
oo intormatica





ormitic:
Casopis izdaja Slovensko drustvo Informatika,

61000 Ljubljana, Parmova 41, Jugoslavija

ČASOPIS ZA TEHNOLOGIJO RAČUNALNIŠTVA
IN PROBLEMEINFORMATIKE
ČASOPIS ZA RAČUNARSKU TEHNOLOGIJU I
PROBLEMEINFORMATIKE
SPISANIE ZA TEHNOLOGIJA NA SMETANJETO
I PROBLEMI OD OBLASTA NA INFORMATIKATA

Uredniski odbor:

T. AleksiC, Beograd; D. Bitraikov, Skopje; P.
Dragojlovle", Rijeka; S. Hodzar, Ljubljana; B.
Horvat, Maribor; A. MandziC, Sarajevo; S.

Mihalie, Varazdin; S. Turk, Zagreb

YU ISSN 0350-5596

LETNIK12,1988-ŠT.2

Glavni in odgovorni urednik:

prof. dr. Anton P. Zeleznikar

.-...- Tehnicni-urednik: ..\i-.':

dr. Rudolf Murn

Zalozrif Ski svet: , _,._,,

T. Banovee, Zavod SR Slovenije za,statIstiko,
Vozarski pot 12, 61000 Ljubljana;

A. Jerman-Blazie, Iskra Telematika, Kardeljeva
ploSčad 24, 61000 LJubljana; .__„-.

B. KlemenCiC, Iskra Telematika, 64000 Kranj;

S. Saksida, Institut za sociologijo Univerze
Edvarda Kardelja, 61000 Ljubljana;

J. Vlrant, FakuTteta ža elektrotehniko, TrZaška
, .. 25, 61000 Ljubljana. ...- .... .

UrednlStvo in uprava: _—_

Casopis Informattka, Iskra Delta, Stegne 15B,
61000 Ljubljana, telefon (061) 574 554; te-
leks 31366 YU f Delta. ...!.,'. , .....-,. : •.,.-:

Letna naroenina za delovne organlzacije znaSa
24000 din, za zasebne naroCnike 6000 din, za
Studente 2000 din; posamezna Stevilka 8000 din.

Stevilka ziro raeuna: 50101-678-51841 -

Pri fInanciranju easopisa sbdeluje Raziskovalna
skupnost Slovenlje •••;•.•.,-.-.

Na podlagi mnenja RepubliSkega komiteja za
informiranje St. 23-85, z dne 29. 1. 1986, je
easopis oproSOen temeljnega davka od prometa
proizvodov.

Printed^y: Tiskarna Kresija, Ljubljana, in March, 1988

V s E--B I N A

A.P.Zeleznikar 3 O razvojni pobudi računalni-
Ske industrije

M. Gams 12 Approaching the Limit of
M. Drobnič Classification Accuracy

N. Guid
B. Zalik

18 Standards in Computer Graph-
ics " .:-.,-, ---

J. Gyorkos 24 A Survey of Most Important
I. Rozman and Outstanding Methods for
Tatjana Welzer Software Engineering:

A.P.Zeleznikar 31 Problema of the Rational Un-
derstanding of Information

L. M. Patnaik 47 A Critique on Parallel Compu-
R.GovindaraJan ter Architecture
M. Spegel
J. Silc •.. - .."...'."..

D. Surla

Monika Kapus-
Kolar

A. M. Jenkins
J. V. Carlis

65 The Relation between a Point
and a Simple Polyhedron

69 Deriving Protocola from Ser-
vices in the Finite State Ma-
chine Representation

76 Control Flowcharting for Data
Driven Systems

P. Kolbezen 83 Paralelni vektorski proceaor-
5. Mavrič ji in njihova uporaba I
B. Mihovilovič

V. Vouk 94 Večopravilno okolje za delo v
J, Ferbežar realnem čaau na računalniku
A. Brodnik IBM-PC

I. Kononenko 102 Terminologija programiranja v
Nada LavraC Prblogu

J. Rugelj 107 Sinhronizacija v porazdelje-
nih raCunalniSkih sistemih

L. Vuga 114 MatematiCno sodilo o možnosti
atrojne inteligence



itica
Published by Informatika', Slovene Soclety for
Informatics, Parmova 41, 61000 Ljubljana,

Yugoslavia

Edi torial Board_

T. Aleksie, Beograd; D. Bitrakov, Skopje; P.
Dragojlovie, Rijeka; S. Hodzar, Ljubljana; B.
Horvat, Maribor; At Mandzic,, Sarajevo;; S.

Mihalie, Varazdin; S. Turk, Zagreb

JOURNAL OF COMPUTING
AND INFORMATICS

YU ISSN 0350-5596

VOLUME 12,1988 - No. 2

Edi tor-in-Chief :

Prof. Dr. Anton P. Zeleznikar

Executive Editor':

• - - Dr. RudOlf Murn : .

Publishing Couneil:

T. Banovec, Zavod SR Slovenije za statistiko,
Vožarskt pot 12, 61000 Ljubljana;

A. ^erman-BlaZie, Iskra Telematika, Kardeljeva
plosead 24, "61000'Ljubl jana; ----- -,- -*"•"

B. Klemenoie, Iskra Telematika, 64000 Kranj; '

S.• Saksida, Institut za sociologljo Univerze
Edvarda Kardelja, 61000 Ljubljana

J. Virant, Fakulteta za elektrotehniko, Trzaška-
25, 61000 Ljubljana.

., , 1 - '•' , "1 Headquarters : . .

Infbrmatiea,; _Iskra Delta, Stegne 15B, 6TČ00
Ljubljana, Yugoslavia. Phone: 61 57 45 54.

Telex: 31366 yu delta

Annual Subseription Rate: US$ 30
eompanies, andUSS 15 for individuals

f or

Opinions expressed in the c o n t r i b u t i o n s are not*
n e c e s s a r i l y shared by t h e , E d i t o r i a l Board

Tisk: Tiskarna Kresija, Ljubljaha, v marcu 1988

C O N T E N T S

A.P.Zeleznikar 3 On the Developmental Inicia-
tive of the Computer Industry

M. Gams 12 Approaching the Limit of
M. Drobnič Classification Accuracy

N. Guid
B. Zalik

18 Standardš iri Computer Graph-
i

J. Gyorkos 24 A Survey of Most Important
I. Rozman and Outstanding Methods for
Tatjana ffelzer Software Engineering

A.P.Zeleznikar 31 Problema of the Rational Un-
derstanding of Information

L. M. Patnaik 47 A Critique on Parallel Compu-
R.Govindarajan ter Architecture "
M. Spegel T

J. Silc

D. Surla 65 The Relation betveen a Point
.: . ahd a Simple Polyhedron

Monika Kapus- 69 Deriving Protocols from Ser-
Kolar vices in the Finite State Ma-

chine Representation
A. M. Jenkins 76 Cdntrol Flowcharting for Data
J. V. Carlis Driven Systems

P. Kolbezen 83 Parallel Array ProcessorB and
S. Mavrič Their Application I
B. Mihovilovič

V. ' Vouk
J- Ferbežar
A. Brodnik

94 Multitasking Real-time Envi-
ronment for the IBM-PC

I. Kononenko 102 Terminology of Prolog Pro-
Nada Lavrač grammihg

J. Rugelj 107 Synchronization in Distribu-
ted Computing Systems

L. Vuga 114 A Mathematical Judgement on
possibility of Machine Intel-
ligence



O RAZVOJNI POBUDI RAČUNALNIŠKE INDUSTRIJE1 INFORMATICA 2/88

Anton P. Železnikar
UDK 681.3.001.2 Iskra Delta

Ta članek je avtorjev govor ob otvoritvi Deltinega razvojno-proizvod-
nega centra v Iskrini tehnološki dolini v Stegnah pri Ljubljani. Clanek
poudarja večkot tridesetletno zamisel avtentifine strukture in
organizacije rafiunalniške tovarne, ki ni le privesek neke raznorodne,
računalništvu tuje industrije, temveč je sodobna proizvodna
zmogljivost, ki obsega dovolj širok in tehnološko zahteven računalniški
proizvodni program. Ta proizvodnja naj bi bila podprta s sodobno
zamiSljenimi raziskavarai in razvojera računalniških in inforraacijskih
sistemov. Ze danes je Iskra Delta povezana z raziskovalnimi, razvojnimi
in proizvodnimi središči doma in na tujera. V prihodnje naj bi bila
nacionalna računalniška industrija tudi deležna posebne skrbi in
podpore vlade, industrije in akademije. Iskra Delta sproža tudi že novo
industrijsko raziskovalno pobudo za sodobne tehnološke raziskave na
področju rafiunalniške znanosti, tehnologije in uporabe. Pod okriljem
Slovenskega društva Informatika je bil ustanovljen t.i. Forum
informationis, ki ga sestavljajo najvidnejši računalniški atrokovnjaki
in novinarji, z namenom, da bi lahko nudil javno in kritično podporo
hitro rastoči domači računalniški industriji. Na koncu članka je
sporočen poziv vodstvu in inženirjem Iskre Delte, ki naj bi pospešil
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
occasion of the opening ceremony of the Iskra Delta's Research,
Deve1opment, and Manufacturing Center at the so-called Iskra
Technology Valley in Stegne, near Ljubljana. The paper apostrophizes
raore than the thirty-years growing concept of authentic structural and
organizational principles of a computer factory, which is not only an
appendix of a heterogenous, to the field of computing strange industry,
but is a modern raanufacturing facility embracing sufficiently broad and
technologically pretentious computer raanufacturing program. This
manufacturing should be supported by contemporarily imagined researoh
and developraent of computer and information systems. Already today,
Iskra Delta is we11-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 authorities, industry and academia. Practically, Iskra
Delta is also giving the so-called industrial research initiative for
raodern technological and conceptional research in the area of computer
science, computer technology, and to other computer-related
application. In the framework of the Slovene Society for Informatics
the so-called Forum Informationis, uniting the most distinguished and
experienced computer profesaionals 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 professional1y diverse 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-razvojnega objekta Iskre Delte med
izgradnjo. Sprednji del objekta (levo) je
v glavnem namenjen raziskovalno-razvojnetnu
delu, zadnji del (desno) pa pretežno
proizvodnemu delu. V kletnih etažah se nahajajo
skladiSča, na vrhu zadaj pa infrastrukturne e-
note (kuhinja, menza, ambulanta, predavalnica).

Slika 2 (spodaj). Ta slika kaže proizvodno
montažo in preizkuSanje večprocesorskih mini-
računalniš kih sistemov Gemini in Delta 4860, ko
se njihova izdelava že približuje konCni fazi.
To so znani in že uveljavljeni računalniški
sistemi Iskre Delte iz razreda super miniraču-
nalnikov, z lastnimi modulskimi aparaturnimi in
prograskimi komponentami.



Slika 3 (desno). Pri izdelavi
modulov na tiskanih vezjih, ki je
sicer avtomatizirana, so večkrat
potrebne tudi dodatne ali
korekturne ročne operacije. Tako se
moduli dopolnjujejo oziroma
popravljajo. Vse to pa zahteva
vestno oziroma natančno delo.

Slika 4 (spodaj). Tiskano vezje z
vstavljenimi in elektrifino poveza-
nimi elementi se preizkuša z upora-
bo posebne preizkuševalne naprave,
ki opravlja meritve in a tem
preverja avtotoatiCno uatreznost
vezja. To je visoko uCinkovito
diagnosticiranje modula na tiskanem
vezju, torej ugotavljanje kritičnih
odstopov.



Slika 5 (zgoraj). Na aliki je prikazana
proizvodnja mikrorafiunalniš kih eistemov
Triglav (stolpna ali obmizna izvedba) s
16-bitnimi procesorji J l l , M68010 in
180286. Te konf iguraci je je mogoče
raznovrstno dopolnjevati z disketnimi,
diskovnimi in trafinimi enotami.

Slika 6 (desno). Namizna izvedba
mikroračunalniških sistemov Triglav je
namenjena njihovi uporabi s funkcijo
visoko zmogljivih delovnih poataj za
razliCne namene (CAD/CAM, grafika za
različne uporabne naloge, komunikacijske
mreže itd.). Sistemi Triglav uporabljajo
lastne, t j . domače module s tremi
različnimi mikroprocesor ji na vodilu
VME. To vodilo je industrijski standard.
Tudi operacijski sistemi za računalnike
družine Triglava so različni in
omogofiajo uporabo najširšega spektra
uporabniških programov. Ti bperacijski
sistemi so Delta-M, Xenix, Unix in MS-
DOS. -



Some of the riskiest uork we do is concerned
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
closest 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 jo jugoslovanski računalniški
inženirji nosili več kot trideset let2 v svojem
hotenju in znanju, se v teh dneh materialno
uresničuje. Pred nami je prava in na lastnih
tehnoloških in razvojnih temeljih, na
dolgotrajni avtentifini zamisli3 zgrajena in
organizirana tovarna raiunalnikov, ki ni le
privesek neke drugorodne, rafiunalništvu
mafiehovske a l i tuje i n d u s t r i j e , temveč je
sodobna proizvodna zmogljivost , ki obsega
dovolj širok in tehnološko zahteven
računalniški proizvodni program. Ta nova
zmogljivost naj bi se podpirala tudi s sodobno
koncipiranimi raziskavami in razvojem, ki naj
bi zagotavljale novonastajajoče raCunalniške
produkte, t j . informacijske in računalniške
siateme za svetovno konkurenčni plasma in

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

1 Zatnisli o oblikovanju slovenske računalniške
industrije so nastajale 2e v drugi polovici 50-
ih let. Na Institutu Jožefa Stefana so potekala
interdisciplinarna predavanja, s katerimi se je
de facto pripravljal tudi razvoj rafiunalnika,
ki naj bi ga proizvajala domača industrija. V
60-ih letih je ta zamisel ugašala, saj se je na
Zavodu za avtomatizacijo pojavila licenčna
montaža (neke vrste proizvodnja) računalnika
Zuse Z23.

3 Avtentična zamisel rafiunalniSke tovarne
pomeni med drugim na las tn ih možnostih in
izkušnjah s t ruktur i rano in organizirano
proizvodnjo, podprto s sodobno (lastno)
računalniško avtomatizacijo tipa CIM (Computer
Integrated Manufacturing) in tipa CIC (Computer
Integrated Communication ) , kot jo uvajajo
sodobno organizirane tovarne v avtomobilski
(General Motora) in računalniški industr i j i
(npr. avtomatizacija proizvbdnje mikroraCunal-
niških sistemov tipa PS in velikih rafiunalniš-
kih sistemov pri IBM).

upprabo. To je vizija in odločenost ob te j
otvoritvi in prav zaradi tega zelim kritiCno
poudariti, da bosta svetovno konkurenčni plasma
in uporaba raogoča le tedaj , če bo sodobno
organizirana znanstveno-produkcijska veriga
dobivala ustrezne tržno-strateške inpute in le
Ce se bo vzpenjala na skrajne meje znanstvene
in tehnološke inovativnosti ob izredno
samokritičnem uresničevanju vseh dejavnosti
sklenjene verige raziskav, razvoja, proizvodnje
in trženja.

Vsestranska znanstveno-tehnološka povezanost
Iskre Delte s avetovnimi in doraačimi
raziskovalnimi, razvojnimi , tehnološkimi ,
proizvodnimi in poslovnimi srediSči bo
odlofiilna in mora neglede na trenutne krizne
okolisčine slej ko prej ostajati, nastajati in
se razvijati kot glavna strateška usmeritev
računalniškega podjetja. Takšna usmeritev, ki
edina zmore zagotavljati obstoj in prepotrebne
razvojne impulze lastne in druge sodobne
industrializacije na nasih tleh in v evropskih
koordinatah, bo lahko nošena le a strokovno in
intelektualno vrhunsko usposobljenimi kadri v
vodenju, raziskavah, razvoju, proizvodnji in
trženju. V naporih za svoje preživet je in
razvoj se bo Iskra Delta vedno znova sooftala s
probleraora zahtevne kadrovske kvalifikaciJe,
izkušenosti in intelektualne prodornosti.
Značilni kadrovski kompromisi danaSnje
stagnantnosti, neaktivnosti in disfunkcije ne
bodo zadostovali niti za golo preživetje.

RaCunalniška industrija in razvoj te industrije
sleherne države sta danes pomemben
integracijski dejavnik na področju narodnega
gospodarstva, raziskav, razvoja, proizvodnje in
trženja. Ta industrija je zato skrbno opazovana
in varovana z državno regulativo, saj je
izhodiščna za razrast druge industrije, malih
podjetij materialne in programske proizvodnje,
trgovine, nacionalnih šolskih, zdravstvenih in
drugih infrastrukturnih dejavnosti.

Rafiunalniška industrija je temeljna podlaga
prihajajoče informacijske epohe . Narodi al i
mednarodne skupnosti, ki še domišljajo in
gradijo svoje vizije prezivetja, morajo jasno
in načrtovano predvidevati svoje vire
informacijskega znanja in tehnologije.

Tudi funkcija današnje Iskre Delte postaja
čedalje bolj raznovrstno integrativna na
področju poslovnega povezovanja, postaja pa
tudi bistveno inicializirajoča skladno in
spontano s t i s t imi potrebami sodobnega
tehnološkega in socialnega razvoja, ki zraore
odločilno posegati v prestrukturiranje
papirnatih vrhunskih raziskav in tudi v
navidezno oziroraa nebistveno akaderasko
tehnološko napredovanje. Raziskovalna
industrijska iniciativa Iskre Delte že oblikuje
tisto bistveno polje razvojne relevantnosti, ki
bo lahko podlaga ključnim preobratom v razvojni
s t r a t e g i j i sozda Iskre in Gorenja in t . i .
raziskovalnih skupnosti. Iskra Delta vendarle
in to navkljub občutjem krizne brezizhodnosti
odpira obetajofie in motivacijsko bistvene



Slika 7 (zgoraj). Na tej sliki je viden del
laboratorija za razvoj mikrorafi unalnis kega
siatema Triglav, in sicer za modul z 32-bitnim
mikroprocesorjem Intel 80386. Iz slike je
razvidno, kako so svetli laboratori jski
proatori bogato opremljeni z najrazlič ne jšimi
aparaturnimi pripomočki za kompleksen razvoj
(načrtovanje, risanje, simulacija itd.) vezij
in podsisteraov. Preko posebnih terminalov je
laboratorij povezan z vieoko zmogljivimi
minirafiunalniS kimi sistemi lastne proizvodnje
(glej npr. aliko spodaj). Ti razvojni
računalniki so locirani na vefi mestih v
proizvodno-raziskovalnem sredisCu Iakre Delte.

Slika 8 (spodaj). RaCunalniški center projektov
za operacijske sisteme in super miniračunalnike
je le eden od petih rač: unalnis kih centrov v
proizvodno-razvojnem središču Iskre Delte v
Stegnah. V ozadju je v sredini slike viden veft-
procesorski raCunalniski sistem ID Gemini, 8
skupnim diakovnim obsegom 4,2 Gbyte. Ta sistem
je namenjen med drugim tudi razvoju IDA orodij
in lastnih operacijskih sietemov iz druzine
Deltix. Na levi strani Blike je viden aietem
VAX 11/780, ki se uporablja pri razvoju
super tniniraCunalnikov (za simulacijo, načrto-
vanje in druge razvojne naloge).



razvojne perspektive, ki jih letargifino in
nemotivirano okolje že sprejema s tihim
odobravanjem, aaj vidi in čuti v njih svoj
izhod, razvojno upanje in prestrukturirno
zaupanje. V tem spoznavnem kontekstu je
razvojna uspešnost Iakre Delte izredno pomembna
za občutje ihdustr i j skih in drugih
infrastrukturnih razvojnih možnoati
jugos1ovanskih nacionalnih in federalnih
znanstveno-tehnoloških strategij.

V bliznjem razdobju ae bo z nadaljnim Deltinem
razvojem pojavila tudi v obeh sozdih pa tudi v
strokovni in širai javnosti bistveno nova ,
ozivljajofta pobuda . Slovensko društvo
Informatika bo oblikovalo t . i . Forum
informationis*, ki ga bodo seatav l ja l i
najvidnejsi računalniški strokovnjaki in
novinarj i, kot k r i t i č n o , problemsko in
intelektualno usmerjeno telo za področje
računalništva in informatike. Delovno polje
re1evantnosti tega telesa bo raznovrstna
strokovna, raziskovalna, organizacijska in
proizvodna pobuda. Hkrati bo Slovensko društvo
Informatika reformiralo svoj strokovni časopis
Informatica tako, da bo njegova vaebina
bistveno povezana z raziskovalno in razvojno
problemat iko obeh sozdov, da se bo akozi
časopis razvijala tudi potrebna motivacija za
raziakovalnost, razvojnost, strokovnoat in
znanstveno-tehnološko obveščenost raziskovalcev
in inzenirjev na področju računalništva in
informatike. Z odpiranjem Deltine tovarne se
tako de facto začenja tudi bistveno nova,
oživljajofia pobuda strokovne aktivnosti kot
nujnost in kot predhodnica in posledica
industrializaci je, kot oko in uho potrebne
razvojne relevantnosti.

Z vstopom Iskre Delte v računalniško
industrializacijo se odpirajo nove možnosti za
informacijako-znafiilno in apremljajočo drugo
industrijo v ozjem in Siraem okolju. Državni,

gospodarski in politidini centri odločanja naj
bi take in drugaCne, smiselhe in integracijske
pobude in tokove , ki so povezani z
informatizacijo ključnih dejavnosti in z
njihovim nujnira razvojeni) z razumevanjem
podpiral i . Iskra Delta je eden t i s t i h
inovativnih gospodarskih poganjkov, ki je še
sposoben izvenkrizne r a s t i , motivacije in
pozitivnih gospodarskih ufiinkov. Zaradi tega
pričakujem, da bo politična moč podpirala prav
svoj lasten, demokratičen razvoj v najvefiji
meri tudi tako, da ne bo postavljala umetnih
zaprek Deltinemu razvoju tam, kjer bi ga bilo
smiselno kvečjemu poapeševati. Seveda pa mora
tudi Iskra Delta v prihodnje sprejeti strokovno
in vaeatransko odgovornost za skladen in
ekonorasko učinkovit razvoj računalništva in
informatike na nasih tleh in v SirSem evropskem
in svetovnem prostoru.

Podobno kot ae s tem govorom obraCam na Siršo
slovensko in jugoslovansko javnost, se obračam
še posebej na Deltine inženirje. Predvsem od
vas Deltini inženi r j i , od vaše strokovne
zavezanosti, organiziranoati, brezkompromisar-
skega izražanja vaakršnjih kval i ta t ivnih
zahtev, od vaaega hotenja in raziakovalno-
tehnološkega izpopolnjevanja je in bo odviaen
razvojni in goapodarski potencial in uapešnoat
Iskre Delte. Slej ko prej ae bo potrebno
odpovedati konzervativni in ze danes razvojno
neperspektivni tehnologijis in osvajati
naprednejžo, za vse nas napornejšo in
zahtevnejšo tehnologijo in znanje. Znani
koncepti kopiranja in golega poanemanja ne bodo
ve<5 zadostovali. Zato pričakujem, da bo vaša
strokovna in organizacijska glasnost glaanejša,
atrokovno bolj in te lektua l iz i rana in
konceptualno amelejša, kot je bila doalej ; da
inženirji ne boste le nemočni opazovalci in
nekr i t ični aprejemniki t i a t i h usmeritev,
katerim se argumentirano potihoma ali vaaj ne
dovolj glasno upirate . Inženir j i

4 Forum informationis je latinskega izvora in
pomeni trg (javno meato) predofibe
(informacije) . Pomen foruma je dvojen:
informacijako atrokoven, t j . utemeljen a
strokovnoatjo informacije kot informacije
(računalnik je danea pojem za informacijski
stroj) in javen, t j . kvalifioiran za javno
razpravo o raftunalniStvu in informatiki.

5 Konzervativna tehnologija je v avojem biatvu
aubkulturno oblikovana ( funkcionalno in
oblikovno "dizajnirana" ) , modificirana ,
največkrat reducirana tehnologija, ki ne aledi
veC glavnim, tudi konjunkturnira razvojnim,
tržnim in standarizacij-akiro trendom, ae pa na

znaCilen nespoaobnoaten način odeva v avoje
zaščitne znake in ščiti tako le aama sebe pred
nikomer. TehnoloSka konzervativnost je lahko le
trenutna tržna poteza, ki jo je potrebno
čimprej nadomestiti a tržno relevantno
noviteto.

• Po otvoritvenem govoru1 ao ae pojavi l i
o č i t k i , da je ta govor poziv Deltinim
inženirjem na upor. Moj odgovor na te očitke je
bil in ostaja, da se Deltini inženirji dejansko
morajo argumentirano in zavestno, tore j
siatematično in strokovno organizirano, z vso
intelektualno a i lo , ki je veat in zaveat
sodobnega inženir ja, upi ra t i kriznemu
napredovanju, ki grozi z razruš i tv i jo
doseženega induatrijakega, predvsem pa v tem
korapleksu nujnega, vse drugo pogojujočega
raziskovalno-razvojnega potenciala in s tem k
razruSitvi določenega preživetvenega minimuraa.
Inženir j i kot vlečni konji ao moralno
poklicani, da vlečejo akupaj z drugimi voz
visokotehnološkega podjetja iz krize, da
gradijo svojo moralno in atrokovno motivacijo
predvaem tudi na elementu vleke iz krize. Brez
te vleke, ki je moralna in intelektualna, je
tudi saraa populacija inženirjev obaojena na
propadanje, na draenje v letargijo in v akrajni
posledici na izumrtje.
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Slika 9. V novih proetorih proizvodno-
razvojnega centra Iskre Delte v Ljubljani, v
Stegnah 15b, je dobilo svoj prostor tudi
uredniatvo časopisa Infor matica. Iz alike je
razvidna funkcionalnost proatora, ki je razen z
uredniSkimi mizami in policami opremljen tudi a
terminalom, mikroraC unalnikom in pomožnim
tiekalnikom. To je hkrati tudi delovni prostor
glavnega urednika.

Ob vaem tem je gotovo treba poudariti, da je
Iskra Delta materialno in vaebinsko z
vsestranskiin razuiaevan jem podpirala delo
Casopisa Informatica od leta 1980 naprej. Le
pod takimi pogoji je bilo mogoče vzdrzevati
utečeno, standarizirano in zane8ljivo urejanje
in izhajanje čaeopiea Informatica. Seveda je
pri tem nujno poudariti tudi urejene razmere v
Raziako.valni skupnosti Slovenije, ki je z
vsakoletnim financiranjem omogofiala praktiCno
neproblematifino izhajanje Casopisa.

Okolje urednistva Casopisa Infortnatica je
izjemno primerno, aaj je uredništvo locirano
v samem središču t.i. raziekovalno-razvojne
enote Iakre Deltej ta enota predatavlja brzkone
jedro prihodnjega (korporativnega, tj.
Iakrinega) inatituta za raCunalniš tvo (in
inf ormatiko). Prav 8 tem pa ae vpliv stroke in
aktivne publiciatiene kulture v taki in
drugačni obliki prenaSa tudi na delo vrste
raziskovalcev, razvojnikov in inzenirjev Iskre
Delte. Uredništvo lahko na ta nafiin tudi
sistematično vzpodbuja in povezuje potencialne
avtorje v Iskri Delti in izven nje. V nove
prostore urednistva prihajajo tudi avtorji in
studentje iz drugih krajev, iz zunanjih
inatitutov in jugoslovanskih univerz. Na ta
nafiin se amiselno oblikujejo interesne povezave
naših in tujih avtorjev in atrokovnjakov.

(Nadaljevanje podnapisa k eliki 9.) Zanimivo
je tudi, da krizne razmere ne vplivajo
negativno na rast obsega, kakovosti in
na distribucijo Casopisa Inf ormatica. Stevilo
priapevkov naraSča in urejanje ae ne eooCa veC
a problemom premjahnega obaega, katereffa
apodnja meja je bila ob uatanovitvi Caaopisa v
letu 1977 postavljena na 72 strani za eno
Stevilko. Cedalje veftja je tudi pripravljeno8t
avtorjev, da piaejo avoje prispevke v angleskem
jeziku, a Cemer ae biatveno povefiuje
komunikativnoat Caaopiaa oziroma priapevkov
poaameznih avtorjev s tujino.

V bliznji prihodnoati bo Caaopis Informatica
nekoliko spremenjen. NaCrtuje se eodobnejfia
oblika oziroma vsebina platnic. Z razvojem t.i.
namiznega urejanja in izdajanja pa bi bilo
mogoCe vpeljati tudi izpisovanje VBeh tekBtov z
laserakim tiakalnikom. V tem primeru bi morali
avtorji avoje Clanke doatavljati v urednifttvo
(Se) na diaketah oziroma z elektronsko pošto.
Na ta način bi dobili Casopis, ki bi bil v
vaeh ozirih (in po moznosti ob nebistveno
spremen jenih stroakih) tudi tehnoloSko
kvalitetno oblikovan. Ob vsem tem je aeveda
potrebna tudi spremenjena uredniaka politika,
ki bi zagotavljala kvalitetni dotok prispevkov
in morda tudi pogostnejse izhajanje Casopisa (v
prvi fazi bi bilo mogoče brez posebnih naporov
izdajati letno Sest namesto dosedanjih stirih
stevilk v enakem obaegu).

Na koncu tega zapisa velja omeniti, da je
potrebno navajati novi naslov uredniStva, ker
ae dogaja, da poSta vrača poSiljke, ki uporab-
ljajo stari naalov. Novi naelov je:

Casopis Informatica, Iakra Delta,
Stegne 15B, 61000 Ljubljana.
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raziakovalni, razvojni, proizvodni, finančni in
prodajni - ste nosi lci in vlefini konji
visokotehnoloSkega podjetja. Prav zato naj bi
tudi vsi drugi - vai delavci Iskre Delte in
uporabniki Deltinih proizvodov - vlekli v vami
in ne proti vam*.

DanaSnja otvoritev rafiunalniške tovarne in
raziskovalno-razvojnega centra ob njej je
praznik širSega okolja neglede na to, kako se
to v tem trenutku manifestira' . To je
zgodovinski korak v domači industrializaciji
računalnistva. Zato končujem s spoštovanjem,
priznanjem in z zahvalo vsein, ki so na tej
dolgi poti nafirtovali, pripravljali in nosili
kamne gradnike8.

Hvala!

