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O RAZVOJNI POBUDI RACUNALNISKE INDUSTRIJE! ‘ . INFORMATICA 2/88

_ Anton P. Zeleznikar
UDK 681.3.001.2 . Iskra Delta

Ta ¢&lanek je avtorjev govor ob oivoritvi Deltinega razvojno~proizvod-
nega centra v Iskrini tehnologki dolini v Stegnah pri Ljubljani. Clanek
poudarja ved kot tridesetletno zamisel avtenti&ne strukture in
organizacije racunalniske tovarne, ki ni le privesek neke raznorodne,
radunalnistvu tuje industrije, temve¢ Jje sodobna proizvodna
zmogljivost, ki obsega dovolj &irok in tehnoloskc zahteven rac¢unalnidki
proizvodni program. Ta proizvodnja naj bi bila podprta s sodobno
zami&l jenimi raziskavami in razvojem rac¢unalniskih in informacijskih
sistemov. Ze danes je Iskra Delta povezana z raziskovalnimi, razvojnimi
in proizvodnimi sredii¢i doma in na tujem. V prihodnje naj bi bila
nacionalna racunalnigka industrija tudi delezZna posebne skrbi in
podpore vlade, industrije in akademije. Iskra Delta sproza tudi Ze novo
industrijsko raziskovalno pobudo za sodobne tehnoloske raziskave na
podro#ju radunalnifke znanosti, tehnologije in uporabe. Pod okriljem
Slovenskega drustva Informatika je bil ustanovljen t.i. Forum
informationis, ki ga sestavljajo najvidnej#i racdunalniski strokovnjaki
in novinarji, z nazmenom, da bi lahko nudil javno in kritiéno podporo
hitro rasto&i domaci racunalniski industriji. Na koncu &lanka je
sporo¢en poziv vodstvu in inZenirjem Iskre Delte, ki naj bi pospesil
intelektualno motivacijo in ustrezno poklicno reagiranje inZenirjev.

On the Developmental Iniciative of the Computer Industry.

This paper presents the opening speech, held by the author, at the
. pccasion of the opening ceremony of the Iskra Delta’s Research,
Development, and Manufacturing Center at the sc-called Iskra
Technology Valley in Stegne, near Ljubljana. The paper apostrophizes
more than the thirty-years growing concept of authentic structural and
organizational principles eof a computer factory, which is not only an
appendix of a heterogenous, to the field of computing strange industry,
but is a modern manufacturing fecility embracing sufficiently broad and
technologically pretentious computer manufacturing program. This
manufacturing should be supported by contemporarily imagined research
and development of computer and information systems. Already today,
Iskra Delta is well-connected with research, development and
manufacturing places in the country and abroad. In future, the national
computer industry should receive the necessary care and support from
governmental authoritieé. industry and academia. Practically, Iskra
Delta is also giving the so-called industrial research initiative for
modern technological and conceptional research in the area of computer
science, computer technology, and to cother computer-related
application. In the framework of the Slovene Society for Informatics
the so-called Forum Infprmationis, uniting the most distinguished and
experienced computer professionals and journalists was established, to
offer the public and critical support to the fast growing domestic
computer industry. At the end of the article, a call to the managerial
and professionally @iverse engineering staff of Iskra Delta is
communicated, to rise the necessary intellectual motivation and the
" corresponding professional reaction.



Slika 1 (zgoraj)., Na sliki je prikazan izgled
proizvodno-razvojinega objekta Ilakre Delte med
izgradnjo., Sprednji del objekta (levo) je
v glavnem namenjen raziskovalno-razvojnemu
delu, zadn ji del {desno) pa preteZno
proizvodnemu delu., V kletnih etazah se nahajajo
skladisda, na vrhu zadaj pa infrastrukturne e-
note (kuhinja, menza, ambulanta, predavalnica).

Slike 2 (spodajf). Ta slika kaZe proizvodno
montazo in preizkusSanje ve&procesorskih mini-
racdunalniskih sistemov Gemini in Delta 4860, ko
se njihova izdelava 2ze pribliZuje koné&ni fazi.
To 80 znani in 2Ze uveljavljeni ra&unalnigki
gietemi Iskre Delte iz razreda super miniradu-
nalnikov, z lastnimi modulskimi aparaturnimi in
prograskimi komponentami.




Slika 3 (desno). Pri izdelavi’
modulov na tiskanih vegzjih, ki je
gicer avtomatizirana, 80 vetkrat
poirebne tudi dodatne ali’
korekturne ro¢ne operacije. Tako se
moduli dopolnjujejo oziroma
popravljajo. Vse to pa zahteva
vestno oziroma natanéno delo.

Slika 4 (spodaj). Tiekano vezje =z
vstavljenimi in elektridno poveza-
nimi elementi se preizkhkuza z upora-
bo posebne preizkusevalne naprave,
ki opravlija meritve in 8 tem
preverja avtomati¢no ustreznost
vezja. To je vigoko udinkovito
diagnosticiranje modula na tiskanem
vezju, torej ugotavljanje kriti¢nih
" odstopov.




Silika 5 (zgoraj). Na sliki je prikazana
proizvodnja mikroratunalniskih gistemoav
Triglav (stolpna ali obmizna izvedba) s
16-bitnimi procesorji J11, M68010 in
180286. Te konfiguracije je mogode
raznovrstno dopolnjevati z disketnimi,
diskovnimi in traénimi enotami.

Slika [ fdesno). Namizne izvedba
mikroradunainidkih sistemov Triglay Je
namenjena njihovi uporabi s funkeijo
visoko zmogljivih delovnih poataj za
razlidne namene (CAD/CAM, grafika za
razli®¢ne uporabne naloge, komunikacijske
mreze itd.). Sistemi Triglav uporabljajo
laatne, ti. domace module B tremi
razlie¢nimi mikroprocesorji na vodilu
VME. To vodilo je industrijski standard.
Tudi operacijski sistemi za radunainike
druzine Triglava BO razliéni in
omogodajo uporabo najsirsega spektra
uporabniskih programov., Ti operacijski
si‘stgmi ao Deita-M, Xenix, Unix in MS-
DOS, -




Some of the riskiest work we do is cohcerned
with altering organization structures. Emo-
tions run wild and almost everyone feels
threatened, Why should they be? The answer
is that if companies do not have strong
notions of themselves, as reflected in their
values, stories, myths, and legends,
people’s only security comes from where they
“live on the organization chart. Threaten
that, and in the absence of some grander
corporate purpose, you have threatened the
closeat thing they have to meaning in their
business lives.

T.J. Peters and R.H. Waterman: In Search

of Exellence, p. 77 {Harper & Row, 1981}

Zamisel, ki smo Jjo  jugoslovanski radunalniski
inZ2enirji nosgili vee kot trideset letl v svojém
hotenju in zhanju, se v teh dneh materialno
uresniduje. Pred nami je prava in na lastnih
tehnoloskih in razvojnih temeljih, na
dolgotrajni avtentiéni zamisli? zgrajena in
organizirana tovarna radunalnikov, ki ni le
privesek neke drugorodne, radunalmnistvu
mac¢ehovske ali tuje industrije, temved je
sodobna proizvodna zmogljivost, ki obsega
dovolj 3irok in tehnolosko zahteven
rac¢unalniski proizvoedni program. Ta nova
zmogljivost naj bi se podpirala tudi s sodobneo
koncipiranimi raziskavami in razvojem, ki naj
bi zagotavljale novonastajajote _paeunalniake
produkte, tj. informacijske in radunalnizke
sisteme za svetovnoe konkurenéni plasma in

1 Slavnostni govor ob otvoritvi proizvodno-
razvojnega sredisda Iskre Delte v Stegnah, dne
4, decembra 1987.

2 Zamisli o oblikovanju slovenske radunalniske
industrije so nastajale 2ze v drugi pelovici 50-
ih let. Na Institutu Jozefa Stefana so potekala
interdisciplinarna predavanja, = katerimi se je
de facto pripravljal tudi razvoej ratunalnika,
ki naj bi ga proizvajala domadsa industrija. V
60-ih letih je ta zamisel ugssala, saj se Jje na
Zavoedu za avtomatizacijo pojavila licendéna
montaza {neke vrste proizvednja) radunalnika
Zuse Z213.

? Avtentiéna zamisel rac¢unalniske tovarne
pomeni med drugim na lastnih moznestih in
izkudnjah strukturirano in organiziranc
proizvodnjo, podprto s sodobno (lastno)
ratunalnigko avtomatizacijo tipa CIM (Computer
Integrated Manufacturing) in tipa CIC {Computer

"Integrated Communication}, kot jo uvajajo
sodobno organizirane tovarne v avtomobilski
{General Motors) in rac¢unalniski industriji
{npr. avtomatizacija proizvodnje mikroracunal-
niskih distemov tipa PS in velikili racunalnis-
kih sistemov pri IBEM).

uporabo. To Jje vizija in odlo&enost ob tej
ctvoritvi in prav zaradi tega 2elim kritic¢no
poudariti, da bosta svetovno konkurentni plasma
in uporaba mogofa le tedaj, %e bo socdobne
organizirana znanstveno-produkcijska veriga
dobivala ustrezne tr2no-strateske ippute in le
&¢e sBe bo vzpenjala na skrajne meje znanstvene
in tehnoloske inovativnosti ob izredno
samokritidnem uresnid¢evanju vseh dejavnosti
sklenjene verige raziskav, razvoja, proizvodnje
in trZenja.

Veestranska ‘znanstveno-tehnolo8ka - povezanost
Iskre Delte s svetovnimi in doma¢imi
raziskovalnimi, razvojnimi, tehnoloskimi,
proizvodnimi in poslovnimi sredisc¢i beo
adlodilna in mora neglede na trenutne krizne
okoliscine slej ko prej ostajati, nastajati in

.se razvijati kot glavna stratesSka usmeritev

radunalniskega podjetja. Tak#na usmeritev, ki
edina zmore zagotavljati obstoj in prepotrebne
razvojne impulze lastne in druge sodobne
industrializacije na nesih tleh in v-evropskih
koordinatah, bo lahko nosena le 8 strokovno in
intelektualno vrhunsko usposobljenimi kadri v
vedenju, raziskavah, razveju, proizvodnji in
trzenju. V naporih za svoje prezivetje in
razvoj se bo Iskra Delta vedno znova sooCala s
problemom zahtevne kadrovske kvalifikacije,
izkugenosti in intelektualne prodorndsti.
Zna¢ilni kadrovski kompromisi danasnje
stagnantnosti, neaktivnosti in disfunkcije ne
bodo zadostovali niti za golo prezivetje.

Radunalnidka industrija in razvoj te industrije
sleherne drzave sta danes pomemben
integracijski dejavnik na podro¢ju narodnega
gospodarstva, raziskav, razvoja, proizvednje in
trzenja. Ta industrija je zato skrbno opazovana
in varovana 2z drzavno regulativo, saj je
izhodig¢na za razrast druge industrije, malih
podjetij materialne in programske proizvednje,
trgovine, nacionalnih 3clskih, zdravstvenih in
drugih infrastrukturnih dejavnostif

Rac¢unalniska industrija je temeljna podlaga
pribajajote informacijske epohe. Narodi ali
mednarodne skupnosti, ki Ze domisdljajo in
gradijo svoje vizije pre2ivetja, morajo jasno
in naértovano predvidevati svoje vire
informacijskega znanja in tehnologije.

Tudi funkeija danainje Iskre Delte postaja
dedalje bolj raznovrstno integrativna na
podroé¢ ju poslovnega povezovanja, postaja pa
tudi bistvenq inicializirajoc¢a skladno in
sapontanc s tistimi potrebami =sodobnega’
tehnoloskega in socialnega razvoja, ki zmore
odlo¢ilno posegati v prestrukturiranje
papirnatih vrhunskih raziskav in tudi v
navideznoe oziroma nebistveno akademsko
tehnelosdko ~napredovanje. Raziskovalna
industrijska iniciativa Iskre Delte Ze oblikuje
tisto bistveno polje razvojne relevantnosti, ki
bo lahko podlaga kljuZnim preobratom v razvojni
strategiji sozda Iskre in Gorenja in t.i.
raziskovalnih skupneosti. Iskra Delta vendarle
in to navkljub obéutjem krizne brezizhodnosti
odpira obetajofte in motivacijsko bistvene



Slike 7 (zgoraj)., Na tej s8liki je viden del
laboratorija za razvoj mikroraédunalnidkega
gistema Triglav, in micer za modul z 32-bitnim
mikroprocesorjem Intel 80386, Iz slike je
razvidno, kako g0 svetli laboratorijeki
prosatori bogato opremljeni 2z najrazlidnejgimi
aparaturnimi pripomo¢ki za kompleksen razvoj
(na¢rtovanje, risanje, simulacija itd.) vezij
in podeistemov. Preko posebnih terminalov je

laboratorij povezan z visoko zmogljivimi
miniradunalniskimi sistemi lastne proizvodnje
(glej npr. sliko spodaj). Ti razvojni

racunalniki 80 locirani na ved& meetih v
proizvodno-razigkovalnem sredid¢u Iakre Delte.

Slike 8 (spodaj). Racdunalnitki center projektov
za operacijske sisteme in super miniradunalnike
je le eden od petih radunalniskih centrov v
proizvodno-razvojnem sredisdu Iskre Delte v
Stegnah. V ozadju je v sredini slike viden vea-
procesorski ratunalnigki sistem ID Gemini, =8
skupnim diskovnim obsegom 4,2 Gbyte. Ta sistem
Je namenjen med drugim tudi razvoju IDA orodij
in lastnih operacijakih sistemov iz druzine
Deltix. Na levi atrani slike je viden sgistem
VAX 11/780, ki s8e  uporablja pri razvoju
super miniradunalnikov (za simulscijo, na¢rto-
vanje in druge razvojne naloge).




“oblikovno

razvojne perspektive, ki Jjih letargiéno in
nemotivirano okolje 2Ze asprejema s tihim
odobravanjem, in ¢uti v njih svoj
izhod, razvojno upanje in prestrukturirno
zaupanje., V tem spoznavnem kontekstu je
razvojna uspesnost Iskre Delte izredno pomembna
Za obéutje industrijakih in drugih
infrastrukturnih razvojnih moZnosti
jJugoslovanskih nacionalnih in federalnih
zhanstveno-tehnoloskih strategij.

saj vidi

V bliZnjem razdobju se bo z nadaljnim Deltinem
razvejem pojavila tudi v obeh sozdih pa tudi v
strokovni in #8ir&i javnosti bistvenec nova,
c2ivljajocda pobuda. Slovensko

Informatika bo oblikovalo t.i.
informationist, ki ga bodo sestavljali
najvidnejai racunalnigki strokovnjaki in
novinarji, kot kritiéno, problemsko in
intelektualno usmerjeno telo za podrodje

drustvo

racunalnidtva in informatike.
relevantnosti

Delovno polje
tega telesa bo raznovrstna
raziskovalna, orgenizacijska in
proizvodna pobuda. Hkrati bo Slovensko drustvo
Informatika reformiralo svoj strokovni @&asopis
Informatica tako, da ba njegova vasebina
bistveno povezana z raziskovalno in ‘razvojno
problematiko obeh sezdov, da se bo skozi
¢asopis razvijala tudi potrebna motivacija zs
raziskovalnost, razvojnost, strokovnost in
znanstveno-tehnologtkoe obvesdenost razishkovelcev
in inZenirjev na podro&ju ralunalnistva in
informatike, Z odpirenjem Deltine tovarne se
tako de facto za&enja tudi bistveno nova,
ozivljajota pobuda strokovne aktivnosti kot
nujnost in kot predhodnica in posledica
industrializacije, kot oko in uho potrebne
razvoJjne relevantnosti.

strokovna,

Z wvstopom Iskre Delte v rac¢unalnisko
industrializacijo se odpirajo nove moZnosti za
informacijsko-zna¢ilno in spremljajodo drugo
industrijo v o%jem in #irzem okolju. Drzavni,

* Forum informationis je latinskega izvora in
pomeni trg {javno mesto)
(informacije). Pomen foruma je
informacijsko strokoven, tj.
strokovnostjo informacije kot informacije
{racdunalnik je danes pojem za informacijski
stroj) 'in javen, tj. kvalificiran za Jjavno
razpravo o radunalnisgtvu in informatiki.

dvojen:
utemel jen s

8 Konzervativna tehnologija je v svojem bistvu
subkulturno oblikovana {funkecionalno in
"dizajnirana"), modificirana,
najvetkrat reducirana tehnologija, ki ne sledi
vee¢ glavnim, tudi konjunkturnim razvojnim,
tr2nim in standarizacij-skim trendom, se pa na

znadilen nesposobnosten naéin odeva v svOoje
zafd¢itne znake in geiti tako le sama sebe pred
nikomer. Tehnolodka konzervativnost je lahke le
trenutna tr2na poteza, ki
¢imprej nadomestiti =
noviteto.

jo Jje potrebno
trzno relevantno

Forum -

predotbe .

gospodarski in politiéni centri odlodanja naj
bi take in drugadne, smiselne in integracijske
pobude in tokove, ki so povezani =z
informatizacijo kljuénih dejavnosti
njihovim nuJjnim razvojem, Z razumevanjem
podpirali. Iskra Delta je eden tistih
inovativnih gospodarskih poganjkov, ki je 3e
sposoben izvenkrizne rasti, motivacije in
pozitivnih gospodarskih uéinkov. Zaradi teda
pridakujem, da bo politit¢na mo& podpirala prav
svoj lasten, demokratiden razvoj v najvedji
meri tudi tako, da ne bo postavljala umetnih
zaprek Deltinemu razvoju tam, kjer bi ga bile
smiselno kvedjemu pospefevati. BSeveda pa mora

in z

tudi Iskra Delta v prihodnje sprejeti strokovno -

in vesestransko odgovornost za skladen in
ekonomsko u&inkovit rasvej rad¢unalnistva in
informatike na nagih tleh in v 3irsem evropskem
in svetovnem prostoru.

Podobno kot se s tem govorom obratam na Sirso
slovensko in Jjugecalovansko Jjavnost, se obracam
e posebej na Deltine inZenirje. Predvsem od
vas Deltini inZenirji, od vaSe strokovne
zavezanosti, organiziranosti, brezkompromisar-
skega izraZanja veakrdnjih kvalitatiwvnih
zahtev, od vasega hotenja in raziskovalno-
tehnoloskega izpopolnjevanja je
razvojni in gospodarski potencial in uspesnost
Igskre Delte. Slej ko prej se bo potrebno
odpovedati konzervativni in #e danes razvojno
neperspektivni tehnologiJjif in osvﬁjati
naprednej%o, 2a vse nas napornej3o in
zahtevnejso tehnologijo in znanje. Znani
koncepti kopiranja in golega posnemanja ne bodo
vet zadostovali. Zato pridskujem,
strokovna in organizgacijskes glasnost glasnejsa,
strokovno bolj intelektualizirana in
konceptualno smelejsa, kot je bila doslej; da
inZenirji ne boste le nemoé&ni cpazovalci in
nekritini sprejemniki tistih usmeritev,
katerim se argumentirano potihoma ali wvsaj ne
dovol]j glasno upirate. Inzenirji -

in bo odvisen

da bo vada

30 se pojavili
poziv Deltinim

¢ Po otvoritvenem govoru!
oditki, da Jje ta dovor
inZenirjem na upor. Moj odgovor na te otitke je
bil in ostaja, da se Deltini inZenirji dejansko
morajo argumentiranoc in zavestno, torej
sistematilno in strokovno organizirano, z vso
intelektualno sile, ki je vest in zavest

sodobnega ingenirja, upirati kriznemu
napredovanju, ki grozi & rasrusitvijo
dosezenega industrijskega, predvsem pa v tem

kompleksu nujnega, vse drugo pogojujoctega
raziskovalno-razvojnega potenciala in s tem k
razruditvi dolocenega preZivetvenege minimuma,
Inzenirji kot konji so
poklicani, da vlecejo skupaj z drugimi voz
visokotehnologkega podjetja iz krize, da
gradijo svojo moralne in strokovno motivacijo
predvaem tudi ne elementu vleke iz krize. Brez
te vleke, ki je moralna in intelektualna, je
tudi sgama populacija inZenirjev obsojena na
propadanje, na drsenje v letargijo in v skrajni
posledici na izumrtje.

vlie&ni moralno
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Slika 9. A novih prostorih
razvojnega centra Iskre Delte

proizvedno-
v Ljubljani, v

Stegnah i5b, je dobilo sevoj prostor  tudi
uredniatvo ¢@dasopisa Informatica. Iz slike je
razvidna funkcionalnost prostora, ki je razen 2

uredniskimi mizami in policami opremljen tudi =
terminalom, mikroracunalnikom in
tiskalnikom. To je hkrati tudi delovni

glavnega urednika.

pomoZnim
prostor

Ob vsem tem jeo gotovo treba poudariti,
lakra Delta materiaino in
veegtranskim raZzumevanjem

¢asopisa Informatica od leta
pod takimi pogoji Jje bile
uteteno, standarizirano in
in izhajanje ¢&asopinaa

da je
veebingko 4
podpirala delo
1980 naprej. Le
mogote vzdrzevati
zenesljivoe urejanje
Informatica. Seveda je
pri tem nujno poudariti tudi urejene razmere v
Raziskovalni skupnosti Slovenije, ki je z
veakoletnim financiranjem omogoé¢ala prakti¢no
neproblemati®¢no izhajanje Casopisa,
Okolje urednistva ¢agopiaa Informatica je
izjemno primerno, saj Jje uredni&tvo lociranc
v samem srediacu t.i. raziskovalno-razvaojne

enote Iskre Delte; ta enota predstavija br2zkone

jedro prihodnjega {korporativnega, ti.
Iskrinega) instituta za raédunalnidtvo {in
informatiko). Prav s tem pa se vpliv atroke in
aktivne publicisti® ne kulture v taki in
drugaéni obliki prenasa tudi na delo vrste
raziskovalcev, razvojnik'ov in in%enirjev Iskre
Delte. Urednistvo lahko na ta na&in tudi

gigstematidno vzpodhuja in povezuje potencialne

avtorje v Iskri Delti in izven nje. V nove
prostore urednigtva prihajajo tudi avtorji in
3tudentje iz drugih krajev, iz zunanjih
ingtitutov in jugoslovansgkih univerz. Na ta

na&in se smiseino oblikujejo interesne povezave
nasih in tujih avtorjev in strokovnjakov.

{Nadaljevanje
Jje tudi, da

podnapisa k eliki
krizne razmetre
negativno na rast obmega, kakovosti in
na distribucijo ¢asopisa Informatica. Stevilo
prispevkov naralta in urejanje ae ne soota ved
a problemom premjahnega obsega, katerega
spodnja meja je bila ob ustanovitvi casopisa v
letu 1977 postavljena na 72 satrani 2za eno
gtevilko., Cedalje vedja Jje tudi pripravijenost
avtorjev, da pidejo svoje priapevke v angleakem

9.) Zanimive
ne velivajo

jezilku, 8 cemer ae bistveno poveduje
komunikativnost <¢asopisa oziroma prispevkov
posameznith avtorjev s tujino.

V blignji prihodnosti bo <¢ascpis Informatica
nekolike spremenjen. Nalrtuje gse sodobnejsa
oblika oziroma vsebina platnic. Z ragvojem t.i.
namiznega urejanja in izdejanja pa bi bilo

mogode vpeljati tudi izpisovanje veeh tekstov gz
laserakim tiskainikom. V tem primeru bi morali

avtorji svoje &lanke dostavljati v uredniatvo
{8e} na disketah oziroma 2z elektronsko postio.
Na ta nac¢in bi dobili ¢&asopis, ki bi bil v
vaeh oszirih {in po mozZnostl ob nebistveno
spremenjenih stroa kih) tudi tehnologa ko
kvalitetno oblikovan. Ob wvgem tem je seveda

potrebna tudi spremenjena urednigka politika,
ki bi zagotavljaia kvalitetni dotok priepevkov
in morda tudi pogostnejse izhajanje casopisa (v
prvi fazi bi bilo mogo#e brez posebnih naparov
izdajati letno Aest namesto dosedanjih &tirih
stevilk v enakem obsegu).

Na koncu tega =zapisa velja omeniti, da je
potrebno navajati novi naslov uredni&tva, ker
se dogaja, da posta vrata posiljke, ki uporsb-

1jajo stari naslov. Novi naslov je:

Casopis Informatica, Iskra Delta,
Stagne 15B, 61000 Ljubljana.



" visokotehnolo3kega podjetja.

raziskovalni, razvejni, proizvodni, finanéni in
prodajni -« ste nosilei in vleé&éni konji
Prav zato naj bi
vai delavci Iskre Delte in
uporabniki Deltinih proizvodov - vlekli v vanmi
in ne proti vamé.

tudi vsi drugi -

tovarne in
raziskovalno-razvojnega centra ob njej je
praznik &irsega okolja neglede na to, kako se
to v tem trenutku manifestira?. To Jje
zgodovinaski korak v domaé¢i industrialigaciji
radunalnisdtva. Zato kon2ujem s spostovanjem,
prignanjem in 2z zahvalo vsewm, ki so na tej
dolgi poti mnaértovali, pripravljali in nosili
kamne gradnike®.

Danasdnja otvoritev racunalniske

Hvala!

-

7 Manifestacija otvoritve racdunalniske tovarne
Iskre Delte je pokazala znad¢ilno nerazumevahje
in § tem socialno izaliranost slovenskega
univerzitetnega, znanstveno-institucionalnegsa,
gospodarsko-zbornid¢nega in politiénega
estalishmenta do dejanskega tehnoloskega
.razvoja in 8 tem do bistvenih preZivetvenih
moznosti slovenske in 2z njo vred jugoslovanshke
populacije. Kljub prisotnosti najvisjih
predstavnikov slovenske znanosti in umetnosti,
njenega predsednika akademika Janeza
Milé¢inskega, visokih voja&kih osebnosti in
vrhunskih posameznikov strok, je lahko Mija
Repov: naslednjega dne resignirano ugotovila:
"Ce bi pomén neke tovarne presojali peo
goatih iz politidénega vrha, ki naj bi s savojo
navzodnostjo otvoritvenemu ceremonialu dali
Je bila za
ta podalpski kot jesenidka jeklarna dogodek

pedat druzbene skrbi in pozornosti,

stevilka 1 zadnjih desetletij, novi razvejno-
proizvodni center Iskre Delte pa epizodica, ki
naj ne moti velikega duha ..."

{Neelasti&na in soft pravila. Delo, stran 2,

5, decembra 1987}).

8 K naértovanju, pripravljanju in neofenju
kamnov gradnikov bi morali dodati #e trpljenje,
tragiéno dinamiko in dramatizacijo epopeje
hitre rasti podjetja Igkre Delte in same
graditve tovarne in njenih brezizhodnih
posledic. Vrsta vodilnih delavcev je bila
postavl jenih v iskanje izhodov in Jje ob&utila
nedlovedke, brezobzirne in skrajno nehumane
{totalitarne}) pritiske, pod katerimi je
dozivljala tudi svojo lastno deformaeijo in
rhzcep. Dozivljala Je 'svojo lastno nehumanost
in izgubljenost (suicidnost). Mija RepovZ?
priznava Janezu Skrubeju, generalnemu
direktorju Iskre Delte vlogo jugoslovanskega
Stevena Jobsa. Osebnc sem prepritan, da bi vsak
direktor, ki ]
zgradil tako wveliko radunalnisko podjetje in s

je s s8vojo asebno odgovernostjo

11

svojo S&irino omogoétal razmah vrhunskih
industrijakih raziskav in razvojal?®?, moral
imeti na voljo vsaj en izhod, ki bi bil

priznanje {(ne nagrada) njegovemu poZrtvoval-
nemu, izérpljajodemu delu, v katerem nikoli ni
videl tiste lastne koristi, ki so Jjo lahko
zaradi njegovega dela pobirali drugi. Skrajno
neeti¢no in za tehnisko inteligenco nesprejem-
ljivo Jje stalisde, da lahko dolofena visja
struktura, popolnoma birokreatske, post-
totalitarno, po logiki svoje totalitarne samo-
poklicanosti stisne ustvarajalno osebnost v
poligon sveojih brezeobzirmih in rusilnih
manipulacij. :

? Mija RepovZ: Rac¢unalnidtvo na nas nac&in.

Delc, Sobotna priloga, stran. 18 (5. decembra
1987).

10 A. P. Z2eleznikar: Parsye Expeditions to New
Worlds. Informatica 11 {1987), No. 3, 76-80.

V tem svojem ¢lanku sem opezoril na posebno,
seveda ocdlodujodo, stratesko smiselnoe vlogo
generalnega direktorja Iskre Delte, Jaheza
Skrubeja: Quite at the beginning, Iskra
Delta has introduced and incorporated strategic
thinking and acting in its managerial decision
making. As a fast growing -enterprise in the
field of computer industry, it has been
confronted not only with the very basic
organizational and technological problems of
modern computer industry of the developed
hemisphere, but also with specific problems of
a technologically and even civilizationally
(socially, ideologically) underdeveloped
environment. In these times, up to this day,
the general director of Iskra Delta

- Mp, Janeg Skrubej -
was not only the real strategist of the

company, but also the optimistic fighter,
organizer, believer of the progress, and the
carrier of several hard, arduous, and

exhausting business situations and

developmental processes of the company. And all

of this in irregularly and unforeseeably
changing circumstances of the wunderdeveloped
hemisphere. Thus, it is to say, that ke was the

main initiater and supporter of the innovative_
and independent Parsys project.
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ABSTRACT, One of the recently developed systems for machine learning

{GINESYS) significantly outperformed

all compared systems including

theoretically optimal Bayesian classifier, which was the second in both
tests. We tested several options in Bayesian classifier to investigate the
real cause for nonoptimal results and to estimate the wupper 1limit in
claggification accuracy. The conclusion is that while it is possible to

achieve even higher classification
adjustment in Bayesian classifier,

accuracy with suitable parameter

seems that GINESYS practically

achleved the optimal classification accuracy.

Sistem za empiridno u¥enje GINESYS

v praktiénih meritvah presegel

primerjane sisteme z Bayesovim klasifikatorjem vred. Podrobna analiza kaie,
da je doseZene rezultate mogode presedi, vendar so Ze zelo blizu optimalne

meje,

1. INTRODUCTION

Machine learning is a quickly developing area
of Artificial Intelligence {Winston].
According to the major inference type used it
can be divided into rote learning, learning
from instruction, learning by deduction, by
analogy, from examples and from observation
and discovery [Carbonell et al; Michalski].
The scope of this article is learning from
examples or Empirical Learning (EL). The aim
of EL is to induce general descriptions of
concepts from examples {instances) of these
concepts., Examples are usually objects of a
known class described in terms of attributes
and values, The final product of learning are
symbolic descriptions in human understandable
forms. Induced descriptions of concepts,
representing different classes of objects,
can be used for classifying new objects. EL
systems basically perform the same task
{classification) as statistical methods and
can be directly compared to them £from the
point of classification accuracy. On the
other ° hand, EL systems offer further
advantages, namely a)} explanation during
classification of new examples and b} the
insight into the laws of the deomain by
observing c¢lassification rules. Explanation
during classification {(a} is important since
it enables the user to check the 1line of
reasoning and verify the system's decision.
The knowledge base (b) can be viewed as a new
representation of the domain knowledge, which
can be of great value to domain experts,
especially in domains that are not yet well
formalized and understood.

2. A SIMPLE EXAMPLE

For a simple example let us consider a case

where we have a device with B binary switches

representing 256 legal combinations. Device

reports errors in some combinations and we

:;nt to find out what subsequence causes
em.

SWITCHES STATUS

1 01101001 ERROR
2 10111110 OK
3 0101101 ERROR
4 10110011 OK
5 101110112 ERROR

[

Table . Device reports error in some
comkinations of switches. Which subsequence
of switches causes them?

Probably the most common answer in EL systems
would be, that error is creported when
gwitches 5 and 8 are on (=1},

In practical tasks EL systems deal with
domains with 10 to 10.000 examples {typically
some hundred) with 2 to 500 attributes
(typically ten or some ten) (Breiman et al;
Quinlan; Lavrac et al]. Attributes can be
real, integer or categorical with many
possible values.

3. EMPIRICAL LEARNING

The whole process of empivical learning
consists of four steps:

- preprocessing of learning examples,

- construction of a classification rule,

- classification of new instances and

- analysing the laws of the domain.

Detailed description can be found elsewhere,
¢.g. [Kononenko] or |[Gams, Lavrac) with
detailed overview of sone well known
algorithms - €4 [Quinlan], CART [Breiman et
al], ASSISTANT 86 [Cestnik et al], CN2
[Clack, Niblett], AQl5 [Carbonell et al}l. We
shall formally represent here only a domain
area and a classification rule.

A set of learning examples L = {(x,c)}
consists of pairs  :,c), where x is a vector
(denoting propercies of the object} in a



measurement space X and ¢ represents the
index of the class of example x.

Components of vectors x are .called attributes
or variables. The values of attributes can be
numerical or categorical.

A clasgification or a decision rule d{x) is a
.mapping which maps every x from X into some ¢
from C or into the probability distribution
(pl,p2...pJ) where pi is a real number
between 0 and 1.

A classification rule d(x) splits the whole
space X into spaces X1,X2,...XJ, such that
for every Xi only a certain subset of d(x) is
'relevant.

The syntax of a classification rule d{x) is:

<d> tt= (Rule> | <Rule> and <«d>
classification rule

<Rule>  ::= <Class> if <Cpx>

rule :

<Cpx> 11= <Sel> | <Sel> and <Cpx>
complex . ‘
<Sel> =~ :im= | Atr <op> <Values)
selector

<values> ::= Val | val or <Values)>
values

<Class> ::= 1{2]3...]|J

class

<op> tie < | o= | 5

operators

Atr corresponds to the name of the attribute
and Val is a categorical or numerical value.

This syntax is transformable into DNF and is

similar to the syntax of most cule-based
systems or expert systems [Waterman, Hayes-
Rothl]. Note that the actual syntax is

slightly more complicated [Gams].
4. DOMAIN DESCRIPTION

We performed practical measurements on two
real-world domains. Data were. obtained by I.
Kononenke and represent descriptions and
diagnoses of patients from the . Oncological
Institute Ljubljana. The only correction was

replacement of missing values by the most
probable ones for a given class, More
detailed description is in {Gams), here we
present only cumulative data about these
domains:
Domain 1
number of attributes 18
no. of possible values per attribute 2 -

( average 3.3
number of classes 9
total number of examples 150

distribution of examples amongst classes
number of examples in Cl to C%

1 2 3 4 5 6 7 8 9

2 1 12 8 6953 1 4 O

impoftance of attributes - Al to AIB
of them is redundant

none
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Domain 2

number of attributes 17 .
noe. of possible values per attribute 2 - 3
- ( average 2.2 )
number of classes 22
total number of examples 339

distribution of examples amongst classes
number of examples in Cl to €22

1 2 3 4 5 6 7 8 91011

84 20 914 39 114 6. 0 2 28

12 13 14 15 16 17 18 19 20 21 22

16 724 2 11029 6 2 1 24
importance of attributes - Al to Al7
(counting how many examples overlap when-

omitting the i-th attribute)
1 2 3 4 5 6 7 8 9
80 80 58 85 60 53 65 55 68

10 11 12 13 14 15 16 17
63 55 60 53 54 57 65 65

5. GINESYS
5.1. ALGORITHM DESCRIPTION

The top level description of GINESYS {Generic
INductive Expert SYstem Shell) is as follows:

repeat

initfalize Rulej

generate Rule;

add Rule to d{x};

L = L -~ {examples covered by Rule}
until satisfiable(d{x))

In this general view GINESYS represents a
prototype of a wunifying algorithm for
empirical learning covering nany other
systems., In a slightly more specified
description we obtain the following
algorithm:
repeat
generalize Rule;
repeat

specialize Rule
~until stop{Rule);
postprocess(Rule);
add Rule to d(x):
L = L - {examples covered by Rule}
until satisfiable{d(x))

The main difference between other EL systems
and GINESYS is in "confirmation rules", Basic
idea o¢of confirmation rules is using several
sources of information for classification.
That seems to be common practice in every day
life. For example when we try to predict the
weather, we look at the official weather
report, but also look at the sky and ask our
neighbour. The implementation of this idea in
GINESYS is that instead of using only one
rule for classification several rules confirm
or confute the first one. In case of a
confrontation between these rules the
Bayesian classifier is consulted as a method
of a conflict resolution [Waterman, Rayes-
Roth]. One confirmation rule in our simple
example in Table 1 could be : Error |is
reported, when switches 3, 5 and 8 are on.
This rule could be redundant or even wrong,
but on the other hand it could be the only"
correct onel! From examples in Table 1 it ir
not clear which of these possibilities is the
right one, so both {and other) rules are




stored and consulted. In more detailed tests
[Gams] it was shown that this method of
consulting several rules (= using different

kinds of information) significantly
classification accuracy.

improved

5.2. COMPARATIVE RESULTS

A detailed comparison was made with other
well known EL systems in two nolsy medical
domains (oncology). Table 2 shows results in
classification accuracy,

domain 1 domain 2
GINESYS 69.9 51.9
BAYES 68.4 50.1
other systems 67.3 48.7

Table 2. Classification accuracy measured as
the percentage of correct guesses,

While GINESYS achieved best results and
Bayesian classifier the second ones, none of
the compared systems [Gams] cutperformed
results in the last row in Table 2, These
results are actually an average over ten runs
on randomly chosen 70% of data for 1learning
and remaining 30% of data for testing. 1In
further tests (t-tests, [Gams]) it was shown
that the number of tests, distribution and
the difference between classification
accuracies was sufficient to ensure that
differences are a result of some deeper cause
(:.g. better algorithm) and not a chance
choice. .

Other measurements proved superiority not
only from the point of classification
accuracy, but alsoc in generality, complexity
of classification rule and explanation [Gams].
GINESYS and other algorithms discussed in
this paper were implemented in Pascal on VAX
11/750.

5.3. IRREPROACHABILITY OF MEASUREMENTS

We argue that our measurements
irreproachable (unbiased) since:

are

- all systems were measured on
same data

exactly the

- no "cleaning” of data was performed
- no special form of data was allowed

- no unusual method of measuring
classiflication accuracy was used

- no domain dependent parameters were allowed

- the number of data and"tests was sufficient
(t-tests) to avoid chance choice

- results were strictly checked and wverified
by many supervisors from the program
source level to the level of classification
trace,

S.4. DISCUSSION ABOUT RESULTS

Some of the systems for empirical learning
achieved good results in practical testing in
several real life donains, practically
approaching or even outperforming domain
experts and statistical methods [Kononenko:
Michalski, Chilausky; Breiman et al; Gams]).
More acceptable is the opinion [Breiman et
all, that although all methods are more or
less domain dependent, EL systems in general
achieve about the same clagsification
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accuracy as other statistical methods. In our
measurements some cf the EL systems,
especially those without special mechanisnms
for noisy domains, gave unexpectedly poot
performance compared to the results published
by the originators of algorithms. Since our
implementations of those systems were the
same as published, several possible
explanations remain. It might be that actual
implementations use some unpublished extra
features, maybe the domains used for testing
were especially suitable for specific
algorithms etec.

The authors of this article "also find
questionable comparing between the system and
the expert, since we regard EL systems mainly
as a helping tool and not as a stand-alone

program. The other reason is that fair
comparison between machine and human is
extremely difficult. The correct comparisen
should be (system + user) : user,

In most complex realistic domains mechanisms
for dealing with noise are of greatest

importance as independently discovered in

[Breiman et al; Kononenko] and it is not
realistic to achieve even tolerable results
without them [Kononenko; Gams]).

6. BAYESIAN CLASSIFIER

6.1. THEODRETICAL FOUNDATIONS

The concept of the Bayes rule is one of the
most important concepts in the field of
classification and also learning. For the
data drawn from a probability distribution
P{A,j}, the most accurate rule can be given
in the terms of P(A,J} and this rule 1is

called the Bayes rule. It is normally denoted
by dB(x).

Precisely, suppose that (x,y), x &« X, y€ Y
is a random sample f£from the probability
distribution P(A,j) on X x C, i. e., P(x € A,
y=i)=F(A,j). Then we define dB(x) as the
Bayes rule if for any other classifier d(x),

P(dp(z} # cls)) < P(d(2) # ¢[z))

N-dimensional

Let us assume that X |is A
euclidean space and for every 3
i=l, ... ,J, PF{A/]) has the probability

density £j(x) and for sets AC X

ﬂMn=Lhmu

Then we can prove the following theorem:
do(=) = (i : Silz)Peld) = mpx ()P {§))

where J is the number of classes and P(3) |is
the prior probability of the class j. The
proof can be found in [Breiman et al].

nor the £j(x}
most common
used to

In practice, neither the P(}}
are known. The three
classification procedures,
approximate the Bayes rule by using the
learning sample data, are discriminant
analysis, kernel density estimation and Xk-th
nearest neighbour. Accuracy of two of them
have been compared with the results of
Ginesys on both domains,




6.2. PRACTICAL IMPLEMENTATIONS

The k-th nearest neighbour

Hodges ) was implemented as simple as
poessible. The algorithm searches through the
set of learning examples’ and determinates
distance between learning and test example as
the number of mismatches in their attribute
values. Test example is then classified by
its first nearest neighbour, and if there are
more equally distant neighbour, the last one
found is plcked for classification. It is so

method [Fix,

called Nearest-neighbour classifier
[Batcheles 1974]. Although it isg S0
primitive, this method classifies test
examples with 72.9% average accuracy in the
domain 1, what is even better than GINESYS.
However, in the domain 2, which is far more
complex, the classification accuracy is only

40.4% what is considerably lower than that

of the other methods.

The following approximation of the Bayes rule
[Clark, Niblett; Kononenkec} is one of - the
most commonly used. In general, the rule is
formed as

P4
PlelA)= Pl gl = A AT
At this point the assumption is made, that
- all attributes are independent :
Pw«:} I}P A:/c)
PlefA)=Pic =Py(c) 1
When classifying a new example we. ‘need to
evaluate formula (l). One practical solutiocon
when dealing with categorical values is to

store all factors into a 3-dimensiocnal table
TB[i,j,k] with the following indexes : .
i - attribute index

j - attribute’s value’s index

k - glass index

TB{i,j,k] is the number of examples in the
learning set with the properties, denoted by
index values.

When evaluating formula - (1) during
classification of a new example, one of the
factors can be 0, The result can be elther 0
or undefined. The solution in the second case
is obvious - delete this attribute from the
formula. The same solution is sometimes used
when the result is 0,

In Table 2 GINESYS (without domain dependent
parameters or other adjustments [Gams ] )
achieved higher classification accuracy than
the practical implementation of theoretically

optimal Bayesian classifier. The reason for

this must be in practical . implementation,

especially in

a) approximation of probabilities -from the
learning set,

b) assumption, that attributes are

independent,

¢) practical solutions to numerical problems.
Problem (a) can be discarded, since all
systems [Gams] processed exactly the sanme
data. But it could be the case, that
different classifiers (also different
implementations of Bayesian classifier} are
more and other less sensible to the number
and distribution of input data.
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6.3, A PRACTICAL EXAMPLE

Problems appearing during the evaluation of
formula (1) can be shown in a simple example.
Let wus try to classify examples e1 and el
from data obtained from Table 1.

el =00000000
e2 = 10111011

POKfe1)<2. H-zﬁ--ﬁ = 7(28)

P(ERROR/e1) = 3 {% st _,

piERROR/) = 3.

hi

§
f
POK]e2) = g : g.z.ﬁ.i.i__} = 0.754

None of the two examples gives the sum of all

classes equal to 1. Even if we delete all
columns having 0 we - obtain results like
P(OR/el) = 2.6. Purthermore, in case of
example e2 the probability for class OK is
greater than for the class ERROR, although
example €2 is the same as example e5 from
Table 1, belonging to class ERROR. However

note that the nearest neighbour methed would
classify correctly in this case.

A small number of examples is insufficient
for most statistical methods and alse for
Bayesian classifier. In real measurements in

domain 1 and 2 the number of examples was
always greater than one hundred and was
considered sufficient. Nevertheless these
counterexamples show ‘that better
classification accuracy is possible.

7. ADJUSTING PARAMETERS 1IN BAYESIAN

CLASSIFIER

Probabilities used in evaluating formula (1)

are approximated by prior probabilities in
the learning set, what yields some error in
classification. The formula is then evaluated

as follows
&
Aol @)

Plold) = Fale}+ 15

where

class
i-th

ai 1is the number of examples of the
¢ with the same value of the
attribute as the test example,

b is the number of examples of the class

c

ci ié the number of all examples with the
same value of the i-th attribute as
the test example, and

d is the number -of all learning
examples.
When  dealing with nolsy data, errors may

occur during evaluation of formula (2). Two
methods have been uséd to avoid this errors.

7.1. OMITTING THE.UNRELIABLE FACTORS
The main idea of this method is that the
Accuracy of estimations in formula (2) grows

lwith the number of examples. Therefore, 1f b



or d {only b in practice} is smaller
parameter MINN, which is set
evaluation, then the factor with this
onitted during evaluation of formula (2)
the class probability is estimated by its
prior probability. Table 3 shows the results
in classification accuracy with different
values of MINN.

than
before
b is
and

MINN : domain 1 domain 2
0 68.4 ( 0.0) 50.1 ( 0.0}
1 68.4 (11.1) S0.1 ( 4.5}
2 68.4 (47.8) 49.7 (31.8)
3 69.3 (52.2) 49.7 (32.3)
4 68.7 (56.7) 49.8 (33.6)
6 68.0 (60.0) 0.9 (47.7)
10 66.7 (75.6) 48.7 (60.5)
15 67.1 (77.8) 46.2 (72.7)

Table 3. Classification accuracy measured as
the percentage of correct guesgses, Values in

brackets are percentages of classifications
with prior probability.

It is interesting that accuracy is almost
independent of the number of classifications

with prior probabilities and it decreases
only if we <classify approximately 75% of
examples this way. Yet we can see that
accuracy on both domains reaches its maximum
when approximately 50% of classifications are
done by the prior probability of classes and
this maximal accuracy is near the accuracy
of GINESYS.

7.2. ADJUSTING ZERO FACTORS

A problem occurs, what to do when ai in the
formula (2) is 0. One solution is to omit
this factor from the formula. Another idea

could be to get ai to a very small number EPS
in such case. The idea is that this zero is

the result of domain noise and, with more
learning examples, we would sooner or later
find such example and therefore we made

almost no mistake and we also don’t lose the
information contained in the distribution of

other attributes. The results of this method
are shown in Table 4.
EPS : domain 1 domain 2
0.00 68.4 50.1
0.01 68.7 52.8
0.05 71.1 52.9
0.10 72.2 51.9
0.50 24,2 27.7
1.00 2.2 7.5

Table 4. Classification accuracy achieved by
adjusting zero factors in formula (2) by some
small value EPS.

In both cases this method achieves accuracy
higher than GINESYS. But, rapid drop of
accuracy also shows that this method is very
sensible to the value of EPS. Whenever we set
zero factor to some value different from 0 we
introduce an error into the evaluation of
formula (2) and if the value of EPS is too

big the results are no more reliable at all.
7.3. COMBINATION OF BOTH METHODS

In this case, both methods described in 7.1,
and 7.2. are used together. First we look

whether b and d are bigger than MINN and than
we set zero factors in formula (2} to EPS
where needed. The results of measurements on
both domains are shown in Table 5 and Table
6.
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N EP§ : 0.00 0.01 0.05 g.10
MINN :

0 0.0 0.3 2.7 3.8

2 0.0 1.4 1.1 1.1

4 0.3 1.2 0.9 0.3

6 -0.4 0.0 ~0.4 ~0.4
Table 5. Increase of classification accuracy

by combination of both metheds in domain 1

(basic accuracy 68.4%).

\ EPS 0.00 0.01 0.05 0.10
MINN

0 0.0 2.7 2.8 1.8

2 -0.4 1.9 2.2 2.0

4 -0.3 1.8 2.1 2.0

6 0.8 2.7 3.2 3.2
Table 6. Increase of classification accuracy
by combination of both methods in domain 2
{basic accuracy 50.1%).
The accuracy of GINESYS is in both cases
exceeded by more than 1% what is also the
difference between basic Bayesian classifier
and GINESYS. Yet there is a problem which
combination of EPS and MINN values to choose
and how far this decision is domain

independent. Therefore, GINESYS can still be
considered to reach the practical upper bound
of classification accuracy.

8. EXTERNAL
CLASSIFIER

RULE DIRECTED BAYESIAN

derive
rules

Bayesian classifier itself does not
any explicit rules and therefore
generated by some other system (in our case
GINESYS) can be used to control the
evaluation of formula (l1). Two such methods
have been tested. The idea of the first one
is that any (more or less successful} rule
denotes a complex of attributes which are
logically connected and therefore a deviation

from the optimal Bayesian classifier 1is
somewhat corrected. The second one is an
attempt to cross GINESYS and Bayes together

to vyield better results.

8.1. CLASSIFICATION

ATTRIBUTES

WITH IMPORTANT

This method uses rules, generated by GINESYS.
During evaluation of formula (1) the rule
which matches the current example is searched
for. If it is found, we calculate adequate
probabilities by searching through the table
for entire complex and not by decomposing
the attribute complex to basic attributes. On

the other hand, if the matching rule |{&
not found, undisturbed evaluation of formula
(1) follows. The results are shown in
Table 7.
Measurements show that introducing of
externally generated rules into Bayesian
classifier only slightly disturbs its
classification accuracy.
B.2. CLASSIFICATION WITH IMPORTANT
ATTRIBUTES ONLY
The main idea of this method is to use
important attribute complexes in
classification if possible. For each example
classified we first search for the matching

GINESYS rule., If such one is found, it |is
used for classification. If not {(when only
Null rule of GINESYS is found), the




classification is carried out by formula
(l1). The results are shown in Table 7.

domain 1 domain 2
Bayes 68.4 50.1
Rule Directed Bayes 68.4 49.2
Important Attr. & Bayes 69.3 47.9

Table 7. Classification accuracy measured as
the percentage of correct guesses.

9. COMPARISON BETWEEN EL
ETATISTICAL CLASSIFIERS

SYSTEMS AND

Let us summarize conclusions from previous

paragraphs:

- It is possible teo  further lmprove
clasgification accuracy of
implementations of Bayesian classifier,
even to overpass best results of
GINESYS.

- Ameng compared methods without domain-
independent parameters GINESYS
performs best and is very close to the
practical limit in classification

accuraclies in measured domains.

Statistical classifiers are basically unable
to perform explanation during classification
and to build a human understandable knowledge

base. Besides these, other disadvantages can
be pointed out [Breiman et al; Gams):
- they can not deal with domains with small

number of learning.examples;

- it is difficult to deal with unusual
sit?ations {(deleting by 0, unknown values,
I

- their results -vary according to the
gsuitability of problem domain.

It is only fair to notice that more advanced

statistical methods eliminate some of these

disadvantages. However these properties

remain basically unchanged.

Another reason for so good results of EL
systems like GINESYS compared to statistical
methods is shown in Figure 1, Real-life
complex domains probably contain logical laws
which cover greater areas regardless of noise
Cin given examples. On the contrary
‘statistical methods depend on variations of

probability distribution. In Figure 1 the
correct probability distribution for classes
1 and 2 is presented by bold lines. Dotted
lines represent probability distribution,
obtained from given examples. Because of
the fact that probability distribution
is more sensible to chance choice it is
possible that dotted lines 1 and 2 overlap
causing incorrect classification,

¥

|
\
|

Figure 1: A graphical representation of one of
the possible reasons why GINESYS performs so
well compared to statistical methods.
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10. CONCLUSION AND DISCUSSION

oOlder systems for empirical 1learning (EL)
ocutperformed the statistical methods
from the peint of explanation during

classification and possibility of building a
human understandable knowledge base. While it
was 1in some cases reported that older EL
systems outperformed statistical methods as
well as domain experts this opinion 1is not
undoubtedly shared with the authors of this
article. More acceptable is the <conclusion
[Breiman et al], that the best EL systems
achieve about the same classification
atcuracy as statistical methods. Nevertheless
it seems that the new breed of EL systems
with GINESYS as one of the most promising
representatives outperforms statistical
methods even in classification accuracy (at
least in so far measured domains).
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STANDARDS IN COMPUTER GRAPHICS

INFORMATICA 2/88
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Abstract: In this paper standards in computer graphics are
described. At first the reasons for evolution these standards
are given and then the ways of accepting the international
standards are presented. Afterwards the evolution phases of
the graphical standards under IS0 and ANSI are interpreted and
current stage of particular standards are given. In
praoceeding the place of graphical standards and standard
proposals in a graphical system are shown, Finally, the
positicn and raole of the graphical standards in a madern CAD
system is presented.
Fovzetek: V élanku podamo pregled standardov v raéunalniski
grafiki. Najprej opisemo wvzroke za razvoj teh standardov,
nato pa prikatenc poti, preko katerih nek predlog lahko
postane mednarodni standard. latem predstavimo racvaine faze
IS0 in ANSI standardov ter podamo trenutne razvoine stopnje
posameznih standardov za ratunalnisko grafiko. V nadaljevaniju
opiftemo maesto grafiénih standardov oziroma predlogov
standardovy v grafiédnem sistemu. Nazadnje podama mesto in
vlogo grafiénih standardov v madernem CAD sistemu.

1. THE BEGININGS OF STANDARDS DEVELDFMENT OF course, this device-independent graphical
packets have also some weaknesses, They are
slower than device-dependent and more memory

Taday, a large number of different graphical space is needed. Because the power of

hardware and even more different graphical computers is rapidly increasing and their

software exist. A big part of this graphical prices are decreasing, advantages of
software is device-dependent. The consequences standardization are going over its weaknesses.
are: Feople, who are opposite to standards in

computer graphics, affirm that standards are

1. It is impossible to exchange graphical against inovations. It is clear, when a

software between different graphical standard is accepted, it 'could not be changed
systems immediately.

2. There are problems by installation of old Fortability of aplication programs could be

programs on new graphical eguipment, achieved in some different ways /ENDEB4R/:

although it has been suplied by the same

producer, stc,

~ with development of computer )anguages,

Because of these problems an idea has been - with extension of existing program
appeared to make & device-independent graphical languages with graphical features or
packet. Advantages of this device—independent
graphical packet are: - with libraries of graphical subroutines
which could be linked into application
1, It could serve diffaerent device program.
generations.
Experts from the +Field of camputer graphics
2. Pragrams could work an different graphical have chasen the last possibility by the
systems. construction of international
device—independent graphical standard.
3. Programmers could immediately wor-k on Howevar, it is least elegant of all but it is
different graphical systems. the best way to awoid confusing in structures
. of program languages. The place  of the
4, Braphical systems are distinguished only by device-independent graphical standard in a
quality, price, and efficiency. graphic system is shown by figure 1,




DEVICE
DRIVER

GRAPHICAL
DEVICE 1

DEVIGE -
APPLICATION INDEPENDENT
PROGRAM GRAPHICAL
PACKAGE

DEVICE
DRIVEA

GRAPHICAL
DEVICE N

Figure 1. The place of graphical standard

in graphical system

The davelopmant of graphical standards began in

the vear 1974, when the Graphics Standard
Planing Committee (BSPC) was found by ACM
SIBBRAPH ("Association for Computing Mashinery

Special Interest Group on Graphics"). This
comnittee met with other international members,
involved in computer graphics in Seillac
(France! in 1974, This meeting had a graat
influence on first draft standard called Core

System. It was introduced on SIGGERAFH 1977.
Two vears later, on GSIGGRAFH in 1979, an
improved version of Core was appeared.

Soon after that a new group has been found by

German Institute for Standards DIN which has
been worked on a new graphical standard basis.
The group has been directed by Jose Encarnacao
and it prepared in 1977 a draft standard called
GKE8 (Graphical Kernel System).

