bit iiiicro3y3tera and further de-
velop it into a ccBiiieroially vlable low cost 3ystem 
inainly for use in small to medium sized industries. 
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An euplrlcal analysla of varlous practlcal aspects of compller perfonnance ia presented, The baslc goal of the >iii;i1yKlii 
Is to shou the range of possible performance levels correspondlng to varlous language procesšors. The paper pn-simiti 
two slmple formulas for computlng (1) the mei«>ry requlrements and (2) the compllatlon tlme of a source prop.rain wricten 
In a hlgh-level language. Varlous examples verlfylng these formulas are also presented, A part of tlie paper Is devoted 
to a statlstlcal analysls of the memory consumptlon per source Instructlun, Flnally, varlous. compllers are corapan-d 
from the atandpolnt of resource consumptlon durlng the executlon of coaiplled programs. The comparlson Is based on an 
ext:en8lve čase study performed uslng the Amdahl 470-V6 computer. 

f? 

INTRODUCTION 

Modern computer 8ystems regularly offer a varlcty of 
optlons for processlng a hlgh-level language program. A 
user should be Interested In sslectlng the best optlun, 
l,e, the optlon vhlch outperforms ali other alternatlves. 
Generally, there are three baslc stups In selectlng the 
best computer Implementatlon of an algorithm: 

(1) select a proper language, 
(2) select one of avallable compllers for the 

selected language, and 
(3) select approprlate compllatlon parameters 

(sultches) of the selected compller, 

The selec t Ion procedure Is to be based on performance 
conslderatIona slnce the baslc u8er's goal should beto 
process hls programa uslng mlnlmal computer respurces, 
Of course, we assume that the user has to pay for the 
use of computer resourceš. 

In some cases the selectlon of an approprlate programmlng 
language may be a atrateglc declslon wlilch Is based on 
external mandatory requlrement8, dlfferent from the optl-
mlzatlon of performance and cost. Ilouever, the selectlon 
of an efflclent compller and compllatlon parameters for 
a glven language represents always an important task. It 
seems that general computer users frequently neglect 
varlous compller-related performance Issues and that the 
default verslona of compllers are the most frequently 
used. Unfortunat:ely, many algorlthms are qulte sensltlve 
to compllatlon parameters. Con8equently, askllled user 
can often subatantlally Improve the performance level 
of hls programs vlthout changing the Inltlal source pro
gram. The level of possible Improvements Is exempllfled 
In 8ubsequent sectlons. 

AN EXPERIMENT UlTll THE STRAIGHT SEI.ECTION SORT ALGORITHM 

Let us analyze varlous equlvalent Implementatlons of an 
algorithm uslng dlfferent programmlng languages. The 
algorithm to be studled Is an Internal stralght selectlon 
sort (SSS) rwiR76] used for sortlng an Integer vector 
A,, A, A^. A slmple (but Inefflclent) verslon of 
the SSS algorithm Is presented In Fig. 1. In addltlon, 
flve equlvalent Implementatlons of the SSS algorithm 
uslng COBOL, Pascal, FORTRAN, BASIC, and MACRO-11 as-
embly language are also shown In Fig. 1, 

Ali these programs sort the array A followlng exactly 
the same algorithm, Conssquently, one could expect 
slmllar meraory consumptlons and slmllar proceaslng tlmes 
for ali equlvalent verslons of thls slmple algorithm. 
In thls čase, however, the expectatlona and the reullty 

are two dlfferent thlngs, The meinory requlremi-.iit fnr 
each (translated) source Instructlon is Bhuwn In Fig, 1. 
Uslng PDP 11/34 the minimum space for the a8a«nibly 
language verslon of the SSS algorithm vas 32 byCi^s, vrhi le 
the default verslon of OMSl Pascal used eight timea iiiort', 
l,e, 260 bytea. Optlroal verslona of FORTRAN and Pascal 
also dramatlcally dlffer: Pascal needa tuu tiiues gn^^Uei' 
meniory space. Slmllar sltuatlon vas found uslng the 
Honeyvcli Systera 6. The COBOL verslon of the SSS 
algorithm used three tlmes more space than the Siniit: 
algorithm vrltten In FORTRAN. 

Run tlmes for sortlng N random numbers uslng thi; PDP 11/ 
34 are shovn In Fig. 2, Tlie dlfCerences are agaln sub-
stantlal. The default verslon of FORTRAN ušes an Iniorn.il 
countlng of source line numbers. For slmple source 
statements' thls can generate large overheads, and In 
our čase the llne-number overhead Is greater than IOO:t. 
The default verslon of OMSl Pascal Implles a number n( 
teats Includlng the array bounds check and the stack 
overflov check, as veli as slov floatlng-pulnc calls 
(compller automatlcally generates flontlng-polnt machln«; 
Instructlons and,for machlnes havlng no floatlng-polnt 
hardvare, traps are used for Juaiplng tp the floatlng-polnt 
arlthmetlc subroutlnes). Tlic resultlng overhead for the 
default verslon of OMSl Pascal vas greater than 50%. Tlie 
lovest executlon speed can be expected vhen uslng.an 
Interpreter. Accordlng to Fig.- 2 the BASIC aort vas 200 
tirnica slover than the asBembly language surt. 

Slmllar results vere obtalned uslng the lliineyvell SyBteiu 
6. The results shovn In Fig. 3 correspond to the vector 
A - -1, -2 -10, ^1,-2,..., -10 The a8Sembly 
language sort vas alroost tvo tlmes faater than the FOR
TRAN sort. Hovever, the COBOL sort vas shovn to be 30 
tlmes slover than the FORTRAN sort for equlvalent tvu-
-byte blnary components of the vector A. Tlie use of 
three-dlglt declmal Integers for vector A makes the cor
respondlng COBOL sort 7 tlmes slover than the blnary 
verslon of the same COHOL sort. 

A comparlson of space and tlme requtrements for PDP 11/ 
34 Is summarlzed In Fig. 4. Obvlously, the obtalned 
results are Insufflclent for derlvlng conclusloos about 
general rankIng of languages and thelr compllers. Hov
ever, these results prove the Importance of compller 
performance'measurement and analysl8. Tliey also lllus-
trate the range of possible Improvements, and shov hov 
dramatlc can be the dlfference betvečn any palr of 
dlfferent programmlng languages. 
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(•) 
(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

A STRAIOIT SELECTION 
1 == ' SORT AL60RITHM 

j := i 

j := j + 1 

i f Aj < A. then exchange Aj and A^ 

i f j < N then (3) 

i = i + 1 

I f i <N then (2) 

POP 11/34, RT-11 

F. IV V02.04 

Honeywell 6 

FORTRAN 3.0 

C FORTRAN IV 

00 5 I = 1 . 

00 5 J o 1̂ 1 

N-1 

, N 

IF(A(J).GE.A(I)) 

T = A(I) 

A(I) = A(J) 

A(J) = T 

5 COHTINUE 

Opt. 

20 

28 

GOTO 5 4 

6 

2 

2 

24 

TOTAL = 86 

Oefault 

(26) 

(34) 

(10) 

(12) 

( 6) 

{ 6) 

(30) 

(124) 

24 

22 

20 

10 

12 

10 

14 

112 B 

* H0NEYWELL 6/43 COBOL A 2.0 

I-LOOP. 

PERFORH J-LOOP VARVING I 

FROM 1 BY 1 UNTIL I = N. 

J-LOOP. 

COMPUTE K = I + 1. 

PERFORM SWAP VARYING J 

FROM K BY 1 UNTIL J>N. 

SWAP. 

IF A(J) < A ( I ) 

MOVE A ( I ) TO T 

MOVE A(J) TO A ( I ) 

MOVE T TO A ( J ) . 

TOTAL = 

62 

30 

62 

54 

30 

50 

30 

318 B 

iOMSI Pascal VI.2G } 

FOR I := I T O N-1 DO 

FOR J := 1+1 TO N DO 

IF A ( J ) < A ( I ) THEN 

BEG IN 

T := A C l ] 
A D 3 .= ACJD 

. A [ j J := T 
ENO 

TOTAL 

PDP 

= 

11/31 

Opt. 

30 

34 

26 

12 

20 

8 

34 

164 

, RT-11 

Default 

(30) 

(34) 

(58) 

(28) 

(52) 

(24) 

(34) 

(260) B 

10 REM MICROSOFT BASIC IN ROM V.1 REV 3.2 

20 FOR I = 1 TO N-1 

30 FOR J = 1+1 TO N 

40 IF A(J )<A( I ) THEN T=A(I): A(I)=A(J): A(J)=T 

50 NEXT J , I 

TOTAL = 

16 

16 

44 

10 

86 B 

: PDP 

SRT1: 

SRT2: 

SRT3: 

11/34, 

MOV 

MOV 

DEC 

MOV 

TST 

MOV 

CMP 

BLE 

MOV 

MOV 

MOV 

SOB 

TST 

SOB 

MACRO-11 asseinb1y language 

*A , RO 

N. R1 

R1 

R0.R2 

(R2) + 

R1,R3 

(R0),(R2)+ 

SRT3 

(R0),R4 

- (R2) . (R0) 

R4.(R2)+ 

R3,SRT2 

(R0) + 

R1,SRT1 

TOTAL 

4 

4 

'> 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 
2 

- 32 B 

F igure 1 . A s imple ve rs l on o f the s t r a i g h t s e l e c t i o n s o r t and i t s i roplementat ions i n COBOL, Pasca l , FORTRAN, BASIC, 
and MACRO-11 assemb1y language 

MEHORY CONSUMPTION FORMULA 

The flrst atep In a study of coapiler perfomance should 
be an analysla of ineiitory requlreiiienta of a complled pro
gram. In £hla sectlon we extend the results presented In 
C DUJ73I|for FORTRAN and ALGOL vlth almllar measurements 
£or a COBOL compller, 

Memory conaumptlon of a complled program depends on many 
factors. The most Important factor Is the number of 
executable aource Instructiona. Let M denoto the memory 
needed for a complled program, excludlng 8ystem subroutl-
nes and dataused by the program, Tlie executable aource 
Instructiona dlrectly generate the machine code, but some 
related code may precede and/or follov the program 
ylelding Increased memory requlrement8, Conscquently, a 
simple deteimlnlstlc expreasion o£ che memory consump

tlon as a functlon of the number of executable 80uri:e 
language Instructiona N can bc formulated as the fol-
Iowlng memory consumptlon formula: 

H + m N 
"1 

const. 

The parameter m represents a flxed part of the meii)()ry 
requlrementa, l.e, the average mcninry occupicd Jndc-
pendently of the number oi Instructiona N. The main 
components of m are;: 

(a) lntrodui'tory code ulilch may be used for varlous 
data Inltiallzaclons using Hyut'.em Rubroutlni! cjlls, 
and for program structuring (e.g. for controlllng 
sectlons and paragraphs in COBOL). 

(b) Internal varlables (loop Indlcca, subroutlne 
llnkage parameters, and auxlllary local varlahlua). 

vc) churacter strlngs Included In outpul Sitjcemiiiilo, 
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PDP 11/34 

Figure 2. Run times of the straight select.lon sort 

using the PDP 11/34 and random numbers 
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Figure 3. Run times of the straight selectlon 

sort using Honeywe11 System.6 
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Figure 4, A comparlson of space and tlme 

requ1rements for the straight 

1 selectlon sort using assefflbly 

language, FORTRAN, and Pascal. 

(PDP 11/34, RT-11, random numbers) 
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29501M^ IBM 360 (SSP) 
FORTRAN IV . 117 PROGRAMS 

•H^ = 23 N^ + 277 

12984 + M^ COC 3600 

SOURCE INSTRUCTIONS 

Ul . . 

H ( 1 1 1 1 1 1 1 1-
117 

FORTRAN IV, 146 PROGRAMS 

M^ = 26.5 N^ 

(M^ = 25 N^+316) 

SOURCE INSTRUCTIONS "f 
H 1 1 1 1 1 1 1 1 — ^ 

2248+ M^ IBM 1130 (SSP) 

FORTRAN IV , 121 PROGRAMS 

M^ = 19.7 N^ 

SOURCE INSTRUCTIONS "f 
H ( ( 1 1 ( (__( 1 ^ 

117 

4036 + H ^ IBM 1130 (SSP + STRESS) 

FORTRAN IV . 190 PROGRAMS 

M^ = 17 N^ 

SOURCE INSTRUCTIONS "f 
_, , , , , , 1 , 1 _f 

222 

Figure 5. Four examples of the meinory consumption formula 

30.8 tT^^ IBM 1130 (SSP) 

FORTRAN IV . ,121 PROGRAMS 

T., = 0.01 N,'-" + 4.7 

.0 
SOURCE INSTRUCTIONS "f 

^-4—H i i 1 ^ . . h - ^ 

84 -1 

O 

o 

• 

f) -

fT,f 

• 

(— 

IBM 1130 (SSP + STRESS) a 
FORTRAN IV , 190 PROGRAMS 

Tcf 

a 

-H— 

= 0.01 N̂ '-̂ ' + 4.8 

" / " 

^ 0 

0 . / / -

SOURCE INSTRUCTIONS N^ 
— t 1 1 1 1 1 1 (. 

222 

Figure 6. Examples of the compilation tirne formula 
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and varloua numerlc constants. -
(d) Termlnatlng code aC the end of program. 

The parameter m. repreaents the average meinory occupled 
by a tranalated source Instruction (or the memory 
occupled by an average source Instruction). Slnce the 
iiiemory consumptlon formula la usually generated ušlng 
a regresslon an8lyals, It followa that m, can also be 
affected by ali related memory requlrements uhlch are 
approxlniately propurtlonal to N, For example, the number 
of constants, Intcrnal varlables and sectlon labela may 
be propurtlonal to N , Increaslng the computed value of 
m^. Houever, under normal clrcumatancea, these Influences 
are not eubstantlal and they can be analyzed vlthln the 
context of the code generated by the executable source 
Inatructlons, 

Thcre are two approachea to the meaaurement and analysls 
of m and m,. The first approach Is based on an analysl8 
of Indlvldual programa, and the second approach Is based 
on an analysl8 of Indlvldual complled Inatructlona. 

The flrat approach aasumes the compllatlon of a aet of 
:programs and the meaaurement of the N,M palr for each 
complled program uslng global atatlstlcal data generated 
by compller. Slnce N repreaents the number of Indlvldual 
executable Inatructlons the computatatlon of N ahould 
take Into account the complexlty of source Inatructlons, 
aeparatlng multlple and neated inatructlons, After ap-
plylng a linear regresslon to the set of polnts In the 
N,M plane the parameters m and m can be ea8lly deter-
mlned. ° 1 

The second approach conslsts of analyzlnf! the assembly 
language eguivalents of indlvldual source Instructions. 
The memory space used by a complled instruction depends 
on the context In which the instruction appeara. Con-
8equently, the memory space per aource Instruction (m.) 
is a random variable, and uslng a sufflclently large 
sample it Is posslble to determlne the distributlon of 
frequencles of various values of m.. The parameter m 
can ttien be deflned as the mean value of this distrlBu-
tion. Results of this approach are presented in sub-
8equent sections. 

The first approach (i.e. the propram-orlented analvsls 
oE meraorv requirements) is exemplifled In Fig. 5. The 
first example shoMs the memory consumptlon data for the 
TBM System /360 Sclentiflc Subroutine Package accordlng 
to data publlshed in CIBM70J . The resultlng parameters 
are m.=23 B and m =277 B. The memory consumptlon for the 
CDC 3600 FORTRAN Is slightly larger: m =26.5 B (assuming 
m =0) or m =25 B and m^=316 B. Flnally; the 16-bit IBM 
1130 used for an average FORTRAN atatement from 17 to 
19.7 bytes. 

tion t.N uhere a % 1. If the compllatlon procesa is 
llneart i.e. a=l, then t, denbtea the average complJatlon 
tlme per executable sourde Instruction. In the čase of a 
nonllnear compllatlon process we have a>1 and t. denotai 
the average compllatlon tirne tor the firat executable 
instruction in the program, while each additlonal In
struction has an Increased compllatlon tlme. ^ 

The above analysl8 shotfs that the average compllatlon 
tirne can be computed uslng the folloving compllatlon 
tirne formula! 

T - t + t, N" C o 1 a ^ 1 

In commerclal literature the performance of a compller 
is frequently expreased uslng a unique Indlcator called 
"the number of tranalated source statementa per minute".: 
This seems to be an incorrect Indlcator slnce it is 
meaningful only If t =0 and a"l. Hovever, the meaaure-
ments of compller performance show that regularly t > O 
.and very frequently a >1. 

Two example8 of the compllatlon of FORTRAN programa are 
presented In Fig. 6. These are typlcal exaraple8 of the 
nonllnear compllatlon process. The compllatlon process 
of ALGOL programa reported in C DUJ73 J also shoved the 
nonllnear characterlatlc. The compllatlon tirne formula 
for the IBM 1130 ALGOL is 

18.7 + 0.11 N 1.3 a seconds. 

This formula is to be corapared wlth the compllatlon tlme 
formula of the IBM 1130 FORTRAN compller: 

1.61 
cf 4.8 + 0.01 N, seconds. 

For example, if N =N,=100 then the corresponding average 
compllatlon tiraes^are T (100)=62.5 seconds and T ,(100)= 
=21.4 seconds. 

The examples shovm in Fig. 7 lllustrate a linear complla
tlon process. Tlie Burroughs 1714 COBOL compller vas 
analyzed uslng two Independent and dlfferent program 
samplea. The first sample conslsts of 32 small programs 
(N i 42) used as programming exerclses. The second 
sample conslsts of 41 medlum commerclal programs (N ̂ 498) 
developed and used by proEessional programmers. Figure 6 
shoHS separately the results for small programs, the 
results for medlum programs, and the results for the 
merged sample contalning both small and medlum programs. 
It is Important to emphaslze the conslstency of results 
both for the memory consumptlon (10.2im.i 10.7) and for , 
the compllatlon tlme (l$t.^l.5). The parameter m. has 
an excellent value vhlch can be explalned by an extremely 
efflclent organlzation of machlne Instruction codlng 
(see LWIL72!]). Houever, the range of the parameter t 
(172 $ t ^ 278 sec) repreaents a surprlslngly poor 
result. 

COMPILATION TIME FORMUIA 

The compllatlon process Includes two basic ateps: 
(1) fetch and initialization of a selected compller, and 
(2) the translatlon of the source program. The first step 
needs (approximately) a constant tlme and,repreaents the 
flxed part of the compllatlon tlme. The tlme necessary 
for the second step is a function of the number of eice-
cutable source instructions (N), and consequently it 
represents a variable part of the compllatlon tlme. 
Generally, the translatlon of the source program can be 
a nonllnear procesa, i.e. the variable part of the com
pllatlon tlme can be a nonllnear function of the number 
of source Instructions. Let T (N ) and T (N.) denote the 
compllatlon times of two rela?ed programs contalning 
respectlvely N and N, executable source Iristructiona. 
Suppose that tfiese programs can be merged yielding the 
compound compllatlon tlme T (N +N,). The nonlinearity of 
the compllatlon process can'̂ be expresBed by the folloving 
lnequality: 

T^(Nj+N,) ^ T ^ ( N p + T^(N2) . 

This lnequality can be explalned by the extra tlme needed 
for searchlng various tables.generated by the compller 
(the tables vhlch correspond to the compound program are 
greater than the equlvalent tables of the constltuent 
programs). Therefore, the variable part of the complla
tlon tlme can be expressed uslng the.slmple pover func-

AN ANALVSIS OF THE AVERAGE NUMBER OF BYTES PER SOURCE 
INSTRUCTION 

In cases vhere a compller can generate an assembly lan
guage llstlng of the tranalated source program it is 
posslble to analvze various detalls of the compllatlon 
process. In particulai;, it ia.easy to count both the 
number of byte8 and the number of machlne inatructlons 
per source instruction. Such an analysis ylelds the 
corresponding frequency dlstrlbutlons vhlch enable a 
detalled analysi8 of the parameter m.. Examples of these 
analises are presented in Flgures 8,9,10, and 11. 
Figures 8 and 9 lllustrate a comparlšon of FORTRAN and 
Pascal compllers. The analyzed Pascal compller generatea 
more machlne instructions and needs more memory space for 
a source instruction than the FORTRAN compller. Houever, 
the machlne Inatructlons generated by the Pascal compller 
are shorter than those generated by the FORTRAN compller. 

A comparlšon of the Honeywell Sy8tem 6 FORTRAN and COBOL 
compllers (for equivalent sample programa)'is shovn in 
Fig. 10. The COBOL compller needs more memory space and 
generatea more machlne Instructions than the FORTRAN 
compller, but the machlne inatructlons generated by 
COBOL are shorter than those generated by FORTRAN. The 
obtalned parameter m '= 22 byte8 for the Honeyvell 
System 6 COBOL A Is subatantlally greater than the 
minimum value m. S 10 bytes vhlch corresponds to the 
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Figure 10. A comparatlve analysl8 o{ the parameter nij for Honeywell Sy8tem 6 FORTRAN 3.0 and COBOL A 

Burroughs 1714 COBOL. However, the consumptlon of raemory 
per source instructlon. can vary dependliigon the coniplex-
lty of program. As opposed to rather complex programa ': 
used for generatlng the Klstograms preaented in Fig. 10, 
Figure 11 shows the histogram for a typlc8l slmple čom-
merclal program. Now m - .15 byteB and the histogram 
enables the Identification of lines whlch cbrrespond 
to varlous Indlvldual source Instructions. 