7 Manifestacija otvoritve računalniSke tovarne
Iskre Delte je pokazala znafiilno nerazumevanje
in s tem socialno izoliranost alovenakega
univerzitetnega, znanatveno-institucionalnega,
gospodarsko-zborničnega in političnega
estal ishnenta do dejanskega tehnoloSkega
.razvoja in s tem do bistvenih prezivetvenih
možnosti slovenske in z njo vred jugoslovanske
populacije. Kljub pr isotnost i najvišjih
predstavnikov slovenske znanosti in umetnosti ,
njenega predsednika akademika Janeza
Milčinskega, visokih vojaških osebnosti in
vrhunskih posameznikov strok, je lahko Mija
Repovz naslednjega dne resignirano ugotovila:

"Ce bi pomen neke tovarne presojali po
gostih iz političnega vrha, ki naj bi s svojo
navzo&nostjo otvoritvenemu ceremonialu dali
pečat družbene skrbi in pozornosti, je bila za
ta podalpski kot Jeseniška jeklarna dogodek
številka 1 zadnjih desetletij, novi razvojno-
proizvodni center Iskre Delte pa epizodica, ki
naj ne moti velikega duha . . . "

(Neelastična in soft pravila. Delo, stran 2,
5. decembra 1987).

9 K načrtovanju , pripravl janju in nošenju
kamnov gradnikov bi morali dodati se trpljenje,
tragično dinamiko in dramatizacijo epopeje
h i t r e r a s t i podjetja Iskre Delte in same
graditve tovarne in njenih brezizhodnih
posledic. Vrsta vodilnih delavcev je b i la
postavljenih v iskanje izhodov in je občutila
nečloveške, brezobzirne in skrajno nehumane
( t o t a 1 i t a r n e ) p r i t i s k e , pod katerimi je
doživljala tudi svojo lastno deformacijo in
razcep. Doživljala je svojo laatno nehuraanost
in izgubljenost (suicidnost). Mija Repovž9

priznava Janezu Skrubeju, generalnemu
direktorju Iskre Delte vlogo jugoslovanskega
Stevena Jobsa. Osebno sem prepričan, da bi vsak
direktor, ki je s svojo osebno odgovornostjo
zgradil tako veliko računalniško podjetje in s

svojo š i r ino omogočal razmah vrhunskih
industrijskih raziskav in razvoja" , moral
imeti na voljo vsaj en izhod, ki bi b i l
priznanje (ne nagrada) njegovemu požrtvoval-
nemu, izCrpljajočemu delu, v katerem nikol-i ni
videl t i s te lastne k o r i s t i , ki so jo lahko
zaradi njegovega dela pobirali drugi. Skrajno
neetično in za tehnisko inteligenco nesprejem-
ljivo je stališfie, da lahko določena višja
s t ruktura, popolnoraa birokratsko, post-
totalitarno, po logiki svoje totalitarne sarao-
poklicanosti stisne ustvarajalno osebnost v
poligon svojih brezobzirnih in ruSi lnih
manipulacij.

9 Mija Repovž: RačunalniStvo na naS način.
Delo, Sobotna priloga, stran. 18 (5. decembra
1987).

1 0 A. P. Zeleznikar: Parsys Expeditions to New
Worlds. Informatica 11 (1987), No. 3, 76-80.

V tem svojera filanku sem opozoril na posebno,
seveda odločujočo, atrateško smiselno vlogo
generalnega direktorja Iskre Delte, Janeza
Skrubeja: " . . . Quite at the beginning, Iskra
Delta has introduced and incorporated strategic
thinking and acting in its managerial decision
making. As a fast groning enterprise in the
field of computer industry, i t has been
confronted not only with the very basic
organizational and technological problems of
modern coraputer industry of the developed
hemisphere, but alao with specific problems of
a technologically and even oivi1izationally
(socialljr, ideological ly ) underde ve 1 oped
environment. In these times, up to this day,
the general director of Iskra Delta

- Mr. Janez Skrubej -
was not only the real s t r a t e g i s t of the
company, but also the opt imis t ic f ighter ,
organizer, believer of the progress, and the
c a r r i e r of several hard, arduous, and
exhausting business s i t u a t i o n s and
developmental processes of the corapany. And all
of t h i s in i r r e g u l a r l y and unforeseeably
changing circumstances of the underdeveloped
hemisphere. Thus, i t ia to say, that he was the
main initiator and supporter of the innovative-
and independent Parsys project.
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ABSTRACT. One of the recently developed systems for machine learning
(GINESYS) signi.f icantly 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 upper limit in
classification accuracy. The conclusion is that while it is possible to
achieve even highec classification accuracy with suitable parameter
adjustment in Bayesian classifier, it seems that GINESYS practically
achieved the optimal classification accuracy.

Sistem za empirično u6enje GINESYS je v praktičnih meritvah presegel
primerjane sisteme z Bayesovim klasifikatorjem vred. Podrobna analiza kaže,
da je dosežene rezultate roogoče preseči, vendar so že zelo blizu optimalne
me je.

1. INTRODUCTION

Nachine learning is a quickly developing area
of Artificial Intelligence [Hinston].
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; Hichalski).
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 tecms of attributes
and values. The final product of learning ace
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 perfocm the same task
(classification) as statistical methods and
can be directly compared to thera from the
point of classification accuracy. On the
other hand, EL systems offer fucther
advantages, namely a) explanation during
classification of new examples and b) the
insight into the laws of the domain by
observing classification rules. Explanation
during classification (a) is important since
it enables the user to check the line of
reasoning and veri£y the system's decision.
The knowledge base (b) can be viewed as a new
representation of the domain knovrledge, 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 8 binary switch.es
representing 256 legal combinations. Device
reports errors in some combinations and we
want to find out what subsequence causes
them.

1
2
3
4
5

1

0
1
0
1
1

SWITCHES

2

1
0
0
0
0

3

1
1
1
1
1

4

0
1
0
1
1

5

1
1
1
0
1

6

0
1
1
0
0

7

0
1
0
1
1

8

1
0
1
1
1

STATUS

ERROR
OK
ERROR
OK
ERROR

Table 1. Device reports error in some
combinations of switches. Which subsequence
of switches causes them?

Probably the most common answer in EL systeras
would be, that error is reported when
switches 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) [Bceiman et al;
Quinlan; Lavrac et al]. Attributes can be
real, integer or categorical with many
possible values.

3. EMPIRICAL LEARNING

The whole process of empitical 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,
e.g. [Kononenko] or [Gams, Lavrac] with
detailed overview of some well known
algorithms - C4 [Quinlan], CART [Breiman et
al], ASSISTANT 86 [Cestnik et al], CN2
[Clark, Niblett], AQ15 [Carbonell et alj. 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
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measurement space X and c represents
index of the class of example x.

the Domain 2

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

A classification or a decision rule d(x) is a
mapping which maps every x from X into some c
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> ::- <Rule> | <Rule> and <d>
classification rule

<Rule> ::- <Class> if <Cpx>
rule

<Cpx> :J- <Sel> | <Sel> and <Cpx>
complex

<Sel>
selector

Atr <op> <Values>

<Values> ::- Val | val or <Values>
values

<Class> ::- 112 | 3 . . . | J
class

<op> ::- < | - | >
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 rule-based
systems or expert systems [Waterman, Hayes-
Roth]. Note that the actual syntax is
slightly raore complicated [Gams].

4. DOMAIN DESCRIPTION

We performed practical measurements on two
real-world domains. Data were obtained by I.
Kononenko 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 - 8

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

distribution of examples amongst classes
number of exampl.es in Cl to C9
1 2 3 4 5 6 7 8 9
2 1 12 8 69 53 1 4 0

importance of attributes - Al to A18
of them is redundant

number of attributes 17
no. 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 C22
1 2 3 4 5 6 7 8 9 10 11

84 20 9 14 39 1 1 4 6 0 2 28

12 13 14 15 16 17 18 19 20 21 22
16 7 24 2 1 10 29 6 2 1 24

iroportance of attributes - Al to A17
(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 GINESVS (Generic
INductive Expert SYstem Shell) is as follovs:

repeat
initialize Rule;
generate Rule;
add Rule to d(x);
L - L - {examples covered by Rule)

until satisfiable(d(x))

In this general view GINESVS represents a
prototype of a unifying algorithm for
empirical learning covering many other
systems. In a slightly more specified
desctiption 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 of confirmation cules 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
vreather, we look at the official weather
report, but also look at the sky and ask our
neighbour. The impleraentation 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, Hayes-
Roth]. One confirmation rule in our siraple
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 if

none n o t ci e ar which of these possibilities is the
right one, so both (and other) rules are
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stored and consulted. In more detailed tests
[Gams] it was shown that this method of
conEulting several rules (- using different
kinds of information) significantly improved
classification accuracy.

5.2. COMPARATIVE RESULTS

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

GINESYS
BAYES
othec systems

domain
69.9
68.4
67.3

1 domain
51.9
50.1
48.7

2

Table 2. Classification accuracy measured as
the peccentage of correct guesses.

While GINESYS achieved bost results and
Bayesian classifier the second ones, none of
the compared systems [Gams] outperformed
results in the last row in Table 2. These
results are actually an average ovec ten runs
on randomly chosen 70% of data for learning
and remaining 30% of data for testing. In
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
(e.g. better algocithm) and not a chance
choice.

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

5.3. IRREPROACHABILITY OF MEASUREMENTS

We argue that our measurements are
irreproachable (unbiased) since:

all systems were measured on exactly the
same data

- no "cleaning" of data was performed

- no special form of data was allowed

- no unusual method of measuring
classification 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 verified
by many supervisors from the program
source level to the level of classification
trace.

accuracy as other statistical methods. In our
measurements some of the EL systems,
especially those vrithout special mechanisms
for noisy domains, gave unexpectedly poor
performance compared to the results published
by the originators of algorithms. Since our
iraplementations 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
algocithms etc.

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
progcam. The other reason is that fair
comparison between machine and human is
extremely difficult. The correct comparison
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; GamsJ.

6. BAYESIAN CLASSIFIER

6.1. THEORETICAL 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 dravm from a probability distribution
P(A,j), the most accucate rule can be given
in the terms of P(A,J) and this tule is
called the Bayes rule. It is norraally denoted
by dB(x).

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

P{dB{z)tc{x))<P(d{x)tc{z))

Let us assume that X is N-dimensional
euclidean space and for every j,
j-1, ... ,J, P(A/j) has the probability
density fj(x) and for sets A C X

Then we can prove the following theorem:

5.4. DISCUSSION ABOUT RESULTS

Some of the systems for empirical learning
achieved good results in practical testing in
several real life domains, practically
approaching or even outperforming domain
experts and statistical methods [Kononenko;
Hichalski, Chilausky; Breiman et al; Gams]).
Moce acceptable is the opinion [Breiman et
al], that although all methods are moce or
less domain dependent, EL systems in general
achieve about the same classification

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

In practice, neither the P(j) nor the fj(x)
are known. The three most common
classification procedures, used to
approximate the Bayes rule by using the
leacning saraple data, are discriminant
analysis, kernel density estimation and k-th
nearest neighbour. Accuracy of two of them
have been compared with the results of
Ginesys on both domains.
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6.2. PRACTICAL IMPLEMENTATIONS 6.3. A PRACTICAL EXAMPLE

The k-th nearest neighbour method [Fix,
Hodges] was implemented as simple as
possible. 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 picked for classification. it is so
called Nearest-neighbour classifier
[Batcheles 1974]. Although it is so
primitive, this method classifies test
examples with 72.9% average accuracy in the
domain 1, what is even better than GINESYS.
Hovever, in the domain 2, vrhich is far more
complex, the classification accuracy is only
40.4% what is considerably lower than that
df the other methods.

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

At this point the assumption is made, that
all attributes are independent :

(1)

When classifying a new example we need to
evaluate formula (1). One practical solution
when dealing with categorical values is to
store all factors into a 3-dimensional table
TB[i,j,k] with the folloving indexes :

i - attribute index
j - attribute's value's index
k - class 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
factocs can be 0. The result can be either 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 cesult is 0.

In Table 2 GINESYS (vdthout 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) appcoximation of probabilities from the
learning set,

b) assumption, that attcibutes are
independent,

c) practical solutions to numerical problems.

Problem (a) can be discarded, since all
systems [Gams] processed exactly the same
data. But it could be the case, that
ditferent classifiers (also different
implementations of Bayesian classifier) are
more and othec less sensible to the number
and distribution of input data.

Problems appearing during the evaluation of
formula (1) can be shovm in a simple example.
Let us try to classify examples el and e2
from data obtained from Table 1.

el - 0 0 0 0 0 0 0 0
e2 - 1 0 1 1 1 0 1 1

P{OK/A) = \

P(ERRORjel) = \

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

» 2.6. Furthermore, in case of
e2 the probability for class OK is
than for the class ERROR, although
e2 is the same as example e5 from
, belonging to class ERROR. However

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

P(OK/el)
example
greater
example
Table ]

A small number of examples is insufficient
for most statistical methods and also for
Bayesian classifier. in real measurements in
domain 1 and 2 the nutnber 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
CLASSIFIER

IN BAYESIAN

Probabilities used in evaluating formula (1)
are appcoximated by pcior probabilities in
the learning set, what yields some error in
classification. The forraula is then evaluated
as follows

lli 7
(2)

where

ai is the number of examples of the class
c with the same value of the i-th
attribute ae the test example,

b is the number of exampl.es of the class
c,

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

d is the number o£ all learning
examples.

When dealing with noisy data, errors may
occur during evaluation of formula (2). Two
methods have been used 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
with the number o£ examples. Therefore, if b
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oc d (only b in practice) is smaller than
parameter MINN, which is set before
evaluation, then the factor with this b is
omitted during evaluation of formula (2) and
the class probability is estimated by its
prior probability. Table 3 shows the results
in classification accuracy with different
values of MINN.

HINN
0
1
2
3
4
6

10
15

domain 1 domain 2
6 8 . 4
6 8 . 4
68 .4
69 .3
68 .7
68 .0
6 6 . 7
6 7 . 1

0 . 0 )
1 1 . 1 )
4 7 . 8 )
5 2 . 2 )
5 6 . 7 )
6 0 . 0 )
7 5 . 6 )
7 7 . 8 )

50.
50.
49.
49.

0.0)
4.5)

7 (31.8)
7 (32.3)

49.8 (33.6)
50.
48.

9 (47.7)
7 (60.5)

46.2 (72.7)

Table 3. Classification accuracy measured as
the percentage of correct guesses. 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 pcobability of classes and
this maximal accucacy is near the accuracy
of GINESYS.

\
MINN
0
2
4
6

EPS 0.00

0.0
0.0
0.3

-0.4

0.01

0.3
1.4
1.2
0.0

0.05

2.7
1.1
0.9
-0.4

0.10

3.8
1.1
0.3

-0.4

Table 5. Increase of classification accuracy
by combination of both methods in domain 1
(basic accuracy 68.4%).

EPS 0.00 0.01 0.05 0.10

0.0
0 . 4
0 . 3
0 . 8

2.7
1 . 9
1 . 8
2 . 7

2 . 8
2.2
2 . 1
3 . 2

1 . 8
2.0
2.0
3 . 2

\
MINN
0
2
4
6

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 classifiec
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.

7.2. ADJUSTING ZERO FACTORS
8. EXTERNAL RULE

CLASSIFIER
DIRECTED BAYESIAN

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 set al 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 shovm in Table 4.

EPS :
0.00
0.01
0.05
0.10
0.50
1.00

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 dcop o£
accuracy also shows that this method is very
sensible to the value of EPS. Vfhenever 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 cesults are no more reliable at all.

domain 1
68 .4
68.7
71 .1
72 .2
24 .2

2 . 2

domain
50 .1
52 .8
52 .9
51 .9
2 7 . 7

7 . 5

Bayesian classifier itself does not derive
any explicit rules and therefore rules
generated by some other system (in our case
GINESYS) can be used to control the
evaluation of formula (1). Two such methods
have been tested. The idea of the first one
is that any (moce or less successful) rule
denotes a complex of attributes which are
logically connected and therefore a deviation
from the optimal Bayesian classifier is
somewhat corrected. The second one is an
attempt to cross GINESYS and Bayes together
to yield better results.

8.1. CLASSIFICATION
ATTRIBUTES

WITH IMPORTANT

This raethod 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 is
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.

7.3. COMBINATION OF BOTH METHODS

In this case, both methods described in 7.1.
and 7.2. are used togethec. First we look
vhethec b and d are bigger than MINN and than
we set zero factors in formula (2) to EPS
vrhere needed. The results of measurements on
both domains are shown in Table 5 and Table
6.

8.2. CLASSIFICATION
ATTRIBUTES ONLY

WITH IMPORTANT

The main idea of this method is to use
impoctant attcibute 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
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classification is carried out by formula
(1). The results are shown in Table 7.

Bayes
Rule Directed
Important Attr

Bayes
. & Bayes

domain 1
68.
68.
69.

.4
,4
.3

domain 2
50.
49.
47.

.1
,2
.9

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

9. COMPARISON BETWEEN EL
STATISTICAL CLASSIFIERS

SYSTEMS AND

Let us summarize conclusions from previous
paragcaphs:

It is possible to further improve
classification accuracy of
implementations of Bayesian classifier,
even to overpass best results of
GINESYS.

- Among compared methods without domain-
independent parameters GINESYS
performs best and is very close to the
practical limit . in classification
accuracies in measured domains.

Statistical classifiers are basically unable
to pecform explanation during classification
and to build a human understandable knowledge
base. Besides these, other disadvantages can
be pointed out [Breiman et al; GamsJ:
- they can not deal with domains with small
number of learning examples;

- it is difficult to deal with unusual
situations (deleting by 0, unknown values,

)
- their results vary according

suitability of problem domain.
to the

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
6ystems 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
in 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
obtained from given examples.
the fact that probability
is more sensible to chance
possible that dotted lines 1
causing incorrect classification.

distribution,
Because of

distribution
choice it is

and 2 overlap

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

10. CONCLUSION AND DISCUSSION

oidec systems for empirical learning (EL)
outperformed the statistical methods
from the point of explanation during
classification and possibility of building a
human understandable knowledge base. While it
was in some cases reported that older EL
systems outperformed statistical methods as
well as domain experts this opinion is 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
accuracy 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).

ACKNOWLEDGES

We are grateful for suggestions to prof. Ivan
Bratko. Marjan Petkovsek provided
mathematical background for our analysis.
Students Izidor Jerebic, Borut Znidar, Aram
Karalic and Darko Zupanic were of great help
in programming tasks. Igor Kononenko and the
Oncological Institute Ljubljana enabled us to
do the measurements on real-world domains.
This work was partly supported by the Slovene
Research Council and COST-13. Research
facilities were provided by the "Jozef
Stefan" Institute.

REFERENCES

Breiman L., Friedman J.H., Olshen R.A., Stone
C.J. (1984): "Classification and Regression
Trees", Wardsworth Int. Group.
Carbonell J.G., Michalski R.S., Mitchell T.M.
(1983): "An Overview of Machine Learning", in
Michalski R.S., Carbonell J.G., Mitchell T.M.
(ed.), Machine Learning: an Artificial
Intelligence Approach, Tioga Publishing.
Cestnik B., Kononenko I., Bratko I. (1987):
"ASSISTANT 86: A Knowledge Elecitation Tool
For Sophisticated Users", Progress in Machine
Learning, Sigma Press.
Clark P., Niblett P. (1987): "Induction in
Noisy Domains", Progress in Machine Learning,
SIGMA Press.
Kononenko I. (1985): "Razvoj sistema za
induktivno učenje ASISTENT", magistrsko delo,
Fakulteta za eletrotehniko, Ljubljana.
Kononenko I. (1985): "Strukturno avtomatsko
ucenje", Informatica 3, str. 44 - 56.
Gams M. (1987): "Principi poenostavljanja v
sistemih za avtomatsko ucenje", doktorska
disertacija, Ljubljana.
Gams M., Lavrač N. (1987): "Review of Five
Empirical Leaning Systems Within a Proposed
Schemata", Progress in Machine Learning, (ed.
Bratko•I.> Lavrac N.), Sigma Press.
LavraČ N., Varšek A., Gams M., Kononenko I.,
Bratko I. (1986): "Automatic construction of
the knowledge base for a steel classification
expert system", The 6th International
Workshop on Expert Systems, Avignon.
Michalski R.S. (1987): "Machine Learning",

IJCAI 1987, Milano.
R.S., Chilausky L.R. (1980):
by Being Told and Learning from
an Experimental Comparison for

Soybean Disease Diagnosis", Policy Analysis
and Information Systems, Vol. 4, No 2.
Quinlan J.R. (1986): "induction of Decision
Trees", AI Summer Seminar, Dubrovnik.
Waterraan D.A., Hayes-Roth F. (ed.) (1977):
"Pattern-Directed Inference Systems",
Academic Press.
Winston H.P. (1984): "Artificial
Intelligence", Addison-Wesley.

Tutorial 6,
Hichalski
"Learning
Examples:



STANDARDS IN COMPUTER GRAPHICS INFORMATICA 2/88

UDK 681.3.083.7
Niko Guid, Borut Žalik

Tehnical Faculty Maribor

Abstract: In this paper standards in computer graphics are
described. At -first the reasons -for- evolution these standards
sre given and then the ways o-f accepting the international
standards are presented. A-f terwards the evolution phases af
the graphical standards under- ISO and ANSI are interpreted and
current stage o-f particular standards are given. In
proceeding the place o-f graphical standards and standard
proposals in a graphical system are shown. FinalXy, the
position and role o-f the graphical standards in a modern CAD
system is presented.

Povzetek: V dlanku podamo pregled standardov v računalniSki
gra-fiki. Najprej opižemo vzroke za razvoj teh standardov,
nato pa prikaieno poti, preko katerih nek predlog lahko
postane mednarodni standard. Zatem predstavimo rasvojne -faze
ISO in ANSI standardov ter podamo trenutne rasvojne stopnje
posameznih standardov za računalniSko gra-fiko. V nadaljevanju
opiSemo mesto gra-fičnih standardov oziroma predlogov
standardov v gra-fičnem sistemu. Nasadnje podamo mesto in
vlogo gra-fičnih standardov v modernem CAD sistemu.

1. THE BESININGS 0F STANDARDS DEVELOPMENT

Today, a large number o-f di-f-ferent graphical
hardware and even more dif-ferent graphical
softwar-e exist. A big part o-f this graphical
software is device—dependent. The consequences
sr s:

1. It is impossible to exchange graphical
software between di+-ferent graphical
systems

2. There &re problems by i nstal 1 ation o-f old
programs on new graphical equipment,
although it has been suplied by the same
producer, etc.

Because o-f these pr-oblems an idea has been
appeared to make a device—independent graphical
packet. Advantageso-f this device-independent
graphical packet are:

1. It could serve di-f-ferent device
generations.

2. Programs could work on di-f-ferent graphical
systems.

3. Programmers could immediately
di-fferent graphical systems.

work

4. Graphical systems are distinguished only by
quality, price, and e-f-f iciency.

0-f course, this device—independent graphical
packets have also some weaknesses. They are
slOMer than device-dependent and more memory
space is needed. Because the power o-f
computers is rapidly increasing and their
prices are decreasing, advantages o-f
standardization are going over its weaknesses.
Peoplei who are opposite to standards in
computer graphics, a-f-firm that standarde are
against inovations. It ie cleai-, when a
standard is accepted, it could not be changed
immediately.

Portabi 1 ity o-f aplication programs could be
achieved in some di-f-ferent ways /ENDE84/:

— with development o-f computer languages,

— with extension o-f existing program
languages with graphical -features or

— wi th libraries of graphical subi~outines
which could be linked into application
program.

Expert.s -fr-om the -field o-f computer graphics
have chosen the last possibility by the
construction o-f internati onal
device-independent graphical standard.
However, it is least elegant o-f al 1 but it is
the best way to awoid confusing in structures
o-f program languages. The place o-f the
device-independent graphical standard in a
graphic system is shown by figure 1.
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APPUCATION
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INDEPENDENT
ORAPHICAL
PACKAGE

ORAPHICAL
DEVICE 1

X3HJ
grtphleal
itandirdi

DEVICE
DRIVER

ORAPHICAL
OEVICE N

Figure 1. The placE! o-f graphical standard
in graphical system

The development o-f graphical standards began in
the year 1974, when the Graphics Standard
Planing Committee (BSPC) was -found by ACM
SIBGRAPH < "Association -for Computing Mashinery
Special Interest Broup on Graphics"). This
committee met with other international memtaer-s,
involved in computer graphics in Seillac
(France) in 1976. This meeting had a great
in-fluence on -first dra-ft standard cal led' Core
System. It was introduced on SIG6RAPH 1977.
Two years later, on SI6BRAPH in 1979, an
improved version o-f Core was appeared.

Soon a-fter 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 dra-ft standard called
BKS (Graphical Kernel System).

Two propositions were apeared by ISO in 1979:
Core and GKS. Ulorking Group WG2 by ISO decidE?d
that only ef-forts on GKS continued. GKS was
much more simple, it was 2D, and it was
intended -for r-aster devices. On other side
Core was 3D and destined -for vector devices.
The first dra-ft proposal o-f GKS was made by IBO
in 1982. BKS wae accepted as an ISO standard
in 1985.

In 1981 SIGBRAPH GSPC committee was disbanded
and passed over to the ANSI X3H3 committee,
which was -founded in 1979.

G S - (Ff,',"".' > CGI/CGM (Ll l tgmgi GKS (Wl«l)ow.)
Spiciriollon) BlnSlngi)

Figure 2. X3H3 Tehnical Committee and its
subcommi ttees

It is similar -for International Organization
•for Standardization (ISO). ANSI is only a
secretariate in IBO's Technical Committee TC97.
Ulorking Group WG2 in subcommi ttee SC21 is
responsible -for graphical standards. Its sign
is IB0/TC97/SC21/W62. '

Some standards which are set up by ISO or ANSI1,
are e-ffective, but others are even ignored.
From this point o-f view standards could be
consider-ed as de -facto and -formal standards
/STRA86/.

For eKample, IBM's Color Sraphics Adapter (CGA)
is a de -facto display standard -for PCs, just as
the IBM PC is a de -facto standard for- personal
computers. Neither CBA neither IBM PC was
-formal standards, but market -factors has
adopted them as standards.

Among -formal
successful and
•formal standard,
RS-232-C. On
about ANS X3.23
This standard
-facto standards,
layout and later

standards we distinguish
unsuccess-ful ones. A case o-f
which has been widely used, is
the other hand, who has heard
standard for keyboard layout.
has been totally eclipsed by de
•first by the IBM Selectric
by PC and AT layouts.

3. DEVELOPMENT PROCESS OF STANDARDS

GKS has become a basis iar many other proposals
o-f standards including PHIGS, C6M, and CGI.

IGES, as a standard for transferring CAD/CAM
data bases, has been develop£?d in completely
another way than Core and GKS (thr-ough others
ANSI committees). IGES was accepted as an ANSI
standard in 1981.

WHO SETS UP THE BTANDARDS?

That a proposal becomes a standard, there sre
several phases it must go through. It takes
rauch more time ior standardisation process in
computer graphics than -for standards -from other
areas, because the projects are very large and
completly new.

Evolution process o-f an ISO standard

Evolution phases o-f an ISO standards
/B0N085, B0N086/:

American National Standard Institute (ANSI)
does not set up the standards, but it only
whaches over the process, through which the
standards are accepted. ANSI has to notice i -f
a standard dra-ft is acceptable by most wide
par-t of industry. Only such standard could be
adopted and used in industry and other
institutions. ANSI adopts a standard as a
national standard when it is acceptable by most
companies and organisations.

ANSI consists of by several committees. So the
ANSI X3 is the standards development committee
•for in-formation processing and has about 3i3
commi ttees, each wit)^ about 15 tq 80 members
/B0N086/. One of them is X3H3 tehnical
committee, which is responsible for computar
graphics standards. X3H3 committee consists o-f
6 subcommi ttees, which is showed by -figure 2
/STRA86/.

More than 1130 part icipants , represent i ng about
8(3 companies (CalComp, Control Data, DEC, HP,
Honeywel 1 , IBM, Intel , Tektronix, TI , e t c ) ,
attend X3H3 meetings.

- the -first: New Work Item proposal (NUII);
discussion about new project is started,
when subcommittee (like SC21) or a neniber
body (like ANSI) makes a propasal.
Representati ves o-f di-f-ferent countries
decide i -f they accept the de-finition o-f the
work item and i -f the1 nork is continuing on
this pt-oposal . This stage can take 5 to 8
months.

the second: Working Dra-ft (WD) ; . document
could be in this stage 6 to 18 rnonths;

the third: Draft Proposed (DP); this stage
can take 12 to 14 months;

the -fourth: Draft International Standard
(DI5) ; document could take placs; in this
stage -for 9 to 12 months;

the final: International Standard (IS).
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Evolution proceas o-f an ANSI etandard

Evolution stages o-f an ANBI standard di-f-fer
•from stages o-f an ISO standard and are
•f ollowing:

the -firsts Standing Document 3 (SD-3) is
an initial proposal which can take no less
than 6 months;

- the second: hlorking Dra-ftsj X3H3 prepares
a series o-f working dra-fts that are
circulated among X3H3 members. This stage
typically takes several years.

the third: Dra-ft Proposed American
National Standard (dp ANS)j this stage
takes 6 to 10 months;

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

the final:
months.

Final Approval takes 6 to 9

The current stage o-f graphical standards under
ISO and ANSI is shown by table 1 /B0N086,
SELEB7/.

Table 1. The stage o-f graphical standards project

Project

GKS

GKS Fortran

GKS Pascal

GKS Ada

GKS C

GKS-3D

ISO status

IS 7942 published in
Avgust, 1985.

Known as ISO DIS 8651/1.
DIS ballot closed in
Avgust, 1986.

Known as ISO DIS 8651/2.
DIS Ballot closed in
August, 1986.

Known as ISO DP 8651/3.
Second DP ballot closed
in Apri 1 , 1986.

Not yet an ISO standard
language. WD available
now (SC21/N669).

Known as ISO DP 8805.
Second DP ballot closed
in March 1986.

ANSI status

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

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

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

ANS ;<3. 124.3-198x. Public
review closed in 1986.

ANS X3.124.2-198x. Public
revien will be -finished
by Octaber,1987.

Public review -finished in
1986.

6KS-3D
Fortran

Known as ISO DP 8806. Public rewiew -finished
1986.

GKS-3D
Pascal

Not yet available.

PHIGS WD -finished in 1986. ANS X3.144-198x. Second
public review -finished in
19B7.

PHIGS
Fortran

WD available.
(SC21/N667)

Second public review -finished
in 1987.

PHIGS Ada WD available.
(SC21/N819)

Public review -finished in 1986.

CGM
(•former VDM)

IS 8632 pub l ished i n
1987.

ANS X3.122-1986 publ ished i n
1986.