1979
Working Group WEZ by IS0 decided

Twa propositions were apeared by ISD in
" Core and GKS,

that only efforts on BKS continued. GKS was
much more simple, it was 2D, .and {t was
intended for raster devices. On  other side

Core was 3D and destined for
The first deraft propoasal of GKS
in 1982, BKS wag accepted as
in 1983.

vector devices.
was made by IS0
an I80 standard

In 19681 SIBGRAFH GSFC committee
and passed over to the ANSI
which was founded in 1979.

wazs disbanded
X3H3 commi ttee,

GKS has become a basis for many other proposals
of standards including PHIGS, CGM, and CGI.

IBGES, as & standard for transferring CAD/CAM
data bases, bhas been develaped in completely
arnother way than Core and GKE (through others
ANSI committees). ' IGES was accepted as an ANSI
standard in 1981.

2. WHO SETS UP THE STANDARDS?

Standard Institute (ANSI)
the standards, but it onlty
whaches over the process, through which the
standards are accepted. ANSI has to notice if
a standard draft is acceptable by most wide

American National
does not set up

part of industry. Only such standard could he
adopted and used in industry and cother
institutions. ANSI adopts a standard as a

national standard when it is acceptable by most
campanies and arganizations.

ANSI consists of by several committees. So the
ANSI X3 is the standards development committee

for information processing and has about 3@
committees, each with about 13 to 80 members
/BONOB&/ . One of them is X3IH3 tehnical
committee, which is responsible far camputer

graphics standards.
& subcommittees,
/STRAB&/ .

X3H3 cammittee consists of
which is showed by figure 2

More than 1#P@ participants, representing
88 companies (EalComp, Control Data,
Honeywell, IBM, Intel, Tektronix, TI,
attend X3H3 meetings.

about
DEC, HF,
ete. ),
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XIH3
graphieal
stahdards

417 .
b

CGUCGH  (Laaguaqy GKS {Wiadow)
Bindings)

b

XIH3.1 AIHI2
PHIGS (Forma)

Spacification)

Figure 2. X3H3 Tehnical Committee and its

subcommi ttees

It is similar for International Organization
for Standardization (IS50). ANSI is anly a
secretariate in I80‘'s Technical Committee TC9T.
Working Graup WEZ in subcommittee SC21 is
responsible for graphical standards. Its sign
is ISN/TCY7/SC2)1/WE2. '

Some standards which are set up by IS0 or ANSI,
are effective, bDut others are even ignored.
From this point of view standards could be
considered as de facto and formal standards
FSTRABA/ .

For example, IBM’s Color Graphics Adapter
is a de facto display standard for FCs,
the IBM FC is a de facto standard for
computers. Neither LCGA nMmeither
formal standards, but market
adopted them as standards.

(CGA)
just as
personal
iBM PC was
factors has

Among formal
successful and

standards we distinguish
unsuccessful ones. A case of
formal standard, which has been widely used, is
RE-232-C. Dn the other hand, who has heard
about ANS X3.23 standard for keyboard  1ayout.
This standard has been totally eclipsed by de
facto standards, first by the IBM Selectric
layout and later by FC and AT rayouts.

3.  DEVELODFMENT FROCESS OF STANDARDS

That a propasal becomes a standahd.
several phases it wmust go through. It takes
much more time for standardization process in
computer graphics than for standards from other

there are

areas, because the projects are very large and
completly new.

Evalution process of an IS0 standard

Evolution phases of an 150 standards are
/BONDES, BONOB&/:

- the first: New Work Item proposal (NWI) 3

discussion about
when subcommittees

new project is started,
(iike SC21) or a member
body (like AMBI) makes a propasal.
Represgntatives of different countries
decide if they accept the definition of the
work item and if the work is continuing on
this proposal. This stage can take 3 to B
months, ’

— the second:
cauld be in

Working Draft. (WD)3;. document
this stage & to 18 months;

- the third:
can take 12

Dratt Prapaosed (DP); this stage
to 14 months;

= the fourth: Draft International
(DIS); dacument could
stage for 9 to 12 months;

Standard
take place in this

~ the final: International Standard (I185),



Evolution process of an ANSI standard

standard differ
standard and are

Evolution stages of an ANS]
from stages of an IS0
following:

- the first: Standing Document 3 (SD-3) is
an initial proposal which can take no less
than & months;

- the second: Working Drafts;
a series of working drafts
circulated among X3H3 members.
typically takes several years,

X3H3 prepares
that are
This stage

Table 1.
Project IS0 status
BrS 1S 7942 published in
Avgust, 1985.

GKS Fortran
DIS ballot closed in
Avgust, 19854,

gKS Fascal
DIS Ballot clased in
August, 1984.

GKS Ada Knawn as IS0 DF B651/3.
Second DF ballot clased
in April, 1984,

GkKS C Not yet an IS0 standard
language. WD available
now (SC21/N669).

BKS§-3D kKnown as IS0 DPF BB@S.
Second DP bhallot clased
in March 1986.

GKS-3D Known as 1580 DF 8Bd6.

Fartran

GKS-3D Not yet available.

Fascal

PHIGS WD finished in 1984.

PHIGS WD available,.

Fortran (SC21/N&ET)

PHIGS Ada WD available.
(SC21/NB19)

CGM IS B&32 published in

(former VDM) 1987,

CGI DP began in 1986.

(farmer VDI}

4., THE PLACE OF THE GRAPHICAL STANDARDS IN THE
BRAPHICAL SYSTEM

standards
devided

Six known
could be
/DEUS84/:

{suggested or accepted)}
into three chategories

Known as IS0 DIS B&51/1,

Known as 180 DIS 8aS51/2.

The current stage of graphical standards
150

the third: Draft
National Standard (dp
takes & tao 1@ months

American
this stage

Proposed
ANS) 3

the fourth: Public Review; document could
be in this stage 8 months or more, which
depends on the number of public reviews.
At least two public reviews are required by
X3H3,

the final: takes & to 9
months.

Final Approval

under

and ANBI is shown by table 1 /EONOBS,

SELEBT /.

The stage of graphical standards project

ANSI status

ANS X3.123-1985. Published
in October, 1985.

ANS X3.124.1-1988, Published
in October 1985.

ANS X3.124.2-1987. Fublic
review closed in May, 1987.

ANS x3.124.3-19Bx. Public
review closed in 19864.

ANS X3.,124,2-198x. Fublic
review will be finished
by Octaber,1987.

Public review finished in

19846.

Fubliec rewiew finished
1986.

ANS X3.144--198%. Secand
public review finished in
19B87.

Secand public review finished
in 1987.

Fublic review finished in 1986,

ANS X3.122-1984 published in
1986,

ANE X3.161-198%. Public

review finished in Juny, 1987.
Core, BKS, and PHIGS represent an
aplication programming interface (AFID).

This APl standards are usuwally implemented
as a set of the external procedures and an
application programmer could link them inte
his application code.

IGES and CGBM are used by transfering and
storing the graphical information.
device

CGB1 represent an graphical

interface.
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Figure 3, Interfaces of the graphical system

These tree classes could help us by defining
common features of current and future standards
with regard on performance, price, and
usefulness of graphical saoftware and hardware.
A comparison and wvaluation of the graphical
standards is not easy, because the majority of
them are very complex and because they are
comming from different areas. Figure 3 gives a
review of the standard graphical interfaces.

The most important part of each language and
device independent graphical system is a member
of the GKS standarde +amily. These are GKS
{Braphical Kernel S8System) or its 3D extension
or a standard for dynamical manipulation with
graphical data structures FHIBS (Frogrammer’s
Hierarchical Interactive Graphics System).
Functiaons af graphical system are exactly
defined by these graphical standards and
because of this reason they are also called
functional graphical packets. They are
completly‘language and device independent.

An aplication programm=r is able to access
functions of these packets through a language
binding. It has to adopt language independent
functions of graphical packet to design and
particularities of each high 1level program
language (ada, C, pascal, fortran, basicl.

The communication between a language and device
" indepandent graphical packet and graphical
workstations is controled by CGI (Computer
Graphical Interface). This standard defines
functions and format for this communication.

Current graphical devices are not able to
recejve the CGBI Fformat and interpret its
functions directly yet, so drivers are needed.
But next-coming graphical devices are going to
be driven by CBI format directly.

In capturing, storing, and transfering of
graphical information standard CGM is involved
(Computer Graphical Metafile). Pictures are
saved into metafiles, and are captured from

funttional graphical packet by metafile
generator. The metafile contents is
interpreted by metafile interpreter. Metafile

could be interpreted directly by CEI or by
functional graphical packet (&KS has particular
types of workstations intend for manipulation
with metafiles).

In presentation of interfaces of graphical
system many authors mark also connective 1inks
between individual interfaces. They call them
interfaces, too. Connective 1link presents a
set af all functions, which the interface on
the higher 1level of hierarhy of graphical
system can access from the interface, which is
lower.,

For example: A conhective link between a
language binding and a aplication program is an
exact declaration of all functions, which
aplicatian programmer can include in his
programs., There are declarations of all
parameters and their types, which are used in
the functions.

9. GRAFHICAL STANDARDS AND THEIR POSITION IN
CAD SYSTEM

The most important aplication area of computer
graphics is certainly CAD. Graphical system in
the CAD system has to care about:

- the graphical presentation of constructed
.chijects and

~ about the graphical interaction with an
user.

If figure 3 is extended for a CAD aplication, a
structure of CAD system is reached and it is
shown on figure 4 /ENDEB&/. Older CAD systems
have been usually put into only one product,
Individual pieces of them have been neither



evident neither accessible by the user. Trends
of next-coming CAD systems are to make the
graphical system visible also to the user, sa
that bhe could add different graphical devices
and transfer graphical data between different
graphical systems. But this is possible only,
if a graphical system consists of the standard
interfaces.

A core of a CAD system includes functions for

modeling, presenting, calculating of
constructed models, and a modul for interactive
dialog with an user. The mast important part

of a CAD system is a CAD data base, which saves
all information about created objects. A core
of a CAD system is only a superstructure of the
graphical systaem, which takes care about
objects presentation on graphical devices and
for graphical interaction with its standard
interfaces. A madern CAD system has bhis own
program’s interface. So an user can reach the
functions of the CAD system from high level
program language and has an opportunity teo
solve and to present his own specific demands.

An exchange of data constructed by core aof the
CAD system (data are not only graphical}
between systems of different supliers couwld be
done by standard CAD data interface. The first
such standard is IGES (Initial Graphics
Exchange Specification), but just now more new
exchange data formats is being developed (FDES,
PDDI, SET, STEF) /CADBS, ENDEB&, WILSE7/.

SPECIFIC
ADDITIONS

!

S AT
PROGRAMMING
INTERFACE

6. CONCLUSION

All  problems of device-dependent graphical
software have been solved with introducing the
graphical standards. The suppliers of
graphical hardware and software are aware of
this and today some of these standards are
accessible even on PC computers (for example
GKS level Zbl.

In regard of development phases of graphical
standards and their language bindings we can
expect, that all GKS language bindings (with
exception the language bindings for £, because
it is not a standard language yet) will become
the international standards in & short time.

The basical request Ffor BKS-3D is fully
compatibility with GKS. Currently, there are
discusions about compatibility among FHIGS and

GKS. It seems, that there will not be a
compatibility at all, because OGKS uses only
ane-levealed graphical data structure

(segments), while on other hand FHIGS manages
with higrarhical data structures, which are
suitable for presenting the graphical models.
PFHIGS is intended for time—demand applications
and so it more than likely will not be
available on PC computers.

Core of CAD system
MODELLING

PRESENTATION
GAD

Standard  CAD other CAD
Dala Exchange systems

CALGULATION dala base

DIALOGUE

Format e

IGES, PDD

A

¥

LANGUAGE
BINDINGS

DEVICE AND LANGUAGE INDEPENDENT
GRAPHICAL  PACKAGE

COMPUTER GRAPHICS INTEFFACE

DEVICE

DRIVER

CURRENT FUTURE
GRAPHICAL GRAPHICAL
DEVICE DEVICE

olher graphical
Standard Piclure sy‘gtanrg
%*-:» Exchange Format |~ .
CGM

Figure 4. A place of the standards in CAD system




international
The wark

already become an
ite elementary wversion.

CGM  has
standard in

is proceeding now on an expansion of CGM, that
it could support also GKSM (GKS metafile)
format (this 1is  format in which G6KS saves
graphical information " through logical
workstation MO and MI).

The evolution of CGI has been already started.

There is a long - way until CGBI ‘as an
international standard will be accepted,
because this standard should not limiting the
develapment af the graphical hardware. So we
can expect a great interest and influence of

manufacturers of the graphical hardware.
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With +the presentation of mest important methods of software
engineering we want to contribute to tha better knowledge,
application and development tools that demand a systematic
procedure for +the software design. We have mentioned basic
methods of requirements engineering and structured design which
were already developed in the seventies. It was not earlier
than in the eighties when complex tools for computer aided
design of software were formed from these methods. In their
essence, these methods may be devided inte those which solve
the problems by analysing the data flow and thoss which sclve

the problem by decomposing the

data structure. The most

important factor to estimate the suitability of application of
a method is the level of covering the phases in the software
life-cycle. The behaviour in real-time environment and the
possibility to create consistent entiti-relationship models for
more complex informatlion systems are important in dependence

upon the system.

Z objave pregleda pomembnejsih metod programskegsa inZenirstva
Zelimo prispevati k boljsemu poznavanju, uporabl 1Iin razveju

orodij, ki
programske opreme, Nanizali

zahtevy in strukturnega snovanja,

narekujejo silstematiden pristop k
smo temeljine metode inZenirstva

snovanju

ki so nastale :Ze v

sademdesetih letih. #8ele v osemdesetih letih S0 se iz

njih izoblikovals
snovanje programske opreme.

tiste, ki k

podatkov

podatkov, Najpomembne j&a
primernosti uporabe neke

Zivljenjskega cikla programske

kompleksna orodja za radunalnistko podprte
osnovi se metode
refevanju sistema pristopajo 2z analizo toka
in tiste, ki to izvajajo z razgrajevanjem strukture
postavka pri
metode je stopnja pokritosti faz
opreme.

delijo na

ocenjevanju

v odvisnosti od

sistema pa je pomembno tudi obnasanje v 'real-time' okolju in

moénost kreliranja é&évestih entitetno-relacijskih

modelov za

kompleksne j&e informacijske sisteme.

@. Introduction

A multitude of actions leading to a consistent,
realiable and well documented software is
called Software engineering. In the attempt to
normalize the "multitude of actions", several
methoeds have been developed from the sixties
onwards. Regarding their applicability and
above all their "usableness”, certain methods
did not reach their climax earlier than in the
eighties and most often as a base for automatic
tools for software design. Let’'s see a brief
survey of methods of software engineering
/¥ell87/

1)} the sixties may be called also the pericd of
crisis in the software development because. it
was recognized that i1t is impossible to create
effective programs without a sistematic
procedure. In this period the philosophy of
Structured programming was formed ( important
authors : Bohm, Jacopini, Dijkstra ).

1i) jin the seventies the previously mentioned
recognition caused that wvarious technologies
were developed ( structured analisys, design )

and term software life-cycle was introduced. In
this perliod, new methods lived only in
scientific circles, therefore this period is
called "the period of searching for panacea” (
important authors Constantine, Myers,
Yourdon, Ross, DeMarco, Sarson ).

1ii) in the eilghties, the methods of the
saventies experience a revival. With the
integration of some metheds a series of
effactive and commerclally successfull
automatic tools for software development
appeared.

In the introduction let us consider the term "
software life-oycle". The software life-cycle
covers six basic steps /Porc83i/:

- Requirements Analisys

- Functional Specification

- Deslgn

- Implementation

- Validation

- Maintenance




1. Regquirements Engineerlng as a Part of
Software Engineering :

When we are solving problems by means of
software we make a photo-copy of the real world
in a logically clipped form. This form must
substitute the raeality in. certalin
characteristics that are required., Therefore in
the complex process of software engineering the
requirements speciflcation is of essential
importance. As a rule, in +this process are
envolved the developer of the project and the
customer. The process of reguirements
engineering, that is the cooperation mentioned,
can be gathered into four oprincipal points
/Pressb?/ :

i) recognition of the problem

i1} development and synthesis

1ii) specificaticns

iv) survey evaluation

The c¢oordination between the developer of the
project and the customer is made by the analyst
{ who is often called the system analyst ), the
system engineer, the programmer/analyst and the
like. He must distinguish himself by his
adaptability, ability to abstraction,
communication, - knowledge of the environment (
hardware, software ) in which the project will
be realized.

Picture 1la shows the process to accord and
deflne the reguirements, ( see /RoszB85/ ). This
process, called the reader/author cycle, is a
part of the method which will be considered in
detail later ( SADT - Structured Analysis and
Design Technique ).

A READER :
- ¢larifies terminology
~ checks completeness
DIAGRAMS -~ checks consistency
-~ assures accurancy
- corrects syntax

CONNECTIONS,
COMMENTS

REACTIONS

Picture la "Reader/author” cycle of SADT Method

Besides SADT method several other methods for
software analysis and implementation of
specifications are developed. This ig the
requirement engineering. Each method posesses a
specific  procedure and' therefore also a
different notation. The methods pass the above
mentioned four pointz and must meet the
following three demands:

a) Understable presentation of ' informational
and functional domain in order to analyse the
requirements of the problem.

Information flow shows the way of data
transformation when the data pass through the
system. As the result of studying the
information flow the data structure for the
processed system is obtained.

The functional requirements /Roma86/ describe
the dependence of the components upon each
other and upon their environment. The whole
system, the program or the element of hardware
can appear as a component. A conceptional model
is the result of fulfilment of functional

requirements. Its level of understability
should be adapted to the environment for which
is determined, Naon—-functional. reguirements

cause a problem because they can exert an
esgsential influence on the complexity of

design. Many difficulties cannot be known in
the early phases of design ( it is difficult to
determine e.g. the influence of the required
level of software reliablility). The software
reliability is closely connected with the
powarful testing tool. It is difficult to
foresee the influence of the "human factor" and
the respondence of the finished product to the
errors. It is5 impossible to formalize +the
process of maintenence completely.

b) Division of the problem intce understandable
and surveyable partitions. . )

The division of the problem into easier and
more understandable parts is carried cut by a
vertycal hierarchical decomposition or with a
functional decomposition 1in the horizontal
hierarchy. :

¢) Logical and physical presentation of the
system,

The task of the requirements engineering is +to
clarify what should be realized and not how it
should be done. Logical presentation of the
problem forms the base for software system
design. The analyst will neot include the
phisycal presentation until the logical
presentation is faultless. It is necessary +to
define e.g. exceptions in the hardware
configuration, system for database management
or specificity of the applied operating system.

In the process of analysing the user's
requirements a document is formed which is
often called specificataonz. A standard - is
existing for +this kind of document ( The
Hational Bureau of Standards, IEEE Standard No.
a3a-1?%4¢ ), but the automated methods of
software engineering do not follow it
entirelly.

It can be concluded that the task of the
requirgments engineering is to introduce a
systematic and inform notation of the
information and functional analysis to solve a
software system. According to the software
life-cycle, mentioned in the introduction the
first +two points are met by the raguirements
engineering. The development +trends in the
sighties support the development and
application of computer aided integrated tools
for software engineering : CASE Computer Aided
Software Engineering. They are overbullt and
the most effective among thenm meet the
development all phases of the software life-
cycle. In the following chapters, some tools
will be treated in detail.

2. Methods of Software Engineering
2.1. Basic Division of Methods

The basic division is taken from /Press87/. The
selected division implies to the phase of
system analysis, thus it is undependent from
the design method. The latter |is chosen
accerding to the - obtained functional
degomposition

1} data flow oriented methods
1i) data slructure oriented methods

In literature the third group is called
auwdomated methods It is true +that in this
group the methods were made as automated ones
and the philosophy of SADT method ( author D.T.
Ross ) served as the starting-point to design
methods from the first twe peoints. HNowadays
many methods from +the first two mentioned
groups are automated in the form of CASE tools.
SADT method will be described in detail in a
separate, third chapter.

Cur description of methods is 1limited (
following our opinion ) to most effective and



most popular ones. The crlterion of
effectiveness is how many phases of & softwarse
life-cycle are covered by the method.

2.2. Data Flow Oriented Methods

All methods of this class have in common that
they perform the structural analysis by means
of Jata floew charts. Bo they give preference to
the dats transfer through the system over the
information structure on which the system |is
based, The syntax of data flow charts i= taken
from /GaneT79/ bubble chart and mainly from
/DeMa’78/.

Tom DeMarcoe describes very accurately  the
processing of a&analysed system until the
functional decomposition is reached. The

continuation of processing by means of
ntruotural design ix taken from Your79/. On
the base of literature cited automated tools
from the field of software engineering are
congtructed, The stress 13 lald on the system
analysis by means of data flow charts. Nowadays
the following products are awailabile on the
market :

- ANALYST/DESIGNER TOOLKIT;
Yourdon Press, New York

- HP Teamwork SA/SD/RT; product of the
Hewlett Packard

- TEK CASE; product of the firm Tektronix
- CASE; product of the firm Microtool, Berlin

product of the firm

firm

SASD ( Structured Analysis Structured Design )

is +the common name for the methods described.
It is +typical for SASD that it covers all.
phasas of life cycle in the software
development ( "life-cycle mcdell” /KellB7/}.

SASD offers a good survey over the project and
enables a team work. An effective functional
decomposition from the top-down is the reason

for it. As in the of this method a serles of
understandable tocls and those being near to
the man is used ( a detailed description 1is
given in +the following chapters ) the method

permits
faults.
Automated +tools always offer an up-to-date
version to all members working on the project
what is of speclal importance when Iindividual

immediate correction of +the existing

menbers of groups do not work in the same
place.

2.2.1. System Analysis of SASD

2.2.1.1. Data Flow Charts

The data flow charts can be used on every level
of system abstraction. They consist of four
basic bullding blocks ( see Picture 2.2.1.1.a )
from which the fundamental aystem model is
constructed first. Then 1t is decomposed into
several more detailed and understandable
charts. The basic model is called level #1 of
the data flow charts { further called DFC ).
External entity represents the
source or destlination of systenm
data. The system data can be the
elements of hardware, interactive
intervention of the nusere or
connecteoin with other software
systems,

Process this sign is used when
data are transformed in such a
way that new data are obtained or
the existing ones are converted.

Data flow serves to connect

other basic elements of DFC. The

arrow shows the direction of +the e
flow. Each flow should possess

its own uniform name.

Data storage ; the symbol means a
fila or an interface where the :
data are stored or from where the
data are obtained.
Picture 2.2.1.1.a Basic elements of DFC

In order to follow the information flow best
when analysis is carried out it is advisable to
name the processes at the end. Data flows {
information flows .) that condition the
necessary process form the basea and not vice
varsa, Unfortunately, automated tools require
to name the processes ilmmediately. The picture
2.2.1.1.b shows the decomposition into the
depth of an imaginary problem by means of DFC.

4
1
o

Picture 2.2.1.1.b Decomposition intc the depth
by means of DFC

2.2.1.2. Data Dictionary

Each arrow in the data flow chart means
one or more data elements of a piece of
information. The data element /DEMA79/ cannot

be decomposed into its components. Therefore it
forms a basic element of the data flow.
In the data dictionaryevery data flow
be decomposed intc elements. To
special notation is needed:

should
do this a

symbel meaning
= equals
+ logical and
[l logical or
'k n iterations of
bracket contens
(3} optional data
* Ok comments
In the design of information systems that are
aided by powerful data bases the data
dictionary and data store /Gane78/ are needed

to model the relational shema in a normal form
( Codd’s normal forms ) /Show87/. The fact that
the relation shema of the data base of the
system designed can be formed by the structured
analysis / GaneT79/ essentially contributes that
this method can be used. Here we find a linking
point with methods that are concentrated on the
data structure.

E.g. the automated tool TEK CASE alcne forms
the data dictionary to such an extent that the
necessity to describe the undefined data flows
15 shown. In the data dicticnary the syntax -of
the recoerd is contreolled auvtematically.




2.2.1.3. Functional Decomposition

With the data flow chart and the data
dictionary it is satisefied to the information
domain of the problem analysis. The
transformations ({ processes ) in the product
are described as a functional domain. For +this

purpose structured natural language, most oftgn
Structured English ", is used. Such clippréd

language is called Program Design Language -
PDL. .
Let’s show the formulation of ~ the functiodﬁi
decomposition by means the data flow chart
/Press87/ - Picture 2.2.1.3.a. -
Selected DFD
bubble \/‘“
/
Apply
structured o
English Functional
description
Information
about:

processing

Picture 2.2.1.3.a. The Process of Functicnal
’ Decomposition

The dictionary "of the language used for the
description of processes should contaln english
words in the imperative form, expressions from
the data dictionary and reserved words for the
description of hidden logic { for this purpose
the usage of decision tables is recommended ).

The sintax of the language used for the
description of the processes permita simple
sentences such as PUT, GET, REQUEST, etc. and
obligatory includes activity . based
constructions for the description of sequence,
choice and repetitions ( IF, CASE,™\ REPEAT,
WHILE, etec. }.

2.2.2. System Dosign SASD

System design of the SASD method is taken
the source /YourT8/. The transition from the
data flow +to the first phase of structured
design, which is called structured charts, can
te made in two ways. The first and most often
used way is the tranaform analysis The second
way, called the transaction amalysisis because
of dits exaggerated formallzation less often
used.

The nuclecus of Tranaform analysisis that the
data flow charts are devided into the afferente

from

part, central or +transformation part and
efferent part. The basic three components of
the structured de=ign are described. In the

chapter 2.2.2.4. the example of the +transition
from the data flow charts into the structured

chart is described by means of transform
analysis. '
The design by means of operation analysis |is

more effective from the transform analysis only

in those cases. when the centre of the
transformation cannot be uniformly identified.
This is the case in split data flow charts

sevaral output flows ). The process that
splits the input flow is . 'called tramsaction
centre. Around this centre a , suitable
atructured chart is organized. Let’s see the
basic tree phases of structured design :

( e.g.

a) Btructured Charts

The data flow chart shows a network of
processes that needn’t be connected in +the
final program in the same way. The model of the
system in the form of software modules 1is
ensured by structured charts. The term ’‘moduls’
dendes procedures or functions in the target
programming language.. Thus, the  structured
chart directly shows the hlerarchical structure
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of software.
More about the syntax of structured charts can
be found in the literature mentioned /Your79/.

The most important characteristics are
described by the words
- rectangles are used to denote modules,

External modules, e.g. libraries are denoted by
double vertical lines.

- arrons connect modules into variocus
hierarchical leves.

- arrowms with circlets denote communication
interfaces between modulaes; the direction of
the arrows shows the direction of the control
paths and data items.

- szpecial symbolsz give information on the
procedurality of the systen; these are
iterations, conditional cholices between
modules, common blocks.

b) Data Dictlonary

The data dictionary used in. the structured
design 1is the same than that used in the

structured analysis. Here it is completed with
new data cobtained from the structured chart.

¢) Description of Modules

The task of the description of modules is to
explain the activity based characteristics of
the modules. A pseudocode is obtained which is
the direct input into the program = implemented
in the selected program language. :
A simple example to create and follow the
knowledge base is given. The picture 2.2.2.a -
shows the data flow chart of the problem that
was devided into three basic parts, according
to the transformation analysis.
—_— afferent
file of_ - .
knowledge part \pranined cegml_
/red, — e
| string efferent
part
% report_
— m-.
errar_ pad kmledge
report R

Picture 2.2.2.a Division of the data flow chart
into three parts

Each wpart in the data flow chart has a
corresponding functional part in the tree of
structured chart. The root of the tree is a new
functional component which connects parts |
picture 2.2.2.b ). The central part of the
division of data f£low chart can also play this

role. The starting hierarchical structure of
the problem is obtained. As the processes are
not described acurately by the individual
functional components a further factorizing
within individual divisions.in the data flow
charts is needed. This is done by top-down
design. :



tabulation
of Enowledge

examined_
string

examined_gf"r

string

know_
table

tabulation
of knowledge

read and verify
string

Picture 2.2.2.b Structured Chart

2.2.3. Implementation and Testing in SASD

Implementation of the system is based on the
top-down procedure and adding ( incrementation
)} of new modules. Incremental procedure demands
that each module should be developed and tested
separately and then in combination with other
modules. In such procedure the member of
peossible faults 1s decreased and the testing
costs of the system are lowered.

The optimization of +the implemented system
should be done as late as possible and only in
cases when performance tests not uncet the
requirements. In this case the optimization
should be concentrated on selected modules
because it exerts a bad influence on important
characterlistics such as rerformance,
applicability, reliability and simple
maintenance of a well designed system.

In the field of testing and evaluation of
software reliability the tendency is to
automate +the +tocls with uniform criteria.
Additional information on practical zmccess +to
this problem is found in literature /Rozm87/.

2.2.4. Application Maintenance and Owerbuilding
in SASD

If SASD 1is formed through all phases into a
concluded form, an exhaustive reference-bock is
given. The documentation on original design is
given by data flow c¢harts and structured
charts, the definition and organization of data
is given by data dictionary; an accurate
description of processes and module structure
is given, too.

Eventual corrections in testing modules should
be stored as a certificate on sultability of
the system and as an aid to overbuilding.

The malntenance of the system is simple. The
influence of hardware changes or the modified
requirements of the user can be thorougly
studied in the documentation through all
development phases of the system.

2.3, Data Structure Oriented Methods

As we learn from the title of this chapter
these methods lay a greater stress on the
construction of regular data structure than to
the course of data structure. Two methods are
mentioned that specifically solve the problenm.
They have four common points:

i} each method demands that the key information

cbject, +that is the entity, and the operators
or the process should be determined at the
beginning;

ii) the second common point of these methods is
that their starting-point is a hierarchical
structure of information;

1ii) the data structure should be described by
basic procedural constructs - these are the
sequence, declsion and repetition;
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iv) these methods contain effective tools to
convert the problem from the hierarchical data
structure into the suitable software structure.

2.3.1. Warnier - Orr Method

From the theory of Warnier-Orr charts the DSSD
method ( Data Structured System Development )
was developed. Warnier ~ Orr charts implement a
hierarchical analysis of information domain,
The global picture presented as multitude is
dacomposed. It is further decomposed 1into a
series of submultitudes. Everithing is
interconnected by basic procedual constructs.
Braces are used to devide hierarchical levels.
A gqulck and effective explanation of the
meaning of the actions which are possible by
Warnier-Orr notation is shown in picture
2.3.1.a /Higg79/.

WHY 7
e

beginning of
the task
implementation
of the task

I

WHAT 7

WHEN ?
end of
the task

HOW 7

2.3.1.a Directions in Warnier-Orr

charts

Picture

We can see that the reading of the events from
top of the chart complex downwards gives a
sequence of temporal course of events. In the
left direction the explanation of events is
'globalized’. To the right, there is a micro-
level of described system.

The first step in the system analysis is
Jefire the exit of the process, Then the
logical data structure and later the
corresponding physical structure are defined.
In this phase the entity-relationship model can
be formulated. The design of physical meodel
follows from bottom~up but we should not think
that Warnier-Orr method is based on botton-up
design because the whola logical composition
was rerformed from top down. Practical
experiences of design with this method are
described in literature /Gyor86/ and /ReseB6/.

to

2.3.2. The Jackson System Development Method

The JSD ( Jackson System Development ) method
/Jack83/ ensures a methodical way +to design
complex problems. The expected design result is
an objective and repeatable system which is
independent from the creativity of the

designer. The designing process can he adjusted
and is heavily influenced by the user.

The basic idea of this method is that it is
possible to design for the user an interesting
part of the real world by means entities and
actions. The entities are basic elements that
can be recognized by the wuser. Actions are
implemented over the entities described and can
be changed from one state to the other ( the
term ’'states’' means various phases in the 1life
cyele of entities ).

With the definition of entities and actions and

with the formulation of structural shema the
design phase of a model is concluded.
In the following phase a suitable distribution

and definition of individual functions is made.
The functions are included into the existing
model at a definite moment and under definite
circumstances which ensure a correct operation
of the functional model.




JSD has a very rigid delimination between
design and implementation. The aprlication cof
the existing hardware and program languages by

means of which the designed system will be
realized in a classical way or by JSP ( Jackson
System Programming ) will be not included
esarlier that in the last phase, that 1s in the
rhase of implementation. :
JSP is alsc a data-oriented method. It is meant
for program design and it is based on the
structure of input and output data. The basic
ideas of program design by means of JSP are
transfered into the design of greater problems
and systems. This means that JSDP forms an
extenstion of JSP. Everithing what is used in
program design according to JSP can be used in
system design accoérding to JSD. The common
points and differences between the Lwo methods

are shown in the following table ( Picture
2.3.2.a}.
action JSP JED

R A L A e A A A A e e

description of terms of sequ- terms of sequ-
the problem ence processes ence processes
structured a multitude of
charts unlinked proces-
ses for the desc-
ription of temporal
behaviour of entities
description of implement.of adding and impl.
the problem is uniform proc. of processes
concluded by structure which form the
problem described
problem can description of
be described tha problem is
immediatelly converted into
suitable form

the model
consists of

implementation

Picture 2.3.2.a'Comparision between

J8D and JSP
The JSD method is meant to design system in
which apecial attention should be paid to
temporal condition. JSD is used to design a
wide spectrum of applications based on ‘on-
line' or ’batch’ manner. These applications are
taken from the real world and temporal

extension 1s of supreme importance.

From +the literature /Camse86/ it is seen that
this method is most often used in Great Britain
where many systems realised by means of JSD are
in operation. The method is widely used in
-Western Europe and less often in North America.

3. Structured Analysis and Design Technigue
{ SADT )

This method was developed in the seventies, in
the firm SofTach, Inc. when they searched for
an effective +tool to describe +the software
architecture of large systems. Douglas T. Ross
/RessT7a/ and /Ross77b/ was the first whe wrote
on SADT. The latter source deals with the
applicability of +this method for extremely
activity based and data-strong systems. SADT is
cited as a reference for methods such as
Yourdon, Jackson, Warnier-Orr, Petrl nets, The
multitude of FDL-s (Program Definition Language
), Ppseudo languages and for typical data-
oriented tools Codasyl, Entity Relation
Attribute and others.

S8ADT 1is very effective in the early and late
phases of software life-cycle. The detalled
design mekes a bottle neck. SADT can overcome
it with the inclusion of poverful languages for
the definition of process ( PDL ). The most
effective tool of the SADT method is treated in
detail. These are 'box-and-arrow’ charts
which describe activity based and data aspect
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charts are
structured

of the analized system. These
called graphic language of the
analisys { in SADT, of course ).

3.1. Graphic Language of GStructured Analysls
SADT

The basic guldelirie in the structured analysis

is wunderstakililty and simnplicity, Therefore

this method uses the decomposition from top

down to the most simple bazic elements. Tha

.. graphic - language 1s based on the structured

the

aralysis boexes ( further called SAB ). In

picture 3.l1.a the extensiveness of such basic
element 1is shown. The features of individual
SAB are described with ICOM ( input, control,
cutput, mechanism } codes. Each SAB has its own
number. ©On every level SAB can be decomposed
into  hierarchical lower components { the
ralationship parent - child; like in data flow
charts ). The decomposition cannot be done on

the lowest level ({ atomic level ) because shown
system must be entirely understandable.

WHY
CONTROL
™~
WHAT INTERFACES
INPUT QUTPUT
———
CHANNEL 'FOR
SHARING
7
MECHANISHM
HOW
BOX IS
FORM = DATA
OR { DUAL OPPOSITES }
TRANSFORM = ACTIVITY

Picture 3.1.s The extensiveness of SAB

The

nodel is called a collection of
interconnected chartz. the model /Ross85/
defines: M is the model of A if M can be used
to answar the questions that are put about A.
The  quality of the model is determined by the
extent ) of questions and suitability of
answers"” .

Models consist of a multitude of SAB by which
the decomposition of system is made. Two kinds
of konnections, shown in the picture 3.1.b are
known support connections ( support arrow )
which are actually global nests in both models
and call connections ([ call arrow ) which can
be imagined as a call of subprograms, in the
terminology of program languages. The model
sgntax permits also that the recursion is
SNOoWTL.

The graphic form of regquirements definition can

be formalized by RML ( requirements modelling
language ).

3.2. Applicability of SADT

Besides having influenced the development of
very effactive methods the SADT 1idea is
successfully used in the development of
projects dealing with wvarious fields {
formulation of reguirements in various fields
of multinational sccleties, design of complex
business systems, development of

telecomunication systems and unfortunately many
complex military programs ). It cannot be said
on which field is SADT most successful. With




MORE GEMERAL
DIAGRAM = WHOLE
BOX = PART
ARROW = TNTERFACE

VIEW
X o

MORE DETALILED

SHARED DETAIL

—
INTERLUCKS MODELS DEYAIL OF BOTH

¥/A32 AND X/A33

Picture 3.1.b Decomposition and multiple model

combined activity/data models and thorough
hierarchical decomposition the methed covers a
vide sphere of requirements. The author of the
method, D.T. Ross, aknowledges that the design
and automation of design of detailed  analysed
system present ls bottle-neck. A very accurate
requirements definition and excellent
documentation made the method popular to design
large systems.

4. Conclusion

In +this paper an informative presentatidn of
some methods that proved themselves in the
development of software systems is glven. In

spite of the fact that the methods like PSL/PSa
( Problem Statement Language/ Problem Statement
Analyser ), TAGS ( Technology for the Automated
Generation of OSystems), IORL language (
Input/Output Requirements Language ) and SREM {
Software Requirements Engineering Methedology )
are not treated we should be aware that these
automated methods are widely used in the USA.

Autamated methods - sach automated method
based on certain formalism. The
for &automated methods must be
because possible errors in
phases are in exponential
following rhases. It 1is
methods are good that

rresented requirements give no final results
and the designer can not be mislead. Ian such
cases the procedures within method should give
results and this effect should be increased by
automation. The creativity of the designer and
his ideas still repressnt the dominant tool.
The method should only orient him correctly,

warn against the faults and formulate his
ideas.

is
requirements
very strict
early development

increase in the
sald that those
with incorrectly

Trends of CASE tools developmnent

Besides the fact that the tocol should be basaed
on a proved formal design method which,
supports the development of a program in all
}ts rhases, other requirements should be taken
into account as well. These are dependent on
the environment in which tool will be used.

In general, we can speak about three imortant
trends in the development of CASE tools.

First we speak about the suitability of tools
for the real-time system development. Methods
deriven from data flow charts often include the
real time extension. For the present state of
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the development of CASE tools it is tipical
that too 1little attention is paid to the
reguirements of mathemeatical modelling and
simulation. The necessity for immediate and
detailed knowledge of hardware makes trouble
the real-time systems are interrupt or event
driven. )

The second trend is to develop such toels that
can model the dJata base by means of which the
system is aided symultaneously with the

development of the system.

The development trend of CASE tools aided by
the artificial intelligerce 1is galning in
importance. Expert systems can be used to
control syntactical and mainly semantical
errors of automated tools. In order to fulfill
the communication between the designer and the

toel as much as possible object - oriented
methods are developed. They enable a natural
connecticon between the designed model and the

reality described by the model /BorgB85/.

An interesting problem arises when we try to
design unstructured Al software systems by
conventional methods of software engineering.
Ideas to solve this problem are found in
literature /PartB6/. The author warns us that
for +the present it is impossible to offer an
accurate and formalized method to design Al

software systems.
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PROBLEMS OF THE RATIONAL UNDERSTANDING OF INFORMATION INFORMATICA 2/88

' ' . Anton P. Zeleznikar
UDK 681.3.068 : Iskra Delta

Characteristic problems of mathematical insufficiency and inadequacy appear in
the rational, especially mathematical expression of information, i.e., in the
expression of processes of informational arising. The mathematical formalism,
which was quite sufficient for the purposea of describing some well-determined
linguistic constructions, does not eatisfy in its traditional form, when the
reality, which is arisingly changing, unforeseeable, and developing, has to be
expressed. Because of such (dynamic) informational phenomenclogy, a critical
view in the groundwork itself, which constitutes the classical symbeolic or
formal logic, is necessary. Beaides, it is necessary to omit the rigid and for
today's circumstances of thinking too hard and unacceptable mathematical
definitions, as for inatance, the logic its?lf. relation, set, function,
differential, integral, category, ete. All this does not mean that mathematics
is losing its previous role, but it becomes evident that mathematica can no
longer seize constructively {substantially, completely, or credibly) and
scientific-developmentally into new realms of cognitive development.

The contribution of this lart.icle certainly remains . esgentially far from a
new, more adequate formalization as is the classically mathematical one.
Rowever, many problems are much better enlightened, The mathematical logic,
proceeding from the thinking of the previoue century and from the first half of
this century, ie historical-developmentally useful. However, its groundwork has
to be reformulated in such a manner which will enable an easy derivation of
various generml and concrete logics. Within this concept, the contemporary
formael logic of mathematics and mathematical systems became only particular
cases and, in their essence, conceptually too reduced. From the context of this
article it is evident how particular logical, relational, set-theoretic,
functional, differential, integral, categorial cases of notions are bounded’
{limited) and inadequate and also, how their dynamic reformulation would be
possible, But, this article represents only & soft introduction into this new
discourse and an investigation of particular mathematical inadequacies. The
geal of this preliminary discourse is, of course, te lay out the way which
leads to something termed informational logic. In the framework of such new
logic, it will become possible to develop essentially changed concepts of set,
relation, function, category, etc. as was the case in today's and yesterday’'s
mathematics.

The context of this article ia certainly proceeding into the direction of a
general criticism of those kinde of rational understandings that in the most
cases deteriorate into the rigid rationaliem and that, like traditicnalism, =set
essential blockades against the progressive thinking. Thus, also of these "‘kinds
of rationality it is true that after a period of development they degenerate
into their counter-information which is nothing more than irrationalism and,
lastly, an unacceptable dogmaticism for the progressive thinking..

0. Introduction ‘ 1s a rational understanding versus a
rationalistic one in the form of a loose
definition of information in a broader gsense

In the beginning there was information. The {as discussed in [2, 3, 4, 5]} at all possible?
word came later. The transition was achieved What are the posesibilitiee of developing. a
"by the development of organisms with the general (not only the classic, information-
capacity for selectively exploiting theoretical) concept of information in a quasi-
information in ordear to survive, and mathematical {mathenmatically non-traditional)
perpetuate their kind. " way (e. g. through the informational formalism

t ’ of Bymbolic logic, set, function, differential,

Fred L. Dretske [1] vii derivation, integral theory, algebra, geometry,
: theory of categories, etc.})? What does the



classical (communicational, =stochastic}) theory

of information represent today [§]?

It is evident that before a further discussion

concerning a rational or even rationalistic
view of information is possible, the
mathematics-characteristic way to a rationsl
(mathemational instead of mathematicall
formalization (abstraction and the

corresponding sBymbolism) of information has to
be enlightened. Aready simple examples can show
why the classic rationalistic (mathematical)
way is abysmal and how the deficiency of the
discusgsed assential, rationalistically valid
concepts is coming to the surface,

1. Informational Models

Philogsophers ... still seem disposed to
think about hknowledge, perception, memory,
and intelligence with a completely different

set of analytical toolse: evidence, reasons,
Jjustification, belief, certainty, and
Iinference. There is, consequently, a serious

communication problem.

Fred I. Dretske [1] viii

Several gimple and sophisticated models dealing
with the rationalistic formalization of
informational subjects and objecta can be
distinguished. Scientifically, the most direct
rationalistic informational model {8 the so-
called theory of information. Its concepts are
narrowed into mathematical measures of
information and can be numerically "calculated”
by different mathematical functionals., The
theory of information constitutes the so-called
naive {rationalistically reductional,
comprehenticonally simplistic, informationally
quantitative) model of information and
represents merely ({(exclusively) the field of
relevance of the so-called generalized theory
of (technological) communication systems.

The naive model of information can be advanced
already by redefining the components of the
generalized communication system in a more
complex way, e.g., by raising the question of
the nature (the essence} of information source
(arising of information or coming of
information into exigtenca), information
channel (propagation of information through
biologically modulated and filtered ©paths),
information coding (various phenomencological
transformatione of information}, information
{or merely data) transmission and reception in
living and artificial environments, etc. On
this way, examples of living information models
{philosophical investigations) can be helpful
in the development of & critically much more

adequate (informationally non-naive) discourse
concerning information, than that following from
the claseically narrowed information theory.
Last but not least, a general model of
information can be imagined, embracing esome
essentials of already existing rational,
rationaliatic and intuitive models of
information.
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2. The Contemporary Theory of Information

Communication theory purports to tell us
something about [nformation, if not what it
is, at least how much of it there is. ...
this is controversial. ... The mathematical
theory of information may be an elegant
device For codifying the statistical
features of, and mutual dependencies
between, those physical events on which
communication depends, but Information has
to do, not with vehicles we Luse to
communicate, but with what we communicate by
means of them. A genuine theory of
information would be & thecry about the
content of our messages, not a theory about
the form in which this content is embodied.

Fred I. Dretshe {1} 40

Information ms a notion has different meanings
in different environments (for instance, in
different lingusl cultures and in different
acientific disciplines). Information does not
have the same meaning in the realm of common
sense, ceommunication theory and engineering
{technical sense), crime investigation, theory
of information {mathematics), information
technology {computer science}, information
Bcience {linguistics, information retrieval),
or even in a general information philoscphy
{information as information}.

Today's theory of information or information
theory, which is founded firmly on
mathematical, telecommunicational, and computsr
methodologies (and technologies), is rational-
ietically traditional and comprehends, for
instance, the following applicative and
theoretic areas:

- application of information theory,
~ complexity of information,

- communication systems,

- cryptography and security,

- data networks,

- detection and estimation,

~ distributed information proceasing,
- error-correcting coding,

- multi~user information theory,

- pattern recognition,

- proceseing of audio and vigual signals,
- Shannon’s theory,

~ source coding,

- stochastic processes, etc.

Today's theory of
merely some

information is
characteriatic

grounded on
mathematical and

itechnical concepte, but in spite of this fact,
it has created many wuseful concepts by itself
as a specific discipline. It must be stressed
that information theory, in prianciple, ignores
the problems of informational arising (e.g.
coming of information into exiatence,
irrespective of the nature of informational
source).

Within the theory of information the ac-called
information theorist’'s definition of
information is used in its mathematical {or

engineering-technical} sense. This concept has
the name information which is {(narrowed) enough
for the purposes of the theory of information.




However, it does not{ embrace a common ides of
information appearing -within different living
verbal languages or even living organisma,

Information can be defined in mathematical
terms in several ways. The gmdunt or quantity
of information is 8 measure of time. or cost of
transmitting messages from the information
source to  the destination., The information
source is extiremely restricted to be capable of
putting forth »n probable wmessages, so that
information can be defined as log n and
generalized to the entropy function.
Information capacity of a channel {(the number
of distinguishable signals in a time unit}
gives a measure of how long it takes to
transmit the message generated by source.

An information source has only the role of
information supplying and, in fact, it is not
concerned with information arising or with the
fundamental problem of how and why information
is coming into existence and what information

represents when it arises as information in
. general. The information source simply delivers
cadified information where the arisen
information was coded by a &mource coding
process, 8o it can be fed into the chamnel.
Decoding is therefore needed to tranafer

information from the channel to the receiver,
Sometimes, because of noise in the
communication system, the information obtained
by the receiver is erroneous., This is the
concept of the noisy channel. .

In information theory, one of the most
important fields of' mathemsatical science, . the
amount of information is estimated by means of
entropy. Several characterizations of
have been given by Shannon. Information theory
combines various methods of probability,
statistica, functional analyeis, ' Fourjer
analysis, and algebra.

3. Logic qua: Information

Logic ig the science of the pure Idea; pure,
that is, because the Idea is in the abetract
medium of Thought. ... Logic might have been
defined as the science of thought, and of
its laws and characteristic forms. ... If we
identify the Idea with thought, thought must
not be taken in the sense of & method or
form, but in the =sense of the aelf-

developing totality of its Jaws and peculiar -

terms.

G. W. F. Hegel [9] 25
3/0

Logic is close to a doctrine of essence, i.e.,
of the abeglute. Thisg doctrine is8 purely
informational &and arises, for instance, as
common sense, belief, reasoning, awareness, and
like .that in living cortices, Similar ag
language, logic as philosophical, scientific,
or mathematical discipline concerns particular
informational demain deeling with essence as a
measure of absolute truth in its own realm. In
this respect, logic belongs in the claas of

entropy
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philosophical,
informationism.

ecientific, or mathemsatical

In its foundation, logic (the Greek 'logoe’ has
the meaning of speech, word, mind, thought) is
s philosophical diacipline dealing with wvalid
{true, correct} forms of thought and with
methods of scientific cognition. In this sense,
logie is the study of the structure and
principles ©of reasoning or o¢f sound argument,
with the &aim of establishing the truth of
propositions in the form of deductive and
inductive inference. There éxiset several other
kinds of logical inference as studies of
reagoning which may be termed the dsontic
logic, logic of norme or logic of imperatives,
logic of relevance and necessity, modal logic,
logic of language, logic of believing, knowing
and inferring, logic of inconsistency,
epistemic Jogic, and, last but not least,
informational logic. However, in its narrower
sense, logic is the study of the principles of
deductive inference, ot of methods of proof or
demonatration. Informational logic is the study

of informational principies including also
information and Informing 'as methods aof
informational inference through the coming of

information into existence.

Informationally, logic is werely one of the
possible doctrinea of reasoning which i termed
to be rational. The science of deductive logic
has its roots in the conception of eatablishing
propositions by means of such arguments that it
would be irrational ‘te  reject their
conclusions, having accepted their premises.
The nature of logic as information will depend

on the natures of truth, knowledge, and
cognitive abilities of a being, and
informationally, on the being’s total
information (a, being's metaphysics), However,
imperatively, logic as a cultural and as =a
populational information can (or better must)
remain characteriatically rational, i.e.,
culturally and populationally doctrinal
(rationalistic). '

3/1

The creator of European logic was Arjstotie and
his successors, the philosophers of Moegarian-
Stoic school, who have established the
principles of deductive logic. At the baeginning
of the 17t century, F..Bacon introduced the
idea of a new, inductive logic. The predecessor
of the Bo-called symbelic logi¢ wase Leibniz,
but its most distinguished creators were G.
Boole, G. Frege, B. Russel, R. Carnap, A.
Tarski, etc, In his Begriffschrift (1879),
Frege introduced quantifiers and the treatment
of concepts by analogy with mathematical
functions. This enabled him to unify the logic
of proposilions (propositional calculus) with
the study of those logical relationships which
had previously been treated in the theory of
syllogism. Frege’s approach wag - adopted by
Russel! and Whitehead in the writing of
Principia Mathematica, where the focus of
attention wae ghifted firmly away from terms to
propositions and their relations.

Even prior to Fregean innovations, the study of
logic had become incremsingly mathemsatical. The



question is how logic can become an
informational discipline. Mathematics and
mathematical logic are merely specific forms of
information. However, one would like to
construct a syastem of logic which would
adegquately embrace the realm of information.
Within mathematical logic it 1is possible to
treat a formal logical aystem me just another
system of algebra giving rise to an algebraic
structure that can be studied using
mathematical methods., In the following sections
we shall try to reveal some "logical"” problems
of informational algebraization of logic.

Logic, especially the mathematical one, is a
lagical construction. It uses its own language,
which is narrowed into the rationaliatic domain
of deductive and inductive inference.
Mathematical logic i8 a language which is
formalized by specific symbolism as a form of
gibberish of symbolic logic.

The effective logic uRen junctoras and
quantifiers (lagical connectives or logical
operatore) to construct propositional formulae
{logical expregsions). Thege formulae use
logical variables and logicatl conatants
(logical operands). Junctors and quantifiers
are symbols representing certain “devices,
independent words, prefixes, guffixes, and
inflectione in any language that enable one to
discern the grammatical structure of a
sentence.

In order to represent the logical structure of
a sentence, junctors and quantifiers are
introduced in some places of the sentence. The
logical aymbols thus have a precise (constant)
function. The moat commonly employed operators
are negation, conjunction, disjunction,
implication, the existential and universal
quantifiers, and the true and false symbola. A
logical proposition (formula, expresasion) is
e¢ither true or falase. In this way, a two-valued
logic 1is consetituted. Certainly, it is posasible
to define also a multi-valued logic using
adequate logical operators.
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Let us consider the universal guantifier (x)
with the meaning 'for all x'. Informationally,
this quantifier is questionable, for it can
exist (or arise) 'at best one case of x'. In
fact, this quantifier is pretending that all =x
of some domain (set, clase, category) have =a
¢ommon property or, in other words, are equal
concerning this property. In this manner, the

universal quantifier hides a kind of
informational equalization. Thus, we can have
the following reasonable informational
tranaformation: A

for_all x --> at_best_one_case_of x

In this sense, the logical quantifier (x)
passes into the informational one with the
meaning at_begt_one_case of, which could be
denoted by E? (E! is already used for ‘there
existas exactly one'})., If we understand that the
quantifier for_all x has in fact the meaning
for_all x which_have_a_common_property, then
{x) as B quantifier is informationally

acceptable too.

The logical gquantifier 'there existe at least
one’ ia in the strict informational senee non-
logical tooc. That which exists informationally
is continuously changing, coming into
existence. Thus, the informational transforma-
tion

there_exists at_least one x =-=>
there_arises x

is reasonable. However, information can arise
merely if its arising {Informing) already
exista (otherwise, x cannot arise).

{x) has the meaning 'for all x which exist’. As
pointed out, this quantifier could be
informationally intraoaduced for all those cases
whose arising is in the domain of a generative
set (a generative get & ig defined by itse

characteristic informational function}). For
this purpose, the denotation A% & with the
meaning ‘'for all which arise within the

generative set G, would be appropriate.

Similarly, the existential quantifier 'there
exists at least one x' could have the meaning
'for those x which already arise’ (in a
particular case, they can exist as unchangeable
information).

In metamathematics, the existential {there
exiasts at leaat one) and the universal logical
quantifier (for =&ll) &are bound te a fixed
existences. However, in information, this
bindingness concerns the coming into existence.
In the informational sense, these quantifiers
could be used as 'at least one x is coming into
existence’ {instead of ’there exists at least
one x') and as ‘'for all these x which are
coming into existence’ {instead of ’for all
x'), Evidently, the existential and wuniversal
logical quantifiers are losing their general
meaning in the informational realm, for they
represent cases of informational constancy
(statics, datingness).

2/3

At this point, we are coming to the question
whether it is at all possaible to introduce
reasonable informational quantifiers.
Certainly, it is possible to say that this and
that information is in the process of arising.
Simultaneously, it means that the existence of
information, its development, its uniqueness
(two equal cases of information do not existl)
and, in the future, also ite wvanishing or its
transformation have reached such a degree of
change that the identity to its previous
identity is more or lese not recognizeble, As
already mentioned, for the arising of
information i, the guantifier A in the form

Al
can be introduced. This means that information
i is in the process of arising. If n cases of

information arise, there could be written

Al By .. in




For instance, for all informational cases

belonging to a generative set G, one can write
Alfi belongs_to G}

In a sense the arising quantifier A by itself
points to the generative nature of set G
{informational consistency between A and B).