The parameters m^ and m.,do not depend exclu8lvely on 
compUer performance. TRey can be 8ub8tantlally affected 
by the procesaor architecture Includlng;the avallable • 
machlne Instructlon set, addresslng nodes, and' procesSor 
teglBters. However, if liî, and m are determlned uBlng . 

the same harduare but dlfferent compllers, then the 
resultcing performance levels can be consldered a dlrect 
con8equence of the propertles of the analyzed compllers. 

A COMPARATIVE ANALYSIS OF FORTRAN, PASCAL AND PL/1 
COMPILERS BASro ON THE RUN TIME RESOURCE CpNSUMPTlON 
OF A BEHCHMARK PROGRAM 

The comparatlve analyBes of compller performance that 
appear in the literature are usually restrlcted to the 
comparlsbn of varlous compllers for a glven language 
(e.g. see [WOR761 for PL/1 and pWlC733for ALGOL). 
Hovjever, the cOmputer users are generallv Interested In 
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NUMBER OF SOURCE INSTRUCTIONS » 354 
AVERAOE » OF BYTES PER SRC. IN .= 14.90 
STANDARD DEVIATION = 7.23 

TABLE 1 . A SURVEV OF FORTRAN, P a s c a l AND PL/1 COMPILERS 
USED ON AMDAHL 470-V6 (AuguBt 1980) 
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comraercial program (Honeywell Sjrstera 6 , COBOL I ) 
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COMPILER 

FORTG 
FORTH 
PORTX 
FORTq 
UATFIV 
WATPAS* 
P-8000 
PASCAL VS 
PLC 
PLIF 
PL1X 

LANRUAGE 

FORTRAN 
FORTRAN 
FORTRAN 
FORTRAN 
FORTRAN 
PaBcal 
Pascal 

* Pascal 
PL/1 
PL/1 
PL/1 

PRECISION 
Single Double 

+ + 
+ + 

• + + 

+ + 
+ + . 

+ 
- + 
+ + 

+ 
+ + 
+ + 

LEVEL OF 

+ 
+ + 
+ + 

+ + 
+ 

. + -
+ 

+ 
+ 
+ 
+ + 

OPTIMIZATION 

...2„„3.„.. 

. + 
+ 

, + + 
-
-
_ 
-
-
-
-

* Auguat 1981 

TABLE 2. A COMPARISON OF RESOURCE CONSUMPTION FOR COM
PILERS USED ON AMDAHL 470-V6 (AuKUBt 1980) 

COMPILER OPTKIIZATION TOTAL RELATIVE CONSUMPTIOh 
LEVEL OF RESOURCES 

_%nassBnonsi3SsesBBssp 

FORTQ 
FORTQ 
FORTH 
FORTX 
FORTX 
FORTQ 
FORTH 
FORTG 
FORTH 
FORTq 
FORTX 
PL1X (no test) 
PL1X (no test) 
PLIF 
PASCAL 8000 
PASCAL VS* 
PLC 
P H X (ali tests) 
VJATFIV 

= _=!—ws»sDO=aaDS«= = = — Ki =3 = = —— = » = = —=ia»:=Bi=a=: 

3 1.00 
2 1.03 
2 1.3 
2 1.3 
1 • 1.4 
1 1.4 
1 1.6 
0 2.0 
0 ' 2 . 1 
0 2.1 
0 2.2 
1 2.2 , 
0 2.3 
0 2.8 
0 3.1 
1 3.1 
0 8.8 
0 17.1 
0 18.4 

WATPAS*(all tests);0 162.8 

* August 1981 
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reduclng the cost of computlng and thls Iniplles a.compa-
rlson of dlfferent languages avallable In a computlng 
center. In thls sectlon we present a comparatlve analyBi8 
of eleven compllers for FORTRAN, Pascal, and PL/1 runnlng 
on the Amdahl A70-V6. Tlie analyals Is aimed at showlng how 
the proper selecClon of compller reduces both the computer 
vorkload and the coBt of computlng for the user. 

A standard raatrlx-inverslon-based benchmark program (see 
C D U J S O "2 ) wag usn' for comparlng various FORTRAN, PL/1 
and Pascal compllerd. The FORTRAN, PL/I and Pascal ver-
elons of the program were equlvalent, used the same 
hardware (Amdahl 470-V6) and the same operatlng 8ystera 
(MVS), and generated equlvalent results. The only dlf-
ference »as In the code generated by the compllers, 

The analyzed compllers are descrlbed In Table 1. Optl-
mlzatlon level O denotes no optlmlzatlon. Slnce three 
of the avallable compllers default to double preclslon, 
only the results for double preclslon are presented. 
Tliese resultls for total resources consumptlon (ac-
cording to the accountlng routlne) are 8hown In Table 2. 
From thls Table the following concluslons can be 
derlved: 
(1) It is rather easy to spend 100% more computer 

resources than necessary for solvlng a problem, 
C'onveraely, by careful selection of the compller it 
la frequently posalble to halve the workload and 
the user's cost of computlng. 

(2) For numerlcal problems, FORTRAH compllers are stili 
siibstantlally more efflclent than PL/1 and Pascal 
compllers (of course, thls Is not proved generally, 
but It holds on Amdahl 470-V6, IBM 30XX and slmllar 
inachlnes), 

(3) It Is very iraportant to know how to use the optlml
zatlon featurea of the compllers becauae thls Is 
the key to reduclng uorkload and costs, 

(4) The developraent compllers like PLC, WATFIV and WATPAS 
must be used ulth extreme čare slnce they can consume 
substantlal aiuounts of computer resources (durlng 
executlon of program). 

(5) "Tests" In the PL1X compller are dangerous consumers 
of computer resources (thls also frequently holds 
for various run-clme checklng implemented In other 
compllers). 

The reductlon of computlng cost uslng the optlmlzatlon 
procedures čari be substantlal, as shown In Flgures 12 
and 13.(The optlmlzatlon procedures are descrlbed in 
tsCA80] and t RUS72 3 .) Accordlng to Fig. 13 the optl
mlzatlon procedures Increase the compllatlon time. How-
ever, the compllatlon time is regularly much shorter 
than the execution time. Consequently, the reductlon 
of reeourcc consumptlon Is almost as efflclent as the 
reductlon of the executlon time šhown In Fig. 13. 
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Kamen Slanka je aeananiti braloa a novim pria topom v arhitekturi mikroprooeaorjev. S prin tovon, ki. 
pomeni revolucijo in bo imel v bodoSnoati dalJnoaeSne posledice aa anovanje katerega koli imi-Kro) 
raSunalniSkega aiatema. 

TRAiiilPAHEUX MULTIl'l<OCl::sSINa - (MICHO) COMPUTUK 5ySi'i7/C OF TOMOEHOJ. THe purpoae of the artiala io 
to aoquaint the reader with a neu approaoh in mioroprooeaaor arahiteoture. t/ith the avproach tnat 
meana a revolution and that uill have far-reaohing oonaequencea for projeating amj (nioro) compuber 
ayatem in future, 

UVOl) 

Beaeda bo tekla o novi ZH bitni prooeaoroki 
družini. Ki BO JO, raavili in iadelali v tvrdki 
IN'i'EL, Le-ta Je a tem poatala neaporni nooilea 
raavoja bodoSih mikroraSunalniSkih druSin. No
vo družino predstavljajo tri integrirana veuja 
a oanakami: iAPX43201, iAPX43202, iAPX4i20i. 
Veaji iAPX 43201 in iAPX43202 nosita akupno 
ime General Data Prooeaaor (GUP), veaje iAPX 
4 2203 pa ee imenuje Interfaoe Prooeaaor (IP), 
Poveaava va^h treh veaij v oeloto pa ae imenuje 
Sistem 432. Namen Slanka ni opiaovati agradbe, 
funkcij in medaebojnega delovanja teh treh 
elementov, pa! pa prikaaati moSnoati, ki ao da
ne na osnovi nove arhitekture. 

Pri vaaki novoati ae vedno vpraSamo aakaj? 
Odgovor Je na dlani: 

Nova arhitektura aato in tako, da bo bist
veno amanjiala ceno programake opreme. 

Arhitektura 432 je programsko usmerjena. Za 
iluatraoijo pa tudi morda za poveSanje zanima
nja, navadimo nekaj najbolj aploSnih laatnoati; 

- OmogoSena je gradnja raaliSnih aiatemov a 
razliSnimi laatnoa tmi, ne da bi bilo potrebno 
apreminjati programako opremo. Programi pisani 
aa 432 delujejo na aia temih a enim, dvema ali 
veS prooeaorji. Vaak aia tem 432 lahko iabolj-
3amo taKo, da mu dodamo nov GDP, na da bi bilo 
potrebno, raaan menanakega poaega, 3e karkoli 
apreminjati. Procesno moS aiatema VAX-Pl)P je 
možno enostavno doaeSi a paralelnim delovanjem 
tridesetih GDP-Jev, 

- V aia temu 4 32 so vae aia temeke funkcija 
Btandardiairane in ker ao realiairane v materi
alni opremi. Je izvrševanje le-teh iaredno hi
tro. Tipične aiatemake funkcije ao npr.: dode
ljevanje apomina, raavrSSanje posameznih opra
vil (multiprogramiranje), dodeljevanje p7'oatih 
procesorjev (multiptooeairanje). 

- V aiatemu 432 Je nemogoče aagreSiti na-
alodnje programake napake, ki amo Jih lahko de
lali do sedaj. 

program ne more nikdar poaeSi v upominako 
področje, ki mu ni dodeljeno; 
ne more citati iz apominakih lokacij, ki ao 
mu dodeljene samo aa vpisovanje in obratno; 
nad poljubno podatkovno atrukturo Je možno 
narediti aamo tiste operacije, ki so Ji 
predpisane (npr.; nemogoče je izvrševali 
podatek kot inatrukaijo), 

če na kratko strnemo primerjavo med dosedanjimi 
uh sistemi in sistemom 432, lahko redemo, da Je 
potrebno funkcije, ki so v e.iat>niiih 432 reali
zirane v materialni opreme enkrat aa vedno, v 
doaedanjin sistemih realiairati a programako 
opremo ha nivoju operacijskih sistemov in pre
vajalnikov. HaaVika v zanesljivosti delovanja 
in hitrosti iavajanja funkcij je milo rečeno, 
ogromna. 

članek je raadeljen v dva dela, V prvem delu 
ae bomo arečali z novo terminologijo in raalago 
nekaterih biatvenih pojmov. Drugi del pa govo
ri o reSitvi problema sočasnega izvajanja pro
gramov Kot uvod v tranaparentno multiprooesira-
nje. 

2, POJi:n Oii J L ii.'i'i 

V sistemu 4Si aia definirana dva tipa poaatkov-
nih n truktur: 

- podatkovna a truktura primi ti v 

- podatnovna atruktura objekt 

a) iliatem 432 pozna oaen vrst primi tivov; 

- CiiHi{AC'i't:U (8 bitov) 
~- iShv:iT lii'rLC,L:i< (10 bitov) 
- SilOKT OHDIiiAL (13 bitov) 
- ItrrLGiuH (32 bitov) 
- OUDI.tAb (32 bitov) 
- SliOPf .UKAl (32 bitov) 
- ULAL (64 bitov) 
- r^UPOKAHi liLAu (80 bitov) 
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Primitivi imajo tri bistveno anaSilnoati: 

- 00 podatkovne atruktura, ki na urejen 
naSin vsebujejo neko informacijo; 

- nad mnoSioo primitivov je definirana 
mnoZioa operatorjev 

- primitive naslavljamo kot oeloto. 

b) Pojem objekt bomo nojaanili a nomodjo poeno-
Btavljenega ' prikaaa raavoja mikroproaeaorjev. 
Prvi prooeaorji ao vsebovali zelo enoatavno ma
terialno opremo aa izvajanje operacij (npr.: 
MOVE aHTE, ADD IiiTEGUR,^ ipd.) in niao bili opo-
aobni izvajati operacij aritmetike v plavajoSi 
vejici. To je bilo potrebno realizirati a pro-
gramoko opremo. Razvoj tehnologije je pripomo
gel K materialni realizaciji kompleksnejSih 
operatorjev kot npr.: ADD, MVLTIPL^i, DEVIDU, 
itd, kar je bistveno olajSalo implementacijo 
aritmetike v plavajodi vejici. 

Pri razvoju sistema 432 pa je bil storjen Se en 
bistven korak naprej. Kot smo Se omenili, so v 
432 a materialno opremo realiairane tudi ai-
atemske funkcije (operacijo), 

- Implementacija aritmetike v plavajoSi vejici 
z materialno opremo pomeni, da mora materialna 
oprema operirati a podatkovnimi atrukturami, ki 
predatavljajo Števila zapiaana v obliki plava
joče vejice. 

- Implementacija aistemakih funkoij v material
ni opremi pomeni, da mora materialna oprema 
operirati s podavkovnimi strukturami, ki so 
opcrandi naslednjih operacij (funkcij): 

- dodeljevanje spomina 
- dodeljevanje procesov 
- medproceana komuniKacija 

Te podatkovne strukture (operande) imenujemo 
objekte (objekt), Slika 2 prikazuje aistemske 
opreaoije in pripadajoče objekte. 

- Objekt naelavljamo kot oeloto 

- ObjeKt ima značko, ki doloSa njegov tip. 

V nadaljevanju članka bomo objekte grafično 
predatavljali o pomočjo simbolov. SliKa 3, za
radi enostavnosti vsebuje aamo t i s t e objekte, 
ki jih potrebujemo za razumevanje sočasnega i-a-
vajanja programov in transparentnega mulcipro-
ceairanja. 

fizični proceeor 

POMUILNISKI 
PROSTOR 

objekt dodoljevalnih vrat L _ 

instrukoijeki o^,; 

objekt komunikacijskih 
I vrat 

podatkovni objekt 

slika 3, 

OPERACIJA OBJEK? 

dodetjevanje procesov objek procesa 
objekt procesorja 
objekt dodoljevalnih 

vrat 

dinamično dodeljevanje 
spomina 

objekt izvora apoainakega 
prostora 

medproceana komunikacija objekt komunikadskih 
• I vrat 

Slika 2. 

Imena objektov predatavljajo novo terminologi
jo, ki jo bo nadaljnje spoznavanje in delo a 
sistemi 432 udomačilo in dopolnilo, 

Strnimo lastnosti objekta: 

- Objekt je podatkovna struktura, s katero lah
ko manipuliramo na točno določen način. Tako s 
pomočjo vgrajene materialne opreme, kot a po
močjo programska opreme. Za določeno vrato ob
jekta je moSen samo eden od treh načinov mani
puliranja: 1 

- a materialno opremo 
- z materialno in/ali programsuo opremo 
- s programsko opremo 

HnoSica puSčio na sliki 3. je posebnost siate
ma 432. Le-ta pozna samo objektno orientirano 
adresiranje. To je metoda, ki omogoča objektu, 
da naslovi drug objekt samo v primeru, če vse
buje kazalec nanj. Med samim izvajanjem pro
gramov se stanje kazalcev dinamično apreminja. 
Slika 3, predstavlja obenem tudi strukturo 
kakčnega programa pisanega za sistem 432. 

3. HEDPROCUSiiA KOMUNIKACIJA 

Na kratko bomo bralca seznanili kako ao v oi-
atemih 432 reBeni problemi medproceane komuni
kacije pri paralelnem izvajanju procesov. 

Kaj je to proces? 
Procea je enota programske opreme, ki je lahko 
dodeljena procesorju za izvrSevanje. 

Kaj je to program? 
Program je enota programske opreme, ki izvrčuja 
neko nalogo. (Program• je največkrat zbirka 
procesov), 

Medproceana komunikacija zahteva vpeljavo nove
ga objekta - objekt komunikaoijskifi vrat. 
Komunikacijska vrata predatavljajo vmesnik med 
dvema asinhronima aočaanima procesoma, preko 
katerega proceaa izmenjuje t" avoročila. 
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kaj. je to aporoSilo? 
SpdroSilo je lahko katerikoli objekt. 

Sporoči la in operatorji 

•Sistem 432 vaebuje dva osnovna operatorja, ki 
lahko delujeta nad eporoSilit SEUD in HHCtilVE. 

Operator . SUMU ima dva operandai sporočilo in 
naslov komunikacijskih vrat. Pred iavrčitvijo 
operatorja (instrukoije) SliUD vsebuje prooes 
sporočilo ki naj bo odposlano. Po izvrSitvi se 
sporočilo nahaja v objektu komunikacijskih 
vrat. 

Operator RECtHVi! ima en operandt naslov komuni
kacijskih vrati Po izvrčitvi operatorja RECE-
IVE se sporočilo prenese v prooes. Se sporoči
la ni v trenutku, ko je proces pričel s ievrSe-
vanjem operatorja RECEIVE, prooes čaka v komu
nikacijskih vratih, prooesor pa preide na izvr
ševanje kakSnega drugega procesa. V sistemu 
422 obstajajo tudi izvedenke osnovnih operator
jev kot npr.! COUDiriUllAL SEUD, CONDITIOHAl RE
CEIVE ipd. Pri izvrSevanju operatorjev SEUD in 
RECEIVE seveda ne gre za dejansko kopiranje 
(prenaSanje) sporočil, pač pa se dinamično pre-
naSajo samo kazalci na sporočila! dinamično se 
spreminja mnoMioa kazalcev med objekti. 

TRA MSP A REitTilO MULTIPROCESIRAUJE 

objekt procesa 

I 71 
dodeljevalni parametri 

pogostost dodel.^evanja 

trajanje časovne rezine 

Število pretočenih časovnih 
rezin do naslednja spremembe 
dodeljevalnih paranetrov 

Slika S. 

Dodeljevanje 

Kot smo omenili so dodeljevalna vrata mesto, 
kjer se "srečujejo" prooeai in procesorji. Pro-
oesi čakajo v vrsti (glede na razvrččevalno 
pravilo) procesor pa "rjre" k razvručevalnim 
vratom, ko je pripravljen izvrSiti' nov proces, 
če 80 dodeljevalna vrata prazna, procesor čaka,' 
da se pojavi kak proces. 

Arhitektura sistema,432 je zasnovana tako, da 
podpira paralelno izvajanje programov na siste
mih z enim, dvema ali več procesorji. Izvaja
nje istih profframov na različnih sistemih z 
različnim Številom procesorjev ne zahteva spre
membe v programski opremi. Ta način imenujemo 
transparentno multiproceciranje. Sistem 432 je 
zasnovan tako, da naloga vodenja multiproceaor-
akih sistemov razpade v tri. dele: 

- kreiranje razvrSčevalnega pravila: določeva
nje kriterija v kakšnem vrstnem redu si bodo 
procesi delili procesorje. Obstajajo različni 
načini: EIFO, ROUMD-HOSIH, PRIORITy, DEADLIUE, 
JEiaUTED R0UMU-R08IH, ipd. 

-.; razvrščanje glede na razvrSčevalno pravilo: 
r.azvrSčanje čakajočih prooesov, ki so pripra-
V:ljeni za izvajanje glede na razvrSčevalno pra
vi lo'. 

- dodeljevanje; dodeljevanje razvrSčenih proce
sov procesorjem v izvrševanje, 

In kdo opravlja nalogo vodenja multiprooeaor-
skih sistemov? Morda nadzorni prooesor? Ne. 
Sposobnost vodenja Je dana vsem procesorjem v 
sistemu. Kateri od njih pa v nekem trenutku 
opravlja funkcijo vodenja, je odvisno od stanja 
sistema (razjasnitev te problematike oo sledila 
iz zgleda). 

Ki'eiranje razvrSčcvalnega pravila 

Funkcija kreiranja razvrščevalnega pravila je 
prepuščena programski opremi -programerju. Ze
lo pomembno je, pač glede na različne alikaoi-
je, da je možno definirati različne razvrSče-
valne kriterije. Rezultat kreacije raavrSče-
valnega pravila je posredovan materialni opremi 
za razvrščanje in dodeljevanje preko raavrSče-
valnih parametrov, slika S. 'prikazuje zgled 
raavrSčevalnih paranetrov. 
Ko je razvrSčevalno- pravilo določeno. Je proces 
pripravljen za razvrščanje, ki ga bo opravila 
materialna oprema. Pričetek operacijo razvrš
čanje Je apro:':en z operacijo SEJiJ v dodeljeval
na vrata. Dodeljevalna vrata so obJeKt, ki Je 
osnova za- realizacijo multiprooeaoraakih siste
mov. So prostor, mesto ali del spomina, kjer se 
"srečujejo" procesi in proaesorji. 

Zgled za transparentno multiprooeairanje 

tla zgledu si bomo ogledali dinamičen potek mul-
tiprooesiranja. Za nrimer bomo vzeli program z 
imanom REfORTER, ki Je sestavljen iz treh pro
cesov. Proces SAiO, ki niSe poročila o promet
ni 
kdta p 
gled. Na voljo nam bo naslednja struktura 

tih nezgodah in procesa DRAGU in MARKO, ki t-ip-
<.ata poročila in Jih dajeta procesu SASO V pre-

- trije prooeai: SAŠO, DRAGO, MARKO 
- dva procesorja: 1 in 2 
- ena dodeljevalna vrata 
- ena komunikacijska vrata 

Trenutek 1 (slika 10,2.) 

O 
BoAELiE\/Ai.(lA V B A T J I 

fO««"'g t' IKOIUNIKACIJSKA-THATUI \ ^ ^ ^ 
fCKTEFT 
££OC£SA, L te jflHAGol 

Slika 10.1. 

V trenutku 1 aa izvajata dva prooeaa. SASO pi-
Se poročilo na prooeaorju 1, MARKO tipka poro
čilo na procesorju 2. DRAGO Je brez dela, ker 
ni na voljo nobenega poročila za tipkanje. Za
to čaka v komunikacijskih x'ratih'na aporočiloi. 
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tlarko je o tipkanjem končal in pričel izvajati 
ine.trukoijo RKCclIVE, ki naj mu dodeli oporoHlo 
ia komunikaoiJakih VTat. 