CGI
(•former VDI)

DP began in 1986. ANS X3.161-198x. Public
review -finished in Juny, 1987,

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

Six known standards (suggested or accepted)
could be devided into three chategories
/DEUS84/:

1. Core, GKS, and PHISS represent an
aplication programming inter-face (API).
This API standards are usually implemented
as a set o-f the external procedures and an
application programmer could link them into
his application code.

2.

3.

IBES and CGM are used by transfering
storing the graphical i n-f ormation.

and

CGI represent
inter-f ace.

graphical device



21

APPLICATION
PROGRAM

LANGUAGE
BINDINGS

OEVICE AND LANGUAGE INDEPENDENT
GRAPHICAL PACKAGE

COMPUTER GRAPHICS INTEFFACE

OEVICE
DRIVER

CURRENT
GRAPHICAL
DEVICE

FUTURE
GRAPHICAL
DEVICE

METAFILE
READER

7.—

METAFILE
VVRITER

metafile

Figure 3. Interfaces o-f the graphical system

These tree classes could help us by de-fining
common features o-f current and -future standards
with regard on per-f ormance, price, and
use-fulness o-f graphical software and hardware.
A comparison and valuation o-f the graphical
standards is not easy, because the majority o-f
them are very comple;< and because they are
comming -frotn di-f-ferent areas. Figure 3 gives a
review a-f the standard graphical i nter-f aces.

The most important part o-f each language and
device independent graphical system is a member
o-f the GKS standards •family. These are GKS
(Sraphical Kernel System) or its 3D extension
or a standard for dynan>ical manipulati on with
graphical data structures PHIGS (Programmer's
Hierarchical Inter-act i ve Graphics System) .
Functions o-f graphical system are e:<actly
de-fined by these graphical standards and
because o-f this reason they are also called
•functional graphical packets. They are
completly language and device independent.

An aplication programmer is able to access
•functions o-f these packets through a language
binding. It has to adopt language independent
•functions o-f graphical packet to design and
particulari ties o-f each high level program
language (ada, C, pascal , -fortran, basic).

The communication between a language and device
independent graphical packet and graphical
vnorkstations is controled by CSI (Computer
Graphical Interface). This standard de-fines
•functions and -format for- this communication.

Current graphical devices are not able to
receive the CGI -format and interprst its
•functions directly yet, so drivers are needed.
But next-coming graphical devices are going to
be driven by CGI -format directly.

In capturing, storing, and trans-fering o-f
graphical in-formation standard C6M is involved
<Computer Braphical Meta-file). Pictures are
saved into meta-files, and are captured -from

functional graphical packet by meta-file
generator. The meta-file contents is
interpreted by meta-file interpreter. Meta-file
could be interpreted directly by C6I or by
•functional graphical packet (6KS has particular
types o-f workstations intend -for manipulation
wi th meta-f i les) .

In presentation o-f inter-faces o-f graphical
system many authors mark also connective links
between individual inter-faces. They ca.ll them
inter-faces, too. Connective link presents a
set o-f al 1 -functions, which the inter-face on
the higher level o-f hierarhy o-f graphical
system can access -from the inter-face, which is
1ower.

For- example: A connective link between a
language binding and a aplication program is an
e:<act declaration o-f all functions, which
aplication programmer can include in his
programs. There are decl arations o-f all
parameters and their types, which are used in
the -functions.

5. BRAPHICAL STANDARDS AND THEIR
CAD SYSTEH

POSITION IN

The most important aplication areaL o-f computer
graphics is certainly CAD. Graphical system in
the CAD system has to care about:

the graphical presentation
objects and

••f constructed

— about the
user.

graphical interaction with an

I-f -figure 3 is extended -for a CAD aplication, a
structure of CAD system is reached and it is
shown on -figure 4 /ENDEB6/. Older CAD systems
have been usually put into only one product.
Individual pieces o-f them have been neither
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evident neither accessible by the user. Trends
o-f next—coming CAD systems are to make the
graphical system visible also to the user, so
that he could add di-f-ferent graphical devices
and transfer graphical data between di-f-ferent
graphical systems. But this is possible only,
i f a graphical system cansists o-f the standard
inter-faces.

A core o-f a CAD system includes -functions far
modeling, presenting, calculating o-f
constructed models, and a modul -for interactive
dialog with an user. The most important part
o-f a CAD system is a CAD data base, which saves
al 1 in-formation about created objects. A core
o-f a CAD system is only a superstructure o-f the
graphical system, which takes care about
objects presentation on graphical devices and
•for graphical interaction with its standard
inter-faces. A modern CAD system has his awn
program's inter-face. So an user can reach the
•functions o-f the CAD system frora high level
program language and has an opportunity to
solve and to present his own speci-fic demands.

An exchange o-f data constructed by core o-f the
CAD system (data are not only graphical)
between systems of di-f-f er-ent supliers could be
done by standard CAD data inter-face. The -first
such standard is I6ES (Initial Braphics
Exchange Speci-f ication) , but just now more new
exchange data •formats is being developed (PDES,
PDDI, SET, STEP) /CAD85, ENDE86, WILS87/.

6. CONCLUSION

Al1 problems of device-dependent graphical
aoftware have been solved with introducing the
graphical standards. The suppliers af
graphical hardware and so-ftware are aware o-f
this and today some o-f these standards are
accessible even on PC camputers (for e?;:ample
GKS level 2b).

In regar-d o-f development phases o-f graphical
standards and their language bindings we can
expect, that all GKS language bindings (with
exception the language bindings -for C, because
it is not a startdar-d language yet) will become
the international standards in a short time.

The basical request -for GKS-3D is -fully
compatibi1ity with GKS. Currently, there are
discusions about compatibi1ity among PHI6S and
GKS. It seems, that there will not be a
compatibi1ity at al1, because GKS uses only
one—leveled graphical data structure
(segments), while on other hand PHIGS manages
with hiararhical data structures, which are
suitable -for presenting the graphical models.
PHIBS is intended -for time-demand applications
and so it more than likely will not be
available on FC computers.

SPECIFIC
ADDITIONS

PROGRAMMING
l^fTERFACE

Core of CAD *y»tem

MODELLING

PRESENTATION

CALCULATION

DIALOGUE

Standard CAD
Data Exchange

Formal

IGES, PDDI

LANGUAGE
BINDINGS

other CAD
*y*tem*

DEVICE AND LANGUAGE INDEPENDENT
GRAPHICAL PACKAGE

COMPUTER GRAPHICS INTEFFACE

DEVICE
DRIVER

CURRENT
GRAPHICAL
DEVICE

FUTURE
GRAPHICAL
DEVICE

Standard Plcture
Exchanga Format

CGM

other graphlcal
*y*tems

Figure 4. A place o-f the standards in CAD system
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CBM has already become an i nter-nati onal
standard in its elementary version. The work
is proceeding now on an expansion o-f C6M, that
it could support also BKSM (8KS meta-file)
•format (this is -format in which SKS saves
graphical in-formation through logical
workstation MO and MI).

The evolution o-f CGI has been already started.
There is a long way until CGI as an
international standard will be accepted,
because this standard should,not limiting the
develapment o-f the graphical hardware. So we
can expect a great interest and in-fluence o-f
manu-f acturers o-f the graphical hardware.
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With the presentation of most important method3 of software-
engineering we want to contribute to the better knowledge,
application and development tools that demand a systematic
procedure for the software design. We have tnentioned 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
easence, these methods may be devided into those which solve
the problems by analysing the data flow and those which solve
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 behavlour in real-time environment and the
possibility to create consistent entiti-relationship models for
more complex information systems are iraportant in dependence
upon the system.

Z objavo pregleda pomembnejših metod programskega inženirstva
želimo prispevati k boljšemu poznavanju, uporabi in razvoju
orodij, ki narekujejo sistematičen priatop k snovanju
programske oprerae. Nanizali smo temeljne metode inženirstva
zahtev in strukturnega snovanja, ki so nastale že v
sedemdesetih letih. Sele v osemdesetih letih so se iz
njih izoblikovala kompleksna orodja za računalniško podprto
snovanje programske opreme. V osnovi se metode delijo na
tiste, ki k reševanju sistema pristopajo z analizo toka
podatkov in tiste, ki to izvajajo z razgrajevanjem strukture
podatkov. Najpomembnejša postavka pri ocenjevanju
primernosti uporabe neke metode je stopnja pokrltosti faz
življenjskega cikla programske opreme. V odvisnosti od
sistema pa je pomembno tudi obnašanje v 'real-time' okolju i.n
možnost kreiranja čvrstih entitetno-relacijskih modelov za
kompleksnejše informacljske slsteme.

0. Introduction

A multitude of actions leading to a oonsistent,
realiable and well documented software is
called Software engineering. In the attempt to
normalize the "multitude of actions", several
methods have been developed from the sixties
onwards. Regarding their applicability and
above all their "usabloness", certain methods
did not reach their climax earlter than in the
eighties"and most often as a base for automatic
tools for sqftware design. Lefs see a brief
survey of methods of software engineering
/Kell87/
i) the sixties may be called also the period of
crisis in the softvare development because it
was recognized that it is Impossible to create
effectivo programs without a sistematic
procedure. In this period the philosophy of
Structured programminfi was formed ( important
author? : Bohm, Jacopini, Dijkstra ).
ii) iiti the seventies the previoualy mentioned
reoognition caused that various technologies
were developed ( structured anallsys, design )

and term software life-cycle was introduced. In
this period, 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 ).
iii) in the eighties, the methods of the
seventles experionce a revival. With the
integration of some methods a series of
effective and commercially successfull
automatic tools for softvare development
appeared.
In the introduction let us consider the term "
software life-cycle". The software life-cycle
covers six basic stepa /Porc83/:
- Requirements Analisys
- Functional Specification
- Design
- Implementation
- Validation
- Maintenance
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1. Eequirements Engineering 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 reality in certain
characteristics that are required. Therefore in
the complex process of software engineering the
requirements specification is of essential
importance. As a rule, in thls process are
envolved the developer of the project and the
customer. The process of requirements
engineering, that is the cooperation mentioned,
can be gathered into four principal points
/Press87/ :
i) recognition of the problem
ii} davelopment and synthasis
iii) specifications
iv) survey evaluation
The coordination 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 ot the environment (
hardware, software ) in which the project will
be realized.
Picture la shows the process to accord and
define the requirements, ( see /Ross65/ ). This
prbcess, called the reader/author cycle, is a
part of the method which will be considered in
detail later ( SADT - Structured Analysis and
Design Technique ).

DIAGRAMS

A REASEK :
- clarifies terminology
- checks completeness
- checks consistency
- assures accurancy

- corrects syntax

CONNECTIONS,
COMMENTS

EEADERS,
USERS,
MANAGE

REACTIONS

Picture la "Reader/author" cycle of SADT Method

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

a) Understable preeentation 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
informatlon flow the data structure for the
processed system is obtained.
The funcbional requirements /Roma85/ describe
the dependence of the components upon each
other and upon their envlronment. 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. Nori—functional. requirements
cause a problem because they can exert an
essential influence on the complexity of

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

b) Division of the problem into understandable
and surveyable partdtions.
The division of the problem into easier and
more understand.able parts is carried out by a
vertycal hierarchical decomposition or with a
functional decomposition in the horizontal
hierarchy.

c) 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 not 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 documerrt is formed which is
often called specificatans . A standard is
exlsting for this kind of document ( The
Hational Bureau of Standards,, IF.EE Standard No.
830-19 84 ), but the automated methods of
software engineering do not follow it
entirelly.
It can be concluded that the task of the
requirements engineering is to introduce a
ayatemat.ic and inform notation of the
information and functional analysis to solve a
software system. According to the software
life-cycle, mentioned in tha introduction the
first two points are met by the requirements
engineering. The development trends in the
eighties support the development and
applicatton of computer aided integrated tools
for software engineering : CASE Computer Aided
Software Engineering. They are overbuilt aind
the most effective among them meet the
development all phases of the software life-
cycle. In the following chapters, some tools
vrill 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
according to the obtained functional
decomposition :

i)
ii)

data flon oriented methods
data structure oriented methods

In literature the third group is called
iiutomated 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 two points. Nowadays
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.
Our description of raethods is limited (
following our opinion ) to most effective and
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most popular ones. The criterton of
effectiveness ia how many phases of a software
life-cycle are covered by the raethod.

2.2. Data Flow Oriented Methods

All methods of this class have in common that
they perfonn tho structural analysis by means
of data fl<>N charts. So they give preference to
the data transfer through the systero over the
information structure on which the systera is
based. The syntax of data flow charts is taken
froro /Gane79/ bubble chart and mainly from
/DeMa79/.
Tom DeMarco deacribes very accurately . the
processing of analysed system untll the
functional decomposition is reached. The
continuation of processing by means of
otruatural dasign is taken from /Your79/. On
the base of llterature cited automated tools
from "the field of software engineering are
conatructed. The stress is laid on the system
analysis by means of data flow charts. Nowadays
the following products are awallabile on the
market :

- ANALYST/DESIGNER TOOLKIT; produot of the firm
Yourdon Press, New York
- HP Teamwork SA/SD/RT; product of the firra
Hewlett Packard
- TEK CASE; product of the firm Tektronix
- CASE; product of the firm Mlcrotool, Berlin

SASD ( Structured Analysls Structured Design )
is the common name for the methods described.
It is typical for SASD that it covers all
phases of life cycle in the software
development ( "life-cycle modell" /Kell87/).
SASD offers a good survey over the project and
enables a team vrork. An effective functional
decomposition from the top-down is the reason
for it. Aa in the of this method a series of
understandable tools and those being near to
the man is used ( a detailed description is
given in the foliowing chapters ) the method
permits immediate correction of the existing
faults.
Automated tools always offer an up—to-date
version to all members working on the project
what is of special importance when individual
members of groups do not work in the same
place.

2.2.1.
2.2.1.1.

System Analysls of SASD
Data Flow Charts

The data flow charts can be used on overy level
of system abstraction. They consist of four
basic building blocks ( see Picture 2.2.1.1.a )
from vrhich the fundamental system model ls
constructed first. Then it is decomposed into
several more detailed and understandable
charta. The basic model is called level 01 of
the data flow charts ( further called DFC ).

External entity repreaents the
source or destinatton of system
data. The aystem data can be the
elements of hardware, interactlve
intervention of the usere or
connectoin with other 3oftware
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 -floi* : serves to oonnect
other basic elementa of DFC. The
arrow shows the direction of the
flow. Each flow should posaess
its ovn uniform name.

Data storage ; the symbol means a
file 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 beat
when analysis is carried out it ia advisable to
name the processes at the end. Data flows (
information flows ) that condition the
necessary process form the base and not vice
versa. Unfortunately, automated tools require
to name tho processes immediately. Tho picture
2.2.1.1.b shows the decomposition Into the
depth of an lmaginary problem by maans of DFC.

DFD3

>

Picture 2.2.1.1.b Decomposition into 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 should
be decomposed into elements. To do this a
special notation is needed:

symbol meaning

* *

equals
logical and
logical or
n iterations of
bracket contens
optional data
comments

In the deslgn of information aystems that are
aided by poverful data bases the data
dictionary and data store /Gane79/ are needed
to model the relational shema tn 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 atructured
analysis / Gane79/ e3sentially 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 alone forms
the data dictionary to such an extent that the
necessity to describe the undefined data flows
is shown. In the data dictionary the syntax of
the record is controlled automatically.
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2.2.1.3. Functional Decomposition

With the data flow chart and the data
dictionary it is satisfied 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 often
" Structured English ", is used. Such clipped
language is called Program Design Language
PDL. s
Let's show the fonnulation of the functional
decomposition by means the data flow chart
/Press87/ - Picture 2.2.1.3.a.

Selected DFD
bubble

Apply
structured
English Functional

_ description
Information

about
processing

Picture 2.2.1.3.a. The Process of Functional
Decomposition

The dictionary of the language uaed for the
descriptlon of processes should contain english
words in the imperative form, expressions from
the data diotionary 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 permits 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, etc. ).

2.2.2. System Deslgn SASD

System design of the SASD method is taken frotn
tha source /Your79/. The transition from the
data flow to the first phase of structured
design, which is called structured charts, can
be made in two ways. The first and most often
used way is the transform analysis The second
way, called the transaction analysisis because
of its exaggerated formalization less often
used.
The nucleous of Transform analysisis that the
data flow charts are devided into the afferente
part, central or transformation part and
efferent part. The baslc three components of
the structured design 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
( e.g. several output flows ). The process that
splits the input flow is ; 'called transaction
centre. Around this centre a / suitable
structured chart is organized. Lefs see the
basic tree phases of s^ructured design :

a) Structured Charts
The data flow chart shows a network of
processes that needn't be connected in the
final program in the same w;ay. The model ot the
system in the form of software modules is
ensured by structured charts. The term 'module'
dendes procedures or functions in the target
prograraming language., Thus, the structured
chart directly shows the hierarchical structure

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.

arrotis connect modules into various
hierarchical leves.
- arrows tiith cirdets denote communication
interfaces betvreen modules; the direction of
the arrows shows the direction of the control
paths and data items.

special symbols give information on the
procedurality of the system; these are
iterations, conditional choices between
modules, common blocks.

b) Data Dictionary
The data dictionary used in. the structured
design is the same than that used in the
structured analysis. Here it is completed with
new data obtained from the structured chart.

c) 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 trarisformatioft analy3is.

central.
part

e-f-ferent.
part

error.
report

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

Each part 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 flow 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 f actoriz'ing
within individual divisions in the data flow
charts is needed. This is done by top-down
design.
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tabulation
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Picture 2.2.2.b Structured Chart

2.2.3. Implemeirtation 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
possible faults is 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
characteristics such as performance,
applicability, reliability and slmple
maintenance of a well designed system.
In the field of testing and evaluation of
software reliability the tendency is to
automate the tools with uniform criteria.
Additional information on practical access to
this problem is found in literature /Rozm87/.

2.2.4. Application Maintenance and Owerbuilding
in SASD

If SASD is formed through all phases iivto a
conoluded form, an exhaustive reference-book is
given. The documentation on original design is
given by data flow charts 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 maintenance of the system is slmple. 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 frotn 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 problem..
They have four common points:
i) each method demands that the key information
object, that is the entity
or the process should be
beginning;
ii) the second common point of these methods is
that their starting-point is a hierarchical
structure of information;
iii) the data structure should be described by
basic procedural constructs - these are the
sequence, decision and repetitton;

and the operators
determined at the

iv) these methods contain effective tools to
convert the problem from the hierarohical data
structure into the suitable softvare 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
decomposed. It is further decomposed into a
series of submultitudes. Everithing is
interconnected by basic procedual constructs.
Braces are used to devide hierarchical levels.
A quick and effective explanation of the
raeaning of the actions which are possible by
Warnier-Orr notation is shovrn in picture
2.3.l.a /Higg79/.

WHY ?

implementation
of the task

WHAT ?

beginning of
the task

end of
the task

WHEN ?

Picture 2.3.1.a

HOW ?

Directions
charts

in Warnier-Orr

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 to
ae-firtG the e.xit of the process . Then the
logical data structure and later the
corresponding physical structure are defined.
In thls phase the enttty-relationship model can
be formulated. The design of physical model
follows from bottom-up but we should not think
that Warnier-Orr method is based on botton-up
design because the whole logical composition
was performed from top down. Practical
experiences of design with this method are
described in literature /Gyor86/ and /Rese86/.

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 reault is
an objective and repeatable system which is
independent from the oreativity of the

designer. The designing process can be adjusted
and is heavily influenced by the user.
The bssic idea of this method is that it is
possible to deslgn for the user an interesting
part of the real world by means entities and
actions. The entities are baslc elements that
can be recognized by the user. Actions are
implemented over the entities described and can
be changed from one state to the other ( the
term 'states' means various phases tn the life
cycle of entities ).
With the definition of entities and action3 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.
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JSD has a very rigid delimination between
design and implementation. The application of
the existing hardware and progratn 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
earlier that in the last phase, that is in the
phase of implementation.
JSP is also 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 JSD forms an
extension of JSP. Everithing what is used in
program design according to JSP can be used in
system design according to JSD. The common
points and differences between t.he two methods
are shovm in the following table ( Picture
2.3.2.a).

action JSP JSD

description of
the problem

terms of sequ- terms of sequ-
ence processes ence processes

the raodel structured a multitude of
consists of charts unlinked proces-

ses for the desc-
ription of temporal

behaviour of entities

description of
the problem is
concluded by

implement.of adding and impl.
uniform proc. ot processes
structure which fortn the

problem described

implementation problem can
be described
immediatelly

description of
the problera is
converted into
suitable form

Picture 2.3.2.a Comparision between
JSD and JSP

The JSD method is meant to design system in
which special 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 ia of supreme importance.
From the literature /Came86/ it is seen that
this method is most often used in Great Britain
vhere many sy3tems realised by means of JSD are
in operation. The method is widely used in
Western Europe and less often in North America.

3. Structured Analysls and Design Technique
,( SADT )

This method was developed in the seventies, in
the ftrm SofTech, Inc. when they searched for
an effective tool to describe the software
architecture of large systems. Douglas T. Ross
/Ross77a/ and /Ross77b/ was the first who wrote
on SADT. The latter source deals with the
applicability of this method for extremely
activity based and data-strong systeras. SADT is
cited as a reference for methods such as
Yourdon, Jackson, Warnier-Orr, Petri nets, The
multitude of PDL-s (Program Definition Language
), pseudo languages and for typical data-
oriented tools Codasyl, Entity Relation
Attribute and otliera.
SADT is very effective in the early and late
phases of software life-cycle. The detailed
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

of the analiaed system. These charts are
called graphic language of the structured
analisys ( in SADT, of course ).

3.1. Graphic Language of Structured Analysis
SADT

The basic guideline in the structured analysis
is underst.3bi.lity and simplicitv. Therefore
this method uses the decomposition from top
down to the raost simple basic elements. The
graphic - language is based on the structured
analysis boxes ( further called SAB ). In the
picture 3.1.a the extensiveness of such basic
element is shown. The features of individual
SAB are described with ICOM ( input, control,
output, mechanism ) codes. Each SAB has its own
number. On every level SAB can be decomposed
into hierarchical lower components ( the
relationship 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.

WHAT '

INPUT

WHY

CONTROL

' INTERFACES

t

BOX IS
FORM
OR

OUTPUT

CHANNEL FOR
SHARING

MECHANISM

HOW

= DATA
{ D{ DUAL OPPOSITES }

TRANSFORM = ACTIVITY

Picture 3.1.a The extensiveness of SAB

The model is called a collection of
interconnected charts. the model /Ross85/
defines: M is the model of A if M can be used
to answer 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 raultitude of SAB by which
the decomposition of system is made. Two kinds
of konnections, shovrn 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 ot subprograms, in the
terminology of program languages. The model
syntax permits also that the recursion is
shown.

The graphic form of requirements definition can
be formaliaed by RML ( requirements modelling
language ).

3.2. Applicability of SADT

Besides having influenced the development of
very effective methods the SADT idea is
sucoe3sfully used in the development of
projects dealing with various fields (
formulation of requirements in various fields
of multinational societies, design of complex
business systems, development of
telecomunication systems and unfortunately many
complex military prograras ). It cannot be said
on which field is SADT most successful. With
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MORE GENERAL
DIASRAM - WHOLE
BOX » PART
ARROU = INTERFACE

ICOM CODES

OETAIL OF BOTH
V/A32 ANO X/A33

Picture 3.1.b Decomposition and multiple model

combined activity/data models and thorough
hierarchical decomposition the method covers a
yide sphere of requirements. The author of the
method, D.T. Ross, aknowledges that the design
and automation of design of detailed .analysed
system present is 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 presentation of
some methods that proved themselves in the
development of software systems is given. In
spite of the fact that the methods like PSL/PSA
( Problem Statement Language/ Problem Statement
Analyser ), TAGS ( Technology for the Automated
Generation of Systems), IORL language (
Input/Output Requirements Language ) and SREM (
Software Requirements Engineering Methodology )
are not treated we should be avrare that these
automated methods are widely used in the USA.

Autoaated methods - each automated method is
based on certain formallsra. The requirements
for automated methods miist be very strict
because possible errors in early development
phases are in exponential increase in the
folloning phases. It is said that those
methods are good that with incorrectly
presented requirements gtve no final results
and the designer can not be mislead. In such
cases the procedures withln method should glve
results and this effect should be increased by
automation. The creativity of the deslgner and
his ideas still represent the dominant tool.
The method should only orient him correctly,
warn against the faults and formulate his
ideas.

Trends t>f CASE tools development
Besides the fact that the tool should be based
on a proved formal design method which,
supports the development of a program in all
its phases, other requirement.s 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 3ystem development. Methods
deriven from data flow charts often include the
real tlme extension. For the present state of

the development of CASE tools it Is tipical
that too little attention is paid to the
requirements of mathemeatical modelling and
simulation. The necessity for immediate and
detailed knowledge of hardware makes trouble
the real-time systems are interrupt or event
drlven.
The second trend is to develop such tools that
can model the data 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 art if icial intel1igence is gaining in
importance. Expert systems can be used to
control syirtactical and mainly semantical
errors of automated tools. In order to fulfill
the communication betueen the designer and the
tool as much as possible object - oriented
methods are developed. They enable a natural
connection between the designed model and the
reality described by the model /Borg85/.
An interesting problem arises when we try to
design unstructured AI software systems by
conventional methods of software engineering.
Ideas to solve this problem are found in
literature /Part86/. The author narns us that
for the present it is imposaible to offer an
accurate and formalized method to design AI
software systems.
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PROBLEMS OF THE RATIONAL UNDERSTANDING OFINFORMATION INFORMATICA 2/88
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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 purposes of describing some well-determined
linguistic constructions, does not satisfy in its traditional form, when the
reality, which is arisingly changing, unforeseeable, and developing, has to be
expressed. Because of such (dynamic) informational phenomenology, a critical
view in the groundwork itself, which constitutes the classical symbolic or
formal logic, is necessary. Besides, 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 itself, relation, set, function,
differential, integral, category, etc. All this does not mean that mathematics
is losing its previous role, but it becomes evident that mathematics can no
longer seize constructively (substantially, completely, or credibly) and
scientific-developmentally into new realms of cognitive development.

The contribution of this article certainly remains essentially far from a
new, more adequate formalization as is the classically mathematical one.
Hovever, many problemB are much better enlightened. The mathematical logic,
proceeding from the thinking of the previous century and from the firBt half of
this century, is historical-developmentally useful. However, its groundwork has
to be reformulated in such a manner which will enable an easy derivation of
various general and concrete logics. Within this concept, the contemporary
formal 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,
functionalf differential, integral, categorial cases of notions are bounded
(limited) and inadequate and also, how their dynamic reformulation would be
possible. But, this article representB only a soft introduction into this new
discourse and an investigation of particular mathematical inadequacies. The
goal of thie preliminary discourse is, of course, to lay out tho way vthich
leads to something termed informational logic. In the framework of such new
logic, it will become possible to develop eesentially changed concepts of set,
relation, function, category, etc. as wa8 the case in today's and yesterday's
mathematics.

The context of this article is certainly proceeding into the direction of a
general criticism of those kinds of rational understandings that in the most
caseB deteriorate into the rigid rationalism and that, like traditionalism, set
essential blockades against the progreasive thinking. Thus, alBO of these kinds
of rationality it is true that after a period of development they degenerate
into their counter-inf ormation which is nothing more than irrationaliam ahd,
lastly, an unacceptable dogmaticism for the progressive thinking.

0. Introduction IB a rational underBtanding versus a
rationalistic one in the form of a loose
definition of inf ormation in a broader sense

In the beginning there was information. The ( a B d i s c u s s e d in [ 2 , 3 , 4, 5 ] ) a t a l l p o s e i b l e ?
word came later. The transition was achieved What are the possibilities 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 order to survive. and mathematical (mathematically non-traditional)
perpetuate their kind. way (e. g. through the informational formalism

of symbolic logic, set, function, dif f erential,
Fred I. Dretske [1] vii derivation, integral theory, algebra, geometry,

theory of categoriea, etc)? What does the
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classical (communicational, atochastic)
of information represent today [6]?

theory

It is evident that before a further discuBsion
concerning a rational or even rationaliBtic
view of information is posBible, the
mathematics-characteristic way to a rational
(mathemational instead of mathematical)
formalization (abstraction and the
corresponding Bymbolism) of inforraation has to
be enlightened. Aready simple examples can show
why the classic rationalistic (mathema tical)
way is abysmal and how the deficiency of the
discussed eBsential, rationalistically valid
concepts is coming to the surface.

1. Informational Models

Philosophers ... still seem diaposed to
think about knowledge, perception, memory,
and intelligence with a completely different
set of analytical tools: evidence, reasons,
juatification, belief, certainty, and
interence, There ia, conaequently, a aerioua
communication problem.

Fred I. Dretske [1] viii

Several simple and sophisticated models dealing
with the rationalistic formalization of
informational subjects and objects can be
distinguished. Scientif ically, the most direct
rationalistic informational model is the BO-
called theory of information. Its concepts are
narroved into mathematical measures of
information and can be numerically "calculated"
by different mathematical functionals. The
theory of information constitutea the so-called
naive (rationalisticaUy reductional,

comprehentionally simplistic, informationally
quantitative) model of information and
represents merely (exclu8ively) 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 componentB of the
generalized communication ayetem 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 existence), information
channel (propagation of information through
biologically modulated and filtered paths),
information coding (various phenomenological
transformatione of infor mation), information
(or merely data) transmission and reception in
living and artificial environmentSi etc. On
this way, examples of living information models
(philosophical investigations) can be helpful
in the development of a critically much more
adequate (informationally non-naive) discourse
concerning information, than that following from
the classically narroved information theory.
Last but not least, a general model of
information can be imagined, embracing some
essentials of already existing rational,
rationalistic and intuitive models of
inforraation.

2. The Contemporary Theory of Information

Communication theory purports to tell us
something about information, 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 phyaical events on which
communication depends, but information haa
to do, not with vehicles we use to
communicate, but with what we communicate by
means of them. A genuine theory of
information would be a theory about the
content of our messages, not a theory about
the form in which thia content is embodied.

Fred I. Dretske [1] 40

Information as a notion haa different meanings
in different environments (for instance, in
different lingual culturea and in different
scientific disciplines). Information does not
have the same meaning in the realm of common
sense, communication theory and engineering
(technical sense), crime investigation, theory
of information (mathematics), information
technology (computer science), information
science (linguistica, information retrieval),
or even in a general information philosophy
(information as information).

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

- application of information theory#

- complexity of information,
- communication syatems,
- cryptography and security,
- data netv/orks,
- detection and eatimation,
- distributed information processing,
- error-correcting coding,
- multi-user information theory,
- pattern recognition,
- processing of audio and visual signals,
- Shannon's theory,
- source coding,
- atochastic processes, etc.