3/4

The next possible gquestion concerns the
negation of information. Informational negation
ig, of course, not logically (in the sense of
mathematical or formal logic) exclusive in
respect to the observed informational original.
Thia means that information 7 and its negation
."i {the sign ~ ia used to denote the negation}
do not represent to each other such a contrast

{controversy) that, in the sense of classical
legie, it would hold

fOR “i= true and

i AND “f = false
In informational logic, 1 and ~i can exist

simultaneously, although the essential question
arigea: what ia 771 in reapect to i,

In the case of a simple predicative
{affirmative) information {is-sentence), the
anewer to the last question is s8till possible,
for instance, 'Peter is a welf' and 'Peter is
not a welf’. But, in 8 much more interwoven
information, the notion of logical negation iB
lcosing or losing ite esense. One can only state
the fact that information and its negation are

two (spacial, temporal, logical, informational}
cages of information which, in general, are
different. '

In no case, informational negation can be an
exact negation of the inforumational original- in

the clagsic logical sense. Negation as
information is arieing in the sense of
informational arising gimilarly as the
informational original. When i; arises from i,
one, can write ‘

Iy = Al

However, the guantifier A which simultanecusly
has the property of operation of arising, is
ariging by itself. And, becaune A i=
information by itsgelf, it becomes

AA

as arising of the quantifier A, This leads to a
form of the chsin of arising, for instance,

In = Alda~s = AAlp.z & ... = A0-Ljy;
This informational expression

recurrent autcinformational
nal operation.

represents a
and alloinformatio-

3/6

The most common logical operations are
disjunction and econjunction or, in the set
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" cases;

theory, - union  and intersection. In an
informational realm, it is quite eagy to
imagine the go-~called "union of informational
however, the informational! intersection
iz faced with the problem of searching equal"
pieces of information in different
informational cases, "The informational
intersection is based on equalization of
informational pieces as they appear in
different information. ’

In cases of
operations, it

logical quantifiers and logical
ie possible to observe how the

rationalistic symboliem is losing its logical
steadiness. Maybe that rationaliam as a form of
modern cognition and understanding in
philoscphy and algo in technelogy became
inadequately rigid, untrue, and nonsensical (in
itself non-rational} to ‘the degree where it
cannot stay any longer in the exclusive
position as a prevailing principle of
scientific and technological progressing. The
searching of principles standing outside of
rationaliem is certainly on the way of
surpassing those doctrinea which block the

progreesing and moré critical and ‘differently

organized thinking =8and aleo scientific and
technological constructing. :
3/6
Besides logical operatore, the so-called modal
logics use various modal operators. These
operators are conetant or, in a limited form,
variahble statements {propositions). For
instance, for ‘a believes p' one cane introduce
a L p. However, for ‘agent & believes p’ one

can choose L, p. When a belief after some time
becomes the norm, it can be Bet K, p with the
meaning 'agent a knows p'. In this way it is
poesible to ¢onstruct languages of  logic and
give semantics to them [11].

4, Relation as Information
470

{-onia, f) means report,
propogition, motion; throwing back; returning;
repetition. Today, relation has the meaning of
the act of telling or recounting, an aspect of
quality that connects things, reference, etc.
Obviously, relation is a characteristic form of
information. 1In mathematice, relation is a
propositional function of two or more arguments

The ' Latin relatio

defining, for instance, exactly those elements
belonging to a set. These elemente satisfy the
propositional function of the relation, for
ingtance, in concern to the components
appearing as elements of the set.

4/1
Mathematics has developed Eeveral notione of

relation., - One of the most general relations is,
for instance, the relation to be the element of
a set. This relation seems to be mathematically
one of the most natural., In  general,



mathematical relations can be determined by
means of other relations, operations,
existentials, quantifiers, axioms, predicates,
and/or verbal, absetract, intuitive

determinations, etc.

The notion, which concerns relation, is the so-
called relational =&et. A relationml Bset R
congists of elements which are pairs (a, b} of
some elementsa a and b belonging to some sets.
Now, the relation R which is represented by the
relational set R, can be understood Y]
operation R over elements a belonging to a set,
in the way that it produces elements b
belonging to a set. The expression

aRb

has the meaning that b will be produced by R
from a.

4/2
What is the relevance of the relation in an
informational realm? The most obvious
informational relation is, for insetance, that
information, in one or another case (place,
time, process, phenomenon), is informationally
different. 1f information is taken as a unity
or an autonomous entity, then informational
inequality between one and another
informational cage ie the moet natural
relation. In the course of human social
development, as controveray, opposition,
antithesis, counter-~information became wugual,
evident, and consciously regular ways of
thinking, the cantroverey of informational
difference (se the most evident relation in an

informational realm) arose ae an informaticnal
principle {(as the counter-posaibility), too.
This way of inference led to the notion and
relation eof informational equality. Although
informational phenomena are naturally
different, they can be abstractly counter-
informed as equal. A characteristic similarity
of obeserved objects ceased as an absetract way
of inference into their {informationally
dazzled) equality.

The relation of equality {in the mathematical
sense) cannot exist between two informational
cases8 (informational forme and informational
processes). The relation of equality belongs
obviousaly to the moat abatract (unbelievable)
cagesd of the real world., However, on the other

side, the relation of equality is the
foundation of each, quite arbitrary symbolism.
Symbolfe equality qua symbolism ia in the
domain of informationalism (irrationalism,
ideology, gtate-of-mind) [3]. This
informational distinction for the case of the
equality relation is essential, because also

the so-called sign of equality ’z' will be used
in further explication of the mathematical or
formal informational (mathemational) background
or field of relevance. In all our casea, the
sign of equality will represent only a formal,
abstract (theoretical) symbolic equality.

473

The concept of the mathematical relational set
and ite understanding as operation can be

36

conceptually transposed into the formaliem and
abstract understanding = of information.
Informing ae & process of information can be
comprehended as relation, i.e., as the most
general informational operation. As pointed
out, this operation (relational informaticn) is
called Informing.

Lat us examine the most general case of the
relation we call Informing JI. In general, there
is

iTIi

This reflexive relational expression has the
meaning that Informing I produces information J
from information 1 A more constructive
relational expression is, for instance,

ITh

where iy arose by I from i and includes the so-

called counter-~information c.

As i changes and arises, Bo does JI. In this way

it is meaningful to set the relational
expression
Iil

In many scientific {mathematical) and-
technological cases I is a constant
{unchangeable, non-arising) information. Under
these circumatances it is poassible to create
the so-called deductional chain (transitivity

of relation I) of the form
[ I TR U TR B T B PR
or, expressed in a shorter form,
iI¥ ig ...

In the case where informing I is arising, the
deduction schemes may become extremely complex
and informationally interwoven, for instance,

ii 7
i1 fi Iiiz Iz ds Is Ja uee
Tig Itiahhis Iy ...

In the first line (chain) we have a2 kind of
mathematical {definitional} inconsistency, for
{i, I) appears as an element of relation 1 (i
generates Informing I from i}). In the second
chain, relations are Informings I, I, Is, I,
etc,; however, in the third chain, relations
are Jfi, f2, i3, etc., 8nd both chains are
mutually dependent (developing). The second
chain generates c¢asege of information iy, iz,
I3, is, ete. by Inforwings I, I, Is, Iy, ete.
where the third chain generates Informings by
cages of information generated by the second
chain by these Informings.

5. Sets as Information
v+, semantics lfies outside the scope of the

mathematical theory of information.

Fred 1. Dretake [1] 42
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The set as a mathematical notion arose by the
work of G. Cantor. A set ia & collection of
objects of thought or intuition with a certain
realm, taken as a whole. However, this is not a
strict definition of the notion of a set. Each
objeet in the collection is called an. .element
or member of the set. The point of the smet
theory is not ss much to explore the nature of
a set as relationa among elements of a set and
the set asa a whole.
Cantor's naive set to various
logical paradoxes. His set theory was
reconestructed a8 the axiomatic set theory,
which is considered to be free from paradoxes.

concept leads

5/1

can be defined in several
elements of = sBet can be

Finite and infinite sets
can be defined by means of the ao-called
characteristic {or definitional) functions,
which are logicasl predicates for elements of a
set. A Bet is a definitional statement which
determines the relation of belonging between
elements of the set and the set. In this way, a
set is merely static {or unchangeable)
information of & collection of =set’s elements.
The set-definitional predicate is a
mathematical-logical statement, - and this
statement is definitionally constant (stable,
unchangeable}, For a set definition, the main
problem is how to construct the adeguate
characteristic function to obtain the desired
collection of elementa.

Mathematical Bsets
waysa, If possible,
gimply listed down.

In the gsot~theoretical discourse, the
definition of the set as information is
basically very important, too. If a- set
consisets ©of elements representing informational
entities, these elements can hardly be
informationally completely independent of each
other. It means that besides this set several
relational sets can exist, determining the
informational connectives among set elements,
On the other hand, s&ets as informational
entities' in their reality can only be variable
and not defined once for all. This reality
claima for the possibility to define a set as a
definitionslly wvariable entity, 'In this caase,
the logical predicate representing the so-
called characteristic ‘function of the given set
has to be replaced by an informational function
for which predicative variability in not
exceptional, but (informationally) regular.,

It thé so-called informational aet c¢laims for
ite variable definition, the Bset-definitional
predicate or set-characteristic function muast
be a definitionally variable {(non-mathematical
or quasi-mathematical}) predicate or function.
In the next section we shall ehow sBome problems
of defining informational functions.

Let us now introduce the concept of the sao-
called generative set which, in =a slightly
modified form, was proposed by the author
already in 1975 {7]. A generative or, now,
informational gat (i~-gat for gshort) of
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informational elements (i-elements}) performs as
an information generator, producing information
which represents elements of this set. However,
this set generator or f-set is not a generator
in the upual sense, for generated elements are

not simply accumulated, but can exist as
generated, they can vanish, or can be changed
through their life time. Formally, the
definition of an informational set can be
written as

i-set = {i-element | [-function(i-element)}

In this forwal expression J§-function(i-element)
represents a function ifi) where { stands for
information. We shall. discuss informational
functions more in detail in the next chapter.

5/2

Ideology, as treated in [4], is a complex
example of informational function (informatio-
nal form and/or informational procesgs). An
informational function c¢an be used to define
objects (elements) belonging to a generative
set. Thus, it is possible to choose a proper,
subideclogical function for creating sets
concerning ideclogical matters.

Let us lock at an example of a generative set
and the dependence of ite structure on
information consetituting its characteristic
function {informational set-definitional predi-
cate). Let be given an informational pool of
people belonging to a particular population.
Obviously, this pool is a generative set.

create an ideological subset of peaple
whose behavior or suspicion of such behavior
satisfies the characteriatic function ‘'Human,
wha is class enemy’'. It is more or lese clear
that in the course of time, the characterigtic
function of the ideclogical Bubset will depend
on informational circumsetances (complex infor-
mational environment), arising also in an un-
foreseeable WBRY. These circumetances will
contribute informationally to the structure of
the subset characterized as 'Human, who is a
class  enemy'. It is possible to imagine how
this characteristic function of the subset is
arieing, changing, &and, under unforeseesable
circumstances, vanishing or, in the course of
change, disappearing. In .this respect, as one-
can underatand from the previous example, sets
concerning any reality, even the most
abstractly {ideologically) understood ones, in
principle are gonerative. They are only
particular cases of information or, comprehend-
ing their substantiality, are informational
(ideological, scientific, mathematical, etc.).

Let us

6/3

The concept in the informational fuzzy set
theory would be that an element has the
information of membership in a fuzzy set as a
generative set. The form of the information of
membership can be in the most sgimple and
logically reductional case that the information
of membership is a probability or a
mathematical measure belonging to an interval



of real values., But, the information of a fuzzy
set memberghip can be any type of information,
Informing, counter-information, embedding, etc.
In this case, the information of wmembership
becomes a kind of dynamic potentiality,

A fuzzy set has to do with the so-~called
universe of discourse [10]. A fuzzy subset of a
universe of discourse U ig a function

£ U=-=>10,1]

On the sets of all fuzzy subsets defined on the
universe U, operations of union, intersection,
and inclusion can be defined, using
the informationsal {also mathematical})
predicates of maximum, minimum, and ’lower or
equal’.

The concept of the fuzgzy set shows how the
membership of a set element depends on further
information concerning this element. In this
reepect, the notion of the fuzzy set ir nothing
else than a discusgion on the membership of an
element. In this discussion, the most important
fact ies not s0 much the fuzzy set itself by its
elements ag it is the so-called membership set,
which carries information and, within this
information, the posaibility or even
potentiality for an element to be the element
of a fuzzy set. In this way, the concept of the
fuzzy set is reduced to the problem of setting
information concerning the membership of set
elements. In a way, the membersghip set of the
fuzzy set ia a set of characteristic functions
approving harder or softer belonging of an
element to the fuzzy set. As an arbiirary =et,
through its characteristic function, also the
fuzzy set becomes more and more not the set
itself, but ite characteristic function. In
this course of the discourse, the set concept
becomea a set-general information, which could
constitute the set as a concrete set realized
ag a collection of all poesible elements
belonging to a get. :

6. The Notion of Information qua a Quasi-
Mathematical Function

oo Communication theory does not teill us
what information is. It ignores questions
having to do with thke content of signals,
what specific information they carry, In
order to describe how much information they
carry.

Fred I. Dretske (1] 41
6/0

The term function was introduced into
mathematics by Leibniz (in 1694) to refer to
certain line segments whose length depend on
linea related to curves. The modern functional
notation f{x) had been used in 1734 by Clairaut
and by Euler, who defined functions as
analytical formulas constructed form variables
and constante. Cauchy introduced the terms of
independent and dependent variables (1821).
Dirichlet (1837) generalized a function as a
correspondence in which the values of one

variable determine the wvalues of another

{completely arbitrary functions).

Today, a function has the meaning of mapping or
univalent and elso multivalued correspondence.
A letter x, for which a8 name of an element of a
get X can be substituted, ia called a wvariable,
and X is called the domain of the variable. An
element of the domain of a wvariable x is called
a value of x, A letter which stands for a
particular element is called a constant.

6/1

The arising of information calls for & concept
the function which as the definition of a
function is variable (arising-like). PFirst, let
us try to define information by the so-called
definitionally static function, i.e., by a sort
of quasi-mathematical functional concept. In
thiz case, a function is meant to be a mapping
of a set of informational valuegs of the
functional argument x into {(or onto) a set of
infoermational functional values (¥). In
principle and in general, information c¢an be
formally (approximatively) conceptualized as a
circular aystem of two metainformational
eguations:

¥ = ¥(x) and
x = x{y)

This system is the metainformational expression
of the (approximative} nature (information) of
information. Within these equationa, x has the
following meaning:

- in the firgt equation, x is the original

{starting) information;

- in the second egquation, x (left from '=?}
iz the counter-information; and

- in the second equation, x (right from ’'=°)
is the =so-called embedding (embedding
Informing, embedding counter-Informing) of
the counter-information ¥ into the
original information x {left from '=’),

The meaning of ¥y is as follows:

- in the first equation, y ({left from '=")
ie the counter-information, arising from
the original information x through the so-
called Informing {counter-Informing) ¥y
{right from 'z} and

- in the second equation, y is the counter-

information, which will be embedded into
the original information x (left from
'z") through Informing (counter-Informing)
x {right from '='}.

This aystem of equations is questionable in
many respecte and some of them will be
illuminated in the following discussion.

6/2

Through symbolic playing with mutual
substitutions of equations, one can obtain, for
instance,




¥ = yix(y(zx( ... {y) ... )})}) 8nd
X = XAYIX(F( ver (X)) wes ))))

the coming of
through seversl
cycles of Informing, where each cycle is
understood to be a composition of counter-
Informing and the embedding of information. The
later system of functional equations .is not
very clear and the functional structuring of
information, Informing, ' counter-information,
and embedding remaing hidden, in general. So,
a slightly different symboliam can be
~introduced, where the processes ot
informational generation and embedding are
marked by capitals (X, ¥Y). These capitals
represent functional "prescriptione”. Instead
of the later system, there are

This system
“information

reprasents
inte ‘existence

Y(X(Y(X( ... {¥) .. })})) and
ROVE(Y( e (2) 00 )))

1ty

h g
x

This quasi-mathematical system does not show
explicitly the coupling o¢ceurring between the
consequent prescriptione X and ¥ when the
arising-embedding cycles are taking place. In
this metainformational representation, the
arising of X and ¥ cannot be explicitly
identified, even thie © arising - is implicitly
present in the last metamodel. This model can
be analyzed (indexed) in the following way:

Yo = Yo(xo), xi = Xof¥e):

Jir = Ya(xa), X2 = xalysh;

¥o = Ya(xa), Xoes = Xalynl;
where in the consequent lines the so-called
cycles Xy and ¥Yy.; are listed, representing

counter-Informing and embedding and where i
belonge to the diacrete interval [1, n+lj. This
case can be transformed into a clearer form

Ya = Yo(Xa1(Ya-slXna( oo (70} oo )i
Xner T XalYo (Xo-if¥o-sl oo (X0) oo JI)} -

At lemst, it is evident that the consequent X,
and Yx vary from one Fcycle to another. '

6/3

A function y = y(x) ie definitionally constant
it its functional prescription (ite definition}
is given once for all, i.e., if it does not

change during, its existence. It was pointed out

that information needs a concept of variable
functional prescription. Because of this, a
prescription in the form
yi(x) for 8 ¢=x <a,
¥ix) = ye(x) for a; {= x < &g,

LI I O I I I I )

_ yol(x) for &p-t <= x < an,

where fag, &p] ie an informational interval, is
not adequate. This type of function represente
merely a sequence of constant functional
prescriptiona yi, .. ; Fa- ’
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(for instance, a being's
total information) when in the framework of
this information, Informing I .ie coming into
exiastence. Informing I is a generative
proceseing product of information Ji. A trivial
description {formula) of this generation would
be I = i{i). This formula inforws. that
information i hae generated Informing I from
{or on the basgis of) information { In this
case, information i appears as the generator of
I {informational host of Informing I, in the
sénse that i ise the argument and the producer
to iteelf) producing coun_ter-in!drmation c.
Thise fact can be denoted by ¢ = Ifi). Counter-
information ¢ can now begin te be embedded inte

Let i be information

information i. Again both, information i and
through the Informing I generated counter-
information ¢, have now to generate the
information of embedding E, by which counter-
information ¢ will be embedded into source
information i, i.e., E = ifi, ¢). Embedding

information
the arisen
existing information

{Informing of embedding}) F embeds
counter-information ¢ into already
i in such a way that a new

total information i; ariees. This i8 denoted
symbolically by iy = Efc¢c, i), In this way the
following, go-called minimal informational
system ig obiained! '

i

I =ik

c = Iik

E = ifi, e);

i = E(i, €);

1'1,'
This s8ystem is called minimal {or the (first
approximation) because Informing I and

embedding F are not considered as argumentative
information. As 8oon &8 information appears
(arises), it can be informationally active
{(function-like) and/or the argument for other
information simultanecusly. In this sense, the
form ifi) in the second line of the upper
system is not trivial. It represents a form of
the so-called implicit {implicitly hidden)
autoreflexiveness {autoreflexive implicitness)
of information. From this line on, the
fellowing lines of the mystem are incomplete in
the sense of an adequate I and E consideration.
Thus, let us set the following, more completed
scheme (the so-called second approximation}):

i

T =)
e = I, I);
E= ifi, I, C)_,’.

i E(i, ¢, E);

iy

This informational system is enhanced; however,
it is far from the go~called maximal
approximation. In  this, the aoc-called second
approximation there does not .appear the
explicit autoreflexiveness of information,
which will be introduced in the next, the third
approximation. Although Informing I and
embedding E are autonomous items of
information, their functional action - is- still
under supervision (observation) of the entire
information 1. Consequently, counter-
information ¢ arises irrespective of the



produced Informing I also through the influence

of information i and, thua, the third equation
of the =system becomes ¢ = I%ifi, I). In this
equation, repregents the symmetrical
functional connective (mechanism), where
already arisen Informing I is under the

f ie under the
influence of [f. In general, information ie.
always under the influence of ite own arising
and vice versa. In this way the later acheme

influence of i and information

can be advanced inte the system (the third
approximation)

i

I = i1, 1

¢ = I'efi, I, ¢);

E = i"E{i, I, ¢, E);

iy = E°iifiy, ¢, B, it);

HH
In this sBscheme the explicit autoreflexivenesa
of information is coming into the foreground.

The autoreflexive explicitness appears in the
gecond, third, fourth, and fifth line of the
scheme in the form I = ...(... I}); ¢ = ...f...
¢); E = ..{... E}, and il = ...(.. il), In
gome way, the implicit autoreflexiveness
becomes alac more complex, for instance, in [ =
i“Ifi, I), information i and Informing I are
implicitly autoreflexive in & more complex
{composite, mutually dependent) manner. o

For the maximal scheme, the following would
hold: everything, which sppears informationally
as an argument can appear as a function too,
and vice versa. The maximal scheme seems to be
possikle only ag an informationally
agymptotical concept. Thus, generally, ifi) and
i = ..f... i) are infarmationally reasonable
recursive (implicitly and explicitly aQtoref-
lexive) formulae.

It has to be mentioned that in a scheme of the
form

A
i
i are not egual at all,
labels for

the upper and the lower
because they appear separately as
different informational forms-processes.
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The symbolic notation ifi), which characterizes
the arising of information from information by
information, is mathematically trivial,
inconsistent, bhecause in this cese, information
i is simultaneouely an independent and from
itself dependent wvariable. In the raticnalistic
logic this form of expreasion is called
tautology (the formal agreement of subject and
predicate). Within this understanding,
information is a tautological principle and
tautology itself the fundamental {arising,
Eenerative) principle of information. The
exclusion of tautclogy from the classical
logical discourse represents a digression from

the essential informational research, therefore
also from the ©essential research of logie,
mathematics, or any other exact diecipline,
resgpectively,

40

ifi} is tautological,
recuraive, Recursion is a
principle where, for

side of a rule (of
ie expressed by its

The symbeolic notation
recurrent, and/or
legal mathematical
instance, the left
substitution or inference)
right side. In this case, it would be possibie
to denote a rule by 1§ := i In fact, this rule
ia recursively trivial, because from a given |

it generates i again, consequently, circulates
in iteelf without arising reproduction. The
formula 4 = 1 illustrates the waiting, non-

productive cycling, the non-variability of . A
more adequate formula would be J§ = ifi), which
already illustrates the previous meaning of the
functional tsutology ifi).

At this point of discourse, the question can be
raised, which information, in fact, arises with
the usage of formula ifi). What is the
mechanism hidden behind i{i)? The principles of
ariging of information are circularly
spontaneous. The mechaniem i{i} is spontanecus,
however, also circular [4], as it proceeds from

the previously described schemata of
informational arising. The mechaniesm (i)
remains unforeseeable (generally
unpredictable), although its wunforeseeability
is informationally rhythmic (oscillatery) and

harmonic {(embeddingly adequate, informationally

connective, and in this regpect,
informationally predictable) [5]. That is to
say that the rationalistic unforeseeability of
the mechanisam ifi) has just the meaning of
informational foreseeing, thie is of the
ariging and embedding of arisen informsational
products {counter-information} into the
existing {valid, original) information. The
informational foreseeability (rbythmicalness,
harmonicalness} is in no way arbitrarily
determinable in advance, but arises also as
foreseeability, as the information of
foreseeing. The position of the rationalistic
tradition is symptomatic exactly in the way it
refuges the mechanisms of the type I(i)},
because by their use each and every
rationaiistic {informationaily closed, hard-
defined) discipline would hbe digintegrated and

decomposed.

Common sense and everyday experience approve
that the principle [{i} is generally wvalid and
that this principle cannot be captured
adequately through the standard symbolic,
notational, abstract, ideological, logical,
mathematical, and even philosophical course of
rationalistic thinking. However, this is not
true of the philogsophy as & whole, Soft
philosophies permit circular hermeneutic {a
heing's semantic) schemata. For these
philosophies, statements of the form "language
is on the way to language”, “information
produces information”, "a living being is =a
being's self-production {autopoiesis)”, ete.
are permissive. Martin Heidegger’s philosophy
is an unsurpassable mastery of tautology. The
main reproaches of rationalistic philosophy
{materialiem, hard dialectic) concern precisely
the philosophical tautology. However, in the
informational sensee, circular inquiring has an
esgential value, becsuse it does not represent
a static (rationalistic) tauteclogy, but can
generate intelligence. A soft philosophy
enables a apontaneous, free Informing of a
being, whila a hard philosephy performs as
ideology {51, as artificially limiting




informational spontaneity.

7. Differentiation and Counter-Information

7/0

In this section we shall show only one of the

several aspecta of informational  differentia-.
tion, namely, the counter-informational cne, To
understand the mathematical differentiation,

let us remember its basic sense and properties.
- 11

Every differentiation has to do with a kind of
difference occurring between -t,ha source object
and that from which this object is derived,
i.e.; in Bome way changed one. Diffesrentiation
is a procedure by which the derivative product
is processed from the original one. This notion
coincides with the mathematical cancept of
differentiation and will, in sBome manner,
coincide also with the informational different-
iation. As information, differentiation will be
a process of Informing by which the original
information will arise (change) into a new
form, where the product of differentiation will
appear as c¢ounter-information. This- way of
thinking concerning informational differentia-
tion is only s simplified and general one.

Symbolically, if y i a funection of x,
instantaneous (non prompt or immediate) rate of
change of y with respect to x can be expressed
in the form Disy or dy/dx. This form is called
the derivative of y 'with respect to =x We
understand that x in this relation functions as
a raference information, as a reason
{originator) of differentiation.

1/2

Now, let us discuss how counter-information can
be brought intc the context of differentiation.
Counter-information can be understood (within
other poasgibilitiea) a8 a product of
informational differentiation, i.e., the ‘result
which explicates an informationally
instantaneous rate of informational arising,
changing, and vanishing of information with
respect to some specific information.
informational differentiation asg the
information which operates along some B8scurce-
specific information represent in this context?
We can choose counter-~information as the
information-characteristic term for informatio~
nal differentiation. To continue the course of
ocur discussion, the so-called counter-Informing
can be the component distributed (arisingly) in
Informing, which producee counter-information.
In this sense, we can adopt the following
scheme:

informational function
to be differentiated

source information |

counter-Informing |
within Informing

process of informatio-
nal differentiation

the .

What does:

1

counter-information |  the derivative: a re-
gult of informatio-
nal differentiation
In the following step, the arisen counter-
information has to be {hermeneutically,
semantically, meaningiy) integrated into the
source and into the new information as a whole,
otherwise it performs as informational noise.

This noise is a proceas of ignoring or
vanishing (dying) of counter-information and
can occur already during the cycle of the

arising~embedding in which counter-information
arosge, but the embedding of it was "noiey" by
itgelf. In the next arising-embedding cycle the
process of ignoring or vanishing of counter-
information continues and 8o, the effect of
informational noise is progreseing, causing the
loging of substantial counter~informational
items.

7/3

On the basis of the previcus digcussion it is
poseible to rewrite informational eystems
{the first approximation) presented in Section
6/4. Let us introduce ¢ for counter-informaticn
as

c = difi)/di
which yields
di(i)/di = Ifi, C)

where C represents counter-Informing within the
Informing I. According to this, one can
introduce '

C = dIfii/di

In this manner, acco‘rding to Bection 6/4, the
first approximative informational differentia-
tion aystem hecomes

1
I = ifi}; .
‘e = difi)/di, where
diti)ai = Ifi, €) and
C = dIfi)/di;
it o)
B{i, ¢k

E
]'1
iy}

Similarly, the second approximative system from

Section 6/4 can be rewritten into

‘]
-

ifi),
drifi)/di ¥ difi)/dI, where
difijydi = I{i, C),
C = dIfi}/di,
difi)/drI = Ifl, Ci),
Cr = di(r)/dl, and
’t’ labels a complex
informational connective;
iff, I, c);
E(i, ¢, E);

I
c

n h

E
11

HN

and the third approximative system from Section
6/4 has, for instance, the form



L
-

1°I0, 1);
Irf

Ly I ]

difi)/di #; di{i}/dl ¥ di(i})fdc *;

dl/di #¢ dIfdc ¥

de/di #¢ dc/dr

)

where the expression

in parentheses ( and )} after the sign

*f pepresenta cff, I, ¢) or the taking

into account of informationally

differentiated (differentipl) details;
dili}/de = Cfi, 1)y o1 = dOy/dl;

*1, ¥2, ¥s, *q, +s, ¥; are different
forme of complex informational
connectives;

i“Efi, 1, ¢, 'E);
E“iifi, ¢, B, 51);

E
ir
Iy

Similarly, it is not necessary to expose the
fact that informational derivatives are always
holistically particular (e.g., partial within
the mathematical terminology} and that it is,
at leaat informationally, against common sense
to conatruct the Bo-called total derivation
which can exist in mathematics, for in a
mathematical function f(x}), the variable =x
belongs to a well-defined (definitionally

constant} set of objects.

A s8earching of the so-called maximal general
scheme of Informing can be, speaking
informationsglly, only asymptotically- approxi-
mative., In this context, expressions like i(i)
or even difi}/di have to be understood
informationally holietically, in the sense that
in the cases of (i} or difi})/di, in fact,
these expresasional meaninges represent a
holistic function or holistic derivative
respectively, with ii{f;) or difia)/dis, where
i1, ia, and iy are informational
particularities (and thus, mutually divergent,

different intentional or chaotic information).

8. Integration and Informational Embedding

B/O
The notion of integral represents one of the
central notions of mathematical analysis and

also of mathematics as a whole, The emerging of
this notion concerns two bagic tasks: the
determination of a function on the baais of its
derivative and the calculation of a distance,
surface, or volume {generally a multidimensio-
nal wvolume} bounded by the function ({ite
"gurve" and coordinates’ interval)., Two formse
arise from this fundamental concept of
integral: the indefinite and the definite ones.

The notion of integral (or integration) in the
informational realm is the embedding
{incorporation or, mathematically, the
operation of finding a function whoge

derivative is known) of arisen information into

the existing information or alsc a particular
form of embedding, which is called
reinterpretation (of already embedded
information). However, the changing of
interpretation can be understood alsc as

42

informational arising causing & new embedding
of an (arisen) informational caege. Integration
ie a very general informational phenomenon
taking place during informational arising.
Integration is the most general principle of
informational embedding.

871
Every integration has to do with a kind of
incorporation of the source object into its

broader environment, Integration is a procedure

by which the integrated product has been
processed from the original, informationally
narrower one. Integration has the function of
(for instance, hermenesutical or semantical)
connection of the arisen (informational)
original to a broader (informational) realm.
Mathematically, integration produces the
function from its derivative and, in this
reapect, it represents (to some degree] the
reversible (or even inversive} operation to

mathemstical differentiation.

Symbolically, if y is a function of x, the
integral of y with respect to x can be
expressed in the form INTixr_demain ¥y{x) dx or
in a more compact form as INTeyx yix). In this

expression there are two cases of reference: d
is the integration domain (similar to the lower
and higher 1limit} and x is the Integration
variable.

872

Now, we can diacues the bringing of counter-
information into the context of integration.
Counter-information as -1 product of
informational differentiation has to be
integrated into the already exieting,
informationally valid information. Otherwisa,
counter-information is on the way to be
vanished, forgotten, and lost asg informational
noise, which arose, but was not embedded
sufficiently into an existing informational
realm.

By informationatl integration, the arigen
counter-information is embedded into a closed
informaticonal realm and, in this way, the
ariging of information is, in fact, closed
into the cycle of Informing, in which
information is coming inio existence in an
informationally senseful way. The scheme of
Informing in 7/2 can now be advanced into the
following cycle:

informational function
to be differentiated

source information

counter-Informing |
within Informing

process of informatio-
nal differentiation

the derivative: a re-
sult of informatio-
nal differentiation

counter-information |

the reference informa-
tion for integration into
a given informational
domain within informa-

counter-information |




nal realm

embedding of coun- !

ter-information

process of informatio-
nal integration

new source infor- - | informational function
mation ‘{0 be differentiated

- : N in the next cycle

8/3

On the ground of examples given in 8/4 and 7/3,
it is possible to rewrite these systems of
Informing conid'ering the function of embedding
E as a form of informational integration. We
have introduced some more detailed, also
paralle]l components of information f, Informing
I, counter-information- ¢, counter-Informing c,
embedding E, and information i: at the end of
arising-embedding c¢ycle into the context of
these entities. In this respect, Informing I
wae expressed as

I = i{i);
I = i°Ifi, 1};

counter-information c as

c = I

c = Ifi, I);

e = I'efi, I, ¢);

¢ = difi}/di;

¢ - difi}/di ¥ difi)/dL;

c = I°(difi)/di # di(i}/dI % difi)/dc ¥

dl/di ¥ dl/dc #5 do/di % de/dl);
counter-Informing C as
¢ = diIfi}/di;

and counter-Informing of Informing Cy, whiéh_ is
a component of .counter-information ¢, as

Cr = dI{IidI;
embedding E as
= ifi, ok

iti, I, ¢);
i°Efi, I, ¢, E);

[ ]
TR

and information i at the end of the arising-
embedding cycle as .

iy = Efi, e);
0L = E{i, ¢, E);
L = B, ¢, B 01);

Iaf

Yet, we @still have to analyze some possible
‘effects of Iinformational embedding E. We can
conclude that through embedding gome
information of embedding e and counter-
embedding ‘e¢c will also arise. The upper set of
expressions for embedding F is now coming into
consideration in more detail.
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Formally, information of embedding e is a sort
of connective information, by which the arisen

counter-information ¢ through the process of
embedding E will be embedded into information J
abtaining a new informational cage ir.
Evidently, information J, Informing I, counter-
information ¢, embedding E, information of
embedding e, and information i; are connected
information. Information of embedding e is the
answer to the question how counter-information
¢ is connected in fi. In a realm of
information, it is always possible to state the
guestion how information is connected with
information or, how one informational case is
embedded into ancther one.

For the information of embedding e, the
following cases would be posaible: '

= Bfc, i)

INT; ¢ di;

E{e, i, 1);

INT) ¢ di # INT; I de # INT; e dI;
where ‘#' is a complex informational
connective.

® @& o 0
n nou

From these cases we can see that embedding E is
an operation of integration., In this respect,
it is possible Lo introduce even more complex
integrational aggregates, for instance, E7I,
E"I, E*e, E“I*e, etc, te point out the
integrative connectiveness (") of different
informational processes (operations).

8/5

On the basis of the previous discussion, we can
rewrite the so-called first approximation of
the informationa! eystem presented in Section
6/4 and 7/3 in the following way:

i

I = ifi);
© o = difi)/di;
e = INT, ¢ di}
i1 = i"e(i, ¢) = INT; e dc ¥ INT. c de;
i1;

In this system we have introduced informational
differentiation .and informational integration,
where counter-information ¢ is the derivative
of source information § (for instance, of =a
being’s metaphysics, state-of-mind of a being},
information of embedding e is the integral of
counter-information ¢ in'informat:ional domain f
by i, and new information i a complex
composite # of integrals, the first of which is
the integral of information of embedding e in
the domain i by i and the second of which is
the integral of information J in the domain e
by e {i-e mutually dependent embedding}.

Similarly, the second approximative system .from °
Section 6/4 and 7/3 becomes
. ‘J"

iy ;
’

I = ifiy /
c = difi/di ¥ difi)/dL; )
e = INT; ¢ di # INTy I dg;

il = i*efi, ¢, &) = INTy e dc #1 INTs ¢ de #2 /
_ . INT: e di;
il; L

The third approximative system from Sacti’én 6/4
and 7/3 has, for instance, the form



I =71, I

c = I(di(i}/di ¥ difi)/d] *: di(i)/dc *s+ dI/di 3,
dIfdc ¥z dc/di *s dc/dl;

@ = INT) c di # INTy I dc #r INT. ¢ dI # INT: i de;

il =1 ™e "tifl, I, ¢, iy) =
INT) e dc #1 INTe ¢ de #1 INT: ¢ di #3
INTs ¢ dit #¢ INTu c de;
where “f and "7 are compoasite
informational connectives;

8/6

In general, instead of JNT:u i dijs, the deno-
tation {(insiruction) of the form

integrate J; in i by i

would he mwore appropriate, since the INT
operation hasa to do with the mathematical
integration merely in the cases of the regular
mathematical integration. The integrate
instruction represents informational operation
by which the information of embedding
{informational connection) is obtained.

9, Category as Information

What is knowledge? A traditional answer is
that knowledge s a form of justified
belief. ... Beliefs can be false, and the
truth may not be believed. ... It Is of no
help to be told that knowledge depends on
having an adequate justification if, eas is
80 often the case, one is not told what
consgtitutes an adequate justification.

Fred 1. Dretske [1] 85

In the mathematical sense, & category can be
understood as the most universal mathematical
netion. In such a universe there are certain
kinde of objects (these can be represented as
informational cases, i.e., informational forms
and informational processes) and certain kinds
of transformations or morphisme (these can be
meant as Informingsa, j.0., informational
processese} between objectas, Categories can be
conceived as a form of the most general
mathematical digcourse, the summit of today’s
mathematical knowledge.

Category K as informational entity can be
defined abstractly in the following way:

{1) In a class (a given field of relevance,
a generalized set}, informational objects
{information or, more precisely, informaticnal
cases in the wusuel way} will be denoted by
capitals A, B, €, ... . These objects are
understood to be initial information of the
categorical class. During the Informing of K,
the object clase will be generated in the usual
informational sense when new objects of the
clags will arise ({(counter-information and its
embedding), some of them will be changed
{counter~-informationally and embeddingly), and
some of them will disappear (as informationally
non-relevant entities). In principle, during
the Informing of K, the object class will
perform gimilarly as an informationally

generative set.

{2) In a class of Informings, to each pair
4, B of objects beionging to the object claes,
a generative set Hom{4, B) will be aesigned
which elements will be called morphisms. A
morphism ie an Informing I, which concerns the
object pair A, B, thues that B = IfA}, In this
way, object B includes the embedded counter-
information which arose during Informing I of
information A. The generative set Hom (A, B) is
a collection of arisen morphisms concerning A
and B,

{3} Abstractly, binary operationa of the
type

Hom(B, C) # Hom(A, 8) --> Hom(A, C)}

can be performed. According to such operaticons,
the composite morphism, belonging to the set
Hom{A, €}, denoted by JT2I; arises to each pair
(fs, I:) of morphisms, where I belongs to
Hom{A, B) and Iz to Hom(B, C)\

For binary operations, the associative law
could be introduced: if Informing I; belongs to
Hom (A, RB), I; to Hom(B, C), and I; to Hom(C,
D}, then

(L)l = L)

Alsc, for each object 4, the so-called waiting
{or unit) morphiem e4 belonging to Hom{A, A)
can be introduced, for which

Iieq = eads = It

holds. Hewever, it is worth mentioning that the
agsociative and the waiting case are
idealistic, because, as information, Informings
11, I:, and I; arise while being composed, and
also the waiting before or after Informing may
deliver different information.

10. Development of Informational Mathematics:
the Mathemation

... Tako je jezik odtujevanje od konkretnega
carstva redi, oziroma njihove sgimbolizacije
(gledanje na stvar kot na hkratno
pojavijanje enega ali ved njenih znakov =z
drugimi), to odtujevanfe pa se godi samo za
to, da Jje ‘"snidenje" 8 konkretnim |bolj
sijajno ...4

Valter Motaln [8] 176

Mathematice is only one of the ©possaible
scientific disciplines concerning absetract
symbolic formalization. This way of
informational abstraction {rationalism) is
called mathematization. In this respect,
mathematization is the action of specific

' ... Thus, language is alienation from the
concrete realm of thinga or from their
symbolization (looking to the subject qua to
the simultaneous appearing of one or more its
symbols among the others}, where this
alienation takes place only with the aim that
the meeting-again with the concrete is shining
HMOre ...




absetraectnesse which has the meaning of putting
commoen-gense  procesaes into mathematically
legal expressional and semantic (geymbolic)
forms., In the 8same way as mathematization
concerns mathematics, mathemation (or
mathemating) as Informing will concern
mathemation (itself).

The new term mathemation has, similarly ae
mathematics, its roots in the Greek mathemas,
which wmeans: to be learned, learning,
knowledge, science. Mathemation will be a
particular, specific field of information
rapres‘anting a formal {or formalistic}
generalization of the field known as
mathematics. Mathemation will include
mathematics as a apecific rationhaliatic
informational component of mathemation.

If mathematice is
deductive, inductive,
{methodologically)
senses, yprovable
also irrationalistic
of Informing,

explicitly rationalistic,
mathematical-typically
inferential and, in these
theory, then mathemation is
and has typical properties
counter-Informing {spontaneous
and circular informational generation), and
informational embedding (circularly or
recurrently spontanecus connectivenese in the
realm of meaning). Mathematical notions can
always be generalized in some mathemational
way, ¢€.g., the notions of logic, relation, set,
function, differential, integral, category,
etc. can be generalized (notionally breoadened)
mathemationally. :

It is evident that mathemation ie
generalization of information, It remains oniy
a part of cultural cor a being’s informational
realm with the purpcse of specific,
mathemationally characteristic formalization.
In the previous sections of this article, it
has been shown in which manner certain
informational {formalizations {(in the course of
mathematical tradition) are possible, However,
thie does not mean that completely new ways of
formalization, different from mathematical
concepts, cannot be sought. ’

in no way a

In gummarizing the dealt with mathemational
notions in the previous sections the following
is to be pointed out: informational relation,
generative set, functional type i(i),
derivative a8 informational differsnce,
integral as informational embedding, category
as informational * functional complexity, and
last but not least, mathemation as an
informationally free principle of abstraction
and symbelism are generalized, non-mathematical
notione, They exceed mathematically true and
legal conventions, however, can be reduced into
mathematical objects according to their
mathematical conventions ag particular,
reduced, and simplified (static) cases.

11. Conclusion

L.

Some problems of the rational understanding of
information, discusgsed in thise
represent & set of arguments for the
development of a logical sysiem which could be

called the informational logic. This system has
to be constructed in &uch a manner that
arbitrary casges of particular logical systems

article,.
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- formation

or logics can be derived on the basis of this
generalized concept. In this context, questions
of informational truths and falsity, informa-
tional derivation and integration, informatio-
nal modality, inference, particularity, etc. as
forms and processes of informational arising
have to be stated.

In this respect, informational logic deals with
the phenomenology of informational arising.
In fact, today's logics, from mathematical to
modal ones, are astudies of ideas concerning
linguistic items and dealing exclusively with
informationally static, steady, and well-
determined informational objects, irrespective
of the field of relevance where they are used
and of the purposes for which they are
consatructed, Because of their incapability to
express logically arising objects and
operations, today’s logice are staying .outside
the posaibilities to express dynamic activities
appearing in socisl and man-machine
interaction. So far, no logic up to now has
tried to capture the most general property of
living beings, which appears to be the arising
of information as the substantial phenomenology
of living self-production and surviving of
organisme.

The developing philcsophy of informaticn cannot

accept uncritically and gimplistically the
limited and essentially narrowed natures and
principles of information as they are proposed
under the protection of today’s' information
theory, information science, and even
artificial intelligence. It has to seearch for
new logically formalized mechanisms for the

expression of structures, whose natures are in
the process of coming into existence, changing,
vanishing, or disappearing. Informational logic’
by itmelf must be conceptualized as a formal
syastem of arising in which new, unforeseeable.

objects, relations, and operations c¢an come
into existence, i.e. can be produced from the
existing informational regularity and from the

informational chaos.
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Problemi racionalnega razumevanja informacije

Pri racionalnem, =zlasti matematié¢nem izraZzanju informacije kot nastajajolem
procesu 86 pojavljajo znadilni problemi matematid ne nezadostnosti in
neustreznosti. Matematiéni formalizem, ki je bil povsem =zadosten za opisovanje
dobro definiranih jezikovnih konstrukcij, odpove v tej svoji tradicionalni
obliki, ko je potrebno izrazamti tisto realnost, ki je nastajalno spremenljiva,
nepredvidljive in razvijajoda. Zaradi take (dinami¢ne) informacijske pojavnosti
je potreben kritizni pogled tudi v same temelje klasione simbolne oziroma
formalne logike in opustitev preve& togih in za dana3nje razmere miBljenja
pretrdih, nespremanljivih definicij matematike, kot =so npr. sama logihka,
relacija, mnozica, funkcija, diferencial, integral, kategorija itd. To Bseveda
ne pomeni, da matematika zgublja svojo dosedanjo vlogo, o&itno pa je, da =8
svojimi nespremenjenimi in nerazsirjenimi temelji ne more ve&¢ konstruktivno in
znanstvenorazvojno posegati na nova podrotja kognitivnega razvoja.

Prispevek v tem &lanku je seveda %e vedno bistveno oddaljen od neke nove,
bolj ustrezne formalizacije, kot je klasi¢no matematitna, Nekaj etvari pa je
vendarle 2e bolje osavetljenih. Matemati¢na logika, ki izhaja iz misljenja
prejénjega in iz prve polovice tega stoletja, je zgodovinskorazvojno sicer
koristna, vendar je poirebno njene temelje tako preoblikovati, da je iz teh
temeljev mogode brez velikih tezav izpeljati razlitne aplodne in konkretnejse
logike. Dosedanja formalna logika matematike in njeni razlidni logidni sistemi
B0 v tem konceptu lahko kvedjemu pogebni in v svojem bistvu celo bistveno
konceptiualno reducirani primeri. Iz teksta tega &lanka je razvidno, kako =o
posamezni logi¢éni, relacijski, mnezié¢ni, funkcijski, diferencialni, integralni,
kategorjeki primeri pojmov omejeni in neustrezni in tudi, kako bi bila ta
njihova dinami¢na preformulacija mogota., Ta &lanek je predvsem mehek uved v to
problematiko in raziskava dolotenih matemati¢nih neustreznosti, Cilj te
predpriprave pa je seveda izgradnja poti, ki vodi v nekaj, kar bomo v doglednem
¢asu lahko imenovali informacijska logika in v okviru keatere bo mogode ragviti
tudi bistveno druga&ne koncepte mnoZice, relacije, funkcije, kategorije itd,
kot je v dana&nji oziroma véerajinji matematiki to mogode.

Problematika v tem &lanku je Beveda tudi na poti neke spleane kritike tiste
vrate racionalnega razumevanja, ki se najvelkrat izrojeva v racionalizem in ki
skupaj 8 tradicionalizmom postavlja bistvene blokade napredujolemu misljenju.
Tako tudi za to vrsto racionalnosti velja, da po dolodenem razvojnem obdobju
preide v &8vojo protiinformacijo, ki postane iracionalnost in za nadaljnji
razvoj nesprejemljiva dogmati®nost. :
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The need for parallel processing is felt in many disciﬁlines. In
this paper we discuss the essential issues involved in these

systems, Variocus

architectural

proposals reported in the

literature are classified based on the execution order and

parallelism exploited. Design
architectures which have gained

and salient features of some

importance are highlighted.

Architectual features of non-von Neumann systems such as data-

driven, demand-driven, and

neural computers, which open the

horizont for research in the new models .of computations, are

presented in this paper.
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1. Introduction

There has been an ever-increasing need for-
more and more computing power. 1In a real-time
enviroment, the demands are much more. While
the computers built around a single processor
cannot stretch their processing speed beyond a
few millions of floating point operations per

second (FLOPS), an operating speed of a few
giga FLOPS is required in many applications,
Parallel processing techniques - offer a

‘promising scope for these applications.

Several applications such as computer
graphics, computer aided design (CAD) of
electronic and mechanical systems, wheather
modeling and robotics have.a high greed for
high computing power. To quote an example, ray
tracing techniques [32] used to display 3~
dimensional objects in computer graphics have
to process 5x10%* rays, each ray intersecting 10
to 2Q surfaces, and each intersection
computation requiring 20 to 30 floating, point
operations on an average. In order to provide a
fast, interactive and flicker-free disaplay,
each frame has to be computed 30 times per

second. Thus, the total computation power
required 60 giga FLOPS. Comparing this with the
execution sepeed of the present day
supercomputers -—- whose éxpected/measured

performance is about 100 millions FLOPS [53] --
we observe that the demand is more by an order
of magnitude of two.

The need for parallel processing is
conspicucus from the above illustration. The
recent advances witnessed in VLST technology
and the consequent decline in the hardware cost
further encourage the conatruction of massively
parallel processing syatems,

The paper is organized in the following
manher. In Section 2, we point out the major
issues associated with multiprocessing systems,
with a brief discussion on each of these items.



We classify parallel processing architectures
broadly into two classea. The first of them,

the von Neumann type, includes all
multiprocessing aystems that adopt the
principles of the von Neumann computation

model. Pipeline and vector processing, SIMD
machines, MIMD machines and VLSI systems which
fall wunder this category are surveyed in
Section 3. Supercomputersa employ one or more of
these techniques for achiving high performance.
More emphasis is given to current and recent
developments in these areas, In non-von Neumann
architecture, we include data-driven, demand-
driven and neural computers. Their methodology
of computation is functionally different from
the ones discussed earlier. An overview of
these architectural configurations is presented
in Section 4.

The programming language and operating
eystem support required for working with these
complex parallel processing systems are
reviewed 1in detail in the subsequent section.
Paralle]l programming languages are c¢lasgified
into two categories: the c¢onventional wvon
Neumann type {(that adop the imperative style of
programming) and the non-von Neumann languages.
Case studies of some of the popular languages
and their salient features are also reported.

We remark that an exhaustive coverage of
all contributions and research work reported in
this fascinanting area of parallel processing
aystems is beyond the scope of this paper and
we do not attempt that, Rather, we will
concentrate on the basic principles behind the
design of the various architectures. We will
pay nore attention to some specific
architectures and models of computation which
have gained importance.

-2. Issues in Parallel Processing Systems

In the this section we discuss the various
associated with multiprocessing systems. First,
it is interesting to look at the models of
computation, the way one has evalved from +the
other, leading to myrial architectural
configurations and machines.

2.1. Models of Ceomputation

Depending on the instruction execution
order, computer =systems can be classified as
control-driven, data-driven or demand-driven
machines.

Control Flow Conventional von Neumann
uniprocesaing and multiprocessing systems have
an explicit execution order specified by the
programmer. This hinders the extent of
parallelism that can be exploited. However,
these control models perform well for
structured data items such as arrays [34]. Also
the three decades of programming experience we
had with these models still makes it a
proponent candidate for future generation
computers.

Data-Driven Model In this model, . the
execution order is specified by the data
dependency alone [26]. Instructions are
executed as soon as all their input arguments
become available to them. Data flow model is
suitable for expression evaluation [34]. Since,
only data dependency determines the execution
order, and the granualarity of parallelism
exploited is as low as a single instruction,
this model of computation exploits maximum
parallelism. However, because of its eagerness
in evaluating functions, it executes an
instruction, if its operands are availeble,
irrespective of whether or not it is required
for the computation of the final result.

Demand-Driven Model In demand-driven (also
called reduction) execution, pioneered by
Berkling [151 and Backus [9], the demand for
result triggers the execution which ia turn
triggers the evaluation of its arguments and so
on. This demand propagation continues until
constants are encountered; then a wvalue is
returned to the demanding node and execution
proceeds in the opposite direction. BSince a
demand-driven computer performs only those
computations required to obtain the results, it
will perform less computations, 1in general,
than a data-driven computer. As the computation
model is 'lazy'! in evaluating expressions,
instructions accept partially filled data
structures?. This makes demand-driven model to
support infinite data structures. Such =&
facility is not available in the other modeles
of computation., However, this model suffers
overheads in terms of execution time due to the
additional propagation of the demand {for
arguments) ., The control mechanism and the
management of program memory add further to the
inefficiency [91}.

2.2. Concurrency

The granularity and nature of parallelism

exploited, gignificantly influence the
performance of the parallel processing systems.

Temporal, Spatial and Asynchronous
Parallelism By performing overlapped
computation one can exploit temporal

parallelism. Pipeline computers [53,77] execute
instructions in an overlapped manner as in the
asaembly line of manufacturing to achieve
parallelism. Examples of pipeline processing
are the execution of the different phases of an
instruction namely, instruction fetch, decode,
aopcode fetch and execution; execution of the
various atepas involved in floating point
arithmetic operaticns at various stages of the
pipeline. These machines are ideally suited for
processing vector instructions (53] namely,
vector add, vector multiply and dot product.

Spatial parallelism is the parallelism
inherent in performing an operation over the
elements of structured data, such as arrays.
Spatial parallelism is easy to detect and
exploit [34]. The synchronization and
scheduling overheads involved in exploiting
spatial parallelism are much less compared to
those experienced in the other two models.

Multiple instruction multiple data (MIMD)
[53]) machines achieve asynchronous parallelism
through a set of interactive processors with
shared rescurces. Several independent processes
running asynchronously on different processors
work to accomplish a common goal by exchanging
messages or by sharing common variables.

While spatial parallelism is easy to
detectet and exploit, the range of applications
on which it is inherent is limited. MIMD
machines which exploit asynchronous
parallelism, on the other hand, offer
flexibility in programming. Hence it can be
used for a wide range of problems.

Granularity of Parallelism For high
performance, we want to exploit as much

1 The nature of the model in executing
an inatruction only on is termed ?lazy’.

3 The computation of a recursively
defined data structure, for example SEG(N) =
CONS{N,SEQ(N+1)) never terminates, and hence is
infinite. Such a data structure can partially
be filled by evaluating only those terms which
are required for further computation.




parallelism as possible. This means that the
granularity of the tasks should be low. We
observe that as the level of granularity goes
down, the parallelism that can be exploited
increases. However, lower the. level of
parallelism more ®ill be the synchronization
overheads. A tradeoff between the parallelism
exploited and the synchronizration. overheads is
required to achieve high performance.

Another major issue involved: is
parallelism detection., Parallelism can either
be explicitly specified by the user, or canr be
detected from a program written in a gsequential
language using an intelligent <compiler., ¥For
expressing parallelism explicitly, language
auch as CSP [50], Occam [55] and Concurrent
Pascal [45] can be used. The user need to have
a knowledge of the architecture of the machine
on which the program is executed, the
application program and its . runtime
characteristics. The second approach which uses
program restructuring techniques [71] to
transform a sequential program into a parallel
form, does ncot -required a knowledged-user.
However, these techniques are inefficient and
canhot detect parallelism to the
extent. Active vresearch to develop efficient
parallel programs using these paradigms is
underway.

2.3. Scheduling

In a multiprocessor system, scheduling
algorithms assign each task to one or more
processors with the goal of achieving high
performance. Scheduling can again be static or
dynamic {(refer [6] for a comparison}, In static

scheduling, the tasks are allocated to
processors either during the aigorithm design
by the wuser or at compile time by an

intelligent compiler. In both these approaches,
the scheduling costs are paid only once even if
the program is run many times with different
data. Morover, there is no runtime overhead.
The disadvantage of static scheduling is
possible inefficiency in guessing the runtime
pEPfile of each task.

Dynamic gcheduling at runtime offers
better wutilization of processors, but at the
cost of additional scheduling time. The dynamic
scheduling walgorithm can be distributed or
centralized.

2.4. Synchronization

Synchronization methods are required to
coordinate ©parallel execution of tasks in =a
multiprocessor syatem. Architectures with
shared storage achive synchronization by
semaphores [27] and monitors [49]. In a massage
‘passing multiprocessing system, synchronization
of processes is achived using remote procedure
calls [46].

In order to update the shared variables in
a multiprocessor in @ consistent manner
{avoiding read-read, read-write races [53]),
the wupdating of the variables is done 1in a
region called c¢ritical region. Oonly one
process is Allowed to enter the critical region
at a time. Preventing access by other processes
when the critical region is being accessed by a
process is known as mutual exclusiaon.
Synchronization primitives are used te achieve
mutual exclusion. '

Of the many synchronization primitives

proposed (refer [35] for a survey), a few worth
mentioning are
{i) the ’test & set?
360/370 machines [17];
{ii} 'loek’ instruction used in C.mmp (101];

fullest

primitive of IBM

{iii} NYU Ultracomputer's 'fetch & add' [42].

The subsequent sections highlight the
architectural features of parallel processing
systems. The whole spectrum of architectures
proposed in the literature -can broadly be
classified as conventional von Neumann. parallel
processing systems and the non-von Neumann
syastems.

3. Von Neumann Parallel Processing Systems

Von Neumann parallel processing systems
can be divided into three major architectursal
configurations: pipeline, SIMD, and MIMD
architectures. These three architectural models
exploit the three kinds of parallelism, namely
temporal, spatial and asynchronous parallelism
respectively’ Each of the above mentioned
architectures 1is discussed in detail and the
design and salient features of certain parallel
processing machines are highlighted in this
section. Reconfigurable architectures and VLST
systems, though not entirely distinct from the
above discussed models, attract the attention
of researchers due to their many interesting
features. In particular VLSI systems offer new
scope in computing for designing dedicated
architectures for a variety of applications.
Constituent elements of the VLSI systems are
systolic [63]) and wavefront [64] architectures.