Trenutek -2 (elika 10.2.) 

Stika 10,2. 

MAHKO-va inatrukoija RECfIVl: je bila aamo delni) 
izvrSena, ker v komunikaoijakih vratih ni apo-
roSila. Zato mora v Sakalno vrato za DRAGO-m v 
komunikacijokih vratih. V tem trenutku je se
veda prooeaor 2 konSal prooea MARKO (MARKO čaka 
in ee ne. iavrSuje), Prooeaor 2 ae napoti k do-
deljevalnim vratom po nov prooea. 

Trenutek 3 (elika 10.3.) 

|PBOyESA| / PROCESA I / / 

mika 10.3. 

Prooeaor 2 je pregledal dodeljevalna vrata iri 
ugotovil, da oo prauna. Zato vatopi vanje in 
čaka na nov prooea. i'rooea 1 ne vedno iavala 
prooea SAJO, " 

Slika 10,4. 

SASO je končal piaanje poročila 1 in ga a in
atrukoija SENU noči je v komunikaoijaka vrata, 
kjer čakata MARKO in DRAGO, da bi ga natipkala. 
Prooeaor 2 če vedno raka. 

Trenutek 5 (alika li}:.l>.) 

O 
fOBJEKT 
IPROCESA 

dfiimih v̂ Â î 

, g p g ^ < tatnvjitMtusr.A ^m]\ 

Slika 10,i. 

Inatrukoija SKUJ prooeoa SAilO je iavrčena aamo 
delno. Sporočilo 1 je dodeljeno proaeau DRAGO, 
ki je aedaj pripravljen aa iavajanje. Prooeaor 
1 ga aedaj dodeli dodeljavalnim vratom, kjer pa 
najde prooeaor 2, ki čaka. Prooeaor 1 "itkaSa" 
prooaaorju 3 naj prične z izvajanjem proaoaa 
pRAGO, aam pa ao vrne na izvajanje prooeaa SA-
JO. 

Trenutek 6 (alika 10,i>.) 

Trenutek 4 (alika 10,4,) 
Sedaj delujeta oba proaeaorja in izvajata pro
oeaa SAŠO in uHAGO, Proaaa MARKO Se vedno čaka 
na sporočilo (poročilo aa tipkanje), 
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Slika 20,ti. Itika 10.3, 

Trenutak 7 (alika 10,?.) Urenutek 9 (alika 10.'J. ) 

HtWtiIU£lSKA VUX> WM \ Ê v̂ t̂-̂ fe..,!! 

i;ii<a 10,7. •lika 10.J. 

Smo v trenutku, ko proono 2A:'C izvaja ino truk-
aijo SEiiU (ajiorodilo S), Y komunikaoijakih 
vratin odkrije prooea IIAIIKO, ki čaka na katero-
koli aporoSi lo. Prooeoor 1 tnu aporočSilo dodeli 
in preneae prooea :iARKO o oporoHilom vred v do-
deljevalna vrata. HAIiKO je sedaj pripravljen 
aa izvajanje. Vae opisane akoije prooeaorja 1 
ao rezultat izvajanje inatrukoije St:JU. 

Trenutek s (alika 10.8.) 

Prooea MAJiKO 3aka v dodeljevalnin vratih. Pro-
oeaor 1 iavrSuje prooea SAilO, prooeaor S iavr-
Suje prooea URAGO, Hed trenutkoma ii in 8 je 
bistvena razlika. V trenutku d i-!AUKO 3e ni 
pripravljen aa izvajanje in aato i^aka V komuni
kaoijakih vratih. (Kadarkoli je prooea pripra
vljen aa izvajanje, Saka v dodeljevalnin vra
tih: kadar ni pripravljen, čaka v koiaunikaoij-
akih vratih na aporodilo proouaa a katerim ja 
funkcionalno povezan). 

Prooea SA30 je v oetoti izkoria ti I iaaovno re
zino, ki mu je itila dodeljena (<jlaj pojem raz-
vrSSevalni parametri). Prononor ugotovi, da mu 
je 3aa potekel, konSa teKoč.o iuatrukoijo in 
preneae prooea SAiO v dodeljevalna x'rata, kar 
pa ima llAtiKO vi5jo prioriteto. Je ilA.'iO na vrati 
aa njim. 

2'renutek IC (alika 10.10.) 

Prooea DRAOO ee iavriuje tia proonaorju 3, pro
ouaa 2AŠ0 in llAR:iO iiakata na iavrSevauje. Pro-
auaor 1 je proat, zato vaar-^e is dode IJevalnih 
vrat prooea HASKO in ga ps^idne izvajati. 
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O 
i'na od informacij v objektu prooeaorja Je 
kazaleo na ustrezna dodeljevalna vrata. 

tudi 

\AWcluJiu\ iPonatLO^iTl 

ImocLioii (jI 

fedlUtltKACUSKA VBATAlI \ lFQPOČrVo l| 

Slika 10.10. 

Trenutek 11 (elika 10.11.) 

Slika 10.11, 

Izvajata ae prooeaa DRAGO in MAHKO. SASO je 
pripravljen, vendar mora aakati. (če bi bil na' 
voljo Se en- prooeoor, bi ae tudi SA30 pričel 
izvrSevati), 

Iz prikazanega ugleda lahKo izluSSimo pomemben 
razlog kdaj in zakaj prooeaor preide iz izvrše
vanja enega prooeaa na drug prooea: 

- kadar s e Saaovna rezina izteSe -• prooe-
B-or, ki izvaja proaae, izvrSi inatrukoijo SECE-
IVE nad praznimi komunikaoijakimi vrati 

Ob konou navadimo Se odgovore na nekatera os
novna vpraSanja, ki bo ae morda porodila pozor
nemu bralou. 

Kako prooeaor ve, iz katerih dodeljevalnih vrat 
bo odvzemal prooeae v obdelavo? 

Kako prooeaor ve, v katera dodeljevalna vrata 
mora vataviti prooea, ki je pripravljen za raz-
vrSSanje in čaka i) komunikaoijakih vratih? 

Ena od informacij v objektu prooeaa je tudi ka
zalec na UB trezna dodeljevalna vrata. 

Koliko dodeljevalnih vrat lanko vaebuje nek ai-
Btem? 

V principu jih. je lahko več. Vendar ao eamo 
ena centralna dodeljevalna vrata, v katera 
vatopajo vai proceei, ki ao pripravljeni za iz
vajanje in v katera poaegajo proaeaorji, ki iS-
čejo novo opravilo. Pravimo v principu, dejan-
ako o tanje pa Je naslednje: za vaak tip prooe
aorja obstajajo aamo ena dodeljevalna vrata. 
Arhitektura 432 je namreč takSna, da dopuSča 
tudi sočasno delovanje več različnih prooeaor-
jev. Različni procesorji imajo različne nabore 
inatrukoij in zato različne tipe procesov. Nad
vse vaHno je, da izvr3ujemo nek tip proceaa na 
pripadajočem procesorju. Zato morajo oba tajati 
najmanj ena dodeljevalna vrata za vaak tip pro
cesorja. 

V eni od naslednjih Številk bodo objavljen opis 
moSnoati aiatema 432 dopolnili Se z opiaom na
čina gradnje komplekanih programskih paketov 
ter prikazali način priključevanja I/O enot. 

Ob konou navedimo Se nekaj zanimivosti o aiste
mu 432, Kot amo 3e poudarili je le-ta tak, da 
v popolnosti podpira multiproceairanje v real
nem čaau. nekateri osnovni algoritmi so povze
tek Jeder operacijskih sistemov HMX 80, RtiX 88 
in 3e. posebaj HMX 86. Za prelitje programske 
opreme v materialno je bilo potrebno reSiti 
vrsto tehnoloških problemov. Eden od njih ja 
uvedba Štiri vrednostno logike. Celoten razvoj 
druSine 432 (tri integrirana vezja) je zante-
val za naSe razmere nepredstavljivo velike na
pore. Hamo za I/O prooeaor (iAPX 4320 3), ki ga 
sestavlja 100.00 tranaiatorjev, je bilo potreb
no napisati 30 H byt-ov programov za simulacijo 
in diagnoBtiko, računalniški čaa za izvajanje. 
teh programov pa je anaSal 1,3 leta. In kot 
zadnja zanimivoat: ko ao izdelali in pretesti
rali prvi primer I/O prooeaorja, je ta deloval 
brez napake. 

3, ZAKLJUČEK 

V članku amo prikazali samo nekatere detalje in 
ugodnosti, ki nam Jih nudi nova arhitektura, 
m potrebno biti jasnovidec, da ugotoviS, da se 
bo snovanje novih (mikro) računalniških siste
mov popolnoma podredilo novi arnitekturi, Ča 
pogledamo samo, avat aplikacij mikro računalni
kov, lahko vidimo, da bo moSno graditi aplika
cije in sisteme, ki ao bili do danes izključno 
domena velikih firm, ali va ao bili nroaesi, ki 
<bi Jih lahko avtomatizirali za poljubnega na
ročnika, predragi, Operacijski sistemi aa delo 
v realnem času ao preliti v materialno opremo. 
To bo bistveno zniSalo ceno sistemov "po naro
čilu", obenem pa bo pripomoglo k veliko večji 
zanealjivoati delovanja materialne. Se poaebaj 
pa .programske o p r e m e .Va tisoče firm po vaem 
BVetu bo gradilo katerekoli računalniške apli
kacije za ceno, ki bo povsem aprejemljiva. 

Ali lahko sledimo temu razvoju? 

To ni^ odviano samo od pripravljenosti vodilnih 
firm v. svetu, pač pa predvsem od nas aomih. 
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P I L O T / F - P R E P R O C E S O R ZA 
R A Č U N A L N I Š K O P O D P R T O 
P R O G R A M I R A N O U Č E N J E 

VITOMIR dr. SMOLEJ 

UDK: 681.39:371 VISOKA ŠOLA ZA ORGANIZACIJO DELA, KRANJ 
UNIVERZA V MARIBORU 

Članek opisuje dialekt Jezika za pronramiranje učnih sekvenc za računalniško podprto prof|ramirano uEcnJc. 
Na enostavnem primeru je potem prikazano delovanje prenrocesorja. Članek zakljuKuJe ocena opravljenega 
dela In napotki za nadaljnje delo. 

PILOT/F - A PREPROCESSOR FOR A CAI LANGUAP.E - A dialect of PILOT is described and its Implementation 
shown. Practical hints for future enhancements and posslble additional elements is niven at the end. 

UVOD 

Uvajanje računalnika v proces izobraževanja predstavlja 
eno od možnosti, ki s prodorom tehnologije postaja vse 
realnejSa. Osnovni predpoqoj - to je računalnik z ustrezno 
opremo - je tudi v naSIh razmerah precej blli?e uresnl-
Kitvl, kot je bilo to pred nekaj leti. Kljub temu pa ne
kateri elementi celotnena sklopa manjkajo. Predvsem je 
- in bo 5e vnaprej -. problem ustrezen kader, ki naj bi 
utho snov oblikoval na naČin, ki ustreza novemu mediju. 
Razkorak med peda^oSko usposobljenostjo in pa tehnološkim 
znanjem, ki Je potrebno za delo z računalnikom, skuSa 
predloženi preprocesor prebroditi; z njegovo pomočjo 
namreč lahko pedagoSko usposobljen poznavalec učne snovi 
Izdela utne enote in sekvence, ne da bi moral posebej 
poznati vse trike in podrobnosti računalnika. 

PILOT/F 

PILOT (akronira za Proqrammed lnqulry, Learninn and 
Teaching) predstavlja enega od jezikov, ki so namenjeni 
računalniško podprtemu pouku. Izbrani dialekt Jezika, ki 
sem ga imenoval PILOT/F (zaradi uporabe fortrana), opi
sujejo naslednji sintaksni grafi: 

PROGRAH; 

VRSTA: 

.̂ -.. vrsta 

-(znamka)--| -H--* stavek -->• 

STAVEK: 

-- - * • T : 

-? A: 
-? E: 
-•? M: 

-i» X: 
--> R: 
- * C: 
- > J : 

'J -(spremeniJivka)-?l' 

I 
-(logični izraz) 

„\2 
-(fortranski stavek) 

(znamka)-

Terminalni simboli, ki so v oklepajih, predstavljajo si
cer za PlLOT/F nize znakov, ki qa ne zanimajo, vendar mo
rajo odgovarjati pravilom fortrana, ker nam PILOT/F, kot 
vsak preprocesor, izvorni program ne prevaja neposredno 
v strojno kodo, paČ pa v iiljni Jezik, ki Je v tem 

primeru fortran. Celotno zaporedje od izvornega programa 
v PILOT/F do programa, ki ga izvajamo. Je u k o podano 
z naslednjo sekvenco operacij: 

i zvorni program v jjjrevedeni v.i zvodl j i v 
program ^ fortranu •?• pronram -i- program 

preprocesor prevajalnik povezovalnik 
(PILOT/F) (FItP) (TKB) 

Čeprav, kot rečeno, preprocesor pravilnosti simbolov v 
oklepaju ne preverja, morajo odgovarjati pravilom fortra
na, v kolikor noSeino imeti težav s prevajalnikom, ki pre-
procesorju sledi. 
Pri povezovanju moramo dodati prevedenemu izvornemu pro
gramu (poleg drugega) tudi kodo subrutine HATCH, ki skrbi 
za primerjanje nizov (gl. dalje), 

Ostali simboli v sinlaksnih grafih imajo naslednji pomen: 

pomen «i mboI 

Y Izvedi ukaz, č̂ e FLAG = .true. (FLAG je rezervirana 
logična spremenljivka). Primer: 

Y T: v redu, lahko nadaljujem? 

izvedi ukaz, če FLAG = .false. Primer: 

N T: flag ni .true. 

Čitaj stavek s terminala in priredi vsebino nizu 
ANS (rezerviran niz - ANS kot ANSwur) 

Primerjaj ANS z nizom, ki sledi, in ustrezno pri
redi FLAG. Primer: 
H: v redu\ M REDu\wREDu\ O A \ J A \ § 
V kolikor je ANS enak (znak po znak, vključno |i) 
enemu od nizov za dvopii^Jem (prvi brez vodenih b 
ali katerikoli med dvema \ ) , Je FLAG .true., sicer 
oa .false. Za najpogostejše odgovore - kot recimo 
da - je na razimlago meta znak § (ki odgovarja 
tipki returnoz. CR/LF) 

priredi spremenljivki FLAG logično vrednost izraza, 
ki sledi. Primer: 

X: SPOL.EQ.-Z-
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Izpljfl ostanek vrstice In spremenljivke. Primer; 
T: v redu. S I H E Š I nremo dalje 

komentar. Primer: 

R: u i n. a e n o t 1.23/A 

skoil na znamko, ki Je navedena v s,tavku. Primeri 
N J! 999 

ttavek za dvopIŽJem preprocesor neipremenljen 
prenese v ciljni Jezik. Primeri 

Ci FLAG - F L A G . A N D . N A P A K . L T . 3 

PRIMER : , 

Spodnji programv PILOT/F naj služI za primer. Namen uine 
enote Je preverjanje poznavanja pojma glanol. 

R: 
R: 
ft: 
C: 
T: 
Ti 
C: 
X: 
R: 
J: 
A: 
M: 
T: 
J: 
R: 
R: 
M: 
T: 
J: 
R: 
R: 
M: 
T: 
J: 
«: 
R: 
R: 
T: 
J: 
R: 
R: 
M: 
T: 
J: 
R: 
R: 
T: 
T: 
J: 
R: 
R: 
T: 
T: 
E: 

t e s t n i p r o g r a m 
T - O 

PoiSil glagol v naslednjem stavku 
"Pek Peter peŽe preste oo pet nara'' 

T - T 1 
T.GT.It 

dovolili bomo do Itlrl poizkuse 

peče\ P E Č E \ pečl\PE£l 
pravil no I 

9-
ali Je bil odgovor samostalnik? 

pek PEK\preste\PRESTe\para\PARA 
ta beseda Je samostalnik 

1 
ali J e bil odgovor po? 
po PO 
ta beseda Je predlog 

1 
peter \PETER 
ie Je odnovorll s Petrom, Je verjetno 
neresen; naj bo tudi odgovor neresen: 
Petri ti znajo to zameriti 
1 
samo te oet ostane 

pet\PET 
pet Je število (S) 
1 

verjetno Je bila tipkarska napaka 
napainol poizkusiva znova 
( pazi, ko tIpkaS I) 

1 

k o n e c e n o t e 
glagol .Je b i l "peSe" 
hvala lepa 

Čeprav Je program okoren, lahko setsvaljalec uSne enote 
svoje misli zelo hitro Izrazi. Primer: v kolikor užencu 
nI uspelo pravilno prepisati nI ti ene od besed v stavku. 
Je verjetno zaEetnlk. Zato bi še spodobilo, da delamo z 
pjlm v rokavicah, bolj, kot pa smo sprva hoteli. Pred
vsem Je pametno, da mu vpraSanJe znova postavimo, da mu 
pe bo treba Iskati po ekranu. Zato vrstico, kjer prvlt 
IzplSemo tekst, takole spremenimo: 

Za tekstom " (pazi, ko tlpkaS 1) " dodamo se dve vrsti, 
tako da se na tem mestu kon£na verzija programa v PILOT/ 
F glasi: 

Ti napa£nol poizkusiva znova 
T: ( pazi, ko t\pkai 1) 
T; da ponoviva vprašanje 
J:99 

Tako pripravljen program v PlLOT/F z naslednjim zapored
jem ukazov (na sistemu POP ^\/'ik z prevajalnikom F^P In 
RSX operacijskim sistemom) sprav.lmo v obliko, ki Je '• • I 
zrela za Izvajanje: 

>run pilot 
pl'|;> glag-glag 
plt>-Z 
>f'(p glag-glag 
>tl<l> glag-glag.match 

Sedaj si lahko privoščimo naslednji preizkus naSega 
poznavanje pojma glagol. (s črkami elite Je vpisan tek^c^ 
ki ga Izpisuje raiunalnik): 

>run glag' 
PoiS4i Klapol v naslednjem stavku 
"Pek Peter peže preste po pet para" 
PEK 
ta beseda je samostalnik 
peti 
napažnol poizkusiva znova 
( pazi, ko tipkaš! ) 
da ponoviva vprašanje 
Poišči glagol v naslednjem stavku 
"Pek Peter pe6e preste po pet para" 
peči 
pravilno 1 
glagol je bil "peoe" 
hvala lepa 

ZAKLJUČEK 

Za konec dve kritični misli: 
PripraviJalec snov 
pri rokah imel kon 
Razlog, da tega nI 
log Je fortran kot 
bi zlahka razllrll 
bi prenrocesor bi 1 
vsega skupaj okolI 
predstavlja subrut 
Drug razlog se skr 
enim samim vhodom 
ktur, s katerimi s 
oosnemati. 

1 bi mcfebiti Imel lažje delo, ko bi 
strukte kot so ČASE, REPEAT in podobno. 
, Je najprej PILOT/F sam; dodaten raz-
ciljni jezik; ko bi uporabili PASCAL, 
i zalogo ukazov (vprašanje Je le, ce 
tako kratek, kot Je sedaj - obsega 
300 vrstic fortranske kode, od tega 
I na MATCH eno tretjino). 
Iva v naravi samega uienja;grafl z 
In izhodom predstavljajo le del stru-
kuiamo slediti procesu učenja in ga 

Druga kritična misel se tlce koncepta preprocesorja: 
v primeru sistema za več uporabnikov bi bil verjetno 
tolmač bolj primeren, kar se Izrabe sistema tiče. 

ZAHVALA 
Omenjeno delo je bilo opravljeno v Času, ko Je bil 
avtor gost Max-Planck Instituta, Institut fOr Werkstof-
fwls5enschaften, Stuttgart, Zvezna republika Nemčija, 

?9 T: PolSEl glagol v naslednjem stavku: 

(vpeljemo novo labelo 99) 

http://FLAG.AND.NAPAK.lt
file:///PETER
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S I M U L A T O R M I K R O R A Č U N A L N I K A 8051 

TOMAŽ ERJAVEC 

UDK: 519.685.8:681.3 MAJARONOVA 5, 61000 LJUBLJANA 

Sestavek opisuje programski simulator za družino zaključenih mikro
računalnikov MCa-51. Najprej sta predstavljeni arhitektura družine 
MG3-51 in organizacija pomnilnikov. Nato ae bralec seznani s skupi
no programov,ki sestavljajo simulator in z opisom enega inatrukcij-
skega cikla, 

SIMULATOH OF TUE 8051 MICHOCOMPUTEH. 'i'he article describes a'softviare 
simulator for the MCS-51 family of single chip mlcrocomputers, First 
the architecture of the MCS-51 and the organisation ol' the meraoriea 
is presented. The readsr is then ini'ormed with the set of prograuis that 
form the simulator and with the description of one instruction cyole. 

1. UVOD 

Uaključeni mikroračunalniki so zaradi svo-
•Jih lastnosti primerni za procesno vodenje. 
V enem samem ohišju ( navadno s 40 priklju
čki ) združujejo mikroračunalniško struktu
ro,ki Je samozadostna za delovanje, ;:> pri
hajajočimi zaključenimi mikroračunalniki 
postaja ta struktura vse bogatejša, 

Primerna metoda uvajanja v tehnologijo za
ključenih mikroračunalnikov Je simulacija, 
saj laliko na simulacijskeo računalniku pro
gramsko ponazorimo njihovo delovanje in o-
pazujemo obnašanje. Pri taki simulaciji Je 
seveda težko doseči izvajanje funkcij v re
alnem času, pač pa je mogoče a primernim 
vpogledom v notranjost simulatorja nazorno 
zasledovati dogajanja ob izvajanju instruk-
cij. 