Today'a theory of information ia grounded on
merely some characteristic mathematical and
technical concepts, but in spite of this fact,
it has created many useful concepts by itself
as a specific discipline. It must be stressed
that information theory, in principle, ignoros
the problemB of informational arising (e.g.
coming of information into existence,

irrespective of the nature of inf ormational
source).

Within the theory of information the ao-oalled
information theoriafs definition of
information ia used in its mathematical (or
engineering-technical) sense. ThiB concept has
the name information which is (narrowed) enough
for the purposes of the theory of information.
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Hovever, it doee not embrace a common idea of
information appearing within different living
verbal languages or even living organisms.

Information can be defined in mathematical
terms in several waya. The amount or quantity
of information iB a measure of time or cost of
transmitting messages from the information
source to the destination. The information
source is extremely restricted to be capable of
putting forth n probable messages, 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)
givea a measure of how long it takes to
transmit the mesBage 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
repreaents when it arises as information in
general. The information Bource simply delivers
codified information where the arisen
information was coded by a source coding
process, so it can be fed into the channel.
Decoding is therefore needed to transfer
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 noiay channel.

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

3. Logic qua Information

philosophical, scientific, or mathematical
informationism.

In its foundation, logic (the Greek 'logos* has
the meaning of speech, word, mind, thought) is
a philosophical discipline dealing with valid
(true, correct) forms of thought and with
methods of scientific cognition. In this sense,
logic is the study of the structure and
principles of reasoning or of sound argument,
with the aim of establishing the truth of
propositions in the form of deductive and
inductive inference. There exist several other
kinds of logical inference as studies of
reasoning which may be termed the deontic
logic, logic of norms or logic of imperatives,
logic of relevance and nece8sity, modal logic,
logic of language, logic of believing, knowing
and inferring, logic of inconsi6tency,
epistemic logic, and, last but not least,
informational logic. However, in its narrower
sense, logic is the study of the principles of
deductive inference, or of methods of proof or
demonstration. Inf ormational logic is the study
of informational principles including also
information and Informing as methods of
informational inference through the coming of
information into existence.

Informationally, logic is merely one of the
possible doctrines of reasoning which iš termed
to be rational. The science of deductive logic
has it8 roots in the conception of establishing
propositions by means of such arguraents that it
would be irrational to reject their
conclusionsi having accepted their premises.
The nature of logic as information will depend
on the natures oi truth, knowledge, and
cognitive abilities of a being, and
informationally, on the being's total
information (a. being's metaphy Bics) • However,
imperatively, logic as a cultural and as a
populational information can (or better must)
remain characteristically rational, i.e.,
culturally and populationally doctrinal
(rationalistic).

Logic is the acience of the pure Idea; pure,
that is, because the. Idea is in the abBtract
medium of Thought. . . . Logic might have been
defined as the science of thought, and of
its laws and charac teristic forma. . . . If we
identify the Idea with thought, thought muet
not be taken in the sense of a method or
form, but in the sense of the self-
developing totality of its laws and peculiar
terms.

G. W. F. Hegel [9] 25
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Logic is close to a doctrine of essence, i.e.,
of the absolute. This doctrine is purely
informational and arises, for instance, as
common sense, belief, reasoning, awareness, and
like that in living cortices. Similar as
language, logic as philosoph ical, scientific,
or mathematical discipline concerns particular
informational domain dealing with easence as a
measure of absolute truth in its own realm. In
this respect, logic belongs in the class of

3/1

The creator of European logic was Aristotle and
his successors, the philoaophers of Megarian-
Stoic school, who have established the
principles of deductive logic. At the beginning
of the 17'" century, F. • Bacon introduced the
idea of a new, inductive logic. The predecessor
of the so-called symbolic logic was Leibniz,
but its most d is tinguished creators were G.
Boole, G. Frege, B. Russel, R. Carnap, A.
Tarski, e t c . In his Begriffschrift (1879),
Frege intrpduced quantifiers and the treatroent
of cončepts by analogy with mathematical
functions. This enabled him to unify the logic
of propositions (propositional calculus) with
the 8tudy of those logical relationships which
had previously been treated in the theory of
syllogism. Frege's approach was adopted by
Russel and Whitehead in the writing of
Principia Mathematica, where the focus of
attention vas shifted firmly away from terms to
propositiona and their relations.

Even prior to Fregean innovations, the 8tudy of
logic had become increasingly matheraatical. The
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question is how logic can become an
informational discipline. Mathematics and
mathematical logic are merely specific forms of
inforroation. However, one would like to
construct a system of logic which would
adequately embrace the realm of information.
Within mathematical logic it is possible to
treat a formal logical system aa 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
logical construction. It
which ie narrowed into
of deductive and
Mathematical logic is
formalized by specific
gibberish of symbolic logic.

mathematical one, is a
uses its own language,
the rationalietic domain

inductive inference.
a language vrhich IB

8ymbolism as a form of

The effective logic uses junctors and
quantifiers (logical connectives or logical
operators) to construct proposi tional formulae
(logical expressions). These formulae use
logical variables and logical conetants
(logical operands). Junctors and quantifiers
are eymbols representing certain 'devicee,
independent vords, prefixes, suffixes, and
inflections 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 symbols thus have a precise (constant)
function. The most commonly employed operators
are negation, conjunction, disjunction,
implication, the existential and universal
quantifiers, and the true and false symbols. A
logical propoBition (formula, expression) is
either true or false. In this way, a two-valued
logic is constituted. Certainly, it is posaible
to define also a multi-valued logic using
adequate logical operators.

acceptable too.

The logical quantifier 'there exist8 at least
one' is in the strict informational sense non-
logical too. 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 ite arising (Informing) already
exists (otherviae, x cannot arise).

(x) has the meaning 'for all x which exist'. Aa
pointed out, this quantifier could be
informationally introduced for all those cases
whose arising is in the domain of a generative
set (a generative set G is defined by ite
characteristic inf ormational function). For
this purpoBe, the denotation AA G with the
meaning 'for all vrhich ariee 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 ariee' (in a
particular case, they can exist aa unchangeable
information).

In me tamat hematice, the existential (there
exists at least one) and the universal logical
quantifier (for all) are bound to a fixed
existence. However, in information, this
bindingness concerns the coming into existence.
In the informational senae, these quantifiers
could be used as 'at least one x is coming into
existence' (instead of 'there exista at least
one x') and aa 'for all those x which are
coming into existence' (instead of 'for all
x'). Evidently, the existential and universal
logical quantifiers are losing their general
meaning in the informational realm, for they
represent casee of informational constancy
(statics, datingness).

3/2 3/3

Let U8 consider the universal quantifier (x)
with the meaning 'for all x'. Informationally,
this quantifier is questionable, for it can
exi8t (or arise) 'at best one case of x'. In
fact, this quantifier is pretending that all x
of some domain (set, class, category) have a
common property or, in other words, are equal
concerning thie property. In this manner, the
univeraal quantifier hides a kind of
infor mational equalization. Thus, we can have
the following reasonable informational
transformation:

for_all x —> at_best_one_ca8e_of x

In thiB eenae, the logical quantifier (x)
paases into the informational one with the
meaning at_best_one_case_of, which could be
denoted by E? (E! is already used for 'there
exiata 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 a quantifier is infor mationally

At this point, we are coming to the question
vhether it is at all possible to introduce
reaaonable inf ormational quantifiera.
Certainly, it is posaible 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 exist)
and, in the future, also its vanishing or ite
transf ormation have reached such a degree of
change that the identity to its previous
identity is more or lesB not recog nizable. As
already mentioned, for the arising of
information i, the quantifier A in the form

ki

can be introduced. Thia meanB that information
j is in the process of ariBing. If n cases of
information arise, there could be written

A is h . . . iD
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For instance, for all informational casea
belonging to a generative set G, one can write

Ai(i belongs_to G)

In a Bense the arising quantifier A by itself
points to the generative nature of Bet G
(informational consistency between A and G).

3/4

The next possible question concerns the
negation of information. Informational negation
is, of course, not logically (in the sense of
mathematical or formal iogic) exclusive in
respect to the obaerved informational original.
Thia means that information i and its negation
. "i (the sign " is used to denote the negation)
do not represent to each other such a contrast
(controveray) that, in the senBe of classical
logic, it vrould hold

/ OR ~i = true and
i AND "i = false

In informational logic, i and "i can exist
simultaneouBly, although the essential question
ariaes: what is "i in respect to i.

In the case of a simple predicative
(aff irmative) information (is-sentence), the
answer to the last question is still possible,
for instance, 'Peter is a wolf and 'Peter is
not a wolf. But, in a much more interwoven
information, the notion of logical negation is
loosing or losing its sense. One can only state
the fact that information and its negation are
two (spacial, temporal, logical, informational)
cases of information which, in general, are
different.

In no case, inf ormational negation can be an
exact negation of the informational original in
the classic logical sense. Negation as
information is arising in the sense of
informational arising similarly as the
informational original. When ii arises from ii,
one\ can write

theory, union and intersection. In an
informational realm, it is quite easy to
imagine the so-called union of informational
cases; however, the informational inter Bection
is faced with the problem of searching equal
pieces of information in different
informational cases. The informational
intersection ia based on equalization of
informational pieceB as they appear in
different information.

In casea of logical quantifiers and logical
operations, it is possible to observe how the
rationalistic Bymbolism is losing its logical
Bteadiness. Maybe that rationalism as a form of
modern cognition and undere tanding in
philosophy and also in technology became
inadequately rigid, untrue, and nonsensical (in
itaelf 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
rationalism is certainly on the way of
surpassing those doctrines which block the
progressing and more critical and differently
organized thinking and also scientific and
technological constructing.

3/6

Besides logical operators, the so-called modal
logics use various modal operators. These
operators are constant or, in a limited form,
variable atatements (propositions). For
instance, for 'a believes p' one cane introduce
a L p. However, for 'agent a believes p' one
can choose L» p. When a belief after some time
becomes the norm, it can be set Kj p with the
meaning 'agent a knows p'. In this way it iB
possible to construct languageB of logic and
give aemantics to them [11].

4. Relation as Information

4/0

Hovrever, the quantifier A which simultaneously
has the property of operation of arising, is
arising by itself. And, because A is
information by itself, it becomes

AA

as arising of the quantifier A. Thia leada to a
form of the chain of arising, for inatance,

J'B - AJ'B-J r AAio-2 - ... - A""1^;

Thia infor mational ex'pression represents a
recurrent autoinformational and alloinfor matio-
nal operation.

The Latin relatio (-onia, f) meanB report,
propoaition, 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. In mathematics, relation is a
propositional function of two or more argumentB
defining, for inetance, exactly those elements
belonging to a set. These elements satiafy the
propositional function of the relation, for
inatance, in concern to the componenta
appearing as elements of the aet.

4/1

3/5

The most common logical operations are
diajunction and conjunction or, in the set

Mathematics has developed Beveral notions of
relation. One of the most general relations is,
for instance, the relation to be the element of
a set. ThiB relation seems to be mathematically
one of the most natural. In general,
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mathematical relations can be determined by
means of other relations, operations,
eiistentials, quantifiers, axioms, predicates,
and/or verbal, abstract, intuitive
determinations, etc.

The notion, which concerns relation, is the so-
called relational set. A relational set R
conaists of elements which are pairs (a, b) of
some elements a and b belonging to some aets.
Now, the relation R which is represented by the
relational set R, can be understood as
operation R over elements a belonging to a set,
in the way that it produces elements b
belonging to a set. The expression

a R b

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

conceptually transposed into the formalism and
abstract understanding of information.
Informing as a process of information can be
comprehended as relation, i.e., as the most
general inf ormational operation. As pointed
out, this operation (relational inf ormation) is
called Informing.

Let us examine the most general case of the
relation we call Informing I. In general, there

i I i

This ref!exive relational expression has the
meaning that Informing I produces information j
from information j . A more constructive
relational expression is, for instance,

4/2

What iB the relevance of the relation in an
informational realm? The most obvious
inf or mational relation is, for instance, that
information, in one or another case (place,
time, process, phenomenon), is infortnationally
difterent. If information is taken as a unity
or an autonomous entity, then inf or mational
inequality between one and another
inf ormational case is the most natural
relation. In the course of human social
development, as controverny, opposition,
antitheais, counter-information became usual,
evident, and consciously regular ways of
thinking, the controversy of informational
difference (as the most evident relation in an
informational realm) arose as an informational
principle (ae the counter-po88ibility), too.
This way of inference led to the notion and
relation of informational equality. Although
informational phenomena are naturally
different, they can be abetractly counter-
informed as equal. A charac terietic similarity
of observed objects ceased as an abstract way
of inference into their (informationally
dazzled) equality,

The relation of equality (in the mathematical
sense) cannot exist between two informational
cases (informational forms and informational
processes). The relation of equality belongs
obvioualy to the most abstract (unbelievable)
caees of the real world. However, on the other
side, the relation of equality is the
foundation of each, quite arbitrary eymbolism.
Symbolic equality qua symboliam is in the
domain of informationaliam (irrationalism,
ideology, state-of-mind) [3]. This
inf ormational distinction for the case of the
equality relation is essential, because also
the so-called sign of equality '=' will be used
in further explication of the mathematical or
formal informational (mathemational) background
or field of relevance. In all our caees, the
sign of equality will represent only a formal,
abstract (theoretical) symbolic equality.

4/3

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

where ii arose by I from i and includes the so-
called counter-information c.

As J changes and arises, so does I. In this way
it is meaningful to set the relational
expreBsion

I J h

In many scientific (mathematical) and
technological cases 7 is a constant
(unchangeable, non-ariBing) information. Under
theee circumstances it is poseible to create
the so-called deductional chain (transitivity
of relation I) of the form

j / ii I ii I fa I u ...

or, expressed in a shorter form,

i / * i. . . .

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

/ i I
i I ii Ii
I ii h ij

U 13 I3 14 ...

h Is ...

In the first line (chain) we have a kind of
mathematical (def initional) inconaistency, for
(i, I) appears as an element of relation j (i
generates Informing / from i). In the second
chain, relatione are Informings I, It, I}, l3,
etc ; however, in the third chain, relations
are ii, ii, 13, e tc , and both chains are
mutually dependent (developing). The second
ohain generates cases of information it, it,
is, 14, etc. by Informing8 / , Ii, la, I3, etc.
where the third chain generates InformingB by
cases of information generated by the second
chain by these Informings.

5. Seta aa Information

... semanticB lies outside the scope ot the
mathematical theory of information.

Fred I. Dretske [1] 42
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5/0

The set ae a mathematical notion arose by the
work of G. Cantor. A set is a 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
object in the collection is called an -element
or member of the set. The point of the set
theory is not so much to explore the nature of
a set as relations among elements of a set and
the set as a whole.

Cantor'8 naive set concept leads to various
logical paradoxes. His set theory was
reconstructed as the axiomatic set theory,
which is considered to be free from paradoxes.

5/1

Mathematical sets can be defined jn several
ways. If possible, elementa of a set can be
simply listed down. Finite and infinite sets
can be defined by means of the so-called
characteristic (or def initional) functionš,
which are logical predicatee for elemente 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 a collection of set's elements.
The set-definitional predicate is a

mathematical-logical statement, and this
statement is def initionally constant (stable,
unchangeable). For a set definition, the main
problem is how to construct the adequate
characteristic function to obtain the desired
collection of elements.

In the aet-theoretical discourse, the
definition of the set as information is
basically verjr important, too. If a set
consists of elements representing informational
entities, these elements can hardly be
informationally completely independent of each
other. It means that besidea this set several
relational eets can exist, determining the
informational connectives among set elements.
On the other hand, sets as informational
entities in their reality can only be variable
and not defined once for all. This reality
claims for the possibility to define a set as a
definitionally variable entity. In this caBe,
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 is not
exceptional, but (informationally) regular.

If the eo-called inf ormational set claims for
its variable definition, the set-def ini tional
predicate or set-characteristic function must
be a definitionally variable (non-mathematical
or quasi-mathematical) predicate or function.
In the next section we shall sbow some problems
of defining informational functions.

Let UB now introduce the concept of the ao-
called generative set which, in a sl)ghtly
modified form, was proposed by the author
already in 1975 [7]. A generative or, now,
informational set (i-aet for short) of

informational elements (i-elements) performs as
an information generator, producing information
which represents elements of thia set. Hovever,
this set generator or i-set is not a generator
in the usual 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 \ i-function(i-element)}

In this forroal expression i-function(i-element)
represents a function i(i) where i stands for
information. We shall- discuss inf ormational
functione more in detail in the next chapter.

5/2

Ideology, as treated in [4], is a complei
example of inf ormational function (inf ormatio-
nal form and/or inf ormational process). An
inf ormational function can be used to define
objecta (elements) belonging to a generative
set. Thus, it is possible to choose a proper,
aubideological function for creating Bets
concerning ideological matters.

Let us look at an example of a generative set
and the dependence of its structure on
information conetituting its characteristic
function (inf ormational set-def initional predi-
cate). Let be given an infor raational pool of
people belonging to a particular population.
Obviously, this pool is a generative set.

Let us create an ideological subset of people
whose behavior or auspicion of such behavior
satisfies the characteristic function 'Human,
who is class enemy'. I.t is more or IOSB clear
that in the course of time, the characteristic
function of the ideological subset will depend
on informational circumstances (complex infor-
mational environment), arising also in an un-
foreseeable way. These circumstances will
contribute informationally to the structure of
the subset charac terized as 'Human, who is a
class enemy'. It is possible to imagine how
this characteristic function of the subset is
arising, changing, and, under unforeseeable
circumBtances, vanishing or, in the course of
change, disappearing. In this respect, as one
can understand from the previous exaraple, sets
concerning any reality, even the moet
abstractly (ideologically) understood ones, in
principle are generative. They are only
particular cases of information or, comprehend-
ing their substantiality, are inf ormational
(ideological, scientific, matheroatical, etc).

5/3

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 simple and
logically reductional case that the information
of membership is a probability or a
mathematical measure belonging to an interval



38

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

A fuzzy sot has to do with the so-called
universe of diacourse [10]. A fuzzy subset of a
universo of discourse U is a function

/ : V —> [0, 1]

On the seta of all fuzzy subsets defined on the
universe U, operations of union, intersection,
and inclu8ion can be defined, uBing
the informational (alao mathematical)
predicates of maximum, minimum, and 'lower or
equal\

Tho concept of the fuzzy set shows how the
membership of a set element depends on further
information concerning thie element. In this
respect, the notion of the fuzzy Bet is nothing
else than a diacuseion on the membership of an
element. In this discussion, the most important
fact ia not so much the fuzzy set itself by its
elements as it is the so-called membership set,
which carrieB information and, within this
information, the possibility or even
potentiality for an element to be the element
of a fuzzy sot. In this way, the concept of the
fuzzy eet is reduced to the problem of setting
information concerning the membership of set
elements. In a way, the membership set of the
fuzzy set is a set of characteristic functions
approving harder or aofter belonging of an
element to the fuzzy set. As an arbitrary set,
through its charac terietic function, also the
fuzzy set becomes more and more not the set
itselfi but its characteristic function. In
this course of the discourse, the set concept
becomea a set-general information, which could
conBtitute the set as a concrete eet realized
as a collection of all posaible elements
belonging to a set.

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

. . . Communication theory does not tell us
what information ia. It ignores questions
having to do with the content of signals,
what epecific 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
lines related to curves. The modern functional
notation f(x) had been used in 1734 by Clairaut
and by Euler, who defined functiona as
analytical formulas constructed form variables
and conatanta. 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 values
(completely arbitrary functions).

of another

Today, a function haB the meaning of mapping or
univalent and also multivalued correspondence.
A letter x, for which a name of an element of a
set X can be substituted, is called a variable,
and X is called the domain of the variable. An
element of the domain of a variable 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 a concept of
the function which as the definition of a
function is variable (arising-like). First, let
ua try to define information by the so-called
def initionally Btatic function, i.e., by a sort
of quaBi-mathematical functional concept. In
this case, a function is meant to be a mapping
of a 8et of informational values of the
functional argument x into (or onto) a set of
informational functional values (y). In
principle and in general, information can be
formally (approximatively) conce ptualized as a
circular system of two metainformational
equations:

y = y(x> and

x = x(y)

Thia syBtem ia the metainformational expreasion
of the (approximative) nature (infor mation) of
information. Within these equations, x has the
following meaning:

- in the first equation, x is the original
(starting) information;

- in the second equation, x (left from ' = ')
is the counter-information; and

- in the second equation, x (right frora ' = ')
i8 the so-called embedding (embedding
Informing, embedding counter-Informing) of
the counter-inf ormation y into the
original information x (lžft from '=').

The meaning of y ia a8 follows:

- in the first equation, y (left from ' = ')
ia the counter-information, arising from
the original information x through the so-
called Informing (counter-Informing) y
(right from '=') and

- in the second equation, y is the counter-
information, which will be embedded into
the original information x (left from
'=') through Informing (counter-Informing)
x (right from '=').

This system of equations is questionable in
many respects and aome of them will be
illuminated in the following discussion.

6/2

Through aymbolic playing with mutual
substitu tions of equations, one can obtain, for
instance,
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y - y(x(y(x( ...
x = x(y(x(y( ...

and

This sy8tem represents the coming of
information into existence through several
cyclea ot Informing, where each cycle is
understood to be a composition of counter-
Informing and the embedding of information. The
later syatem of functional equations is not
very clear and the functional structuring of
information, Informing, ' counter-information,
and embedding remains hidden, in general. So,
a Blightly different Bymboli8m can be
introduced, where the processes of
informational generation and embedding are
marked by capitals (X, Y). These capitals
represent functional "preecriptions". Instead
of the later 8yetem, there are

y - Y(X(Y(X( ... (y) ... )))) and
x = X(Y(X(Y( ... (x) ... ; ; ; ;

This quasi-mathematical syetera does not show
explicitly the coupling occurring between the
consequent prescriptions X and Y when the
arising-embedding cycles are taking place. In
this metainf ormational representation, the
arising of X and Y cannot be explicitly
identified, even thiB arising is implicitly
present in the last metamodel. This model can
be analyzed (indexed) in the follovring way:

yo = Yo(xo), xi = Xo(yo);
yi = Yi(xi), xa - xt (yi);

yi = Ya(xB), XBtl - XB(yB);

where in the consequent lines the so-called
cycles Xt and Yt-i are listed, representing
counter-Informing and embedding and where i
belongs to the discrete interval [1, n + 1]. This
case can be transformed into a clearer form

yn = YB(XB-i(YB-,(XB-,( ... (yo) ... ))));
xatl = X.(YB (x,-UYB-i(... (Xo) ... ; ; ;;

At least, it is evident that the consequent Xk
and Yt vary from one j-cycle to another.

6/3

A function y - y(x) is definitionally constant
if its functional preBcription (its definition)
is given once for all, i.e., if it does not
change during its existence. It vaa pointed out
that information needs a concept of variable
functional prescription. Because of this, a
preBcription in the form

y(x) =
yi(x) for ao <- x < ai,
yi(x) tor a, <= x < at,

yB(x) for n-i <= x aB,

where [ao, aBJ is an informational interval, is
not adequate. Thie type of function represents
merely a sequence of constant functional
preacriptionB yi, ... , yB.

6/4

Let i be information (for inatance, a being'B
total information) when in the framework of
this information, Informing 1 . is coming into
existence. Informing I ie a generative
processing product of information i. A trivial
description (formula) of this generation would
be I - i(i). This formula informs • that
information J hae generated Informing I from
(or on the basis of) information i. In this
case, inforraation i appears as the generator of
I (informational host of Informing / , in the
sense that i is the argument and the producer
to itself) producing counter-information c.
This fact can be denoted by c = I(i). Counter-
information c can now begin to be embedded into
information i. Again both, information i and
through the Informing I generated counter-
information c, have now to generate the
information of embedding E, by vrhich counter-
information c will be embedded into source
information i, i.e., E = i(i, c). Embedding
information (Informing of embedding) B embeds
the arisen counter-information c into already
existing information i in such a way that a new
total information ii arises. This is denoted
symbolically by ii - B(c, i). In thia way the
following, so-called minimal informational
system is obtained:

U
I - i(i);
c - Ui);
E = i(i, c);
i, = E(i, c);
h;

This system is called minimal (or the first
approximation) because Informing I and
embedding E are not considered as argumentative
inf ormation. As soon as information appears
(arises), it can be informationally active
(function-like) and/or the argument for other
information simultaneously. In this sense, the
form i(i) in the second line of the upper
8ystem js not trivial. It represents a form of
the BO-called implicit (impliciUy hidden)
autoreflexivenes8 (autoreflexive implicitness)
of information. From this line on, the
following lines of the system are incomplete in
the sense of an adequate / and E conaideration.
Thus, let us set the followirig, more completed
Bcheme (the so-called second approximation):

U

c r I(i, I);
E = i(i, I, c);
U - E(i, c, E);

This informational system is enhanced; however,
it is far from the so-called maximal
approximation. In , this, the so-called second
approximation there does not appear the
explicit autoref Iexivenes8 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 J. Consequently, counter-
information c arises irrespective of the
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produced Informing I also through the influence
of information i and, thus, the third equation
of the system becomes c - I"i(i, I). In this
equation, represents the symmetrical
functional connective (mechanism), where
already arisen Informing / is under the
influence of i and information i is under the
influence of I. In general, information ia
always under the influence of its own arising
and vice versa. In this way the later scheme
can be advanced into the system (the third
approximation)

i;
I = rifi, I);
c = I'c(i, I, c);
E = i~E(i, I, c, E);
ii = E'ii(i, c, E, ii)!

ii!

In this echeme the explicit autoref lexiveness
of information is coming into the foreground.
The autoref lexive explicitness appears in the
second, third, fourth, and fifth line of the
scheme in the form I = ...(... I); c - ...(...
c); E = ...(... E), and il = ...(... il). In
some way, the implicit autoreflexivenesa
becomes also more complex, for instance, in / =•
i~I(i, I), information j and Informing I are
implicitly autoref lexive in a more complex
(composite, mutually dependent) manner.

For the maximal scheme, the following would
hold: everything, which appeara informationally
as an argument can appear as a function too,
and vice versa. The maximal scheme seems to be
possible only as an inf ormationally
asymptotical concept. Thua, generally, i(i) and
i = ...(... i) are informationally reasonable
recursive (implicitly and explicitly autoref-
lexive) formulae.

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

i;

the upper and the lower i are not equal at all,
because they appear separately as labels for
different informational forms-processes.

6/5

The symbolic notation i(i), which characterizea
the arising of information from information by
information, ia matheraatically trivial,
inconsistent, because in this case, information
i is simultaneously an independent and from
itself dependent variable. In the rationalistic
logic thia form of expression is called
tautology (the formal agreement of subject and
predicate), Within this understanding,
information is a tautological principle and
tautology itself the fundamental (arising,
generative) principle of information. The
exclusion of tautology from the classical
logical discourse represents a digression from
the easential informational research, therefore
also from the essential research of logic,
mathematicB, or any other exact diBcipline,
respectively.

The symbolic notation i(i) is tautological,
recurrent, and/or recuraive. Recursion iB a
legal mathematical principle where, for
inatance, the left side of a rule (of
substitution or inference) is expressed by its
right aide. In this caae, it would be possible
to denote a rule by i ; - i. In fact, this rule
is recursively trivial, because from a given j
it generates i again, consequently, circulates
in itself without arising reproduction. The
formula J := i illustrates the waiting, non-
productive cycling, the non-variability of i. A
more adequate formula would be i /= i(i), which
already illustrates the previous meaning of the
functional tautology i(i).

At this point of discourse, the question oan be
raised, which information, in fact, arises with
the usage of formula i(i). What is the
mechanism hidden behind i(i)? The principles of
arising of information are circularly
spontaneous. The mechanism i(i) is spontaneous,
however, also circular [4], as it proceeds from
the previously described schemata of
inf ormational arising. The mechaniem i(i)
remains unforeseeable (generally
unpredictable), although its unforeseeability
is informationally rhythmic (oscillatory) and
harmonic (embeddingly adequate, informationally
connective, and in this respect,
inf ormationally predictable) [5]. That is to
aay that the rationalistic unforeseeability of
the mechanisra i(i) has juBt the meaning of
informational foreseeing, this is of the
ariaing and embedding of arisen inf ormational
products (counter-information) into the
existing (valid, original) infor mation. The
informational foreaeeability (rhy thmicalneaa,
harmonicalnesa) is in no way arbitrarily
determinable in advance, but ariaee alao as
foreseeability, as the information of
foreaeeing. The position of the rationalis tic
tradition ia syraptomatic exactly in the way it
refusea the mechaniams of the type i(i),
because by their use each and every
rationalistic (informationally clo8ed, hard-
defined) discipline would be disintegrated and
decompoaed.

Common aenae and everyday experience approve
that the principle i(i) is generally valid and
that this principle cannot be captured
adequately through the Btandard Bymbolic,
notational, abstract, ideological, logical,
mathematical, and even philosophical course of
rationalistic thinking. Hovever, thia ia not
true of the philo8ophy as a whole. Soft
philo8ophiea permit circular hermeneutic (a
being'a semantjc) achemata. For these
philosophiea, statementa of the form "language
is on the way to language", "information
producea inf or mation", "a living being is a
being's aelf-production (autopoiesiB)", etc.
are permiasive. Martin Heidegger's philosophy
is an unsurpassable mastery of tautology. The
main reproaches of rationalistic philoaophy
(ma ter ialism, hard dialectic) concern preciaely
the philosophical tautology. Hovever, in the
inf ormational sense, circular inquiring has an
eaaential value, because it doee not repreaent
a static (rationalistic) tautology, but can
generate intelligence. A soft philoaophy
enable8 a spo.ntaneous, free Informing of a
being, while a hard philosophy performs as
ideology [5], as artificially limiting
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informational spontaneity.

7. Differentiation and Counter-Information

7/0

In this section we shall show only one of the
several aspects of informational dif f erentia-
tion, namely, the counter-informational one. To
understand the mathematical diff erentiation,
let us remember its basic sense and properties.

7/1

Every dif f erentiation has to do with a kind of
difference occurring between the source object
and that from which this object is derived,
i.e., in some way changed one. Dif f erentiation
is a procedure by which the derivative product
18 processed from the original one. This notion
coincides with the mathematical concept of
dif f erentiation and will, in some manner,
coincide alao with the informational different-
iation. As information, dif f erentiation will be
a proceBS of Informing by which the original
information will arise (change) into a new
form, where the product of differentiation will
appear as counter-inf or mation. This way of
thinking concerning inforraational dif f erentia-
tion is only a simplified and general one.