3.1. Pipeline and Vector Processing

Pipeline Architecture Pipelining (771
offers an economical way to realize temporal
parallelism. The concept of pipeline processing
in & computer is similar to manufacturing in
asgembly lines in an industrial plant. To
achieve pipelining one must subdivide the input
task into a sequence of subtasks, each of which
can be executed by a specialized hardware stage
that operates concurrently with other stages in
the pipeline. BSuccessive tasks are pumped into
the pipe &and get executed in an overlapped
fashion at the subtask level. Pipeline
processing leads to a tremendous jimprovement in
system throughput. A k-stage linear pipeline
could be at most k times faster. However, due
to memory conflicts, data dependency, branch
and Iinterrupts this ideal speedup cannet be
achieved.

One way of classifying a pipeline is based
on the function performed by the pipeline.
There are two classes of pipelines based on
this classification, namely the instruction
ripeline and the arithmetic pipeline. In the
instruction pipeline, +the various phases of

instruction execution such as instruction
fetch, instruction decode, operand fetch, and
instruction execution, are identified and are

executed in the successive stages of the linear
pipeline. Thus, from pipeline, after an initial
delay, instructions are executed once every
claock cycle.

Arithmetic pipelines subdivide the
arithmetic operations such as fleating-point
add or ' floating-point multiply into subtasks
and execute them on specialized arithmetic and
logic wunits. In an instruection pipeline, the
instruction execution unit can itself be an
arithmetic pipeline to further improve the
performance. IBM 360/91 machine employs both
these pipelines. Much research has already been
done on scheduling of pipelines; buffering and
delaying techniques are used to - improve the
execution speed. In Cray 1 [82], there are 12
functional pipeline units to perform both
scalar and floating point arithmetic
operations. Cyber 205 supports four vector
pipelines in addition to a scalar arithmetic



unit.

VYector Processing In this gection, we
explaint the basic concepts of vector
processing [53]. . Vector processora operate on
vector data and execute vector inatructions.
Vector pipelineas, unlike scaelar pipelines, are
assured of continucus satream of data. The
overheads involved in initializing the wvector
pipeline is compensated by the speedup
improvement gained, as the number of tasks
executed is large. Loop termination conditions
are performed by specialized hardware in
various stage of the vector pipelines. These
features mahke vector processing more efficient
than the scalar pipelines.

Vectorizing compilers [61] transform
program8 written in conventional imperative
languages into vector inatructiona suitable for
execution on vector processors. The fact that
pregent day supercomputers have vectorizing
compilers and vector processors ag their major
components demonstrates that pipeline
processging is an easy and efficient way of
realizing high speed computation. However, not
all programs can be vectorized. Pipeline
processors perform poorly in such cases.

3.2, SIMD Machines

A synchronous array of parallel processors
executing in a lock-step fashion, consisting of
multiple processing elements under the
superviaion of one control unit is called an
array processor. The system and user programs
are executed under the control of control unit.
The array processor can handle single
instruction and multiple data (SIMD) stream.
SIMD machines exploit spatial parallelism, The
processing cells are interconnected by a data-
routing network. The interconnection pattern to
be -established for specific computation is
under program control. Vector instructions are
broadcast Lo the processing cells for
distributed execution over different
processors. The cells are passive devices
without instruction decoding capabilities,

Array processors became well publicized
with development of Illiac IV ([12), Clip 4
[29], and Massively Parallel Processors {(MPP}
[14]. Future research in SIMD machines is
towards designig and implementing multiple-SIMD
(MSTIMD) machines [53)], c¢onsisting of more than
one control unit. Each control unit in this
class of machines shared a pool of dynamically
allocatable processors.

Array processors are characterized by
their ability to support parallelism at a low-
level. They are ideally suited for s8pecific
applications in the areaz of image and signal
processing [(281). For example, cellular array
[81) is a two dimensional array of processors,
each of which communicate directly with its
neighbors., The structure of the array ia very
appropriate in terms of layout on a chip. Work
in this direction has led us to the design of
SIMD architectures for CAD applications [78].

However, as mentioned in section 2.2, the
range of applicationg over which SIMD machines
can be put into efficient use is restricted and
hence they are not candidate architectures for
general purpose parallel processing machines.

3.3. MIMD Architecture

MIMD machines can be grossly characterized
by two attributea: first, a multiprogessor
system 18 & single computer that includes
multiple processors and second a multicomputer
that has several autonomous computers which are

Unmupped [1OPIN }
local memory (UM
Memory map MM)

(PC)

OMA and butfer

Pipehined shared
memory modules

geographically distributed and connected
through &a communication network. There exists
an important distinction between two systems.
In the firat case, the multiple processors work
concurrently in order to achieve a single goal.
Interaction between two processors is
essentially in terms of intermediante results
and synchronization messages., Whereas
multicomputers communicate among themselves
basically to share expensive resources. Each
autonomous computer works on an independent
task. In this section we will concentrate more
on multiprocessors. Discussion on distributed
computing systems wusing computer network is
beyond the scope of this paper.

Multiprocessing systems can be classified
into two groups, based on how the processing
elements interact among themselves [53]. When
several processors communicate among themselves
through a shared global memory, we classify
them as tightly coupled systems (refer Fig. 1)+
Hence the rate at which the processors ca
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the memory. On the other hand, we have loosly_
coupled systems where processors do not sharen
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Fig. 1 Model of a Tightly Coupled System
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Fig. 2 8tatic Interconnection Topologies

The. interconnection network plays an order of n?, where n is the number of the
important role in multiprocessor systems, and proceasing cells in the system. "
significantly influence the performance of the
aystem. A quick overview of the interconnection Multistage interconnection network (MIN}
network 18 presented in this section, which: strikes a balance bethen cost and performance.
will be followed by & sigcussion on the two It is dynamic network using & number of
configurations of multiprocessing systems. awitching elements, wunlike a static network

where dedicated links are used. A MIN of n x n

Interconnection Netwoarks The increasing size establishes a maximum of n links at any
popularity of many proposed multiprocessing instance, at a2 cost of n log n. This attractive
systems with 104 to 10®* processing elements feature makes MIN a proponet in many
makes the concept, design and implementation of multiprocessing systema such as the New York
the interconnection network a crucial factor in university Ultracomputer (NYU)} [42].
the design of such systems. A typical .
interconnection network consists of a set of
switching elementsa. The network can be
classified based on the following four design
factors: operation mode, contraol satrategy,

switching method and network topology [30]1. A

network can send and receive messages in a

seynchronous or asynchronous mode .

Classification on the control strategy is based

on whether the gwitching elements are

controlled in a centralized or distributed :
manner. {a} 8 %= 8§ baseline network

Circuit switching and packet switching are
two switching methods adopted in a8 network. In
circuit switching, a physical path is actually
established between the source and destination
nodes. In contrast, in packet switching, data
iz put 'in a packet which is routed through the
network without establishing a physical path.
Fig., 2 and Fig. 3 depict some of the static and
dynamic topologies of computer network.

(b) 8x8 Benes network

The bus interconnection scheme connects

the various proecessing cells through a common nxm rxr mxn
shared bus. The bandwidth of the bus is very l { 1 3 1 |
low, and contention is a serious consequence : n_t VT f : : n
when a large number of cells are connected to

the bus. Various schemes [11] such as daisy 212 F 3 2 F 32
chain, parallel priority and time-sliced = : o ; : *
schemes, have been proposed to resclve bus ) . . .
contention., Fig. 4 shows the organization of a . - . .
shared. bus multiprocessing system with daisy - . .
chain scheme for priority resolving. Despite .

ita shortcomings, shared bus still attracts ; tlrE lm: Tr ]

syatem .designers because of its low cost and
complexity and easy upgradability of the

system. (¢) Clos network

Cross bar switch [53] on the other hand is
very expensive, °~ but provides high memory A . . .
bandwidth, The c¢ost of the network is of the Fig. 3 Dynamic Interconnection Topologies
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Tightly Coupled Multiprocessors Tightly
coupled systems are ideally suited if high
speed or real-time processing is desired. In a
tightly coupled system a set of processing
elements i3 connected to a set of memory

modules through an interconnection network.

If . two or more processors attempt to
access the same memory module, a conflict
occurs. Hence the memory modules are either
low-order interleaved or high-order interleaved

to .reduce the number of conflicts. In a variant
of tightly coupled systems, each processor is
allowed to have a private memory, called the
cache for that processor. This will gdreatly
reduce the traffic through the network as local

data can be stored in and accessed from the
cache.

Processors communicate the intermediate
resulte through the shared memcry modules. The
set of procesgsors may be homogenecus or
hetercgeneous. It is homogeneous if the
processors are functionally identical. Alsoc, a
processor may differ from otherse in its
capability to access I/0 systems, performance

and reliability.

Various nultiprocessing systems have been
proposed using a shared memory architecture.
Examples of these are, the C.mmp system [101],
the Heterogenous Element Processor {(HEP) [25],
the New York university Ultracomputer (NYU)
[42]), Honeywell 60/66, Univac 1100/80 and IEM
3084 AP, A dedicated multiprocessing
architecture with time shared bus has been
designed and experimented by use for computer
graphics applications [36,37,38].

Tightly coupled systems can tolerant =a
higher degree of interaction without much
deterioration in performance. However, one of
the limiting factor of tightly coupled aysatems
is the performance degradation due to memory
conflicts when the number of processors in the
syastem is increased.

Loosely Coupled Multiprocessors Loosely

coupled multiprocessor systems de neot generally
encounter the degree of memory conflicts

experienced by tightly coupled systems. In such
systems, each processor has a set of
input/output devices and large local memory

where it accesses most of the instructions and
data. Processes which execute on different
computer modules communicate by exchanging
messages through a message transfer system. The
degree of coupling in such a syatem is very
loose ({and hence the name)., The determining
factor in the degree of coupling is the
communication topology the asgociated
message transfer system, Loosely coupled
syastems are- efficient when the interactions
among the tasks are minimal.

of

poecena=

f—-——e==e-m

-]

Daisy Chain Implementation of Shared Bus

Fig. 5 illustrates the model of a Jloosely
coupled system. The channel and arbiter switch
in each of the computer modules may have a high

speed communication memory which is used for
buffering block transfers of measages. The
communication memory is accessible by all

processors through the communication interface.

The message transfer system for non-
hierarchical system could be a simple time
ashared bus, The performance of such

configuration is limited by the message arrival
rate on the bus, the mesage length, and the bus
capacity {(in bits per second).
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Fig. 5 Model of a Loosely Coupled System
Loosely coupled systems where processors
are gonnected using dedicated links, are also
popular. In such a network of processors,
locality {nearness between a pair of
processors) can be exploited by scheduling

tasks which interasct among themselves more to a

group of processors which are closer to each
other. Failure of a node or link will not
catastrophically affect the system, as
alternate paths can be established and the

system can perform with graceful degradation,

The Cm* architecture [54)] developed at the
Carnegie Mellon University is one example of a
loosely coupled system. It consists of a8 set of
clusters connected by an intercluster bus (Fig.

6}. Each c¢luster has a2 set of processing
elements connected over a map bus. The system
forms a good example for hierarchical
structure.
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Intercluster buses

Fig. 6 Cm*

A loosely coupled system designed for
artificial " intelligence and image processing
application is ZMOB [80]. In this architecture,
a set of 256 Zilog microprocessors are

connected by & pipeline system.

Another loosely coupled architecture which
has attracted the attention of many researchers

due to its high performance and relatively low
cost, 1is the hypercube architecture [47,83]).
Because of the increased attention it has

received, we devote the follow1ng paragraphs to
this architecture.

The concept of a hypercube computer can be
traced back to the work done in the early
1960's by Squire and Palais ([93] at yhe
University of Michigan. They carried out a
detailed paper design of a 4096-node ((2-
dimensional} hypercube.

THe hypercube topology is an n-dimensional

generalization of the simple cube. The
hypercube of dimension n has 2® cella. Each
cell is connected to n neighboring cells which
are at 8 Hamming distance of one. The
connection between adjacent nodes is hy point-
to-point link. Fig. 7T shows the topology of

hypercube architecture for dimensions three and
four. The cube manager provides a high level

(b} Dimension =4

Fig 7. Hypercubes

Architecture
interface for system users. It serves as a
local host for the cube, supporting the
programming environment, compilation, program

loading, input/output and error handling.

Hypercube architecture has many attractive
properties. The hypercube topology yields a
regular array in which the node are c¢lose to
one another: no more than n steps apart. At the
same time, the number of connections from each
node  to its neighbora is quite low {(also equal
to n). It thus strikes a balance between a two-
dimensional array in which the internode
connection cogts id low, but the nodes are far
apart ©O(n'/2) ateps on an average, and a
completely connected array in which the
internode connection costs is high, but the
nodes are only one step apart.

The hypercube architecture is homogeneous
in the sense that all the nodes are identical.
Ffurther, the hypercube architecture is
hierarchical and eminently partitionable. For
example, a hypercube of dimension n+l can bhe
pertitioned into two hypercubes of dimension n.

This means that it is quite easy to allocate
subcubes to subtasks, especially for problems
which adopt a divide-and-conquer strategy.
Lastly, the hypercube architecture can itself
embed other regular topologies such as tree,
mesh, pyramid or hexagonal structure.
3.4, Reconfigurable Aréhitecture

Another interesting aspect .Df
multiprocessing. systems in which active

research is under progress is reconfigurability
{8531, Often, full potentials of multiprocessing
systems are not realised in many applications.
The reason for this is the mismatch between the
application and the architecture. In order to
alleviate this problem, we build dedicated
syatems where the architecture matches the
application. Another approach which is mctively
pursued by researchers is building
multiprocessing systems with programmable
switches; using these switches it is possible
to reconfigure the system depending on the
application. Such a reconfigurable system, by
nature, is flexible and hence can be used for a
variety of applications. Configurable Highly
Parallel computer {CHiP) [85] is a
reconfigurable system designed to suit the
topologies of various applications. In this
section we will highlight the salient features
of another reconfigurable architecture, the
Connection Machine [48]. 1Its organization 1is
similar to an SIMD machine, but it functions as
a reconfigurable architeocture executing
multiple instructions on multiple data streams,
and hence it is hard to classify this as SIMD
or MIMD, :

Connection Machine The desire to build a
machine that will be able to perform the
functions of a human mind, the thinking
machine, is the motivating force behind . the
design of Connection Machine. Specifically,
retrieving commonsense knowledge from a




semantic network was the application in the
degigner’s mind.

The Connection Machine computes through
the interaction of many, say a million, simple
identical processing/memory cells. The two
requirements for the connection machine are:

{i) each processing element must be ag small
as possible so that we can afford to have as an
many of them as we need;

(ii) the processaing elementsa should be
connected by goftware,
The Connection - Machine architecture

follows directly from these two requirements.
It providen a large number of tiny
proceasor/memory cells connected by a
programmable network. Bach cell is sufficiently
small so that it is incapable of performing

meaningful computations on its own. Inastead,
multiple calls are connected together into
data-dependent patterns, called ’'active data
structures' that both represent and process the
data. The activities of these active data
structureas . are directed from outside the
Connection Machine by a conventional host
computer. This host computer stores data
structures on the Connection Machine in much
the same way that a conventional machine stores
them in & memory. Unlike a conventional memory,
though, the Connection Machine has no
processor/memory bottleneck. The memory ocells
themselves do the processing. More precisely,
the computation- takes place through the
coordinated interaction of the cells in the
active data structure. Because thousands or
even millions of processing cells work on the
problem simultanecusly, the computation
proceeds much more rapidly than would be
poasible on a conventional machine.

A Connection Machine is connected to a
conventional computer much like a conventional
memory. JIta internal state can be read and
written a word at a time from the conventional
memory. It differs from a conventional wmemory
in three aspects. First, associated with each
cell of storage is a processing cell that can
perform local computations based on the
information stored in that cell. Second, there
exits a general intercommunication network that
can connect all the cells in an arbitrary
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pattern, Third, there is a high-bandwidth
input/output channel that can transfer data
between the Connection Machine and peripheral
devices at a much higher rate than would be
possible through the host.

A connection is formed between two
processing memory cells by storing a poeinter in
the memory. These connections can be get up by
the Thost, loaded through the input/output
channel, or determined dynamically by the
Connection Machine itself. In this prototype
system, there are 65,538 (214} processor/memnory
cells each with 4096 bits of memory. The block
diagram of the Connection Machine with host,
processor/memory cells, communication network,
and input/otput is shown in Fig. 8.

The control of the individual
processor/memory cells is orcheastrated by the
host of the computer. For example, the host may
ask each cell that is in a certain state to add
two of its (cell’s} memory locations locally
and pass the resulting sum to a connected cell
through the communication network. Thus =
gingle command from the host can result in tens
of thousands of additions and a permutation of
data that dependa on the pattern of
connections. Rach processor/memory cell is so
small that it is essentimlly incapable of
computing or even storing the results of any
significant computation on its own. Instead,
the computation takes place in the crchestrated
interaction of thousands of cells through the
communication network,

The ability to configure the topology of
the machine to match the topology of the
problem turns out to be one of the most
important features of the Connection Machine.
The Connection Machine can also be used as a
content addressable or associative memory, but
it is also able +to perform non-local
computations through its communication network,

3.5, V.81 Systems

While the previous subsection discusses
the features and requirements of reconfigurable
architectures, this section is devoted to the
architecture of dedicated systems. Nowdays,
mature VLSI/WSI (Very Large Scale Integration /
Wafer Scale Integration) technology permits the
manufacture of cireuits whose layouts have
minimum feature size of 1 to 3 microns (69].
The effective yields of VLSI/WSI fabrication
processes make possible the implementation of
circuits with upto half a million transistors
at reasonable cost -- even feor relatively small
production quantities. This opens the horizont
for building systems with thousands of
processors in a cost-effective and compact
manher.,

The key attributes of VLSI computing

structures [33,83) are

(i} simplieity and regularity,

{ii) concurrency and communication and

{iii} computation-intensiveness.
A VLSI structure should be such that its basic
building block is simple and regular, and is
used repetitively with simple interfaces. This
helps us to cope with high complexity. The
algorithm designed for these structures should
support a high degree of concurrency, and
employ only, simple, regular communication and
control to allow efficient implementation. VLSI
processors are suitable for implementing
compute-bound algorithms. In VLSI Processors,
we discuss the two classes of architectures
namely, systolic and wavefront processors.

Systolice Arrays S8ystolic arrays are
admired for their elegance and potential for
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high performance. Systolic arrays belong to the
generation of VLSI/WSI architectures for which
regularity and modularity are important to
achieve area-efficient layocuts. The concept of
systolic architecture is a general methedology
-- rather than being an ad hoc approach -~ for
mapping high~level computations into hardware
structures. In systolic system data flows from
the computer memory in a rhythmic fashion,
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passing through many processing elements before
it returns to memory, much as bloed circulates
to and from the heart. 8Systolic arrays derive
their computational efficiency from
multiprocessing and pipelining. The data items
pumped into the systolic processors are reused
many times as the move through the pipelines in
the array. This results in- balancing the
processing and input/output bandwidths, a
requirement -for any parallel processing system
for alleviating the von Neumann bottleneck.
for interconnecting the

processing elements of a systolic array are.
many. Some of the most commonly used

topologies, namely linear, wmesh, triangular,

hexagonal and tree structures are shown in Fig.

9.

The topologies

Essentially, the whole operation of the
systolic system is synchronized with a global
clock-and it may be visualized as a segquence of
computation and data transfer cycles.
Incidentally, the clock Js the only global
signal allowed in-systolic architecture apart
from the power and ground lines [93). During
the data transfer oycle, all the processing
elements pump data into the existing data
channels, to be accepted by the neighboring
procesaing elements connected to the data
channels. After this oycle is over, all . the
processing cells enter the computation cycle
where each of the cells computes conourrently

till the end of the computation ecycle. This
sequence goes on rhythmicall and perpetually in
strioct synchronism with the oclook beats.
Systolic architectures thus capture the
concepts of parallel processing, pipelining and
regular interconnection structure in a unified
framework [63}. .

Having all the desirable properties of an
efficient special purpose system, the systolic
architecture is an interesting area of research

for a variety of applications, namely digital
and image processing [62], linear algebra
[28,69], database systems 1631, computer

graphics [67,96,97], computer~aided design, and
solid madeling [60)]. The systolic algorithms
are characterized by repeated computations of a
few types of relatively simpleoperations that
are common to many input data items. Often, the
algorithms can be described with nested loops
or by recurrence equations that describe
computations performed on indexed data.

The systolic architectures were originally
conceived as devices capable of performing a
specialized task. Essentially, these
architectures consiast of a large number of
identical processors, each having only a single
arithmetic or logic operation build into its
hardware. This greatly limite the applicability -
of a system to many areas, The latest trend in

research in this direction is towards the
development of s8ysatolic cells which are
versatile enough to implement the compute-

intensive functions. The design of programmable

gystalic cells ({31] has been suggested as an
effective way towards achieving high
performance systolic =systems. Each systolic

cell now possesses a rich instruction set along
with some amount of local storage, which were
completely absent in the original versions of
the systolic architecture, By - suitably
programming these systolic cells, a variety of
operations can be performed. The programmable

‘nature of the systolic cells offers: a high
degree of flexibility in operation and high
performance.

Wavefront Array Processors The data

movements in A systolic array are controlled by
global timing-reference 'beats’. The burden of
synchronizing the operations of ~the entire
systolic. computing network becomes heavy for



very large arrays. A simple solution is to take
advantage of the data flow computing principle
[91)] (which will be discussed in detail in
Section 4.1), whichk leads the designer to
wavefront array [64] processing.

Tha wavefront array combines systolic
pipelining principle with the data flow
computing concept. In fact, the wavefront array
can be viewed as & static data flow array that
supports the direct hardware implementation of
regular data flow graphs. Exploitation of the
data flow principle makes theextraction of
parallelism and programming for wavefront
arrays relatively simpler.

Synchronizing with the global clock and
consequently the large surge of current {due to
the simultaneous energizing or changing of

states of the components) are two major
problems in systolic arrays. These oan he
alliviated in wavefront arrays, because of

their asynchronous nature. When the processing
times of the individual cells are not uniferm,
a synchronous array may have to accommodate the
slowest cell by wusing a slower clock. In
contrast, wavefront arrays, because of their
data-driven nature, do not have to hold back
faster cells in corder to accommodate the slower
one. Wavefront arrays also yield higher speed
when +the computing times are data-dependent.
Lastly, programming of wavefront arrays is
easier than that of systolic arrays because
wavefront arrays require only the assignment of
computations to processing elements, whereas
syatolie arrays require both assignment and
scheduling of computations,.

3.5, Critigue on von Neumann Systems

The most serious problem with the
multiprocessors which use the wvon Neumann
model, as discussed in [18], is the presence of
globally updatable shared memory. Special
mechanisms are required to ensure correctness
of results while updating a memory cell. The
explicit execution order to be specified by the
programmer is another bottleneck of von Neumann
gsystems. This has led te research in non-von
Neumann architectures.

4., Non-von Neumann Architectures
The principal stimuli for developing the
non-von Neumann machines have come from the
picneering work on data flow machines by Jack
Dennis [261, and on reduction languages and
machines by John Backus [9] and Klaus Berkling

[15]. In data-driven model, the availability of
operands triggers the execution of the
operation to be performed on them, whereas in
demand-driven model, the requirement for a
result triggers the operation that will
generate the result. Of late, the realization
of the suitability of biological nervous
systems for many applications and the use of
artificial nets have triggered the design of a
new system, the neural computer. In this
section, we present the details of these three
non-von Neumann approaches.

4.1, Data-Driven Model

In a data flow computer, an instructioen is
executed as soon as all its operands are
available. Since the data availability sclely
dictates the execution order of instructions,
there is no need for having a program counter.
Also, the data are passed as values between
instructions; this eliminates shared memory and
makes the synchronization mechanism simpler,

Thua data flow model alleviates the shortcoming
of the von Neumann model. Also, parallelism is
exploited at inatruction level. Hence, a very
high speed of computing is possible.

The machine language for a data flow

?Ymguter 1ﬂ the thu flgw graph [24]. ‘The data
o grap censists o nodes, to represent

operators, and arcs, to carry data between the
nodes. Tokens carry data values along the arcs
to the nodes. When all the required operands
are avallable, the node is *fired’. As a
result, the input tokens are removed and sutput
tokens are produced.

DPata flow architectures are classified as
static and dynamic architecture. In statie
model, an additional consgtraimt -- no token
should be present on any of the cutput arcs of
node -- is required to enable the execution of
an instruction. The implicatien of this is that
the static data flow model cennot =support
execution of reentrant routines. This severely
reatricts the extent of parallelism and
asynchrony that can be exploited in the static
model. In & dynamic model, additional tags,
called environment tags {color), ars associated
with the token to diatinguish the wvarious
instantiationz of a rentrant routine. Thus, the
dynemic model supports fine grain parallelism
with full asynchrony. In this paper we descridbe
the archltecture of a data flow computer, using
the Manchester data flow computer (98} as an
illustrative example.

In Fig. 10, the switch unit serves as an
interface between the host computer and the
data flow machine, It routes the intermediate
results to the taoken queue and the final
results to the host computer. The token queue
unit is a FIFO buffer which smoothes the flow
of tokens in the ring. Tokens in the token
queue are checked for their operand type. All
tokena directed to sgingle input nodes are
directly routed to the node store. Other tokens
are sent to the matching unit.

Tokens that arrive in the matching unit
search for their matching partner. If the
search falla, the tocken is stored in the
matching store; it awaits itz partner. ©On the
other hand, if the matching partner ie found,
it (the matching partner) is removed from the
metching store; the incoming token is merged
with 1ts partner to form a group token. The
group token which contains the information
about the operand velues, address (of the node
to which the token is destined to) and
environment tag is sent to the rode store.

The node store unit stores the program
graph; it stores the opcode for the operator,
destination and operand type of result tokens.
Tokens entering the node store get the above
information +to form an executable token. The
executable packets are sent to the distributor
unit which distributes the tokens to one of the
free processing elements, The processing
element performs the operation specified by the
tolken to produce result tokens. The result
tokens are collected by the arbitrator and are
sent to the switech unit. Fig, 10 depicts the
block schematic of the Manchester data flow
computer.

Research in the area of data flow
computation is a rapidly expanding ares in
United Statea, Japan and Europe. There are a
number of data flow projects that are underway
in many wuniversities, Some of them worth
mentioning here are M.I.T. data flow computer
[26] developed by Dennis, Irvine data flow

machine [7,39) by Arvind, Manchester data flow
system [98], its extended version (EXtended
MANchester architecture} proposed by the
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authors [ﬁ4],"'Texas Inatruments distributed programs which are built from~ fixed-size

data processor [22], Utah data driven machine

instructions, demand-driven (reduction) [91}

(23}, Toulouse LAU system [20,76], Newcastle programs are built from nested expressions.. The
data~control flow computer [89], the efficient need for ?esult tfiggers the exgcution of a
static’ dataflow architecture for specialized particular instruction. a '
Computation proposed by the authors {871, and ) ) ) L , .
the high speed data flow system developed by An  important point to note is that, in a
Nippon Telegraph and Telephone Systems [3]. reduction machine, a program is mathemat1ca11y
‘ equivalent to its value. Demanding the result

Much work needs to be carried out in the of definition a, defined as x = (y+l) % (y-z}),
design of languages for data flow machines, and means that the embedded reference to x is to be
implementation of compilers for converting the rewritten in a simple form. This requires that
programs’ into data flow graphs. (Refer {88] for only one definition of x may ocecur in a
the initial work on these issues.) Efficient program, and all references to it give the same
methods +to overcome the inherent overheads value, a property known as referential
associated with ‘exploiting . fine-grain transparency [91].

parallelism have to be developed. Although many
data flow machines have been proposed in
literature, no effort is made to prototype
them. Demonstrating the feasibility of the data
flow model of computation is thus a positive
step towards the commercialization of such

systems.

4.2, Démand—Dri?en Systems

In contrast to control flow and data flow

the

There are two form of reduction, called
string reduction and graph reduction. The basis
for string reduction is that each instructien
that accesses a particular définition will take
and manipulate a seperate copy of the function
definition. = Whereas, 1in- graph reduction each
instruction that accesses a particular
definition will manipulate references to that
definition. That is, graph reduction is hased
on  sharing of arguments using pointers. In
string reduction each access for a definition
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will result in the evaluation of the
definition. Reduced definitions or data values
are accessed when the demanded definition has
already been evaluated. While graph reduction
machine takes advantage of the shared
definition {in term of the number of
definitions evaluated), it is more complex than
string reduction.

There are two basic problems in supporting
reduction approach on a machine organization
[90): first, managing dynamically the memory of
the program structure being transformed and,
second, keeping contrel information about
information about the state of the
tranaformation. The basic organization of a
reduction machine, the MNewcastle reduotion
m??hina {801, is presented below {refer Fig.
1 .

The reduction machine organisation
digcussed here supports reduction by expression
evaluation. Toe find work, each processing

element traverses the subexpression in its
memory looking for a reducible expression. When
a processing element locates a reference to be
replaced by the corresponding definition, it
sends a request to the communication unit via
“its communication element. The communication
unit in such a computer frequently organized as
& tree-structured network on the assumption
that the majority of communications will
exhibit properties of locality of refarence.
Concurrency in such reduction computers is
related to the number of reducible
subexpressions at any instant and algo to the
number of processing elements that traverse
these expressions.

"~ Apart from the pioneering work of Klaus
Berkling ([15), the stage of development of
reduction computers somewhat lags behind that
of data flow computers [91]). However,
researchers have demonstrated the principle and
feasibility of reduction machine organization
by designing many prototype system such as the
GMD reduction mechine [68}, Newcastle reduction
machine [90), Mago’s cellular tree machine
(66), Applicative Multiprocessing Systems
{populary known as AMPS) (57}, and Combridge
University SKIM reduction machine [921].

4.3. Neural Cowputers

In the fields of image processing and
speech recognition, the ability to adapt and
continue learning is essential. Traditional
techniques used in these applications are not
adaptive, It has been realized that the
biological nervous system is more suitable for

Feed back

1 |

applications involving pattern recognitton and
learning [2]). Artificial neural nets have been
studied during the last few years in the hope
of achieving human 1like performance in the
fields af image processing and speech
recognition. The neural net models {65] attempt
to achieve good performance via denge
interconnection of aimple computational
elements. The interest in this type of non-von
Neumann computing techniques in recent vears is
due to the development of new net topologies
and algorithms, new analog VLSI implenmentation
techniques and the growing fascinantion for the
understanding of the functioning of the human
brain as well as the realization that human-
like performance is required for applications
involving enormous amount of processing
[51,85]. Several mathematical models have been
propoged to exhibit some of the essential
qualities of husan mind! the ability to
recognize patterns and relationships, to store
and use knowledge, to reason and plan, to learn
from experience and to undrstand what is
observed,

Neural net models are specified by the net
topology, node characteristics and training or
learning rules. The computational elements or
nodes wused in neural net models have nonlinear
characterigstics, typically analog, and are
specified by the type of nonlinearity. Most net
algorithms also adapt in time to improve
performance bazed on current results. Any
artificial neural model must necessarily be a
speculation: definitive experimental evidence
about the structure and Ffunction of the
neurclogical circuitry in the brain is
extremely difficult to obtain since it is hard
to measure the neural activity without
interfering with the flow of information in the
neural circuit. Further, the neurons are
intricately interconnected and the flow of
information is complicated by the presence of
multiple feedback loops.

Nevertheless enocugh is known about some
parts of the ©brain to fuel the desire for
constructing wmathematical models of the neural
circuit. In general, the models propose to
generate a sensory-activated goal-directed
behavior and control a multilevel hierarchy of
computing modules. At each level of hierarchy,
input commands are decomposed into strings of
output subcommands, that form input commands to
the next lower level. Feedback from external
environment or from internal sources drives the
decomposition process, and steers selection of
subcommands to achieve the goal successfully
{refer Fig. 12).
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The benefits of neural net include
computation rates, provided by
paralleliam and a greater degree of fault-
tolerant &since there are many processing nodes
each with primarily local connections.
Designing artificial neural nets toc solve
problems and studying real biological nets may
also change the way we think about problems and
lead us to new insights and algorithmic
improvements.

high

5. Software Issues Related ta Multiprocessing

Systems

. the various
systems, it is worth probing
two agpects of parallel
language to program and the

support to handle these

Having
multiprocessing
further into
processing: the
operating system
complex systems.
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5.1. Parallel Programming Languages

One of the

been

the motivations behind
development of concurrent languages has
the structuring of software -- in particular,
operating system -- by means of high-level
language constructs. The need for liberating
the production of real-time applications from
assembly language has been another driving
force. In the following discussion, we classify
the concurrent high-level langusges into two
groups: 'traditional’ languages of the von
Neumann type (based on imperative satyle of
programming) and the unconventional languages,
such asg data flow, functional and logic-based
languages. A quick. review of some of these
- languages is presented below.

Conventional Parallel Languages Based on
the imperative style of programming, these
languages are Jjust the extensions of their
sequential counterparts. A concurrent language
should allow programmers to define a set of
sequential activities to be executed in
parallel, to initiate their evolution and to
specify their interaction (refer [4] for an
excellent survey on the concepts and notations
for parallel programming). One important peint
regards the 'granularity of parallelism', 1i.e,

the kinds of granules that can be processed in
parallel. Some languages specify concurrency at
statement level, and certain others at task

level., Constructs for specifying inter-activity
interaction are probably the most critical
linguistic aspects of concurrency. Language
constructgs ensuring mutual exclusion are called
synchronization primitives. Some of the best-
known and landmark solutions that have been
adopted to solve these problems are the
semaphores [27]), mailboxes, monitors [49] and

remote procedure calls [46). Research in this
direction is towards designing new machanisms
for interprocessor communication, such as

ordered ports. [13}. In the following discussion

we restrict’ ourselves to a few parallel
programming languages and their ~ salient
features.

Communicating Sequential Processes (CSP)
[80) is a language designed especially for

distributed architectures. In C35P, activities
communicate via input/output commands .
Communication requires both the participating
processes to issue their commands. Also CS8P
achieves process synchronization wusing the
input/output commands. Another interesting
feature of.. this 1language is its ability to

express non-determinism using guarded commands.
An implementation of a suhset of CSP [73] has
been has been successfully attempted by the

massive.

59

"started

authors' research group. Their work on the
design of an architecture to execute CSP is
reported in [79].

Distributed Processes (DP) [46], developed
by - Hansen, is proposed for real-time
applications controlled by microcomputer
networks with distributed storage. In DP, a
task consists of a fixed number of subtasks
that are started simultaneously and exist
forever. A process can call common procedures
defined within other processes. These
procedures are executed when the other
processes are waiting for some conditions to
become true. This is the only means of
communication among the processes. Procesgés
are synchronized by means of non-determin{gtic
guarded commands.

' R

Occam language [55], which is based on CSP

has also been designed to support concurrent
applications by ‘using concurrent processes
running in a distributed architecture. These
processes communicate through channels. The
Transputer [86}., also developed by Inmos
Corporation, supports the direct execution of
this language. ‘
Languages monitor-based

are oriented

which adopt
solution for synchronization
towards architectures with shared mEMOTY .«
Examples of these languages are Concurrent
Pascal [45], Ada {51, and Modula [99]. These
languages, in general, support strong type
checking and seperate compilation, and express
concurrent actions using explicit constructs.

extends the
Pascal wusing
processes and
this

Concurrent Pascal [45}
sequential programming language
the concurvent programming tools,
monitors.. The main contribution of
language is extending the concept of the
monitor using an explicit hierarchy of access
rights to shared data structures that can be
in the program text and checked by a
compiler.

The
primarily

programming language Modula [991 is
intended for programming dedicated
computer systems.  This language borrows many
ideas from: Pascal, . but in addition to
conventional block structure, it introduces a
so~called module structure. A module is a set
of procedures, data types and variables where
the programmer has precise control over the
names that are imported from and exported to
the environment [989]. Modula includes genersal
multiprocessing facilities such ds processes,
interface modules and signals. .

In Ada [51, we only have active
components, the tasks. Information may be
exchanged among tasks via entries. An entry is
very similar to a procedure. The call to an
entry 1is like a procedure call; parameters

should be passed if the called entry requires
them, A randezvous ias séid to occur when the
caller is in the ¢all state and the called task
is in the accept state. After executing the
entry subprogram both the tasks resume their
parallel execution., Ada provides specific and
elaborate protocols for task termination. Ada
is designed to support reliable and efficient
real-time programming.

Non=-von Neumann
languages imitate the

Conventional
von Neumann computer. The
dependency of these languages on the basie¢
organization of the von Neumann machine 1is
essentially a limitation to. expreas and exploit
parallelism [10}. These imperative languages
perform a task by changing the state of . a
system rather than modifying the data directly.
In parallel processing applicationg, it makes
more sSense to use a language with a

Languages




nonseguential semantic base. Various paradigms
have been adopted and new programming languages
based on these approaches have evolved. We will

restrioct ourselves in this paper to two such
paradigms, namely the applicative and the non-
procedural style of programming, and the
resulting parallel versions of the languages

that adopt these approaches.

Applicative languages (also referred to as
functiconal languages) avoid side-effects, such
as those caused by an assignment statement. The
lack of side-effects accounts, at least
partially, for the well-known Church-Rosser
property, which essentially states that no
matter what order of computation is chosen in
executing a program, the program is guaranteed
to give the same result (assuming termination).

This marvellous determinacy property is
invaluable in parallel systems. Another key
point is that in functional languages the
parallelism is implicit and supported by their

underlying semantics,

A system of languages known as Functinal
Programming languages (FP) [10] and Lisp [68]
are two major ocutcomes of the applicative style
of programming. Languages for dats flow
architectures, which aveid side-effects and
encourage single assignment, are also included
in the set of applicative languages. Dennis'
Value oriented Algorithmic Language (VAL) [1],
Arvind's Irvine Data flow language (Id} (8],
and Keller's Flow Graph Language (FGL) [57] are
candidate examples in this category.

Considerable work has been done by us in

the area of aplicative programming languages. A
high level language for data flow computers,
called Data Flow Language (DFL}) [72], has been
propesed by us, and s compiler to convert the
programe written 4in this language into data
flow graphs has been implemented. The concepts
borrowed from CSP and DP when embedded into
data flow systema results in two new languages
for distributed processing, namely
Communicating Data Flow Channels ({CDFC) and
Distributed Data Flow (DDF) respectively [75].
Communication and non-determinism features have
been added to FP by us {40,41) to strengthen
ite power as a programming language. We have
also proposed that FP can be used as & language
for program specification [41],

Although parallelism in a
expressed by the functional languages in =&

natural way, their automatic detection and
mapping to processors do not result in optimal

performance, It is desirable to provide the
ugser with the ability to explicitly express
paralleliem and mapping, retaining the
functional style of programming. Languages
which &allow the programmers to annotate the
parallelism and mapping scheme for the target
architecture lead to optimal pevformance on a
particular machine, Two languages developed
with this motivation are ParAlfl (the Para-
Functional language) [52] and Multilisp [44].
Efforts have been taken to exploit the
advantages offered by the functional languages
to the maximum extent by developing new
machines based on non-von Neumann architecture
(refer [95] for a recent survey).

program is

Applications such as the design of
knowledge base saystems and natural language
procesaing revealed the inadequacies of the
conventional programming languages toc offer
elegant solutions. The use of predicate logic,
which is a high-level human oriented language
for describing problem and problem =solving
methods for computers, promised great scope for
these applications. Logic programming languages
combine sgimplicity with a lot of powerful
features. They separate the logic and control
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1591, the twe major components of an algorithm,
and thus enable the programmer to write more
correct, more easily improved and more readily
adapted programs. The powerful features of
these languages also include the declarative
style, the unification mechanism for parameter
passing and execution strategy offered by non-
deterministic computation rule, The powerful
execution mechanism provided by these languages
is due to the non-procedural paradigm. An
outcome of the research carried out in this
area with these motivations is the design of
the language Prolog [19].

programming languages offer three
namely the 'AND', 'OR'
and 'argument’ parallelism (21,431, The
inability of the von Neumann architecture teo
efficiently execute logic programming language
{in essence supporting non-procedural paradigm)
has led to the design of many parallel logice
programming machines [16,43,70,94,100}. Further

Logic
kinds of parallelism,

research on these languages has led to the
design of +three parallel logic programming
languages, the PARLCG (PARallel LOGie
programming) [i81, P-Prolog [103) and

Concurrent. Prolog [R4).

With the increasing size and complexity of
parallel processing systems, it becomes
essental to design efficient operating systems,
without which handling of such systems would be
impossible. The general principles and
requirements of multiprocessor operating
systems are discuased in the following section.

5.2. Multiprogessor Operating Systems

The basic goals for an operating syatem
are to provide programmer-interface to the
machine, manage resources, provide mechanisms

to implement policies, and facilitate matching

applications to the machine. There is
conceptually little difference between the
operating system requirements aof B
multiprocesser and those of a large computer
system with multiprogramming. The operating
system for a multiprocessor should be able to
support multiple asynchronous tasks which
execute concurrently, and hence is more
complex.

The functional capabilities of a
multiprocessor operating system include
resource &8llocation and management schemes,
memory and data set protection, prevention of
system deadlock and abnormal pProcess

termination or exception handling and processor
load-balancing. Also, the operating system
should be capable of providing system
reconfiguration schemes to support graceful
degradation of performance in the event of a
failure, In the following discussion, we
introduce brifly the three basie
configurationa, namely master-slave, separate
supervision and floating-supervision systems
[531].

configuration,
maintains
system

one
the
and

'master-slave’
called the master,
all processors in the
apportions the work to all the slave
Processors. Service calls from the slave
processors are sent to the master for executive
service. Only one processor (the master) uses
the supervisor and its associated procedures,
The merit of this configuration is its
simplicity. However, parallel processing system
which has the master-slave configuration is
susceptible to catastrophic failures, and a low
utilization of the slave processors may result
if the master cannot despatch processes fast
enough. Cyber 170 and DEC System 10 use this
mode of operation. The master-slave

In a
proecessor,
status of



most effective for
the work load is

configuration is
applications where
defined.

special
well-

In a 'seperate supervisor system’, each
processcor contains a copy of a basic kernel.
Each processor services its own needs. However,
since there 1is sgsome interaction among the
processors, it is necessary for some of the
supervigory code to he reentrant, unlike in the
master-slave mode. . Separate supervisor mode is
more reliable then master-slave moede. But the
replication of the kernel in all the processors
calses an under-utization of memory.

‘The ‘’floating superviser' scheme treats
all the processors as well as other resources
aymmetrically or as an anonymous pool of

resources., In this mode, the supervisor routine
floats from one processor to anocther, although
several of the procegsors may be executing

service routines simultaneously. Conflicts in
service requests are resolved by priorities,
Table accesgs should he carefully conhtrolled to
maintain the system integrity. The floating
supervisor mede of operation has the advantages
of providing graceful degradation and better
availability of reduced capacity systems.
Furthermore, it is flexible and it provides
true redundancy and makes the most efficient
use of available rescurces. Examples of the
operating systems that execute in this mode are
the MVS and VM in the IBM 3081 and the Hydra
[102] on the C.mmp.

6. Conclusions

In this survey, we have. identified
various issues invelved in parallel
systems. Approaches followed to
associated problems have alsc been discussed
and their relative merit are put forth., The
principles and the requirements of language and
operating system support for complex
multiprocessing systems are elaborately
described. For the wide spectrum = of
architectures proposed in the litarature, their
degign - principles and salient features are
brought out in a comparative menner,

the
processing
solved the

While the envisaged potentials offer a
promising scope for parasllel processing systems
for many applications, hardly a few systems are
commercialized. The reasons fot this is the
lack of good software support for these
systems. Design of intelligent compilers which
can identify parallel subtasks in a program
(written in a sequential language), schedule
the subtasks to the processing elements and
manhage communication among the scheduled tasks,
is a step toward this end. Although there are
many existing proposals in this line, none of
them seems to achive all the three goals in an

integrated manner, relieving the burden from
the user completely.
Another .question that remains unanswered

is whether or not to continue with von Neumann
approach for building complex parallel
processing machines. While familiarity and the
past experience with control flow model make it

a proponent candidate, * its inherent
inefficiencies, .guch as the explicit
specification of control and global updatable

memory, limit its capabilities. Although data-
driven and demand-driven computers exploit

, maximum parallelism in a program, their complex
structure and inadequate software suppert force
the designer to have a second throught on these
approaches.

With the advént of VL3I technoleogy and
RISC design, dedicated architectures are
becoming more and more popular., However, the
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inapplicability of these systems to a variety
of applications causes a serious concern. At
the other end of the spectrum, we have general

purpose parallel processing systems which give
degrade performance due to the mismatch of the
architecture and algorithm, angd the
reconfigurable machines. Considerable and on
design efficient  algorithms (for general
purpese computing systems) which will bridge
the gap Dbetween the application program and

architecture. .

Finally, the research on neural computer
and molecular machines is at its infancy.
Modeling the neural circuits and understanding

the functioning of human brain have to be
considerable refined before one could make use
them for building high speed computing systems.

The vastness of this fascinanting area in
which saective rtesearch is underway, and the
innumerable problems that remain to be solved
are themselves standing evidences for the
promising future of parallel processing. With

the ever-growing greed for very high speed of
computing, and with the inability of the
switching devices to cope up with the need,
parallel processing techniques seem to be the
only alternative. .
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ABSTRACT: The notion is introduced of the piercing point of a straight line ¢
through the hull of a simple polyhedron P. An intersection point of ¢ and the
hull of P i= considered to be the piercing point if the straight line at the
intersection point passes from the interior to the exterior domain of P, or
vice versa. It is proved that the point Z belongs to the interior domain of P
if ‘an arbitrary straight line £, passing through Z, contains an odd number of
plercing points on the located on the one side of Z. On the basis of this
statement.,, an effective procedure 'is formed for determination whether a gilven
point belongs to the interior domain of P. An algorithm based on this
procedure, anables determination of those intervals on the straight line which
belong to the interior domain of P.

-Key words: Computational geometry, Point-Loecation, Polygon, Polvhedron.

ODNOS TACKE 1 PROSTOG POLIEDRA. Uveden je pojan prodorne tatke prave { kroz
onotat prostog poliedra. Prese&na tatka izmedju { i omotata od P je prodorna
ako prava u presetnoj tafki prelazi iz spoljasnje u unutrasnju i1li iz
unutrasnje u spoljasniju cblast od P. Dokazanc je tvrdjenje da tatka Z pripada
unutrasnjoj oblasti od P, ako proizvoljna prava ¢ koja prolazi kroz Z sadr’i
sa iste strane od Z neparan broj prodornih tataka, Na bazi ovog tvrdjenja
. formirana je efektivna preocedura za ispitivanja da li data tatka pripada
unutrasnjoj oblasti od P. Koristedi ovu proceduru opisan Je algoritam za
izdvajanju intervala na pravoj koji pripada unutra®*njoj oblasti od P,

1. Introduction ' polyhedron, and adopt & doubly-connected

. ion, ha nt
One of the most fundamental problems in st In addition e shall  prese 2

t-h d hich
computat.ional geometry is the so-called procedure for separation qf ose odges Whic

, . define a correspondi facet of P. Further,
neint=location nredlem. To the present, the P ne
attention has been mainly paid to location of
a point in a planar subdivision. The problem

can be stated as follows: Glvan a
straight-line graph @ having n vertices, and the interior domain of F.

we describe in detail a new algorithm and the
appropriate procedures by which it is
possible to determine whether Z belongs. to

a point Z, determine what is the’' region of
the planar subdivision induced by G in which 2. bata Structure

Z is found. Main results on the study of this - - ) : : S
The data structure adopted for representation
problem have been presented in (1-81. Much

of a polyhedron ié of ﬁhe.fofm of a planar
less attention has been paid to solving the poty °

graph G=(V,E), where V and E are the selLz of
problem in three- and mylti=-dimensional . : o . . -

’ vert.ices and edges, respectively, of a

spaca. In [9], the problem has been sclved by ’

generalization of the binary search, whereas

in {10] the data structure has been described

polyhedron embeded in a plane. The graph O is
represented as a doubly-connected edge list

(DCEL> [11]. The main component of this graph
is’ an edge node which contains 6 fields: Vi,

a way Lo ensure each list to be binary V2, F1, F2, P1, and P2. The fields Vi and V2
searched . define the edges which are oriented from Vi
to V2. The fields F1 and F2 contain the names

of facets of P lying on the left, i.e. on the
Given a point Z and a simple polyhedron P, right.,

determine whether the poiﬁt Z belongs to the

by a sequence of smimilar lists formed in such

We consider first the following problem:

with respect to the edge orientation

from Vi ta V2. The field P1 (resp. P2) points
interior domain of P. First,. we shall out to the edge node which is encountered

describe the data structure to represent the first if the edge V1,V2) is rotated



i
kY

couterclockwise around Vi C(resp. V2).

Suppose that FACE (j,A,n ) iz the procedure
for separation of the edges determining the
j=th facet of P, where A
contains the addresses of the ordered edges
which determine the j=-th facet of P.

T i=1,...,n,

8. Description of the Algorithm

Denote the vertices, edges and facets of P by
Voo dm,.. [V Ey, e, E]; Fy,
im1,...,|F|, respectively. Denote with ¢ a
half-straight. line having the original in the
peint Z. The intersection point of ¢ and the
hull of P is a niewing point If at this
peint ¢ passes from the intericr to the
exterior domain of P, or vice versa. Since {
is wunlimited in one direction, there iz a
point._ on ¢ belonging to the exterior -domain,
such that all plercing points of ¢ through
the hull of P and the query point Z are on
the sanme =ide of that point. Starting from
this point and going toward 2, at each odd
piercing point ¢ enters the interior domain’
of P and each even point ¢ comes out of it.

Therefore, the following statement holds: If
the total number of plercing points of ¢

through the hull of P is odd, the query paint
Z belongs to the interior domain of P.

If { lies in the plane of a facet, then that
facet does not contain a piercing peint. Let ;
R be a crossing peint of { and a facet of P,

If R belongs to the interior region of that
facet, then R 1is the pilercing po_lnt.. ir,

however, R belongs 40 an edge, then it may

be, or may be not a plercing point. In this

caze, an additional analysis woylcd be

required to determine whether R is a piercing

point.. Sih::e ¢{ is chosen in an arbitrary way, -
let it be such that the intersection of ¢ and

E, for iwt,...,|E| is an enpty set.

Consider the met. of all planes that are
uniquely determined by the point Z and the
edges I:-:i » iwl, ..., |E|. Denote thase planes by
aj J=1,...,k, where k 5 |E|. Dat.ermins"a new

plane 3 which is different from. all-- pl:anes‘“‘

“j‘ J=1,....k, a.nd passes through Z. Further,
let form a set of half~straight lines H which
lie in the plane 2 and all of them have their
origin in Z, in the following way. Firzt, if
El lies in f# then the half-straight line is
determined by E:1 and z. This is an
implication of the manner In which the planas

aj, 4m1,...,k have been determined. Namely,

if Z and El do not lie on the same straight
line, then Ei and Z determine the plane aJ,
jet1,...,k>, which is in contradiction to the
statement that aJ and f# are different
planes. Second, if the intersection of 3 and
Ei iz a pont, then the half-straight line i=s
deterained by that point and the point Z. In
this way, a finite set of half-straight lines
H in the plane (? is formed. Since the set of
half-straight lines cChaving their origin in
Z> in the plane /5 is unlimited, it comes out
that it is always possible to choose a
half-straight line ¢ in [}, originated in 2Z
such that &£ & H. Therefore, the procedure for
choosing ¢ can be formed in the following

way .

i
|

procedurt's CHOOSE € ¢ );
begin -
k:=0;
for i:=1 to |E| do
if ¢ E!1 and Z determine a plane ) then
hegin
k:mk#;
ak:-plane- (Ei,z>;
end; ..
PLANE <3); )
¢« This procedu.r-e deternines plane 3, =o
that Z e 2 and 7 = a img, ...k #
J:=0;
for i:#1 to |E| da
‘begin
ir ¢ E‘
bogin
Jimi+;
hJ:a-halr-straiéhL line <E,2);
ond; /
else Iif ¢ 2 n‘Bi * £ > then
begin ,
R:=f3 El‘". !
Ji=mg¥1;

hJ: =half~straight line (R,2);

end;
I end; <(sforsd
HALFLINE ¢ £
{x Thix procedure determines half-
—-straight. line £ on 3 with the initial
point Zand £# b, im1,...,5 ®

i’

lies on 7 > then

end.
The half-straight line ¢ determined on the
basis of this procedure is such that it ‘has
no common po/int.s with any edge of P. If the
intersection of ¢ and the plane which is
determined by a polyhedron facet Is not an



empty =met, then their intersection is a
point. Now, it 1is necessary to determine
whether this point belongs to the
cor;esponding facet. Thus the task is reduced
to determinaticon of the relation between =
point and simple polygon. The same statement
holds as for the relation between a point and
a polyhedron. The algorithm for determination
whether a point bqlongs te the interior
.reginn of simple polygon consists in the
ﬁfollowinc.

Abab be given a =imple polygon with ordered
i i=1,...,n, and the point R.
Denote with r an arbitrary half-straight line
having the origin in R. The piercing point of
r through the simple polygon can be

vertices ¥

determined in the following way. If an edge
lies on r, then there are no piercing points
on it. Suppose t.ha.t. r passes through the
vertex \'j._ If the neighbouring vert'ines Viog
and \v"“_1 are on different sides 9!‘ r, then \'1
is a plercing point. If the condition

€V, =V IXR-V, _ D2eCCV, | =V Ix(R=V, 2) < O

i-1 1 i i+ )
iz satisfied, then V, is a piercing point,

otherwise it is Anot,.ill‘ r and an edge have
ong common po:l.ﬁ't, and that peint is not a
vertex, then it is a piercing point. In this
way, the total number of piercing points can
be determined. If this number is odd, then R
belongs to the intericr region of a simple
polygon. .

On the basis of the algorithm described, it
is poxssible to form a procedure for
determination whether there s a plercing
point of ¢ through a facet of P. This
procedure is of the form:

procedure FACEGON ¢ j,{,A,n,test );
bog_in
ifiplane(j> n ¢ = & > then bﬁsh:=falsa
else '
begin
R‘:-pla.ne(j) n<
RZ:HVZE Al11];
Aln#]:=Al1);
ki=Q; )
for {:%2 to n do
begin
J:=VI[ALi]);
k:wV2EALL));
EJ: -(Vj-Ri)x(Rz-VJ);
Ek: -(Vk-Ri)xﬁlz-Vk);
if (EJ °Ek<°) then
begin

k:mk#;
prlikl: tedge(VJ » Vk) n
stralght~line (Ri,R

v

2)5
end;
else if(EJoEk-O)
then
u‘cs:foa then if(Ek#OD then
begin )
m:=VILALL-11];
E‘.m: -(Vm-jR.1>xCRz-Vm) H
ir (Ek-Em<D) then
begin
k:mk#+;
prikl): =V
end;
end;
else if (Ekﬂt'l) then
begin
meV2LALE#11];
E.‘m: -(Vn-Ri)xCRz-Vm);
if <Ej.1=:m<o> then
begin '
ki=k¥l;
prilkl: =y
end;
end;
end; (sforsx)
SORT <{pr.k.npr; )
{& npr i= the number of different plercing

Ji

k*

points on the same side of R #>

test:=false;

(s ¢ is not piercing the
j~th facet of P =

if{npr odd> then

test:=true

¢ ¢ is piercing the j~th facet od P 2

end;

end.
On the basis of the statement given above and
the introduced procedures;-it i1s possible to
form 'a routine for determining whether a
given point belongs to the interior domain of

a simple polyhadron. This procadube is of the
form:

procedure TESTPZ ¢ test ; |

begin
pr:=0; _
- CHOOSE <(D;
for i;=1 to|F|-do__
begin ] T
FACE <i,A,.n);
FACEGON €(i,Z,A,n,test); T~

if test then pr:=pr#
end;



test: =false 2 does not. belong to the
interior domain of P %>
if ¢ pr codd > then
test:=true (* Z belongs to the interior
domain of P »

end.