Intel.HCiJ-51 je med najsodobnejšimi druži
nami ; zaključenih mikroračunalnikov. Opisa
ni simulacijaki programski paket izvaja ve
čino iunkcij družine MOi3-31, modularna 

zgradba pa omogoča enostavno dograditev o-
stalih oziroma izklapljanje že vgrajenih • 
funkcij in a tem prirejanje obseaia in lii-
trosti simulacije uporahniku. 

V nadaljnem besedilu se spoznamo z arhitek
turo družine MG3-51, modulBX'no zgrudDo pro
gramskega paketa in opisom poteKa simulacije. 

i!. OPIB DHUŽINK MOa-51 

Družina Mod-ijl obsega tri zaključene mikro
računalnike, ki se med seboj razlikujejo le . 
po obsegu in vrsti programskega pomnilnika. 
B031 je najpreprostejši in nima vgrajenega 
programskega pomnilnika. bO^l vsebuje 4k HOM, 
67^1 pa 4k EPHOM pomnilnik. Pri vseh treh je 
naaluvljlvi prostor programskega pomnilnika 
omejen a b4ic lokacijami. V vseh ostalih la
stnostih ae člani družine MUo-^l ne razliku
jejo, zato ae od tu dalje nanje obračamo kar 
z imenom BO51, 
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2,i. Arhitektvira 8O51 

aelo viBOka stopnja integracije s 60.000 
transistorji na isti silicijevi ploščici 
je omogočila naslednjo arhitekturo: 
- centralna procesna enota 
- 4k X O programski pomnilnik 
- laS X 8 podatkovni pomnilnik 
- y^ vhodno/izhodnih linij 
- dva 16-Ditna časovnika/atevca dogodkov 
- 5-izvorna vgnezdena prekinitvena struktu
ra z dvema prednostnima nivojema 

- serijska vhodno/izhodna linija 
- taktirna ura . 
Blokovna sheina je podana na sliki 1. 

Centralna procesna enota lahko obdeluje po
datke iz obeh 64k obsegov programskega in 
podatkovnega pomnilnika, pri čemer se del 
obsegov- nanaša na vgrajena dela pomnilnikov. 
Družina je opredeljena kot 8-bitna, izvaja 
pa nekatere funkcije tudi na 16 bitih, % bi
tih, odlikuje jo še poseben bit-procesor za 
obdelavo Boolov.ih spremenljivk. Aritmetični 
del procesorja izvaja vrsto aritmetičnih in 
logičnih operc^cij, posebnost pa sta celošte-
vilsko množenje in deljenje, ki sicer pri za
ključenih mikroračunalnikih nista bila doslej 
pogosti operaciji. 

2.2, Organizacija pomnilnikov 

Programski Stevnik ( 16-bitni ) dopušča kli
ce in vejitve po vsem 64k prostoru program
skega pomnilnika, nikakor pa ne more pokaza
ti na lokacije podatkovnega pomnilnika, kamor 
se ne da prenesti izvajanja programa. Ko vre
dnost v programskem števniku preseže W)?.', se 
naslednja instrukcijska koda praneso preko 
vhodno/izhodnih vrat iz zunanjega pomnilnika 
avtomatsko. Določene lokacije programskega 
pomnilnika so rezervirane za inicializacijo 
in prekinitvene programe. 

tt«('riiiiii>n(i>ir!ucnint 

Tm ANKA 3 m 
^ 

Slika 2,: Vgrajeni podatkovni pomnilnik 
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Slika 1.: Arhitektura 8O5I 

Vgrajeni podatkovni pomnilnik obsega 128 lo
kacij. Prvih 32 je zaobseženih v t- bankah po
datkov s po 8 registri. Izbira banke se izva
ja s postavljanjem zaznamkov v statusni bese
di, izbira registra pa je zajeta že v kodi 
instrukcije. Na lokacijah od 32 do '^7 se na
haja i;:;8 bitov, ki jih je moč naslavljati ne
posredno in služijo kot pomnilni prostor za 
bit-procesor. Po B bitov skupaj je sevodo UIO'"T 
naslavljati tudi besedno kot katerokoli di-u-
go besedo v pomnilniku. Od lokacije '4-7 naprej 
so nenamenske lokacije za hranjenje poljubnih 
podatkov. 
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-Ŝ  StL. 

VPL 
-žE-
:M. 

»ho 
azil 
20« 
i*v 
17« 
46« 
tut 
1S3 
4SZ 

"1 
«&8 
lil *3« 
ti* 
4iO 

aiika 3.: Razporeditev posebnih registrov 
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Poleg tega Je mogoče podatke hraniti tudi v 
posebnih registrih, ki obsegajo 20 lokacij. 
Tu so akumulator in pomožni akumulator,ki 
sodeluje pri mnoSenju in deljenju, sicer pa 
je navaden register, statusna beseda vsebuje 
štiri aritmetične zaznamke, zaznamka za iz
biro banke podatkov in prosti uporabnikov za
znamek. V skupino kazalcev sodijo kazalec 
sklada In 16-bltnl podatkovni kazalec. Poleg 
Štirih 8-bitnlh vrat in in dveh 16-bltnih 
števcev so tu Se registri, ki omogočajo pro
gramiranje in nadzor delovanja Števcev, se
rijske komunikacije in prekinitvene struktu
re. • . 

V dinamični del, katerega spremenljivke se 
spreminjajb v skladu z izvajanimi instrukci-
jami, pa sodijo: 
- simulacija podatkovnega pomnilnika 
- prepoznavanje operacijskih kod 
- klicanje instrukoijskih subrutin 
- izvajanje funkcij posameznih Instrukoij 
- postavljanje zaznamkov 
- vlaganje naslova naslednje operacijske ko
de v programski Stevnlk 

- izpisovanje vsebine registrov . 

Blokovna shema programskega paketa MCa-51 je 
prikazana na sliki 4. 

funkcijski opis plokov 

3. ZASNOVA PROGRAMSKEGA PAKEa?A MCS-51 

Programski paket MCS-51 omogoča izvajanje, 
preizkušanje in nadziranje dogajanja ob iz
vajanju programov, ki so pisani v strojni 
kodi 8051, na simulacijskem računalniku.Na
pisan je v zbirnem jeziku 8080. 

Naloge, ki jih opravlja, lahko značajno raz-
delimo v dve skupini. V statični dial sodijo: 
- simulacija programskega pomnilnika 
- tabeliranje operacijskih kod in naslovov 
njihovih subrutin 

- tabeliranje kod in naslovov izpisnih sub
rutin. 

Simulirani progi^amski (HOW) in podatkovni 
(.HAMJ pomnilnik ata organizirana prav tako, 
kot je bilo opisano v poglavju 2,i.'. Fred 
izvajanjem simulacije v za prograiaski pom
nilnik rezervirano področje pomnilnika aimu-
lacijskega računalnika vpišemo program v 
strojni kodi 8051. 

PC5I je simulirani programski števnik in v 
njem se nahaja naslov v programskem pomnil
niku, na katerem je koda instrukcije, ki se 
bo naslednja izvedla. 

'j;ABl,TABi!,'i'AJi5 so taoele, v katerih se natia-
jajo podatki v ooliki: 

koda sti-an lokacija . 
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Slika 4,: Shema programskega paketa MOS-5I 
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Slika 5: Od vgrajenega RAM pomnilnika pro
gram IZPIS doseže le posebne registre. 

Operacijski kodi instrukoija sledita stran 
in lokacija, na kateri se začenja subrutina, 
ki izvede operacijo instrukcije.Operacijske 
kode 8051 Je moč po njihovih karakteristič
nih lastnostih razdeliti v štiri skupine: 
- aaakOOOl 
- kkkklrrr 
- kkkkklli 
- kkkkkkkk 
kjer pomeni "a" naslov, "r" register v do
ločeni banki podatkov, "i" register v banki 
podatkov pri indirektnem naslavljanju in "k" 
samo operacijsko kodo. Kodi prvega tipa sta 
samo dve in Ju prepoznava glavni program ne
posredno, ostale pa so razdeljene v tri ta
bele zaradi krajšega iskanja in razpoznavan
ja. 

FILTAB pred začetkom izvajanja simulacije 
vpiše v pomnilnik simulacijskega računalnika 
tabele TAB1,TAB2 in TAB3. 

FILL5 pred'začetkom simulacije zapiše v pom
nilnik simulacijskega računalnika tabelo 
(I)AB3, ki služi prepoznavanju imen posebnih 
registrov, katerih vsebine želimo izpisati 
v podprogramu IZPIS. Tabelo vpisuje v obli
ki: 
znak znak znak znak stran lokacija. 
Če ima ime registra manj kot ^ znake, Je na
mesto njih vpisana O. Stran in lokacija se 
nanašata na naslov subrutine, ki izpiše vse
bino željenega registra. 

NIČLE pred začetkom izvajanja simulacije za
piše v pomnilnik simulacijskega računalnika . 
ničle na področje tabele a?AB5. 

FILNIČ,pred začetkom izvajanja simulacijo 
na področje simuliranega podatkovnega pom
nilnika zapiše ničle. 

Dinamični del pa tvorijo: 

MC3-51 Je glavni program in nadzira delova
nje vseh ostalih. Pri zagonu nastavi pro
gramski Stevnik PC51 na začetek programske

ga pomnilnika ter vpraša po načinu izpisova
nja vrednosti registrov med izvajanjem. Ha-
to se izvajanje ponavlja v zanki instrukcij-
skoga cikla, dokler ni razpoznana koda 560 
( dodatno vstavljena koda za prenehanje simu
liranja ). Podrobnejši opis delovanja Je v 
poglavju 4. 

NASLOV : Ko MC3-51 razpozna operacijsko kodo 
v eni od tabel, vloži naslov instrukcijake 
subrutine v NASLOV, ki Jo pokliče takoj za 
tem, ko Jo naslov vrnitve v glavni program 
zložil na sklad. 

IZPIS si zapomni način izpisovanja, ki Je 
bil vstavljen ob zagonu glavnega programa. 
Pozna tri načine delovanja. 
Način O : Želimo izpisovanje poljubnih po
sebnih registrov. Najprej so izpiše vrednost 
programskega števnika PC51 in koda izvede
ne instrukcije. Nato IZPIS čaka, da vtipkamo 
ime registra. Prebrani podatek primerja z 
vrednostmi v tabeli TABS in po uspešni pri
merjavi pokliče izpis vsebine željenega regi
stra, sicer Javi napako operaterja. Po opra
vljenem izpisu vsebine registra čaka na novo 
ime registra. Izpisovalno sekvenco prekinemo 
z 'return' 
Način 1 : Želimo izpisovanje vsebin osmih 
pomembnejših registrov ( A, B, PaW, SP, UPH, 
DPL, PO, Pl ) po vsaki izvedeni instrukciji. 
Hkrati so izpisuje tudi stanje programskega 
števnika in koda izvedene instrukcije. Na 
vsakih 20 vrstic številčnih izpisov C na vsa-
Kih 20 instrukcij ; se ponovi vrstica z ime
ni registrov, ki Jim pripada številčni stol
pec pod njimi. 
Način 2 : Ne želimo izpisa na terminal. To 
pospeši simulacijo, a prepreči vpogled v do
gajanje v mikroračunalniku. 

IZPISNJS SUBKUTINK imajo nalogo izpisati vse
bino registra, ki ga prepozna IZPIS. 

INSTKUKClOSliu; SUBriUTINJi : obsegajo 10y sub-
rutin, ki opravljajo funkcije 10y operacij
skih kod. Instrukcije so delijo v štiri 
funkcijske skupine : aritmetične, logične, 
za prenos podatkov in za prenos nadzora. Do
dana Jim Je še funkcija KONKC. 

KONfiO v pravem 80^1 ne obstaja, tu pa Jo u-
porabljen za zaključitev simulacije. Ko glav
ni program pokliče KONEO, ta zahteva način 
končnega izpisa vsebin registrov in po nJem 
zapiše, da .Je izvajanje simulacije končano. 
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XOKEO se odziva na kodo 360 C oktalnp /. 

Instrukcijske subrutine pri svojem delovanju 
lahko pokličejo 10 podprogramov, ki jih po«?, 
trebujejo za določitev izvornih in ponornih 
operandov, ki sodelujejo v instrukciji, za 
računanje zaznamkov v stacusni besedi in.za 
ustrezno inkrementiranje programskega štev-: 
nika PC51. ' 

BANK kličejo instrukcijske subrutine, katerih 
operandi so registri v eni izmed štirih bank 
podatkov. BANK prebere vsebino tretjega in 
četrtega bita v statusni besedi, ki določu
jeta, v kateri od bank podatkov se nahaja o-
perand. Nato nastavi kazalec na eno od šti
rih bank podatkov. 

KEG dopolnjuje BANK, saj iz vrednosti pros
tih bitov v kodi inetrukcije razbere, kateri 
register v pokazani banki podatkov je ope-
rand instrukcije. 

OVl kličejo inB.trukcijske subrutine za seš
tevanje. Njegova funkcija je ugotoviti, če 
je pri seštevanju dveh operandov prišlo do 
prenosa iz šestega in sedmega bita rezulta
ta. Nato postavi tretji bit statusne besede 
( zaznamek 'preliv') na 1, če je vsota po 
modulu 2 prenosov iz šestega in sedmega bita 
rezultata enaka 1, sicer postane 'preliv 
enak O. 

0V2 opravlja podobno funkcijo kot OVl, le da 
ga kličejo instrukcijske subrutine za odšte
vanje s sposojanjem.: 

a kličejo vse aritmetične instrukcijske sub
rutine. Njegova funkcija je ugotoviti, če je 
pri izvršeni aritmetični operaciji prišlo do 
prenosa iz tretjega in sedmega bita. V skla
du z ugotovljenim postavi zaznamek 'pomožni 
prenos'oziroma 'prenos'na 6. oziroma 7» mea- : 
tu statusne besede na 1, če je prišlo do pre
nosa, sicer na O. 

BIT služi za določanje naslovov operandov 
pri delovanju instrukcij bit-procesorja.Ha -
slaviJanje operandov bit-procesorja je di
rektno, torej je naslovljen bit neposredno 
brez imenovanja besede, v kateri se nahaja. 
Z uporabo rotacij, prištevanja konstant in 
maskiranja besed omogoča BIO? simulacijo tak
šnega naslavljanja bitnih operandov. 

TONI opravlja inverzno funkcijo Bia?-a, Bit

no spremenljivko, ki smo jo dobili kot rezul
tat bitnih operacij, vrne ha ponorno mesto v 
podatkovnem pomnilniku. Bit zarotira na pravo 
mesto v besedi, nato masklra besedo v pomnil
niku in zbriše bitno lokacijo, na katero pri
de ponorni operand. Besedo z zarotiranlm bi
tom nato prišteje besedi v pomnilniku. ( V 
priStevani besedi so vsi biti razen ponor-
nega enaki O ). 

BITI, BVTa, Mraj služijo nastavljanju pro
gramskega števnika PC^l na naslov naslednje 
operacijske kode. Kličejo jih instrukcijske 
subrutine v skladu s številom besed, ki jih 
obsegajo njihove operacijske kode ( ena, dve ' 
ali tri ). 

PABITV izračunava pariteto podatka v akumula
torju. Kliče ga glavni program MCS-51 po vsa
ki opravljeni instrukciji in pred izpisom re
zultatov le-to. Njegova funkcija je sešteva
nje po modulu 2 vseh bitov v akumulatorju.Če 
Je vsota 1, postane zaznamek 'pariteta'v sta
tusni besedi enak 1, sicer 0. 

4. OPIS INSTRUKCIJSKEGA.CIKLA 

PC51 kaže na lokacijo v programskem pomnilni
ku, na kateri se nahaja koda instrukcije. 
MCS-51 prebere kodo, ugotovi njeno karakte
ristično lastnost, ter izbere eno od treh ta
bel, iz katere bo črpal podatke za primerja
vo. Ko je koda prepoznana, se naslov njene 
instrukcijske subrutine vloži v NASLOV, ki 
pokliče subrutino. Ta v skladu s številom be
sed svoje operacijske kode pokliče BYT1, BlfT2 
a H ByT3,ki inkrementira programski števnik 
PC51, da kaže na lokacijo naslednje operacij
ske kode. Če operandi izvajane operacijske 
kode niso takojšnji ali direktno naslovljeni, 
instrukoijska subrutina pokliče BANK in KKG 
in z njuno pomočjo določa registre iz bank 
podatkov ali pa indirektno naslovljene ope-
rande. Ce je instrukcija aritmetična, lahko 
pokliče OVl, 0V2 in cr ter z njihovo pomo
čjo Izračuna zaznamke 'preliv'in 'prenos'. 
Ce aodi instrukcija v bit-procesor, izra
čuna naslov operandov s kliuom podprograma 
BIT, ko pa izračuna rezultat, ga vrne kot 
ponorni operand s klicem ViiNI na njegovo me
sto v podatkovnem pomnilniku. Ob zaključku 
instrukcijske subrutine se izvajanje vrne 
v MUS-^l. Ob tem času so spremembe, ki jih 
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je povzročila'instrukcija že vpisane v po
datkovnem pomnilniku. Glavni program jpokliče 
PARia?Y, ki izračuna pariteto podatka, ki se 
nahaja v akumulatorju in vnese ustrezni za
znamek v statusno besedo. Zadnji klic v gla
vnem programu je klic izpisnega podprograma 
lî PIS, ki v skladu s predhodno vloženim po
datkom o načinu izpisovanja vsebin registrov 
izpiše željene vrednosti. S tem je cikel ene 
instrukoije končan, v PC51 pa že čaka naslov 
naslednje operacijske kode. 

Čeprav vse funkcije tiO^l še niso vgrajene v 
simulator, je oilo dograjevanje predvideno 
in ga modularna zgradba omogoča. a'o velja 
predvsem v primeru dograjevanja v emulator, 
ki ga sestavlja simulacijski programski paker 
in digitalne vhodno/izhodne enote, priključe
ne na simulacijski računalnik, ha tak način 
je mogoče prikazati celotno delovanje zaklju
čenega mikroračunalnika vključno s priključ
nimi sponkami, seveda ne v realnem času. 

5. SKLEP 

Simulacijski programski paket je zanimiv kot 
učni pripomoček. Z njim lahko podrobno sle
dimo dogajanju v mikroračunalniku. V kombi
naciji s prevajalnikom za zbirni jezik 8O3I 
lahko predstavlja učinkovit učni pripomoček 
za učenje uporabe zbirnega jezika, ker. lahko 
zasledujemo neposredni učinek izvajanja ins-
trukcij. 

Pri simulaciji posebnih nalog,kjer ne uporab
ljamo celotnega naoora ukazov, lahko poljuben 
obseg instrukcij povsem izklopimo, s tem 
skrajšamo čas dekodiranja in pospešimo delo
vanje simulatorja. 
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S T R U K T U R I R A N I Z B I R N I K 
M I K R O P R O C E S O R 68000 

ZA 

UDK: 681.3.068 
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Članek opisuje zbirnik za mikroprocesor 68000 (M68000) in p r edp roceso r , ki omogoča s t ruktur i rano pisanje zhii 
niških p rog ramov . Zbirnik j e bil napisan kot pripomoček za ra;-.voj računalnika na osnovi M 68000 v ISKHI l(i/.l.i 
Kacunalniki Kran j . ' 

S l ructured a s semble r for mic rop roces so r 68000: Tliis desc r ibes assemhlur {or microproiju-s-iar 68000 <uicl 
p rep roces so r for s t ruc tu red syiitax. ftoth of tliem v e r e developed in ISKHA TO/D Kacunalniki Kran j . 

A . ('KUČNI MAKKO ZUIRNIK ZA M68000 

1 . UVOD 

Ko so s e pojavili icmogljlvi 16-bitni mikroprocesor j i , 
se j e ISKHA odločila za raavoj računalnika na osnovi 
M68000. Kot osnova za razvoj novega s i s t ema j e bil 
napisan kr ižni zb i rn ik , kasneje pa j e bil dodan še p r ed 
p roceso r za s t ruk tur i ran i zbi rn ik . Oba p rog rama t e 
četa na računalniku IS.SRADATA lD-19 , napisana pa 
s la v jeziku KOKTKAN. 

2 . KRATEK OPIS ZBIRNIKA ZA M68000 

Sam mikroprocesor j e bil opisan v ( l ) , z a t o tega n a b o 
rno ponavljal i . Zbirnik za M68000 j e podoben osta l im 
zbirnikom za mik rop roceso r j e . Ima le precej več na 
činov adres i ran ja - kar 14. Čeprav Je osnovnih ins t ruk-
cijskih mnemonikov le 56 , pa lahko z izbiro načina 
adres i ran ja dobimo več kot!X000 razl ičnih in s t rukc i j . 

Ker j e M68000 prece j zmoglj iv, ima temu p r imerno z a 
pleteno zgradbo in s t rukc i j . Kot p r ime r naj povem,da 
zaseda dekodiranje Instrukci je pr i zbirniku za M68000 
okrog 260 besed , p r i zbirniku za M68000 pa kar 3500 
besed . 
Oglejmo si zgradbo : 
Dolžina osnovne ins t rukci je je 16 bitov, (X)samezni b i 
ti pa pomenijo: 
15 - 8 - koua ins t rukci je 
7 - 6 - dolžina operanda : . 

00 - zlog ( 8 bitov) 
01 - beseda ( 16 bitov) 
10 - dolga beseda (32 bitov) 
- način adres i ran ja 5 -

2 - O - številka r e g i s t r a 

Poleg tega ima zbirnik š e polno |X)sčl)nih bblik ins t ruk
c i j , tako da j e zgornja instrukci ja skoraj izjema in ne 
p rav i lo . 