Symbolically, if y is a function of x, the
instantaneous (non prompt or immediate) rate of
change of y with respect to x can be expressed
in the form Diy 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 reference information, as a reason
(originator) of differentiation.

7/2

Now, let UB discuBS how counter-information can
be brought into the context of diff erentiation.
Counter-information can be understood (within
other possibilities) as a product of
inf ormational differentiation, i.e., the result
which explicates an inf ormationally
instantaneous rate of informational arising,
changing, and vanishing of information with
respect to some specific information. What doea
infor mational dif f erentiation as the
information which operates along some source-
apecific information represent in this context?
We can choose counter-inf ormation as the
information-characteristic term for informatio-
nal differentiation. To continue the course of
our discuBaion, the so-called counter-Informing
can be the component distributed (arisingly) in
Informing, which produces counter-information.
In this sense, we can adopt the follovring
scheme:

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

source information

counter-Informing
vithin Informing

informational function
to be dlfferentiated

process of informatio-
nal differentiation

In the following step, the arisen counter-
information has to be (hermeneutically,
8emantically, meaningly) integrated into the
source and into the new information as a whole,
otherwise it performs aa informational noise.
ThiB noise is a process of ignoring or
vanishing (dying) of counter-information and
can occur already during the cycle of the
arising-embedding in which counter-inf ormation
arose, but the embedding of it was "noisy" by
itself. In the next arising-embedding cycle the
process of ignoring or vanishing of counter-
information continues and ao, the effect of
informational noise is progressing, causing the
losing of substantial counter-informational
items.

7/3

On the basis of the previoue discussion it is
possible to rewrite inf ormational systems
(the first approximation) presented in Section
6/4. Let U8 introduce c for counter-information
as

which yields

i, C)

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

C = dl(i)/di

In this manner, according to Section 6/4, the
first approximative informational differentia-
tiori system becomes

i;
I
c

E
ii

- Ui);
- di(i,

- i(i,
- E(i,

)/di,

c);
c);

where
di(i)/di =

C =
I(i, C) and
dl(i)/di;

Similarly, the second approximative system from
Section 6/4 can be rewritten into

U
1 = Ui),
c = di(i)/di * di(i)/dl, where

di(i)/di - I(i, C),
C - dl(i)/di,
di(i)/dl = 1(1, C),
Ci - dl(l)/dl, and
'*' labelB a complex

informational connective;
E = i(i, I, c);
u = E(i, c, E);
ii!

and the third approximative aystem from Section
6/4 has, for instancei the form
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j ;

i = ria,
c = I'(

*, di(i)/dc *i
dl/di *4 dl/dc *s
dc/di *t dc/dl

where the expreasion
in parentheses ( and ) after the sign
'"' represents c(i, 1, c) or the taking
into account of informationally
differentiated (differential) details;
di(i)/dl = 1(1, C), Ci = dl(l)/dl;
di(i)/dc r C,(i, ci), c, = dCi/dl;
*i> *ti *3t *ti *J/ *« are different

forma of complex informational
connectives;

E = i~E(i, I, c, E);
i, = E"ii(i, c, E, ii);
U;

Similarly, it is not necessary to expose the
fact that informational derivatives are always
holistically particular (e.g., partial vithin
the mathematical terminology) and that it ie,
at least informationally, against common sense
to construct the so-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 searching of the ao-called maximal general
scheme of Informing can be, speaking
informationally, only asymptotically approxi-
mative. In this context, expressions like i(i)
or even di(i)/di have to be underetood
informationally holistically, in the senee that
in the cases of i(i) or di(i)/di, in fact,
these expressional meanings represent a
holistic function or holistic derivative
respectivelyi with 11(12) or dii(ia)/dh, where
ii, ii, and ij are informational
particularities (and thus, mutually divergent,
different intentional or chaotic inforraation).

8. Integration and Informational Embedding

8/0

The notion of integral represents one of the
central notions of mathematical analysis and
also of mathematicB as a whole. The emerging of
this notion concerns two basic tasks: the
determination of a function on the basis of its
derivative and the calculation of a distance,
surface, or volume (generally a multidimensio-
nal volume) bounded by the function (ita
"curve" and coordinates' interval). Two forma
ariee 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 whose
derivative is knovn) of arisen information into
the existing information or also a particular
form of embedding, which is called
reinterpretation (of already embedded
information). However, the changing of
interpretation can be understood also as

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

8/1

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, hermeneutical or semantical)
connection of the arisen (inf or mational)
original to a broader (informational) realm.
Mathematically, integration produces the
function from its derivative and, in this
respect, it represents (to some degree) the
reversible (or even inversive) operation to
mathematical differentiation.

Symbolically, if 7 is a function of x, the
integral of y with respect to x can be
expressed in the form INTutT.demain y(x) dx or
in a more compact form as INTt.i y(x). In this
expreBsion there are two cases of reference: d
is the integration domain (aimilar to the lower
and higher limit) and x is the integration
variable.

8/2

Now, we can discuss the bringing of counter-
information into the context of integration.
Counter-information as a product of
inf or mational dif f erentiation haa to be
integrated into the already existing,
inf ormationally valid information. Otherwise,
counter-information is on the way to be
vanished, forgotten, and lost as informational
noise, which arose, but was not embedded
sufficiently into an existing informational
realm.

By informational integration, the arisen
counter-information is embedded into a closed
inf or mational realm and, in this way, the
arising of information is, in fact, closed
into the cycle of Informing, in which
information is coming into existence in an
inf orraationally senseful way. The Bcheme of
Informing in 7/2 can now be advanced into the
follovring cycle:

source information

cou n te r-I nfor ming
within Informing

counter-information

cou nter-inf ormation

informational function
to be differentiated

process of informatio-
nal differentiation

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

the reference informa-
tion for integration into
a given informational
domain vithin informa-
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embedding of coun-
ter-information

new source infor-
mation

nal realm

process of informatio-
nal integration

informational function
to be differentiated

in the next cycle

8/3

On the ground of examplee given in 6/4 and 7/3,
it is possible to revrite these systems of
Informing considering the function of embedding
E as a form of inf ormational integration. We
have introduced some more detailed, also
parallel componenta of information j , Informing
I, counter-inforination c, counter-Informing C,
embedding E, and inf or mation ii at the end of
arising-embedding cycle into the context of
theae entities. In thia reapect, Informing /
was expressed as

i = Ui);

I = i'I(i, I);

counter-information c as

c = I(i);
c = i(i, i);
c = I'c(i, I,. c);
c = di(i)/di;
c - di(i)/di * di(i)/dl;
c = r(di(i)/di *, di(i)/dl *2 di(i)/dc *,

dl/di t, dl/dc *s dc/di *e dc/dl);
counter-Informing C as

C = dl(i)/di;

and counter-Informing of Informing Ci, which is
a compbnent of counter-information c, as

C, -

counter-information c through the process of
embedding E will be embedded into information j1

obtaining a new informational case ij.
Evidently, information i, Informing I, counter-
information o, embedding E, information of
embedding e, and information ii are connected
information. Information of embedding e is the
ansvrer to the queation how counter-information
c is connected in ii, In a realtn of
information, it is always possible to state the
question how infprmation iB connected with
information or, how one inf ormational case is
embedded into another one.

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

e = E(c, i);
e = INT, c di;
e - E(c, i, I);
e = INT, c di # INTi I dc # INTi c dl;

where '#' is a complex informational
connective.

From these cases we can see that embedding E is
an operation of integration. In this respect,
it is possible to introduce even more complex
integrational aggregates, for instance, E~i,
E"I, E~c, E~I'c, etc. to point out the
integrative connectiveness (') of different
inforirtational processes (operations).

8/5

On the basis of the previous discussion, we can
rewrite the ao-called first approximation of
the informational system presented in Section
6/4 and 7/3 in the following way:

i;
I - id);
c = di(i)/di;
e - INT, c dj;
il = i'e(i, c) - INT, e dc # INTe c de;

embedding E aa

E r i(i, c);
E = i(i, I, c);
E r i~E(i, I, c, E);

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

/i r E(i, c);
U = E(i, c, E);
ii = E~i,(i, c, E, ii);
ii!

Yet, we atill have to analyze aome poesible
effecta of informational embedding E. We can
conclude that through embedding aome
information of embedding e and counter-
embedding ec will also ari8e. The upper 8et of
expressiona for embedding E ia now coming into
consideration in more detail.

8/4

In this system we have introduced informational
dif f erentiation and infor mational integration,
where counter-inf ormation c is the derivative
of source information i (for instance, of a
being's metaphysics, state-of-mind of a being),
information of embedding e is the integral of
counter-information c in informational domain i
by i, and new information ii a complex
composite # of integrals, the first of which iB
the integral of information of embedding e in
the domain i by j and the aecond of which is
the integral of information i in the domain e
by e (i-e mutually dependent embedding).

Similarly, the aecond approximative syatem from
Section 6/4 and 7/3 becomea

/ - i(i); I
c = di(i)/di * d'i(i)/dl;
e - INTi c dj # INTs I dc;
il - re(i, c, e) - INTi e dc 41 INT. c de #2

INTc e di;

Formally, information of embedding e is a sort
of connective information, by which the arisen

The third approximative Bystem from Section 6/4
and 7/3 haa, for inetance, the form
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i;
i .
c

I);

il
- INTt c di
= i "' e ">

il;

a di(i)/dc *3 dl/di *,
dl/dc *s dc/di *« dc/dl;

i INTrl dc i, INT, c dl #3 INTi i de;
,(i, I, c, ii) =
INTi e dc #1 INT. c de #j INTc e di #3
JNT. c djj #< JNTJI c de;
where "J and "' are composite

informational connectives;

8/6

In general, instead of INTn U d/j, the deno-
tation (instruction) of the form

integrate i3 in U by U

would be more appropriate, since the INT
operation has 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) \B obtained.

9. Category as Information

What is knovledge? A traditional answer is
that knowledge ia 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 knovledge dependa on
having an adequate justification if, as is
so often the case, one is not told what
constitutes an adequate justification.

Fred I. Dretske [1] 85

In the mathematical sense, a category can be
understood as the most universal mathematical
notion. In such a universe there are certain
kinde of objects (these can be represented as
informational caaes, i.e., informational forms
and informational processes) and certain kinde
of transformations or morphisms (these can be
meant as Informings, i.e., informational
processee) between objects. Categories can be
conceived as a form of the most general
mathematical discourse, the summit of today's
mathematical knowledge.

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

(1) In a claBs (a given field of relevance,
a generalized set), informational objects
(information or, more preoiselyi informational
cases in the usual way) will be denoted by
capitals A, B, C, ... . These objects are
understood to be initial information of the
categorical class. Durfng the Informing of K,
the object class will be generated in the usual
informational sense when new objecta of the
claBS will arise (counter-information and its
embedding), some of them will be changed
(counter-informationally and embeddingly), and
some of them will disappear (aa informationally
non-relevant entities). In principle, during
the Informing of K, the object class will
perform similarly as an informationally

generative set.
(2) In a class of Informings, to each pair

A, B of objects belonging to the object class,
a generative set HomM/ B) will be assigned
which elements will be called morphisms. A
morphiBin is an Informing I, which concerns the
object pair A, B, thus that B = I(A). In this
way, object B includes the embedded counter-
information which arose during Informing / of
information A. The generative set Hom (A, B) is
a collection of arisen morphisms concerning A
and fl.

(3) Abstractly, binary operationa of the
type

Hom̂ B, C) # Hom(A, B) —> Homf/1, C)

can be performed. According to such operations,
the composite morphism, belonging to the set
Hom (A, C), denoted by I3I1 arises to each pair
(Is, I2) of morphisms, where Ii belongB to
Hom(A, B) and U to Homffl, C).

For binary operations, the associative law
could be introduced: if Informing Ii belongs to
Hom(A, B), I3 to HomfB, C), and Is to Hom(C,
D), then

(IMh -

Also, for each object A, the so-called waiting
(or unit) morphism e* bolonging to Hom(A, A)
can be introduced, for which

- li

holds. However, it is worth mentioning that the
associative and the waiting case are
idealistic, becauae, as infor raation, Informings
Ii, I3, and I3 arise while being compoeed, 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 reči, oziroma njihove simbolizacije
(gledanje na stvar kot na hkratno
pojavljanje enega ali več njenih znakov z
drugitni), to odtujevanje pa se godi samo za
to, da je "snidenje" s konkretnim bolj
sijajno ,..'

Valter Motaln [8] 176

Mathematics is only one of the possible
scientific disciplines concerning abstract
symbolic formalization. This way of
informational abstraction (rationalism) is
called mathematization. In this respect,
mathematization is the action of specific

1 ... Thus, language is alienation from the
concrete realm of things or from their
symbolization (looking to the subject qua to
the simultaneouB 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
more ...
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abetractneea which has the meaning of putting
common-8ense processea into mathematically
legal expressional and semantic (symbolic)
forms. In the same way as mathematization
concerna mathematics, mathemation (or
mathemating) as Informing will concern
mathemation (itself).

The new term mathemation has, similarly aa
mathematics, its roots in the Greek mathema,
which means: to be learned, learning,
knowledge, science. Mathemation will be a
particular, apecific field of information
representing a formal (or for malistic)
generalization of the field known as
mathematics. Mathemation will include
mathematics as a specific rationalistic
informational component of mathemation.

If mathematics is explicitly rationalistic,
deductive, inductive, mathematical-typically
(me t hodologically) inferential and, in these
senses, provable theory, then mathemation is
also irrationalistic and has typical properties
of Informing, counter-Informing (spontaneous
and circular informational generation), and
informational embedding (circularly or

recurrently spontaneous connectiveness in the
realm of meaning). Mathematical notions can
always be generalized in aome mathemational
way, e.g., the notions of logic, relation, set,
function, diff erential, integral, category,
etc. can be generalized (notionally broadened)
mathemationally.

It 18 evident that mathemation ia in no way a
generalization of information. It remains only
a part of cultural or a being's informational
realm with the purpose of specific,
mathemationally characteriatic formalization.
In the previous aections of thiB article, it
has been Bhown in which manner certain
informational formalizations (in the course of
mathematical tradition) are possible. However,
this does not mean that completely new waya of
formalization, different from mathematical
concepta, cannot be aought.

In summarizing the dealt with mathemational
notions in the previous aections the following
18 to be pointed out: informational relation,
generative set, functional type i(i),
derivative as informational difference,
in'tegral aa inf ormational embedding, category
a8 informational functional complexity, and
last but not least, mathemation as an
informationally free principle of abstraction
and aymbolism are generalized, non-mathematical
notione. They exceed mathematically true and
legal conventions, however, can be reduced into
mathematical objects according to their
mathematical conventions as particular,
reduced, and eimplified (static) casea.

11. Concluaion

Some problems of the rational understanding of
information, discussed in this article,
represent a set of arguments for the
development of a logical syst.en) which could be
called the informational logic. This syatem has
to be constructed in such a manrier that
arbitrary cases of particular logical systems

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

In this respect, informational logic deals with
the phenomenology of informational ariBing.
In fact, today's logics, from mathematical to
modal onea, are studies 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
constructed. Because of their incapability to
express logically arising objects and
operations, today's logics are staying outside
the posaibilities to express dynamic activities
appearing in aocial 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 aelf-production and surviving of
organisms.

The developing philosophy of information cannot
accept uncritically and simpH8tically the
limited and eaaentially narrowed natures and
principles of information aa they are proposed
under the protection of today's information
theory, information scien.ce, and even
artificial intelligence. It has to aearch for
new logically formalized mechanisma for the
expression of structures, whose natures are in
the process of coming into existence, changing,
vanishing, or di8appearing. Inf ormational logic
by itaelf must be conceptualized as a formal
syatem of arising in which new, unforeseeable
objecta, relations, and operations can come
into exiBtencer i.e. can be produced from the
existing inf ormational regularity and from the
informational chaoa.
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Problemi racionalnega razumevanja informacije

Pri racionalnem, zlasti matematičnem izrazanju informacije kot nastajajočem
procesu se pojavljajo znaftilni problemi matematiCne nezadostnosti in
neustreznosti. Matematični formalizem, ki je bil povsem zadosten za opisovanje
dobro definiranih jezikovnih konstrukcij, odpove v tej svoji tradicionalni
oblikif ko je potrebno izražati tisto realnost, ki je nastajalno spremenl jiva,
nepredvidljiva in razvijajoča. Zaradi take (dinamične) informacijske pojavnoati
je potreben kriti6ni pogled tudi v same temelje klasične simbolne oziroma
formalne logike in opustitev preveč togih in za danaSnje razmere misljenja
pretrdih, neBpremenljivih definicij matematike, kot so npr. sama logika,
relacija, množica, funkcija, diferencial, integral, kategorija itd. To seveda
ne pomeni, da matematika zgublja avojo dosedanjo vlogo, ofiitno pa je, da s
avojimi nespremen jenimi in nerazšir jenimi temelji ne more več konstruk tivno in
znanstvenorazvojno posegati na nova podroCja kognitivnega razvoja.

Prispevek v tem članku je seveda se vedno bistveno oddaljen od neke nove,
bolj ustrezne formalizaci je, kot je klasično matematič na. Nekaj stvari pa je
vendarle ze bolje osvetljenih. Matematična logika, ki izhaja iz mišljenja

IprejSnjega in iz prve polovice tega stoletja, je zgodovinakorazvojno sicer
koristna, vendar je potrebno njene temelje tako preoblikovati, da je iz teh
temeljev mogoče brez velikih težav izpeljati različne sploSne in konkretnejše
logike. Dosedanja formalna logika matematike in njeni različni logiCni Bistemi
BO v tem konceptu lahko kvečjemu posebni in v svojem biatvu celo bistveno
konceptualno reducirani primeri. Iz tekata tega članka je razvidno, kako so
posamezni logifini, relacijaki, množifini, funkcijski, dif erencialni, integralni,
kategorjski primeri pojmov omejeni in neustrezni in tudi, kako bi bila ta
njihova dinamična preformulacija mogoča. Ta Clanek je predvsem mehek uvod v to
problematiko in raziskava določenih matematičnih neu8treznoati. Cilj te
predpriprave pa je seveda izgradnja poti, ki vodi v nekaj, kar bomo v doglednem
času lahko imenovali informacijska logika in v okviru katere bo mogofie razviti
tudi biatveno drugaftne koncepte množice, relacije, funkcije, kategorije itd.
kot je v danasnji oziroma vfierajšnji matematiki to mogofie.

Problematika v tem članku je seveda tudi na poti neke splošne kritike tiste
vrste racionalnega razumevanja, ki se največkrat izrojeva v racionalizem in ki
skupaj 8 tradicionalizmom poatavlja bistvene blokade napredujočemu misljenju.
Tako tudi za to vrsto racionalnoBti velja, da po doloOonem razvojnem obdobju
preide v svojo protiinformacijo, ki postane iracionalnost in za nadaljnji
razvoj neBprejemljiva dogmatifinost.
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The need for parallel processing is felt in many disciplines. In
this paper we discuss the essential issues involved in these
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1• Introduction

There has been an ever-increasing need for
more and more computing power. In a real-time
enviroraent, the demands are much more. While
the computers built around a single processor
cannot stretch their processing speed beyond a
few milliona 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 the3e 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 computirig power. To quote an example, ray
tracing techniques [32] used to display 3-
dimensional objects in computer graphics have
to process 5xlO6 rays, each ray intersecting 10
to 20 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 display,
each frame has to be computed 30 times per
second. Thus, the total computation pouer
required 60 giga FLOPS. Comparing this with the
execution speed of the present day
supercomputers -- whose expected/measured
performance is about 100 millions FLOPS [53] --
we observe that the deroand is more by an order
of magnitude of two.

The need for parallel processing is
conspicuous from the above illustration. The
recent advances witnessed in VLSI technology
and the consequent decline in the hardware cost
further encourage the construction of massively
parallel processing systems.

The paper is organized in the following
manner. In Section 2, we point out the major
iasues associated with multiprocessing systems,
with a brief discussion on each of theae items.
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We classify parallel processing architectures
broadly into two classes. The firat of them,
the von Neumann type, includes all
multiprocessing systems that adopt the
principles of the von Neumann computation
model. Pipeline and vector processing, SIMD
machines, MIMD raachines and VLSI systems which
fall under this category are surveyed in
Section 3. Supercomputers employ one or more of
theae techniques for achiving high performance.
More emphasis is given to current and recent
developmenta 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
system support required for working with theBe
complex parallel processing systems are
reviened in detail in the subsequent section.
Parallel programming languages are classified
into two categories: the conventional von
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
systems 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 more attention to some specific
architectures and models of computation which
have gained importance.

2. Issues in Parallel Processing System3

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

2.1. Models of Computation

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

Control Flow Conventional von Neumann
uniprocessing and multiprocessing systems have
an explicit execution order specified by the
prograraraer. Thia hinders the extent of
parallelism that can be exploited. Hovever,
these control models perform well for
structured data items such as arrays [34]. Also
the three decades of programming experience we
had with these raodels 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 inatruction,
this model of computation exploits maximum
parallelism. However, because of its eagerness
in evaluating functions, it executes an
instruction, if its operands are available,
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 [15] 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
constanta are encountered; then a value is
returned to the demanding node and execution
proceeds in the opposite direction. Since a
demand-driven computer performs only those
computations required to obtain the results, it
will perform less computations, in general,
than a data-driven computer. Aa the computation
model is 'laz^'1 in evaluating expreaaions,
instructions accept partially filled data
structures2. Thia makea demand-driven model to
support infinite data struotures. Such a
facility ia not available in the other raodel8
of computation. Houever, thia inodel auffers
overheads in terms of execution time due to the
additional propagation of the demand <for
arguments). The control mechanism and the
management of program meroory add further to the
inefficiency [91].

2.2. Concurrency

The granularity and nature of parallelisra
exploited, aignificantly influence the
performance of the parallel procesaing ayateins.

Temporal, Spatial and Aaynchronous
Paralleliam By performing overlapped
computation one can exploit tetnporal
parallelism. Pipeline computers [53,77] execute
instructions in an overlapped raanner as in the
assembly line of manufacturing to achieve
parallelism. Exaraples of pipeline proceaaing
are the execution of the different phasea of an
inatruction namely, instruction fetch, decode,
opcode fetch and execution; execution of the
various ateps involved in floating point
arithmetic operations at various stages of the
pipeline. These roachines are ideally suited for
processing vector instructions [53] namely,
vector add, vector raultiply and dot product.

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

Multiple instruction multiple data (MIMD)
[53] machines achieve asynchronous parallelism
through a aet of interactive prpcessora with
shared resources. 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 i8 limited. MIMD
machines whieh exploit asynchronous
paralleliam, on the other hand, offer
flexibility in programming. Hence it can be
used for a wide range of problems.

Granularitv of Parallelism For high
performance, we want to exploit as muoh

1 The nature of the raodel in executing
an inatruction only on ia termed 'lazy'.

2 The computation of a recursively
defined data atructure, for example SEQ(N) =
CONS(N,SEQ(N+1)) never terrainates, and hence is
infinite. Such a. data Btructure can partially
be filled by evaluating only those terma which
are required for further computation.
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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. Honever, loner the level of
parallelism raore will be tfae synchronization
overheads. A tradeoff between the parallelism
exploited and the synchronization overheads is
required "to achieve high perforraance.

Another major issue involved is
parallelism detection. Parallelisoi can eitfeer
be explicitly specified foy the user, or can be
detected frora a program written in a sequentlal
language using an intelligent compiler. For
expreasing parallelism explicitly, language
auch as CSP I50J, Occam [55] and Concurrent
Pascal 145] 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 whioh uses
program restructuring techniques [71] to
transform a sequential program into a parallel
forni, does not required a knowledged-user.
Houever, these techniques are inefficient and
cannot detect parallelism to the fullest
extent. Active research 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 raore
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
proceasors either during the algorithm design
by the user or at compile time by an
intelligent corapiler. 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 runtirae
profile of each task.

Dynaraic scheduling at runtime offers
better utilization of processors, but at the
cost of additional scheduling time. The dynamic
scheduling algorithm can be distributed or
centralized.

(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
systems.

3. Von Neumann Parallel Processing Systems

Von Neumann parallel processing systems
can be divided into three raajor architectural
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 is discussed in detail and the
design and salient features of certain parallel
processing roachines are highlighted in this
section. Reconfigurable architectures and VLSI
systems, though not entirely distinct from the
above discuased 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.
Conatit.uent elements of the VLSI systems are
systolic [63] and navefront [64] architectures.

3.1. Pipeline and Vector Processing

Pipeline Architecture Pipelining [77]
offers an economical way to realize teraporal
parallelism. The concept of pipeline processing
in a computer is sirailar to manufacturing in
assembly lines in an industrial plant. To
achieve pipelining one must subdivide the input
task into a sequence of aubtasks, each of which
can be executed by a specialized hardnare stage
that operates concurrently with other stages in
the pipeline. Succeasive tasks are pumped into
the pipe and get executed in an overlapped
fashion at the subtask level. Pipeline
processing leads to a tremendous improvement in
systera throughput. A k-stage linear pipeline
could be at most k times faster. Hoviever, due
to memory conflicts, data dependency, branch
and interrupts this ideal speedup cannot be
achieved.

2.4. Synchronization

Synchronization methoda are required to
coordinate parallel execution of tasks in a
multiproceasor system. 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 a consistent raanner
(avoiding read-read, read-write races [53]),
the updating of the variables is done in a
region called critical region. Only one
process ia allowed to enter the critical region
at a tirae. Preventing accesa by other processes
when the critical region is being accessed by a
process ia known as rautual exclusion.
Synchronization primitivea are uaed to achieve
mutual exclusion.

Of the many aynchronization primitives
proposed (refer [35] for a survey), a few worth
mentioning are

(i) the 'test & set1 primitive of IBM
360/370 machines [17];
(ii) 'lock' instruction used in C.mmp [101];

One way of claasifying a pipeline ia baaed
on the function performed by the pipeline.
There are two classea of pipelines based on
thla claaaification, namely the instruction
pipeline and the arithraetic pipelinei In the
instruction pipeline, the varioua phases of
inatruction execution auch aa instruction
fetch, inatruction decode, operand fetch, and
instruction execution, are identified and are
executed in the successive atagea of the linear
pipeline. Thus, from pipeline, after an initial
delay, inatructiona are executed once every
clock cycle.

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

Vector Procesaing In thia section, we
explaint the basic concepts of vector
processing [53]. Vector proceasors operate on
vector data and execute vector instructions.
Vector pipelineai unlike acalar pipelines, are
assured of continuous atream of data. The
overhead8 involved in initializing the veotor
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 make vector proceasing more efficient
than the scalar pipelines.

Vectorizing compilers [6] tranaform
programs written in conventional imperative
languages into vector instructiona auitable for
execution on vector proceaaora. The fact that
present day supercomputers have vectorizing
compilers and vector proceasors as their major
components demonstratea that pipeline
processing is an easy and efficient way of
realizing high apeed computation, However, not
all programs can be vectorized. Pipeline
proceasors perform poorly in auch casea.

3.2. SIMD Machines

A synchronous array of parallel proceasora
executing in a lock-step faahion, conaiating of
multiple procesaing elementa under the
superviaion of one control unit ia called an
array proceaaor. The system and uaer programs
are executed under the control of control unit.
The array proceaaor can handle single
inatruction and multiple data (SIMD) stream.
SIMD machines exploit apatial paralleliam, The
processing cella are interconnected by a data-
routing network. The interconnection pattern to
be • established for apecific computation ia
under program control. Veotor instructiona are
broadcaat to the proceasing cells for
diatributed execution over different
proceaaora. The cells are passive devicea
without instruction decoding capabilities.

Array processors became well publicized
with development of Illiac IV [12], Clip 4
[29], and Maa8ively Parallel Procesaors (MPP)
[14]. Future research in SIMD machines ia
towards designig and implementing multiple-SIMD
(MSIMD) machinea [53], consisting of more than
one control unit. Each control unit. in thia
class of machinea shared a pool of dynamically
allocatable processora.

Array proceaaora are characterized by
their ability to support paralleliara at a low-
level. They are ideally auited for apecific
applications in the areas of image and aignal
processing [81]. For example, cellular array
[81] i8 a two dimensional array of processors,
each of which communicate directly with it8
neighbora. The atructure of the array ia very
appropriate in terma of layout on a chip. Work
in this direction haa led ua to the deaign of
SIMD architecturea for CAD applications [78].

Hovever, as mentioned in aection 2.2, the
range of applicationa over which SIMD machinea
can be put into efficient uae ia reatricted and
hence they are not candidate architectures for
general purpoae parallel processing machines.

3.3. MIMD Architecture

MIMD machinea can be groaaly characterized
by two attributea: firat, a multiproceaaor
ay8tem is a single computer that includes
multiple procesaors and aecond a multicoraputer
that has several autonornous computers which are

geographically diatributed and connected
through a communication netuork. There exists
an important distinction betueen two aystems.
In the firat case, the raultiple procesaors work
concurrently in order to aohieve a aingle .goal.
Interaction between two proceaaora is
eaaentially in terma of intermediate reaulta
and aynchronization mesaagea. Khereas
multicomputera communicate among themaelvea
baaically to ahare expenaive reaources. Each
autonomoua computer worka on an independent
taak. In thia aection we will concentrate raore
on multiproceasora. Diacu8aion on distributed
computing syateras using coraputer network ia
beyond fhe acope of thia paper.

Multiproceaaing syateins oan be claaaified
into two groups, based on how the procesaing
elementa interact among themaelvea [53]. When
aeveral processors communicate among themaelvea
through a shared global memory, we clasaify
them aa tightly coupled 8yatema (refer Fig. 1 ) T-
Hence the rate at which the prooessors cah
communicate is of the order of the bandwidth of
the memory. On the other hand, we have loosly_
coupled syatems nhere proceaaors do not share \a
common memory, but communicate uaing meaaag^
paa8ing primitivea.
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(a) Linear array (b) Ring (c) Star (d) Tree (e) Near-neighbor
mesh

(f ) SystoMc array (g) ComDletely
connected

(h) Chordal
ring

(i) Cube

Fig. 2 Static Interconnection Topologies

The interconnection network plays an
important role in raultiprocessor aystemB, and
significantly influence the performance of the
syatem. A quick overview of the interconnection
netuork is presented in this aection, which-
will be followed by a siscussion on the two
configurations of multiprocesaing sy3tems.