By this procedure, the following task can be
solved. Determine the intervals on a straight
line which belong to the interior domain of a
mimple polyhedron. To solve this problem, the
following alterations of the above procedure
should be nmade. First, if the point R i3 a
cros=zing point of this straight line and of
an edge of a =simple polvhedron, then an
additional analysis should be carried ocut to
determnine whether thi= point iz a plercing
point.., Thisz can be achieved in the following
way. Let choose two points which lie on the

given straight line in an arbitrarily =mall
vicinity of the point R, and that they are

found on different sides of the point R. If
cne of these two points belongs to the
interior and the other one to the exterior
domain of the simple polyhedron, then R is a
piercing point, otherwise it is not. Second,
determine the piercing points and sort tham
out along the given straight line. These
poipts determine the sequence of conzecutive
finite interval=, each odd of which belongs
to the interior domain of P.

4. Conclusion

The procedures described enable the
following: the choice of a half-straight. line
{ originated in the query peint Z such that
the intersection of { and all the edges of
simple polyhedron P is an empty set;
determination whether ¢ plerces a facet of P.
On the basis of these procedures a routine is
formed to determine whether Z belongs to the
interior domain of P, In addition, the other
algorithm presented enables determination of
the intervals on a given straight line which
balong to the interior domain of P.
Furthermore, the described procedures may be
used for solving other problens in
computational geometry (identification of
hidden lines, determination and detection of

intersections, etc.>.
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Sadrzaj Uveden je pojam prodorne tadke prave ¢
kroz omotat prostog poliedra. Presefna tLatka
izmedju ¢ i omotata od P jeo prodorna ako prava
U preseénoj tacki prelazi iz spoljadnje u
unutranju  ili iz unutrasnje u spoljasnju
oblast od P. Dokazanc js tvrdjenje da tazka Z
pripads unutragnjoj oblasti od P, ako
proizvol jna prava ¢ koja preolazi kroz Z sadr2i
sa iste strane od Z neparan broj prodornih
tataka. Na bazi ' ovog tvrdjenja formirana je
efektivna procedura =za ispitivanja da 1f data
tatka pripada unutrasSnjoj cblasti ced P,
Koristeci ovu proceduru opisan je algoritam za
izdvajanju intervala na pravoj koji pripada
unutragnjoj oblasti od P.
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A method is suggested for derivation ¢f protocols from services. bazed entirely
on the finite state machine representation. The method provides several
suggestions  for human intervention in the design process and thereby for a

great variety of solutions. Other benefits are
uniform treatment of synchronous and asyn-—

tions for data-~flow optimization,

parametrization, transforma—

chronous channels, a uniform apprcach to composition and decomposition of
entities and thereby a uniform approach to design of services and protocols.

Izpelijava protokolov iz servisov ob uporabi predstavitve s koncnimi avtamati.
Predstavlijena je metocda za avtomatske konstrukcijo komunikacijskih protokolov
za realizacijo podanega globalnega servisa, ki v celoti temelji na predstavitvi
8 konénimi avtomati. Metoda je zelo primerna za interaktivno dele, ki vodi v
8iroko paleto resitev. Druge dobre lastnosti metode sSo parametrizacija, trans—
formacije =za optimizacijo pretoka podatkov. enotnha obravnava sinhronih in
asinhronih kanalov in enoten pristop h kompoziciii in dekompoziciii osebkov. Ki
omogola poenctenje nadrtovanjia serviscv in protokolov.

0. Introduction

Derivation of a communication protocoel from a
given service specification is one of the most
challenging problems in the field of computer
networks. Two methoda have been proposed so
far, which we find particularly interesting,
because they provide algorithms for totally
automatic construction of a suitable protocol.
The method, proposed in [Prin}, constructs a
Petri-net type protocol specification from =
finite-atate machine service specification,
while the method of {BochGotz! is based on

‘attribute grammars. In our paper, we are propo—
" sing a method, Dbased entirely on finite state
machines, which follows the gselection / resolu-
tion principle and is therefore also suitable
for construction of protocols in a man-machine
dialogue, -

We assume that a distributed system consists of
a set of entities, communicating with each
other and the environment through a set of
reiiable two-point channels. Some ¢f the chan-
neis are unbounded FIFOs with unknown delays
{asynchreonous), while the others are synchro-
noug (the "rendez—vous' type of communication).

A glokal service, which a system should provide
to the environment, is specified by a £finite
state machine 6, with edges representing an
agynchreonous transmission or reception of a
particular message by the system on a particu-
lar external channel or a synchronous external
event. Paths, ‘leading from the starting state
of B, represent the characteristic seguences of
system actions.

A message is a tuple of parameters, posessing
explicitely or implicitely stated identifiers
and values. The crucial observation about para-
meters ig that each parameter identifier,
occurring in a specification, represents a

global system variable, which is concurrently
updated or read by the entities, ©Parameters,
exchanged in an action, are its output parame-
ters, while parameters, generating the values
of the output parameters, are the input parame-
ters of the action. If an action is not an
asynchronous transmission, the values of its
parameters can also be obtained from the envi-
ronment. G must possess the fcollowing proper-
ties: N

Property ©.1: [t must not contain two non-
terminal states 8. and 8=, such that for every
outgoing edge a in 8., - leading to a state 8,
there is also the same ocutgeoing edge in 5z, and
vice-versa (equivalent states).

Property 0.2: If in a state S,, ‘there are two
paths P: and Pz, such that the action sequence
of Pz is a permutation of the action 'sequence
of P., respecting ali causality relations of P.
(P= is equivalent to Pi), they must both lead
to the game state $S=. Path equivalence  is
formalized in the section 1.

Property 0.3: If there is an edge. representing
an action., requiring a value of a particular
parameter as an input, then the edge must be.
preceded from any direction by some edge,
generating the value. :

The first step in our protoceol design method
is to convert G into another finite state
machine BGBr, which mirrors particular design
decisions abhout parallel execution of external
actions of a system, while respecting the
causality relations of G. Then the states of
Gr, requiring communication between entities,
are identified. For each such state. a proce-
dure for exchanging messages on internal chan-
nels must be provided by a designer. : Such
procedures explicitate externally invisible
transitiong of a system, which are initially
hidden in the states of 6., -as indicated in Be.



an extended version of G=. Note also that it is
execution of the internal procedures, that
entities without access to external channels
are used for. At that point it may turn out
that the taak c¢an not be solved with the
existing channels. By integrating the internal
procedures into Gc., another global system beha-
viour specification Gx is obtained. which is
data-flow optimized into Go and subsequently
used for generation of finite state machines
for individual entities.

Two  algorithms will be used extensively
throughout the paper: Algorithm 0.1, which
introduces to a state machine a new path, and
Algorithm 0.2, which deletes a particular path.

Algorithm O.1: .
{create a new path P}

begin{Algorithm 0.1}
represent P by a finite set of
segments .
{not all types of the representation might be
guitable for'a particular purpose};
for every segment, which is a concatenation
of an action sequence s and an action
a and should lead from 5: to 85 do
begin
i¥ there is no state Bx, different from B:,
with a single outgeoing edge, namely
a, leading to 8Ba., or with a single
incoming path, namely &, with the
initial state B:x
then create B« as a new state;
if in Bw. there is no outgoing edge a
thet create an edge a from Sx to 8
slae .
if the edge a leads to a state, different
from S=.
then exit with error:
i¥ in 8z, there is no ocutgoing path s
than create a path & from 8: to 8«:
ol se
if the path ® leads to a state, different
from Bk,
than exit with error;
merge the equivalent states
and
end{Algorithm 0.1%.

Algorithm 0. 21

finite

{delete'a particular path, leading from 8: *to

8a}

begin{Aigorithm 0.2}
for every state 8 of the path de
bagin
i¥ in 8, there are some incoming edges. not
iying on the path. and also some, lying
on the path, ’
then
begin
create a state Bu. eguivalent to 8;
redirect the incoming edges of 8, not
lying on the path, to 8a
end;
far every edge = of the path do
if all outgocing edges of the destination
atate of @ are lying on the path
then delete w;
delete the unconnected states;
merge the saquivalent states
end{Algorithm 0.2}.

1. Converting a Global Service Specification
into an Equivalent Form with a Desired Degree
of Parallelism

Service specifications in [BochGotz] use three
types of composition (parallel, sequential and
alternative). This versatility makes it diffi-

cult to identify actions, which could be epa-
bled concurrently., as in a specification. they
might lie far apart.

In a finite state machine specification, paral-
lel composition of actions is represented by
various permutations of the actions. connecting
the same pair of states, with parameters indu-
cing no causality relationship Dbetween the
actions. The desired degree of parallelism in
a global service specification can be achieved
by repeated application of Transformation 1.1,
which increases parallelism, and Transformation
1.2, which decreases it.

The idea behind Transformation 1.1 is that if
there is a path P from a state 8: to a state
8=, the two states may also be connected by all
paths, equivalent to P. P. is equivalent to Pa.
iff there is a path P, sguch that the action
sequerces of P, and Pz can be generated from P
by zero or more applicaticns of Transformation
1.1. Transformation 1.1 generates egquivalent
paths by repeatedly selecting an action az of
the current acticon segquence and moving it
towards the start of the sequence. If in that
process a2 meets an action a,, such that ad is
a potential necessary condition for az
(Predicate 1.1), &= may not move any further.
We wuse the word "potential", because G might
negate the causality relationship between twae
actions "by providing an alternative path with
the two actions in the reverse order.

Predicate 1.1

{a: is a potential necaessary condition for a=z}
bagin{Predicate 1.1}
Predicate 1.1:=
{ay i3 a synchronous action or a reception

and

az 13 a synchronous action or a trans—
mission)

or

a: and a= are two actions on the same
channel

or

a:» generates a parameter wvalue, which is
read or redefined by aa
end{Predicate 1.1}.

Transformation it.1t If there is a path aia=,
connecting 8. and 8=, and &. is not a potential
necessary condition for aa (Predicate 1.1),
then it 1is possible to crsate (by Algorithm
0.1} a rath aza. from 8, to 8=.

To achieve the highest possible degree of
parallelism, Transformation 11.%f should be
applied as long as possible. On the other hand,
we want Ge to be a finite state machine, but if
there is a c¢ycle C and an action a, such that
it can move through the cycle for ever (as no
action of the cycle is a potential necessary
condition for it) and € contains at least two
different actions, the set of pathz, equiva-
lent to the cycle, i3 infinite and can not be
described by a finite state machine. Therefore
Transformation 1.1 must be applied under desig-
ner's control.

If ai: is not a potential necessary condition
for az, a gystem is free to execute the actions
in the reverse order, bhecause the environment
can not observe it, Transformation 1.1 adds a
path, which represents execution of the actiocns
in the reverse order, but as the environment
can not observe the existence of such a path, a
designer is also free to delete it from G by
Transformation 1.2.

Transformation 1.21 If there is a path a.a=
from 8. to Sz and a path aza: from 5. to Sz
and a= is not a potential necessary condition
for a, (Predicate 1.1), then it is possible (by



b

: .
Algorithm 0.2) to delete the path asaa.

2. Identifying States,

Which Require Internal
Coanmunication .

Some sgtates in Be might require communication
between entitiezs. In this section we introduce
Algorithm 2.2, which generates another global
system specification Be by extending G Wwith

internal communication reguirements.

Obgerving the actions, posagible in a
state 8, some of then may be enabled

necugly and some not, Simply speaking,
actions may be enabied simultaneocusly,’
are in parallel or in exclusive
The next design step is to

state 8 a set of exclusive

given
simulta~
a set of

if they
composition,
identify in each

compositiens of

parallel compositions of multisets of actions,
possible in 8, which might be selected Dby a
aystem for simultaneous enabling. RAlgorithm
2.1, if not effected dy designer's decisions,
generates a solution with the highest possible
degree of parallelism and minimal amount of
internal communication, securing complete
implementation of a. service. The algorithm

should be called systematically from Algerithm
2.2.

Algorithm 2.1:

{Al : the set of all alternatives of a given
state 8}
{Ala the set of groups of alternatives, which

may be selected for
hling in 8}

begin{hAlgorithm 2.1}
find A, the set of all actions possible in 8;
find A1, the set of all non-empty multisets
of actions in A, such that the members of
each multiset are in parallel composition
and lead to a final state or a state with an
‘outgoing edge, labeled by an action a, which
is not in parallel composition with the
members-of the multiset or must not be added
to the multiset because of a designer's

simultanecus ena-

decigion
{members of a multiset are in parallel
composition, iff they may access their

parameters simultaneously., sach permutation
of them is represented by an outgoing path
in 8. and any two prefixes of the paths with
the same multiset of actions lead to the
same state):
find Alm, the aet of all subsets of Al. which
are maximal in respect to the following
property P (for special control purposes, a
designer may also decide to cover Al with
subsets, which do poses the property P, but
are not maximal):
{a subset X of a =zet Y
to a property P, iff it has the property P,
but can not be extended by any other
members of ¥ without loosing the property!
if all members (alternatives) of a member X
of Al are enabled simultaneously, the
entities, participating in their execution,
are always able to select one of the
alternatives without any internal. communi-
cation
{the global decision is equivalent to. a
set of local decisions)
end{Algorithm 2.1},

is maximal in respect

Al in Algorithm 2.1 answers the question, which
actions may be enabled simultaneously, because
they are in parallel composition, but one has
to be careful. First, although we wish to
enable simultaneously as many actions as pos-
sible, strict application of that rule s might
lead to an incomplete implementation : rof a
service. Second, if in a state 8B, there is a
loop with all edges labeled with the same
/
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label, it is possgible to def:na ‘an infinite Al.
whzch requires careful definition of @le .and

careful construction of paths in Algorithm 2.2.

The idea behind grouping of alternatives is
that a global decision procedure for selecting
an alternative for actual execution might to
some extent be performed as a set of local
decision procedures. Respecting the property
minimizes the amount of internal communication
and at the same time provides a golutien to
the problem that actions for further executicn
can only be discussed among entities in terms
of their a priori properties (as the only a
priori property of a reception is its channel,
it might not be possible ta d13t1ngu15h hetween
two alternatives).

If only a partial implementation of & sService
is required, Algorithm 2.1 is the most suitable
point for human intervention. Partial implemen—

tations can be generated by definition of
incomplete sets of nlternnt:ves or groups of
alternatives.

Algorithm 2.2:

bgg;n{hlgorathm 2.2y
Open:=~ [starting state ‘of Gel:
Clowed:= [];
Gc i8 just the starting state of Ge:
while not Dp!n-[] do
bagin SN
move a state 8o from Open to Closed;
find (by Algorithm 2.1) Al {Bn) and Als(Bo):
for each member Aa of Alg (8n) do
begin
if Ae is not the only member of Ala(Bs),
or special guarding is required
then add to GBe & o edge from S to a new
state 8:x
{a state is new, iff there iz no
state with the same.name neither in
Ge nor in 6o}
else 84:= Bp;

find I{Aa), the set of input qurame;ers
Of A: t :
if I(Aa) is not empty
then
begin :
for each member In of I{Am) dD \
begin
find U(In}, the set of entities,
using the value of In in execution
of Aa: P
find - K(In), the set of entities,.
knowing the value of In
and ;
create an edge Te from 8r to a new
state Sa : -
) end i
elme Sa:= By .
{create in 8a a graph Ba, répresenting
execution of As:} :
. for each outgoing path.of 8 in Ge,

representing execution of one of
members of Ag, do
create the same ocutgoing path {in 8a in Ge
{ddd as3 few new edges as rogsible
(Algorithm 0.1), but keep paths, belon-
. ging to different groups ofl .alternati-
ves, disjoint, Do not use in Ga any old
. state names, };
. find Pr(Aa), the set of all entities,
! participating in execution of Aa:

the

for each member E of Pr(As) do
select T(E). the set of all action
" sequences with a length>=0, ekecuted
by E as part of execution of Ag.' after
which E might decide to abandon execu-

tion of Aas and enter a synchronization

procedure ‘ :
{although T(E) is selected by a desig-
ner, it has some mandatory members: the

sequences, after which E has no asynch-
ronous transmission to execute in Aa);



find T. the set of all synchronization
states of Ba
{8 is a synchronization state of Ga, iff
for every entity E, the projection of a
path from Sa to 8 on the actions of E is
in T(E)};
find T, a version of T, in which every
member is replaced by itz old name (the
name of the egquivalent state in Ge):;
for each member S of Tn do
heagin
if Su iz not yet in Ge
then add Su to Bc:
if not 8~ in Closged
then add 8« to Open

end;
for each member S« of T do
begin

find its old name 8w:

¢create in Ge a vTa
end
and
end ;
terminal states of Be:= terminal states of Ge
end{Algorithm 2.2}.

edge from 8s to Sw

Each edge *» requires execution of a

parameter
distribution procedure.
Each state 8o, coming onto Open in Algorithm
2,2, regquires a global decision, what to do
next, and is therefore called a decision state.
If in Sp, there are several groups of alterna-

tives or special guarding is necessary. then So
requires execution of a decision procedure. In
Bz, decision procedures are represented as
trees of 7o edges in decision states (8Sm).

After a group has Dbeen

of alternatives Aa
selected and enabled, it starts executing.
After executing As fOr some time, control of
‘"the participating entities is gradualiy trans-
ferred to a synchronization procedure. States
of 8a, in which all the entities might enter a
synchronization procedure, are called synchro-
nization states. In Gz, synchronization proce-
dures are represented as Te edges in synchroni-
zation states (S8e). With the help of a syn-
chronization procedure, a system synchronizes
to a state 8w of Be, which corresponds to the
currently active synchronization state.

The aim of firing a synchronization procedure
after successful execution of one of the ena-
bled alternatives is distribution of the know~
ledge that the actions, guarded by the alterna—
tive, are now enabled. The aim of firing a
synchronization procedure before successfuyl
execution of any of the enabled alternatives is
resynchronization of a system, after which
another group of alternatives may be =zelected,
This might be necessary. _if the environment is
not forcing the same group of alternatives as
the system and does not coopérate promptly.

To minimize the amount of internal

_ : communica—~
tion, an entity should fire a synchronization
procedure only when it has no other action to

execute without cooperation of the environment,
but in principle, a designer might also define
some additional synchronization statez. When
entering a synchronization procedure, the
entity does not know, which of the enabled
actions have already been executed by other
entities. Therefore definition of gynchroniza-
tion states should bhe consistent, as stated in
Algorithm 2.2,

If in a decisiocn state, there are several
groups of alternatives and a syastem is trying
to execute one of them by repeatedly selecting
a group, trying for some time to execute it and
(if not successful) resynchronizing, some
actions are enabled infinitely often, but not
all the time. If the pending actions are
gynchronous, this is a degradation of fairness
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which is due to a
external channels

particular
among the

of the system,
distribution of
entities.

3. A BGaneral Design Method for Internal Proce-
dures

The next task is to construct a finite state
machine Go by integrating into Ge the neces-—
gary internal procedures. Go should represent
the total behavicur of a system in a concise
style, similar to that of Gm.

all actions are on external channsels,
which have two end-points, but are observed
only from the side of the system, while the
actions, constituting internal procedures, are
on internal channels with Dboth end-points
within the system. An action on an asynchronous
internal c¢hannel actually consgists of two
events: transmission of a message and reception
of the message, To retain the specification
style of Ge, all actions should be represented
in Go as single events and their granularity
should not become apparent before projecting Ge

In Gp,

onto individual entities.

Let's ignore for a moment the external actions
of & system and concentrate on its internal
actions - the bprotocol. We argue that a

general purpose protocwol should be specified by
a single deterministic finite state machine P,
rapresenting the characteristic sequences of
message  transmissions and synchronous events.
In that way, a designer is forced to concen-
trate entirely on inter-entity causality rela-

tions of the protocol and not to rely upon
intra-entity causality relations, which should
be treated as implemantation details. The
approach is a direct application of the ‘“empty

medium abstraction' heuristic¢, which has proved

to be useful for protecol wverification, to
protocol synthesis.

Specifications of individual entities c¢an Dbe
generated from a global protocel specification

P by Algorithm 3.1 and Transformations 1.1 and

1.2. Algorithm 3,1 projects P on one of the
entities €, so that all actions on its incoming
channels become receptions. Then Transforma-

tions 1.1 and 1.2 are applied to specifications
of individual entities to obtain the desired
degree of intra—entity paralielism. In the two
transformations, E represents a system, and the
entities, cooperating with it, represent 1its
environment .

Algorithm 3.1:

{projecting & global protocol specification P
onto an individual entity E}

begin{Algorithm 3.1}
while applicable da
begin
if there is an edge from Ba to Bz, labeled
by an action on a channel. which is not
connected to E

ar
there is an edge a from 8 to 8. and an
edge & from 8§ to 8Ba
then merge 8. and 82 into a single state:
if there are two or more a edges from Ba. to
5=
then replace them by a single a edge
end
and{Algorithm 3.1}.
Application of Transformations 1.1 &and 1.2
might result in several different sets of
individual entity specifications. But this

ambiguity of a global protocel specification P
is not a deficiency of the gpecification
method: As delays of ali asynchronous channels
are totally 1aknown., the sets can not be




distinguished by cbserving the entities for a
finite period of time, hence the ambiguity is
immaterial and any attempt to remove it (by
explicitly menticning asynchronous receptions
in the global state machine or by .specifying
the protocol by a set of local state machines)
is an overspecification and should be avoided.

The basic problem in protocol synthesis is to
avoid deadlocks, unspecified receptions and
unspecified parameters. When designing a global
protecol specification of our tyrpe, those
design errors can be avoided by respecting five
simple common sense Rules 3.1 to 3.5.

Considering only the basic gsemantics of a state
machine, each node represents an exclusive
compogition of the outgeing paths, but in
protocol]l specification, there is alsc another,
equally important type of composition - the
parallel ccomposition of actions. Parallel com—
position of actions can be described by exclu-
s3ive composition of their permutations, Dbut
this mental task is not trivial enoush to be
carried out subconsciously. A potential dead-—
lock or an unspecified reception occurg when—
ever some actions are in parailel composition
by the nature of the system architecture, but
that fact is not properly described by a state
machine, usually because a designer 1is 1ot
aware of the existence of the parallel composi-
tion.

Rules 3.1 and 3.2 define paths, which must
mandatory be specified, while Rules 3.3 to 3.3
define some mandatory properties of the speci-
fied paths. : .

Rule I.1: " If A is a subget of actions, which
are labels of the outgoing edges of a state 8,
such that every entity participates in execu-
tion of at most one member of A (an asynchro-
nous transmission has one participant, the
sender, and a synchronous action has two parti-
¢ipantsl ~ the actions are in parallel composi-
tion, then every permutation of the members of
A must be represented by an outgoing path of S,
as no entity is allowed to make any agsump-—
tiona about execution of the actions of other
entities, which it is not guarding. In the case
of parametrization, any two actions. possible
in a state 8, on different channels, which are
not both synchronous, must also be conzidered
a3 in parallel composition and chey Rule 3.1,
although the actions share a participant. This
ig to guarantsee the soundness of Rule I.5.

Rule J.23 If in a state 8, there is an outgoilng
path @:a8z and, by Rule 3.1, an outgeoing edge a=
must not be created in 8 without <creating an
outgoing path a=za:, then the path must actually

exist,
Rule 3.3 If in a state 8, there are two
outgoing paths with the same mnultiset of

actions M, such that no twa different members
of M Dpelong tc the same channel! and nc two
different synchronous members of M share both
participants, then the two paths must lead to
the same state, as no entity can communicate to
the rest of the gystem any information about
the order, in which it has executed the
actions of M.

Rule 3.4:1 Projection onto any entity must have
Property 0.3.

Rule 3.9

composgition
value of a
neither read

If two actions are
and one of them is
parameter, then the
nor redefine the value.

in parallel
generating a
other must

Formal proof of the ruleg if outside the
of the paper. Intuitively. they prevent unspe-
cified receptions, Dbecause receptions are hid-
den in transmissions. they prevent deadlocks,

Scope
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because there is no state without trahsmissicns
and they guarantee cocordinated progress of Vall
participating entities. because any assumptions

about non—existing information exchanges are
avoided.
Returning to our original task, we point out

that the initial service specification 6 for a
gystem 8 under design should be obtained by the
sate method. 8§ should he considered as an
entity of a wider closed system W, congisting
of 6§ and the relevant entities, external to S.
A designer should first specify a ‘“protecol”
for the system W, S0 that he is forced to think
about implications of communication on the
channels. connecting entities, external te S,
on the service regquirements for 5. Then 6 can
be generated by Algorithm 3.1.

As suggested in the section 4, the method
should also be used for design of internat
procedures, introduced by Be.

4. Desigh of Parameter Distribution, Decision

Aand Synchronization Procedures

In the section 2, we have defined three tyges
of internal procedures: parameter distr1but1qn
procedures, decision procedures and synchroni-
zation procedures. The nature dof a prbtocolAzs
mainliy determined by decision procedures. while
procedures of the other two types anly pl@y an
auxiliary role. In our method, design of 1n§er—
nal procedures and their integration 1is guided
by eight basic heuristics:

Heuristic 4.1t Initially. each internal proce-—
dure should appear in the specification sgepara-
ted from the others. Message merging is subject
to the final optimization {section 3}.

procedure should

Heuristic 4.2: An internal
initially be scheduled just before its results
are necessary. Earlier subject

scheduling is
to the final optimization. .

In particular, .parameter distribution procedu-—

res are inserted in Be instead of T edges.
Decision procedures are inserted in Bz instead
of ~p trees, -So that the starting state of a
procedure 15 located at the root and its
terminal states at the leaves of a tree. For
synchrenization procedures, the simplest kind
of their integration into Gz is & bit more
complicated and will be discussed later. The

place for their integration is indicated by 1a
edges.

Heuristic 4,3: To prevent harmful re-ordering

of messages, belonging to variocus internal
procedures, during their transport, all parti-
cipants of an internal procedure must agree on
1ts termination, so that the internal procedu-
reg can be treated as atomic. Note that this
15 a general solution to the problem., described
in the section 3.3 of [(BochGotz)l. If some of
the messages are redundant., they can be deleted
in the final optimization, which might someti-—
mes result in the solution from (BochGotz].

Heuristic 4.4: The main point in design of

an
@nternal Praocedure is to determine for each of
its terminal states T the synchronization set
8y (T), the set of all entities, which must know

that the system will progress through T.
that point of design. internal procedures are
scheduled just in time, the members of a
synchronization set Sy (T} are exactly the enti-
ties, executing the actions, possible in T.
When the participants of an internal procedure
have reached an agreement on its termination
(which iz in a terminal state T), the members

of Sy(T) must know, that the execution has
terminated in T. .

As at



Heuristic 4.5t As the bagic aim of an internal
procedure i3 to lead a aystem to a particular
state, it should be designed as an exchange of
proposals about the terminal state, which the
procedure should reach. and sets of terminal
states, asuggested by wvarious participants,
should be explicitly visible in the messages,
so that the terminal state, which a path is
leading to, can be calculated as an intersec-—
tion of the sets, exchanged along the path.
Beside that, terminal states must appear. in
the messages with the same names as in Ge. If
the reguirements are too rigorous, they can be
overcome in the final optimization.

If an internal procedure is a
it must com-

Heuristic 4.6
parameter distribution procedure,
municate the necesgssary parameter values from
the members of the relevant K sets to the
members of the relevant U sets {(see Algorithm
2.2).

Heuristic 4.7: We reguire that internal proce-
dures are provided by a designer (in the spirit
of the section 3), but this is not a seriocus
drawback for the automatization of the protocol
design process, as in practice, decision pro-

cedures, and even more procedures of the other
two types, are drawn from a small set of types,
which can be pre-constructed and used with

suitable parameters, whenever necessary. An
internal procedure must respect Rules 3I.1 to
3.8, where Rule 3.4 must be checked in regard
to the rest of the system specification.

Internal procedures can not be designed in an

optional order. The algorithm is the following:

1. Determine synchronization sets of parameter
distribution procedures and dezign the procedu-
res.

2. Determine synchronization sets of
procedures and design the procedures.
3. Determine synchronization sets of synchroni-
zation procedures and design the procedures.

decision

Now we are ready to define an algorithm for
integrating into Ge a synchronization proce—
dure. Observing a graph Ga, generated by Algo-
rithm 2.2, it is not sufficient to replace by
some procedures the Te edges in ‘its synchroni-
zation states. The whole Ga. together with its

s edges, must be replaced by a graph Ga (the
starting state of Ge is the starting state of
Ga. the terminal states of Ga are those,

pointed to by Ta edges), concisely represen-
ting the action sequences of the expression:

=E€prcae (tp€rcm (B.P(8)))

The expression has the following meaning: For
each member s of a T(E}, design an internal
procedure P(s), put s and P(B) into sequential
com?osition, put the expressions, belonging to
various members of T(E), into or composition.
then put the expresgions, belenging to various
member of Pr(Az), into parallel composition.

With other words:

; each entity E, participating
in execution

of an As, executes an action
sequence 8. mandatory followed by a procedure
P(s), which distributes the knowledge of E
about N, the set of the possible terminal
states of G, as known by E after execution of
#, to the members of the union of the synchro-
niza;ion sets of those states. M is a member of
N, iff in Ba, there is a synchronization state
8. connected with M by a te edge, reachable

from the starting state of Ga by a path. whose
Projection onto E is s.
The terminal state T, to which a path of  Ba

should lead, can be determined from the path by
Heuristic 4.5. The requirements of Heuristics
4.3 and 4.4 must be fulfilled on Ga as a whole.
[t turns out, that it is sufficient to fulfil
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Heuristic 4.4 for each P(s), but for Heuristic
4,3 that might not be true. Hence, it 1s
necessary to “'blow'" each terminal state T of Ga

into a termination agreement procedure for all
entities, participating in Gs. Procedures in
all terminal states of Ge must be the same.

The principles, used in the design of Bs. lead

to another heuristic for construction of inter-
nal procedures:

The first step in design of an
ig to identify the know-
For each

Heuristic 4.8s
internal procedure
ledge, which is to be communicated.
piece of knowledge {(which might be a parameter
value or a set of suggested terminal states).
construct a procedure, which conveys the Know-
ledge from its source to itz destination. Put
all such procedures into parallel composition
and finally put the resulting procedure into
segquential composition with a termination
agreement procedure for all potential partici-
pants.

The 7result of the integration of internal
procedures into Ge ig a finite state machine,
which might have some eguivalent states, that
have to be merged. Beside that, it might be
necessary to introduce some new paths, regquired
by Rules 3.1 and 3.2. As shown in the section
S, the resulting machine G: is further optimi-
zed into Ge.

S5. Final Optimization of a 6lobal Bervice

Provider Spacification

Final optimization is performed by application
of Transformations 5.1 to 5.4. The transforma-—
tions address Rules 3.1 to 3.5, which use the
notion of an action participant. The external
actions of a system {(thogse from the initial
service specification) must be treated asa
internal actions of particular entities, which
are their only participants. The transforma-
tions may only he applied, if they do not
change the order of external actions.

Transformation S5.11 If Rules 3.3 to 3.5 are not
violated. then it is possible to introduce (by
Algorithm 0.1) a particular path and all
paths. required by Rules 3.1 and 3.2,

The transformation could be used for increasing
parallelism or for moving scheduling points of
internal procedures.

Let O be the set of out-
going edges of a state §, Identify P{D), the
get of all paths, mandatory in B by Rule 3I.1.
Suppose that a member a of O ig removed from 8.

Transformation S.2Z:

Identify P(ONa). If Rules 3.4 and 3.5 are not
violated, then it is possible to delete (by
Algorithm 0©0.2) the members of P(0) and intro-
duce to 8 (by Algorithm 0.1) the members of

F{O\a) and all paths,
3.2.

required by Rules 3.1 and

The transformation could be used for decreasing
parallelism or for deleting redundant actions.

If Rules 3,1 to 3.5 are not
violated. it is possible to apply a particular
change of edge labels and merge the resulting
equivalent states and edges.

Transformation 5.3:

The transformation could be used for decreasing
the number of message types or for the final
naming of messages.

Transformation S.41 If Rules 3.3 to 3.5 are not
violated, then it is possible to replace (by
Algorithme 0.1 and 0.2) a path between a pair
of states by another path between the same pair
of sastates and then add (by Algorithm 0.1) all




paths, reguired by Rules 3.1 and 3.2,

The transformation could be used for changing
the order of actions or for merging of actions
(messages) .

should
state

Whenever possible, -the transformations

be applied to such parts of a finite
mac¢hine, that Rules 3.1 and 3.2 do not induce
any new paths or their destination states are
determined by Rule 3.3. For instance. if an
action is executed without knowing. if it will
be necessary at all [(optimistic scheduling,.
introduced e.g. by Transformation 5S.1). the
destination state of a new path p.. which
includes an unnecessary execution of the
action. must be provided by a designer. The
suggested heuristic is to direct p:. to the same
state as p=. which consists of the same
sequence of actions as p.. except that the
unnecegsary. action is deleted.

&. Conclusions

In comparison to [BochGotz]!. which generates an
unique solution, our method erovides several
suggestions for human intervention in the
desian process and thereby for a 4areater va-
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riety of solutions. Other benefits are para-
metrization. transformations for data~f low
optimization. uniform treatment of synchronous
and asynchronous channels. a uniform approach
to composition and decomposition of entities
and thereby a uniform approach to desian of
services and protocols. Similar conclusions can
be drawn when comparing our methed to [Prinj.

If necessary. the design process can be fully
automatized. The only condition is existence of
parametrized transport procedures and termina-—
tion agreement procedures and of scme rules,
which prevent the process from construction of
infinite machines.
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ABSTRACT

This paper describes an alternative
approach to system flowcharting based on the
use of dual charts -- one illustrating data
flows, the other controls. The use of both
system flowcharts and contrel flowcharts
enhance the communicative power of systems
documentation.

A specific system flowcharting technique
is described. This type of system flowchart
is the datum for the construction of a control
flowchart. A control framework is developed
and a conceptual model presented to provide a
perspective for the novice system designer.
Guidelines are given for the development of a
control flowchart.

INTRODUCTICN

A control flowchart is a document gene-
rated during the design phase of thé system
development 1life cycle. The control flow-
charting technique described in this paper is
Predicated on two other system analysis and
design concepts. The first, a system flow-
charting technique, described in section two
of this paper, is Chapin's "sandwich" concept
utilizing ANSI Standards [4]. The second, a
twa dimensional system control framework,
described in section three, is based on Gorden
B. Davis's Data Flow Mcdel (Computer Data Pro-
cessing [6}). These two concepts are mutually
supportive, and each has been utilized (in
various forms) both in practice and as an
educational device.

Controls are often specified on the
system flowchart, producing a complex, clut-
tered, and sometimes confusing document (gee

Figure 1.) Yet the increasing, emphasis on
controls and the increasing complexity of
"systems (including user-developed systems)

makes the need for clear documentation incre-
asingly important. Toward this end, in 1971,
Robert I. Benjamin [3] suggested an alter-
native approach in flowcharting; using dual
charts -- one illustrating data flows and the
other depicting controls, bhut nothing has
since appeared in the literature developing
.this basic concept. Section four presents
Benjamin's concept and develops a detailed
technique for control flowcharting. {The
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technique is easily integrated into life cycle
methodologies and can be quickly used by both
systems professionals and end-users. The
basic objective of the systems control flow-
chart is to show clearly what controls exist
and where they exist in a given system.

] SYSTEMS FLOWCHARTING TECHNIQUE

There are twe major and different ap-
proaches to system flowcharting. The first,
and most widely used in the United States, is
linked to program flowcharting both in the
symbology utilized and in the logic-flow
convention -~ top to bottom and left to right
and is often referred to in the literature as
*computer" flowcharting. The second has its
origins in the systems and industrial and
mechanical engineering fields, and illustrates
work flows, document flows, and process and
procedural flows (1 & 12]. Generally it
utilizes a versicn of the A.S.M.E. (american
Society of Mechanical Engineers} symbols and a
horizontal (left to right) logic-flow con-

. vention. :

The technigue presented here is a specif-
ic version of the "computer" flowcharting. Aas
described by Chapin in his tutorial [4], it
has two major facets; the sandwich concept and
the use of American National Standard Flow-
chart Symbols [2].

The Sandwich Concept
Chapin describes the basic format of the

sandwich rule as a flowchart composed of
alternating layers of data identifications
[the bread] and process identifications [the
filling] as illustrated in Figure 2. The
system flowchart is composed of a series of
similar relationships where the output of one
process may serve as the input to a subsequent
process, thus representing the data-flow
through the system. The system flowchart
always begins and ends with symbols repre-
senting data.

/ INPUT Z—— PROCESSING —7[0UTPUT/

FIGURE 2: THE SAﬁDWICH CONCEPT

This technigque enhances the communicative
power of the system flowchart. It is most
effective in flowcharting a data-driven
system =-- a system where data physically
exists on media outside the process, e.g., on
magrnetic tape, disks, documents, etc. through-
out. the system. Most traditional data pro-
cessing ' systems and many user-developed
systems fall into this category. The techn-
ique becomes more difficult to use in an
event-driven [(program~driven) system, e.d.,
where the data is temporarily stored in core
within a progess or between programs. In this
situation the level (macro/micre) of system
detail desired will influence the effective-
ness of the sandwich concept.

Using ANSI Standards .
The need for a standard set of symbols

and a standard for their usage in system and
program flowcharting has long been recognized
by the industry. The ANSI Standards [2] were
develcped specifically to £ill that need. The

ANSI symbols, definitions and usages are
applicable to the system flowcharting techn-
igue presented here with two exceptions: the
preparation symbol and the decision symbol.
While essential for program flowcharting,
these symbols are not used in system flow-
charting,

It is important to note that the adoption
aof ANSI standards does not prohibit the use of
symbols not described within that standard.
The use of other specialized symbols may be
extremely effective in enhancing the communi-
cative power of the flowchart.

THE CONTRQL FRAMEWCRK

Numerous control frameworks have been
suggested for EDP, MIS and DSS systems [5, 8,
9, 11 and 12]. Each is structured around a
particular function or perspective, e.g.,
administration, auditing, designing, oper-
ations, corganizational structure, or function.

Input
Editing

Ed1ted
| Data

Data
Processing

Figure 3: The Basic Data Processing Cycle-
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our design definition orientation leads to the i
selection of a control framework similar to i
that suggested by Gordon B. Davis [6]. It is QEI:IRT)EIT I
structured around two major system aspects, B° CONTROLS
the procedural and processing controls applied |
to the data flowing within the basic data §
processing cycle, and the organizaticnal |
controls applied to the application system. DEPARTMENT i
i
|

The flow of data through the data pro-~
cessing cycle is an important focus for the
system professicnal and user designer (see
Figure 3.} Each of the processes {(manual or
computer) deplcted here provides a vehicle for
implementing controls. The <controls are
specified within the procedures in a manual
process and within the programs in a computer-
ized process. The data representations may
also function as control vehicles.

Organizaticonal Controls

The system professional and user-designer
must function within an organizational struct-
ure which imposes many control procedures.
Figure 4 illustrates a typical organizational
control structure. This structure, reflecting
the organization, has a hierarchical char-
acter. At the lowest level, any computer data
processing must be done within a computer
system. The hardware and software which
comprise that system have control elements,
e.g., the operating system. Data will flow
through several sections within the Data
Processing Department. Typically each of
these sections has its own control procedures
and standards. These will operate within the
controls for the data processing function
established by the data processing department
management.

In a similar fashion the systems designer
must work within controls established by
various departments, through which the flow of
data will occur. These departmental contrecls
operate within the framework established by
division procedures, which in turn operate
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within the corporate
application systems

policy. Since most
cross department and
division boundaries, the designer must be
cognizant of the various organizational
controls which influence the system design,

Integrated Control Model
The integration of the data flow and the

organizational contrels is depicted in Figure
5. This control framework provides the
designer with one framework which is wvalid
through all the phases of the system develop-
ment ‘life cyecle -- from information analysis
to post audit. It illustrates which control
environments are applicable to each process in
the data processing flow. Conseguently it is
an essential perspective during the design
phase, when the designer must specify what
controls are to be used and where they are to
be applied in the system. This framework
underlies the flowcharting technigues des-
cribed in this paper.

B¥STEM FLOWGHART
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CONTROL FLOWCHARTING

The control flowcharting technique
described in this section follows Benjamin's
[3] suggestion "that two flow diagrams that
present the same process for a system be
developed during the design phase =-- one for
the data flow and one for the control flow."
It is predicated on the existence of a system
flowchart. While this is a reasonable assump-
tien, it is important to recognize that
flowcharts are develeoped in an iterative
fashion. The desired controls may necessitate
changes in the original system flowchart.
This section provides a description of how a
typlcal control flowchart is developed.

The system flowchart from which the
caontrol flowchart will be developed is shown
in Figure 6 (which illustrates the same appli-
cation shown in Figure 1). It has been
developed using the technique described in
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Flgure 7 The Unnarrated Flowchart



section two. While constructing the {low-
chart, after drawing the symbols and flowlines
but before narrating the symbols, a photocopy
of the flowchart should be made (see Figure
7). This vacant chart provides the physical
starting point for the contrel flowchart,
Figure 8. The guidelines that follow im-
plicitly refer to Figures 6 and 8.

Locations for Controls

Working with the system flowchart as a
reference, the analyst can begin to specify on
the unnarrated <c¢opy what controls are
appropriate to the system and where they
should be located. What set of controls is
chosen depends upon the control framewcrk.of
the organization as discussed in section
three, the equipment which will ke used, and
the particular system being designed. It is
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beyond the scope of this paper to prescribe
the appropriate set of controls for a given
system. We provide guidelines for the con-
struction of a control flowchart.

Process Symhols

There are three major types of locations
where controls can be supplied. First, a
process symbol should be used to specify
controls created or exercised during that
process. For example, a batch control ticket
is created during the order assembly procedure
to identify the bhatch of transactions and also
contain control data for later use by both the
tdit and update procedures. The operation but
not the control data itself is described on
the unnarrated flowchart in the symbol cor-
responding to the order assembly procedure of
the systems flowchart. The annotation symbol
is a convenient documentation aid when the
description is too long to easily fit into the
process {(or medium) symbol.

If no controls are exercised over a
process, a8 in the case of the sort by item
number of the €S0 daily file, that process
symbol remains vacant on the control flow-
chart. This absence of controls, highlighted
by dual charts, is obscured when using only
one chart as in Figure 1.

There may be come redundancy between the
dual charts. For example, verifying, which is
considered both a significant manual {system)
process and a control process, appears in both
charts.

Cantreol data should not be attached to a
process symbeol. The operations performed on
the control data are described in the process
symbol while the control data itself 1is
appended to a medium symbol.

Media Symbols

The =second type of location, a data or
medium symbol, is used to specify control
fields or records that accompany the data and
any physical controls applied te the physical
medium. To illustrate, ho special control
fields are implemented on the annotated
customer sales orders themselves. As with a
process symbol, a blank symbol indicates the
absence o©f controls. However, a contcrol
record (the batch control ticket) is added and
requires some minor redrawing of the un-
narrated chart.

The control flowchart describes the flow
and form of contrel data. The batch control
ticket appears in three forms, paper, card,
and tape record, and is retained in offline
storage. Each change in form requires the
intervening process to¢ perform the trans-
formation.

Media are passive, and therefore oper-
ations performed on the control data should
not appear within the media symbols. It is
improper to show a check digit test performed
by a floppy disk. Physical controls of the
medium itself, not the data it c¢onstrains,
should appear on the media symbol. A common

example is the removal of the write protect
ring on a tape.

Flow Lines

The third type of location where controls
may be specified is on a flowline. The
annotation symbel is used to specify procedur~
al controls associated with the flow of data.
The customer sales order deck, after ver-
ifying, is input to the edit process. How-
ever, it must be physically transported from
the keypunch room to the computer room. A
movement or change in responsibility may
require some control. In this case it is a
logging procedure. ;

A procedural control should be attached
to the flowline leaving, not entering, a



medium. This assures the proper assocliation
of that procedural control with the medium not
the preceding process. This convention is
consistent with contreolling the flow of data
across organizational boundaries as discussed
in section three.

Advantages
Keith R. London, in his text, '"Document-

ation Standards,”™ [10] presents the purpose of
documentation in the context of four cate-
gories: 1) Inter-task/phase communication, 2)
Quality control and preject control, 3)
Historical reference, and 4) Instruction
reference. This context is used to structure
the following discussion of the advantages of
dual flowcharting.

The first category involves facilitating
communication within the project team through-
cut all phases of the systems development life
cycle. Given that most project teams have an
interdisciplinary composition, some team
members will not be familiar with systems
technigues and concepts. Consequently, the
use of both system and control £flowcharts,
which simplify the "picture" of flows and of
controls, enhances communication. By fact-
oring the contrel activities from system flow
diagram either element may be examined un-
encumbered by the detail of the other.
However, if both elements are of simultaneous
interest, the examination and integration of
both flowcharts 1is greatly enhanced by the
symbology and flow common to both elements,

London's second category refers to two
dimensions of control - control over the
guality of the system being designed and
control over the process of designing that

system. Dual flowcharting aids both of these
dimensions.
First, the dual charting technigue

provides a document exclusively devoted to the
controls exXercised within the system. Its
function is to answer the what, where, and how
guestions concerning the system's controls.
Further, the control flowchart clearly il-
lustrates where controls are not applied in
the system. The control flowchart further
facilitates qguality control by providing a

vehicle for communication with interested
parties outside of the project team. For
example, the control flowchart can be used as

a signoff document for internal auditors, the
operations manager, and others within the firm
with a responsibility for reviewing and
appreoving controls. In the case of user-
developed systems the document greatly facil-
itates communications bhetween the user and
system professionals.

The control flowchart enhances project
control by enhancing the effectiveness of the
decumentation package. With better project
documentation performance criteria cean bhe
better determined at each step in the de-
velopment cycle. Since performance criteria
are the basis of controls, project control is
thus facilitated by the use of dual flow-
charts.

The third category, historical reference,
is used both for modifying existing systens
and for developing similar systems. Again,
the better the system documentation com-
municates the essential characteristics of the
system the more valuable it becomes in both of
these functicns. Given the dynamic environ-
ment within which systems function, and the
iterative nature of systems develepment, a
¢clear and concise representation of both the
flow of data and the application of contrcls
is essential. The development of these charts
can greatly reduce the effort required in
designing new systems by providing a clear
picture of acceptable levels of controls at
various stages in the flow and in various

81

departments within the firm. Finally because
of the greater simplicity of both the system
and control flowcharts, the task of modifying
this documentation is greatly reduced.

The final category used to discuss the
purposes of documentation is instructional
reference. The dual charting technique is

especially wvaluable when serving a general
instruction function of communication between
the systems specialists and the nonspecial-
istes - particularly the user. Improved user
understanding of the flows and controls within
the system not only supports better user
relations but goes far in enabling the user to
use the system intelligently. ‘

Another instructicnal function enhanced
by dual flowcharting is training within the
systems group. Easily understocd and correct
examples of good system design are extremely
valuable in +training new employees. These
flowcharts facilitate rapid understanding of
control practices within the systems area and,
of equal importance, illustrate the control
required in many other functional areas within
the organization. Finally, they clearly
illustrate to the novice system builder the
value and need for good systems documentaticn.

CONCLUSION

Both the system flowchart and the controel
flowchart provide important techniques for the

systems professional and user-designer in
preparing and documenting systems  work.
Carefully prepared, these flowcharts will

enhance the rigor with which the designer can

think through the system. This, in turn,
typically reduces the errors and increases
efficiency within the system. The major

contribution af the dual charting technique,
however, is its ability to improve the commu-
nicaticn of essential aspects of a data-driven
application system between interested parties
both within and outside of the systems area.

This technigque has been used for several
vears in an educational setting and has proven-
very valuable to both students and teachers.
Little evidence exists on its wvalue in a
business data processing environment. How~
ever, with the increasing emphasis on good
systems documentation and the expanding use of
this documentation to communicate with people
outside of the systems department, it appears
that the advantages offered by the technique
are powerful arguments for its use.
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PODVZETEK, Vetie ratunalnidke zmogliivosti, ki jih zahtevajo danagnje aplikacije na podro€ju  razpor-—
navanja govora, procesiranja slik, umetne inteligence in 88 vrsta drugih, je mogode diskati le v
novih paralelnih sistemih, pri katerih j& znatno vedia ulinkpvitost mo¥na le & posebno organizaciijo
matarialne opreme, predvsem v VLSI procesorski tehnoloegiji, in takéni opremi prilagojenc programshko
opremo.

Froizvajalei ratunalnidkih sistemov, ki nadrtuiejo zmogliive vektorske operacije, so izdelali poseb-—
ne FORTRAN -~ prevajalnike. Ti razpoznavajo, #g se zanka DO lahko zamenja z enao ali ved vektorsikimi
ingtrukel jami. Zanka DO je tako skalarna predstavitev mnofice vektorskih operacij in zato more biti
izvedena mnogo bolj utinkavito s strojnimi instrukcijami, ki o v takéne namene posebel naértovane
in se zato njihove operacije ufinkoviteje izvajajo. Arhitekturne odlike se kaZejo z uporabo bodisi
cevanih aritmetinih enot, kot jih srefujemo pri cevanih vektorskih rafumalnikih (npr. pri CYBER 205
ali CRAY-1}, bodisi z velkratnimi procesnimi elementi, kot jibh sredujemo pri vektorskem aritmetitnem
multiprocesor ju (VAMP) ali pri matri&nih procesorjih (npr. pri ICL DAP, BSP ali TRANSPUTER ARRAY).

FParalelne vektorske organizacije in podrobnej#i opis strukture rattunalnika ICL DAFP =0 predmet ob—
ravnave prvega dela prispevka, Prikazan je tudi stil programiranja, ki ga narekdje takeen radunal-
nik. .

Y #lanku je prikazano, kako so lastnosti paralelnih implementacii sekvené€nih kodeov na materialni
apremi paralelnega sistama pomembne, da prirojeni paralelizem v problemu, ki ga refujemo, uwustreza
uporabl jeni arhitekturi oziroma organizaciii radunalnidke materialne opreme.

ABSTRACT. PARALLEL ARRAY PROCESSORS AND ITS APPLICATION, I. With new applications such as robotics,
spesch recognition, artificial intelligence, image processing, etc., the need for faster processing
. devices hecomes mare important. The aonly solution is to emplay the new parallel systems. More effi-
ctient systems can be attained in first of all with the rew VLSI technology and with new organiza—
tions of computer hardware and to these ones appropriate softwara.

RAll manufacturer of computers designed for officient operatipns on vectors of numbers have produced
FORTRAN compilers that recognise whaen a DO loop can be raplaced by one or sevaral vector {nstruc—
tions. This is the recognition by software that a particular PO loap is just the scalar representa-
tion of a set nf vector operation, and can therefore be executed much more effectively by machine
instructions that are especially engineered to perfarm such operations efficiently. The architectur—
al features used are then eithar the pipelined arithmetic units in the case of pipelined vector com-—
puters (@.gQ. CYBER 203 and BRAY-1) or the replicated processing elements in the case of vector
arithmatic multiprocesor (VAMP) or processor array (@.g. ICL DAP, BSP and TRANSFUTER ARRAY).

In the present firet part of this work the basic categories of parallel computers will be described
and the detailed structure of ICL DAF will be given in morae detail, together with an overview of the
programming style that is requires. In the second part the optimization algorithm based on matrix
computations as 4 tool for implementations of application algorithms will be continued.

In the paper is shown that the behaviour of parallel implementations of sequential codes on parllel

hardware depends critically on & careful match between the innate parallelism of the problems, the
algorithm amd the hardware. ' :

1. Wwobp ‘ izkoridetati: predrnosti novih konceptov paralel -
nih sistamavy. '

Zadnja letsa so tehnolo#ke spremembe in Stevilne Foskudali bomo kolikor mogote jasno predstaviti

inovaci j& dramatitno zmanjifale cero ratunalnif- razultate mna noveitem podrotiu rafunalnidkxih
kih zmoglijivosti. Na veakih nekaji let w0 s=e arhitektur oziroma organizacij, ki naj bi poka-—
pojavili bistveno hitreifi in cenej#i procesor- zali bistvene prednosti rabe paralelnih proce-
Jji. FPosebne prednosti teh procesorjev &0 5@ sarskih =sistemov. Fradnosti se kadejo v novih
pritele kazati pri sestavijanju le~teh v raz~ aplikacijah, kot so robotika, razpoznavanlje
li¢ne paralelne sisteme. Sistemski programerii govora, umetna inteligenca, procesiranje slik
680 dobili spodbudo, da so modificirali ocbestoje- itd., kjer &0 postale zahteve po hitreidih
Lo sistemsko prpgramsko. opreémo  enoprocesorekih procaesorekibh  napravah vse pomembnej#e. Zaradi

gistemov tako, da Jje = njo maogode kar najbolie zaporednega izvajanja instrukecij, ki ge itzvaja-



jo druga za drugo, je razvoj sekvenfnih arhi-
tektur skoraj obstal. Re#iitve je nadal je mogote
iskati le v novih paralelnih sistemih, pri
katerih je znatno vetja ufinkovitost mofna le =
posebne eorganizacijo materialne in njej ustrez-—
ne programeke opreme.

Palpretakla zgadnvina kaYe, da je paralelizem
magote vpel jati na razliénih nivojih, ki iih
lahko opredelimo takole:

1. Nivo posla
t.1., mad poslij;
1.2,, mad fazami poslag
2. Programeki nivo
2.1., med deli programa}
2.2., znotraj DO zanky
3. Instrukel jeki nive
3.1., med fazaml lzvajania instrukeiie)
4, Aritmetiéni in bitni nivo
4,1., med elemanti vektorskih operaciij
4.2,, v gklopu aritmetiénih logitnih veziis

Proizvajalci ratunalnifkih sistemov, ki nadrtu-
Jejo udinkovite vektorske aoperacije, so izdela-
li posebre FORTRAN - prevajalnike. Ti razpozna-~
vaie, te se zanka DO lahko zamenja z eno ali
vet! vektorskimi instrukci jami. Zanka DO je tako
skalarna predstavitev mnofice vektorskih opera-
€ij in zato more biti izvedana mnogo boli wéin-
kovito & strojnimi instrukcijami, ki 8o v taks--
ne namene posaebej nadrtovansg in se zato mjiihove
opaeraci je kar najulinkoviteje tudi izvajajo.
Arhitekturne odlike se kafejo z uporabo bodisi
cevanih aritmetidnih enot, kat jih sretujemo
pri cevanih vektorskih radunalnikih (npr. pri
CYBER 20% ali CRAY-1}, bodisi 2z vedkratnimi
procesnimi elementi, kot Jih sratujema pri
vektortkem aritmetitnem multiprocesoriu  (VAMP)
ali pri matri¢nih procesorjih (npr. pri ICL DAP
ali BSP).

FParalelne vektorske organizacije bodo predmet
prvega dala natle obravnave, medtem ko bo drugi
del prispevka posveden uporabi sistema s tak#no
arganizaci jo. Med drugim bomo obravnavali opti-
mizact jeki postopek, ki je zasnovan na matriéd-
nam radunu in se lahkeo uporablja kot udinkovi-
to orodje za implemgntaci jo danega algoritma na
paralelnem ratunalniku.

Videli bomo, da o lastnosti paralelmih imple-—
mentaci i sskvendnibh kodov na materialni apremi
paralelnega sistema mofno odvisne od prilago-
ditve prirojenega paralelizma v problemu, ki ga
rettujeme, uporablieni radunalnifdki materialni
opremi. To odvisnost lahko v dolotfeni meri
ugotavl jamo na primeru, pri katerem uporabl jamo
paralelni ratunalnik za redevanje problemov, ki
820 izrazito sekventni. Drug podeoben primer Jje,
¢e na specifidnem paralelinem procescrakem wsi-
stema izvajamo tak#en algoritem, v katerem
sicer obstaja nek paralelizem, je@ pa ta poveem
drugatne narave, kot paralelizem algoritmov, 2a
izvajanje katerib je bil specifiéni paralelni
sisteam tudi zgrajen. Zato bomo v prispevku
sledili ugotovitvam ulinkovitosti rabe posamez-
nih arhitektur pri redevaniu problemov dolote—
nega razreda.