2 .1 NAČINI ADKIiSlHANJA: 

Oznake: 
KA - ad resa operanda An - naslovni r eg i s lo r 

l)n - podatkDvni r e g . 
Hi - indeksni r eg i s t e r (An ali Dn) SK-slatusni r e g . 
yC - p rogramsk i števec d8 - 8 - bitni odmik 
d l 6 - 16 - bitni odmik N - I za z log , 2 za besedo , 

4 za doljc besedo 
( ) - vsebina = - nadomesti 

1. Direktno adres i ran je podatkovnega r e g i s t r a : 
KA = Dn 
način : 000 

2 . Direktno ad res i r an je naslovnega r e g i s t r a : 
EA == An 
način : 001 

3 . Indirektno a d r e s i r a n j e : 
EA = (An) 
nač in : 010 

4 . Indirektno adres i ran je .s }xjvečanjem : 
KA = (An) , An =• An + N 
način: 011 
s in taksa : (An)^ 

5 . Indirektno adres i ran je z zman j šan jmn: 
An = An - N, EA «̂  (An) 
način : 100 
s in taksa : - (An) 

6 . Indirektno adres i ran je z odmikom: 
EA = (An) + d l6 
l a č i n : 101 
s in taksa : d(An) 
Instrukciji ju dodana š e l6-bi tna beseda . 
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7 . Indirektno adresiranje z odmikom In indeksnim r e 
gistrom ; 
EA = (An) + (Xn) + d8 
način : 110 
sintaksa : d(An^<n) 
Instrukciji je dodana še 16-bitna beseda s s ledečo 
zgradbo: 
bit 15 

0 - Indeksni register j e Dn ' 
1 - indeksni register je An 

biti 14-12 
številka indeksnega registra 

bit 11: 
' O - Indeks je samo spodnjih 16 bitov v registru 

1 - indeks je 3 2 biten 
biti 7 - 0 : 

odmik , 
*• • 

8 . Absolutno kratko adresiranje; 
EA = naslednja beseda 
iBČin: 111 
številka regis tra: 000 
sintaksa : nnn 
Instrukciji je dodana 16 bitna beseda, v kateri je 
naslov operanda. 

9 . Absolutno dolgo adi-esiranje: 
EA 1 naslednji dve besedi 
način: 111 
številka regis tra: 001 
sintaksa: nnnnnnn 
Instrukciji sta dodani dve besedi , v katerih Je 
naslov operanda. 

10. Relativno adresiranje z odmikom: 
EA = (PC) + d l 6 
način : 111 
številka registra : 010 
sintaksa : nnn - relativno na PC 
Instrukciji je dodana 16 bitna beseda, v kateri 
je odmik. 

11 . Relativno adresiranje z odmikom in indeksnim r e 
g is trom: 
EA= (PC) + (Xn) + d 8 
način: 111 
reg is ter; 011 
sintaksa: nnn(Xn) - relativno'na PC 
Instrukciji j e dodana 16-bitna beseda z naslednjo 
zgradbo: 
bit 15 ; 

0 - indeksni register Dn 
1 - ind eksni register je An 

biti 14-12: 
številka indeksnega registra 

bit 11: 
O - indeks j e samo spodnjih 16 bitov v r e g i s 

tru 
1 - indeks je ce l register 

biti 7 - O ; 
odmik 

12 . Takojšnji način adresiranja9 
EA = v naslednjih besedah 
način : 111 
številka reg i s tra: 100 
sintaksa ; nnn 
Instrukciji je dodan operand. Ta je lahko : 

- spodnjih 8 bitov naslednje besede 
- ce la naslednja beseda (16 bitov) 

- dve naslednji besedi (32 bitov) 

. 1 3 . Takojšni hitri način : 
Ta način imata le Instrukciji AUO in SUB. Operand 
je vsebovan že v kodi instrukcije. Odštevamo ali 
prištevamo lahko največ 3 bitno š tev i lo . 

. 141 Adresiranje statusnega reg i s tra: . 
EA =» SR 
način : l i l 
številka registra; 100 
sintaksa ; SR 

2 . 2 DOLOČANJE DOLŽINE OPERANDA 

V splošnem so lahko operandi dolgi 8 , 16 ali 32 bitov. 
Poleg tega imamo še možnost operirati z BCD kodo (4 
biti) in z biti . Dolžino operanda določimot:ako, da z 
mnemonikom instrukcije napišemo .B , .Wal i .L . 

Primer: 
ADD.B DO,Dl (prišteje spodnjih 8 bitov iz DO 

v D l ) 
ADD.WD0,D1 (prišteje spodnjih 16 bitov iz DO v 

D l ) 
ADD.L DO, Dl (prišteje celoten DO v D l ) 

Operacije nad BCD kodo in biti pa so določene že s s a 
mo Instrukcijo. 

2 . 3 Vrste instrukcij 
Pri dvooperandskih instrukcijah je l e en naslov lahko v 
spominu, izjema je MOVE, kjer sta lahko oba. 
1. Premikanje podatkov 

MOVE - prenos iz ene lokacije v drugo 
MOVEM - prenos vsebine več registrov naenkrat 
MOVEP - prenos po bytih 
EXG - zamenjaj vsebino dveh registrov 
LINK - po veži 
UNLK - razvezi 

(zadnji dve instrukciji uporabljamo za prena
šanje parametrov in vzdrževanje l i s t ) 

2 . Celoštevilčna aritmetike 
ADD - seš te j 
CLR - briš i 
CM P - primerjaj 
DIVS - deli s predznakom 
DIVU - deli brez predznaka 
EXT - razš ir i operand na 32 bitov 
MULS - množi s predznakom 
MULU - množi brez predznaka 
NEG - negiraj 
SUB - odštej 
TA S - testiraj in postavi 
TST - testiraj 

3 . Logične operacije 
AND - logični in 
EOR - ekskluzivni ali 
OR - logični ali 
NOT - eniški komplelnent 

4 . Premiki 

ASL,LSL 

ASR 

LSR 

C 

0 

c; 
o 

^o 

C 
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E>^ ROL 
ROR t*[; 
ROXL IIiJ»-C-Č 
ROXR flh—m-T 

?-OI 

>M3 
S. Operaci je z biti : 

BCLR - b r i š i bi t 
BC:;'3G - s p r e m e n i bit 
BSET - postavi bi t . 
BTST - t e s t i r a j bit 

6 . Operaci je z BCD kodo: 
ABCD - seš te j 
NBCD - negira j 
SBCD - odštej . 

7 . Kontrola p r o g r a m a : 
BCC - pogojni skoki (CC - glej CON CODE v op i 

su s t ruk tuf i ranega zbi rn ika) 
DBcc - tvorba kratkih zank 
Scc - pogojno postavi 
BRA - re la t iven skok 
JSR - absoluten skok v podprogramu 
RTR - vrni tev iz podprograma in obnaritev s t a t u s 

nega r e g i s t r a 
RTS - vrni tev iz podprograma 
NOP - p razna ins t rukci ja 

8 . P r iv i l i g i r ane ins t rukc i j e 
RESET - začetek 
RTE - vrni tev iz prekini tve 
STOP - stoj 

.in . instrukcije za popravljanje s ta tusnega r e g i s t r a 

9 . Pasti 
TRAP - začetek pas t i 
TRAPV - t es t i ran je p rekorač i t ve 
CHK - t es t i ran je mej operanda 

2 .4 Pogojno zbiranje 

Pogojno zbiranje začnemo z enim izmed haslednjih 
pogojev:IFEQ,IFNE,IFGT,IFGE,IFL,IFLE. Pogoj z a 
ključimo z ENDC. 
Vsi pogoji so t e s t i r an i na O'. 
P r i m e r : 
IFEQ A 
ADD DO, Dl 
ENDC 

Gnezdenje pogojnega zbi ranja j e neomejeno . 

• ' ' • • ; • 

klic: 

BA. 

ZAM4#5, D1> ,<D1 
r a z š i r i t e v : 
BEQ. 
ADD 
ADD 

.00001 
# 5 , D 1 ' 

D1,D2 
.00001 NOP 

ADD 
NOP 
ENDM 

, D 2 > . 

6 2 

3 . OPIS PROGRAMA - ZBRINIK ZA M68000 ' 
P rogram j e napisan po pr i ročniku / 3 / , tako da je kompa-
tibilen z originalnim zb i rn ikom. Delno spremenjeno jo l e 
pogojno in makro zb i ran je . 
Pr i pogojnem zbiranju so dodani š e 4 pogoji - poleg IFEQ 
in IFNE - š e IFGT,IFLT,IFGE in IFLE. 
Pri makro zbiranju pa j e š tevi lo možnih p a r a m e t r o v r a z 
š i r jeno z 9 na 99 in število lokalnih oznak z 1 na 2 6 , 
globina gnezdenja pa povečana na 2 5 . 

Zanimiva j e tudi organizaci ja program-i-.Za r az l iko 
od večine zbi rnikov, kjer j e vsa t e ža na drugem p r e h o 
du , večino dela opravi p rv i p rehod . Tak pris topje bilo p o 
t rebno uporabi t i z a r ad i nefleksibilnosti dela z da to tekami 
na računalniku ID-19 . Tako prvi p r d o d ž e g e n e r i r a l i s -
ting in vanj vpisuje oznake za drugi p r e h o d . Ker ta p r e 
gleduje l e t i s t e v r s t i c e , kjer j e oznaka , j e tudi zelo h i t e r 
- pr ibl ižno 50 k r a t h i t r e j š i od prvega p rehoda , k a t e -
r e g a h i t ros t znaša 500 -. 2000 v r s t i c na minu to . 
P rogram g e n e r i r a na koncu l i s t inga š e l i s to napak z d i a 
gnozo in r e f e ^ č n o t abe lo . 

B.PREDPROCESOR ZA STRUKTURIRANI ZBIRNIK 

1. UVOD 
Da bi izbol jšal i pregfedno^in h i t ros t pisanja učinkovitih 
p rogramov v zb i rn iku , je bil kot implementac i ja zb i rn ika 
z a M68000 izdelan kr ižn i p r e d p r o c e s o r za s t r u k t u r i r a n i 
zb i rn ik , ki s e imenuje SASS (St ruc tur^d A S S e m b l e r ) . 
SASS ima za vhod p r o g r a m v s t r u k t u r i r a i e m zbi in iku v 
ed i torsk i datoteki , za izhod pa dobimo navadni zb i rn ik . 
SASS j e t renutno šie ločen od zb i rn ika , vendar s t a s t rogo 
kompat ib i lna . 

2 .5 Makro zb i r an je : 
Makro definiramo z ukazom MACRO in končamo z uka 
zom ENDM. . . 
Kl ičemo ga po imenu in za njim navedemo l i s to p a r a -

' m e t r o v . Zamenjavo p a r a m e t r a označimo z znakom © 
( © ) in za njim številko pa rameta - (O - 9 9 ) . Lokal
no labelo zahtevamo z znakom D in za njim č rko , , ki 
označuje eno i zmed lokalnih l a b d (A - Z ) . Globina 
makro klicev j e omejena na 25 ( za rad i sklada loka l 
nih l a b e l ) . Pa r ame t r i so ločeni z ve j i cami , če pa p a 
r a m e t e r vsebuje ve j ico , pa lahko damo v oglati okle^ 
paj 
Pr imeri definicije: 

ZAM MACRO 
BEQ BA 
ADD B I ' 

2 .0 PREGLED KONTROLNIH STAVKOV STRUKTURIRANEGA 
ZBIRNIKA 

Za p r e d s t a v i t e v bomo uporabi l i BNF-zapls . 

^ F STAVEK>:: = IF [^ize c o d ^ J <boolean e x p > 
5xten f^^t^^vek^pLSI'; £ . .^x ten t> J THENH^ X 

^ s t a v e k ^ j 

^ W H I L E - Š T A V E K ) > : : = VUlLEf.^^ize c o d ^ J ^ o l e a n e x p ^ . 
DO [ .^Kteht^T^tavek S 

•<REPEAT-SrAVEK>:: = REPEAT£.<|(xten ^ « ^ t a v e k > f 
UI^TlLJ^^ize c o d e j ^ o l e a n exp> 

<FOR - STAVEK>:: = FOR[.<|ize c o d ^ l ^ fe<J>|4^ rec4>)=» 
^ < t )peran iMo| IX)v7NTCj|^perand> 

luv < ^ s e x i ^ D O r . ^ x t e n ^ t a v e k > 
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z BY definiramo korak zanke, č e ga izpustimo op 
je 1 • 

4 : A L L - STAVEK>:: = C A L l 4 m e > 
^ESTAVLJEN STAVEF^: := BEGII^tavelMEND 
D E F I N I C I J A P R O C E D U R ^ : :=PROCEDURE4m^e stav

ljen s tave l^ 

2 .1 Opis izrazov, ki pojasnujejo definicije 

<STAVEK>:: =4;bir. direktiva> - \ 
^nakro klic_^ t 
^68000 - instrukcij^lej . -opis v zbirniku 
^ f - stave^i^hile -

stave^^epeat - stavel^ 
^ o r - s t a v e ^ a l l - s t a v e ^ e s t a v l j e n s tavel^ 
^ef in ic i ja-procedure^ 

^ I M ^ : alfanum(alfanumj 
<A r e ^ : : = AOl . . JA7 
<Dre^::=« D O J . J D ? 
^ s i z e c o d ^ : : = BJW|L 
P e x t e n ^ : : = s(w . 
<BOOLEAN EXI>: : =<čmp eK^^on cod4> 
<CMP EXI^:: =^perandb<pan c o d ^ p e r a n d > 
<CON COD^: :=^L;dNElpL|Ml|GTJLT|GEJHlJLSjCŠ| Cc) 

, VS[VC)>-
^PERANI^ : = oper and združuje v se adresne načine • 

in mora ustrezati instrukciji , kateri 
pripada: 
oper and I z ^ m p ex^pripada instrukciji 
CMP 
operand iz^or-stavk^pripada CMP in 
M O VE 

^ B S EX]^ : = vsi načini, ki s e lahko pojavijo na m e 
stu XXX v zbirniških stavkih: 

SUB XXX,Rn 
ADD xxx,Rn 

to je lahko dolg sestavljen aritmetični 
izraz 

Program zaključuje END stavek. Programiramo,|ako, 
d a napišemo mešanico strukturiranih kontrolnih s tav
kov in zbirnlške stavke. Strogo rezervirane besede , 
ki s e ne smejo pojaviti nitt v navadnem zbirniku 

, M68000 s o : 
IF,ELS,REPEAT,UNTli.,WHlLE,FOR,Di!;GIjM,END,CikU,., 
î ROCEDURE 

3 . 0 OPIS KOMENTARJEV 
Za uporabnika, ki bo naletel na program v strukturi-
ranem zbirniku, bodo verjetno zanimvs pojavne obli
ke komentarjev: 
1 . Komentar, ki s e prične v 1. koloni vrst ice s e r a z 

teza preko celotne vrst ice 72 znakov 
(ekvivailentno komentarju v FOHTRA N-u : C ) 
Ta komentar s e prepiše tudi v prevod. 

2 . Zbirniski stavek ima v vrst ic i s ledečo strukturo: 
khasloM^peratoi^^perand-ncomentaiM 

V kolikor s e pojavi naslov stavka, s e mora pr i če -
; ti v prvi koloni, kar velja tudi za kontrolne s tav-
' ke . Komentar je celotno polje od operanda do zna

ka; ali konca vrst ice (72 kolone) . Komentar ni na
povedan z nobenim posebnim znakom in s e prepi
še v prevod. 

3 . Komentar, ki s e pojavi med meta besedami in deli 
kontrolnih stavkoy, mora biti napovedan z I in s e 
razteza do konca vrs t i ce . Ta komentar je viden 
samo v l ist ingu. 

^PROCEDURE! definiramo podprogram 
_BRISI I to j e ime podprograma 

•m slediti mora sestavljen stavek 
^̂ BH31N 

jCLR Dl brišemo register D l ; CLR D2 
•m v nadaljevanju s e pojavi drug stavek 
m s ledi zaključek podprograma 
- END 

4 . 0 LASTNOSTI PREDPROCESORJA SASS 

Oglejmo s i nekaj lastnosti in omejitev, ki so značilni 
za strukturirani zbirnik M68000 in procesor SASS: 
- prevajanje strukturiranega zbirnika s e izvede do enem 

samem prehodu 
- pravilnost zbirniških stavkov test ira zbirnik, medtem 

ko SASS kontrolira samo sintakso in semantiko kontrol
nih stavkov 

- v e č stavkov j e lahko zapisano v eno vrs t i co , č e so med 
seboj ločeni z znakom; .Sicer so zbirniski stavki o m e 
jeni na eno vrst ico in zaključeni s koncem v r s t i c e . 
Elementi kontrolnega stavka s e lahko raztezajo preko 
več vrstic ob pogoju, da ne delimo besed ali izrazov. 

- procedura je lahko definirana kjerkoli v programu na 
osnovnem nivoju t . j . ne sme biti vgnezdena. 
Vse spremenljivke so globalne, parametrov nimamo. 
Programer lahko sprogramira lokalnost, če uporablja 
kompleksne instrukcije za delo z mikroproprocesorje-
vim skladom. 

- naslovljivi so vs i stavki na nevgnezdenem nivoju ter 
stavki v REPEAT-bloku in sestavljenem stavku. 

- globina gnezdenja je omejena na 50. Omejitev izhaja iz 
globine skladov, s katerimi dela program in marajo bi -
.ti v FORTRAN-u vnaprej določene. FOR-stavkov lahko 
vgnezdimo največ 16, ker nimamo več indeknsih r e g i s 
trov pri mikroprocesorju. 

- skočne naslove generiramo umetno. 
- vs i stavki, ki so izpeljani iz določenega kontrolnega 

stavka imajo v polju 72-80 kolone indeks vrst ice kon
trolnega stavka, ki mu piripadajo. To omogoča h i f o 
primerjavo med izvornim in prevedenim programom. 

- č e program odkrije manjšo napako, izpiše v listing 
sporočilo o vrsti in lokaciji napake. CE pa je napaka 
^ o b a , s e prevajanje prekine in vsa^obdelana vsebina 
s e shrani.Nato s e brez obdelave prepiše š e ostanek 
izvornega programa.Napake, ki so v zvezi z operac i j 
skim s i s temom (delo z datotekami) povzročijo izpis 
sporočila na uporabnikov terminal in prekinejo izvaja
nje . 

- vgrajen j e s is temski interapt, ki ob pritisku na tipko 
prekine prevajanje in shrani vso prevedeno vsebino, 
ki jo kasneje uporabnik lahko pregleda. 

- maksimalna dolžina izvornega programa je 13000 
v r s t i c . 

- dolžina obeh (felovnih datotek, za katere uporabnik na 
začetku^da ime in enoto je odvisna od dolžine i zvor
ne datoteke in se na koncu reducira na dejansko dol
ž ino. V prvi datoteki (80 kolonski) je prevod v drugi 
(132) pa je listing strukturiranega zbirnika. 

- prevod j e vhod dvopasovnega zbirnika, ki nam gener i -
ra zbirniski listing in binarni program na poljubni eno» 
t i , ki jo specificiramo (disk, disketa, t r a k , . . . ) . B i 
narni program je lahko preveden absolutno ali relativno. 

Če navedeni makro zbirnik za M68000 obdelamo ** 
SASS ne doživi nobenih sprememb, zato kompleks 
strukturi-
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ranega'zbirnika omogoča pisanje v navadnem ali struk-
turiranem ;zbirniku. ; ' . 
Predstavljeni strukturirani zbirnik omogoča učinkovito 
programiranje v lepem stilu. , 

Povzetek; 

Strukturirani zbirnik se je že Izkazal kot zelo uporabr 
no orodje jjrl razvoju 16-bitnega sistema. Omogoča 
strukturiran pristop k razvoju programov v zbirnem je
ziku. Tako napisani programi so preglednejši in precej 
lažje je njihovo vzrževanje. 
Strukturirani zbirnik je prvi korak v razvoju komplek
snejše programske opreme za novi 16-bitni sistem, ki 
bo temeljil na domačem znanju. 