Interconnection Networks The increasing
popularity of many proposed multiprocessing
systems with 10* to 105 processing elements
makes the concept, design and implementation of
the interconnection network a crucial factor in
the design of such systems. A typical
interconnection network consists of a set of
auitching elements. The network can be
classified based on the following four design
factors: operation mode, control strategy,
switching method and network topology [30]. A
netnork can send and receive messages in a
synchronoua or asynchronous mode.
Classification on the control strategy is based
on whether the switching elements are
controlled in a centralized or distributed
manner.

order of n*, where n is the nuraber
proceasing cells in the system.

of the

Multistage interconnection netvork (MIN)
strikes a balance between cost and performance.
It is dynaraic netviork using a number of
switching elements, unlike a static network
uhere dedicated linka are used. A MIN of n x n
size establishea' a maximum of n links at any
instance, at a cost of n log n. This attractive
feature makes MIN a proponet in many
multiprocessing aystems auch aa the New York
univeraity Ultracomputer (NYU) [42].

(a) 8 x 8 baseline netvvork

Circuit switching and paoket switching are
two switching methods adopted in a netuork. In
circuit switching, a phyaical path is actually
established between the source and destination
nodes. In contraat, in packet auitching, data
is put in a packet vihich ia routed through the
network without eatablishing a physical path.
Fig. 2 and Fig. 3 depict some of the atatic and
dynamic topologiea of computer netvrork.

The bus interconnection scheme connects
the various proceasing cells through a common
shared bua. The bandwidth of the bua is very
low, and contention is a serious consequence
when a large number of cells are connected to
the bua. Various schemes [11] such as daiay
chain, parallel priority and time-aliced
schemes, have been proposed to resolve bus
contention. Fig. 4 shows the organization of a
ahared bua multiprocessing system with daisy
chain scheme for priority reaolving. Despite
its ahortcomings, ahared bus still attracts
system .deaigners because of its low cost and
complexity and easy upgradability of the
system.

Cross bar awitch [53] on the other hand is
very expenaive, but provides high memory
bandwidth. The cost of the network ia of the

(b) 8x6 Benes netvvork

n x m rxr m x n

1

2

1

2

b4 1

2

(c) Clos netvvork

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 is 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 raodules are either
low-order interleaved or high-order interleaved
to reduce the number of conflicts. In a variant
of tightly coupled systenis, each processor is
allowed to have a private memory, called the
cache for that processor. This will greatly
reduce the traffic through the network as local
data can be stored in and accessed from the
cache.

Processors communicate the interraediate
results through the shared memory modules. The
set of processors may be homogeneous or
heterogeneous. It is homogeneous if the
processors are functionally identical. Also, a
processor may differ from others in its
capability to access 1/0 systems, performance
and reliability.

Various multiprocessing 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 IBM
3084 AP. A dedicated raultiprocessing
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 rauch
deterioration in perforraance. Houever, one of
tlje limiting factor of tightly coupled systems
is the performance degradation due to memory
conflicts when the number of processors in the
sy9tem ia increased.

Loo8ely Coupled Hultiprocessora Loosely
coupled multiprocessor systems do not generally
encounter the degree of raemory conflicts
experienced by tightly coupled systems. In such
systeras, 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 system is very
loose (and hence the name). The determining
factor in the degree of coupling is the
communication topology of the associated
message transfer systera. Loosely coupled
systems are- efficient when the interactions
among the tasks are minimal.

Fig. 5 illustrates the model of a loosely
coupled system. The channel and arbiter svitch
in each of the computer modules may have a high
speed communication meraory which is used for
buffering block transfers of messages. The
communication mernory is accessible by all
processors through the communication interfaoe.
The raessage transfer system for non-
hierarchical system could be a simple time
shared bus. The performance of such
configuration is limited by the message arrival
rate on the bus, the raesage length, and the bus
capacity (in bits per second).

(a) COMPUTER MOOULE
Computer module 0 Computer module N-1

(LM) I i/o

Message Iransler syslem
(MTS)

Fig. 5

(b) LOOSE COUPUNG 0F COMPUTER MODULE

Model of a Loosely Coupled System

Loosely coupled systems where processors
are connected using dedicated links, are also
popular. In such a network of processors,
locality (nearness between a pair of
processors) oan be exploited by scheduling
tasks which interact among themselves more to a
group of processors uhich 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 exaraple of a
loosely coupled system. It consists of a set of
clusters connected by an intercluster bus (Fig.
6). Each cluster has a 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» Architecture

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 a pipeline system.

Another loosely coupled architecture which
has attracted the attention of many researchers
due to its high performance and relatively low
cost, is the hypercube architecture [47,83].
Because of the increased attention it has
received, we devote the following 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 (12-
diraensional) hypercube.

TKe hypercube topology is an n-diraensional
generaTization of the simple cube. The
hypercube of diraension n has 2° cells. Each
cell is connected to n neighboring cells which
are at a Hamming distance of one. The
connection betueen adjacent nodes is by point-
to-point link. Fig. 7 shows the topology of
hypercube architecture for dimensions three and
four. The cube manager provides a high level

000

110*1

(a) Dimension = 3

(b) Dimension = A

Fig 7. Hypercubes

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 close to
one another: no more than n steps apart. At the
same time, the number of connections from each
node to its neighbors is quite low (also equal
to n). It thus strikes a balance betneen a two-
dimensional array in which the internode
connection costs id low, but the nodes are far
apart O(n 1 / 2) steps on an average, and a
corapletely connected array in whioh 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 hodes are identical.
Further, the hypercube architecture is
hierarchical and eminently partitionable. For
example, a hypercube of dimension n+1 can be
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 Architecture

Another interesting aspect of
multiprocessing systems in which active
research is under progress is reconfigurability
[85]. Often, full potentials of multiprocessing
systems are not realised in raany applications.
The reaspn for this is the mismatch between the
application and the architecture. In order to
alleviate this problera, we build dedicated
systems where the architecture matches the
application. Another approach which is activelv
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], Its organization is
similar to an SIMD machine, but it functions as
a reconfigurable architecture executing
multiple instructions on multiple data streams,
and henče 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 raotivating force behind the
design of Connection Machine. Specifically,
retrieving commonsense knowledge frora a
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semantic netvork was the application in the
deaigner'a mind.

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

(i) each processing element must be as small
as possible so that we can afford to have as an
many of them as we need;
(ii) the procesaing elements should be

connected by software.

The Connection Machine architecture
follows directly from these two requirements.
It provides a large number of tiny
processor/meinory cells connected by a
programmable netnork. Each cell is sufficiently
small 8O that it is incapable of performing
meanlngful computations on its own. Inatead,
multiple calla are connected together into
data-dependent patterns, called 'active data
structurea' that both represent and process the
data. The activities of these active data
structures are directed frora 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 a memory. Unlike a conventional memory,
though, the Connection Machine has no
processor/memory bottleneck. The memory cells
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 procesaing cella work on the
problem simultaneoualy, the computation
proceeds much more rapidly than would be
possible on a conventional machine.

A Connection Machine is connected to a
conventional computer much like a conventional
memory. Ita internal atate can be read and
vritten a word at a time from the conventional
memory. It differa from a conventional meraory
in three aspects. First, associated with each
cell of atorage ia a proceasing cell that can
perform local coraputationa baaed on the
information atored in that cell. Second, there
exits a general intercommunication network that
can connect all the cella in an arbitrary
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Fig. 8 Connection Machine

pattern. Third, there is a high-bandwidth
input/output channel that can tranafer data
betvieen the Connection Machlne and peripheral
devices at a much higher rate than would be
possible through the host.

A connection is formed between two
proceaaing memory cells by atoring a pointer in
the memory. These connectiona can be set up by
the host, loaded through the input/output
channel, or determined dynamically by the
Connection Machine itaelf. In this prototype
syatera, there are 65,536 (2»») proceasor/memory
cella each with 4096 bita of memory. The block
diagram of the Connection Machine with host,
proceaaor/memory cell8, communication netuork,
and input/otput is shown in Fig. 8.

The control of the individual
proces8or/memory cella ia orcheastrated by the
host of the computer. For example, the hoat may
ask each cell that ia in a certain atate to add
two of it8 (cell's) memory locationa locally
and pass the reaulting aum to a connected cell
through the communication netuork. Thus a
single coramand from the hoat can reault in tena
of thouaanda of additions and a permutation of
data that depend8 on the pattern of
connectiona. Each procesaor/nieniory cell ia ao
small that it ia es8entially incapable of
computing or even atoring the reaulta of any
aignificant computation on ita own. Inatead,
the coraputation takea place in the orcheatrated
interaction of thousanda of cells through the
communication netuork.

The ability to configure the topology of
the machine to match the topology of the
problem turna out to be one of the most
important featurea of the Connection Machine.
The Connection Machine can alao be used as a
content addresaable or asaociative memory, but
it ia alao able to perform non-local
computationa through its coramunication network.

3.5. VLSI Svstema

While the previoua aubaection discussea
the features and requirementa of reoonfigurable
architecturea, this aection ia devoted to the
architeoture of dedicated aystema. Nowdays,
raature VLSI/WSI (Very Large Scale Integration /
Wafer Scale Integration) technology permita the
manufacture of circuita whose layouts have
minimum feature aize of 1 to 3 microns [69].
The effective yields of VLSI/WSI fabrication
processes make poaaible the implementation of
circuita with upto half a million transiators
at reaaonable coat -- even for relatively araall
production quantitiea. Thia opena the horizont
for building systems with thousanda of
processora in a coat-effective and compact
raanner.

The key attributes of VLSI computing
atructures [33,63] are

(i) siraplicity and regularity,
(ii) concurrency and communication and
(iii) computation-intensiveneaa.
A VLSI atructure should be auch that ita basic
building block ia aimple and regular, and is
used repetitively with aimple interfacea. This
helpa us to cope with high complexity. The
algorithm designed for theae structurea ahould
support a high degree of concurrency, and
employ only, aimple, regular communioation and
control to allow efficient implementation. VLSI
procesaora are auitable for implementing
compute-bound algorithma. In VLSI processors,
we discuaa the two classes of architecturea
namely, 8yatolic and wavefront proceaaora.

Systolic Arraya Syatolic arraya are
adraired 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 layouts. The concept of
systolic architecture is a general raethodology

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,

passing through many processing elements before
it returns to memory, much as blood circulates
to and from the heart. Systolic 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 bandviidths, a
requirement for any parallel processing system
for alleviating the von Neumann bottleneck.

The topologies for interconneoting the
processing elements of a sy8tolic array are
many. Some of the most commonly used
topologies, namely linear, mesh, triangular,
hexagonal and tree structures are shovrn in Fig.
9.

Easentially, the whole operation of the
systolic system is synchronized with a global
clock and it may be visualized as a sequence of
computation and data transfer cycles.
Incidentally, the clock JB the only global
signal allowed in systolic architecture apart
from the power and ground lines [93]. During
the data transfer cycle, all the prooessing
elements pump data into the existing data
channels, to be accepted by the neighboring
processing elements connected to the data
channels. After thia oycle is over, all the
processing cells enter the computation cyole
where each of the cells computes concurrently
till the end of the computation cycle. This
8equence goes on rhythmicall and perpetually in
striot synchronisra with the clook beats.
Systolio architectures thus capture the
concepts of parallel processing, pipelining and
regular interconnection struoture in a unified
frameuork [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 iraage processing [62], linear algebra
[28,69], database systems [63], computer
graphics [67,96,97], computer-aided design, and
solid modeling [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
architectiires consist of a large number of
identical processors, each having only a single
arithmetic or logic operatidn build into its
harduare. This greatly limits the applicability
of a system to raany areas. The latest trend in
research in this direction is towards the
development of systolic cells which are
versatile enough to iraplement the compute-
intensive functions. The design of programmable
systolic cells [31] has been suggested as an
effective way touards achieving high
performance systolic systems. Each aystolic
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
operationa can be performed. The programmable
nature of the systolic cells offers a high
degree of flexibility in operation and high
performanoe.

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 coraputing network becomes heavy for
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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), which leads the designer to
wavefront array [64] processing.

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

Synchronizing with the global clock and
consequently the large surge of current {due to
the simultaneous energizing OF changing of
states of the components) are two major
problems in systolic arrays. Theae can be
alliviated in wavefront arrays, because of
their asynchronous nature. When the processing
times of the individual cells are not uniform,
a synchronous array may have to accommodate the
slowest cell by using a slower clock. In
contrast, uavefront arrays, because of their
data-driven nature, do not have to hold back
faster cells in order 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
uavefront arrays require only the assignment of
coraputations to processing elements, whereas
systolic arrays require both assignment and
scheduling of computations.

3.6. Critigue on von Neumann Systems

The most serious problem with the
raultiprocessors which use the von Neumann
model, as discussed in [10], is the presence of
globally updatable shared memory. Special
mechanisms are required to ensure correctness
of results while updating a meraory cell. The
explicit execution order to be specified by the
programmer is another bottleneck of von Neumann
systems. This has led to research in non-von
Neumann architectures.

4. Non-von Neumann Architectures

The principal stirauli for developing the
non-von Neumann machines have come from the
pioneering work on data flow machines by Jack
Dennis [26], 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 thera, 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 instruction is
executed as soon as all its operands are
available. Since the data availability solely
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 siinpler.

Thua data flow model alleviatea the shortcotning
of the von Neumann model. Also, parallelism is
exploited at lnstruotion level. Hence, a very
high speed of computing is possible.

The machine language for data flow
computer ip the data flow graph [24]. The data
flow sraph conslsts of nodes, to represent
operatora, and arcs, to carry data between the
nodes. Tokena carry data valuea along the arcs
to the nodea. When all the required operands
are available, the node is 'fired'. As a
result, the input tokena are removed and output
tokens are produced.

Data flow architectures are classified as
statio and dynatnic arohitecture, In atatic
model, an additional constraint -- no token
should be preaent on any of the output aros of
node — la required to enable the execution of
an inatruetion. The implioation of thia ia that
the static data flow model cannot support
execiition of reentrant routines. This severely
restricta the extent of parallelism and
aaynchrony that can be exploited in the static
model. In a dynamic model, additional tags,
called environment tags {color), are asaociated
with the token to diatinguish the various
inatantiations of a rentrant routine. Thua, the
dyrramic model aupporta fine grain paralleliam
with full a8ynchrony. In this paper we describe
the architecture of a data flow computer, uaing
the Mancheater data flow computer [98] as an
illustrative example.

In Fig. 10, the svitch unit aerves aa an
interface betueen the host computer and the
data flow machine. It routea the intermediate
reaulta to the token queue and the final
reaulta to the hoat computer. The token queue
unit ia a FIFO buffer which smoothes the flow
of tokena in the ring. Tokena in the token
queue are checked for their operand type. All
tokena directed to aingle input nodea are
direotly routed to the node atore. Other tokens
are sent to the matching unit.

Tokens that arrive in the matching unit
aearch for their raatching partner. If the
search faila, the token ia atored in the
matching atore; it awaita its partner. On the
other hand, if the matching partner is found,
it (the matching partner) ia removed from the
matching atore; the inooming token 18 merged
with its partner to form a group token. The
group token which containa the information
about the operand valuea, address (of the node
to which the token ia de8tined to) and
environment tag ia aent to the node store.

The node store unit atores the program
graph; it stores the opcode for the operator,
destination and operand type of reault tokens.
Tokena entering the node store get the above
information to form an executable token. The
executable packeta are sent to the diatributor
unit which diatributea the tokena to one of the
free processing elementa. The proceaaing
element performs the operation specified by the
token to produce result tokens. The result
tokena are collected by the arbitrator and are
aent to the awitch unit. Fig. 10 depicta the
block schematic of the Manchester data flow
coraputer.

Reaearch in the area of data flow
coraputation ia a rapidly expanding area in
United Statea, Japan and Europe. There are a
number of data flow projecta that are underway
in many univeraitiea. Some of them worth
mentioning here are M.I.T. data flow computer
[26] developed by Dennia, Irvine data flow

machine [7,39] by Arvind, Manchester data flow
aystem [98], ita extended veraion (EXtended
MANcheater architecture) proposed by the
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authors [74], Texas Instruments distributed
data processor [22], Utah data driven machine
[23], Toulouse LAU system [20,76], Nevrcastle
data-control flow computer [89], the efficient
static dataflow architecture for specialized
computation proposed by the authors [87], and
the high speed data flow aystem developed by
Nippon Telegraph and Telephone Systems [3].

Much work needs to be carried out in the
design of languages for data flow machines, and
implementation of compilers for converting the
programs into data flow graphs. (Refer [88] for
the initial work on these issues.) Efficient
methods to overcorae the inherent overheads
associated with exploiting . fine-grain
parallelism have to be developed. Although many
data flow machines have been proposed in the
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. Demand-Driven Systems

In contrast to control flow and' data flow

programs which are built from fixed-size
instructions, demand-driven (reduction) [91]
programs are built from nested expressions.. The
need for result triggers the execution' of a
particular instruction.

An important point to note is that, in a
reduction machine, a program is mathematically
equivalent to its value. Demanding the result
of definition a, defined as x = (y+1) * (y-z),
means that the embedded reference to x is to be
reuritten in a simple form. This requires that
only one definition of x may occur in a
program, and all references to it give the same
value, a prqperty known as referential
transparency [91].

There are two form of reduction, called
string reduction and graph reduction. The basis
for string reduction i3 that' each instruction
that accesses a particular definition will take
and manipulate a seperate copy of the function
definition. Whereas, in graph reduction each
instructiori that accesseš a particular
definition will manipulate references to that
definition. That is, graph reduction is based
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 acoessed when the demanded definition haa
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 maohine organization
[90]: first, managing dynamically the memory of
the program atructure being transformed and,
second, keeping control information about
information about the atate of the
transformation. The basic organization of a
reduction machine, the Neucastle reduction
machine [90], is presented below (refer Fig.

The reduction machine organisation
di8cussed here supports reduotion by expresaion
evaluation. To find work, each procesaing
element traverses the subexpression in its
memory looking for a reducible expression. When
a proceasing element locatea a reference to be
replaced by the corresponding definition, it
sends a requeat to the communication unit via
its communication element. The communication
unit in such a computer frequently organized as
a tree-struotured netuork on the assumption
that the majority of communicationa will
exhibit properties of locality of reference.
Concurrency in auch reduction computers is
related to the number of reducible
subexpressiona at any instant and also to the
number of procesaing eleraents that traverse
these expres8ions.

Apart from the pioneering work of Klaus
Berkling [15], the stage of development of
reduction computers somevrhat lags behind that
of data flow computers [91]. Houever,
researcher8 have demonstrated the principle and
feasibility of reduction oachine organization
by designing many prototype system such as the
GMD reduction machine [58], Nevrcastle reduction
machine [90], Mago's oellular tree machine
[66], Applicative Multiprocesaing Systems
(populary knovm as AMPS) [57], and Combridge
Univeraity SKIM reduction machine [92].

4.3. Neural Computers

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

applications involving pattern recognition and
learning [2]. Artificial neural nets have been
studied during the last few years in the hope
of achieving human like performance in the
fields of image processing and speech
recognition. The neural net models [65] attempt
to achieve good performance via dense
interconnection of aimple computational
elements. The interest in this type of non-von
Neumann computing techniques in recent years ia
due to the development of new net topologies
and algorithos, new analog VLSI implementation
techniques and the growing fascinantion for the
understanding of the functioning of the human
brain as well aa the realization that human-
like performance is required for applications
involving enormous araount of procesaing
[51,65]. Several mathematical models have been
proposed to exhibit some of the essential
qualities of human mind: the ability to
recognize patterns and relationahips, to store
and use knowledge, to reason and plan, to learn
from experience and to undrstand what is
observed.

Neural net models are apecified by the net
topology, node characteristics and training or
learning rules. The computational elements or
nodes used in neural net models have nonlinear
characteriatics, typically analog, and are
specified by the type of nonlinearity. Most net
algorithma al3o adapt in time to improve
performance based on current results. Any
artificial neural model must neceasarily be a
speculation: definitive experimental evidence
about the 8tructure and function of the
neurological circuitry in the brain is
extremely difficult to obtain since it ia 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
inforraation is complicated by the presence of
raultiple feedback loops.

Nevertheless enough is known about some
parts of the brain to fuel the desire for
constructing mathematical models of the neural
circuit. In general, the raodela propose to
generate a senaory-activated goal-directed
behavior and control a multilevel hierarchy of
computing modules. At each level of hierarchy,
input commanda 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 proceas, and ateers selection of
subcomraands to achieve the goal successfullv
(refer Fig. 12).
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The benefits of neural net include high
computation rates, provided by massive
parallelism and a greater degree. of fault-
tolerant since there are many processing nodes
each with primarily local connections.
Designing artifioial neural nets to solve
problems and studying real biological nets may
also change the way we think about problems and
lead us to new insighta and algorithmic
improvements.

5. Software Issues Related to Multiprocessing

Systems

Having discussed the various
multiprocessing systems, it is worth probing
further into two aspects of parallel
processing: the language to program and the
operating system support to handle these
complex systems.

5.1. Parallel Programming Languages

One of the motivations behind the
developraent of concurrent languages has been
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 languages into two
groups: 'traditional' languages of the von
Neumann type (based on imperative atyle of
programming) and the unconventional languages,
such as 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 just 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 point
regards the 'granularity of parallelism', i.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
constructs ensuring mutual exclusion are called
synohronization primitives. Some of the best-
known and landmark solutions that have been
adopted to solve these problems are the
semaphores [27], raailboxes, monitors [49] and
remote procedure calls [46]. Research in this
direction is towards designing new raachanisms
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)
[50] is a language designed especially for
distributed architectures. In CSP, activities
comraunicate via input/output coramands.
Coramunication requires both the participating
processes to issue their commands. Also CSP
achieves process synchronization using the
input/output commands. Another interešting
feature of . this language is its ability to
express non-determinism using guarded commands.
An implementation of a subset of CSP [73] has
been has been succesafully attempted by the

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
coramunication among the processes. Processes
are synchronized by means of non-deterrainistic
guarded commands.

. /
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 comraunicate through channels. The
Transputer [56], also developed by Inmos
Corporation, supports the direct execution of
this language.

Languages which adopt monitor-based
solution for synchronization are oriented
towards architectures with shared memory.
Examples of these languages are Concurrent
Pascal [45], Ada [5], and Modula [99]. These
languages, in general, support strong type
checking and seperate compilation, and express
concurrent actions using explicit constructs.

Concurrent Pascal [45] extends the
sequential programming language Pascal using
the concurrent programraing tools, processes and
monitors.. The main contribution of this
language is extending the concept of the
monitor using an explicit hierar'chy of access
rights to shared data structures that can be
started in the program text and checked by a
corapiler.

The prograroming language Modula [99] is
primarily intended for programming dedicated
computer systeras. This language borrows many
ideas from Pascal, . but in addition to
conventional blook 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
naraes that are imported from and exported to
the environment [99]. Modula includes general
multiprooessing facilities such as processes,.
interface modules and signals.

In Ada [5], 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 is like a procedure call; parameters
should be passed if the called entry requires
them. A randezvous is said to occur when the
caller is in the call 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 protoools for task termination. Ada
is designed to support reliable and efficient
real-time programming.

Non-von Neumann Languages Conventional
languages imitate the von Neumann computer. The
dependericy of these languages on the basic
organization of the von Neumann machine ia
essentially a limitation to. express and exploit
parallelism [10]. These imperative languages
perform a task by changing the state of a
system rather than raodifying the data directly.
In parallel processing applications, it makes
more sense to use a language with a
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nonsequential semantic base. Various paradigms
have been adopted and new programming languages
based on these approaches have evolved. We will
restrict 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
functional 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 raarvellous determinacy property is
invaluable in parallel systems. Another key
point is that in functional languages the
paralleliam is iraplicit and supported by their
underlying semantics.

A system of languages known as Functinal
Programming languages (FP) [10] and Lisp [68]
are two major outcoraes of the applicative atyle
of programming. Languages for data flow
architectures, which avoid side-effects and
encourage single assignment, are also included
in the set of applicative languagea. Dennis1

Value oriented Algorithmic Language (VAL) [1],
Arvind'3 Irvine Data flow language (Id) [8],
and Keller'8 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
proposed by us, and a compiler to convert the
programs written in this language into data
flow graphs has been implemented. The concepts
borrowed from CSP and DP when embedded into
data flow systems results in two new languages
for distributed processing, namely
Communicating Data Flow Channels (CDFC) and
Distributed Data Flow (DDF) respectively [75].
Communication and non-deterrainism features have
been added to FP by us {40,41] to strengthen
its power as a programming language. We have
also proposed that FP can be used as a language
for program specification [41].

Although parallelism in a program is
expressed by the functional languages in a
natural way, their autoraatic detection and
mapping to processors do not result in optimal
performance. It is desirable to provide the
user with the ability to explicitly express
parallelism 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 performance 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).

Applications such as the design of
knowledge base systems and natural language
processing revealed the inadequacies of the
conventional programming languages to offer
elegant solutions. The use of predicate logic,
which is a high-level human oriented language
for describing problera and problem solving
methods for computers, promised great scope for
these applications. Logic programming languages
corabine simplicity with a lot of powerful
features. They aeparate the logic and control

[59], the two major componenta of an algorithm,
and thus enable the programmer to write more
correct, raore easily improved and more readily
adapted programa. The powerful features of
these languagea also include the declarative
atyle, the unifioation mechanism for parameter
passing and execution atrategy offered by non-
deterrainiatio computation rule. The powerful
execution mechanisra provided by theae languages
is due to the non-procedural paradigm. An
outcome of the reaearch carried out in this
area with these motivationa ia the design of
the language Prolog [19].

Logic programming languagea offer three
kinds of parallelism, namely the 'AND', 'OR1

and 'argument' paralleliam [21,43]. The
inability of the von Neumann architecture to
efficiently execute logic programming language
(in eaaence supporting non-procedural paradigm)
haa led to the design of many parallel logic
prograraming machinea [16,43,70,94,100]. Further
research on these languages haa led to the
deaign of three parallel logic programming
languages, the PARLOG (PARallel LOGic
programming) [18], P-Prolog [103] and
Ooneurrent. Prolog [84].

With the increasing size and complexity of
parallel proceaaing systems, it becomea
essental to design efficient operating aysteraa,
without which handling of such systems would be
impoaaible. The general principlea and
requireraenta of multiproceaaor operating
aystems are diacuaaed in the following aection.

5.2. Multiproceaaor Operating Systems

The basic goala for an operating syatem
are to provide programmer-interfaoe to the
machine, raanage reaources, provide mechaniama
to iraplement policies, and facilitate matching
applicationa to the machine. There is
conceptually little difference betueen the
operating aystem requirementa of a
multiprocesaor and thoae of a large computer
system with raultiprogramming. The operating
sjrstem for a raultiprocesaor ahould be able to
support multiple aaynchronoua taska which
execute concurrently, and hence ia more
coraplex.

The functional capabilities of a
multiprocessor operating syatem include
reaource allocation and manageraent schemea,
memory and data set protection, prevention of
system deadlock and abnormal prooess
termination or exception handling and processor
load-balancing. Also, the operating system
ahould be capable of providing ayateni
reconfiguration schemes to aupport graceful
degradation of performance in the event of a
failure. In the following diacuasion, we
introduce brifly the three baaic
configurations, naraely maater-alave, aeparate
supervision and floating-supervision systems
[53].

In a 'master-slave' configuration, one
processor, called the raaater, maintaina the
atatua of all processors in the system and
apportions the work to all the slave
procesaors. Service oalla from the slave
proceasors are sent to the master for executive
aervice. Only one processor (the raaater) uses
the superviaor and ita asaociated procedures.
The merit of thia configuration is its
simplicity. Houever, parallel processing system
which haa the maater-slave configuration ia
susceptible to cataatrophic failures, and a low
utilization of the alave processora may result
if the raaster cannot despatoh processes fast
enough. Cyber 170 and DEC System 10 uae thia
mode of operation. The master-slave
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configuration is most effective for special
applications where the work load is well-
defined.

In a 'seperate supervisor system.' , each
processor contains a copy of a basic kernel.
Each processor services its own needs. However,
since there is some interaction among the
processors, it is necessary for some of the
supervisory code to be reentrant, unlike in the
master-slave raode. • Separate supervisor mode is
more reliable then master-slave mode. But the
replication of the kernel in all the processors
causes an under-utization of memory.

' The 'floating supervisor' scheme treats
all the proeessors as well as other resources
symmetrically or as an anonymous pool of
resources. In this mode, the supervisor routine
floats from one processor to another, although
several of the proceasors raay be executing
service routines simultaneously. Conflicts in
service requests are resolved by priorities.
Table access should be carefully controlled to
maintain the systein integrity. The floating
supervisor mode 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 resources. Examples of the
operating systems that exečute in this raode 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 the
various issues involved in parallel processing
systems. Approaohes followed to solved the
associated problems have also 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
design principles and salient features are
brought out in a comparative menner.

While the envisaged potentials offer a
promising scope for parallel processing systeras
for many applicationa, 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
manage coramunication 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 inake it
a proponent candidate, its inherent
inefficiencies, such as the explicit
specification of control and global updatable
memory, limit its capabilities. Although data-
driven and demand-driven coraputers exploit
maximum parallelism in a program, their complex
structure and inadequate software support force
the designer to have a second throught on these
approaches.

With the advent of VLSI technology and
RISC design, dedicated architectures are
becoming more and raore popular. However, the

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 systeras which give
degrade performance due to the mismatch of the
architecture and algorithm, and the
reconfigurable machines. Considerable and on
design efficient algorithms (for general
purpose computing systems) which will bridge
the gap between 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 vast.r.ess of this fascinanting area in
which active research is underway, and the
innumerable problems that remain to be solved
are themselves standing evidences for the
proraising 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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ABSTRACTJ The notion is introduced 6f the piercing point of a st.raight. line l
t-hrough t-he hul 1 of a simple polyhedron P. An int.ersect.ion point, of t and t.he
hul 1 of P is considored t.o be the plsrcing point. if the straight. lins at. t-he
int.ersect.ion point. passes fron t,he interior t-o t»he exterior domain of P, or
vice versa. It, is proved t-hat. t.he point Z belongs to the int-erior domain of P
if an arbit.rary straight. line t, passing t.hrough Z, contains an odd number of
plercing point-s on t-he located on t.he one side of Z. On t-he basis of t,his
statement, an effecbive procedure is forned for det.erniinat.ion whsthsr a given
point. belongs t.o the interior domain of P. An algorit.hm based on t-his
procedure, anables det.erminat.ion of those iniervals on t-he st-raight, iine which
belong t-o t.he interior domain of P.
Key words: Gomputat-ional geomet-ry, Point.-Locat.ion, Polygon, Polyhedron.