2. PARALELNI SISTEMI

Klasifikacija procesorgkih sistemov je dandanes
ponovna vse dmanj zadovel jivo reaegena. Znana
avtarja na tem podrofju sta Flynn (1972) in
Share (1973). Problem ustrezne klasifikacije
titi v tem, da vet dobro vpeljanih sodobneijbih
arhitektur, predvsem ufinkovitih cevanih radu-
nalnikov, ne sodi dovolj jasno niti v en, niti
v drug razred poznanih klasifikacij, oziroma,
da tako kot rafunalnik ICL DAP, le-ta enako
dabro ustreza hkrati dvema razredoma. Alterna-

| porazdel jenpsti procesor jev,

tivni pristop do primerne klasifikacije je, da
dolodimp razrede glede na osnovhe nadine, na
kakrdne =e paralelizem javlija v arhitekturi
nekega ratunalnika. Takeo lahkogovorimo o para-
lelizmu cevanja, kopiranja oziroma vektortske
funkcionalnosti
ali o multiprocesorskem paralelizmut

(1) Paralelizem cevanja (pipelining) je zasno~
van na tehniki t.im. zbirne linije, 31
poveduie zmogl jivost aritmetiéne ali krmil-
ne enotey

(2} Paralelizem funkcionalnosti je zasnovan na
vad med seboj necodvisnih enot, ki lahko jiz-
vajajo razlidne funkcije (kot so0 logitns
funkei je, funkecije sefitevanja in mnofenia)
in sotasno izvrgujeio operacije nad razlié-
nimi poadatki.

(3) Vaktorski paralelizem je zasnbvan na poliju
ldentiénih procesnih elemsntov pod skupnim
nadzarom ene same krmilne enote. Ti elemen-
ti solasno izvajaipo enake operaciie nad
razlitnimi podatki, ki =0 shranjeni v nji-
hovibh zasebnibh pomnilnikih., To so t.im. ko-
ratne (lock-step) operaciie z zaklepanjem:

(4) Multiprocesorski paralelizem izkoridta vee-
je #tevilp procesoriev, od katerih izvaia
veak svoje instrukcije, madtem ko navadno
med seboj komunicirajo preko skupnega pom-—
nilnika.

Flynn /1/ Je razdelil paralelne ratunalnike, ki
procesirajo vef podatkavnith tokov hkrati v dve
kategoriii. To so vedinstrukciiski velpodat-
kavni  stroji MIMD (Multipl-Insgtruction Multi-
ple-Data) inh encinstrukci jski vetlpodathkovni
straji SIMD (8ingle-Instruction Multiple-Datal.

Veaka od obeh kategorij ima svoje znatilnosti,
Dgleimo &i jib na kratko.

Ratunalnik MIMD ima navadno majhno £tevilo
nepretirano wWinkovitih in med seboj povezanih
procesorjev, ki lahko sodelujeio maed seboj ali
pa delujeio neodvisnc drug od drugega. Zateo je
patrebno, da so neodvisna programska opravila
kodirana in dodel jevana posamez2nim procesor jem.
Posebna skrb mora biti posvedena sinhronizaciji
dodel jevanija informacij med procesorji, ko eden
od procesorjev zahteva informecijo od drugega
pracesor ja. Pokaj jasno Je, da pri obsefnejBih
opravilih in pogostejdi sinhronizaciii nekateri
pracescr ji ¢akajo brez dela, dokler drugi pro-
cesor ji  ne dokondajo svojega opravila. Primer
stroje tak#nega tipa je Loughborough-ov radu-
nalrnik Neptun, ki jeo zadwnovaen na #tirih mipi-
racunalnikib Texas Instrument 990/10. Ta ratun-—-
alnik in nijegovo uporabo je podrobneje opisal
R.H.Rarlow /1 /.

Ra#unalniki, vodeni s tokom podatkov, ki pripa-
dajo kategoariji strojev MIMD, predstavl] jaio lo-
teno podkatergorijo. Vzrok lpditve tiéi v  dru-—
patnem postopki vodenja, ki temel ji na drugih
in ne na klasiénem von Neumannovem konceptu.
Fri klasi#nem tj. sekventnem ratunalniku pred-
stavl ja program, ki se na njem izvaja, neko
zaporedie (sekvenco) instrukecij. V ratunalniku
MIMD pa #& vel sekeii kode lanko izvaja para-
lelno na razli#nih procesorjiin. V wveaki od
sektij lahko 8 nadal je obstaja viporedie, ki
pa je mevidno programerju, ker se le~te pojav-
lja znotraj posameznih instrukcij.

Pristop vedenja s tokom podatkov se naslanja na
direktno predstavitev z grafom. Viemimo enatbo:

y = a.x3 + b.wz + c.u + d

Gornjo enatbo moremo izraziti ma obidajen nadin
v vigkonivojskem programu. Moremo pa Jje pred-
staviti tudi direktno 2z grafom, ki ga vidimo na
gliki 1. V¥ grafu na taej slikl predstavlja vsake
vozli#te eno od osnovnih operacii (tj. mnofenje
"."y ki Je na wliki oznatleno z "w", in seéte-



vanje, ki je oznadena z "+").

Vidimo, da eo vozlidéa grafa poverana s puBéi-
cami, ki so abrnjene v sméri toka informacij:s
vhod-izhod. Informaci ja potuje od izhoda voz-
lid#a, ki je pravkar izvr#ilo svoio funkciio
(tj. doleofeno operacijo), k vhodu vozli8éen, ki
bea svojo funkeijo dele pritelp izvajati. Serii-
gka - paralelnsa odvisnost med operacijami po-
stane olitnejda pri predpostaviki, da lahko dano
vozlitite izvr#i svojo funkcijo samo tedaj, ko
so prigotni vsei njenl vhodi. Operaclje (funkoi-
i®) so v tem primeru vodene le & tokom podat—
kov. Tak#ien pristop izvajanja paralelizma ima
prednost v tem, da programer uporablia pri
implementaci ji  stroja, ki Jje voden & tokom
podatkov, dokaj obifajen jezik. Podrobnosti o
takdnem stroju najdemo na primer v delih John-—-
safa /37 in Sauberija /4/ lz firme Texas Instru-
ments in v delih da-Bilva in Woodsa /5/, ki sta
delala na Manchester rafunalniku, pa tudi v
seriji ¢lankov na temo podatkovno vodenih arhi-
tektur v zadnjih dveh letih v tem Easopisu
(Informatica, letniki 8%,8& in 87).

V popolnem nasprotju & stroji MIMD imajo strojil
SIMD pavadno veliko #tevilo (véasih tudi vel
tisol) manj utinkovitin procesor jev, ki sp prav
tako, vendar bolj strogo povezani med eeboj.
OCitnej#a razlika teh strojev v primerjavi s
stroji MIMD je, da &0 njih procesorii praviloma
spoagcbni opravl jati le enaka osnovna opravila.
V nadal jevanju bomo uporabl jali izraz vektorski
procesor izkljufno za radunalnike razreda SIMD,
ki uporabl jajo klasiten (neasociativen) pomnil-
nik z nakl juénim dostopem (RAM), in izraz aso-
ciativni procesor za ratunalnike iz razreda
SIMD, ki uporabl jajo asociativen pomnilnik. Med
vektorske procesorije eodiioc navadno obaji:
vektorsko cevani in matrieni ratunalniki, Tipi-
Ena primera takénih radunalnikov sta ratunalni-

ka GRAY! in ICL DAF. Prvega uvrdtamo amed  vek-
torsko cevane, drugega pa med matrifne ratunal-
nike.

V pojasnilo naj posebei omenimo, da Gray—l nima
valiko dtevilo procesorijev. Klijub temu ga uvrg-

camc med stroje SIMD. Paralelni operandi so
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Slika i. Kkrmiljenje s tokom podatkov

namret omejeni v takénem emislu, da opravljaijo
enske operacija. Kot primer vektorskega cevanja
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vzemimo element radunania pomiéne vejice, tj.
element mnofenia dveh vektorijev w in y z rezul-~
tatom 2z, pri femer imajo vsi vektorii dol2inc
64, Rezultat dobimo z izvajanjem naslednjib
korakov:

(1) lzvrdimo produkt posameznih hkomponent
(2) Daodamo eksponente
(3) Normaliziramo in zaokrofimo rezultate

Fri preprostesm sekventnem rafunalniku se vse
tri stopnje izvaljaje zaparedno za veak par
operandoy (vektorskih komponent). Pri tem se
morame =zavedati, da med izvajanjem seftevanja
eksponentov v  Z.koraku, stopnja 1 izvajanja
algoritma miruje; podobno, ko see rezultati v
3.koraku normalizirajo, mirujeta stopnja 1 in
2. V vektorgko cevanem radunalnikue, kot je npr.
Grray~1, pa ohstaja ved segmentiranih funkcio-

nalnih enot, ki lahko deluiejo paralelno. Na

(a) Preprost (b) Vektorsko cevani
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(c} Paralelni vektorski procesor
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Blika 2. Cevanje pri vektorsko cevanam in
paralelnem vektorskem

procesor ju



primer, ko se izvrdi mnorenje segmentov £4 in
Y11 8@ pritne sedtevanje eksponentov segmentov
¥y in yy, toda istofasno starta tudi mnoZenjs
naslednjih dveh segmentov ko in  yo, itd.
Mimoqrade povedano, tudi srednii in zeleo hitri
sekventni straji izkori&fajo prednosti cevania.

Obravnavani primer je prikazan na sliki 2. (za
n=&44),
Pri sekvenénem stroju so potrebni trije wrini

impulzi za izradun vsakega "delnega” rezultata,
kar pomeni 192 impulzov, da &e izratuna celoten
vektor z. Drugade je pri vektorskem cevanju,
kjer Jje po prvih dveh impulzih potreben le #e
an  sam uwrin impulz na ‘'delni”" rezultat. To
pomeni skupaj 66 impulzov, da se izratuna
celoten vektor z. Vv primaru matriénega
procesiranja pa dgobimo vseh n (delnih)
rezultatov v treh urinih impulzih. Taret lahko
zakl judimo: ¢e primerjamo vese tri mo¥ne nadine
mmo¥enja n = &4 komponentnih vektoriev in  upo-
rabimas

a) sekventen ratunalnik, patrebujemc In=192 im-
pulzev,

b wvektorsko cevani rafunalnik,
= && impuzov,

c) paraleini vektorski procesor,

potrebujemo 2+n

-

potrebujems 3

impulze.
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Slika 3. Klasifikacija paralelnih radunalniskih
arhitektur.,

o ratunalmniku Bray—1

Fodrobnosti najdema med
drugimi tudi v delih /&/ in /7/.

Pod}obnejao klasifikacijo =strojev je mogote
podati bodisi 2z wvidika organizacije nijenih

sestavnih delov, v katerih =e vzpormdie po-
pojavl ja, bodisi z vidika uporabl jensga nadina
krmil jenja. Slednja klasifikaciia je obravna-

vana v delu B.Robi¢a /8/. V nadal jevanju pa se
bome omejiili predveaem na prvo emanieno klasifi-
kacijo, ki je osnovana na paralelnem procesi-
ranju bitov ali/in beeed in na #tevilu uwporab-—-
lijenih krmilnih enot. Vee pogosteie .pa dandanes
sretuiemo tudi sisteme, ki vkl judujieio oba na-—
¢ina vodenja: podatkovnega in nepodatkovnega,
ad katerih slednji sloni na klasitni v
Neummanovi arhitekturi. Takfden "me#ani" sistem
Jje  npr, wavefront procesor. Upagtitevajod obe
cmenjeni klasifikaciji, je mogole klasifikacijo
strojev #e bolj nadrobno razdelati. Glede na
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nadin izvajanja paralelizma v algoritmu, lahko
paralelne arhitekture klasificirameo /9/ po she-
mi na sliki 3.

2.1. Vektorgki in aspociativni procesorji

Olede na zgoraj omenjene vidike procesiranja pa
lahko paralelne procesorske sisteme razdelimo v
#est razredov, in sicer:

BPWSAR - hitno paralelni (BP), besedno serijski
(W8), vektorski (AR) procesorji:UNBGER,
SOLOMON , VAMP, CDBC 7400, GRAY-1,

ILLIAC, BSF in NASFj;
besedno paralelmi (WP),
(B8), vektoreki (AR) procesorji:
DAFP, STARAN in MPP;

besedne (W) in bitno (B) serijski (5)
in paralelni (P) asaciativni (AS) pro-
cesorji ali tim, ortpgonalni procescr-
JisOMEN &0. Ratunalniki tega razre-da
@%@ lahko zdru¥ujejo v ustrezne MSIMD
(ti- vedkratne SIMD ratunalnike): MAP,
BM s

WFPBSAR ~ bitno seri iski

CLIP,

WRBFAB -

bitno paralelni (BP),
(WS), asociativni (AS)
snaova procescrja PEPE)
besadno paralelni (WF),
(BS), asociativmi (AS)
g9TARAN, RELALS;
nepoverani (UNCN?} asociativni
procesor ji z besednimi rezinami
serl jskils PEPE: .
povezani (EN)  vaektorski (AR) proce-
sorji z besednimi rezinami (bitno se-—
rijakid: ILLIAC IV. Mad pridrufene ra-
dunalnike MSIMD tega razreda lahke
priftevamo sistem PHOENIX.

BFWBAS - besedno seriiski

procesorji (za-
WPEEAS ~ bitno cerd jski

procesor jil
UNCNAS —~ (AS)
{(bitno

CNAR -

Vgi vektoreki procesorji podpirajo koncept lo-
denih podatkovnih pamnilnikov (DM} in procesnih
onot (P, ki so povezani med seboj z nekim
podatkovaim vodilom ali  stikalnim elementom.
Pri tem ie nepomembno, da imajo nekatere imple-
mentaci je enobitnih strojev WFBBAR procesno
eghoto in padatkovni pomnilaik realizirana na
igti vtié€ni enoti (tiskanini). Tak8en procesor
je npr. ICL DAF. Nevektarski procesorii  pa
predstavl jajo  alternativni pristop k porazde-
ljeni procesorski logiki, ki Je erensedena na
pamhiinik. Imenuwjema jih "Vsabinsko naslovijivi
paralelni procesorijii" (CAPP) ali "Asociativni
procesarji" (LIMA) in zavzemajo obsefno podrog-
jm procesorjev od najpreprostejtibh asociativnih
pomnilnikavy do zelo kompleksnih asociativnih
pracesorjev /10,11/. Shems arhitekture te vrste
procesorjev iz razreda LIMA prikazuje slika 4.

Slika 4. Arhitektura procesorja

iz razreda LIMA.

FPodra#je aplikacij strojev iz razreda LIMA, ki
in

s odlikujejo po izredno hitrih operaciiah
po  lahkem programiranju, je zelo veliko. Med
napegosteide aplikacijie sodijo: procesiranie

radarskih podatkav, testiranis povezanosti, ki
jo srefujemo v deterministidnih implikaciiah
samanti#nih mre? umetne inteligence, pravopisno
popravl janje, digitalno diferencialno analizi-
ranje analognih podatkov (kar predstavlja bist-

veno bolj udinkovito redevanje problemov, ki
jih sicer regujejc analagni ratunalniki), nad-
zorovanje zrafnega prometa, urejanje, #asovno




vhodno/izhodno dodel jevanje med terminali in
glavnim raturnalnikom in redevanje relaksacij-
skih problemov v fiziki. Pogosto pa se asocia—
tivni paralelni procesoriji uporabliajo tudi za
opravl janje 4#tevilnih specifitnih funkecij v
konvencionalnih rad¢unalnikih.

Vsebinsko naslavl jiv paralelni procesocr CAPF je
zasnovan na vseebinsko naslovl jivem pomnilniku
CAM, ki mu je dodana wposocbnost paralelnega
vpisovanja v besede, ki &0 za ta namen posebej
oznatene. Lahko se spreminia celotna vsebina
besed, ali le del besede, ali celo samo posa-
mezni biti v oznateni besedi. V takénem primeru
‘goverimo o sposcbnesti pomnilnika z veltkratnim
zapisom. Po tej sposcbnosti se lao&i CAM od

CAPP. Le-ta omogo#a izvajanje paralelne aritme-—
tike, sestavl jeno iskanje in v splo#nem emula-
cijo vektorskih ragunalnikov, kot na primer ra-
€unalnika ILLIAC. Prvi predlog pomnilnika CAM
je dal Slade 2o leta 1954, v letu 1972 pa je
Boodyaear Aerospace Corporation poslal na trfig-
€e radunalnik STARAN, kot prvi komercialno
dosegl jiv CAPP.

Nadal je si ogleimp #e ostale razrede paralelnih
procesorjev in veaj po enega predstavnika vsa-
kega razreda. '

BPWEAR. Procesor je koanvencionalne von Neumano-—
ve arhitekture z eno samo krmilno enota {(CU),
procesno encto (PUY, krmitnim ali instrukel js-
kim pomnilnikom (IM) in podatkavnim pamnilnikom
(DM)., Enoini DM pri #itaniju predaja vse bite
neke besede PU, da jih le-ta paralelno procesi-
ra. PU lahko sestavl ja ved funkcionalnih enot,
ki o lahko tudi cevane. Zato pripadajo temu
razredu tako cevani skalarni ratunalniki {kot
je npr. CDC 74600) in caevani vektorski rafunal-
niki (npr. BRAY!1), ki se odlikuje po svoji
preprosti arhitekturi. Shemoc arhitekture radu-
nalnikov tega razreda ponazoruje slika 5.

j==>-=} CU
e b R | |
2 I T A T A I
LIV T T N N O O
T st ss e !
! Besedne rezine DM |
b e e e e e H
Slika 5. Arhitektura procesoria

i2 razreda BPWSAR

UNBER (199B) je zasnoaval rafunalnik za redevan—
je prosteorskih problmov, predveem za aplikaciije
kat &2 npr. razpozrnavanie vzoreéev. Ta rafunal-
nik, imenavan tudi "prostorski ratunalnik", ima
dvodimenzionalno pal je PE pod skupnim nadzorom.
V  ratunalniku SOLOMON je bil vpelian koncept
t.im.  "zaklepanja po korakih" v operaciianh
strojev 8SIMD. Koncept je predlagal Slotnick
(1962), realiziran pa je bil #dele v serili
strojev ILLIAC in #e nekaterih kasnei#ih stro-
jih tipa SIMD. Tri leta kasneje je bil -zgrajen
vektorski aritmetié¢ni procesor VAMP (Senzing in
Smith), ki Jje sastavljen iz linearnih vektorjov
PE 2z dodeljenimi jim pomnilniskimi moduli  in
cevano aritmetidno enoto. VYsaka PE je virtualni
procesor, ki veebuje sBama nekaj delovhih regis-—
trov. Cevani vektorski procesor pa je bil natr-
tovan 2z namenom, da zmanjda ceno materialne
cprema, patrabng za vektorsko procesirania.

Prvi model ralunalnika BRAY-1 je
pri Gray Research Inc.

bil =zgrajen
kot najhitreidi ratunal-

87

"Los
Te Jje
vektar-=
sedaj

nik na svetu in dobavlijen laboratoriju
Alamos Scientific Labbratory”" leta (974,
tudi prvi komercialno dosegliiv cevani
ski procesor. Ima 12 funkcionalnih enot,
e wvee cevarie, hitrifio uro g2,5 ns, 16 bank
bipolarnega pomnilnika =2 10° besed in SO0 ns
ciklom ter osem &4-bitnih vektorskih registrov
za pomnenje &4-ih 8tevil v pomitni vejici.
Aritmetiéne operacije nad temi vektoriji izvalja
8 priblifna 32 strojinimi ukazi. Tri funkcional~
ne enote so namenjene vektorskim operaciiam
(pomiku, logiénim operacijam in sefitevanju),
tri enote pa skalarmim aperacijam (sedtevaniu v
plavajofi vejici, mnofenju in recipro#ni aprok-
®imaci ji) /7/.

Burroughs Corporation je igral vodilno viogo
pri razvoju vektorskih paralelnih procesorjih.
Ta se Jje pridel s procesorjem ILLIAC IV in
nadal jeval s paralelnim procesorijem PEPE., Kmalu

mua je sledil BSP ¢ komercialnimi tefnjami na
perspektivnam tr#ideu, ki ga je predstavljalo
Yo takrat ekspanzivno splo#no znanstveno -

raziskovalno okol je.

Projekt ILLIAC IV j& imel cilj, da se razvije
viapko parelelni ratunalnik z velikim #tevilom
aritmetitnih enot, ki bi izvajale vekitorske ali
matriéne jizratune s hitrostjo reda 10 operaci)
na sekunds. Da bi se dosegla tak#na zmogl jivost
cistema, je bil rafunalnik prvotno nadrtovan =z
254 PE-mi, katere naj bi nadzorovale 4 central-
ne procesne enote (Cl)). Zarade previsoke cene
in nesprejemljivih zakasnitev operacij dodel je—
vanijia je bil prvotni sistem okrnjien na eno fe-—
trtino. Tako konéni produkt, ki je namenjen
predveem redevanju parcialnih diferencialnih
enath (v numeri#ni obdelavi vremenoslovnih kart
za napovedovanje vreme@na, v huklearnih raziska-
vah in v drugih #gtevilnih aplikacijah), sestav-—
lja le polje B ¥ 8 po &4~-bitnih procesnih ele-
mentov za rafunanje s plavajoto vejico pod
nadzorom ene same CU. B tako okrnjenim sistemom
so0 doseqli hitroet 200 mili jonov operacij na
sekundo. Vsaki PE je dodeljen pomnilnik 2z 2K
besedami, ki dela po nafipu koratnega zakle-
pania z najbli?jimi sosednimi povezavami.

Eden od problemov, ki so nastopali pri uparabi
eksperimental nega prototipa ILLIAC IV, st bile
zakasnitve pri prenaganju podatkov na dpolge
razdal je preko pol ja PE zaradi omejitev v #te—
vilu majbli¥jih eosednih povezav med &4-imi
procesorji in njihovimi &64-imi bankami pomnil-
mikov (PEM). Zato je Burrouwghs v svoiih Komer-
cialnih produktin ratunalnik ILLIAC pritel
proizvajati v "okrnjenl" iz2vedbi 2z lé~imi pro-
cesorii in 17-imi pmnilnidkimi bankami pod
oznako BSP (Burrougs Scientifies Frocessor).
Zaradi manj#lega #tevila procesorjev je bilo
mogote komunikacije idizvesti preko posebnega
"wuvrstitvenega vezja" med poljivbnima paroma
procesorja in pomnilnidke banke. Vetje #tpvilo
pomnilni#kih bank v primerjavi s Stevilom pro-
cesorjev dopulita uporabo algoritmov preslikav,
ki zmanjt#ujejo 4tevilo pomnilnidkih konfliktov.
Le~ti lahko sicer moéno narastejo v pogostih
manipulaci jah 2 matrikami. PE so pracesorji, ki

omogoetaijo ratunanje & plavajodo vejico, in so
serijsko organizirani. Se#tevanie ali mnofenje
izvajajo paralelno in dajo 1é6° rezultatov to-
vretrnih operacij iz polia PE v 320 nsek. S
skrbnim prekrivanjem ¢&itanja, vpisovanja in
aritmetike, skupaj & povezovanjem visika FEM s
PE, rafunalnik BSP ulinkovite prepreduje ozka

grla in dosega pri re#ievaniu vetine problemov,
ki jih reduje, maksimalno procesno hitrost 50O
Mflop/a. .

V ta razred pridtevamo tudi novei#i sistem NASF
za patrebe NASA: Numerical Aercdynamic Simula-
tion Facility. Bistem je predlagal Stevens leta
1979. Na#rtal ga je CDC na osnovi izpopolnjenih
#tirikratno cevanih ratunpalnikov CYBER 205, ki
delajo po nadinu t.im. "koratnega ' zaklepanja",



z dodatnim petkratnim cevaniem kot pripravlieno
rezervo, ki se elektronsko vkljudi v primeru,
da so odkrije napake v delovanju sistema. Vsaka
cevanje lahko da en &4-bitni rezultat ali dva
32~bitna rezultata na vsakih 8 nsek. ¥ vsakem
primeru pa je rezultat dobljen v najved treh
operaci jah. Zato je-pri tem ralunalniku dosefe-
fa doslej najvetja hitrost radunaja v aritmeti-
ki s plavajota vejico, in sicer I Gflop/esk. K
tomu pripomore tudi hiter skalarni procesor =z
14 nsek uro.

WPBSAR. Procesor tega razreda se v bistvu raz-
likuje od procesoria iz prejfinega razreda samo
v tem, da se pri ¢itanju DM dostavi bitna rezi-~
na vaeeh besed v pomnilniku, namesto da bi se
dostavilt vei biti ene besede. 2ato je FPU orpga-
nizirana tako, da izvaja vse operatije v bit-
sarijskem mnafinu. V primeru, da Jje pomnilnik
dva~dimenzicnalno polie bitov z ano besedo na
vretico, €ita rafunalnik tega razreda vertikal-
ne rezina bitov, medtem ko #ita rafunalnik iz
prej8nega razreda horizontalno rezing. FPrimera
atrojev iz tega razreda sta ICL DAF in STARAN,
shema arhitekture teh procesorjev pa je prika-
zana na swliki 4.

Medtem, ko =i bomb radunalnik ICL DAF podrobne-
je@ wgledali v naslednem poglaviu, bome ma tem
mestu nekaj pozornosti posvetili ratunalnikoma
CLIP in MPP.
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Slika 6. Arhitektura procasoria iz razreda

WPESAR.

Vektorski procesor CLIP-4 je procesor, ki Jje
zasnovan na bitnih rezinah. PE procesorja so
razporejens v celitno mrefp 96 x 96 PE. Vsaka
procasna anota ima osem sosedov v  dvodimenzio-
nalnem pol ju, lahko pa je povezana le s #tirimi
najbli2ijimi spsedi.

Ratunalnik MPP je t.im. masivni paralelni pro-
cesor (massively parallel procesor), ki je bil
razvit v NASA Goddard Space Flight Center za
procesiranje satelitskih posnethkov. "Magiven"
se imenuje zato, ker ima 128 » 128 = 14384
mi kroprocesorjev, ki lahkp vei hkrati paralelno
procasirajo. Procesor MPP rafuna v  aritmetiki
bitnih rezin z operandi spremanljivih dol#in,
Ima mikroprogramliivo krmilno enoto, ki ji e
mogate wvprogramirati popolrnoma prilagodljive
instrukci jo za vektorske, skalarne in 1/0 ope-
racije. Sistem MPP je izveden v celoti v pol-~
prevodnidki integrirani tehnologiji vezij in
uporablia mikroprocesorske ¢ipe in bipolarne
RAM-pomni 1 ni ke.

WBESPAS. Procesorii tega razreda so sestavl jeni
iz kombinacije arhitektur strojev iz razreda
BPWSAR in WPBSAR, Arhitekture WESPAR sestavija
dvodimenzionalni pomnilnk, iz katerega se lahko
¢itajo ali bewede ali bitne rezine, horizontal-
na procesna enota, ki procesira besede, in
vertikalna procesna enota, ki procesira bitne
rezine. To je v bistvu ortogonalni rafunalnik,
ki ga je zasnoval Shooman 2e leta 1970. Oba
omenjena ratunalnika iz prej8nega razreda ICL
DAP in STARAN sta sicer lahko pragramirana
taks, da zagotavl jata sposcbrnosti  rafunalnika

iz tega razreda, ker pa nimata lofenih proces-
nih enot za procesiranje baesed in bitnih rezin,
ne pripadata temu razredu. Implementacijo stro-
jev, katerin arhitektura popolnoma ustreza
definici ji strajev iz razreda WBGFAS, predstav—

lja serija rafunalnikev OMEN-60. Ratunalnik
OMEN=-&40 je zasnoval Highie Ye leta 1972, niiho-
vo arhitekturoc pa ka¥e slika 7.
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Slika 7. Arhitaktura procesorja

iz razreda WBSFAR.

Sarije ratunalnikov OMEN (Ortogonal Mini Embed-—
meNt} je komercialna implementaci ja ortogonal-
nega ratunalniskega koncepta proizvajalca  San-
ders Associates za aplikacije, kot je procesi-
ranje signalov. Ta serija uporablja ratunalnik
POF=11 za konvencionalno horizontalno aritmeti-
¢no enoto in polje &4 procesnih enot (PE) za.
asariativne vertikalne aritmetiténo enoto. Ope-
racije te enote ae izvajaje predveem nad =zlo-—
govhnimi rezinami in ne toliko nad bitrnimi rezi-
nami, odvisno od modelay ali ima le-ta bitno
serijsko aritmetiko z osmimi biti pomnilnika,
ki pripada vsaki PE, ali pa ima aritmetiko v
plavajo®i vejici, izvedeno v materialni opremi
z osmimi l&é-bitpimi registri in petimi maskov-
nimi registri. Posebna logika med PE-mi obraga
vratni red zlogov v rezini ali izvréuje popolno
preme#itanie (perfect shuffle) ali cikliéni
pomik.

Med MISHMD primere tega razreda lahko prittevamo
ratunalnik MAP (Multi-Asesociative Procesor) . z
osmimi4CU, ki jim je dodel jenm 1024 PE in sis-
tem PM , ki je bil mnadrtovan kot "rekonfigura-
Bilrni"” ratunalnidki sistem. Posebnost tega
procesarja Je, da lahko procssira na tri nati-
ne: kot MSIMD, MSEISD in kot MIMD. Tipi#no kon-
figuracijo PM sestavlia 16 centralnih enot &
1024 procegorckimi pomnilpidkimi enotami. BSis-
taen ja bil kasneie na Fardue University izpo-
polnjen v t.im. PUMPS tako, da ga Je mogote
uporabl jati tudi za splofdpe raziskave velproce-—
worskih sistemov.

BPWEAS. Arhitektuwra ratunalnikov tega razreda
je analogna arhitekturi ratunalnpikov iz razreda
WFPBSAR, kot Jjo kaXe slika S. V ta razred spada-—
jo asociativni procesorji, ki uporabljaijio bae-
sedno serijoki asociativen pomnilnik. Na to-
vratnin procesorjiih je zasnavan tudi radunalniik
FPEFE. Ker je le-tsa hkrati tudi t.im. "nepovezan
asociativen procesor®, ga bomo obravhnavali v
prav tako imenavanam razredu UNCNAS.

WPBEAS. Arhitektura ratunalnikov tega razreda
je analegna arhitekturi ratunalnikov iz razreda
WFBSAR (8Blika &). Fredstavnik tega razreda je
STARAN. Uporablja bitno serijski ascciativen
pomnilnik. Ima do %2 agociativnih vektorskih
modulov. Prvi ratunalnik tega tipa je bil na-
menjen procesiranju digitaliziranih slik leta
1975. Popolnoma paralelna struktura uporablja
zahtevno in drago logiko v wvsaki pomnilnidki
celici in zapletene komunikacije med celicami.
Bitnp serijski agbciativen procesor je bistveno



ceneifli  od pppolnoma paralelne strukture, ker
80 istotasno primeria le ena sama bitna rezina,
Vesak od 32 asociativnih vektorskih modulov ima
2556 x 256 bitnih besed vetdimenzienalno dostop-—
naga pomnilnika (MDA), 2%& procesnih elementov,
permutaci jisko (flip) vezje in selektor. Vaak
procesni element obravhava serijsko bit po bitu
nad podatki v veeh besedah MDA pomnilnika. §
pamol jo permutaci jeliega vez ja o podatki, ki so
shranjeni v pomnilnikue DMA, dostopni prekc 1/0
- kanalov v bitnih ali besednih rezinah ali v
kombinaci ji obeh. Fermutacijzke vezje izvalja
pomike ali opravila, ki omogofajo paralelno
iskanje, aritmetidne ali logi¢ne operacije nad
besedami pomnilnika MDA. Ta pomnilnik je Gaid-
yvaar Aerospace implementiral tako, da Jje RAM
€ipom dodal XOR logi&na vezja, v kasnejlih,
draf2ijih modelih pa je MDA-pomnilnik povedal na
FR1&6 x 256 bitov na modul in znatno povidal
hitrost 1/0 operacij in procesiranja. Med izva-—
janjem ene instrukcij® se podatki v veeh selek-
tiranih pomnilnikih vaeh moduloy procesirajo
sotasnc B preprostimi procesnimi elementi, ki
&0 dodel jani veaki podatkovni besedi. Vmesnidka
anota veasbuje vmesnike s senzarijl, konvencio-—
nalne rafunalnike, signal procesorje, interak-
tivne prikazovalnike in masavne pomnilnidke
naprave., Razlid¢ne I/0 opcije so implementirane
v "cusmtom design" vmesnidki enoti, ki omogota
direkten dogtop do pomnilnika, 1/0 kanale =
vmesnim shranjevaniem, zunanje funkcijiske kana-
le in paralelni 1/0. Vsak asociativni vektoraki
modul ima 256 vhodov in 2854 izhodov, prav tako
v posebni "custom design" vmesni#ki enoti. Ta
amogota vedijp hitrost komunikacii wvektorskih
podatkov ratunalnika z visoke pasovno #irino
1/0 naprave in dovoljuje katerikoli napravi, da
nepogredno komunicira z asocciativnimi vektor-
skimi moduli. Navedene sposcbnosti znatno pove-~
tujejo v zahtevnih aplikacijah prepustnost
sistema, poenostavl jeno kompleksnaut programske
opreme pri gorazmeroma aanifdi ceni materialne
opreame, Ppsabnpa odlika radunalnika STARAN e
vigoka I/0 hitrost oz. zmogliivost komunicieran~-
ja z okolice in sposcbnost preprostega povezo-—
vanja x komvencionalnimi ratunalniki. STARAN v
eistemu 8 Konvencionalnimi ratunalniki nadzaru-—
ja paralelno procesiranje opravil, konvencio—
nalni radunalniki pa opravila, ki se morajo
procewirati serijsko.

Dandanes je vefina asociativnih procvesoriev na-
¢rtovanih za iskanie informacij in obdelave
podatkavnih baz. Tak#ne vrste je aspciativen
ragunalnik RELACS, ki ga je predlagal Stevens
(1975} in je namenjen raziskavam na Syracuse
University. Zasnovan je@ na uporabi vefstopeni-~
skih pomnilnikov med diski in gostitel jskim ra-
tunalni kom. ’

UNCNAB. Stroji tega razZreda imajo pomnofene PU

in DM iz strojev prvega razreda BPWSAR. FU in
pridru*eni DM Bp v tem razredu definirani kot
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Slika 8. Arhitektura procesorja
iz razreda UNCNAS.

pracesni elementi FE., Vse PE izvajaja instruk-
rijie ene same krmiine enote CU. Dobro poznan
stroj tega razreda je FEFE, Ker procesne enote
med meboj niso povezane, j& uporaba teh strojav
omajena, po drugi strani pa obstajajo dolatene
prednasti le-teh raradi relativno enostavnih
procesnih elementov. Arhitekturo ratunalnikov
tega razreda ka¥e slika 8.

Kpt vidnejdega predstavnika tega razreda bi
boma ogledali rafunalnik PEPE.

ODbstajata dva tipa popolnoma paralelnih asocia-
tivnih procesorjev: besedno arganizirani in s
porazdel jeno logiko. Pri besedno organiziranih
procesariih je prisotmna primerjava vsakega bita
veake besede in &0 mofne logiéne odlotitve po
procesiraniu vsake besede. Ascciativni proce-
sorji s porazdeljenc logiko 5o mani zapleteni
in zato tudi canejdi. Tak#den procesor Jje PEPE,
ki je bil razvit v Bell Laboratory-jih za apli-
kaci je procesiranja radarskih signalov. Proce-
sor sastavl] ja sedem razlitnih funkcionalnib
podsistemov. Od tebh je pet madzornih enot, kot
&0 nadzorna enota izhodnih podatkov in pomnil-
nidkih elementov, aritmetiéna, korelacijska in
agoeiativna izhodna nadzorna enota, ter nadzor-—
ni sistem in #tevilne procesne enote. Veako PE
sestavl ja aritmetifna enota, korelacijiska eno-
ta, asociativna izhodna padzorna snota in pom-
nilnik =z 1024 32-bitnimi besedami. 288 " FE i
organiziranih v osem elementne svitke. Selekti-
rani deli opravil se nalagajo iz gostitel iskega
radunalnika CDC-7600 v procesne enote. Selekci-
o dolo#a inherentni paralelizem opravil in
specifitna arhitektura procesorija FPEFE, ki
lahke obravnava pogamezna opravila velike bolj
wipkovito ~ kot gostitel jski univerzalni rafu-
nalnik, in se uporablja le kot koprocesar tega
rafunalnika.

CNAR. Strolii tega razreda so podobni stroliem iz

prejénega razreda 8 to razliko, da so pri stro-
Jih iz razreda CNAR procesna enote PE razvrite-
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Slika 9. Arhitektura procesorija
iz razreda CNAR. -

ne v liniji in med seboi povezane znajblifji
sosedi. To pomeni, da morejo nekatere procesne
encte naslavl jati besede v svojem lastnem pom—
milnikue in tudi od neposrednih sosedov. MNa ta
natin je v doloteni meri odpravljena slabost
procesor jav iz prejdnega razreda, ki izvira iz
nepovezanasti PE. Primer atroja tega razreda je
ILLIAC IV, ki omogoda hkrati tudi direktne
komunikaci je med vsakimi osmimi pracesnimi
enotami FE. HKarakteristi€no shemo arhitekture
procesarja iz tega razreda vidimo na sliki 9.

Vitdnei#i predstavniki tega razredas so poleqg ra-
funalnika ILLIAC IV tudi izvedenke MIMD tega
rafdunalnika, kot je procesor PHOENIX. Niegov



predhodnik je procesor, ki ga v bistvu sestav—
lja originalen ratunalnik ILLIAC-IV. Ta je na-
trtovan tako, da ima 4tiri centralne enote, ki
jim Jje dodel jeno 256 PE (4 krat &4 PE). V okvi-
ru rafunainikega projekta PHDENIX pa je zdru—
Yeriih 16 po &4 PE, kot razdiritev rafunalnika
ILLIAC 1V za #e winkovitejde MSIMD wvektorsko
procesiranje.

Med procesorie MIMD tega razreda 1ah§b prifve—
vamo tudi TRANSPUTERSKI SISTEM, ki ga bomo
posabei abravnavali kasneje.

Pregled zmogl jivosti nekaterih paralelnih ratu-
nalnikov daje Tabela 1.

SIMD l.eto Arhitek- Najvetja
sistemi zagnave tura zmogl jivost
(AR/AS} v Mélop/e
UNGER 1958 ws , AR

SOLDMON 1942 we 4 AR

vaMp 1965  ws,AR

CDC 7&00 19469 ws AR

STARAN 1970 be,ARE

ILLIAC IV 1972 We AR BO-200
PEPE 1973 be,AS,UNCN 100-288
CLIP 1947 hs,AR 107 pixel opw
DOMEN 40 1974 b ,AS,0RT

MAF 1977 ws AS,M

GRAY~-1 1978 we AR * 130200
ICL. DAP 1978 bae,AR 10-30
BSF : 1979 wE 4 AR 20-50
PMa 1979 we, A8, M

RELACS 1979 be,AS a
PHOGENTIX 1979 ws,AR,CN,M 10

CDC NASF 1979 - 1000~3000
CYBER 205 1982 we , AR jutatuls]

HMPP 1983 2006000
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Tabela 1. SIMD-ratunalni#ki sistemi

lLegenda:
ws besedne rezine
be bitna raezine

M(SIMD) wvedkratni
(Multiple SIMD

AR  vektorski ORT ortogonalni
AS asociativni CN pavezani
* SISD z MFE UNCN nepovezani

2.2. Pregled razvoja paralelnih sistamov.

VY Tabeli 2 je prikazan #asovni prikar razveja
paralelnih vektorakih in asociativnih procasor-
jev. Med prve , ki so jlh zasnovali, codijo:
vorn  Neumann, Holland in Shooman. Povezave mad
pagameznimi procesorji v razpredelnici ka¥ejo v
emeri od desne proti levi njiheve prednike po
arhitekturnih znatilnosti.

¥  zakljufku tega sestavka nai omenimo, da o
stroji MIMD neprimerni za redevanije problemav,
ki se nana#iajo na refievanje sistemov parcialnih
diferencialnih enatb (p.d.e.s.) ali razse¥nih
optimizaci jskih problemov, Tako nam z2a rese-
vanje tovrstnih problesmov octanejo le matriéni
in vektorsko cevani ratunalniki. Med prve sodi
na primer ICL DAP, med druge pa Bray-1. 0d obeh
Jje za amenjene raziskave primarneidi vektarski
ratunalnik ICL DAF iz naslednii razlogov:

1. Mre¥a procesorjev (matrika) se enostavno .

preslika v mredo, ki je za tip problemov, ki
@ refujejo, najustrznejda, in

2. Vektorski ratunalnik omogota poglobljen dtu-
dij sotasnosti v algoritmu, medtem ko vek—
torsko cavani radfunalnik (npr. GRAY-1) so-—
tasnost (paralelizem) v algoritmu} na nek
natin prekriva.
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Tahela 2., Razvoj paralelnih vektorskih
in agpbciativnih procesorjev.

Iato se bomp v naslednjem poglaviu poglobili v
strukturo vektorskega ratunalnika, kakr8na sta
na primer radunalnika ICL DAP 2z jezikom DAP
FORTRAN in novejdl TRANSPUTEREKI SISTEM z jezi-
kom OCCAM.

3. PORAIDELJEN VEKTORSKI RAZUNALNIK

Zgled vektaorskega porazdel jenaga procescorja je
ratunalnik ICL DAF., Med novelife tovrstne ratu-
nalnike lahko pridtevamo +tudi sistem t.im.
transputer jev. Transputer predstavl ja procesor—
ski modul. Vektorski ralunalpik pa dobimo, &
te module matrifno pove¥emo med seboj.

Ena od biastvenih razlik ocbeh ratunalnikov je v
tam, da ICL DAP pripada razredu SIMD, medtem ko
lahko TRANSFuterski Sistem pripada tudi razredu
MIMD. Prvi ima v dana#nji verziji (Queen Mary
Colege, University of London) v enoti 4096
procesoriev, ki so razporejeni v mariki 64
44, Ta enota ne dela kot samostoini ralunalnik,
ampak le kot pomnilnidki modul, ki je povezan z
obidajnim centralnim pomnilnikom. Podrobneiéi
opis ratunalnika DAP najdems v delu Reddaway-a
/87, V TRASFS pa w0 elementi matrike poveem
sampstoini  procesor3i  tim.  TRANSFUTERJI, ki
pripadajo procescriem iz razreda SISD /9/. Ne
le v omenjenem primeru, ampak tudi sicer lahke
ugotavl jame, da imajo procesorii v ratunaini-
kih, ki pripadajo radunalnikom iz razreda SIMD,
v primerjavi s pracesorji v ralunalnikik, ki
pripadajo razredu MIMD ali centralnim procesor-
jem, praviloma zelo preprosto osnovne arhitek-
ture. V rattunalniku DAP so procesorii, ali
bol je re¢enoc procesng enote PE, bitno organizi-
rane, kar omogofa sistemu veliko prilagodlii-
vost aplikacijam, ki so skladme z niegovo orga-
nizacijo. Med takéne, najbolj pogoste aplikati-
je, sodijo: procesiranje slik, pregledovanie
podatkov in simbolno procesiranie, ki je z2dru-
fgno 2 osnovno aritmetiko.




3.1. Ratunalnik ICL DAP
Dsnovno organizaci jsko shemo rafunalnika DAP
podaja slika 10.Iz nje je razvidno, da- je vea-

ka procesna enota povezana z pajbli®jimi dt{ri-
mi sosedi. Glavne podatkove poti, ki potekajo
po kolenah in vrsticah, pa povezuiejo vee
procasorje dane vretice oziroma kolons., Te poti
omogolajo hitro oddajanje in sprejemanjie infor~
macij prekoe matrike procesorijev in  je mogode
vzpostavl jati diametralne povezave, tudi prako
celotne matrike, ali ve# lotenih povezav. V ra-
tunalniku DAP ima veak procesor lék bitov pom-
nilnika RAM, kar predstavlija skupaj 1&k ® &4 x

&4 / 8 = B megazlogov., Pri tem naj omenimo, da
imajo drugi podobni stroji, %i %0 danes insta-—
lirani, le 4 kiloziogov na pracesor ali skupaj
2 magazlaga. -
b4 u
/_______&___ﬂ______________________m__m7:
54 Procesna matrika s i
/ 64 u &4 /)
e e e / !
! 1 i
H H |
! 16k bitov pomnilnika H /
H na procaesna enota HE
! v/
e e e e e e e e e t/
Sika 10. Osnovna organizacijska shema
ratunalnika ICL DAP
Vsaka procesna enota poseduje svoje lastne
podatke, ki jih obdeluje, sprejema pa tudi

nakaj skupnih instrukcij, ki jih po#ilia glavna
kantrolna enata (MCW) . Zato ta rafunalnik pri-
itevamo med ratunalnike tipa SIMD,

Eﬁmta
omogota

1z slike {1 je razvidne, da ima procesna,
PE tri registrer delovni register A
prekinjajofe delovanje procesorja v skladu z
zahtevami programa, medtem ko je A enabitni
akumulator in C register, ki hrani prenos.

Fomembna lastnost radunalnika DAP je sposaobnost
izkl julevania posameznih procesor jev v ratunal-
niku, Na primer, #e redujiemo problem, za retde-
vanje katerega zadosta mrefa procesorjev, ki je
manifla od &4 % &4, moremo s pomofjo  logitne
matrike odvelne procesorje z maskiranjem pre-
prosto izklju®iti, Na ta nadin moremo izvajati
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Slika 11. Arhitektura proﬁasna enote

procesor ja ICL DAP.

neke matematitne operacije na delu matrike, ki

a

je& prilagojena dolo¢enim zahtevam., Slednije si
bome kasnrje ogledali bol j nadrobno.

3.2. SISTEM TRANSPUTERJEVY

Racunalniki z ve¢ med seboj povezanimi proces~
nimi enotami, imenovanimi TRANSPUTRJI /12,13,
14/, predstavljajo razliéne sisteme, med kate-

rimi be za nas posabej zanimiv ‘porazdel jen

vektorski ratunalnik.

Inmoas, ena najpomembneidih britanskih firm ra-
dunalnigkih komponent, je ponudila tr#idey 14—
bitne (T 212 in ™M 212} in 32-bitne " (T 414),
napeveduie pa tudi 2 nove #e zmogl jiveite (T
800) RISC procewsorske enote, imenovane transpu-—
ter je, ki soc med sebbji popolnoma =zdruflijive.
Transputer Jje ratunalnik na €ip, ki omogoda
itzvajanje ved procesov hkrati in tudi sam skrbi
za komunikaci jo med njimi. Komunikacija poteka
preko skupnegs pomnilnika. Vet transputeriev se

lahko povezuie med seboj preke kanalov v ved-
procesaorski wmistem, ki omogota konkurenéno
izvajanje veéih protesov. Takéne sisteme je

mot #e nadal je povezovati v #e vedje sisteme in
takes graditi esisteme s paljubnim dtevilom
transputar jev. Transputerski sistemi niso ved
zasnavani na von Neumannovi arhitekturi, hkakré-
no ima sam transputer. Zato, in zaradi sposcb-
nega transputeria lahko dosegajo ali cele pre-
segajo zmogl jivost danadnjih superratunalnikov.
Zakl judeni transputerski sistemi se povezwijeljo
med seboj in € standardno mikroprocesorsko
periferijo preko posebnib vmesnikov t.im. "link
adaptorjii" IMS CO01l in IMS COO2, ki skrbijo =za
medsebojne sinhronizaci jo vefih sistemov oziro-
ma povezavo sistema z njegovo periferijo.

JZ=pitni transputer T 414 jo splofno namenski
in zmore 10 MIPSav pri 20 MHz. Prav take je
splotnonamenski njegov predhodnik T 212, medtem

ko Je M 212 namenski transputer 2a kontrolo
inteligentnega diskovnega sistema. T 414, ki je
predstavnik te drudine, je izdelamn. v 1.5 mi-
kranski CMOS tehnologiji s preko 150k transis-

toriev v Bd4-pinskem &ipu. Frocesor ima J2-bitne
notranie in zunanje izhode za naslove in podat-

ke, ki sp multipleksirani in dosegajo. hitrost
prenosa 20 megazlogov, 4-gigazlo¥ni linearni
naslovni prostor, PROM in 2k SRAM pomnilnika

ter 4 medtransputerske komunikaci jske kanale. V
pogledu nabora wkazov transputer odotopa od
obitajneqa nrabora ukazov RISC arhitekture,
predvsem po #tevilu veeh ukazov in prisotnosti
ukaznov za mnofenje in del jenje.
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glika 12. Transputerski wvektorski sistem



8lika
ki ga

12 ka¥e transputerski vektorski sistem,

sestavl Jaja kvadratna matrika N=1&kls
procesnih enot, sistem pomnilnidkih vmesnikowv,
povezovalni sistem, matri¢na krmilna - enota,
gogtitel jski radunalnik in vhodno/izhodna eno~
ta.

Kot Bmo fe omenili, so transputerii zelo zmog-—
liivi 32 bitni procesorji (n.pr. T424)s statiti~-
fnim pomnilnikom (pomnilnidko banko) in razlidne
uginkovitimi komuwnikacijekimi vmesniki. Vee te
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Slika 13. Konfiguracija komunikaesiij znotraj

vektorekega polja (PE=procesne eno-
te, MB=pomnilni#iizi bloki, N=1&x1é)

kompanente so integrirane v enem samam &ipu, ki
predstavl jajo odliéne gradnike konkurentnih
procesnih vezij /1%5/. Transputerske zanke pred-—
stavl jajo kanale za medprocesna komunikacije v
materialnt opremi, Tako obstaja zelo tesna
poveranpst med povezavami (:zankami) transputar-
skih Kanalov in komunikacijskim protokalom, ki
je primeren za kKomunikacije v t.im. “wavefrant"
vektorskih procesarjih {wavefront array proces-—
sars).

Proizvajalec transputerjev je poskrbel tudi za
udinkovito in lahke programiranie v jezika
DCCAM, ki ga je Inmos posebel razwvil za trans-—
puter. Prevedli a0 ga 2e tudi za druga okolja,
npr. VAX in IBM PC.

4. PﬁﬂBRﬂHIRANJE VEKTORSKEGA RAELUNALNIKA

Najpreje si bomo ogledali, kak8no je programi-
ranijs na paralelnam vektorskem rafunalniku DAP,
madtem ko si bomo programiranjie na TRANSPUTER-
SKEM SISTEMU ogledali v nadal jevanju tega £)]lan-—
ka.

Ratunalnik DAP na Univerzi v Londonu je pro-
gramljiv v jeziku DAP FDRTRAN. Ta jezik je
standardni FORTRAN, ki pa je raz#irjen za vek-

toreko procesiranje. Opis jezika DAFP FORTRAN

najdemo v delu Flandersa /9/ ali v originalnih
priraotinikih ratunalnika ICL DAP.
V standardnem FDRTRANuU Jje osnaovna radunska

enota skalar, v DAP FORTRANu pa je le~ta lahko
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vaktor ali matrika (kjer seo vektorii in
Fri ra&unal-
ko lahko
FORTRANW

skalar,
matrike dimenzije N oziroma N x N.
niku DAP je dimenzija N = &4). Maedtem,
selitevanje dveh matrik v obidajnem
zapiflemo kot

DD 10 I=1,N
Do 10 J=1,N
C(I,dI=All,J)+BCI, )
10 CONTINUE,

bo v DAP FORTRAN gornii zapis preprosto skrten
na en sam stavak

C=A+B
Jezik DAP FORTRAN ima #tevilne asnovne funkci-

je, ki mse uporabliajo za izvajanje delodenih

vperacii. Takéne funkcije so na primer:

SuUmM lzrattuna shkalarno veoto matrike N w N.

ABS Zapifle absolutno vrednosti vsakega ele-
menta v matriki N x N.

MAXY Poif¢e najvetje skalarne vrednosti v ma-
trikli N u N.

MAXF Poifitte pozicijo najvedjp vrednosti {(ozi-
roma najvetiih vrednosti, ¢e jih jg vet)
v matriki N % N, Pozicija je oznalena =
"1" v logid¢ni matriki.

ALL. Izraduna logitno vsoto IN veeh vrednosti
v 1ogifni matriki (ali logi#ni izraz, ki
izratuna logiéno matriko). Funkciija je
izredno utinkovita pri konvergengnem
testu matrike.

Ppmemben pripomotek pri  obravnavanju matrik

predstavl ja, kot emo Ye omenili, Ssposcbnost

izklapl janija posameznih procesorjev & pomotjio
legine matrike. V nadal jevanju bomo pokazali
nakalj primerav.

Predpostavime, da imamo matriko A raisefnosti

&4 x &4, ki vesebuje poritivna in negativna #te-

vila. I8¢emo kvadratni koren vseh pozitivnih
elemantov matrike. To lahko zapi8emo v obid#aj-
nem FORTRANu takole:

pa 10 I=1,N
DO 10 Jei,N
IF(A(I,J)GT.0)=SART (A(I,J))
10 CONTINUE

medtem ko Je v DAFP FORTRANW
bistveno preprosteisi:

zgarnji program

A(A.BT.0)=SBRT (A)

Izraz A.GT.0 praedstav]ja
vradnaostmi "1" na poziecijah,
0, drugod pa vrednost "0", Raezultat na desni
strani idzraza je matrika, kateri je dodeljena
vradnast le na tisti pozicidi, ki Ji ustreza v
logieni matriki na levi gtrani wvrednost "i".
Ogleimo =i bolj zapleten primer, kot je raie-
vanije Laplace’ove enatbe. V tem primeru ¥elimo
zamenjati wvsako vrednost v matriki s povpretno
vrednostjo njenih #tirih pnajbliiZjih sosedpv, V
standardnem FORTRANW bomo zapisali tonamenska
kodo takole:

matriko =
A vetji od

logidno
kigr je

PO 10 le2,N-1
DO 10 J=2,N-1
YOI, J =X T+, D+ X €11, J)+X (T, J+1)+
X(E,0-1)}/4
10  CONTINUE

Pri tem je potrebno zapigati posebno kodo, ki
uraja meje matrike (tj. preprefujie napake, ki
bi se lahko pojavile zaradi matri¢nih indeksov,
ki presegaio meije matrike). Kodo zgoraj lahko v
DAP FORTRANW izrazimb 2 enim samim stavkom

X=X (4 24X (=, )X, +)+X(,~)) /4



V slednjem izrazu izkoridtamo sposcbnost rabtu-
nalnika DAP, ki omaogofa pomiéno indeksiranje. I

izrazom X(+, )} dosefemo tolko na sosednji vre-
tici matrike procesnih enot (ki ustreza izrazu
X(I+1,J) v serijski verzijid), z Xi{~, ) pa dose—
¥emo tofko v predhodni vretici, itd. Pomembno
js, da vemo, da s0 vsE® totLke v matriki istolags-
ne af¥urirane. VYV tak€nem primeru sedtevalne
matrike ne potrebujems ved. Meje matrike se

urejaje avtomatidno z vnaganjem nidel na mesta,
ki jih dalota geometrija. Pri ravninski geome-
triii vstavljame ni¢le na ustrezna mesta v
ravnini, madtam ko pri ciklidni geometriii
zato, da dobime cilinder, povezujemoa ali sever-—
ju¥ne ali vrhod-zahodne robove, . neocdvisno od
uparabl jene smeri pomika. Lahko pa pomikamo
tudi vee #8tiri rpbbve in s tem dobimo "torus".

Sedaj predpostavimo, da felimo rediti Laplacesov
problem =z iregularnp oblikovano mejo (ali s
pravokotnim poljem, ki je manjte od &4 x &4).
DAP FORTRAN omogofa kreiranje logiéng matrike,

imenovane DOMAIN. V njej oznafimo pravilne
vrednosti (TRUE: logiéna "1") v tiste dele
matrike, ki odgovarjajo podro#iju problema in
neprave vradnoati (FALSH: logid¢na "0O") povsod
drugod v matriki. Re#itev je podana v naslednjii
kodi g .