Literatura: 

1. Janez Uratnik - 16 bitni mikroprocesor 
Motorola MCeSOOO.INFORMATICA 
1, 1980 

2. 16-bh microprocessor , User^s manual, 
Motorola 1979 

3 . MC68000 systems cross macro assembler, 
Reference manual, Motorola 1979 

4. Resident structured assembler , Reference manual 
Motorola 1979 

TTL PRINER-PROGRAMA-V-STRUKTURIRANEN-ZBIRNUO 
ORC »1000 

PROCEDURE CREAIER 
BECIN 

LEA O l A l t O l t t A O LOAO NEW ADORESS 
HOVE.L I A O I « 0 3 LOAD NEM VALUE 

ENO 
BEG IN 

SIZE OC »20 
DATA OS.L SIZE 

ENO 
PROCEDURE I N I T 
BECIN 

LEA DATAtAl LOAO BASE ADORESS INTO A l 
CLR.L OOi CLR.L Oii ; CLR.L OS CLEAR RESISTERS 
HOVE.L A l t A O ; HOVE.L ( A 0 i f 0 3 LOAO ADORESS ANO VALUE 

ENO 
CALL I N I T I N I T I A L I Z A T I O N 

•EKECUTION I 
*PROGRAH WHICH FINOS THE GREATEST VALUE I N ARRAT »DATA* LEAVINC 
*THAT VALUE IN REGISTER 03 AND THE ADORESS OF I T S FIRST OCCURENCE IN 
•REGISTER AO 

FOR.L 01-114 TO ( 4 * ( S I Z E - l l BY *4 00 i O l IS USED AS AN INOEX 
I F . L 0 ( A l , 0 1 t <GT> 03 

THEN CALL GREATER 
*EXECUTI0N 2 
•TEST THE GREATEST VALUE 
•NUNBER OF 0*S IS IN 04 
•NUHBER OF 1<S IS IN OS 

RCPEAT 
AOD.B ( I t O O 00 IS JSED AS A POINTER 
B I S T . L D3tD0 
IF <ECI> THEN ADO.B « 1 . 0 4 

UNTIL.B .li"<E65°fl8 • * • " 
03 - THE GREATEST VALUE 
04 - NUHBER OF 0 ' S THE GREATESI VALUE 
05 - NUHBER OF l ' S THE GREATEST VALUE 
05 - NUHBER OF l * S THE GREATEST VALUE 
AO - ADORESS OF THE GREATEST VALUE 

END . 
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INFORMATICA 2/1982 

Avtomatična začetna naložitev uporabniške
ga programa v sistemu CP/M 

Modificirali bomo zbirko DOS64P.CUM, ki oe na
haja po naložitvi z ukazom DDT na lokacijah hi
trega pomnilnika (PC, NEXT-1), kot kažo zgornji 
primer. Z uporabo direktive 'D' in naslova za
četka CCP v UDOS, dobimo tole, nekoliko okraše
no sliko: 

t******************************** 
* Informatlca UP 6 * 
* CP/M Autoload Feature * 
* maj 1982 * 
* Anton P. Železnlkar * 
* sistem CP/M, operacijski s. * ********************************* 

1. Področje uporabe 

Opisani primer je modifikacija operacijskega 
sistema, točneje modifikacija njegovega modula 
CCP (konzolnega ukaznega procesorja sistema 
CP/M). Ta modifikacija povzroči, da se ob za
četnem zagonu sistema začne brez dodatnega po
sega uporabnika takoj Izvajati določen uporab
niški program. Takšen zagon sistema onemogoči 
uporabniku doseganje CP/M operacijskega siste
ma in.Izvaja se lahko le določen program za do
ločene namene. Ta lastnost sistema je tako zla
sti priporočljiva pri sistemih na ključ, tako 
da se uporabniku ni potrebno seznanjati z ukazi 
operacijskega sistema. 
Podoben primer bi se lahko pojavil tudi tedaj, 
ko imamo računalnik doma In se otroci med dru
gim večkrat poigrajo z ukazom ERA *,*, ki zbri
še celotno disketo. 

2,'Kratek opis modifikacije 
CP/M sistem ima pravzaprav že vgrajeno lastnost 
avtomatičnega začetnega nalaganja, le da ta la
stnost ni objavljena v dokumentaciji proizva
jalca Digital Research. Ta informacija se pra
viloma daje samo OEM proizvajalcem in distri
buterjem programske opreme. Pokažimo sedaj, ka
ko je mogoče ta mehanizem realizirati na vsakem 
CP/M sistemu. 
Vzemimo program za Izračunavanje bioritma z 1-
menom BI02, ki je bil razvit v jeziku CBASTC2 
in se izvaja po prevodu v okviru modula za iz
vajanje BASIC programov z imenom CRUN2 (glej 
primer UP 3, Informatlca 5(1981), št.3, str. 
79). Program BI02 naj se začne izvajati avtoma
tično ob začetnem zagonu pod kontrolo programa 
CRUN2, 
Ker imamo celoten operacijski sistem (CP/M = 
INIT + BDOS + BIOS) shranjen v zbirki D0.S64P, 
pokličemo to zbirko v hitri pomnilnik s pre
hodnim programom DDT in jo modificiramo. Naj
prej imamo tole: 

B>DOT O0S64-C0M 
DDT VERS 2 . 2 
NEXT PC 
2300 0100 
-D980 

modificiramo DOS64.COM 
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Iz te slike je razvidno, kaj moramo v /blrki DOS64P spremeniti (modificirati). Za to opravilo uporabimo direktivo 'S' ukaza UDT. Imamo tole: 

-S9B7 modifikacija začne pri 987H 
0967 00 OA v ukazni vrstici je 10 zlcjov 
0988 £0 43 ASCII znak "C" 
0989 20 52 ASCII znak "R" - ASCII znak 

- ASCII znak "U" 
- ASCII znak "N" 

C«dC £1) 32 ASCII znak "2" 
- ASCII znak "SPACE 
- ASCII znak "n" 
- ASCII znak "I" 
- ASCII znak "O" 
- ASCII znak "2" 

098A 20 55 
093G 20 4E 
09UD 20 
098e 20 4:^ 
098r 20 «'j 
0990 20 4F 

20 32 0991 
0992 20 konec modifikacije 

http://DOS64.COM
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S ponovno uporabo direktive 'D' se pokaSetole: 
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3. Preizkus lastnosti avtomatične 
naložitve in izvajanja 

programa BI02 

S prehodnim ukazom SYSGEN smo na sistemski ste
zi zapisali modificirani sistem CP/M, .ki naloži 
najprej modul CRUN2, nato modul BI02 ter začne 
Izvajati modul BI02 ,pod kontrolo modula CRUN2. 
To pa je natanko lastnost, ki smo jo zahtevali 
in ob tem sistem CP/M za uporabnika ostane v 
celoti zakrit. Lista 1 pokaže, da se to zgodi 
tudi v praktičnem primeru. S tem je korektnost 
naSlh predpostavk praktično dokazana, uporabnik 
CP/M sistema pa si lahko v celoti zgradi modi
fikacijo za svoj poseben primer. 

CRUN VER 2 . 0 7 P 
POCAKAJi DA SE IZRACUMAJO TABELE I 

VSTAVI IME 
7 PETRI CA 
VSTAVI DATUM ROJSTVA! DAN« MES< LETOi 

'? 2 7 < 6 < t 9 8 1 
VSTAVI ZAČETNI MEiSEC IN LETO BIOKOLEDARJAl 
7 6 ^ 1 9 8 2 
VSTAVI ŠTEVILO MESECEV BIOKOLEDARJAl ' 
7 1 

BI O 
INDEKS 

60259 
62460 
64650 
66662 
68307 
69387 
69709 
69109 
67465 
64714 
60868 
56014 
50322 
44038 

I 
£ I 

l E 
I £ 

F 
E , 

JUN 
1 9 6 2 

TOR 
SRE 
CET 
PET 
SOB 
NED 
PON 
TOR 
SRE 

10 CET 
1 1 PET 
12 SOB 
13 NED 
14 P a 4 

Modifikaoij.a je s tem opravljena In to kar se 
sedaj nahaja v hitrem pomnilniku, moramo rešiti 
z vgrajenim ukazom SAVE na disketo, npr. tako
le: 
K opisanemu primeru dodajmo še tele bistvene o-
pombe: pri navajanju zaporedje zbirk, ki bodo 
po vrsti izvršene, nikakor nismo omejeni samo 
na imena posameznih zbirk, temveč lahko upora
bimo tudi SUBMIT,zbirke (vključno z ukaznimi 
zaporedji). Pri tem smemo v celoti prekriti li
cenčno sporočilo podjetja Digital Research vse 
do lokacije 9FFH. Tako imamo dovolj prostora za 
vstavitev vrste imen,' torej za izvedbo zelo za
pletene funkcije. j 
Končajmo sedaj naš primeri Najprej Izskočlmo iz 
ukaza (stanja) DDT z uporabo 'CTL c' ali z GO. 
Takoj nato uporabimo ukaz SAVE, in sicer: 

B>SAVE 34 BI0RIT.COM 

Lista 1. Ta rezultatna lista kaže, kako se pri 
mrzlem ali toplem zagonu javi sistem. Ker imam-
mo kot prvi, modul CRUN2, se ta modul javi s 
svojo verzijo 2.07P, nakar preide kontrola že 
na modul BI02. Po običajni vstavitvi vhodnih 
podatkov se začne izpisovati bioritemski dia
gram, kot kaže zgornja lista. 

Opombe k danemu primeru 

Da bi bila slika popolnejša, navedimo še, kate
re zbirke morajo biti v našem primeru zapisane 
na disketi. Te zbirke so: 

S tem ukazom smo rfeSlli modificirano zbirko, 
sedaj pa moramo to zbirko še zapisati na 
sistemski stezi z uporabo prehodnega ukaza 
SVSGEN. Ob začetnem zagonu se tako najprej na
loži CRUN2, nato Se BI02, nakar se začne BI02 
izvajati pod kontrolo programa CR0N2. To pa je 
prav tisto, kar smo želeli. Otroci tako nimajo 
več dostopa do vgrajenih in drugih prehodnih 
Ukazov sistema CP/M. 

CRUN2.COM, 
BI02.INT CRON204P.COM, CRUN237.COM in 

Na sistemskih stezah te diskete se nahaja modi
ficirani CP/M sistem, ki smo ga poimenovali z 
imenom BI0RIT.COM (glej SAVE ukaz). Ta sistem 
smo shranili v posebno zbirko zaradi možnosti 
dodatne modifikacije kdaj pozneje pa tudi zara
di možnosti opazovanja zgradbe te zbirke. 

http://BI0RIT.COM
http://CRUN2.COM
http://CRON204P.COM
http://CRUN237.COM
http://BI0RIT.COM
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Program, ki pomakne sčtmega sebe tik pod 
obstoječi operacijski aistem CP/M 3 

********************************* 
* Informatica UP 7 * 
* CP/M Relocating User Program * 
* junij 1982 * 
* Anton P. Železnikar * * sistem CP/M, Delta 323/M * ********************************* 

1. Področje uporabe 

Uporabnik želi večkrat imeti program, ki bi se 
naložil sam pod operacijski sistem v pomnilniku 
v odvisnosti od danega obsega pomnilnika, na 
katerega je CP/M sistem prilagojen. Takšen upo
rabniški program deluje navadno Se nad ' kakšno 
drugo zbirko in ima tako določene "sistemske" 
lastnosti. Primer takega uporabniškega programa 
je npr. inverzni zbirnik, ki smo ga napisali 
sami in ga želimo uporabljati nad ukaznimi 
zbirkami tipa COM. 
Pojasnimo še, zakaj želimo, da se ta uporabni
ški program samodejno premesti pod sam opera-? 
cijski sistem CP/M. Z znanimi lastnostmi CP/M 
sistema bomo lahko brez posebnih težav dosegli 
naložitev COM zbirke na naslov lOOH in navzgor. 
Ker bodo te COM zbirke, ki jih želimo npr. pre
vajati nazaj v.zbirni jezik, različnih obsegov, 
želimo imeti na razpolago čim večji del tklm. 
TPA (Transient Program Area) območja. Zaradi te 
lastnosti želimo imeti naš uporabniški program 
pod samim operacijskim sistemom. Namen naše na
loge je tako pojasnjen. 

Kratek' opis začetnega (premestitvenega) 
dela prograria 

Modlflkacijska aditivna tabela začenja takoj za 
koncem uporabniškega programa in je določena s 
spremenljivko MODTAB. V tej tabeli so pravza
prav shranjeni vsi naslovi uporabniškega pro
grama, ki jih je potrebno modificirati v odvis
nosti od obsega CP/M sistema. V vsakem zlogu te 
tabele je shranjena le razlika do predhodnega 
naslova, ki smo ga modificirali, toraj aditivni 
pomik. Vrednost OFFH je določena kot markacija 
za konec tabele ter je Izražena s spremenljivko 
ENDMK. 
Ostale spremenljivke liste 1 (v začetnem seg
mentu) so poljubne in v našem primeru smo le 
pokazali, kako lahko predvidimo določen prostor 
v uporabniškemu programu za kopiranje delov iz 
BDOS in BIOS. To Sta spremenljivki BDLEN in 
BIOLEN. Na lokacijo POS smo v našem primeru 
shranili za potrebe uporabniškega programa na
slov na naslovu BDOSAD (vrstica 27 liste I). 
Prvotna lokacija s tem podatkom bo namreč dobi
la naslov začetka premeščenega uporabniškega 
programa (vrstica 47). 
V našem primeru se bo nerelociranl uporabniški 
program začel pri lokaciji '200H in se bo raz
prostiral do lokacije 16FFH. Na lokaciji 1700H 
se bo začela modlflkacijska tabela, ki jo bomo 
ustrezno napisali k uporabniškemu programu. 
Program za avtorelokacijo v listi 1 pojasnjuje 
samega sebe, tako da nadaljni komentar ni več 
potreben. 

3. Izvajanje programa 

Podprogram z liste 1, uporabniški program in 
modlflkacijska tabela so shranjeni kot zbirka 
na disketi. Ko pokličemo to zbirko v izvajanje, 
se najprej uporabniški program modificira in 
relocira pod BDOS, nakar se začne še izvajati. 
S tem je naša naloga opravljena. 

Opisali bomo samo začetni del programa, saj bo 
nadaljevanje odvisno od konkretnega namena tega 
programa. Ta program bo premestil (relociral) 
samega sebe v odvisnosti od instaliranega CP/M 
sistema. Kot vemo, lahko CP/M sistem verzije 
2.2 Instaliramo v obsegih po ik-zložnih stop
njah v intervalu (20k, ... , 64k). Premestitev 
bo tedaj odvisna od dejanske vrednosti obsega 
Iz gornjega intervala. 
Začetni del našega .programa je prikazan na li
sti 1. V tej listi se pojavljata med drugimi 
spremenljivki BDOSAD in WBOOTE, ki sta odvisni 
od trenutno Instaliranega CP/M sistema oziroma 
od njegovega obsega. VJBOOTE določa začetek pod
sistema BIOS v CP/M, BDOSAD pa začetek podsi
stema BDOS v CP/M. S tema spremenljivkama se 
tako uravna premestitev uporabniškega programa 
v odvisnosti od obsega CP/M sistema. 
Naslednji dve spremenljivki PRBEG in PRLEN se 
nanašata na začetek in dolžino uporabniškega 
programa. V naSl shemi smo predvideli prostor 
med naslovoma lOOH in vključno IFFH za preme-
stitvenl podprogram, ki bo del celotnega pro
grama, ki ga bomo naložili v obliki zbirke iz 
diskete. Ta premestitvenl del je tudi prikazan 
v listi 1. 

lOOH 

200H 

1700H 

9700H 

ACOOH 

BAOOH 

BFFFH 

Modifikacijski in premestitvenl 
podprogram 

Nepremeščeni uporabniški pro
gram 

Modlflkacijska aditivna tabela 

[ Svobodni pomnilnik tipa RAM 
1 

Premeščeni 

BDOS 

BIOS 

(CP/M) 

(CP/M) 

uporabniški 

1 

program 

PRIMER ZA 48k CP/M 



ADDR 

' > 0 0 0 0 

> 0 2 0 0 
, 

> 0 0 0 6 

> 0 0 0 1 

> 0 0 1 2 

> 0 0 2 7 
> 1 5 0 0 

> 1 7 0 0 

>OOFF 

> 0 2 3 9 

> 0 i 0 0 
' 0 1 0 0 
• 0 1 0 3 
" 0 1 0 6 
• 0 1 0 9 
'OIOC 
•OIOF 

• 0 1 1 1 
• 0 1 1 4 
• 0 1 1 5 
' 0 1 1 6 
• 0 1 1 7 
' O U A 

' O l l C 
' O U F 
' 0 1 2 2 
*bl23 
' 0 1 2 4 
• 0 1 2 5 

' 0 1 2 7 

' 0 1 2 A 
' 0 1 2 D 
' 0 1 3 0 
' 0 1 3 2 
' 0 1 3 3 
' 0 1 3 5 
' 0 1 3 7 
' 0 1 3 8 
' 0 1 3 9 
• 0 1 3 B 

C ODE 

31FFD1 
2 A 0 6 0 0 
2 2 3 9 0 2 
1 1 0 0 0 2 
0 1 1 2 0 0 
EDBO 

2 A 0 1 0 0 
2 3 
2 3 
2 3 
0 1 2 7 0 0 
EDBO 

2 A 0 6 0 0 
1 1 0 0 1 5 
AF 
6F 
E5 
ED52 

2 2 0 6 0 0 

2 1 0 0 0 2 
1 1 0 0 1 7 
0 6 0 0 ' 
lA 
FEFF 
2 8 0 E 
4F 
09 
FE80 
2 6 0 5 

STMT 

0 0 0 1 
0 0 0 2 
0 0 0 3 
0 0 0 4 
0 0 0 5 
0 0 0 6 
0 0 0 7 
0 0 0 8 
0 0 0 9 
0 0 1 0 
0 0 1 1 
0 0 1 2 
0 0 1 3 
0 0 1 4 
0 0 1 5 
0 0 1 6 
0 0 1 7 
0 0 1 8 
0 0 1 9 
0 0 2 0 
0 0 2 1 
0 0 2 2 
0 0 2 3 
0 0 2 4 
0 0 2 5 
0 0 2 6 
0 0 2 7 
0 0 2 8 
0 0 2 9 
0 0 3 0 
0 0 3 1 
0 0 3 2 
0 0 3 3 
0 0 3 4 
0 0 3 5 
0 0 3 6 
0 0 3 7 
0 0 3 8 
0 0 3 9 
0 0 4 0 
0 0 4 1 
0 0 4 2 
0 0 4 3 
0 0 4 4 
0 0 4 5 
0 0 4 6 
0 0 4 7 
0 0 4 8 
0 0 4 9 
0 0 5 0 
0 0 5 1 
00 52 
0 0 53 
0 0 54 
0 0 5 5 
0 0 5 6 
0 0 57 
0 0 5 8 

SOURCE STATEMENT 

RELOADi; ZAČETEK DEJAiJSKEGA tJPORABNISKEGA 
S 
PRBEG 
J 
BDOSAD 
5 
UBOOTE 
» 
BDLEM 
/ 
i 
; 
J 
BIOLEiJ 
PRLEM 
i 
MODTAB 
; 
Ei4CMK 
i 
POS 

t 

^ 

NEXTTB 

PROGRAMA: 
E8U 200H 

NASLOV NASLOVA VSTOPA V BDOS: 
EQU 6 

NASLOV NASLOVA VSTOPA V B I O S : 
EOU 1 

DOLŽINA KOPIRANJA ZLOGOV IZ BDOS 
EBU 12H . 

DOLŽINA DEJANSKEGA UP0RA&41SKEGA 
PROGRAMA: 

KOPIJA DELA SKOCNE TABELE IZ 
B I O S - A : 

EaU 27H 
EOU 150 OH 

ZAČETEK MODIFIKACIJSKE TABELE: 
EQU PRBEG-»PRLEN 

ZNAK KONCA V MODIFIKACIJ5KI TAB« 
EaU OFFH 

LOKACIJA ZA SHRANITEV CBDOSAD): 
EOU PRBEG'»BDLEN4'BI0LEil 

ORG 10 OH 
LD SP<PRBEG-1 ; N A S T A V I T E V S P 
LD HL.(BDOSAD);»POMIK VSEBINE 
LD (POS)«KL ; • BD0S/BOOS4-11 NA 
LD DE« PRBEG t» PRBEG/PRBEG-M 1 
LD B C J B O L E N ; • 
LDIR ; • 

LD HL.(VB00TE);ZAČETEK SKOCNE TA-
IHC HL ; BELE PLUS TRI 
INC HL 
INC HL 
LD BC^BIOLEN i DOLŽINA TABELE 
LDIR ;PRE.40S SKOCNE TAB. 

V UPORABiilSKI PR. 