ODNOS TACKE I PROSTOG POLJEDRA. Uveden Je pojaui prodorne t-acke prave l kroz
omotač prostog poiiedra. Presetna tačka izmedju l i oitotača od P je prodorna
ako prava u presečnoj t.acki prelazi iz spoljasnje u unutraSnJu ili iz
unutraSnje u spoljasnju oblast. od P. Dokazano je tvrdjenje da tačka Z pripada
unut.raSnjoj oblast-i od P, ako proizvoljna prava t koja prolazi kroz Z sadr'i
sa iste stcane od Z neparan broj prodornih taftaka. Na bazi ovog t-vrdjenja
formirana je efektivna procedura za ispit-ivanja da li dat-a taCka pripada
unutrasnjoj oblast-i od P. Korist-eci ovu proceduru opisan Je algoritain za
izdvajanju intervala na pravoj ko j i pripada unut-rasnjoj oblast.i od P.

1. Introduction

One of t.he most fundanental problems in

computational geometry is t-he so-called

furirU-t<rcali&n. p/iott&n.. To the present, the

at-t.ent.ion has been mainly paid t.o locatlon of

a point. in a planar subdivision. The problem

can be st.at.ed as follows: Oiven a

st.raight.-l ine graph G having n vertices, and

a point. Z, determine what is t-he region of

the planar subdivision induced by 0 in which

Z is found. Main results on t.he st.udy of this

problem have been presented in Cl-83 . Much

less at-tention has been paid to solving t-he

problem in three- and multi-dimensional

space. In [93, t.he problem has been solved by

generalization of the binary search, whereas

in [10] t.he dat.a st.ruct.ure has been described

by a sequence of similar list-s formed in such

a way to ensure each list, to be binary

searched.

We consider first t.he following problem:

Oiven a point Z and a simple polyhedron P,

deter-mine whether t-he point Z belongs to the

intsrior domain of P. First.,. we snal 1

describe t.he dat-a structure t.o represent the

polyhedron, and adopt a doubly-connect,ed

list. In addition, we shal1 present a

procedure for separation of t-hose edges which

define a corresponding facet. of P. Furt.her,

we describe in detai 1 a new algorithm and t-he

appropriate procedures by which it. is

possible t-o determine whether Z belongs t-o

t.he interior domain of P.

2. Data Structure

The data structure adopted for represent.at.ion

of a polyhedron is of t.he form of a planar

graph G=<V,E>, where V and E are t.he sets of

vert-ices and edges, respeotively, of a

polyhedron embeded in a plane. The graph O is

represented as a doubly-connect-ed edge list.

CDGEL) [11] . The main conponent of t,his graph
is an edge node which contains 6 fields: VI,

V2, Fl, F2, Pl, and P2. The fields VI and V2

define the edges which are oriented from VI

to V2. The fields Fl and F2 contain t-he names

of facets of P lying on the left, i.e. on the

right., wit.h respect, t.o t.he edge orient-at-ion

from VI to V2. The Tield Pl Cresp. P2) points

out. t-o t-he edge node which is encount-ered

first if the edge <V1,V2> is rotated
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couterclockwise around VI Cresp. V2>.

Suppose t-hat FACE <J,A,n > is the procedure

for separatlon of the edges deterninlng t-he

j-th facet of P, vrhere A. , 1*1, . . .,n,

contains the addresses of the ordered edges

which deternine tho j-th facet- of P.

3. Description of t-tie Algorithm

Oenote fche vertices, edges and facets of P by

Vt, i-l,...,|V|; Ej, i-l,...,|E|; Fj ,

i-l,...,|F|, respectively. Denote with i a

half-stralght. lins having t-he original in the

point, Z. The intersection polnt. of t and -the

hull of P ls a fUeicing point if at. this

point. t passes from the intorior fco tho

exterior donain of P, or vice versa. Since l

is unlimit.ed in one direct-ion, thero is a

point. on l belonging to t-he exterlor donain,

such that. al 1 piercing points of t through

the hull of P and t-he query point Z are on

t-he sane side of t-hat. point.. St-ar-t-ing from

this point and going t,oward Z, at. each odd

plercing polnt. l enters the int-erior donain

of P and each even point l comes out of it.

Therefore, the following statoment, holds: If

t>he t-ot̂ l number of plercing points of t

t-hrough the hull of P is odd, t-ho query point.

Z belongs to t-he int-orior donain of P.

If t lies in t.he plane of a facot, then that

facet. does not, contain a piercing point.. Let

R be a crossing poirvt of / and a facet of P.

If R belongs to t.he int-erior region of that.

facet., then R is the piercing point.. If,

homver, R belon^s t.o an edge, t,hen it. nay

be, or may be not. a piercing point. In this

case, an addltional analysis would be

required to detormine whethor R is a piercing

point. Since l is chosen in an arbitrary way,

let it. be such that the intersection of t and

Ej for i"l,... , |E| is an enpty set.

Conslder t-he set of all planes that are

uniquely deternined by t-he point. Z and the

edges E. , i»l, . . . , |E| . Deno-te tfrese planes by

a., J-l, . . . ,k, vrhere k £ |E|- Determine a new

plane ft which is different frora all planes"

a., J"i,...,k, and passes through Z. Further,

let forn a set of half-st-raight lines H tfhich

lie in the plane ft and al1 of thsm have. their

origin in Z, in tho following way. First, if

E lies in ft then the half-straight line is

a , j"»l,...,k have been deterrained. Nanely,

if Z and E, do not lie on t-he saie straight

line, thon E. and Z deternine tho plane a ,

Je<l,...,k>, which is in contradiction to t,he

statement that. a and f) aro differont

planes. Second, if the lntersection of ft and

E. is a pont, then t-he half-straight line is

determined by that point and the point Z. In

this way, a finit-e set of half-straight llnes

H in the plane (i is foraed. Slnce t-he set of

half-straight lines <havin« their origin in

Z> in the plane /? is unllnit-ed, it comes out

that it, is always possible t,o choose a

half-straight line t in ft, originated in Z

such that l ft H. Therefore, tha procedure for

choosing l can be forned ln the follovring

detei-nined by and Z. This is

implication of t-he nanner ln which the planes

procedure CHOOSE <. t ">;

begin

k:=0;

for i:=l to |E| do

if C E. and Z deternine a plane > then

begin

a. :»plane CE,,Z>;

end;

PLANE <#>;

<• This procedure deternines plane ft, so

that Z e ft and ft f a^, i-i, . . .k •>

J:-0;

for i:-1 to |E| do

begin

if < E. lies on/3 ) then

begin

h :»half-straight line <E ,Z>;

ond;

else if 0' ft f) Ê  * 0 > then

begin

R.mft n
 Ei' '

h : "half^-straight line <R,Z>;

end;

/ end; C*for«)

HALFLINE ( < ) •

<• This procedure determines half-

-straight line / on (3 with the initial

point Z and / * h , -i-1,...,j •)

end.

The half-straight line l determined on the

basis of this procedure is such that. it. has

no common point>s wit.h any edge of P. If t-ho

intersectlon of l and the plane which is

det-ermlned by a polyhedron facot ls not an
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eapty set,, then their intersoction is a

point.. Novr, itr ls necessary t-o determine

whet,her this point belongs t-o the

corresponding facet. Thus the task is reduced

t.o det.erninat.ion of the relation betneen a

point. and simple polygon. The same statement

holds as for t,he relation between a point and

a polyhedron. The algorithm for detormination

whet.her a point belongs to the interlor

region of simple polygon consists in the

following.

Let be given a sinple polygon with ordered

vertices V. , i»l, ...,n, and fche point R.

Denote trith r an ai-bitrary half-straigh/t line

having the origin in R. The piercing point. of

r through t-he simple polytfon can be

deternined in the following way. If an edge

lies on r, then t-here are no piercing points

on it. Suppose t-hat r passes through the

vertex V . If fche neighbouring vsrtlces Vi-i

and V. _ are on different sides of r, t-hen V.
i+1 1

is a piorcing point. If the condition

prt k3 : -edgeCV »v
k>

is sat.isfied, then V is a piercing point.,

otherwise it is not-. If r and an edge have

ona comraon point and that point, is not a

vertex, then it is a piercing point. In thls

way, the total nuraber of piercing points can

be deternined. If this number is odd, t-hen R

belongs t-o the irvterior region of a simplo

polygon.

On the basis of the algorithm described, it

is possible t-o form a procedure for

determination whether there is a piercing

point. of l through a facet of P. This

procedure is of the form:

procedure FACEGON < j ,1, A,n,tesi >;

begin

ir<planeCj> (-| t m 0 > then test;=false

else

begin

ACn+13 :=AC1] ;

k:-0;

f or i : s>2 t-o n do

begin

j:=VlCACi]];

s t ra ight - l ine CR ,R >;

end;
else .Ek-0>

then

irCE.=O> then ir<E
J *•

begin
HK-VICAC i-13) ;

E :=<V -R.>xCR_-V 5;
m m ' 1 z m

i r CE. »E <0> t h e n
K n

begin
prt k3 : »Vj ;

end;
end;

else if CEk-O> then

begin
m=V2CAt

then

E :-<V -R.>x<R_-V 5;
m n 1 2 m

i f <E.°E <0> t h e n
J m

begin

end;

end;

end; <*for*>

SORT <pr,k,npr);

<« npr is t-he nunber of different piercing

points on the same side of R •>

r <E. .
begin

then

C» t is not. piercing t-he

j-th facet of P •>

ifCnpr odd> then

test.: 'truo

<• t is piercing the j-th facet od P *3

end;

end.

On t-he basis of t-he st.at»oraent. given above and

the int-roduced procedures.it is possible t-o

form a routine for det-ermining whet,her a

given point- belongs to the int-erior domain of

a simple polyhedron. This procedure is of the

form:

procedure TESTPZ < test, >;

begin

pr:=0;

GHOOSE CO;

for i:=l td~|F| d o .

begin ""~~~-̂.

FACE Ci,A,n>;

FACEGON Ci,;,A,n,test>; ~~̂

if test then pr: =pr-M

end;
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t.est>: =>false <• Z does not. belong t-o t.he
int.erior domain of P *>

if C pr odd > then
test:»true <• Z belongs t.o the int-erior

domain of P •>
end.

By t-his procedure, t.he following t.ask can be

solved. Determine the intervals on a st-raight.

line Vfhich belong t>o t-he interior domain of a

simple polyhedron. To solve this problem, the

follovring alt.erat.ions of t.he above procedure

should be made. First, if t-he point. R is a

crossing point, of t-his st-raight, line and of

an edge of a sinple polyhedron, then an

additional analysis should be carried out. t-o

delernine whether t-his point. is a piercing

point,. This can be achlsved in t.ho following

way. Let choose t-wo points which lie on t-he

given st-raight. line in an arbitrari 1 y small
viclnity of the point. R, and that they are

found on "difrerent sides of the point R. If

one of t-hese two point.s belongs t-o t-he

int.erior and t.he other one t-o the exterior

domain of the simple polyhedron, then R is a

piercing point., othorwise it. is not.. Second,

det.ei-mine the piercing point-s and sort t-hem

out. along t.ho given st.raight line. These

poirvts delemlne t-he sequence of consecutive

finite intervals, each odd of which belongs

to t.he int.erior domain of P.

Multiple Points in a Planar Subdivision"
Infor. Processing Let-t.., Vol . 9, No.
4, <19?7> 190-193.

[3] Preparata P. F., "A Note on Locat-ing a
Set. of Points in a Planar Subdivision",
SIAM J. Conput. Vol . 8, No. 4, C1979)
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C4) Preparata P. F., "A New Approach to
Planar Point, Location", SIAM J. Gomput-.
Vol. 10, No. 3, C198O 473-482.

[5] Kirkpatrick D., "Opt-imal Search in
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4. Conclusion

The procedures described enable t-ho
following: the choice of a half-straight line
l originat.ed in t,he query point. Z such t,hat
t.he int.ersect.ion of t and a l l t.he sdges of
simple polyhedron P i s an empt-y se t ;
det.erminat.ion whet.her t pierces a facet of P.
On the basis of t-hese procedures a routine i s
formod t-o determine whet,her Z belongs t.o t-ho
interior donain of P. In addit-ion, t-he other
algorit,hm present.ed enables det.erminat.ion of
t-he intervals on a given slraight. l ine which
belong t.o t-he interior domain of P.
Furthermore, the described procedures nay be
used for solving other probleras in
comput.ational geomet-ry Cident.ificat.ion of
hidden l ines, det.erininat.ion and det.ect.ion of
i ntersections, etc.>.
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Sadržaj Uveden je pojam prodorne tacke prave t
kroz oniot-aC prostog poliedra. Presecna tacka
izmedju t i omotaca od P je prodorna ako prava
u presočnoj t.acki prelazi iz spoljasnje u
unutrasnju ili iz unutrasnje u spoljaSnju
oblast od P. Dokazano je tvrdjenje da tacka Z
pripada unutrasnjoj oblasti od P, ako
proizvoljna prava l koja prolazi kroz Z sadrzi
sa iste strane od Z neparan broj prodornih
tataka. Na bazi ovog tvrdjenja formirana je
efektivna procedura za ispitivanja da li data
taCka pripada unut-raSnjoj oblasti od P.
Korist-eci ovu proceduru opisan Je algorit-am za
izdvajanju intervala na pravoj koji pripada
unutrasnjoj oblasti od P.
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A method is suggested for derivation of protocols from services, based 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 parametrization, transforma-
tions for data-flow.optimization, uniform treatment of synchronous and asyn-
chronous channels. a uniform approach to composition and decomposition of
entities and thereby a uniform approach to design of services and protocols.

IzpBljava protokolov iz servisov ob uporabi predstavitve s koncnimi avtamati.
Predstavljena je metoda za avtomatsko konstrukcijo komunikacijskih protokolov
za realizacijo podanega globalhega servisa, ki v celoti temelji na predstavitvi
s končnimi avtomati. Metoda je zelo primerna za interaktivno delo, ki vodi v
široko paleto rešitev. Druge dobre lastnosti metode so parametrizacija, trans-
formacije za optimizacijo pretoka podatkov, enotna obravnava sinhronih in
asinhronih kanalov in enoten pristop h kompoziciji in dekpmpoziciji osebkov. ki
omogoča poenotenje načrtovanja servisov in protokolov.

0. Introduction

Derivation of a communication protocol from a
given service specification is one of the most
challenging problems in the field of computer
networks. Two methods 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 [Prinl , constructs a
Petri-net type protocol specification from a
finite-state machine service specification,
while the method of [BochGotz] is based on
•attribute grairanars. In our paper, we are propo-
sing a method, based entirely on finite state
machines, which follows the selection / 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
reliable two-point channels. Some of the chan-
nels are unbounded FIFOs with unknown delays
(asynchronous). while the others are synchro-
nous (the "rendez-vous" type of communication).

A global service, which a system should provide
to the environment, is specified by a finite
state machine G, with edges representing an
asynchronous transmission or reception of a
particular message by the system on a particu-
lar external channe1 or a synchronous external
event. Paths, leading from the starting state
of G, represent the characteristic sequences of
system actions.

A message is a tuple of parameters, posessing
explicitely or implicitely stated identifiers
and.values. The crucial observation about para-
meters is that each parameter identifier,
occurring in a specification, represents a

global system variable,
updated or read by the
exchanged in an action,
ters, while parameters.

which is concurrently
entities. Parameters.
are its output parame-
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 following proper-
ties:

Property O.ls It must not contain two non-
terminal states Si and S 3, such that for everv
outgoing edge a in Si, leading to a state S,
there is also the same outgoing edge in Ss. and
vice-versa (equivalent states).

Property 0.2: If in a state Si, there are two
paths Pi and P3, such that the action sequence
of Pz is a permutation of the action sequence
of Pi, respecting all causality relations of Pi
(Pz is equivalent to Pi), they must both lead
to the same state S=. Path equivalence is
formalized in the sectipn 1.

Property 0.3: If there is an edge, representing
an action, reguiring 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 protocol design method
is to convert 6 into another finite state
machine G*., wMch mirrors particular design
decisions about parallel execution of external
actions of a system. while respecting the
čausality relations of G. Then the states of
Gi=, requiring communication betveen 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
transitions of a system, which are initiallv
hidden in the states of G, as indicated in Gc,
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an extended version of GF>. Note also that it is
execution of the internal procedures. that
entities without acce3s to, external channels
are used for. At that point it may turn out
that the task can not be solved with the
existing channels. By integrating the internal
procedures into G c another global system beha-
viour specification Gi is obtained. vrtiich is
data-flow optimized into 5o and subsequently
used for generation of finite state machines
for individual entities.

Two algorithms wi11 be used extensively
throughout the paper: Algorithm 0.1, which
introduces to a atate machine a new path, and
Algorlthm 0.2, which deletes a particular path.

Algorithn 0.li

{create a new path P)

b«gin<Algorithm 0.1>
represent P by a fihite set of finite
segments
(not all types of the representation might be
suitable fofa particular purpose):

•or every segment, which is a concatenation
of an action sequence s and an action
a and should lead from Si to Sj do

bagin
i* there is no state S«, different from 8i,

with a single outgoing edge, namely
a. leading to Bj, or with a single
incoming path, namely a, with the
initial state Bi

then create 8K as a new state;
if in SK, there is no outgoing edge a
than create an edge a from SK to SJ
•lm*
i* the edge a leads to a state, different

from Sj,
than «xit with irror;
if in Si, there is no outgoing path •
than create a path s from Si to 8K;
• 1 M
H the path m leads to a state, different

from SK,
thwi «xit Mith error;

merge the equivalent states
•nd

•nd(Algorithm 0.1).

Algorithm 0.2i

{delete a particular path. leading from Si to

b«gin{Algorithm 0.2>
for every state S of the path do
bagin
i* in 8, there are some incotning edges. not

lying on the path, and also some, lying
on the path.

th»n
bagin
create a 3tate SH. equivalent to 8;
redirect the incoming edges of S, not
lying on the path, to Se

end;
•for every edge o of the path do
i-f all outgoing edges of the destination

state of • are lying on the path
than delete •;
delete the unconnected states;
merge the equivalent states

•nd<Algorithm 0.2>.

1. Converting a Global Service Specification
into an Equivalent Form with a Oesired Degree
o-f ParallalisiB

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 ena-
bled concurr.ently. as in a gpecif ication. they
might lie far apart.

In a finite state machine specification, paral-
lel composition of actions is represented by
various permutations of tlie actions. connecting
the same pair of states, with parametera indu-
cing no causality relationship between the
actions. The desired degree of parallelism in
a global service specification can be achieved
by repeated application of Tranmformation 1.1,
which increases paralleli3m, and Tran«-formation
1.2, which decreases it.

The idea behind Tran«-formation 1.1 is that if
there is a path P from a state Si to a state
Sa, the two states may alao be connected by all
paths. equivalent to P. Pi is «quival«nt to Pa,
iff there is a path P, 3uch that the action
sequer.ces of Pi and Pa can be generated from P
by zero or tnore applications of Trans-formation
1.1. Tran»-formation 1.1 generates equivalent
paths by repeatedly selecting an action a3 of
the current action sequence and moving it
towards the start of the sequence. If in that
process a2 meets an action t>, such that ii is
a potential necessary condition for «a
(Pradicate 1.1), as may not move any further.
We use the word "potential", because G tnight
negate the causality relationship between twa
actions by providing an alternative path with
the two actions in the reverse order.

Predicate l.li

(a, is a potential nacassary condition for a2>

begin{Predicate 1.1}
Prodicat« 1.1:-
(a» is a synchronous action or a reception
and
aa is a synchronous action or a trans-
mission)

or
ai and aa are two actions on the same
channel

or
ai generates a parameter value. which is
read or redefined by a2

end{Predicate 1.1>.

Transformation 1.1« If there is a path daa,
connecting St and Sa, and ti is not a potential
necessary condition for ta (Pradicat* 1.1),
then it is possible to create (by Algorithm
0.1) a path aa«i from 8» to 8a.

To achieve the highest possible degree of
parallelism, Transformation 1.1 should be
applied as long as possible. On the other hand,
we want GP- to be a finito state machine, but if
there is a cycle 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 C contains at least two
different actions, the set of paths, equiva-
lent to the cycle, is infinite and can not be
described by a •finite stato machina. Therefore
Transformation 1.1 must be applied under desig-
ner's control.

If ai is not a potential necessary condition
for a=, a systetn is free to execute the actions
in the reverse order. because the environment
can not observe it. Trans-formation 1.1 adds a
path, which repre3ents execution of the actions
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.

Trancformation 1.2i If there is a path i,b
from S» to Sa and a path aaai from St to S»
and a2 is not a potential necessary condition
for «i (Predicate 1.1), then it is possible (by



71

Algorithm 0.2) to delete the path t>«a.

2. Id«ntifying St«tam, Which Requir» Internal
Cornffluni c«t i on

Some states in G R might require communication
betveen entities. In this section we introduce
Algorithm 2.2. which generates another global
system specification Gc by extending GF- with
internal communication requirements.

Observing the actions, possible in a given
state 8, some of theih may be enabled simulta-
neously and some not. Simply speaking, a set of
actions may be enabled simultaneously, if they
are in parallel or in exclusive composition.
The next design step is to identify in each
state 8 a set of exclusive compositions of
parallel compositions of multisets of acti.ona,
possible in 8. which might be selected by a
system for simultaneous enabling. Algorithm
2.1, if not effected by 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 Algorithm
2.2.

Algorithm 2.1i

(Al : the set of all alt»rnative» of a given
state 3}

<A1B : the set of groups o-f •ltornativea, which
may be selected for simultaneous ena-
bling in 8}

begln<Algorithm 2.1)
find A, the set of all actions possible in 8;
find Al, the set of all non-empty multiset3
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 «, vrtiich
is not in parallel composition with _ the
members^of the multiset or must not be added
to the multiset because of a designer's
decision
(members of a multiset are in parallel
composition, iff they may access their
parameters simultaneously. each permutation
of them is represented by an outgoing path
in 8 and any two prefixes of the paths with
the same multi3et of actions lead to the
same state};

find Alo, the set 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 set Y is maximal in respect
to a property P, iff it has the property P,
but can not be extended by any other
members of Y 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 vithout any internal cotnmuni-
cation
(the global decision is equivalent to a
set of local decisions)

•nd{Algorithm 2.1>.

Al in Algorithm 2.1 ansvrers 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 : might
lead to an incomplete implementation \ of a
service. Second, if in a state 8, there is a
loop with all edges labeled with the same

J

label, it is possible to define an infinite Al.
which requires careful definitipn of Ale 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 solution to
the problem that actions for further execution
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 to distinguish between
two alternatives).

If only a partial implementation of a service
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 alternatives or groups of
alternatives.

Algorithm 2.2i

begin<Algorfthm 2.2} ,
Open:" (stirting state of G»>J;
Closad:- [];
Gc is just the starting state of &»;
whil« not 0pen-[] do
begin • v'
move a state So from Open to Closad;
find (by Algorithm 2.1) Al(SD) and Ale(8o);
for each member As of Als(8o) do
begin
i-f As is not the only member of A1 D(8D)

or special guarding is required
then add to Gc a rD edge from 8o to a new

state Si
{a state is new. iff there is no
state with the same name neither in
6F> nor in Gf=>

else Si :- Sr>;
find I(A»), the set of input iparameters
of AB; i '
i-f I (Ao) is not empty
then
begin
•for each member In of I(AB) do \
begin
find U(In), the set of entities,
using the value of In in execution
of A»; / •
find K(In), the set of entities.
knowing the value of In

end;
create an edge T P from 8i tp a new
state 8 A

end
else S«:- Si';
{create in 8» a graph G«, r^presenting
execution of Ao:>

•for each outgoing path.of So in Gp.,
representing execution of pne of the
members of AB, do

create the same outgoing path |in 8« in Gc
<Add a3 few new edges as possible
(Algorithm Oi1), but keep paths, belon-
ging to different groups ofj alternati-
ve3, disjoint. Do not use in GA any old
state names.>;

find Pr(Ao). the 3et of all entities.
1 participating in execution of Ao;

•for each member E of Pr(Ao) do '
3elect T(E), the set of all , action
sequences with a length>-0, ekecuted
by E as part of execution of Ao.: after
which E might decide to abandon execu-
tion of Aa and enter a synchronization
procedijire \
{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 A»>;
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find T, the set of all synchronization
states of GA
{8 is a synchronization state of G«, iff
for every entity E, the projection of a
path from S« to S on the actions of E is
in T(E)>;

find TN, a version of T, in which every
member is replaced by its old name (the
name of the equivalent state in Gr») ;

•for each member S N of TIM do
begin
i-f S N is not yet in Gc
thon add SM to G c;
i-f not S N in Closed
then add S N to Open
end;
•for each member S s of T do
begin
find its old name SN;
create in Gc a r s edge from Ss to S N

end
•nd

end;
terminal states of Gc: - terminal states of GF>

end{Algorithm 2.2>.

Each edge TV requires execution of a parameter
distribution procedure.

Each state S D, coming onto Open in Algorithm
2.2, requires a global decision. what to do
next, and is therefore called a decieion state.
If in SD, there are several groups of alterna-
tives or special guarding is necessary, then S D

requires execution of a decision procedure. In
Gi, decision procedures are represented as
trees of f D edges in decision states (SD) .

After a group of alternatives As has been
selected and enabled, it starts executing.
After executing Aa for some titne, control of
the participating entities is gradually trans-
ferred to a synchronization procedure. States
of G«, in which all the entities might enter a
synchronization procedure, are called aynchro-
nization statea. In G c, synchronization proce-
dures are represented as f s edges in synchroni-
zation state3 (SB). With the help of a syn-
chronization procedure, a system synchronizes
to a state S N of GF> , 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 o.f the know-
ledge that the actions. guarded by the alterna-
tive, are now enabled. The aim of firing a
synchronization procedure before successful
execution of any of the enabled alternatives is
resynchronization of a system. after which
another group of alternatives may be selected.
This might be necessary. _if the environment is
not forcihg the same group of alternatives as
the system and does not cooperate 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 states. 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 synchroniza-
tion states should be consistent, as stated in
Algorithm 2.2.

If in a decision state, there are several
groups of alternatives and a system is trying
to execute one of them by repeatedly selecting
a group, trying for some time to execute it and
(if not successful) resynčhronizing, some
actions are enabled infinitely often, but not
all the time. If the pending actions are
synchronous, this is a degradation of fairness

of the system, which is due to a particular
distribution of external channels among the
entities.

3. A General Design Method -for Internal Proce-
dures

The next task is to construct a finite state
machine Go by integrating into Gc the neces-
sary internal procedurea. Go should represent
the total behaviour of a system in a concise
style, aimilar to that of Gi».

In GF-, all actiona are on external channel3,
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 both end-points
within the system. An action on an asynchronou3
internal channel actually consista of two
events: transmission of a message and reception
of the message. To retain the specification
style of GR, all actions should be represented
in Go as single events and their granularity
should not become apparent before projecting Go
onto individual entities.

Let's ignore for a moment the external actions
of a system and concentrate on its internal
actions - the protocol. We argue that a
general purpose protacol should be speci-fied by
a single deterministic finite state machine P,
representing the characteristic sequence» 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 implementation detaila. The
approach is a direct application of the "empty
medium abstraction" heuristic, which has proved
to be useful for protocol verification, to
protocol synthesis.

Specifications of individual entities can be
gener"ated from a global protocol specification
P by Algorithm 3.1 and Tran»-formations 1.1 and
1.2. Algorithm 3.1 projects P on one of the
entities E, so that all actions on its incoming
channels become receptions. Then Trans-forma-
tions 1.1 and 1.2 are applied to specifications
of individual entities to obtain the desired
degree of intra-entity parallelism. In the two
transformations. E represents a system. and the
entities, cooperating with it, represent its
environment.

Algorithm 3.1:

{projecting a global protocol specification P
onto an individual entity E>

begin<Algorithm 3.1>
while applicable do
begin
i-f there is an edge from Si to Sa, labeled

by an action on a channel, which is not
connected to E
ar
there is an edge a from S to Si and an
edge a from S to S 3

then merge Si and S 3 into a single state;
i-f there are two or more a edges from Sx to

S 3

then replace them by a single a edge
end

snd{Algorithm 3.1}.

Application of Trans-f ormations 1.1 and 1.2
mlght result in several different sets of
individual entity specifications. But this
ambiguity of a global protocol specification P
is not a deficiency of the specification
method: As delays of all asynchronous channels
are totally 'nknown. the sets can not be
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distinguished by observing the entities for a
finite period bf time, hence the ambiguitv is
immaterial and any attempt to retnove it (by
explicitly mentioning asynchronous receptions
in the global state machine or by •specifying
the protoco,l by a set of local state machines)
is an overspeci-f ication and should be avoided.

The basic problem in protocol synthesis is to
avoid deadlocks, unspecified receptions and
unspecified parameters. When designing a global
protocol specification of our type, those
design errors can be avoided by respecting five
simple common sense Rules 3.1 to 3.5.

Considering only the basic semantics of a state
machine, each node represents an exclusive
composition of the outgoing paths, but in
protocol specification, there is also another,
equally important type of composition - the
parallel composition of actions. Parallel com-
position of actions can be described by exclu-
sive composition of their permutations, but
this mental task is not trivial enough to be
carried out subconsciously. A potential deacl-
lock or an unspecified reception occurs when-
ever sotne actions are in parallel composition
by thev nature of the system architecture, but
that fact is not properly described by a state
machine, usually because a designer is not
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 3.5
define some mandatory properties of the speci-
fied paths.

Rule 3.1i • If A is a subset of actions, which
are labels of the outgoing edges of a state S,
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-
cipantsl - 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 assump-
tions 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 S, on different channels, which are
not both synchronous, must also be considered
as in parallel composition and obey Rule 3.1,
although the actions share a participant. This
is to guarantee the soundness of Rule 3.3.

Rule 3.2i If in a state S, there is an outgoing
path iii2 and, by Rule 3.1, an outgoing edge a=
must not be created in S without creating an
outgoing path aaai , then the path must actually
exist.

Rule 3.3i If in a-state S, there are two
outgoing paths with the same multiset of
actions M, such that no two different members
of H belong to the same channel and no 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 system any information about
the order, in which it has executed the
actions of M.

Rule 3.4i Projection onto any entity must have
Property 0.3.

Rule 3.5i If two actions are in parallel
composition and one of them is generating a
value of a parameter, then the other must
neither'read nor redefine the value.

Formal proof of the rules if outside the scope
of the paper. Intuitively, they prevent unspe-
cified receptions, because receptions are hid-
den in transmissions, they prevent deadlocks.

because there is no state without transmissions
and they guarantee coordinated progress or aii
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 G for a
system S under design should be obtained by the
same method. S should be considered as an
entity of a wider closed system W, consistang
of S and the relevant entities, external to S^
A designer should first specify a "protocol"
for the system Ul, so that he is forced to think
about implications of communication on the
channels, connecting entities, external to S,
on the service requirements for S. Then 5 can
be generated by Algorithm 3.1.