DO 10 I=1,LIMIT

oLDX=X

X (DOMAINY = (X (+,) +X (= 1+ X {,+3+X (,=}) /4
IF (ALL {ABS (X~OLDX) . L.T.EFS)} BOTO 20

10 CONT INUE
CONVERGED=, FAL.BE.
RETURN

20 CONVERGED= . TRUE.

" RETURN

S. IAKLJUEEK

S tem smo se na kratko eeznanili z naravo ratu-
nalnika ICL DAP in nafinom programiranija, ki je
primeren za tak#ien ratunalnik. Iz teh spoznani
morems sklapati, da je ufinkovitost radunalniba
ICL DAP za reflevanje tako linearnih kot neline—
arnih p.d.e. dzredno velika., To dejstve je
prepritljivo potrjens tudi & strani uporabnikov
tega ratunalnika.
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Drugi
TRANSPUTERBKEGA SISTEMA
postepku,

‘del prispevika bo posveden programiraniu
in ocptimizaci jskemu
ki je zasnovan na matritnem rafunu in

ga je mogofe winkovito izvajati le na paralel-

nem
1=

lahko
implemantaci jo uporabnidkih algoritmov,

postopek
orodje za
ki vse-

vaktarskem ratunalniku. Omenjeni
uporabl ja kot uéinkovito

bujejo velika stopnjo inherentnega paralelizma,
na paralelnem vektorskem ratupalniku.
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VECOPRAVILNO OKOLJE ZA DELO V REALNEM CASU NA RACUNALNIKU IBM-PC
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This article presents a multi tasking environment for the MS-DOS operating system on the IBM-PC
computer. Real time scheduler was developed using real time clock interrupts to perform process
scheduling. Interprocese communication is implemented using semaphores and message exchange. All
the support routines for the multi-tasking real-time envircnment are packed in a single module
which offers all the routines needed to handle process manipulation, process synchronization

and interprocess data exchange. All the
environment. :

software is developed using Logitech Modula-2

&lanek opisuje osnovno okolje za pisanje vetopravilnih programov na razunalniku IBM-FC pod
operacijiskim sistemom M5-D0S. V ta namen smo razvili razporejevalnik procesorskega &asa, ki
uporablja urine prekinitve. Za medprocesne sinhronizacijo smo uporabili gemaforje in izmenjavo
sporo&il, Uparabniku je na voljo modul podprogramov, ki nudi vse potrebne podprograme za delo v
veiprocesorskemu okolju. V modulu eo podprogrami za ustvarjanje, poganjanje, ustavijanje in

izlotanje ter podpregrami za nadzor procesov,
receive) in podprogrami za sinhronizacijo (wait,
ustvarjanje, nadzor in izlocanje semafarjev.

jeziku modula-2.

1. OvoD

Razunalniki zdruzljivi z IBM-PC zo pri nas
vadno pogostejsi in tudi niso pretirano
dragi. 2al pa ti ras&unalniki ne nudli jo
podpore v vezopravilnem okelju. Ker se zaradi
nizke cene vedno veé& potrodnikov odloga za ta
tip ra&unalnika, so razvijalci prisiljeni
poiskati, oz iroma izdelatl &imbolj
univerzalna orodja za izdelavo zahtevneisih
aplikacij. Vv tem ~ &lanku predstavl jeni
razpeorejevalnik procesorskega &éasa
predstavlja eno od takih orodij. 2al =zaradi
ome jenostl operacijskega sistema M$S-DOS iz
fiecka ni mogote narediti Ferrarija.

1.1 PROCESI

Proces lahko definiramo kot asinhrono
aktivnost, naprimer jzvajanje programa na
centralni procesorski epnoti CPE JHOL78/. S
preprostim razmislekom ' lahko pridemo do
zakl jusdka, . da je proces lahka v poljubnem
trenutku opazovanja le v enem od dveh moinih
stanj

IZVRELIIV ccwe==- ————e- NEIZVR&LJIV
Opisani stanji - lahko zaradl lazjega

razmisljanja razdelimo naprej na naslednja
podstanja:

IZVRELJIIV - TRENUTNI

- PRIPRAVLJEN
NEIZVRELJIV - PREKINJEN

- &AKAJOZ

- SPE&

- SFREJEMAJOZ

podprogrami za komunikacijo med procesi {send,
signal) in ustrezni dodatni podprogrami za
V=a programska oprema je napisana v programskem

Privzemimo, da imamo VeE& procesov. Vei
procesi iz skupine IZVRALJIV imajo pravico do
izvajanja na poljubnem CPE. WV poljubnem
trenutku pa =se dejaneko izvaia eden (na eno
procesorskem sistemu) all N procesov (na N
procescrskem sistemu). Procese, ki se
izvajajo, imenujemo TRENUTNI. Vsi ogtali
procesi, ki imajo pravico do izvajanja, pa se
ne lzvajajo =zaradi pomanjkanjia prostih
procesorjev, so v stanju PRIPRAVLJEN.

Procesi iz skupine NEIZVRELJIV so zaeasno
ustavljeni in nimajo pravice da progesoarja,
eeprav bi kak procesor bil prost ali celo
brez ‘'dela. Ti procesi Eo ustavljeni in Zakaje
na nek zunanji dogodek, ki jih zbudi in 3ih
prestavi v skupino IZVRsLJIVIH procesov.,
Dogondki, ki jih zbudijo in prestavije v drugo
skupino, =so vrazlieni glede na stanje v
katerem =0 zaustavljeni.

Slika 1.1 prikazuje moina stanja procesov in
+degodke, ki wvplivajo na prehode med stanji.

K glikli 1.1 moramo dodati tudi kratek
komentar. Iz slike Jje razvidno, da klic
podprograma CREATE ustvari nov proces in ga
postavi v stanje PREKIMJEN. Vprakanje, ki se
pojavi je, ka]j se zgodi s procesom, ki ga
ielimo odestraniti 1z nadgega okalja. Klic KILL
odstrani proces ne glede na to kje se je
nahajal pred klicem. Proces nepreklicno
izgine iz okolja. Pred odstranitvijo sprosti
vsEe zasedene zmogljivosti v sistemo.

1.2 SINERONIZACIJA

Za sinhronizacijo procesov v ve&procesornih
okoljih uporabl jamo razli#&ne tehnike.
Dokaztemo lahko, da 80 vse tehnike
funkcionalno enakovredne /FILB4/, wvendar =so v
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Slika 1.1
Stanja procesov in prehodi med stanji

razli&nih izvedbah razli&no primerne.
Razporejevalnik oplean v tem &lanku za
sinhronizacijo uporablja eemaforie /DIJ75/ in
izmentavo sporoeil /JONB7/.

1.2.1 SEMAFORJI

Kot =sta pokazala /DIJ75/ in /JHAN?73/ lahko
vee probleme sinhronizacije redimo 8 P in V
semaforjema. V nagil izvedbl razporejevalnika
smo uJporabili =splo&ne (stevne) =semaforje.
Torej je binarni semafor v nagem
razporejevalniku le posebna oblika =sploanega
semaforja.

1.2.2 IZMENJAVA SPOROZIL

Izmenjava epro&il . (message exchange) Jje
poseben mehanizem, kil omogoka procesu da
prenese pripravl jeno gporcé&ilo drugemu
procesu. lzmenjava sporotil je cbenem poseben
mehanizem sinhronizacije. Glavna razlika med
gsemafor i in izmenjavo sporoezil je v tem, da
mora biti =2a vsak klic HWAIT(sem) wustrezen
klic SIGMNAL(sem), v primeru izmeniave
sporo&ll pa to ni nujno. Izmenjava sporozil
je 2a sinhronizacijo preprostejfa posebno
kadar proces ne ve vnapre] koliko sporo¢il bo
dobil in kateri procesi jih bodo poslali. Ta
na&éin sinhronizacije Jje uporabljen v CSP
/HOAB5/, moduli-2 /WIRBS5/ in v programskem
jezikw OCCAM /JON87/. Doka*mo lahko, da jJe
moino lzvesti izmenjavo sporo#il samo =
semaforji in obratno /FILB4/.

1.3 RAZPOREJANJE PROCESOV

Naza nadaljna razlaga bo zadevala
encprocesorske sisteme. Posplositev na
vedprocesoreke sisteme je oxitna.

Iluzijo vzporednega izvajanjia ve& procesov na
eno ali wve&procesorskemu siztemu lahko
dogezemo ] preklapljanjem procesorja
{ptocesorjev) med ve& procesi.

te hofema zagotaviti, da bodo procesi
enakopravno izkorigéali dane procesprske
zmogl jivosti v sistenu, moramo uvastl
razaodnika, ki o©dloza, kdaj bo kateri od
procesov zadel z izvajanjem, kdaj bo izvajal
svojo kodo in kdaj bo prenehal z delom, da bi
prepustil procesor naslednjemu uporabniku. Ta
razsodnik je razporejevalnik procesorskega
tasa. Razporejevalnik odlota kateri proces
lahko zasede procesor in ga potem tudi lahko

prekine, da dodeli procesor drugemu procesu.
Ysakemu procesu doleotimo nek dolozen &as, ko
.lanhko tete, ne da bhi ga prekinili. Fo izteku
tega 2asa damo v izvajanje na tem procesor ju
nek drug proces. 4

2. IZVEDBA
2.1 PRCGRAMSKO OKOLJE

Razporeijevalnik Zasa smo razvili za  IBM-PC
zdruzljiv razunalnik. %a module-2 smo se
_odloeili, ker je wvigji programski jezik
/WIRSS5/, ki ima vee potrebne konstrukte =za
delo na strojmem nivoju in obenem oEnovno
podporo za delo 2z ved procesi. Tako Je

razvoj in wvzdrtevanje programske opreme
relativno preprosto. Vsa programska oprena
razporejevalnika je napisana v Logitech

Moduli-2/66 pod operacijskim sistemom MS-DOS
3.20.

2.2 uvoD

Razporejevalnik 'je zasnovan na primeru
razporejevalnika za RT-11 /BROB7/. Za razliko
podcbnih razporejevalnikov, ki delujejo

sinhrone (fCOL87/, nas razporejevalnik omogoea
delo v realnem &tasu. Informacijeo o pretecenem
Zasu dobi od prekinitev, ki 3jih generira ura.
Urine prekinitve so relativno pogosgte. &e bi
razporejevalnik ob wvsaki urini prekinitvi
pregledal wee strukture; bl bil odziv eEicer
izjemno dober, vendar bi bila wuésinkovitost
takega =isgtema 2zelo majhna, =aj bi =se tak
sistem vetino &asa ukvarjal s=am s =zeboj. Tako
ob wvsaki wurinil prekinitvl razporejevalnik
pregleda “le nekatere strukture, medtem ko
splogni pregled stanja procesov naredi le na
doloseno atevilo urinih - prekinitevs
Uglazevanje izvedemo eksgperimentalno.

Razporejevalnik odlo&a, kateri od proce=sov bo
dabil pravico do izvajanja svoje kaode .
Razporejevalnik ga tudi prekine med
izvajanjem in to tako, da =e proces tega ne
zaveda, Razporejevalnik shrani vee potrebne
podatke o0 procesu v lokalni.pomnilnik, tako
da lahko v poljubnem trenutku ponovno zazene
prekinjeni proces. Proces nadaljuje H
izvajanjem v to&ki v kateri je bil prekinjen.

Med delom smo naleteli na vee tesav. Najvezjo
~tesavo je predstavljala sama zasnova
operacijskega egistema. MS-DOS 3.20 je eno
uporabni&ki eno opravilni operacijski .sistem,
tako da nobeden od gistemskih klicev ni
prekinl jiv. To tefavo smo poskuzali zaobiti =z
uporabo nedokumetirane lastnosti
operacijskega sistema /LOGB5/, ki = posebno
zastavico ozna&i kdaj je v kritieénem odseku.
Vendar se ta resitev med izdatnim testiranjem
ni izkazala kot dovolj zanesljiva, ker tudi
nekateri podprograml v moduli-2 nieo
prekinlijivi. Ta problem smo resili tako, da
emo calotni klic DOSa ozna&ili kot kritiezndi
odsek.

. Id
Celoten sistem ja‘rsestavljen iz tréh
funkcionalno ld&enih modulov: ‘jedro,
semaforji in izmenjava sporoé&il. Jedro
CHOgo&Es delo nad procesi (ustvarjanje,

prekinitev procesa), mocdul semafor jev omogoéa
delo s semaforji {ustvarjanje, SIGNAL, = WAIT}
modul za izmenjavo sporos#ll pa omogo&a klice
SEND in RECEIVE. Ker je nad& sistem namenjen
tudi uparabi v pavsem realnih aplikacijah, so
vei trije moduli skriti v oklepajozem modulu,
ki’ zunanjemu uporabniku enemogoa dostop do
kritienih wukaznih in podatkovnih =struktur.
Iz modula navzven o iznesene le funkciije, ki
so potrebne za utinkovito uporabo sistema.
Uporabnik nima nobene modneostl, da bi "z



nepravilno ali nepazljiva uporabo porusil
konsistentnost sistema. V dodatku A Je podan
definici{jski modul nadtega razporejevalnika,
iz katarega 3je razvignc, katere podatkowvne in
ukazne strukture ter Klici so uporabniku na
voljo.

2.3 PODATKOVNE STRUKTURE

Za uéinkovitejee delo razporejevalnika smo
morali dobréen del prekinitvenih podprogramov
zamenjati s svoiimi novo napisanini, ki
uporabl jajo konstrukte iz razporejevalnika.
Podatkovne strukture lzven modula nisoc wvidne
/BRO87/. Osnovne encte, s katerimi uporabnik
lahko upravlja, so procesi, semaforji in
sporoéila. 2 njimi operira preko klicev
podprogramov in tako vpliva na tek procesov.
Vsi podprogrami so monitorji /HAN7S/.

2.3.1 PROCESI

Osnovna enota v sistemu je proces. Proces je

v moduli-2 izvajanje pudprograma brez
parametrov JWIRBS, in /JLOGB&/. V nasem
Sistemu sSmo definicijo razsirili z

naslednjimi parametri :

- ime

~ interno ime

- %ivljenjski prostor

- pricriteta
Ime je sestavijeno iz niza alfanumerianih
znakov, Namenjeno Je le wuporabniku. Ob
zahtevi za ustvaritev procesa jedro preveri
pravilnost parametrov in ustvari proces.
Priredi mu interno ime, ki ga vrne
uperabniku. Vsi nadaljnil klici za delo :z
ustvarjenim procesom uperabljajo le interno
ime. 2iv] jenski prostor opredeljuje velikost

procesy prirejenega delovnega ponnilnika
/LOGB6/. Prioriteta je pomemben parameter, ki
ppisuje nujnost izvajanja danega procesa.

Veé&ja vrednost predstavlja ve&ejo prioritetg.
V oasnovni l2vedbil nagega sistema velja, da se
vedno izvaja tistl proces, ki ima najvi¢jo
prioriteto. Kadar je takih procesov ve&, =i
ti procesi enakopravno delijo procesor med
sebo] (round robin). Naslednje izvedbe
sistema omogoé&ajo drugagne nad&ine
razporejanja /VMS82/. ’

Vsak proces opredeljuje spremenljivka
{prim. =lika 1.1). Kot smo omenili, se
proces v danem trenutku nahaja le v
enem stanju. Kratek opis stanj:

stanja
lahko
natanko

TRENUTNI (CURRENT}: Ker Je IBM-PC
enoprocesorski sistem je lahko v poljubnem
trenutku le en TRENUTNI proces. Ta proces
izvaja svojo kode. &e sam ne klide nobenega
od podprogramov, ki bi mu lahke spremenil
status (WAIT, RECEIVE, SLEEP, SUSPEND), ga
prekine razporejevalnik ko potete njegov
interval &asa, ali pa ¢te se prebudi kak
proces z viejo prioriteto. Kadar je ta proces
edini & tako prioriteto, bo ponovne dabival
pravico do izvajanja po en interval, dokler
ne bo kone&al all pa zamenjal statusa.

PRIPRAVLJEN (READY): V tem stanju so wvsi
procesi, ki imajo vse pogoje za izvajlanje in
¢akajo le na prost procesor.

PREKINJEN ({(SUSPENDED): Po klicu za ustwvaritev
razporejevalnik ustvari proces in ga postavi
med NEIZVR&4LJIVE procese. Proces ostane v
tem stanju, dokler ga ne obudi eden od
TRENUTNIH procesov. Razporejevalnlk lahko v
to stanje postavi tudi pol juben PRIPRAVLJEN
proces, ¢&e to od njega zahteva kateri izmed
procesov.
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EAKAJOE (WAITING): Razporejevalnik poetavi
pol juben TRENUTNI proces po klicu WAIT v to
stanje, ¢te je vrednost semaforja ob klicu
niz. Proces ostane v tem stanju dokler ga s
klicem SIGNAL ne obudi eden izmed TRENUTNIH

procesov.

SPE¢ (SLEEPING): Proces postavi v to stanje
razporejevalnik po klica SLEEP. Iz tega
stanja ga spet obudi razporejevalnik po
izteku zahtevanega &asovnega intervala.

SPREJEMAJO& (RECEIVING): Po klicu RECEIVE
proces preide v to stanje, &e zanj &e ni
priepelo nobeno sporoéilo in ostane v tem
stanju dokler ne pride sporoeile od enega
izmed TRENUTNIH procesov.

2.3.2 SEMAFORJI

Semaforji v
ogsnovni

nagem gistemu
princip sinhronizaciie.

predstavl] jajo
Uporaba in

delovanje 50 obdirne opisani v literaturi
(npr. /HAN73/) . v nasi izvedbi
razporejevalnika uporabl jamo splosne
semaforje. Tip memaforja dolosimo = klicem
podpraograma za ustvaritev semafor ja.

Vsak klic SIGNAL (P) poveita veednost

semaforja 2a 1 ke je vrsta #akajoéih na ta
semafor prazna, sicer pa za vsak SIGNAL obudi
enega od &akajo&ih.

Po vsakem klicu WAIT (V) razperejevalnik
pogleda ali je atevec =semaforja veeii od niz.

te ni, wuvrsti KkKlicajoei proces v vrsto
takajoeih na dani semafor, sicer ga pusti
naprej v izvajanje in popravi étevec
semaforjev. Princip #%akanja je po =sistemu

FIFO /WIR7b/.

2.3.3 TZMENJAVA SPOROZIL

Razporejevalnik poleq semaforjev omogo&a tudi
izmenjavo sporo&il. ¢eprav lahko naredi
izmenjave sporosil uporabnik sam s semaforji,

sho &e¢ odloeili, da jo izvedemo &e posebej,
tako da zmanjsamo dodatno delo na najmanjéa
moino mero.

Posiljanje sporozil je izvedeno tako, da
proces, ki pogilja sporozilo, ne preneha =
izvajanjem tudi kadar ne more vddati
sporoéila. ¢e sporo&ila ni mogoée oddati,
debi o tem ustrezen odgovar, vendar se
njeguvo stanje {TEKQZI) zaradi tega ne

spremeni.

te je proces e dobil kako sporoé&ilo, pa ga
1=} vedno ni prevzel, so VvEa nadal jnja
pogiljanja temu procesu neveljavna vse dokler
ga ne prevzame. Na ta naéin prepred&imo, da bi
se sporo&ila kaopidtila in porabila ves
razpolosljivi prastaor. Osnovna izvedha
razporejavalnika omogoe¢a poéiljanje naslova.
Ker mora biti prostor =za sgporozilo izven
prostora posiljatelja (podiranje sklada), je
prostor za sparngilo v jedru
razporejevalnika.

2.4 SPEeI PROCESI

Veasgih je poatrebno, da proces sinhronao
odstopi procesor za to&no delogen easovni
interval. V ta namen je na razpolago poseben
klic, ki postavi praoces v vrsto speeih
procesov. Za take procese je v

razporejevalniku izdelana posebna
ki procese razvrsti po
¢akanja. ¢asi &akanja so
glede na predhodnika. Tako razporejevalnik ob
veaki urini prekinitvi pogleda le prvi
proces v vrstl in ga prebudi, e je njegov
&as =panja ie potekel.

struktura,
naraséajosem <&asu
pedani relativno



2.5 STRATEGIJA RAZPOREJANJA

v osnovni izvedbi razporejevalnika je
strategija razporejania zelo preprosta.
Procesi se med sabo lahko razlikujejo po
pririteti. Iz2vaja se le en proces in to

proces =z najvisjo prioriteto. Kadar je teh
procesov ve&, se med seboj izmenjujejo in &i
enakovredno delije procesorski &as. Procesi 2

nit¢jo prioriteto e&akajo na 1lzvajlanje vse
dokler wvsl procesi z vigjo prioritete ne
preidejo W eno 1zmed stanj skupine
NEIZVRELJIV ali ne zapustijo eistema (klic
RILL}). Veak Proces ima pravico do
neprekinjene uporabe procesorja N urinih
prekinitev (ae sam pred tem ne klite kakKega

od podprogramov, Kl mu spremeni stanje ali pa
se ne zbudi kak proces z vi&jo prioriteto).
Tak algoritem razporejanja se je lzkazal kot
zadaovoljiv pri aplikacijah v tealnem e&asu,
pri interaktivnem delu pa ce ni izkazal ravno
najbolje. Zato smo algoritem spremenili =z
uvedbo dinami&éne prioritete, take da je
podoben razporejevalniku na VAX VMS /VMSE82/.
Po - kon&anem &akanju na zmoglijivasti
razporejevalnik dvigne prioriteto
interaktivnega programa za dolokeno vrednost
(toa wvrednost dolo&imo z uglagevaniem). O©Ob
veakem poskusu prerazporeditve praocesov se
prioriteta tega procesa spusti, dokler ne
pride do svoje za&etne {(osnovne) prioritete.
Radunski procesi {(compute bound) so ves ¢as
na isti (osnovni) prioriteti.

3. UPORABaA

Razporejevalnik s&mo temeljito testirali in
tudi uporabili v realnih aplikaci jah.
Izkazalo se ja, da Je razporejevalnik dowvol]
robusten in wuniverzalen =za uporabo na
razliénih podro&jih.

3.1 PROBLEM LA&NIH FILOZOFOV

Problem la&nih filozofov je prvié predstavil
Hoare /HOAEE/). Gre za ome jeno stevilo
zmogl jivogtt. Regitev, ki je predstavl jena v
dodatku B, prepresuje smrtni objem, vendar ne
prepre&uje stradanja. Kot je pokazalo

testiranje, do stradanja ni prizlo, ¢e ESmo
opazovali sistem dovolj dolgo. Predstavljena
tesitev uporablia monitor za zag&ito

kriti&nega podrozja.

3.2 DELOVNE POSTAJE

Razporejevalnik smo preizkusili tudi v realni
aplikaciji. Gre =za rakunalnik zdruglijiv - =z
IBM-PC, na

katerega Je prikljuzenih vek
delovnih postaj, ki asinhrono posiljajo
podatke po komunikacijskem kanalu

ratunalniku, ki jih mora urediti, zapisati na
digk in narediti obdelave zbhranih podatkov
ter jo izpisati na zaslon. Aktivnosti
posameznih postaj s0 med zeboj necdvisne.
Izkazalc &e je, da je ragporejevalnik dabro
orodje, ki omogo&a na preprost in pregleden
raéin programiranje aplikacij =za paralelno
procesitanje.

4. NADALJNJE DELO

Razpecrejevalnik bomo preizkusili fe na
nekaterih problemih procesiranja v realnem
Zasu, Poiskall bomo najbol jgo dol#inc
&asovnega intervala neprekinjenega izvajanja
procesa v okolju, ki zahteva iz2jemno hiter
odziv in obenem hitro obdelavo pedatkov.
Poleg tega naertujemo tudi primerjalno
_analizo razllenih strategij razporejania

"
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procesorskega ¢asa {scheduling policy).

Razen tega nameravamo razsilriti sistem 2
modulom, ki bo uvedel dodatne konstrukte =za
la3je paralelno programiranje (COBEGIN in
COEND, REGION... kot na primer CC-Modula
/CCL87/ in Jjih priporoaa /BSIB7/) in
nadaljevati delo s paralelnimi algeritmi.

5. ZAKLJUZER

Predstavljeni mistem se je izkazal kot dobro
programsko orodje za delo v vedopravilnem
okaolju tako na podroé ju poskusov s
paralelnimi algoritmi kot na podroe&iu
aplikacij 2a Xkon&ne uporabnike. Sistem je
dovelj robusten in kompakten tudi za tezke
pogoje dela v industriji.
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DODATEK A (DEFINITON MODULE PROCESS)

DEFINITION MODULE PROCESS;
FROM SYSTEM IMPORT ADDRESS;

EXPQRT QUALIFIED
tProcState, (* tip moznih stanj procesa *}
PCREATE, PRESUME, PKILL, PSUSPEND, PSETPRIO,
PGETSTAT, PGETCURR, PSLEEP, PRECEIVE, PSEND,
tPid, tPrio, tSemaphore,
cProcNamelen,
tProcName, tProcStatus, tStatBlock,
SCREATE, SINIT, SDELETE, SWAIT, SSIGNAL, SSTATUS, SGETSID,
c8emNamelen, :

PGETPID,

tSemName, tSemStatue, .
cPriol, cPrio2, ePrio3, cPriod, cPriob, cPrict, cPrio?;
CONST
cSemNamelen = 20;
cProcNamelLen = 20; {*" Process name lenghth *)
TYPE
tProcState = (PrCurr, {* Process Current *)
PrReady, {* Process Ready *)
PrSusp, {* Process Suspended *)
PrWait, {* Procesys Wait =)
PrSleep, [* Process Sleeping *)
PcRec, (¥ Procees Receiwving *)
Pr¥ree (* Process Slot in Table not Used *)
tProcName = ARRAY [0..cProcNameLen-11 OF CHAR;
tProcStatus = (NOTOK,OK};
tStatBlock = RECORD {* undeveloped *)
status : CARDINAL
END;
tPrio; {* proceeg priority - type *}
tPid; (* process - type *}
tSemaphore; {* semaphore - type *)
tSemName = ARRAY [0..cSemNameLen-1} OF CHAR:
tSemStatus = (SNOTOK, SOK);
VAR
cPriecl, cPrio2, cPrio3, c¢Priod, cPriok, cPrio6, cPrio? : tPrio;

name: ARRAY OF CHAR;
tPro¢Status;

PROCEDURE PCREATE (process:!:PRUOC; envsize!CARDINAL;
VAR pid : tPid; priot tPrio) :
{* Creates a new procass with PrSusp etatus *)

PROCEDURE PRESUME (pid : tPid) :
{* Resumee a suspended process (PrSusp

tProcBtatus;
~=> PrReady) T*)

PROCEDURE PKILL (pid : tPid) : tProcStatus;
(* Deletes a process and releaxes its resources (PrFree) *)
PROCEDURE PSUSPEND {pid tPid) tProcStatus;
{(* Suspends a process (PrReady or PrCurr --> PrSusp) *)
PROCEDURE PSETPBRIO {pid : tPid; prio tPrio) : tProg¢Status;
{* Change process priority *)
PROCEDURE PGETPID (name:ARRAY OF CHAR; VAR pid tPid} tProcStatus;

{* returns process id (Pid) of pracess NAME *)

PROCEDURE PGETSTAT (pid : tPid; VAR statblock:tStatBlock) tProcStatus;

(* returns process status informaton *)

PROCEDURE PGETCURR () : tPid;
(¥ returns process own process id *)

PROCEDURE PSLEEP (time :
(* Sleep for time ticks

CARDINAL ) :tProcStatus;
{(PrCurr --«> PrSleep) *}

PROCEDURE PRECEIVE (VAR what:ADDRESS;
(* Receive

VAR who:tPid):
a message from anybody (conditional

tProcStatus;
PrCure --> PrRec) *)

PROCEDURE PSEND {(whom:tPid; what i ADDRESS)
{* Send a message to a process *)

tProcStatus;

PROCEDURE SCREATE (name:tSemName;
tSemStatus;
{* Create a new eempahorae and return its ID in sam *)

VAR sem:tSemaphore; count:CARDINAL):
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PROCEDURE SINIT (sem:tSemaéhore; caunt!CARDINAL) : tSemStatus;
(* Init a Semaphore to initial value count ¥}

PROCEDURE SDELETE (sem:!tSemaphore)
(¥ Delete a semaphcre *)

tSemStatus;

PROCEDURE SWAIT (sem:tSemaphore) : tSemStatus;
(* Wait for a semaphore (PrCurr --> PrWait) *)

PROCEDURE SSIGNAL (sem:tSemaphore) : tSemStatus;
{* Signal on semaphore sem *)

PROCEDURE SSTATUS. (=sem:tSemaphore) tSemStatus;

(* Get Semaphore status informatjion

*)

PROCEDURE SGETSID (nama:tfemName; VAR sem:tSemaphore;count:CARDINAL}

tSemStatus;
{* Get the ID of eemaphore name *)

END PROCESS.

DODATEK 8 (DINING PHILOSOPHERS)
MODULE SPAGHETTI;

FROM PROCESS IMPORT PCREATE, PRESUME,

PSLEEP.,

PSUSPEND, PGETCURR,

PRECEIVE, PSEND, PKILL, PSETPFRIO,

tPid, tProcStatus,

¢Priol, cPrio2, Port,

SCREATE, SWAIT,

tSemName, tSemStatus,

CURSOR, WRITEI,
InQut IMPORT HWriteString,
Break IMPORT EnableBreak;
Strings IMPORT Concat;
SYSTEM IMPORT GETREG, ADDRESS, WORD,
Keyboard IMPORT KeyPressad, Read;
Devices IMPORT SavelnterruptVector,
MyRandom IMPORT Random;

-FROM
FROM
FROM
FROM
FROM
FROM
FROM

WriteCard,

TYPE
tPhil = [0..4];

VAR
pidl,pid2,pid3,pidd,pids tFid;
procstat, status: tProcStatus;
chn,I,J: INTEGER;
w: WORD;
kenee : BOOLEAN;
cht CHAR;
vec: ADDRESS;

MCDOULE
IMPCRT

FORKS [7}:
tSemaphore, tPhil,
tSemName, Concat,
PICKUP, PUTDOWN;

tProcStatus,

PSLEEP;

EXPORT
TYPE

tNumOfFork = [0..2};

VAR .

numOfForks :

ready : ARRAY tPhil OF tSemaphore;

semstat i tSemStatus;

i : INTEGER;

tmp : tSemName;

PROCEDURE FICKUP
VAR

left,
BEGIN

IF (oumOfForks{phil] < 2) THEN

(phil : tPhil);

right : tPhil;

semstat (= SWAIT (ready[phill])
END;
right := phil;"
left := {(phil + 1) MOD 5;

DEC{numOfForks[left]}; -
: DEC(numQfForks[right}]);
END PICKUF;

SSIGNAL,

WRITE;

t8emStatus,

SDELETE,
tSemaphore,

Writeln, WriteHex;

BYTE, INBYTE, OUTBYTE, CODE;

RestorelnterruptVector;

SWAIT, SCRERTE, SSIGNAL,

ARRAY tPhil OF tNumQfFork;



PROCEDURE PUTDOWN {(phil :
VAR
left,

tPhil);
right : tPhil;
BEGIN
right phil;
left {phil + 1) MOD
INC({numOfForksf{left]):
INC(numOfForke{right]);
IF numOfForks([left] = 2 THEN

Tz
i=
=
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a);

(* forks initialization

semstat := SSIGNAL (ready[leftl);
END;
IF numOfForks[right] = 2 THEN
semstat := SSIGNAL (ready[right]);
END;
END PUTDOWN;
BEGIN (* FORKS w)
FOR i:= 0 TO 4 DO
CASE 1 OF
0 : tmp $= 'Bacon' |
1 : tmp t= 'Sokrates' |
2 : tmp = ‘Aristoteles’ |
3 : tmp = 'Nletsche' |
4 : tmp := °‘Hegel"’
END (* cage *);
senstat := SCREATE (tmp, ready({il],
nunOfForke(i] 1= 2;
END;
END FORKS;
PROCEDURE First;
VAR
timesEaten : CARDINAL;
BEGIN
timegEaten :z 0;
LOOP

PICKUP{O);
WriteString ('Bacon eating ');
WriteCard(timesEaten, 5);
Writeln; )
INC(timesEaten);
POTDOWN(D);
procetat
END;
END Firast;

PROCEDURE Second;
VAR
timesEaten @
BEGIN
timesEaten 1= 1;
LooP '
PICKUP(1);

CARDINAL;

WriteString ('Sokrates eating ')

WriteCard{timesEaten,
Writeln;
INC(timesEaten);
PUTDOWN{1); .
procstat := PSLEEP (Random(10Q) }
END;
END Second;

5);

PROCEDURE Third;

VAR
timesBaten CARDINAL;
BEGIN
timegEaten = 1;
LOCP

PICKUP(2); -
HriteString ('Aristoteles eating
WriteCard{(timesEaten, 5);
Writeln;

INC({timesEaten);
PUTDOWN{2);
procstat :=
END;
END Third;

PSLEEP {Randem(10) )

PSLEEP (Random{10) );

Vi

)
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PROCEDURE Fourth;

VAR
timesEaten : CARDINAL;
BEGIN
timesEaten := 1;
[#ala}
PICKUP(3):

WriteString ('Nietsche eating '};

’

WriteCard(timesEaten, &);
Writeln;

INC{timesEaten);
PUTDOWN(3);

END;
END Fourth:;

procstat .= PSLEEP (Random(10) );

r

PROCEDURE Fifth;

VAR
timesEaten : CARDINAL;
BEGIN
timesEaten := 1;
LOOP
PICKUP(4d):
WriteString ('Hegel eating ');
WriteCard({timesEaten, 5);
Writeln;
INC{timesEaten);
PUTDOWN(4d):
procetat := PSLEEP (Random(i0) };
END;
END Fifth;
BEGIN
EnableBreak;
statue := PSETPRIO(PGETCURR({),cPrio2);
status := PCREATE{First,800H, 'Bacon',pidl,cPriocl};
status := PCREATE(Second,BOCH, 'Sokrates’,pid2,cPriol);
status = PCREATE(Thicd,B800H, 'Arietoteles’,pid3i,cPriol);
gtatyg := PCREATE(Fourth,800H, 'Nietsche’,pidd,cPriol};
status := PCREATE(Fifth,800H, 'Hegel',pid5,cPriol);
status := PRESUME(pidl};
status := PRESUME(pid2);
status := PRESUME(pid3); ,
status := PRESUME(pidd);
status := PRESUME(pidS5);
kenecs = FALSE;
LOOP
Port;
status := PSLEEP{18);
IF KeyPressed(} THEN
EXIT,; :
END;
END; (* LOOP =*)
status := PRKILL{PGETCURR(});
Write8tring('END - Philosophers');

END SPAGHETTI.
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Proleog je novejsi programski Jjezik, ki se vse bolj uvel javlja tudi

pri nas. Zaradi velikih razlik v terminologiji takeo v svetu kot

pri nas je potrebno poenotiti terminologijo, ki se uporablja v

logit#nem programiranju ter programiranju v proleogu. Osnovae ga delo

sta slovarja v {Kononenko 87) in (Kononenko, Lavraz 87}. V

prispevku smo podali razlike med terminologijames matematidne logike

in logitnega programiranja ter med prologom in ostalimi

programskimi jeziki. Poskusili smo odpraviti tudi nekatere

terminoloske nesporazume.

1. Podani so tudi

prevodi nekaterih izrazov iz angleft¢ine v slovenstino, za katere
smo se zedinili na Fakulteti za slektrotehniko in Inatitutu Jozef

Stefan v Ljubljani.

ABSTRACT

Lately, Prolog became & very popular language in the computer
programming community. Ag there is a lot of diversity in the

terminology we point out some of the main problems and try to

eliminate them by defining the most useful terms, The basis for

this paper is a glossary in {(Kononenko & Lavrad 87). HWe present

differences between mathematical logic and logic programming,

between Prolog and other programming languages and show how these

differences affect the terminology. We also point out some

misunderstandings regarding the usual terminology and mention some

synunyms used in the field of logic programaing.

1. RAZILIKE MED MATEMATI&NO LOGIKO IN LOGIeNIM
PROGRAMIRANJEM

Prolog (Clocksin, Mellish B81) je najbolj
ragsirjen jezik logicnega programiranja. Ime
"PROLOG" je dejansko kratica za 'PROgramming in
LOGic’. Ker prolog temelji na matematiéni
logiki, je iz nje privzeta tudi terminologi ja,
kar je v doloZenih primerih pripeljalo do
dvoumnosti.

1. MATHEMATICAL LOGIC AND LOGIC PROGRAMMING

Prolog {(Clockein & Mellish 81) is the most
widespread language of the logic programming.
PROLOG is in fact an abbreviation for
PROgramming in LOGic. As it is based on
mathematical logic the similar terminology is
adopted which in some cases leads to
ambiguities.



Osnovna raglika med stavki v logiki in stavki v
prologu je ta, da imajo stavki v prologu tudi
proceduralsn in ne le deklarativen pomen.
Pogosto se uporablje izraz ‘predikat’ kot
sinonim za ’proceduro’. Procedura je del
‘programa {mnoZica stavkov), ki definira
predikat z dolocenim stevilom argumentov.
Definiecija je kljub deklarativnemu znacaju
proceduralna, zato je izraz ’'predikat’
zavajajod. V logitnem programiranju zadostuje
uporaba izrazov ’procedura’, ’vgrajena
procedura’ ipd. namesto izrazov 'predikat’,
‘vgrajeni predikat’, ipd. '
Pogosto se v literaturi me3ata izraza

‘prilagajanje’ in ‘unifikacija’. Prilagajanje v
prologu je proceduralna implementacija
unifikacije iz matematic¢ne logike, ki ponavadi
zaradi u¢inkovitosti deluje drugate kot
unifikacija. Neopredel jena spremenljivka se
lahko prilagodl z izrazom, v katerem sama
nastopa, ne more pa se z nJjim unificirati.
Preglavice povzrotajo tudi izrazi *atom’,
'literal’

logikl kratica za atomarno formulo,

Atom je v matematilni
medtem ko v
prologu pomeni vrsto preprostih nedeljivih
podatkovwnih konstruktov,
razlicéne od stevil, Tako ustreza atom v prologu
kostanti v matematicni logiki. Atom v

in ‘ecilyj’.

ki so konstante

matematicni logiki ustreza strukturi v prolocgu,
ki predstavlja klic procedure, ¢e se nahaja v
telesu astavka {v pogojnem delu stavka),
sklep, %e =& nahaja v glavi stavka (v sklepnem
delu stavka).

ali pa

Klicu procedure v telesu prologovega stavka

pravimo cilj. Nekateri avtorji {npr. Sterling,
Shapiro 86) pravijo glavi stavka tudi cilj.
Sintaktitno so glava stavka in cilji v teleésu
stavka pozitivni {nenegirani) literali. Literal
Jje sintakticni konstrukt sestavljen iz imena
predikata in seznama argumentov v oklepaju,

locenih z vejicami.

Funktor v matematidni logiki doloss funkeijo,
medtem ko v prologu funkcij ni. Funktor v
prologu omogo¢a konstrukeijo struktur z imenom
in mestnostjo {stevilom argumentov) danega
funktorja. Strukture so podatkovni objekti'#
prologu in nimajo veliko skupnega s funkei jami
v matematiki.

Nercdno je, da sta se pri programirvanju v
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The main difference between logical statements
and Prolog clauses is that Prolecg clauses have
alsc the procedural meaning while logical

statements have only the declarative meaning.

The term ’‘predicate’ is often used as a synonym
for a ’procedure’. A procedure is a part of a
program (a sequence of clauses) that defines a
predicate with the given name and arity.
Although the definition may be viewed
declaratively it is in faoct procedufal {the
order of -clauses and the order of goals in
clause=z are important). The term ’predicaﬁa' ig
therefore misleading. For programming purposes
it is thus more convenient to use terms
etc. instead

*procedure’, ’built-in procedure’,

of ‘predicate’, ’'built-in predicate’, etc. -
In the literature is often'mgde no‘explicit
distinction between ’unification’ and
‘matching'. Matching in Prolog is a procedural
implementation of the unification from .

mathematical logic and usualy differs from it

(for the efficisncy reasons). It allows an

" uninstentiasted variable to be matched with a

term in which it itself appears while it cannot
be unified with such a term (this problem is
usually referred to as the 'occurs check’
problem). 7

There are difficulties with terms ‘atom’,
*literal’ and ’goal’.
atom is an abbreviation for ‘atomic formula’

In mathematical logic an

while in Prolog an atom is a simple data

structure, i.e. a constant that is not a
number. Therefore an atom in Prolog corresponds
tc a constant in mathematical logie. An atom in
mathematical logic corresponds to a Prolog
structure representing a procedure dall if it
appears in a body of a clause (a condition
part) or a conclusion if it appears in the head

of a clause {a conclusion part).

4 procedure call in a body of a clause is
usually called a goal. Some authors (e.g.
Sterling & Shapiro 86) call the head of a
clause also a gdoal. Syntactically the head of a
clause and'goals in the body of a clause are-
positive (nonnsgated) literals. A literal. is
constructed from a predicate name and a list of
arguments enclosed in brackets and separated by
commas. A positive literal is a synoaym for
atomic formula. It is better to use a term
'literal’

definition of an atom in Prolog.

because of the previously mentioned



prelogu v angle&dini udomasdila igraza ’'bound .

variable’ in ’'free variable’ za spremenl jivko,
ki ima ozirome nima vrednosti. V matematicni
logiki se® namre& ta dva izgraza uporabl jata za
kvantificirano (vezano) in nekvantificirano
(nevezanc) spremenljivke, Zato je bolje, da se
namesto ’'bound’ in 'free’ uporabljata izrasza
'instantiated’ in

prevedi so instencirana {(neinstancirana),

‘uninstantiated’. Mo2ni
prilagojena {(neprilagojena) ali opredeljsna
{neopredel jena). Zadnji prevod je
najustreznejki, saj se vrednost spremenljivke v
prologu lahko med izvajanjem bolj ali manj

cpredeli.

2. RAZLIKE MED PROLOGOM IN OSTALIMI
PROGRAMSKIMI JEZIKI

Za razliko od ostalib razsirjenih programskih
Jje
prolog Jje deklarativni jezik. Proceduralni

Jezikov, ki imajo proceduralni znatal,
pomen programa v prologu je definiran z nadinom
Vsekakor
Je v anglesd¢ini pravilneje uporabl jati izraz
’execution’

izvajanja prologovega interpreterja.

za izvajanje prologovega programa
namesto ustal jenega izraza ’'computation’
{(ratunanje), saj je izvajanje prologovegda
programa dejansko sklepanje {inference) na
osnovi pravil in dejstev. Zato radunalnikom vse
pogeateje pravijo tudi ’inference machine’

{stroj za sklepanje} namesto ’computer’.

Med izvajanjem prologovega programa
spremenl jivke dobijo svojo vrednost s procesom
prilagajanja. Pravimo, da vrednost
spremenl jivke postane (bolj) dolotena oziroma
opredel jena. Ne more pa se vrednost
spremenl jivke spremeniti na neko povsem drugo
vrednost, Pri

avtomatskem vratanju vrednost lahke postane,

razen pri avtomatskem vradanju.

man,j opredel jena, Za ragliko od prologa pa se
vrednosti spremenljivk v proceduralnih jezikih
lahko spreminjajo. Zato ima izraz ’vrednost
spremenl jivke’ v prologu nekoliko drugaten

pomern.

Prireditev v standardnih proceduralnih jezikih
pomeni spremembo vrednosti spremenl jivke na
neko doloteno vrednost. V prologu take
prireditve ni. ‘prireditev’

Izraz se¢ uporabl ja

v prologu za vdgrajeno procedurce ’is’, ki se
uporabl ja za izratun vrednosti aritmetisnega
in prilagoditev izradunane vrednosti s

spremenl jivko ali konstanto,

izraza,

te Jje to mozZno.
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In mathematical logic a functor determines a
function while in Prolog are no functions.
Functors in Prolog are used to construct
compound data structures with the given name
and arity. Structures in Prolog have not much
in common with mathematical functions.

It is awkward that the term ’‘bound wvariable’ is
used for a variable taht has a value and ’frese
variable’ for a variable that doesn’t have a
value. In mathematicel logic bound variable
represents a guantified and free variable

In Prolog
all variables are universally quantified

represents an unquantified variable.
{except in questions). Therefore it is better

to use terms ‘instantiated’ and ‘uninstantiated

variable’.

2. PROLOG ARD OTHER PROGRAMMING LANGUAGES

Prolog is a declarative language and it largely
differs from other popular programming
languages which are procedural. The procedural
meaning of a Prolog program is defined with the
way how it is executed by the Prolog

It is better to use the term
than

Prolog program can be viewed as inference and a

interpreter.

‘execution’ 'computation'. Execution of a
computer can be alsc called an inference

machine.

During the execution of a Prolog program
variables get their values by matching. We say
that the valus of a variable becomes (more)
specified or determined. While backtracking the
value may becoms less specified. A variable is
therefore more or less instantiated. The value
of a variable cannot be changed as in other
programming languages. Thus in Prolog the term
’the value of a variable’ hag a slightly
different interpretation than in other
programming languages.

An assignment in standard procedural languages
causes thes change of the value of a variable to
a certain new value. There is no such
agsignment in Prolog. The term ’'assignment’ is
used in Prolog for the built-in procedure ’is’
which computes the value of the arithmetical
the result with the argument on the left-hand
side, if this is possible.



Pri programiranju niz (string) predstavlja
ponavadi niz znakov med dvema enojnima
narekovajima sgoraj. V prologu je niz segnam
celih Btevil, ki ustrezajo ASCII kodam znakov,
in ga labko namgsto v standardni notaciji
seznama napisemo tudi kot niz ustreznih znakov
med dvojnima narekovajima zgoraj. Niz znakov
med enojnims narskovajima zgoraj pa v prologu

predstavl ja atom.

3. DVOUMNOSTI V TERMINOLOGIJI

Prioriteta operatorjev je v prologu definirana
z celimi Btevili (ponavadi cd 1 do 1200}.
man j&e je &tevilo,

¢im
tem mo&énejs veZs operator in
obratno. Ta nekoliko necbicajna definicija

dostikrat pripel je do nerazumevan ja.

¥V literaturi se pdgosto navajata ’‘green cut’
{zeleni rez) in ’red cut’
npr. Bratkeo 88).
procedura pravilno -delovala,

(rdeti rez) (glej
Brez zelenega reza bi

le nekoliko
rosasnhejée bi bilo izvajanje zaradi
nepotrebnega vradanja. Rdefsga reza pa iz
procedurs ne smemp odstraniti, ker bi bilo
izvajanje napaéno. Mnogi avtorji napacno
ugotavl jajo, de zeleni rez ne spremsni'
deklarativnega pomena medtem ko rde¢i rez
spremeni deklarativni pomen procedure.

Rez je kontrolni konstrukt, ki nima
deklaratiwvega pomena in zato tudi ne more
sproemeniti deklarativnega pomene. Vpliva pa na
proceduralni pomen dane procedurse, saj se
zapored je izvajanja 2 dodajanjem reza spreméni.
Torej tako zeleni kot rde¢i rez spremenita
proceduralni pomen procsdure, le dea zeleni rez
lahko odstranimo, ne da bi spremenili
proceduralno pravilnost procedure, medtem ko z
odstranitvijo rdetega reza postane procedura

nepravilna.

4, SINONIMI

-V seznamu sinonimov s0 ustreznsj&i izrazi na
desni strani:

atomarna formula - pozitivhi literal
objekt - izraz

podatkovna struktura - izraz
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In programming the term ’‘string’ usually -
represents a string of characters_enclosed in
single quotes. In Prolog a string is
represented with a string of characters
enclosed in double gquotes and is equivalent to
a list of integers that correspond to ASCII
codes of characters in the string. 'In Proleg a
string of characters enclosed in single quotes

is an atom,

3. AMBIGUITIES IN TERMINCLOGY

The pr=cedence of an operator is defined as =a
strength with which an operator binds its
arguments. It is labeled with an inteder
(usually between 1 and 1200}.
label is the weaker the operator binds its

The greater the
arguments and vice versa. This somehow unusual
definition often leads to misunderstandings.
In the literature we often meet 'green cut’ and
red cut’ (e.g. Bratko 86). Without green cut
the procedure would still perform correctly
although less efficiently due to unnecessary
backtracking. The red cut must not be removed
because the axecution of the procedure would be
incorrect. Many authors incorrectly state that
the green cut does not afféct the declarative
meaning while the red cut does. Cut - is a
procedural construct with no declarative
meaning and thus cannot affect the declarative
meaning. It certanly affects the procedural
meaning of a procedure because the execution is
changed. Therefore both green‘&nd red cuts
affact the procedural meaning of a_procedufe.
The green cut cen be removed without affecting
the procedural corrsctness of the procedufe
while when the red cut is rémoved the procedure

becomes ingorrect.

4. SYNONYMS

In the following list of synconyms the terms at
the right-hand side should be preferred.

atomic formula - (positive) litsral

bound variable - instantiated variable



predefinirana procedura - vgrajena procedura
sistemska procedura - vgrajena procedura
struktura - sestavljpni izraz

term - izraz

vgrajeni predikat - vgrajena procedura

5. USTALJENI PREVODI REKATERIH IZRAZOV

Za naslednje prevode izrezov smo se zedinili na
Fakulteti za elektrotehniko in Institutu Jozef
Stefan v Ljubljani:

cut - rez

instance - primer

ingtance of a term - primer izraza

instantiated - opredeljen

matching - prilagajanje

parent goal - nadrejeni cilj

term - izragz

ZAHVALA

Slovarje v {Kononenko 87) in {(Kononenko, Lavrat
87), ki sta oshova tega dela,
skupnega prizedevanja ob pomoi mnogih

sta rezultat

sodelavcev. Zahval jujevae se Tatjan% Jane in
Alenu Varsku za pripombe na rokopis%
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built-in predicete - built-in procedure
compound term - structurs
computation - execution

control predicate - contrel procedure

data structure - term

evaluable predicate - built-in procedure
free variable - uninstantiated variable
joint variable - shared variable

object - term

predefined operator - built-in operator
predefined procedure - built—in procedure
priority - precedence

system procedure - built-in procedure
stopping condition - boundary condition

unbound variable - uninstantiated variable
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Sinhronizacijski mehanizml v porazdelfenih racunalniikih sistemih so potrebni za definicijo in

realfzacijo wurejenosti dogodkov v radunalniskem

sistemu. Clanek podaja pregled mehanlzmov za

sinhronizacijo na razli&énih nivojih abstrakclje radunalnidkega sistema.

Synchronization mechanisms in distributed computing systems are necessary for the definition and
the realization of event ordering 1In the computing system. This article gives an overview of

mechanisms, used on different levels of abstraction,.

1. UvVeoD

Porazdeljen racunalnldkl sistem je mnolica
procesnih elementov. Vsak procesni element

ima lasten pemnilinik in progesne
zmogl Jiveostd. v procesnih elementih se
izvajajJo procesl. Z oznako porazdeljenost Je
misljena porazdelltev nadzora {n ne nujno
tudi prostorska porazdel jenost. V tesno
sklopljenih sistemih so procesi povezani med
sebo] 8 skupnim pomnitnikom, v ¢ibko

sklopljenih sistemlh pa so procesna mesta
povezana 8 komunikacijskimi kanali, k!l skupaj
tvorijo komunikacl Isko mreo. Skupnega
pomnilnika v takih sistemih ni. Vv tem primernu
gre tudi za prostorsko porazdelitev procesnlh
elementov, ki jim zaradl tega redemo tudl
procesna mesta.
Procesne elemente zdruzuje v porazdeljen
sistem porazdel Jen operaci skl slstem.
Glavne naloge porazdeljenega operacljskega
sistema so podpora medprocesne komunikaclije,
dodel jevnje virov In wupravljanje =z njimi,
upravijanje =z imenl ter redevanje iz napak.
Jedra porazdeljenega operacliskege sistema na
posameznih mestih so lahko Implementirana kot
jedra osnovnega operacljskega sistema na tem
mestu ali kot procesl na uporabnidkem nivoju
JTripBT/. )
vV sistemih 2z vetimi &procesnimi elementi se
procesi tzvajajo sotasno, dokler ne
poetrebujejo medsebojnih stikov. Nadrtovane in
vodene stlke med procesi imenujemo.procesna
komunjkacija in sinhronizacija. Procesi
morajo . sodelovati zaradl omejevanja
sotasnosti in zaradl medsebojnegea
razvr§danja /Verj83/. Odnose med procesi bl
glede na nat¢in sodelovanja lahko razdelill v
dve glaval kategoriji: lahke tekmujejo med
‘seboj all so v odnosu projizvajalec-potrognik
/Hwang5/, '

2. KONSISTENTNOST IN NEDELJIVOST

Predpostav] jamo, da se procesl izvajajo v
diskretalh koraklh In . na vsakem koraku
generlrajo dogodek. Dogodek je lahko lokalen

"konslstentnost s amo z

procesu in ga drugl procesi ne opaz!jo all pa
je viden vsem in vsebuje problem
sinhronizacije.

N# vsokem nivoju abstrakclje labko proces, ki
se izvaja na nekem procesnem mestu, sproil
operacije. Operacija na nivoju § je
Implementirana kot mnotica aktivnostli na
nivoju |, pri temer velja | < j. Kar vidimo z
nivoja j kot aktivnost Je definlrano na
nivoju i kot oaperaclja. Tak model velja
rekurzlivro za vse niveje. :

Operacije ozlroma aktivnosti vodijo in
upravljajo wvire. Virl so predstav!jeni kot
podatkovnl objekt!. Na primer, periferna
naprava je lahko predstavijena s svo]lm
trenutnim stanjem, kl Je .dolo&eno 4
vrednostml mnotice parametrov. Zapis na
datoteki lehko predstavimo z njegovo vsebino.
Primerl aktivnosti, ki delajo s podatkovnimi
ocbjekti, so pisanje, branjie, kreiranje in
brisanje,

Podatkovni obJekti fmajJo med seboj semantine
povezave, to pomenl, da morajo njihove
vrednosti zadostati nekim omejitvam. Ko
objekt kreiramo, brifemo ali van] plsemo, Je
pogosto potrebno krefrati, brisati ali plsati
e v druge objekte, da bi. zadostili

konsistentnim omejltvam /LeLaBl/.

Vsaka operact ja je definirana tako, da
predpostavija na vhodu mno2ico objektov =
konsistentnimi vrednostml! in zagpotavlja kot
rezultat mno2ico novih vrednosti, ki so tudti
konsistentne.

Tore], te so konsistentna stanja, ki se
prena$afo med procesi all so shranjena, je
tudi procesiranje konslstentno.

Ce ni posebnih predpostavk, lahko ohranimo
cagotavljanjem
definiran]em

nedel Jlvostli operaclj. Z

‘nekaterih drugih zahtev lahke zahteve za

nedel jlvost opustimo. Definirajmo nedeljivost
operacije. Operacija je nedeljiva, te zadosia
naslednjima pogojema: .

1, all se lzvedejo vse aktivnoesti popolnoma
all pa se ne lzvede nobena in

2. vmesna stanfa prl izvajanju operaclije



nisc vidna noberi drug! operaciji.

Nedel jivost je dobro poznan koncept /Lmps8l/.

obicajne instrukcije na radunalniku 80
nedel jive, ker se lzvaje)jo strogo zaporedno
na enf procesni epot{. V porazdeljenlh
sistemlh se aktlvnostil, ki pripadajo dani
operaciji, lahko izvajajo na razliénlh
procesnih enctah brez dolodenih easovnih
povezav. Zato implementacija nedeljivih
operacl] =zahteva speclfl&ne mehanizme, ki1 jlh

v centraliziranih slstemlh ne potrebujemo.