LD HL<(BDOSAD) 
LD DE^PRLEN /'DOLOČITEV ZAČETKA 
XOR A ; UPORAB.<IISKEGA.PRO-
LD L<A ; GRAMA GLEDE NA ZA-
PUSH HL ; CETEK BDOS 
SBC HL/DE 

LD < B D O S A D ) « H L ; N 0 V I ZAČETEK BDOS 

LD HL>PRBEG ;NASLOVdA MODIFIKA-
LD DE»PRLEi^*PRBEG; CIJA UPORAB- , 
LD B / 0 ; NISKEGA PROGRAMA 

:LD A « ( D E ) 
CP OFFH ;KaJEC MOD« TAB. 7 
JR Z # E X I T - l 
LD C<A 
ADD HL/BC ;OBLIKOVANJE KAZALCA 
CP 80H ; ZA POPRAVO 
JR Z»OVERJ-$ 

ADDR GODE STMT SOURCE STATEMENT 

'013D 
'0140 
'0141 
'0142 
'0143 
'0145 
'014« 
'0147 
'014A 
'014D 

3A0700 
86 
77 
13 
18ED 

Dl 
IB 
21FF16 
010015 
EDB8 

'014F 2A0600 
'0152 2E3B • 
'01 54 E9 

0 0 59 
0060 
0061 
0062 
0063 
0 064 
0065 
0066 
0067 
0068 
0069 
0070 
0071 
0072 
0073 
0074 
0075 
0076 
0077 

LD A*(BDOSAD+I) 
ADD A>(HL) {OBLIKOVANJE POPRAVKA 
LD CHL)*A ;IZVRSITEV POPRAVKA 

OVERJJ INC DE 
JR NEXTTB-$ 

;•...•••.••••••»•..•.•••••••.•••••«•••••• 
EXITl POP DE 

DEC DE 
LD HL*PRLEN+PRBEQ-UKOPIRANJE U P p -
LD BC^PRLEN ; RAB. PROGR. NA MO-
LDDR ; VO LOKACIJO ' 

JSKOK ZA IZVAJAiiJE RELOCIRANEGA UPORABNI-
; SKEGA PROGRAMA S PRESKOKOM ZAČETNE TA-

LD HL#CBDOSAD); BELE V PROGRAMU 
LD L>B0LEN'^BI0LEN«2 
JP <HL) 

; ••••* • • 
BJD 

ERRORS-0000 

Lista 1. Ta lista je tisti del celotnega uporabniškega progra
ma (je torej podprogram), ki opravi modifikacijo dejanskega u-
porabniškega programa ter ga relocira pod sam vrh razpoložlji
vega pomnilniškega prostora v danem CP/M sistemu. Takšen tip u-
porabniškega programa je največkrat sistemski program, kot je 
npr. zbirnik, urejevalnik, inverzni zbirnik ali kakšen drugi 
storitveni program. 
Iz programske liste je razvidno, da se pri tem vselej upošteva 
trenutno instalirani CP/M sistem oziroma zanj razpoložljivi po
mnilni prostor. S tem je dosežena, največja izkoriščenost po-^ 
mnilnega prostora, saj'je na razpolago največji mogoči prostor 
za objektni program (program, k i b o npr. prevajan, obdelan). 
Prav to pa si v takih primerih želimo. 
Posamezni segmenti podprograma na tej listi so omejeni z .zvez
dnimi vrsticami. V prvem segmentu imamo definicijo spremen
ljivk, tako da lahko te definicije v vsakem posebnem primeru e-
nostavno popravimo. Vobče bomo imeli različne dolžine dejan
skih uporabniških programov (PRLEN), tako bo poravijena avtoma
tično tudi lokacija, za začetek modifikacijske tabele. . 
Drugi segment je inicializacijski in premestitverii (kopira se 
del BDOS). Tretji segment je kopirni (kopira se del BlOSa). V 
četrtem segmentu se izračuna začetek relociranega programa, pe
ti segment preimenuje naslov na naslovu BDOSAD. Šesti segment 
opravi modifikacijo uporabniškega programa, sedmi segment pa ta 
modificirani del relocira. V osmem segmentu imamo skok v izva
janje relociranega programa. 
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********************************* 
SB-80 diskovni operacijski sistem 
********************************* 

SB-80 je diskovni operacijski sistem za 
procesorja 8080 in Z80, ki uporablja upogljive 
diske, vlnčestrske diske ali pa tudi 
kombinacijo obeh diskovnih tipov. Ta sistem je 
v celoti združljiv s sistemom CP/M-80 in ga je 
moč 'dobiti le na OEM osnovi. Sistem je v 
prodaji pri podjetju Llfeboat Associates, 1651 
Thlrd Ave., New York, NV 10028, U.S.A. 
SB-80 dovoljuje uporabo 16-krat večjih zbirk 
(glede na CP/M), vsebuje integralno lastnost 
tiskanja v ozadju ter ima prožnejšo množico 
ukazov. Ima tudi običajne storitvene programe, 
kot so mehanizem za prenos zbirk, urejevalnik 
teksta, zbirnik in popravijalnik. 
SB-80 je grajen za procesorje 8080/8085/Z80 z 
najmanj 20k-zložnim strnenjim bralnim/pisalnim 
pomnilnikom, z začetkom pri naslovu 0. Sistem 
lahko uporabi vrsto krmilnikov za upogljive in 
vlnčestrske diske. Dokumentacija sistema SB-80 
dopušča lastno generiranje BlOSa za 
uporabnikovo periferijo. 
Program sistema SB-80 je sestavljen iz treh 
modulov: iz diskovnega operacijskega sistema 
(DOS), zbirčnega upravijavnika in BlOSa. Prva 
dva modula se nahajata na sistemskih stezah 
diskete, enako velja tudi za BIOS, ki je 
odvisen od uporabnikovih krmilnikov oziroma 
periferije. Interpret ukazne vrstice (CLI), ki 
Izvršuje posamezne ukaze, nalaga uporabniške 
programe ter sproža njihovo izvajanje, pa je 
shranjen na disketi kot zbirka. 
Operacijski sistem zasede lOk-zlogov pomnilnika 
In se lahko poveča zaradi potreb v okviru 
BlOSa, Naslov začetka operacijskega sistema (z 
Izjemo prve strani) lahko določi uporabnik. 
Operacijski sistem dovoljuje oblikovanje, 
brisanje, preimenovanje, branje in zapisovanje 
zaporednih zbirk z zapisi spremenljive dolžine 
in zbirk z naključnim dostopom, ki imajo zapise 
stalnih dolžin. Sistem podpira uporabo 16 
diskovnih enot in zbirčnl prostor se dodeljuje 
dinamično. Največji mogoči prostor za zbirko v 
sistemu SB-80 znaša 128M zlogov in ta prostor 
je tudi največ, kar je dovoljeno za posamezno 
diskovno enoto. Ta prostor se dodeljuje 
dinamično med posameznimi zbirkami. 
SB-80 ima rezidentno lastnost tiskanja iz 
ozadja} s tem ee Izločijo slabosti, ki se 
pojavijo pri odvijalcih (despooler), ki niso 
integrirani direktno v operacijski sistem. 
Tiskanje iz ozadja temelji na vrati največ 
šestih zbirk, ki čakajo na tiskanje. Uporabnik 
lahko prekine, ukine ali uvede funkcijo 
tiskanja Iz ozadja, dodaja zbirke v vrsto in 
jih iz nje odvzema v vsakem trenutku. 
Operacijski sistem ima tudi možnost paketne 
obdelave programov. 
A.P.Železnlkar 

(Dnevnik 3.4.1982, Sobotna priloga) lahko prel.c-
remo tole zanimivo misel: 

XVI. 
Na vprašanje, ali bi Janez Blelweis kupil Koeit in.i 
svojega in našega časa, je treba odgovoriti ostro 
zanlkujoče. Veselil bi se kot iskren rodoljub 
kranjski, slovenski in slovanski poraza germansko 
in nemške moči v Industriji in kapitalu, obenem 
pa postavljal temelje taki industriji, ki bi bila 
kos razmeram na evropskem in svetovnem tržišču. /, 
Bleiweisovim odklonilnim stališčem do prevzema 
Koertinga v šibke slovenske roke, pa je tudi že 
izoblikovana misel o progresivni vlogi doktorja 
Janeza Bleiweisa na polju slovenskega narodivnja 
gospodarstva. 

A.P.Železnlkar 

JANEZ ULEIWEIS IN KOERTING 

V sestavku Bojana Štlha: BlelweiB 1982, Z nedav
nega simpozija o "očetu slovenskega naroda" 

CP/M-86 v integriranem vezju 

Ameriško podjetje Intel je najavilo izJelavo o-
peracljskega sistema CP/M-86 (za 16-bltnl pro
cesor 18086 in njegove naslednike) v eneia samem 
integriranem vezju (tipa ROM) . Ta slstejn deluje 
tudi na 8-bitnem procesorje 18088, ki ga upo
rablja osebni računalnik podjetja IBM (Personal 
Computer)• Takšna izvedba operacijskega sistema 
omogoča brezdiskovno obratovanje daljinskih po
staj v porazdeljenih lokalnih mrežah, kjer ae 
večje diskovne enote nahajajo na centralnih me
stih. Vezje je ROM obsega 16k zlogov ter vsebu
je še časovnike in drugo logikoj oznaka tt-cja 
vezja je 8086-E3, vezje pa bodo začeli prodaja
ti še to poletje (1982). 
Podjetje Intel je tudi objavilo, da je podpl.sa
lo sporazum za OEM distribucijo s poiljeLjem ni-
gital Research, ki bo oskrbovalo Intelove plo
šče (tiskana vezja) z naročnikovimi verzijami 
sistemov CP/M in MP/H. 

A. P. Železnlkar 

Novice uporabniških skupin SIG/M in CPMUii 

SIG/M skupina ja najavila dvanajst nadaljnlh 
zvezkov CP/M programske opreme, tako da ima se
daj skupaj 55 zvezkov (disket). SIG/M skupina 
je Izdala tudi l2-stranski katalog svoje pro
gramske opreme, ki navaja programsko knjižnico 
in listo distribucijskih pogojev. Cena tega ka
taloga je $ 2,00 za zračno pošto (Evropa), na
slov pošiljatelja pa je: SIG/M, Box 97, laellii, 
NJ 08830. 
Tudi CPMUG skupina je najavila in že realizira
la izdajo 15 novih programskih zvezkov, tako da 
jih ima sedaj že preko 80. Pri tem velja 
omeniti, da so zvezki STS do 35 ponatisi starih 
SIG/M zvezkov 1 do 20. Na upogljivih diskih o-
beh uporabniških skupin je tako več deset mili
jonov zlogov uporabnišltih in sistemskih 
programov. Cena diskete je $ 12,00 (za Evropo) 
pri CPMUG. Uporabnik lahko dobi na ta način ce
neno sistemsko in aplikativno programsko opre
mo. 

A. P. železnlkar 



79 

68000 produkti podjetja Cromemco *********************************** 

Podjetje Cromemco iz Mountain Vlewa, Ca je za
čelo dobavljati produkte, temelječe na proce
sorski tehnologiji 68000. Ti produkti so bili 
najavljeni že v septembru/oktobru leta 1981 v 
časopisu Microsystems, Novi sistem je sestav
ljen iz treh S-100 plošč: DPU (Dual Processor 
Onit) plošče z dvema procesorjema (68000 in 
Z80) (cena $ 995), MCU pomnilniškega krmilnika 
(cena $ 495) in 256MSU pomnilnika s 256k zlogi 
(cena J! 1995) . Dobavljiva je tudi plošča s 512k 
zlogi. . 
DPU lahko izvršuje izmenoma ukaze procesorjev 
Z80 in 68000 in med tem, ko na tržišču še ni 
izdatne programske opreme za 68000, se uporab
lja programska oprema za procesor Z80. Vsaka 
MCU enota se lahko uporabi za krmiljenje osmih 
256MSU plošč. Uporabljena pomnilniška vezja so 
dinamična in plošča ima mehanizem za razpozna
vanje napak in njihovo poravljanje. Napake se 
tudi beležijo in so za uporabnika razvidne. Ta
ko lahko uporabnik sistema sam ugotovi, katero 
integrirano pomnilno vezje povzroča napake in 
to vezje sam zamenja. 

A. P. Železnikar 

******************************* 
PODATKI O PREVAJALNIKU PASCAL/Z ******************************* 

Pascalski prevajalnik z oznako Pascal/Z deluje 
na CP/M sistemih s procesorjem Z80, imeti pa 
mora 56k zlogov "čistega" pomnilnika za svojo 
uporabo. Podatki b napakah prevajalnika se ob
javljajo dvomesečno, prav tako pa se preizkuša
jo poslani pascalski programi, ki pridejo v po-r 
štev za prodajo in distribucijo. Tisti, ki že 
imate programe, napisane v Pascal/Z, jih lahko 
pošljete na naslov: Charlie Foster, Director, 
Z-User Group, 7962 Center Pkwy, Sacramentp, Ca 
95823. 

A. P. Železnikar 

disket pri dani aplikaciji. Cache/Q je za 
uporabnika in za sistemske programe 
transparenten. 
Ta novi produkt ima svoj Instalacijski program, 
ki je ihteraktiven,' nadalje rekonflguracijski 
(modiflkacijski) program, s pomočjo katerega 
uporabnik lahko določi, katere zbirke ali 
razred zbirk bodo dostopljene ali pisane skozi 
vmesnike. Paket vsebuje tiidi prikazovalni 
program, ki pokaže operacijsko statistiko za 
Caohe/Q. 
A.P.Železnikar 

************************************** 
Pascalski prevajalnik za procesor 6809 ************************************** 

Pascalski prevajalnik podjetja Omegasoft deluje 
na operacijskih sistemih MDOS, XDOS, Flex, 
DOS69 ali OS-9. Enoprehodni prevajalnik prevaja 
hitro pascalske programe v optimizirani zbirni 
jezik procesorja 6809. Ta prevajalnik dopušča 
dolga cela števila, tako da je moč komercialne 
podatke obravnavati hitro brez izgube hitrosti 
pri dvojni natančnosti realnih ali BCD števil. 
Prevajalnik ima v celoti dinamično dodeljevanje 
pomnilnika spremenljivkam z uporabo procedur 
NEW, DISPOSE, MARK in RELEASE. Prevajalnik pod
pira zbirke z naključnim dostopom. Druge last
nosti prevajalnika so še simbolično odpravlja
nje napak, izvajalna knjižnica z izvirnim ko
dom in storitveni programi za pomoč in obliko
vanje verižne zbirke, ki povezuje uporabniški 
program z knjižnico izvajalnega časa. 
Prevajalnik za Pascal je napisan v strojnem ko
du procesorja 6809 in potrebuje sistem z 48k 
zlogi. Razen prevajalnika sta na voljo tudi 
premostitveni zbirnik in povezovalnik. K preva
jalniku je dodan jezikovni priročnik in konfi-
guracijskl priročnik, ki določa oziroma opisuje 
spremenljivost sistema. Cena prevajalnika znaša 
$ 425, zbirnik in prevajalnik pa imata ceno 3 
75. Naslov proizvajalca je:. Omegasoft Industri-
al Products Group, P.O.Box 70265, Sunnyvale, Ca 
94086. 

A. P. Železnikar 

************ 
CP/M katalog ************ 

V februarju letos je izšla že druga knjiga 
tki.m. kataloga programske opreme za javno upo
rabo. Ta katalog je izdal New York Computer 
Club Inc., P.O.Box 106, New york, NY 10008. Na
tančen naslov publikacije je: The Catalog of 
Public Domain Software for CP/M. Ta katalog 
vsebuje pregled objavljenih disket iz prve 
knjige (49 disket) ter zaporedne številke CP/M 
disket 50 do 53 in SIG/M disket od 1 do 42. Po
samezni programi Iz teh disket so podprti s 
primeri in v tej knjigi najdemo vrsto zanimivih 
in uporabnih informacij. Seveda je ta druga 
knjiga namenjena "pravim" uporabnikom CP/M pro
gramske opreme. 

A.' P. Železnikar 

************************* 
Pohitritev CP/M sistema• ************************* 

************************************ 
Priročnik za operacijski sistem UNIX ************************************ 

Uporabniški ̂  priročnik za sistem UNIX sta 
napisala Jean Vates in Rebecca Thomas ter pred
stavlja uvod v zgradbo, programsko opremo in 
lastnosti tega znanega operacijskega sistema. 
Knjiga je pisana za začetnika in opisuje 
začetne korake na sistemu, kot so vstop v lupi
no, obdelava zbirk, pošiljanje pošte in obliko
vanje imenikov. Opisani so tudi storitveni pro
grami sistema UNIX in njihove lastnosti. Dana 
je informacija o programski opremi za sistem 
UNIX in za sorodne proizvode, naslovi univerz, 
uporabniških skupin in časopisov, ki se ukvar
jajo 8 problematiko tega operacijskega sistema. 
Cena te knjige (broširane) je fi 15,99, izdaja
telj pa je Osborne/McGraw-Hill, 630 Bancroft 
Way, Berkeley, Ca 94710. 

A. P. Železnikar 

Cache/Q proizvajalca Queue Computer Corporation 
povečuje hitrost izvajanja CP/M sistema za 
faktor 35. Cache/Q zahteva CP/M 2.2 sistem s 
64k zlogi pomnilnika ali tudi manj. Pri tem je 
moč uporabiti tudi mehanizem pomnilniških bank. 
Prenosi podatkov na in iz disket se opravljajo 
preko vmesnikov, tako da se znižuje aktivnost 
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B-13 avgust, Montreal , Canada 

lOth IMACS Uorld Congreaa on Sfiatem Simulation and 
Soientifio Computation 

InfortKioiJe: IVACS SeoretaHat, Departement of Computer 
Saienoe, Rutgera llniveraity, Wew Bmmmnak, NJ 08903 

19 -il avguat, St.Gall, Su-^oa 

?th Sympoaium on Operation Reaearah 

Organizator: Sooi0ty for fkithematiaa, Koonomioa nnd 
Operation Reeearoh 
Inforniaoije! H.loeffel and P,Stahly, Inntitut fur 
Untemetmenaforeohung, Hoahaahule St.Oallen, Bodanetraaae 
e, CH-9000 St.Oallen, SiHtaerland 

24-27 avguat, Bordeaui, Francija 

Firat Working Conferenoe on Advanaaa in Produation 
Management Syateme - APMS 82 

Organizator: IFIPWa 5.7 
Informaoije: IFIP Seoretariat, 3, rue du Marahe, CII~1Z04 
Geneva, Saitaerland 

29 avguat- 3 aeptember, Ohent, Belgium 

Mathematiaal and Computer Aided Modelling in Medioal 
Engineering and Bioaybemetioa 

Organizator:-IFIP VO 7.1 
Informaoije: IFIP Seoretarfat, 3, rue du Marahe, 01-1204 
Geneva, SiHtzerland 

30 avgu8t-3 aeptember, Toulouae, Franoi.ia 

ith Sympoaiuin on Computational Statiatioa 

Organizator: lASC 
Infotviaoije; COMPSTAT 82, a/o lah. de Statieti-que et 
ProhabiUtea, E.R.A -C.N.R.S S91 
118 route de Narbonne, 31062 Toulouae Cedex, Franoa 

31 avguat - 3 aeptember, Berlin, ZKlemSija 

International Congreaa for Data Prooeaaing and Infonna-
tion Teahnology 

Organizator:AMK Berlin and ACM European region 
Informaoije:AMK Berlin, Congreaa and Convention tHviaion 
Dep. K 1, Meaaedanm 22, D-lOOO Berlin, V.r,ennany 

1-3 aeptember, Berlin, ZK Nem/fija 

Seoon International SympOBium on Diatributed Data Baaea 

Organizator: IFIP TC 2 
Informacije:IFTP Searetariat, 3 rue du Marahe, CH-1204 
Geneva, SiHtzerland 

6-12 aeptember, llaifa, Izrael 

EVnOMICFO 82 

Organizator; EOROMICRO 

7-10 aeptember, London, Velika Britanija 

Sixth International Conferenoe on Computer Communioathm 
ICCC 82 

Organizator; ICCC 
Informaoije: ICCC 82, P.O.B. 23, Northuood Hille 
HA8 ITT Middleaei, V,K. 

7-10 aeptember, Kiel, ZRUemHja 

Vorking Conferenoe on Data Proteotion and Health 
Infomatioa Sy^.atema 

Organizator: IMIA 
Infomaoije;Mr,J.RoukenB, Cammieeion of the European 
Communitiea, DG III/B/1, A2b-3/8, Vetatraat 200 
B-1049 Bruaaela,Belgium 

8-10 aeptember,Manoheater, Velika Britanija 

Eurographioa 82 

Organizator;Eurographioa aaaooiation, IFIP y.G. 4.2 
UCS, CAD/CAM Aaaooiation, Vnivereity of Hanaheatar, ACM 
European Chapiter 
Informaoije: Eurographioa 82, a/o 170A Park llond, Petei-
borough, England PEl 2UF 

12-18 aeptember, Harrogate, Velika Britanija 

Vorking Conferenoe on Suraing Tnformatiaa 

Organizator; IMIA 
Informaoije; Mr.J.Roukena, Comriaaion of tho European 
Conmmitiee, DG ITI/B/1, A2S-3/8, Vetatraat 200 
B-1049 Bruaaela, Belgium 

20-24 aeptember, Paria, Franoija 

Vorking Conferenoe on Eduaation in Health Informitioa 

Organizator: IMIA 
Informaoije: htr.J.Roukena, Cournaaion of the European 
Commmitiea, DG III/B/1, A2S-3/a, Vetatraat 200 
B-1049 Bruaaela, Belguim 

27-29 aeptember, Baden-Baden, ZH HemSija 

General Conferenoe on Analyaia, Deaign and Eoaluation 
of Man-Maohine Syatema 

Organiantor:IFAC/IFIP/IFORS/IEA 
InformaaijetProf.T.Vamoa, Conputer and Automation Inatitute 
Hungarian Aoademy of Saienoea, B,O.X 63,11 li02 Builupeat 
112, HungaTy 

B8-30 aeptember, Paria, Franoija 

Snd International Conferenoe on the Impaot of CAD in Small 
and Medium StajJ Induatriea 

Organizator:IFIP TC 6 
Informacija: IFIP Searetariat, 3 rue du Marahe, CH-1204 
Geneva, SiHtzerland 
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S-B oktober, Hadr-id, Španija 

3rd IFAC/IPIP Sympoaim on Softuare for Cotrputar Controt 
sococd 82 
Organizator:IPIP/IFAC . 
InformaoiJe:ProfiT, Vamoa, Computer and Automation 
Inatitute, Hunparian Aowiemy of Saienoea, B.O.Bos 83 
S-1B02 Biuiapeat U2, Hmgary 

18-22 oktober, tiunioh, ZPSemSija 

eth International Conferenoeo on Pattem Feoo^nition -
ICVR SB 

Orjaniaator; I/PB 
• InfomaoiJeriFTP Beoretarf-at, rue du Marone,Cll-lB04 
Geneva, sifitaerlcnd 

26- 28 oktober, Berlin, ZOlemSiJa 

International Sympoaium on Medioal Imaging and Image 
Interpretation 

Organizator:lEEE-CS 
Informacije: ISMIII 82, 1109 Spring Street, Suite 201 
Silver Spring, MD 20901; USA 

3-5 november, Vereaillea, Francija 

Feal Time Data 82,. Seoond International Conferenoe 
on Real Time Data Handling and Prooeaa Control 

Organizator:INFIA 
Informacije: T.Brioheteau, INPIA, SenHoea dea Pelationea 
ExterieureB, Domaine de Voluceau- BP, lOS, 78 1S3 le 
Cheanan Cedex, Franoe 

21-22 noveniber, Rive del Šole, Italija 

Working Conferenaeoan Syatem peaign for and uith Ueera 

• Organizator: IFIP TC 9, VG 9,1 
Informacije: IFIP Seoretariat, rue du Maroha, CR-1204 
Geneve, Suitzerland 

13-15 december, Bangalora, India 

Seoond Conferenoe on Foundationa of Softuare Teahnolog^ 
and Theoretioal Computer Soienoe 

Organizator: National Centre for Softuare Development 
and Computing Teohniquea, Tata Inatitute of 
Fundamental Peaearoh 
Informacije:M,Joeeph, NCSDCT, TATA Inatitute of 
Fundamental Reaearoh, Coldba', 8orbay 400 OOS, India 

13-lS december, Cairo, Egifpt 

tirat International ESIT/ASIS Conferenoe 

Organizator:Egnptian Sooiety for Information Taohnology 
and American Sooiety for Information Soienoe 
Infoimacije: Skip MaAfee, ASIS, 1010 Sfxteenth St,, 
N.U., Vaakington D. C 20038, VSA 

13-20 december, Oalo, SorveSka 

General Conferenoe on Comparative Fevieu of Information 
SyBtema Methodologiea ^ 

Organizator: IFIP WG 8,1/NCS 
Informacije: IFIP Seoretariat, rue du Marohei, CH-1204 
.Genev§,-Shritaerland 

1983 

17-21 Januar, Berlin, ZR SemSiJa 

Cormunioationa in Diatributed Syatema - Appliaationa 
and Operationa 

Organizator:Geeelleohaft fur Informatik and Vachriohr 
tentechnieohe Geaellaohaft 
InformaoiJe:Otto Spaniol, FaoKbereioh Informatik, 
Peohnerbetriebaayeteme Vnivereitat Frankfurt, 8000 
Frankfurt, WiGermany 

23-25 februar, Vienna, Auatria 

Firat International Conferenoe on Govemmental and 
Munioipal Data Prooeeaing 

Organizator:IFIP/ADV 
Informacije:Conferenoe Seoretariate, ADV-Arbeitugemetn-
aohafi fur Datenverarbeitimg, Trattnerhof 2, A-lOlO 
Vienna Auatria 

14-18 marec. Tal Aviv, Izrael 

International Conferenoe on Mini and Micro Computer 
Applicationa and Operationa 

Organizator:National Centre for Soientifio and 
Teohnologioat Information 
Informacije: Seoretariat, Mini and Micro Computer 
Applicationa and Opemtiona, Doovnentationg and 
librariea, P.O.Box 30S4, Tel Aviv, 81030, Izrael 

. NOVE KNIGE IN ČASOPISI 

Zalo?.niSka hiSa North-Holland Puhliahing Company 
Je v letu 1932 zaŠela z izdajanjem Saaopiaa 
" C0MPUTER3 AND STANDARDS". Objavljeni priapevki bodo 
obravnavali teme a podroSJa razvoja raSunalniSkih 
atandardov, njihovo implementacijo in uporabo. 
Uporaba raSunalniSkih atandardov zajema naalednja 
podroSJa: avtomatizaoija pieamiSkega poalovanja, 
proektiranje a pomoSJo raSunalnika (CAD/CAM), 
robotika, programski Jeziki, podatkovne baze, infor-
maaijaki aiatemi, raSunalniSka grafika, vhodno/izhodni 
vmeaniki, podatkovni alovarji, dokumentacija, opera-
oijaki aiatemi in dr. Objavljeni bodo tudi priapevki 
a podroSJa aplikacij raSunalniSkih atandardov v 
tehnologiji, eknomiji ter trgovini. Namen Saaopiaa Je 
da informira mednarodno EDP Javnoat o poteku razvoja 
raSunalniSkih atandardov na mednarodnem in nacionalnem 
nivoju ter da zagotovi forum za mednarodno Javno debato 
o problematiki raSunalniSkih atandardov, NaroSniki ' 
Saaopiaa ao: raSunalniSki BtrokovnJaki( individualno), 
inetitucije za atandardizaoijo ter agencije, ki aodelu-
Jejo pri razvoju atandardov ali pa ao vklJuSeni na 
kakSen drug naSin v prooeau izdelave in uporabe 
raSunalniSkih atandardov. 
Glavni in odgovorni urednik Je John I, Berg, Standard 
Oil Company,Indiana, USA, V uredniSkem odboru ao 
atrokovnjaki iz ZDA, Kanade, Francije,Japonake, SSSR, 
ZRNemSije, Italije in Belgije, Letna naroSnina Je 80 $, 
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N A V O D I L O 
Č L A N K A 

Z A P R I P R A V O 

Avtor je .pros imo, da pošljejo uredništvu naslov in kratek 
povzetek članka t e r navedejo približen obseg članka 
(š tevi lo s t ran i A 4 f o r m a t a ) . Uredništvo bo nato poslalo 
avtorjem us t rezno število formularjev z navodilom. 

Članek tipkajte na pr i ložene dvokolonske fo rmula r j e . Če 
potrebujete dodatne formular je , lahko uporabite bel papir 
Istih d imenz i j . Pri tem pa s e mora te držat i predpisanega 
formata , vendar pa ga ne v r i š i t e na p a p i r . 

Hodite natančni pri tipkanju in temelji t i pr i ko r ig i r an ju . 
Vaš članek bo s foto postopkom pomanjšan iti pripravljen 
za tisk b rez kakršnilikoli dodatnik ko rek tu r . 

Uporabljajte kvaliteten pisalni s t r o j . Ce le tekst dopušča 
uporabljajte enojni p res ledek . Črni t rak je obvezen. 

Članek tipkajte v p ros tor obrobljen z modrimi č r t a m i . 
Tipkajte do č r t - ne preko njih. Odstavek ločite 2 dvojnim 
presledkom 1 n lirez zamikanja prve v r s t i ce novega ods ta
vka . 

Hrva s t ran članka ; 
a ) v sredino zgornjega okvira na prvi s t ran i napiši te n a 

slov članka z velikimi crVami; 
b) v s redino po<l naslov članka napiši te imena avtor jev, 

ime podjetja, m e s t o , d r ž a v o ; 
c) . na označenem mestu čez oba stoljjca napiši te povzetek 

članka v jeziku, v katerem Je napisan č lanek . Povzetek 
naj ne bo daljši od 10 v r s t . 

d) če članek ni v anglešč in i , ampak v katerem txl jugos lo
vanskih jezikov Izpustite 2 cm in napiš i te povzetek 
tudi v anglešč in i . Pre<J povzetkom napiši te angleški 
naslov članka z velikimi č r k a m i . Povzetek naj ne bo 
daljši od 10 v r s t . Če je članek v tujem jeziku nap i š i 
te povzetek tudi v enem od jugoslovanskih jezikov; 

e ) izpustite 2 cm in prični te v levo kolono pisati č lanek . 

Oruga in naslednje s t ran i članka: 
Kot je označeno na formularju začnite tipkati tekst druge 
In naslednjih s t ran i v zgornjem levem kotu. 

Naslovi poglavij : 
naslove ločuje od ostalega teksta dvojni p r e s l edek . 

Če nekaterih znakov ne morete vpisati s s t ro jem jih 
čitljivo vpiši te s črnim črni lom ali svinčnikom. Ne 
uporabljajte modrega č rn i l a , ker s e z njim napisani zuii-
ki ne bodo p re s l i ka l i . 

I lus t raci je morajo biti o s t r e . Jasne in č rno bo le . Če jih 
vključite v t eks t , s e morajo sklaflatl s p redp i san in r fo r 
m a t o m . Lahko |Kt jih vstavite tudi na konec č lanka , ven
da r morajo v tcni p r imeru ostati v mejah skupnega clvo-
koloiiskega fo rmata . Vse i lus t raci je mora te ( iiiilepili) 
vstaviti s ami na us t rezno m e s l o . 

Napako pri tipkanju s e lahko popravljajo s kurekri jsko 

folijo ali belim t u š e m . Napačne be sede , s tavke ali odsta
vke pa lahko ponovno natipkate na neprozoreii papir in 
ga pazljivo nalepite na mes to napake . 

V zgornjem desnem kotu izven modro o/.naronega roba 
oštevilči te s t ran i članka s svinčnikom, tako da Jih Je 
mogoče z b r i s a t i . 

Časopis INFOUMATICA 
Uredniš tvo, Parmova 4 1 , 61000 Ljubljana 

Naročam se na časopis INKOHMATICA . Predplačilo liuin 
i zvrš i l po prejemu vaše iioložnico. 

("enik: letna naiočniiia za delovne organizaci je 500,00 
d in , za posameznika 200 ,00 /100 ,00 /50 ,00 din 

Časopis mi pošiljajte na naslov [~\ stanovanja [ 1 
delovne organizac i je . 

Priimek 

Ime 

Naslov stanovanja 

II lica 

Poštna številka K r a j , 

Naslov delovne organizaci je 

Ilelovna organizacIja 

Ulica 

Poštna številka Kraj 

Datum, I'ixlpis: 
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I N S T R U C T I O N S F O R 
P R E P A K A T I O N O F A 
M A N U S C R I P T 

Aulhors a r e invitod to send in the address and short 
summarv of tlioir articU-s and indicate tho opproxiniate 
s ize of their conlriliutions ( in t e r m s pf A 4 jiaper ) , 
Subsequently tlioy wiU receive the o u t o r ' s k i t s . 

Ty|M> your niannscript on tlie enclosed two-colunin-fotmat 
manusci ip t p a p e r . If you ret iuire additional nianuscript 
paper you can use s i in i l a r - s i ze white papor and k<ie|> Uu/ 
proposed format but in tliat c.ise pleaso do not draw llie 
format l imits on tlie papei . 

He accura te in your typiii<) and throagh in your proof l e a d -
ing . lliis manuscript will be pliotographically roductnl for 
reprixiuction witliout any proof roading or cor rec l ions hc;-
foro printii ig. 

INKORMATICA, Journal I leadguar ters 
l'arniova 4 1 , 61000 Ljubljana, Vugoslavia 

r ieast! enter niy subsc:ri[it]on to INFDliMA IICA and 
seiul me tho b i l i . 

Annual subscription pr iče ; com|)aiiie.s US f, 22, indi 
viduals US 3 7 , 5 . 

Send Journal to n i y Q liome address [~] 
conipany 's address . 

Surnaiiu;^ 

Name ; 

lloMie afldross 

Street 

Postal ccHie ('ity 

C",i>iiipaiiy address 

C~ompany 

Street 

Postal codo ^ t i t v 

"<i'e Signature 

Use a goixl typewr i t e r . If the text anows i t , use singlo 
spac jjig. Use a black ribbon only, 

Keep your copy within the blue margin lines on tlie |);i|H!r, 
typing to the l ines , but not l)eyond the in . Dotible space 
between j i a ragraphs . 

Kirst pag<! nianuscript ; 
a) (live tit le of the paper in the upiier box on the first 

page . Use block l e t t e r s . 
b) Under the t i t le give a u t h o r ' s n a m e s , conipany UiUiie, 

city and s ta te - aH c e n t e r e d . 
c) As it is marked , begin the abs t rac t of the pa |»!r . ry|H? 

over both the co lumns . Ihe abs t rac t shouhi be vvritten 
in the language of the paper and sliould not exies(Ml 
10 l i n e s . 

d) If the i)aper is not in Knglish, drop 2 cm aftcM liaving 
written the abs t rac t in the language of Ihe paiier and 
wr i t e the abs t rac t in ICnglish as weU. In front of the 
abs t rac t put tho Lvnglish t i t le of the pa|x>r. l ise bluck 
l e t t e r s for tho; t i t l e . The lenght of the abs t rac t should 
not be gn-a te r Ihan 10 l i n e s . 

e) Drop 2 cm and liegin the text of the |ja|X-'r in tlie left 
colunin. 

Second and succeoding pages of the inanuscripf: 
As it is niarkeil on the |)<ipei; begin the texL ol, the siicoiirl 
and succeeding pages in tho left uppor c o r n e r . 

fo rmat of the subject headings: 
Ileadings a r e separa ted fi om text by double spac iug . 

If some cha rac t e r s a r e not available cm your typwritei 
wri lo them legitily in black ink or with a penci l . Do not 
use bluo ink, because it sliows po()rly. 

I l lusiral ions inust b(> black and whi te , sl iarp and c l e a r , 
If you incorporate your i l lus t ra t ions into Ihe tt?xt keep 
the proposed fo rmat . Il lustralion can a lso be placed at 
the ond of ali lext mater ia l providod, howevei' , that 
they a r e kept ivilhin the margin lines of tho full s i ze 
two-colnnui format . Al! i l lustrat ions nuist be plac(xl 

inlo appropr ia te positons in the text by the autl ior . 

'vphig e r r o r s may be co r rec t ed by using white eor iee l iun 
paint or by ietyping the wor<l, sentence or paragra(ili on 
a pi<!Ce of apa i |ue , white paper and pasting it near ly t>vei 
e r r o r s 

Use pencil to nimilier each page on the upporHight-hani! 
cornei of the manus r r ip t , oiitside llie blue margin llnos 
so that the numbers may be e r a s e d . 



DELTA-KOPA 2000 
video terminal računalnišl̂ i sisiemi delta 

SPLOŠNI OPIS 
Video terminal DELTA KOPA 2000 je računalniška vhod
no/izhodna enota. Terminal je zasnovan na mikropro
cesorski tehnologiji In ga lahko izpopolnimo in uspo
sobimo za opravljanje zahtevnejših nalog. Je enostaven, 
vendar z lastnostmi, ki olajšajo delo in izboljšajo komu
nikacijski odnos računalnik — človek. 
Terminal DELTA KOPA 2000 je v celoti plod lastnega 
razvoja DO DELTA. 

LASTNOSTI 

— do 132 znakov v vrstici 
— dvojna velikost znakov; dvojna višina in dvojna 

širina 
— delitev zaslona 
— možnost dopolnitve v samostojen sistem 
— izbira svetlega ali temnega ozadja na zaslonu 
— matrika za izpis znakov s 7 x 9 točkami 
— utripanje, podčrtavanje in dvojna jakost znakov, 

kombinacija vseh atributov na enem znaku, brez 
izgube položaja na ekranu 

— stalni in nastavljivi tabulatorji 
— ustavljanje izpisa pri polnem zaslonu 
— ločena tastatura 
— standardna skupina številčnih tipk 
— posebni grafični znaki 
— izjemno enostavno vzdrževanje 
— vgrajeni lastni diagnostični programi 

— poseben izhod za video signal 
— poseben izhod za tiskalnik 
— prilagoditev nagiba monitorja 
— namizna, viseča in stenska montaža 
— univerzalni močnostni del 
— različne prenosne hitrosti, 
— kompatibilni način delovanja s KOPO 700, 

KOPO 1000, z VT 100, VT 52 
— LED indikatorji za kontrolo delovanja 
— brezkontaktna nastavitev lastnosti 
— izbrarie lastnosti terminala se ohranijo tudi ob 

izklopu 
— dupleksni prenos prek asihrone komunikacijske 

linije 

TEHNIČNE SPECIFIKACIJE 

Dimenzije: 
Monitor/ 
brez podstavka 

s podstavkom 

Tastatura 

Teža:' 
Pogoji delovanja: 

Napajanje: 
Zaslon: 
Katodna cev 
Format 

Znaki 
Aktivna površina 
zaslona 
Znakovni niz 
Tastatura: 
Tipke 

Pomožna 
tastatura 

Povezave: 
Tip 
Hitrosti: 

Format znakov 
Dolžina znakov 

Kode 
Parnost 
Sinhronizacija 

dolžina 46 cm 
širina 43 cm 
višina 28 cm 
dolžina 52 cm 
širina 43 cm 
višina 36 cm 
dolžina 46 cm 
širina 24 cm 
višina 6 cm 
15,6 kp 
temperatura od 10—40" C 
relativna vlaga 10—90 % 
180—256 V/47—63 Hz/100 VA 

diagonala meri 31 cm, fosfor GR 
24 vrstic po 80 znakov ali 24 vrstic po 132 
znakov (po izbiri) 
matrika s 7 x 9 točkami 

205 mm x 115 mm 
96 ASCII znakov 

65 tipk je izdelanifi in razporejenih podobno 
kot pri pisalnem stroju • • 
18 numeričnih tipk s piko, vejico, minusom, tip
ko ENTER in štirimi programsko-funkc. tipkami 
zvočna potrditev vtipkanega znaka in mejni 
signal za napako 

EIA {RS-232-C) 
polni dupleks 50, 75, 110 (dva stop bita), 
134, 150, 200, 300, 600, 1200, 1800, 2000, 
2400, 3600, 4800, 9600, 19200 
asinfironski 
7 ali 8 bitov; izbira na tastaturi. (Če izberemo 8 
bitov za znak, osmi bit ne nosi informacije.) 
USASCII, JUS A.FO.101, 
soda, liha, če je ni, izbira na tastaturi 
izbiramo jo s tastaturo, tako da generiramo 
kontrolno kodo XON/XOFF 
s tiskalnikom CTS ali XON/XOFF 

Delta, Ljubljana, Vugoslavia 



računalniški sistemi deha 

TASTATURA 
Podobna je tastaturi pisalnega stroja in je ločena od 
ohišja monitorja. Z njim jo povezuje 1,50 m dolg kabel, 
ki dovoljuje postavitev monitorja lin tastature v različne 
položaje. S tem dosežemo zorni in delovni kot. Na 
tastaturi so posebne funkcijske tipke za prenos kon
trolnih znakov, ki krmilijo delovanje terminala. Skupina 
številčnih in funkcijskih tipk, oblikovana podobno kot pri 
kalkulatorjih, služi za vnašanje numeričnih podatkov in 
uporabo programskih operacij na terminalu. Na tastaturi 
je 7 LED indikatorjev, ki dajejo operaterju informacijo o 
delovanju terminala in služijo za odkrivanje napak. 

ZASLON 

Ena od prednosti video terminala DELTA KOPA 2000 
je, da lahko prikazuje poročila v dveh formatih: 80 in 
132 znakov v vrstici. 132 znakov v vrstici omogoča 
zapis poročil, ki so standardno generirana v formatu za 
tiskalnik in direkten prenos iz zaslona na tiskalnik brez 
preoblikovanja. V načinu delovanja drseče obračanje 
(SMOOTH-SCROLL) lahko operater kontrolira podatke 
pri visokih hitrostih prenosa. S tipko NO-SCROLL pa 
lahko izpis kjerkoli ustavi in ga s pritiskom ponovno 
sproži. Zaslon lahko logično razdelimo v dva dela tako, 
da se del 24-vrstičnega zaslona odvija ločeno. Podatke 
lahko vpisujemo na enem in izpisujemo na drugem 
delu zaslona, kar je ugodno za programiranje in ope
raterja. 

S pritiskom na posebno SET-UP tipko operater nado
mesti vsebino zaslona s standardno sliko (SET-up A). S 
pomočjo te slike lahko izbere število znakov v vrstici, 
določi svetlost zaslona in nastavi tabulatorje. S priti
skom na tipko 5 operater zamenja prikaz SET-UP A s 
.prikazom SET-UP B. Ta prikaz omogoča izbiro prenos
nih hitrosti in drugih lastnosti terminala (npr. svetlo 
ozadje na zaslonu, oblika zaslonskega kazalca, mejni 
signal). 

ZNAKI 
Matrika za izpis znakov obsega 7 x 9 točk in se razpro
stira na prostoru 10 x 10 točk, kar omogoča spuščanje 
nižje ležečih znakov za dve točki. Operater lahko izbere 
svetle znake na temni podlagi ali temne znake na svetli 
podlagi, in sicer za vsak znak posebej ali za cel zaSlon. 
Ta lastnost poudarja določene dele teksta, temni znaki 
na svetlem ozadju pa dajejo videz tiskanega teksta na 
papirju. Uporabniku je na voljo dvojna višina in dvojna 
širina znakov, s čemer dosežemo preglednost teksta in 
čitanje na večjo razdaljo. Osnovni nabor znakov 
vsebuje poleg črk, številk in ločil, še 39 grafičnih zna
kov za prikaz grafičnih informacij na zaslonu. 

SPLOŠNI PODATKI 
Video terminal DELTA KOPA 2000 ima dve mehanski 
stikali, eno za vklop terminala in drugo za preklop moč
nostnega dela. Vse druge funkcije terminala, kot so 
prenosna hitrost, tabulatorji, pariteta, itd., so shranjene 
v posebnem pomnilniku in jih spreminjamo preko tasta
ture. Nastavljive lastnosti terminala se ohranijo, tudi če 
terminal izključimo in ga ponovno vključimo. Odstrani
tev mehanskih stikal olajša uporabo testnih diagnostič
nih programov in omogoča enostavno prilagajanje 
terminala. Vgrajeni testni diagnostični programi poeno
stavijo vzdrževanje in zmanjšajo čas osamitve in popra
vila napak. Ohišje je spojeno s čepi, kar omogoča hiter 
dostop in lahko vzdrževanje. 

Univerzalni močnostni del je prilagojen za napajanje 
terminala in vseh dodatkov in omogoča njihovo vgra
jevanje na terenu. 

Posebni izhod za video signal lahko krmili pomožni 
video monitor in tako omogoča posredovanje podatkov 
večji skupini ljudi. Terminal DELTA KOPA 2000 deluje 
z dupleksno asinhrono komunikacijsko linijo in ima stan
dardni vmesnik El A 232 in 20 mA vmesnik. 
Novost terminala DELTA KOPA 2000 je, da poleg glav
nega vhoda vsebuje posebna serijska vrata za tiskalnik. 

' marketing Delta - 1982 (video terminal DELTA KOPA 2000, V.1) 