Zadetek lzvajanj]a operacije Bele po lzvr&itvi
prejénje operacl je vodti k posebni vrsti
dodel jevanja imenovanega zaporedno
dodel jevanje (serial scheduling}. v
porazdei jenih sfstemih pa je lzkljuéne
uporeba zaporednega dodel Jevanja zelo
neulinkovita, Ce aktlivnosti, ki jlh sprozi
dana mho?2ica operacij, delujefo nad
razliénimi objekti, vzporedno lzvajanje
aktivnostli nt le mofng, ampak celko
priporo¢ljiveo. 8e wvet, e so aktivnostl, ki
delujejo nad danim objektom 1in pripadaljo
razli¢nim operac! jam, sproZene sotasno_ in
postavl jene v ¢akalno vrsto procesrega
elementa, ki wvsebuj)e objekt, je nelzkoriiéen
¢ag med dvema zaporednima aktinostima krajsl
kot v primeru, ¢&e je naenkrat sproZena samo
ena aktivnost. .

Tore] je
prepletanje
kolikor je to
zmogl jivosti.

imenujemo

nekatera od
tore} 80

zaZel feno, da
aktivnosti {laterieaving),

mogode, In 8 tem optimiziramo

odgovarjajoca dodel Jevanja
dodel jevanja s prepletanjem in

nflh so ekvivalentna zaporednim,
konsistentna. Toda v splodnem to ne
velja., Ce torej 2elimo ¢im veétjo paralelnost
in s tem veliko hltrost in dobro
lzkoridtenost vlrov moramo polskati ustrezno
prepletanje, kt ohranja konslstentunost. &
sinhronizact jekimi mehanizmi pa lahko
realiziramo potrebne odnose med procesi oz.
operac] jami.

dovolfujemo

3. RAZVRSCANJE DOGODKOV

Dolocanje, kateri
je obiéajno
razmigljanju

dogodek se je zgodll
intultivno
v flizikalnem ¢asovnem svetu.
pristop predpostavlja, da lahko
nek univerzalen tas, ki je dosegljiv =z
razlitnih lokac!{i v sistemu. Vemo pa, da taka
redltev ne obstaja. V praksi tlahkoe doblimo
pribllzke upniverzalnega dasa z danao
natantnostjo. Vendar pa ni potrebno all pa nl
mogodte lzrazltl sistemskih speciflkacij s
fizlkalnim ¢asom /Koped7/.

prei,
zasnavano na
Tak
definiramo

Obstaja dologena kronoloska urejenost
dogodkov v siatemu, ker procesi, kil
generirajo te dogodke, spodtujejo specificéna
pravila (algoritme, protokole), Kkl lzraz2ajo-
relativno urejenost v mnosict dogodkov
‘opazovanega sistema.

Taka urejenost dovoljuje procesom, ki
opazufejo dogodke, da pravilno implementiralo
sistemske aktivnostl. Glede na naravo teh
aktlvnosti Je potrebna delna ali popoina
urejenost dogodkov.

Delno urejengst, oznadeno 2 " --> " (beri "se

zgodl pred”)
mnozico dogodkov, ki jih generirajo procesl,
ki lzmenjujejo sporocila /Lamp78/.
Za relacljo "se zgod! pred” velja:

lahko definlrame nad katerokoli -
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1. ¢e sta a In b aktivnosti istepga Istega
procesa In se a zgodi pred b, potem je
a —--> b

2. ¢e je a aktivnost za podllijanje sporotila

lz enega procesa In Jje b aktlvnost, ki
sprejme to sporadllo v drugem procesu,
velja a -=-> b
3. 2e Je a --» b in b =-=> ¢, potem velja
a --> ¢
Ce procesi komunicirajo med sebo] z
fzmenjavanjem sporo&il, lahko razvrstitimo
nekatere dogodke, ki se zgodijo v razliénlh

proceslh. Urejenost " ==> " fe samo delna.
Npr. +&e imamo dogodka a in b ln velja a --> b
in b --»> a, potem je nemogodte reli, kateri od
dogodkov se je zgodil prej. Za take dogodke
redcemo, da s0 sotasni {concurrent). V
splosnem dogodkov 1z procesov, kil med sebo}
ne koemuniclrajo, ne moreme razvrstitl. V
cdvisnosti od omejitev, ki jik moramo
upoétevati, {je to dopustno ali pa tudi ne.
Eden od nat¢lnov za dosego popolne urejenostt,
kadar je le-ta nujfna, je pridobltev popolne
urejenosti jz delne 2z definicijo pepolne
urejenosti nad mnoZico procesov,

Omenlti moramo enega od osnovnih problemov
ratunalnigklh slstemov, to je problem
zakasnitev pri proceslranju. v
enoprocesorsklh sistemlh lahko zelo notanéno
dolo&lmo tas, k| ga procesna enocta potrebuje
za lzvrdlitev danega ukaza. Seveda pa v
splodnem operacljskl sistemi =niso zasnovanli
na osnevl takih podatkov. Se manj pa bi biia
taka zZasnova upravitena za porazdel]ene
operaci jske sisteme, saj zakasnitve
vkl judujejo 8e ¢&as, ki je potreben za prenos

podatkov in ukazov med posemezniml procesnliml
enotaml po komunlkeci jski mrefl, v
porazdel jenih sistemlh, kjer se operactje
izvajajo na razli¢nih procesnih enotah,
spreminjanje zakasnitev v komunlkac]]lskem
podsistemu lahko zmotl doloéeno urelenost

dogodkov, ki jo
zgodl celo v
stalne. Zato
sinhronizeci jske

pri¢akujemo. To se lahko
slstemih, kjer so zakasnltwve
moramo uporabljatl doplocene

mehanizme pri procesth, kjer

se dogodki zgodljo in pri procesih, ki
opazujejo te dogodke.

Namen slonhronizacijskih mehanlzmov Je
definlranje in realizactja razvrstitve
pol jubne mnoZice dogodkov. Natanéneje, rekli
bomo, da je sinhronizaclija naélno za

deflnicije In reallzacijJo delne all popolne
urejenostl nad neko mnotico dogodkov.
Sinhronizaci jskih mehanizm{ nudijo procesom
pripomotke, s katerimi se slstem ohranja v
konsistentnem stanju. Stanje radfunalniskega
slstema Je konsistentno, ¢e v vsakem trenutku
ustreza nekim zunanjim dolotilom.

4. SPLOSNE
MEHANIZMOV

ZNACILNOSTI SINHRONIZACIJSKIH

Slinhronizaci jski mehanizml temeljijo na
opazovanju In spreminjanju doloéenih skupnih
sinhronizacijskih spremenl jivk. \ tesno
sklopljenih gsistemth s0 le-te v skupnem

pomnilniku, v &lbko sklopljenlh sistemih pa
so na nekaterlh all na vseh procesnih mestih.
Zahteve za branje ali spreminjanje
spremenl! jivk In njihove vrednosti se

prenadejo kot

mreXi,

gsparoéila po komunikacijski



Pri " porazdeljenih resitvah S0
slnhronizacljske sprementij{vke podvojene,

razcepl jene all porazdelene med mesta v
sistemu. :

Podvojenost all celo pomnozenosi.
spremenljivke pomenl, da so verzljle Iste
spremenl Jivke v vseh ali vsaj v veé&ih mestlh
v sistemu, Ustrezen mehanlzem poskrbi =za
delne all popolno Kkonsistentnost v vsakem
trenutku, .
Razcepljenost spremenljivk je razdellitev
vrednost| spremenl jivke na vel komponent.
Komponente s0 porazdeljene po mestih, kjer se
spreminfa njihova wvrednost. Prava vrednost
spremenl] jivke je linearna kXombinact ja

vrednostl njenih komponent,

Porazdelitev spremenl)ivk pa je reditev, pri
katert s0 sinhronlzaci jske spremenl jlvke
porazdel jene po razlieénlh mestih v sistemu,
vendar samo po ena verzlja vsake.

Za lzvedbo operacl) nad sinhronizacljskimi
sprementi jlvkami na katerem koili nlvoju
abstrakcije se lahko skllcujemo na delogen
osebek, - ki ga Imenu jemao centralni
sinhronlzacljski osebek. Le-ts je dostopen
vsakemu proizvajJalcu vsakl &, ko zalne novo
aperacljo.

Termin “"sinhronizacljski osebek" uporabl jamo
za usklajevalce procesov . semaforje,
moniterje ipd.; to 8o  torej aktivnostl, kI
popravljajo [n spremljajo stanje
sinhronizacijskih spremenljivk.
Sinhronizacijskl osebek je centralen, &e
velja: ’

- da Ima edinstveno lme, ki ga poznalo vsi

procesl, k]l se sinhronlzirajo med sebeoj,

- katerikeli "od teh procesov lma dostop do

sinhronizacijskega osebka \ veakem
trenutku /LelLa8l/.
Nekaterl slstemi S0 zgrajenl tako, da
prezivijo napake, ki se pofavijo pri
centralnem sinhronfzacijskem osebku,
Predvidene s0 tehnike za rejevanje ob
napakah, ki izbereje nov sinhronizacliskl
osebek, ko pride do napake.
Vsak sinhronlzacijski mehenizem, ki temelji
na centralnem s!nhroqlzacijskem osebku

lmenujeme centraliziran.

Dstale mehanizme imenujemo porazdel Jene.

Sinhronlzacljski lahko

mehanizmi 80
realizirani v elementih strojne opreme
radunalnlka, kot primitivi v programsklh

Jezlklh all v operacijskith sistemih,

STROJNE

5. 'ELEMENTI OPREME ZA PODPORO
SINERONIZACIJE

Eden od najbel) enostavnlh mehanizmov, ki

omogotajo nedel jivost In medsebojno

izkt ju&evanje procesov Je onemogodanfe
prekinitev procesorja. Ta reditev je bila

uporabl jena 2e na enoprocesorskih sistemih,
ki 50 delovall una princlpun
kvazi-paralelnosti. Na porazdeljenih sistemih

nima posgbnega pomena, saj procesorji med
seboj ne morejo fzvajatl taklh ukazov
/FInk86/.

V tesno sklopljenih sistemih, kjer procesorji
opazujejo ln popravljajo vrednosti
spremenl jivk, . je za ohranjanje
konsistentnostl nejno zagotavl fjanje
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nedel Jivosti branja in

spremenljlvk

plsanja vrednosti
glede na prebrano vrednost.
Primera taklh ukazov sta test-and-set In
compare-and~swap /Hwan85/. Takl ukazi

fetch-and-add.

omogodtaja realizacl]o. kompleksnejsih
sinhronizaci jskih mehanizmov na visjem
nivoju. .

Obstaja &e drug -sinhronizacijski primitiv, ki
je obitajne reallzliran v strojni opremi in
dopufta dolotenc stopnjo sotasnost!l pri
uveljavlifanju zaporednostl -dostopa do
skupnega pemnilnika. fmenuje se

“Primitiv ima obliko F&A(X.e)

In wvrne vrednost spremenljlvke X ter poveta
njeno vrednost za e. Ce se lzvede ve¢ takih
ukazov hkrati, se vrednost spremenljivke
peveda naenkrat za vsote vseh e., vsak
proces pa dobi vrnfeno vrednost, kot éa bi se
ukazi jzvajali v opakljuénem vrstnem redu

zaporedno.

V $lbko sklopljenih- sistemih uporabljajo kot
0SNOVO za realizacijo nekaterih
vislenivojskih mehanizmov posebne Stevnike,

tmenovane fizi&ne ure. /KopeBT/ predstavija
posebno fascovno sinhronizacifjsko enote, Kkt
poleg podatkov o0 realnem ¢&asu vsebuje tudl

mehanizme za uskianjevanje in popravijane
¢asovne baze, gzasnpovane na,/Lamp78/. § tako
enoto razbremenimo procesor, ki ga Jle

izvajan}je sinhronizacije prevel obremenilo.

6. SINHRONIZACIJSKI PRIMITIVI V PROGRAMSKIH
JEZIKI1H
Pomembna lastnost aplikacijske jin sistemske

opreme, kil povesuje preglednost in
kompleksnost, je njena modularnost.

programske
zmanjduje

Navzven porazdeljen sistem tako lzgleda kot
mnofica programskih modulov , kjer je wvsak
modul zase encstaven zaporeden proces.

Procesi v tesno sklopljenih, sistemih
sodelujejo med sebo] take, .da komunicirajo
preke skupnih spremenljivk.

Osnovna resltev problema - medsebejnega
izkl jutevanje procesov, ki kcemunicirajo preko
skupnih spremenljivk, Je Dekkerjev algoritem
/BenAB3/. v njem so zdruiene vse dobre
lastnosti enostavnejdilh refitev, kot so
akivno takanje z opazovanjem skupne
spremenl Jlvke {busy-waiting) in uporabe
spremenljivke za [zmeni&en dostop
(switch-variable). Hkrat!{ pa odpravija
pomank! jlvostl, zarad! |katerih so te re3itve
v praksl neuporabne. Mislimo predvsem na
nedoslednost pri medsebojnem lzkljuéevanju in
na vellko odvisnost med procesi pri uporabi
takega mehanlzma.

Dekkerfev algoritem je precej kompleksen in
ni primeren za Implementacljo.

bolj enostavna reiltev je semafor
ki ga je lahko implementiratli In je
dovolj mo¢an, da lahko 2z njim elegantno
redimo probleme medsebojnega izkljufevanja in
razvrédéanja procesov. Dobra  lastnost
semaforjev, ki Jjo pre] omnejenl mehanlzmi
nimaje, je tudi to, da so procesi, ki takajo
na doseg do dolotenega vira, bloklrani. Zato
medtem, ke takejo, sprostijo procesne
zmogl Jivosti za druge procese. Semaforje
lahko wporabimo tudt pri  implementaciji
motnejdih primictivov.
Semafor s e strogo pozitivna celoStevilska
spremenl jivka, ki Jj} "je prldruZ2ena %e vrsta

Vellko
/Dijkéey,



procesov,

Definlranli sta dve operaciji nad semaforjem,
Pls} In V(s), ki sta nedeltjlvi. Operacl]je
P(s) zmanjsa vrednost s za ena, ¢e Je 8 > 0,

sicer pa odlo2i proces, k!l Je lzvedel to
operacijo v vwrsto., Operaclfa V(s) pa zbudl
prvl proces v vrstil, ¢e pa Je vrsta prazna/

poveta vrednost s za ena,.

Kritidna podro&ia odpravljajo edlno slabe
lastnost semaforjev, to je vellka moZnost 2a
napake pri njlhovi uporabi. Nepravilna

razvrstitev operacl] P in V je lahko usodna.

Kritiéna podrodja so del!l programa, kjer
proces dosega skupne spremenljlivke, ki so v
tistem tasy nedostopne deugim procesom.
Zacetek in konec kriticnega podrofja
oznacéujejo posebni Jezlkovni konstrukti, ki
so zelo enostavn] za uporabo, Operaci]jskl
slstem potem sam poskrbl za de jansko

realizacijo medsebojnega lzkljulevanja,.

Pagojna kettléna podradja sa vrazdirltev
prejsnjega konstrukta. Vstop v krtié¢no
podroéje Je dovoljen #ele, ko je lzpolnjen
nek pogoj. Ovrednotenje pogoja 1n lzvedba

kriti¢nega podrolj}a sta nedeljiva,

Hoare 1in Brinch Hansen sta definirala monltoer
/Hoar?4/, /BrHa?3/. Podabno kot proces
predstavija koristno abstrakclio pel
mutlprogramiranju je monltor abstrakcija za
medprocesno komunikaci jo.

Monitor Je razéiritev pogojnih _kritignih
sekelj. Monltor predstavija telo, ki vsebuje
skupne sprement flvke in procedure 8
krititnim! voekc!jam! za delo z niimi. $ tem
postanejo te spremenljivke Jlokalne, skrite

znotraj monlitorja. Procesi, ki 2elljo dostop
do takih spremenijivk, ga lahko dobljfo samo
preko monitorskih procedur. Monitor je

pasiven v slistemu in se aktivira samo takrat,
ko procesi 2elijo dostop do njegovih
spremenlt jJivk,

Pri dibko sklopljenih gistemih pa je
sodelovanje med procesl v razliénlh
programskih modulfh povezano 8 podlljanjem In
sprejemanjem sporocil], ki sluzijo z4a
sinhronizacljo in prenndanje podatkav

/8lom87/. Komunikacija med procesl je lahko
ehosmerna ali dvosmerna,

Osnovna primitiva pri enosmerni komurnikacijl
sta ‘'poslii-’ in ‘sprejmi’, pri dvosmerni pn
zahtevek 2 odpovorom {request-reply),

{remote procedure

oddaljen! klic proceducre

call) in rendezvous,

Primitive za
najdemo v

sinhrono sprejemanje
veéinli Jezlkov, ki so primerni za
porazdeljene sisteme { ADA /USADSO/,
CONIC /SlomB3/, CSP /Hoar78/, SR /Andrsi/,
Pascal~-m /Abra83/ ).

Modul, ki taka na sprejem sporodila od
drugega modula se blokira ter postavl v vrstoe
takajo¢lh In se aktivira dele po prejemu
pricdakovanega sporotila.

podatkov

CSP 1ima podoben konstrukt tudi za posiljanfje
sporodil.
Vsi dvosmernli primltivt omogodaju

sinhronizacijo med procesi, ki Jih lzvajaJo,
C¢eprav se v podrobnestih in naé¢inih lzvedbe
nekolliko razllikujejo.

Zahtevek 2z odgovorom je dvosmerni primitiv,
ki Je v bistvu kombinaclja slnhronega
podlljanja in sprejema sporoélila.

Oddal jeni klie procedure ima dolotene
prednosti, saj omogoda transparentnost
lokaclije virov fn procesov /Stan82/. To
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pomeni, da uporabnlku ai treba vedet!, kje se
nahajajo iskani viri alti mu ni treba
sestavijatl sporodil. Vse to zna nareditl
operaci jski sistem.

Konstrukt v jeziku Ada /USADBO/, Imenovaun
rendezvous, Je kombinacl fa RPC In
fzmenjavanja sporodil. Omogoda sinhronlzacljeo
procesov A tasu fzvajanjea konstrukte
/BenAB2/.

7. SINHRONIZACIJSKI
SISTEMIH

MEHANIZMI V OPERACIJSKIH

Centraljziranli
mehanizmi

sinhrontizacl jski

Skupna lastnost centraliziranih
sinhronizacl fsklh mehanizmov je v tem, da
temeljije na enem sinhronizacijskem osebku.

uwra predstavlja osnovo za razvrédanje
podobno kot v centraliziranlh
Operac! jski sistem za reatlzacljo
uporabl }ja posebne elemente
strojne opreme, Procesi so razvrdceni na
osnovi e&asovnih znaék, k! Jih dobijo, kadar
Je potrebna sinhronlzaeclja. -
Ceprav Je ta metoda enostavna,
pomanfkl jivosti. Praviino

Flzléna

dogodkov
sistemih.
tega mehanlzma

ima mnhogo
zaznamovanje

dogodkov 8 ¢asovniml gnackami je popolnoma
odvisno od sprejema stanja ure ob vsakem
dogodku. Napaka prl prenosu sporotila s tem

lahko usodna za praviino
Potrebujemo tud! vnaprejdnje
zakasnitev v prenosnlih

odvisna od zahtev

podatkom je
razvrstitev,
toéno poznavanje
kanalih. Natanénost je
sistema oziroma aplikactje.

S§tevec dogodkov Je objekt, ki Steje dogodke,

ki so se z2godili v dolotenem razredu {npr.
aktivnasti). Definirani so trije primitivi:
povetaj vrednost &tevca, prebert vrednosti
ftevca in odlezt Lklicol&i proces, dokler ni
vrednost &tevca vsaj enaka podan] konstantl.
Pomembna prednost tega mekanlizma je v tem, da
dovoljuje socasno lzvajanje teh primltlvov na
istem Stevcu brez medsebojnega 1zklfutevanj)a.
Pojem "§tevec z enim upravl jalcem™ Jje
definiran kot &tevec dogodkov, ki deluje
pravilno, dokler Je prepovedano sotfasno
poveéanje vrednosti 4dtevca. Vvendar pa jJe
sistem zelo obtutijiv na lzpad posameznlh
elementov, sa] Je vsaka napaka 3tevca usodna
za pravllno razvrEéanje.

Stati&ni razvrifevalnik uporabl Jamo za
popoino razvrstitev dogodkov v danem razredu
{stevec dogodkov omogoda s amo delno

Razvrédevalnik Je celodteviléna
delo 2z razvritevalnikom Jje
primitiv, imencvan
vrne tekoédo vrednost
njegove vrednostld

urejenost}.
spremeni jivka. Za
definiran samo en
vstopnica (ticket}, ki
ragvrétevalnika In poveta

za 1. Razvr&&evalnlk zahteva loCen mehanlzem
28 medsebojno fzkljudevanje zato, da Je
primttiv vstopnica nedeljiv. Dva prolzvajalca
ne moreta dobitl vstopnice hkrati. Glavni
problemi pri uporabi razvrslevalnika so pri
izblri mehanizma =za medsebojno izkljuéevanje
in vpliv napak ali lzpada razvricevainika na

pretivetje sinhronizacijskegae mehanizma.

da centralizirant

sistemih ne fzpolnjujejo
bistvene za take sisteme.

na takik osnovah, ne morejo
razpolo2ljivostl in
zaradl

Jasno je, pristopi v

porazdel jenih

zahtev, ki so
Sisteml, zgrajeni
imeti visoke stopnje
imajo v splosdnem slabse zmogljivosti



ozkega grla, kil ga centraina

enota,

predstavlja

7.2, Porazdel Jeni
mehanlzmli

ginhronizacl jaski

s porazdel jeniml mehanizm]

dosegamo vedljo
stopnja paralelnosti in s tem hitrejse
delovanje, boljso lzkoriscéenost aopreme in
vetjo zanesljiveost. Porazdel jent
sinhronizaci)skl mehanlzmi 50 vetkratne
fizigne ure, vectkratne logiéne ure,
abstraktnl fzrazi,  skupne spremenl J1vke,

kro2e&l 2eton in kro2eci razvr$devalnik.

cilj uporabe flzl&nih ur Jje v dolotitvt
enctnega fiziénega casa v sistemu.
Konsistentno dodel jevanje iahko dobimo Iz
popolne Xronolotke razvratitve aktivnosti, ki
se pojavijajo v slstemu., Prf uporabi ved ur

ni pomembna samo tofnost vsake posamezne ure

ampak tudl medsebofna usklajenost, tako da je
razlika med poljubnima dvema urama manfjsa od
vnapre] doloéene konstante. Refltev tega

problema fe podal Lamport /Lamp 78/,
Sistem modeliramo kot povezan graf procesov s

premerom - d. Premer grafa predstavlja
minimalno $tevilo procesnih mest, preko
katerih mora 1tl sporot¢ilo 11z poljubnega
procesnega mesta, da doseZe poljubno drugo
praocesno mesto. Vsak proces lma wuro in
periodicno (perioda t} poéllija
sinhronizaci jska sporoctila vsekemu drugemu

procesu. vsako sinhronlzacijsko sporo¢ilo
vsebuje Fizitno &asovmo znatko. Po prejemu
sinhronizacljskega sporoé¢ila proces pomakne
svojo wro naprej, ¢e je tasovna znatkn vedja
od stanja ure. Predpostavijemo, da poznamo
spodnjo mejo {u) in zgornjo mejo (u + 2z)
zakesnltev na komunikacl]jskl mre2i. Naj bo Kk
natantnost vsake ure (k<10 ") in e dovoljen
zamik med poljubnima dvema urame. Ce Je
e/(1-k) < u 1in e << t, potem Je moino
fzratunat! priblizno vrednost e, ki le

pribliZno d{2kt + z).
v odvisnosti ad
zamlkov itn

zahtev
vel javuosti

glede retlativnlh
predpostavk glede

zakasnitev na  komunikacijski mre2i se lahko
adlo¢imo za tveganje, da bomo obé&asno
fzgubill} sporectila zeradi prevellkth
zakasnltev ln tako dosegll verjetnostno
sinhronlzacijo all pes ne thomo tvegall. Tak
pristop blstveno zman)a zmogl Jlvostl
slstemn,. Kl juéni parameter pri Ltem Je
razmerje z/u.

Vefkratne logl&ne ure so prvit opisane Vv
/Lamp T78/. Implementirane so kot funkclje C,
kl dodell]Jo &tevilo wsakl zatet| lokalinl
aktivnosti. To so torej navadni Stevei. V
sistemu, kjer Ima vsak prolzvajalec avojo
logidno uro -jJe problem, kako zagotoviti
globalno razvrstitev. Funkcija G Ima
lastnost, da velfa C(i,a) < C(J,b}, te ste a
in b aktivnosti v procesih { in j In velfa a
> b. Prl reallzacijl! logl&nih ur moramo

upostevat]l dve pravili:
Pravile 1: Vsak proces | poveda vrednost
§tevca C(i) med dvema
zaporednima aktivnostima.

Pravilo 2: Ce aktivhost a v
pofilja sporetilo In
sporotilo m vaebu)e <Casovno
znadko T{m) = c{l.a). Po
prefjemu sporoéila m proces |
postavi svoj $Stevec C(J) na
vrednost, ki je vetja all
kvetjemu endaka trenutnt
veednostl in je vetja od T(m).

potem

procesu 15

Vsako funkcijo C, ki

Ima zgoraj nhavedeno
lastnost, lahko uporabimo za poepolno
razvestitev poljubne mnoZlice aktlvnostl. Za

to potrebujemo 8e popolno uredlitev procesov

(npr.- glede na njlhova Imena). Aktivnost a se
je zpodila pred b, ¢te je C{l,a}) < C(}.b}
ozfroma c(i.a) = C(j,b) in je 1 < .

Sihronizaci jskl
1 in 2 1in popolna

mehanizem definiran s pravill
razvrstitev dovoljujeta
konsistentno dodel jevanje aktivoosti.
Definirana popolna razvrstitev nl edinstvena
tn ni ekvivalentna kronolofkl razvrstltvi. To
je razlog, da je vtasih treba Implementirati
sistem logi¢énih ur na slstemu fizi&nih ur,

Mehanizem z uporabo abstraktnih izrazov
/Herm83/ teme}ji na uporabl logifnih ur.
Vsaka ure ima poleg osnovne verzile, kil je

pri procesu, kl povetuje njeno vrednost $e
dodatne verzije pri drugih procesih, ki samo
spreml]ajo nlene vrednost. Predpostavimo, da
mora vedno veljatl wbstrakten lzraz

Ecixl < k

in k konstenti, x

1 Stevilo logiénilh ur.
Dodatne verzije logi¢ne wure Imenujeme njene
sllke. Oznatene s0 2z m(x,) in se lahko
razlikujejo od osnovne vbrzlje} Z uperabo
dodatnih wverzij pri delu s slnhronlzacijskimi
spremeni jivkami zelo zmanjéamo komunikacijske
potrebe in povecamo uéinkovitost.

Zamenjava osnovne verzije logléne ure z njeno
sliko je dopustna, te pri zamenjavl
upostevamo tako stroge omejitve, da je kljubd
dopustni napaki slike izpolnjena zahteva
osnovnegs abstraktnega lzraza.

To pomenl, da lahko pri slikah logiénlh ur,
kjer je konstanta ¢ negativna popravl jamo

kjer sta vrednost

c
logiéne ure ln

njihove vrednosti z zakasnitvijo, ne da bdi s
tem ogrozili pravilnost abstraktnepa lzraza.
Podobno lahko vrednostil stilk logiénih ur, ki
imaja konstanta c[ pozitivno, poprav] jamo
vaaprej.

Sinhronizacijski mehanizml, %! temejjijo na
fizi&nlh ali logiénih wurah iImajo skupno
lastnost, da ne temeljijo na medsebojnem
izkl jutevanju. To fe wvellka prednost vprl
uporabl! v porazdeljenih sistemih, saj omogoca

paralelnost fzavajanja..

Sinhronizacl jskl mehanizmi lahko prl svojfen
detu wuporabljajo dejstvo, da imajo procesi
edinstvena in stalna imzna. To dolota popolno
razvrstitev procesov, ki daje opazovalcu
obéutek, da so proecesl povezani v neko verige
alt obrod, Vsak proces ima natanino
dolocenega prednika in naslednika. Taka
logiéna razvrstitev ni nufre povezana s

fizieno topologijo sistema.

Obro¢ sluzl kot osnova za prenasanje posebrih
pravic med procesi v sistemu. Pri
sinhronizaclfl taka posebna pravica pomenli

dostop do sinhronizacl jskega osebka.

Skupne spremenljivke: Sinhronizacljski
mehanizem, ki temelji na konceptu loglénega
obro¢a je bil predstavijen v /Di}k74/. Ker
predvideva wuporabo skupnth spremenljivk je
uporabgn v tesno sklopljnih slstembh.
Lastnistve nad posebno pravico lahke zaznamo

2 opazovanjem
dell z
znaniml

spremenl]l jivke, ki jo ©proces
enim od obeh sosedov v obrocu. 2Z
atgoritmi lahko doseZema stabilno
stanje., kjJjer ‘od vetih posebnih pravic ostane
samo 8e ena, kil potem kro2t po obrolu in
zagotavl ja medsebajno Izk] juédevanje.

Odkrivanje
dinamiéno
metodami,

napak,
sirjenje
gplsaniml pri

redevanje Jz napak in
sistema 80 moinl 2z
podajanju 2etona.



Krofedi 2eton Jje sinhronlzacijskl mehanizem
zasnovan na enakih asnovah kot deljene
spremen] jivke, le da se posebna pravica
prenads med procesi s sporocilom, ki ima
edinstveno obliko 1In ga {menujemo 2eton. S
tem priacipom dose2emn medsebo]no
fzkljutevanje procesov v Slbke sklopljenih

sistemih. Po prejemu Zetona
opravl 2eljeno aktlvanost. 2Zeton lahko obdrzi
najve¢ nek napre] doloten ¢&éas In potem ga
mora predati naslednlky v obrod¢u., Mehsnlzem
more zagotoviti obnovitev logicnega obroc¢a In

lahke proces

podajanja %etona, &e izpade trenutnl lastnlk
Zetona all katerikol!l element Jloglénega
obro¢a, hkrati pe lahko dopusca v slistemn
samo en Zeton.

Protokeli za odkrivanje napak In njihovo
resevanje so podani v /LelLa77/ in v /LelLa78/.
Tak sinhronlzacljski mehanizem je uporabljen
tudl na logi¢nem wanlvoju lokalnih mrez 1in

definiran v /1850802/.

Usinkovitost sinhronizacljskih

medsebojnoe 1zkljudevanje med procesl je v
vellkl meri odvisna od easovnhe obse2nosti
kritiénih sekci}). Ce kritiéne sekcije
vkl jucujejo lzmenjavo sporoégil med
prolzvajalci In potrognikl, daje

potem to
nizke zmogljivostl. :

Kroz2eti razvri3levalnik Je razvritevalnik, ki
stalno kro2i po logiénem obroéu in uporablja
mehanlzem podajanja 2etona.

Po prefemu 2etona lahko proces aktivira veé
primitivev tipa vstopnica itn potem podije
Zeton nasledniku. Na ta naé¢ln doseZemo

medsebojno
razvricevalnika.

Izkljucevanje uporabnlkov
V ¢lanku /LelLa?78/ je oplisani

protokol, ki uporabli ja opisani koncept.
Protokol uporablja stevilke obhodov, ki jo
nosi Zeton In se poveta vsaki&, ko dosefe
proces, katerega naslednik ima nizjo
$§tevilko, kot Je njegova.

8. KRITERLJI ZA VREDNOTENJE

SINHRONIZACIJISKIH MEHANIZMOV
Sinhronizacijski mehanizmi nimajo ldentié&nih

lastnaosti{. V
kriterije za
mehanizmov.

nadal jevanju
vrednotenje
Pomembnost

podajamo vainejde
sinhronlzaciJskih
vesakega od njih je

odvisna od omejitev, ki jih postavimo
sistemu.

Odzivni gas Iln _propustnost: Vsak mehanlzen
mora v najvetjl mo2nl merj upoftevatl in
izkoriscati vae prednostl} paralelnosti .

delovanja porazdeljenega sistema. Paralelnost
v sinhronfzacif1 in. prl koemunlclranju omogoca
vellko propustnost in kratke cdzlvne tase,

ProZnost pomenli, da mora sinhronlzacljski
mehanizem bitl odporen n& pojav napak Ln
zmanjdanja stevila procesov v sistemu.

Potrebufemo pravzaprav bolj natan&no merjenje
te lastnosti, ki bl lzrazila 3tevilo hkratnlh
napak oziroma [zpadov procesov, ki [lh sistem
Se pre2lvi.

Dodatna poraba virev (overhead) je pruvzaprav
cena, Kkl jo moramo pladati, da lahko lzvedemo
sinhronizacljo. KaZe se v povedanju prometa
med procestl In j}e odvisma od &tevila In
velikosti paketov, v vetjl potrebl za
procesiranje ({dodatnih sporotil zZa
sinhronlzacijo) 1In v wuporabi pomnilnika za

mehan{zmov 2za
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shranjevanje potrebnlh informacij.

Konvergentnost in posdtenost sta lastnosti

sistema, kl zagotavljata, da se v konfliktnlh
sjtuacijah viri in zmoZnosti enakomerno
porazdetl jo med tekmujote procese,.

Razsirljivost je zahteva, da mora
sinhranizacl]ski mehanlzem dopuséati
dodajanje all ponovno vkl juéevanje procesnih
elementaov, ne da bl § tem motil delovan]e
sistema.

Duolndenost. Sistem Imenu]emo deterministiiden,

¢ée Je zasnovan take, da v vsakem primeru
dosele sinhroniziranost. Ce pa doseie
sinhronizaclJo samo v vetin! primerov, se

sistem imenuje verjetnosten.

Refevanje 1z napak Jje zelo pomemben nabor
funkcij. Posamezni mehanizmi se razilkujejo
po kolicini pomoédi, kl jo nudijo pri
redevanfu fz napak, po vplivu pokvarjenih
elementov sistema na pravilno delujode In po
tasu, ki Je potreben, da se popravljenl
elementi spet vkifug!jo v normalno delovanje
sisteman.

Povezanost med elementi sistema se zelo
razllkuje glede mna razlidne mehanizme. Slabl
s0 taki mehanizml, ki zahtevajo polno
povezanost, saj je fe-ta zelo draga v
primerjavi s tipl povezanostl, kjer so
elementi zdruieni v verigo all abroé¢.
Vzpaostavitve zatetnega stanjan se po
kompleksnostl lahko zelo razlikujejo.

Razuml jivest in enostavnest mehanlzma nam
olajsata deleo prli spovanju, formalnem

preverjanju, implementaciji, testiranfu in

vzdrzevanju.
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MATEMATICNO SODILO O MOZNOSTI STROJNE INTELIGENCE

{ali o Churchevem teoremu)

UDK 519.713.6

Church je 1934, leta izdelal teorem, ki ima
globok wvpliv na filozofske osnove kibernetike
in na razreSitev dileme ali je mogoée izdelati
inteligenten stroj.

Vpraganije:; Ali lahko &lovek predvidi vselaj in
za vse primere, kakden bo odgovor stroja, de
vnesemb vanj ustrezen program in mu postavima
primerno vprasanje?

Odgovor, poa Churchavem teoremu, ki gradi na
diagonalnem postopku stroja, je lahko nepredvi-
dijiv - wvendar ne zaradi nakl juénih napak v HW
ali 8W, ampak 2aradi matematiéno - logicnega
mehanizma diagonalnega postopka, ki omogofa
poleg znanih tudi nove kombinacije elementav,
kar imenujemo ustvarjalnost.

Churc made in 1936 the theorem, that has deep
influence on the philasaphycal bases of
cybernetics and the solution of dilemma whether
is possible to make an intelligent machine.

The questioni Could one foresee allways and for
all instances, what will be the answer from
machine, 1if ingerts an adequate program and
puts an appropriate question?

wer, according to Church’s thearem,

which builds on the diagonal machine procedure,
could be anpredictable - but not beacocuse of
accidental RW or SW faults, however owing to
mathematical = lagical mechanism of the
diagonal procedure, that enables besides known
also new combinations of elements, what we call
creativity.

Clovekav mladic si pridobi najosnovnejSe pajme
o geometriji s Sestimi leti, z devetimi lLeti pa
je sposoben, da wamanipulira z razdaljami v
prostoru - in po trditvah nekaterih proucteval-
cev - adrasel Simpanz nié¢ ne zaostaja za njim.
Dale¢ od tega, da bi ernaftili &lovekave in opi-
¢je intelektualne zmogl jivosti, toda 2e iz ene-
ga primera je videti, da so potrebna ¢&loveku
dolga leta utenje, preden je sposcben kolikor
toliko wuporabljati najspecifiénejsi organ -
molgane. Tarej, kot je znano, niso dovolj le
moigani, temved jih je treba napolniti z ustre-
znim znanjem, podatki itd. ter jih tudi ustre-—
zna ‘“splofno kondicionirati® - kot vsakdanje
pravima, ustvariti osebnost, ki je nujen pogoj
za ustvarjalno delo. Pogaj pravime =zato, ker
sicer brez tega manjka molganom odlo&itveni
kriterij in dinamika vzgiba. Bogatenje dugevno-
sti omogota za ustvarjanije potrebno iniciacijo
in za labilna, zamegl jena stanja patrebno odlo-
titveno nagnjenost.

Vepdgr s2 ¢ vedno, tudi v nactelu bije bitka,.
ali je sploh mogode strojno oponasati delovanie
¢lovekovih moigan, ne oziraje se pri tem &e na

~
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to, ¢e smo sploh sposobni dokopati se do
tehnologij, ki zagotavl jajo uparabnost takega
stroja. Tudi nekateri nadelni privrienci stroj-
ne inteligence mislijo, da je do njene astva-
ritve §e zelo dalet.

Zanimive bo pogledati neki matematiéni prijem,
ki skuda po svoje razrediti dilemo ali je stroj
zmoden, zTa ¢tloveka nepredvidenih resitevy -~
torej, ali stroj lahko preseneti &loveka? FPri
¢emer seveda ne wmislimo na napake med
delavanjem, slabo programiranje ipd.

Piagonalni postopek

Z diagonalnim postopkom je Canter dokazal, da
je mnotica realnih stevil nestevna in da Jje
zato mod¢ take mnotice vedja od modi mnotice
racionalnih &tevil. Dve mnoXici imata enako moe
ali sta ekvivalentni, te je magoée njune
elemente drugega drugemu paroma prirediti, moc
mnotice izrazimo ¢ kardinalnim stevilom.

Vzemimo kot ilustracijo poseben primer: (1)
realna 4tevila naj bodo le tista med ni¢ in &na
{kar se lahko nato posplosi), (2) privzamemo,
da vsako realno stevilo v tem intervalu  lahko
zapitemo kot binarno s$tevilo s karakteristiko
ni¢ in neskonéno dolge mantiso (e od dolocene-
ga mesta napre) nastopajo v mantisi le niédle,
potem imamo opraviti 2 racionalnim Stevilom?.
Izhajamo iz mbifnosti, da je mogoéde paroma
prirediti elemente mnoiice naravnih stevil in
nage mnalice realnih &stevil. S tem aostevildimo
vsa realna stevila na naslednji nacin:

gt. ! ima OQ,A11 Ayz AgI...

st. 2 ima 0,A721 Arz A3

&t. 3 ima O,Axy Azz A3x.-..
itd.

Ker smo se tako dogovorili, ima vsako 4tevilo
Ajj wvrednost @ ali t in bi lahko imeli tudi
neki tak primer:

1 0,0 0 1.4
2 0,0 1 Ovas
3 0,1 o 0...

itd.

Sedaj pa se aodlodéimo, da si skombiniramo novo

dtevilo tako, da ga sestavimo iz diagonale
zgarnje tabele:
04A1;  Az2 A33...

oziroma bi tao bilo v nagem izbranem primeru:
0,0 1 Cuns

vendar pa bomo vsako cifro invertirali ter tako
dgobili iz mi¢le enko in iz enke nillos



0,84 B Bz...

kjer je By=0, &e je A;j=1 in Bj=1, ée je Ay 3=0.
V zapisanem primeru bo dtevilo dobilo tole
vrednosti

0,1 0 1e..
Otitno se to &tevilo razlikuje ad kateregakoli
stevila v prvotni tabeli.

Ker smo se pa dogovorili, da bomo osteviléili
vea realna stevila, z diagonalnim postopkom pa
Jje vselej mogode izpisati e eno dodatno realno
dtevilo, ki ga ni najti med prejénjimi, je
octitno te pretislovro. (2 druge strani pa lahko
preslikamc mnotico mnaravnih &tevil na delno
mnozico realnih &tevil med nié in sna tako,
uporabimo inverzna realna stevila: 1, 172, 173,

1/4,... ampak slednje nmas tu sedaj ne zanima, }
Church je 1936. izdelal teorem, ki se pao niem

tudi imenuje, ima pa globok wvpliv tudi na
filozofske osnove kibernetike in,  videli bomo
kasneje, tudi na razreditev dileme ali Jje
mogode izdelati inteligenten stroj.

Churchev teorem

Preden se lotimo samega teorema je prav, da se
dogovorime o nekaterih definicijah.

Prvo: KaJ Je algoritem? V wveljavi je vee

gkvivalentnih in toénih definicij, kaj je algo—
ritem - dovolj je dokazati nek teorem za sno od
njih in avtomatiéno velja za vee dstale. V
intuitivnea saislu razumemo algoritem kot
navodilo za postopno izvréevanje nekih operacij
na nekih objektih (znakih, €érkah), da bi dobili
nek rezultat.

MnoZico {(naravnih &tevil) imenujemoc definitno,
¢e obstaja algoritem, ki lahke odgovori na
vpraganje, ali neko naravno stevilo pripada tej
mnotici.

Zato. je umestno vprasanje ali je vsaka &tevna
mnoZ2ica tudi definitna?

Mnozica je stevna,
predpis, program,
njene elemente.
smo  tudi

¢e obstaja algoritem,
ki postopoma proizvede vse
Ce torej imamo tak program ali
gotovi, da bo izpisano tudi neko
konkretno Stevilo? Program je dokonénl tekst
{je determiniran), ki ga lahko do popolnosti
proudimo in iz njega izvledemo vso informacijo,

2ato, na prvi pogled izgleda, ne bi smelo biti
nikakrénih zadrikov za izpis katerega koli
stevila,

Ce vzamemo poljuben programski jezik ({(algol,
basic itd.) lahko prepoznama vsako njegovo
besedo kot del programa ali pa kot njegov ne-

del, ker Jje tofno padana sintaksa programniranija
v enem all drugem jeziku. Od tod izhaja, da
lahke programe $teviléimo z naravnimi &tevili.
Tako lahko sestavimo univerzalni algoritem U,
katerega izhodi&éni podatki vsebujejo par
cifer:1 &tevilko algoritma N in &tevilo X nad
katerim naj izvajamo N-ti algoritem. Tako bo U
vseboval navodilo, kako naj dedifrira stevilo N
in ga preoblikuje v tekst ustrezajolega progra-
ma, nato pa e tak algoritem izvede na $tevilu
X. Ce lahko N-ti algoritem oznadimoc z Ay, lahko
vse skupaj napiftemp v obliki:
UiX,N) = ANIX),

Chureh Je raziskal “diagonalni algoritem”
U (XyX}, ki deluje take, da pponasa uporabo
algoritma 1 na stevilu 1,nato uporabo algoritma
2. na’ stevilu 2, itd, Tako dobljena mnotica bo
podrotje, ki ga definira algoritem U (X,X)+i1,

da
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‘pravo

ki ga lahko krajse napisemo kot
stevilo X, torej D(X).

algoritem =za

Fredpostavimo, da je podrodje, ki ga definira
ta algoritem definitno, tj. da za vsako naravno
¢tevilo zna odgovoriti ali pripada ali ne pri-
pada temu podro¢ju. Zato lahko sestavimo algo-
ritem B{X) podan z 2nacbama:

D{X), ¢e je D uporaben na X

B(X)
9y ¢e D ni uporaben na X.
Kot wvsak drugi algoritem ima tudi B neko
s4tevilko, ki naj ba recimo M torej B(M), tedaj
lahko napisemo B(X) = U(X,M}). Od prej vemo, da
je B{(X) pavsod definiran - zato je definiran
tudi EM) in 5 tem &e U{M,M). Ce pa je tako, Jje
definiran tudi U(M,M)+1, ekvivalentno =zgoralj
opisanemu DiM) . Po  Konstrukciji B vel ja

B(M) =D (M)=UM,M)+1. Z druge strani uvrstimo X=M
2 enacbo B(X)=U(X,M), doblimo B(M)=U(M,M). To pa
Je protislovno, kar pomeni da obstaja &tevna
mno¢ica, ki pa ni definitpa. To je Churchev
teorem,:

Uporaba Churchevega tecrema na strojih

Churchev
izdelave
abicajno
na

V.N, Trostnikov opozarja, da je mogoce
teorem uporahiti za preiskavo moinosti
inteligentnega stroja in navaja, da se
definira razliko med ¢&lovekom in strojem
nasledniji nadin:

“Obnasanje stroja . je strogo deteraminirano,
maedteam, ko ima élovek lastnost, ki ji pravimo
svobodna vol ja.”

Vendar kje maj bi se kazala ta svobuqna volia,
v kateri razvojni stopnji ustvarialnega razmi-
¢ljanja? Ni potrebno, da se strinjamo prav
z vsem kar Jje za naslednjo shema, ki Jjo
uparabl jajo nekateri psiholeogi, je pa primerna
pri obravnavi te snovi, da Jje ustvarjalnost

postopnost naslednjih dejavnostis: priprave, in-

kubaci je, inspiracije in preverjanja.

Priprava naj bi zajemala kopicenje potrebnega
znanja, podatkov ter ustrezno urejanje. Inkuba-
cija =za katero mnogi trde, da se odvija med
dolotenimi podzavestnimi procesi:’ asociranjem,
odpadanjem nekaterih idej po zakonu nedavnos?i
i.p. Mavdibnjenje — inspiracija, ko se paveieio
razli¢ni podatki, dejstva, elementi v nova kom-
binaci jo. Preverjanje iz inspiracije nasta{e
zramisli, ki terja zavestno, organiziranag in si-
stematitno delo z %e dolodenim il jem.

lzhajanje iz te sheme, bi lahko rekli, da je le
v inspirativni fazi potrebna neka "svobodna
vol ja*, ki naj zagotovi novo, doslej neznano
kombinaci jo znanih elementov. Tako pripravlja{—
na faza, kakor tudi inkubacija nimata sestavin
ustvarjalnosti, kljub nekaterim neznanim de%-
stvam o podzavestnih procesih, saj gre za pri-
gradiva. Res Jje tudi, da pri tem zelo
nastopajo medsebojina prekrivanja faz
ter razliéne interakciije, povratne zveze i.p.
Toda pravi trenutek stvaritve je zavedanje, _da
je nastala nova kombinacija, <emur pravimo in-
spiracija. Poslednja aktivnost, preverjanje, pa
je sicer izredno pomembna, véasih dolgotraijna
in naporna, toda ta deluje po ustaljenibh prin-
cipih, v kolikor seveda ni potrebng tudi za
preverjanje ustvariti kaj novega, kar terjia
postopek podoben gprejsnjemu - sicer seveda
ostane nova zamisel brez potrditve zgolj
hipoteza.

vear jetno



Ogleimp si zato nekoliko podrobneje inspirativ-
no faza. Trostnikov trdi,da bi morali definira-
ti wvprasanje o svobodni volji, ki naj bi bila
osnova ustvarjalnemu migljenju, nekoliko druga-

te, pri tem poklice -na pomoé¢ tudi Turinga, ki
je rekel, da bi morali "postati stroj, d&e bi
hoteli vedeti kaj stroj Cuti". Zato si je treba

pomagati drugade z vprasanjem:"Ali se &lovek in
stroj natelno razlikujeta v tem, da je obnaga-
nje stroja, potem ko poznamo njegov pragram, v
vsakem primeru (natelno) predvidl jivo, medtem
ko Jje pri &loveku nepredvidl jivo?" Ker smo  te
spoznali diagonalni postopek in Churchev teo-
remy ki sta nam pokazala, da kljub jasmemu al-
goritmu nismo nikoli prepricani - in to natel-
no, - ne zaradi tehniénih napak v delovaniju
stroja - ali je ali ni proizvedeno &tevilo del
mnotice, ki Jjo generira algoritem.

Zakl jufek tega razmisljanja je torej tak, da
tako e&lovek kakor stroj nista determinirana in
imata ustvarjalne sposcbnosti.

"Svabodna vol ja*

Seveda pri tem ostaja 4e vedno odprto vprasanje
svobodne veolje, ki naj bi bila posebna claveko-
va sposobnost, da lahko pri razsojanju, hotenju
in delovanju odloéa in izbira med dvema ali vecd
odlocitvami. Filozofi~idealisti imajo ¢lovekovo
svobodo za absolutno, kar pomeni, da ni odvisna
od obiektivme nujnosti mnaravnih zakonov, in je
glede na to znak ¢lovekave pripadnosti nekemu
nadnaravaemu svetu, 7a materialiste je svoboda
"nujneost, ki je presla v zavest"; ne obstojl v
nami &l jeni neodvisnosti od naravnih  zakonov,
ampak v spoznanju teh zakcnov in na tem znanju
temel jedi mo2nosti izkeorldtanja naravnih zako-
nav in =il v prid dolo¢enemu cilju; "svoboda
val je pomeni sposobnost odlotevanja na temel ju
poznavanja stvari" (Engels); "svoboda Jje spo-
znana nujnost® <(Hegel). Izhajajot iz slednjih
opredelitev tudi &lovek pri ustvarjanju ni svo-
boden, é&eprav izgleda, da je prav prebijanje
omejitev, ki &g bile “spoznane kot nujnost"”,
uastvarjalni naper, Je tudi res, da tudi nekon-
vencionalneoet, iskanje novega, potreba po uki-
njanju aksiomov itd., je za 2loveka "spoznana
nujnost". Nujno je spoznavanje narave, nuino Jje
redevanje neznank, nujno je iskanje novih kom-
binacii, v tem je osnovni vzgib ustvarjalnaosti,
torej tudi "nepredvidl jivostiY - ¢eeprav lahko
vsaj natelno pricdakujemo nova spoznanja, odkei-
tia, izums.

Nedvomno
tolikeo
“"spoznal

Je mogode tudi

izkustev, znanja,
nujnost" posameznih
seveda pri tem ostaja vprasanje
mo2nosti kot redljiv a zelo zahteven problem.
Pragram, ki Je peotreben - za delovanje stroja
izdela ¢lovek, ni pa reteno, da tega ne bi znal
tudi stroj, ¢e bi mu dali program za programe
marda vsaj za posamezne dele prvotnega progra-
ma. In prav to je pomembna pri ustvarjanju
"evobodne vol je" samega stroja. Program vsebulje
ukare za rafunanje, naslove, odlotitve i.p. Yo
¢e pri preogramiranju  razumemo dobesedno in
pritakujemo,da bo stroj stoodstotno izvréil nas
ukazy ¢ce se tako ne izvrési sematramo, da Je
stroj pokvarjen ali da obstaja neka druga napa-

stroju priskrbeti
podatkav, da bo
odloditev, dasi
tehnicénih

ka, ki prepretduje daobesedno natanctnost. Pri
¢lovekovem moiganskem delovanju pa ni tako.
Pojmi s katerimi operiramc so megleni, mehki,

nenatanéni. Za obravnavanje takih stanj, poimov
in postepkov je razvita teorija =zameqglJenih
(mehkih) mno2ic - fuzy sets theary. Tako n.pr.
pri odipéitvit da ~ ne, nimamd ostrega in ja-
snega prehoda, temved obstaja vrsta vmesnih
stanj med 1 - O da-ne. Za oponasanje take situ-
aci je morame dati stroju moinost da se s pomo-
¢jo podprograma, na osnovi vliaolenega znanja,
izkusenj itd., opredeli za stopnjo odlocenosti
med 0 in 1, med ne in da. Se ve¢! Tak podpro-
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gram ne bo en sam, hiti ne bodo taki podprogra-
mi fiksrmi, temveé bodo odprti, dogradijivi,
spremenl jivi. & tem bomo debili moinost za ne-
determiniranaost strojnega dela in za priblife-
vanje natinu molganskega funkcionirarja, pri
cdemer bo posamezna odlafitev odvisna od kopide-
nja potrebnega zhanja, podatkov, okolidéin itd.

Nedvomne lahko na tak nacin pridemo do adeter-
ministiénega stroja, torej takega, katerega
proizvodi ne boda vselej pridakovani, saj bodo

sledili funkcioniranju notranjega ustroja, ka-
terega logika se bo lahko razlikovala od &love-
kove, ki je zgrajena na zgodovinskem izhustwvu
konkretne realnosti v katerem poteka filogeneza
¢lovestva. Tako kot nas sedanji strojl prekasa-~
jo po hitrosti, natanénosti in cbseineosti obde-
lav, lahko domnevamo, da nas stroji lahko pre-
kadajo tudi pri drugih zmo2nostih kombiniranja,
analize i.p.

Takn pridemo do usodnega sklepa, €¢e naj ima
straj vlotene vse podatke, ki so potrebni :za
njegovo delovanjie in odgovarjajote funkcionira-
nje adeterministiténega dinamiénega programira-
nja, mora vedeti tudi, da sam obstaja: Cogito
ergo sum, Poznati mora svoje sposobnosti, zmo-
gl jivosti, obseg ocbdelav, spomina, samoprogra-—
miranja itd. ter tudi to, keliko je e pbreme-
njen, na katerem delu so proste kapacitete, po-
znati mora stopnjo zasedenostii spomina i.p.-
shratka zavedati se mora sam sebe. Tudi Zlovek
si z leti pridobiva samozavedanje 2z vzgojo in
izobratevanjem, kar prinese na svet z rojstvom
g0 zerlo primitivne oblike zavesti. Clovekova
¢ustva in najrazliénejsa dudevna stanja so bo-
disi delma ali splosna podprogramska kondicija,
ki ustvarja primerne pogaje za odlotanje, zla-

sti, ko gre za zameql jena stanja okoli neocdlo-
¢ne lege, wa iniciacijo novih zamisli, ki pad
ne nastajajo iz nida ali same od sebe, temved

zaradi vzdrievanja "duSevhega tonusa", ki je
individualno stanje moiganskega sistema potre-
bno za zagotavl janje neapatiénosti, mrtvila. (V
mnozi¢nih psihozah i.p. Jje mogote moéno poeno-
titi dudevna stanja posameznih  individuumowv.!?
Te bl nekako lahke primerjali z inkubacijsko
stopnjo midljienja. Fodobno je mogode ustvariti
v stroju “"programe za programe", katerih ena od
nalag je prav ta, da ustvarja “"dudevno razpalo-
tenje", ki je potrebno tudi stroju, ko érpa iz
zaleg znanja, podatkov, informacij, da érpa po
nekem sistemu, tudi ¢ée je to nakl judni sistem,
ter da kombinira znana dejstva v nova dejstva,
cemur redemo ustvarianie t.J. inspirativna fa-
2a. Formalne je najmanj telav videti pri samen
preverjanju nove zamisli - ampak preverjanju v
"tearetilnem smislu", ko niso potrebne dodatne
meritve ali cela ustvarjanje novih merilnih po-
stopkov in naprav, da bi potrdill novo zamisel.
Stroj bi lahko novote primerjal le s tistim,
kar si je nabral v svojem pomnilniku, Vendar je
prav enako tudi s clovekom! Sele, ko si &lavek
z meritvami pridobi dodatmna dejstva, podatke,
informacije in jih primerja z novimi zamislimi,
ve, pri ¢em je. Prav verjetna je, da Churchev
teorem omogoéa ustvarjati, ko pojasnjuje natel-
no nedeterminiranost strojnega delovania, take
ret¢itve in ratunalnidéke zasnove, ki bodo pri-
blitale strojno eélovekovi inteligenci, ter sle-
dnjo v specifidnem.smislu tudi presegle.
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