As suggested in the section 4, the method
should also be used for design of internal
procedures. introduced by Gc.

4. Design of Parameter Distribution, Decision
And Synchrohization Procedures

In the section 2, we have defined three types
of internal procedures: parameter distribution
procedures, decision procedures and synchroni-
zation procedures. The nature bf a pr'otocol is
mainly determined by decision procedures, while
procedures of the other two types only play an
auxiliary role. In our method, design of inter-
nal procedures and their integration is guided
by eight.basic heuristics:

Heuristic 4.1t Initiallv. each internal proce-
dure should appear in the specification separa-
ted from the others. Message merging is subject
to the final optimization (section 5).

Heuristic 4.2: An internal procedure should
initially be scheduled just before its results
are necessary. Earlier scheduling is subject
to the final optimization.

In particular, . parameter distribution procedu-
res are inserted in 6c instead of T> edges.
Decision procedures are inserted in Gc instead
of TD trees, so that the starting state of a
procedure is located at the root and its
terminal states at the leaves of a tree. For
synchronization procedures, the simplest kind
of their integration into Gc is a bit more
complicated and wi11 be discussed later. The
place for their integration is indicated by TB
edges.

Heuristic 4.3: To prevent harmful re-ordering
of messages, belonging to various internal
procedures, during their transport, all parti-
cipants of an internal procedure must agree on
its termination, so that the internal procedu-
res can be treated as atomic. Note that this
is a general solution to the problem. described
in the section 3.3 of [BochGotz]. 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
internal procedure is to determine for each of
its terminal states T the synchronization set
Sy(T), the set of all entities. which must know
that the system wi11 progress through T. As at
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 is in a terminal state T), the membera
of Sy(T) must know, that the execution has
terminated in T.
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Heuristic 4.5« As the basic aim of an internal
procedure is to lead a system 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. sugge3ted by various 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 Gc. If
the requirements are too rigorous, they can be
overcome in the final optimization.

Heuristic 4.6i If an internal procedure is a
parameter distribution procedure, it must com-
municate the necessary 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 require that internal proce-
dures are provided by a designer (in the spirit
of the section 3). but this is not a serious
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 nece3sary. An
internal procedure must respect Rules 3.1 to
3.5, vhere RUIB 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 folloving:

1. Determine synchronization sets of parameter
distribution procedures and design the procedu-
res.
2. Determine synchronization sets of decision
procedure3 and design the procedures.
3. Determine synchronization sets of synchroni-
zation procedures and design the procedures.

Now we are ready to define an algorithm for
integrating into Gc a synchronization proce-
dure. Obaerving a graph GA. generated by Algo-
rithm 2.2, it is not sufficient to replace by
some procedures the t a edges in -its synchroni-
zation states. The whole G«, together with its
•fa edges, must be replaced by a graph Gs (the
starting state of Gs is the starting state of
G«, the terminal states of SB are those,
pointed to by t s edges), concisely represen-
ting the action sequences of the expression:

The expression has the following meaning: For
each member • of a T(E), design an internal
procedure P ( B ) , put s and P(B) into sequential
composition, put the expressions, belonging to
various members of T(E). into or composition,
then put the expressions. belonging to various
member of Pr(Ao) , into parallel composition.

With other words: each entity E, participating
in execution of an Ae, executes an action
sequence B, mandatory followed by a procedure
P(«), which distributes the knowledge of E
about N, the set of the possible terminal
states of Gs, as known by E after execution of
s, to the members of the union of the synchro-
nization sets of those states. M is a member of
N, iff in GA, there is a synchronization state
8, connected with M by a T S edge, reachable
from the starting state of GA by a path, whose
projection onto E is a.

The terminal state T, to which a path of Ga
should lead, can be determined from the patli by
Heuristic 4.5. The requirements of Heuristics
4.3 and 4.4 must be fulfilled on Gs as a vrtiole.
It turns out. that it is sufficient to fulfil

Heuristic 4.4 for each P(s), but for Heuristic
4.3 that might not be true. Hence, it is
necessary to •"blow" each terminal state T of Ge
into a termination agreement procedure for all
entities, participating in GE> . Procedures in
all terminal states of GB must be the aame.

The principles. used in the design of Gs, lead
to another heuristic for construction of inter-
nal procedures:

Heuristic 4.8i The first step in design of an
internal procedure is to identify the know-
ledge, which is to be communicated. For each
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 its destination. Put
all such procedures into parallel composition
and finally put the resulting procedure into
sequential composition with a termination
agreement procedure for all potential partici-
pants.

The result of the integration of internal
procedures into Gc is a finite state machine,
which might have some equivalent states, that
have to be merged. Beside that, it might be
necessary to introduce aome new paths. required
by Rules 3.1 and 3.2. As shown in the section
5, the resulting machine Gi is further optimi-
zed into Go.

5. Final Opti mization o-f a Global Service
Provider Specification

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 (those from the initial
service specification) must be treated as
internal actions of particular entities, which
are their only participants. The transforma-
tions may only be applied, if they do not
change the order of external actions.

Trans-formation 5. ls 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 t'or moving scheduling points of
internal procedures.

Transformation 5.2: Let 0 be the set of out-
going edges of a state S. Identify P{0), the
set of all paths. mandatory in S by Rule 3.1.
Suppose that a member a of 0 is removed from S.
Identify P(0\a). If Rules 3.4 and 3.5 are not
violated, then it is possible to delete (by
Algorithm 0«2) the members of P(0) and intro-
duce to S (by Algorithm 0.1) the members of
P(0\a) and all paths. required by Rules 3.1 and
3.2.

The transformation could be used for decreasing
parallelism or for deleting redundant actions.

Transformation 5.3s 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.

The transformation could be used for decreasing
the number of message types or for the final
naming of messages.

Trans-formation 5.4i If Rules 3.3 to 3.5 are not
violated, then it is possible to replace (by
Algorithms 0.1 and 0.2) a path between a pair
of states by another path between the same pair
of states and then add (by Algorithm 0.1) all
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paths, required by Rules 3.1 and 3.2.

The transformation could be used for changing
the order of actions or for merging of actions
(messages).

Whenever possible. the transformations should
be applied to sučh parts of a finite state
machine. that Rules 3.1 and 3.2 do not induce
any new paths or their destination states are
determined by Ruls 3.3. For instance. if an
action is executed without knowing. if it wi11
be necessary at all (optimistic scheduling.
introduced e.g. by Trans-formation 5.1). 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 t to the same
state as p=. vrhich consists of the same
sequence of actions as Pi. except that the
unnecessary action is deleted.

6. Conclusions

In comparison to [BochGotzl. which generates an
unique solution. our method provides several
suggestions for human intervention in the
design process and therebv for a greater va-

riety of solutions. Other benefits are para-
metrization. transformations for data-flow
optimization. uniform treatment of synchronous
and asynchronous channels. a uniform approach
to composition and decomposition of entities
and thereby a uniform approach to design of
services and protocols. Similar conclusions can
be drawn when comparing our method to [Prinl.

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 some 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 control flowcharts
enhance the communicative power of systems
documentation.

A specific system flowcharting technigue
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 systera designer.
Guidelines are given for the development of a
control flowchart.

INTRODUCTION

A control flowchart is a document gene-
rated during the design phase of the system
development life 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
two dimensional system control framework,
described in section three, is based on Gordon
B. Davis's Data Flow Model (Computer Data Pro-
cessing [6]). These two concepts are mutually
supportive, and each has been utilized (in
varlous 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 (see
Figure 1.) Yet the increasing, emphasis on
controls and the increasing complexity of
systems (including user-developed systems)
makes the need for clear docuraentation 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, but nothing has
since appeared in the literature developing
this basic concept. Section four presents
Benjamin's cbncept and develops a detailed
technigue 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 two 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 version of the A.S.M.E. (American
Society of Mechanical Engineers) symbols and a
horizontal (left to right) logic-flow con-
vention.

The technique presented here is a specif-
ic version of the "computer" flowcharting. As
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 coraposed 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.

ANSI symbols, definitions and usages are
applicable. to the system flowcharting techn-
ique presented here with two exceptions: the
preparation s_ymbol 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
of 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 CONTROL FRAMEWORK

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, organizational structure, or function.

/
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FIGURE 2: THE SANDWICH CONCEPT

This technigue 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
magnetic 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.g.,
where the data is temporarily stored in core
within a process or between programs. In this
situation the level (macro/micro) 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
developed specifically to fill that need. The
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Figure 3: The Basic Data Processing Cycle
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CORPORATE ORGANIZATION, MANAGEHENT ANO POLICY
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Figure 4: The Organizational Control Structure

Our design definition orientation leads to the
selection of a control framework similar to
that suggested by Gordon B. Davis [6]. It is
structured around two major system aspects,
the procedural and processing controls applied
to the data flowing within the basic data
processing cycle, and the organizational
controls applied to the application system.

The Flow of Data
The flow of data through the data pro-

cessing cycle is an important focus for the
system professional and user designer (see
Figure 3.) Each of the processes (manual or
computer) depicted 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.

Organizational Controls
The systera professional and user-designer

must function within an organizational struct-
ure which imposes many oontrol 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 raust 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 controls
operate within the framework established by
division procedures, which in turn operate
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within the corporate policy. Since most
application systems 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 controls is depicted in Figure
5. This control framework provides the
designer with one framework which is valid
through all the phases of the system develop-
ment life cycle — from information analysis
to post audit. It illustrates which control
environraents are applicable to each process in
the data processing flow. Consequently 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 techniques des-
cribed in this paper.

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 durlng 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-
tion, it is important to recognize that
flowcharts are developed in an iterative
fashion. The desired controls may necessitate
changes in the original system flowchart.
This section provides a description of how a
typical control flowchart is developed.

The system flowchart from which the
control 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 technigue described in
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Flgure 6 Figure 7: The Unnarrated Flowchart
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section two. While constructing the flow-
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 control 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 copy what controls are
appropriate to the system and where they
should be located. What set of controls is
chosen depends upon the control framework of
the organization as discussed in section
three, the equipment which will be used, and
the particular system being designed. It is

IT JUUIMST
ONUATE
AHO CCMPAUi
MESS CHtdC 0H QV»«ITY
OUEUD
DAIE OUUCTCU II

Figure 8

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 Symbols
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 batch of transactions and also
contain control data for later use by both the
fedit 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, as in the case of the sort by item
number of the CSO daily file, that process
synibol 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 tnanual (system)
process and a control process, appears in both
charts.

Control data should not be attached to a
process symbol. The operations performed on
the control data are described in the process
symbol while the control data itself is
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 to the physical
medium. To illustrate, no special control
fields are implemented on the annotated
customer sales orders themselves. As with a
process symbol, a blank symbol indicates the
absence of controls. However, a control
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 control data. The batch control
ticket appears in three forms, paper, card,
and tape record, and is retained in offline
storage. Each change in form reguires 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. Physlcal controls of the
medium itself, not the data it constrains,
should appear on the raedia 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 symbol 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
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medium. This assures the proper association
of that procedural control with the medium not
the preceding process. This convention is
consistent with controlling 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 project control, 3)
Historical reference, and 4) Instruction
reference. This context is used to structure
the following disoussion of the advantages of
dual flowcharting.

The first category involves facilitating
coramunication within the project team through-
out 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
techniques 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 control 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 is greatly enhanced by the
symbology and flow coinmon to both elements.

London's second category refers to two
dimensions of control - control over the
quality 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 technique
provides a document exclusively devoted to the
controls exercised 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 quality 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
approving controls. In the case of user-
developed systems the document greatly facil-
itates comniunications between the user and
system professionals.

The control flowchart enhances project
control by enhancing the effectiveness of the
documentation package. With better project
documentation performance criteria can be
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 systems
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 functions. Given the dynamic environ-
raent within which systems function, and the
iterative nature of systems development, a
clear and concise representation of both the
flow of data and the application of controls
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

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 valuable when serving a general
instruction function of communication between
the systems specialists and the nonspecial-
ists - 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 instructional function enhanced
by dual flowcharting is training within the
systems group. Easily understood 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 documentation.

CONCLUSION

Both the system flowchart and the control
flowchart provide important techniques for the
systems professional and user-designer in
preparing and docuraenting 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 of the dual charting technique,
however, is its ability to improve the conunu-
nication of essential aspects of a data-driven
application system between interested parties
both within and outside of the systems area.

This technique has been used for several
years in an educational setting and has proven
very valuable to both students and teachers.
Little evidence exists on its value in a
business data processing environment. How-
ever, with the increasing etnphasis on good
systems docuraentation 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 arguinents for its use.
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POVZETEK. Vefije raCunalniskB zmogljivosti, ki jih zahtevajo danasn.is aplikacijs na podroeju razpoz-
navanja govora, procssiranja slik, umetne inteligence in &e vrsta drugih, je mogoCe iskati le v
novih paralelnih siotemih, pri katsrih je znatno vBčja uCinkovitost moSna le s posebno organizacijo
materialne opreme, prsdvsom v VLSI procsBorBki tehnologiji, in taksni opremi prilagojeno programsko
opremo.

Proizvajalci raeunalniekih Eistemov, ki naertuJBJo zmogljive vektarske operacije, BD izdelali poseb-
ne FORTRAN - prevajalnike. Ti razpoznavajo, Ce SB sanka D0 lahko zamenja z eno ali veC vektorskimi
instrukcljami. Zanka D0 je tako skalarna predstavitev mnoiice vektorskih operacij in zato more biti
izvedena mnogo bolj uCinkovito s strojnimi instrLikcijami, ki so v takSne namsriB posebej naCrtovane
in se zato njihovs opsracije uCinkovitBjs izvajajo. Arhitekturne Ddlike SB kaŽEjo z uporabo bodisi
CBvanih aritmstienih enot, kot jih sreeujsmo pri cevanih vektorskih raCunalnikih (npr. pri CYBER 205
ali CRAY—1), bodisi z veCkratnimi procBsnimi elementi, kot jih sreCujemo pri vaktorskem aritmetiCnem
multiprocBOorju <VAMP> ali pri matriCnih procesorjih (npr. pri ICL DAP, BSP ali TRANSPUTER ARRAY>.

Paralelne vsktorske organizacije in podrobnejei opis strukture raCunalnika ICL DAP so predmet ob-
ravnavs prvega dela prispsvka. Prikazan ja tudi stil programiranja, ki ga narekujs takfisn raCunal-
nik.

V Clanku je prikazano, kako so lastnosti paralelnih implementacij sekvenfinih kodov na materialni
opremi paralslnBga sistema pomembne, da prirojeni parslelizem v problemu, ki ga reSujemo, ustrsza
uporabljsni arhitekturi oziroma organizaciji raCunalniSke materialne oprems.

ABSTRACT. PARALLEL ARRAY PROCESSORS AND ITS APPLICATION, I. With nsw applications Buch as robotics,
spBBCh rscognitiDn, artificial intel 1 i gencs, image prDCessing, etc, the need -for -fastsr processing
devicss becomes more important. The only solution is to employ the nsw parallel systems. Mare ef-fi—
ciBnt 5ysteni5 can bs attained in -firet of all with the new VLSI technology and with. new organiza-
tions of computer hardnars and to thsse onss appropriate software.

Al 1 manu-factursr o-f computsris decignsd -for sfficient operatiDtnB on vectors of numbers have produced
FORTRAN compilsra that recogniaa when a D0 loop can be replaced by one or ssvsral vector inotruc-
tions. This is ths rscognition by softuare that a particular D0 loop ie just the Bcalar rBprsssenta-
tion o-f a set of vector operation, and can there-fore bs e«scuted rouch mora ,s-f-f scti vely by machine
instructiono that are espBCially engineered to per-form such operations s-fficisntly. Ths architsctur-
al -fsatures ussd are thsn aithar ths pipelined arithmstic units in the cass of pipelined vector com-
putars (e.g. CYBER 205 and GRAY-1) or the replicated processing elemsnts in thB case o-f vector
arithmetic multiprocesor (VAMP) or procsasor array <a.g. ICL DAP, BSP and TRANSPUTER ARRAY>.

In thB prBssnt -first part of this work thB basic categories D-f parallsl computsrE wi 11 be describBd
and ths dstailsd structure o-f ICL DAP will be givcn in more detai 1 , togethBr with an overvisw o-f thB
programroing styls that is requirss. In ths sscond part ths optimization algorithm based on matrix
computations as a tool for implsinentations o-f application algorithms wi 11 be continued.

In the paper is shown that the behaviour o-f parallel implementati ons o-f S6quential codee on parllel
hardwars depsnds critically on a carsful match bstween the innate parallelism of the problsms, ths
algorithm and ths hardwars.

1. UVOD prednosti novih konceptov
nih sistemov.

paralel-

Zadnja leta ED tehnolottke spremembe in Stevilne
inovacijs dramatiCno zmanjealE csno rafiunalniS-
kih zmogljivosti. Na vsakih nekaj 1et so BB
pojavili bistvsno hitrsjsi in cenejsi procesor-
ji. PosBbnB prsdnosti tah procssorjev EO se
pritelE kazati pri sestavljanju le-teh v raz—
liCne paralelne siEteme. Sistemski programerji
so dobili spodbudo, da so rnodi-f iciral i obstoja-
Co sisternsko programsko opremo enoprocesorskih
sistamov tako, da je z nja magotle kar najboljt?

bomo kolikor mogoile jasno predstaviti
rszultate na novejSeni podrotju raCunalniSkih
arhitektur oziroma organizacij, ki naj bi poka-
zali bistvene prednosti rabe paralBlnih procs-
sorskih Bistsmov. Prednosti BB kaiejo v novih
aplikacijah, kot so robotika, razpoznavanJB
govora, umetna intBligsnca, procBsiranjB Blik
itd., kjer so postals zahtave po hitrsjsih
procesorskih napravah vsa pomembnejse. Zaradi
zaporednega izvajanja instrukcij, ki se izvaja-
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jo druga za drugo, je razvoj sekvenenih arhi-
tektur skoraj obstal. RsSitve je nadalje mogoee
iskati le v novih paralelnih eistemih, pri
katerih je znatno veCja uCinkovitost moina le s
pooobno organizacijo matorialne in njej ustrez-
ne programeke oprente.

Polpretakla zgodovina kaie, da je paralelizem
mogaCe vpeljati na razliCnih nivojih, ki jih
lahko opredelimo takole:

1. Nivo posla
1.1., med posli;
1.2., med -fazami poslaj

2. Programaki nivo
2.1., med deli programa;
2.2., znotraj DO zankj

3. Instrukcijaki nivo
3 . 1 . , moc) -fazami izva.janja instrukci joji

4. Aritmetifini in bitni nivo
4.1., med elementi vektorskih opsracijji
4.2., v Bklopu aritmetiCnih logiCnih vezij;

Proizvajalci raCunalnifikih sistemov, ki naCrtu-
jejo uCinkovite vektorske operacije, so izdela-
li posebne FORTRAN - prevajalnike. Ti razpozna-
vajo, Ce se zanka DO lahko zamsnja z eno ali
vee vektorskimi instrukcijami. Zanka DO je tako
skalarna predstavitsv množice vektorskih opera-
cij in zato more biti izvedena mnogo bolj uCin-
kovito e strojnimi inatrukcijami, ki ao v takffi-
tiB namene posebej naCrtovane in se zato njihove
operacije kar naJuCinkoviteje tudi izvajajo.
Arhitekturns odlike ae kažejo z uporabo bodisi
cevanih aritmetiCnih enot, kot jih sreeujemo
pri cevanih vsktorskih raCunalnikih (npr. pri
CVBER 205 ali CRAY-1), bodisi z veCkratnimi
procasnimi elemanti, kot jih srBeujemo pri
vektorskem aritmstienem multiproceaorju (VAMP)
ali pri matrienih procesorjih (npr. pri ICL DAP
ali BSP).

Paralelne vektorske organizacije bodo predmet
prvega dela nste obravnave, medtem ko bo drugi
del priepsvka posveten uporabi sistema s takfeno
organizacijo. Med drugim bomo obravnavali opti-
mizacijski postopek, ki je zasnovan na matriC-
nem raCunu in se lahko uporablja kDt ufiinkovi-
to orodje za implementacijo darmga algoritma na
paralelnem rafiunalniku.

Videli bomo, da ao lastnosti paralelnih imple-
mentacij sekvenčnih kodov na materialni opremi
paralelnega sistema moCno odvisne od prilago-
ditve prirojenega paralelizma v problemu, ki ga
resujemo, uporabljeni ratlunalni fiki materialni
oprami. To odvisnost lahko v doloCeni meri
ugotavljamo na primeru, pri katerom uporabljamo
paralelni rafiunalnik za reSevan.ie problemov, ki
so izrazito aekvenCni. Drug podoben primer je,
Ce na specifienem paralelnem procesorskem sj-
etemu izvajamo takSen algoritem, v katerem
sicer obstaja nek paraleliiem, je pa ta povsem
drugaCne narave, kot paralelizem algoritmov, za
izvajanje katerih je bil speci-fiCni paralelni
sistem tudi zgrajen. Zato bomo v priapevku
aledili ugotovitvam uCinkovitosti rabe posamez-
nih arhitektur pri resevanju problemov doloCe-
nsga razreda.

2. PARALELNI SIBTEMI

Klasi-f i kaci ja procecorskih Bistemov JB dandanes
ponovno vse manj zadovoljivo refiena. Znana
avtorja na tem podroCju sta Flynn (1972) in
Shore (1973). Problem ustrezne klasi -f ikaci je
tifii v tem, da vefi dobro vpeljanih aodobnejeih
arhitektur, predveem ufiinkovitih cevanih raCu-
nalnikov, ne sodi dovolj jasna niti v en, niti
v drug razred poznanih kl asi-f i kaci j , oziroma,
da tako kot raCunalnik ICL DAP, le-ta enako
dobro ustreza hkrati dvema razredoma. Alterna-

tivni pritstop do primerne kl aai-f i kaci je je, da
doloCimD razrede glede na osnovno naCine, na
kakrttne se paralelizem javlja v arhitekturi
nekega rafiunalnika. Tako 1ahkogovorimo o para-
lelizmu cevanja, kopiranja oziroma vsktorskE
porazdel jenoati proceeorjBV, -f unkcionalnosti
ali o multiprocesorBkem paralelizmu:

(1) Paralelizem cevanja (pipelining) je zasno-
van na tehniki t.im. zbirne linije, ki
poveCuje zmog1jivost aritmetiCne ali krmil—
ne enote;

(2) Paralelizem -funkcionalnosti je zasnovan na
veC med seboj neodvisnih enot, ki lahko iz-
vajajo razliCne funkcije (kot B O logiCne
•funkci je, -funkcije ssStevanja in mnD2enja)
in soCaeno izvrfiujejo operacije nad razlie-
ni mi podatki.

(3) Vektarski paralelizem je zasnovan na polju
identiCnih procesnih elementov pod skupnim
nadzorom ene same krmilne enote. Ti elemen-
ti 5oeaeno izvajajo enake operacije nad
razliCnimi podatki, ki B O shranjeni v nji-
hovih zassbnih pomnilnikih. To B O t.im. ko-
raCne (lock—step) operacije z zaklepanjem;

<4) MultiproceBorski paralolizem izkorisea veC-
je Stevilo procesorjev, od katerih izvaja
vsak E V O J H instrukcije, medtem ko navadno
med seboj komunicirajo preko skupnega pom—
nilnika.

Flynn / 1 / je razdelil paralelne raCunalnike, ki
procesirajo vsC podatkovnih tDkov hkrati v dve
kategoriji. To sa vsCinstrukcijski veCpodat-
kovni stroji MIMD (Multipl-Instruction Multi-
ple—Data) in enoinstrukcijski veCpodatkovni
stroji SIMD (Single-Instruction Multiple-Data).

Vsaka od obeh kategorij ima evoje znaCilnosti.
Oglejmo si jih na kratko.

RaCunalnik MIMD ima navadno majhno stevilo
nepretirana uCinkDvitih in med seboj povezanih
procesorjev, ki lahko sodelujejo med seboj ali
pa deluje.io neodvisno drug od drugega. Zato je
potrebno, da so neodvisna programaka opravila
kodirana in dodeljevana poeameznim procesorjem.
Posebna skrb mora biti poBveCena Binhronizaciji
dodsljevanja informacij med procscorji, ko eden
od procesorjev zahteva in-fDrmacijo od drugega
procesorja. Dokaj jasno je, da pri obse£nejsih
opravilih in pogoBtejai sinhronizaciji nekateri
proceBorji Cakajo brez dela, dokler drugi pro-
cesorji ne dokonCajo svDJega opravila. Primer
stroja taksnega tipa je Loughborough—ov raCu—
nalnik Neptun, ki je zaanovan n» otirih mini-
raeunalnikih Texas Instrument 990/10. Ta rafiun-
alnik in njegovo uporabo je podrobneje opisal
R.H.Barlow /1 /.

RaCunalniki, vodeni s tokom podatkov, ki pripa-
dajo kategoriji strojsv MIMD, prBdstavljajo lo-
Ceno podkatargorijo. Vzrok loCitve tiCi v dru-
gaCnem postopku vodenja, ki temslji na drugih
in ne na klasiCnem von Neumannovem konceptu.
Pri klasiCnem tj. sekvenenem raCunalniku pred-
stavlja program, ki ae na njem izvaja, neko
zaporcsdje (Bekvenco) instrukcij. V raCunalniku
MIMD pa B B veC sekcij kode lahko izvaja para-
lelno na razliCnih procesorjih. V vsaki od
sekcij lahko se nadalje obstaja vzporedje, ki
pa ie nevidno programerju, kor se le-to pojav-
lja znotraj pasameznih inatrukcij.

PriEtop vodenja B tokom podatkov se naslanja na
dirsktno prsdBtavitev z gra-fom. Vzemimo enafibo:

3 2y = a.>s +b.K + c. n + d

Gornjo enafibo mDremo izraziti na obiCajen naCin
v viekonivojskam programu. Moremo pa JB pred-
staviti tudi direktno z gra-fom, ki ga vidimo na
eliki 1. V grafu na taj sliki predstavlja vsako
vozliSCe eno od osnovnih opsracij (tj. množenje
".", ki je na aliki oznaCsno z ">:", in seste-
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vanje, ki je oznaCeno 2 " + ">.

Vidimo, da so vozliaea grafa povezana s pusei-
cami, ki so obrnjene v smeri toka informacij:
vhod-izhod. In-formacija potuje od izhoda VDZ-
lisCa, ki je pravkar izvrfiilo svojo funkcijo
<tj. doloCena operacijo), k vhodu vozlisCa, ki
bo svojo •funkcijo 6ele priCslo izvajati. Serij-
sko — paralelna odvisnost med opsracijami po—
stane oCitnejSa pri predpostavki, da lahko dano
vozlisCB izvrsi BVOJO -funkcijD samo tedaj, ko
so prisotni vsi njeni vhodi . Operacije (-funkci-
js) so v tem primeru vodene 1B s tokom podat—
kov. Taksen pristop izvajanja paralelizma ima
prednoet v tem, da programer uporablja pri
implementaciji stroja, ki je voden e tokom
podatkov, dokaj obiCajen jezik. Podrobnosti o
taksnem stroju najdemo na primer v delih John-
eona /3/ in Sauberja /4/ iz firme Tenas Instru-
ments in v delih da-Silva in Woodsa /5/, ki eta
delala na Manchester rafiunalniku, pa tudi v
seriji Clankov na temo podatkovno vodenih arhi-
tektur v zadnjih dveh letih v tem Casopisu
(In-formatica, letniki 85,86 in 87).

V popolnern nasprotju e stroji MIMD imajo ntroji
SIMD navadno velika Stevilo (vCasih tudi veC
tisofi) manj uCinkovitih proceBorjev, ki «0 prav
tako, vendar bolj strogo povezani med oeboj.
OCitnejSa razlika teh strojev v primerjavi 5
stroji MIMD je, da eo njih proceaorji praviloma
Epoeobni opravljati le enaka osnovna opravila.
V nadaljevanju bomo uporabljali izraz vektorski
proceeor- izkljuCno za raCunalnike razreda SIMD,
ki uporabljajo klaBiCen (neasociativen) pomnil-
nik z nakljuCnim dostopom (RAM), in izraz aso-
ciativni procesor za raCunalnike iz razreda
SIMD, ki uporabljajo aeociativen pomnilnik. Med
vektorskB procssorJB sodijo navadno obaji:
VBktorskD cevani in matriCni raCunalniki. Tipi-
Cna primera taksnih rafiunalnikov sta raCunalni-
ka BRAY1 in ICL DAP. Prvega uvroeamo med vek-
torsko cevane, drugega pa msd matriCne ratunal-
niks.

V pojasnilo naj poeBbsj omenimo, da Gray-1 nima
valiko stevilo procesorjev. Kljub temu ga uvrS-
Camo med stroje SIMD. Paralelni operandi so

vzemimo element rafiunanja pomiCne vejice, tj.
element množenja dveh vektorjsv x in y z rezul-
tatom z, pri Cemer imajo vsi vektorji dDl£ino
64. Rezultat dobimo z izvajanjem naslednjjh
k or a k o v:

(1) Izvrftimo produkt posameznih komponent
(2) Dodamo eksponents
(3) Normal iziramD in zaol;roiimo rezultate

Pri preprostem sekvenenem raCunalniku S B vse
t.ri stopnje izvajajo zaporsdno za vsak par
operandov (vektorskih komponent). Pri tem se
moramo zavsdati, da med izvajanjem sestevanja
eksponentov v 2.koraku, stopnja 1 izvajanja
algoritma miruje; podobno, ko B B rezultati v
3.koraku normalizirajo, mirujeta stopnja 1 in
2. V vektorsko cevanem raCunalniku, kot je npr.
Bray-1, pa obstaja veC segmentiranih funkcio-
nalnih enot, ki lahko delujejo paralelno. Na
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namreC omejeni v taksnem Bfnislu, da opravljajo
enake operacijs. Kot primer vektorskega cevanja

Slika 2. Csvanje pri VBktorska cevanem in
paralslnem vektorBkem proceBorju
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primer, ko se izvrfii mnoSenje segmentov >:j in
yj, se priCne seStevanje eksponentov segmentov
*1 * n yl ' ^oda istoCasno starta tudi mnoiienje
naslednjih dveh segmentov K^ i n Y2< itd.
Mimograde povedano, tudi srednji in zelo hitri
sekvenCni stroji izkoriseajo prednosti cevanja.
Obravnavani primer je prikazan na sliki 2. (za
n=64).

Pri sekvenCnem stroju BD potrebni tri je urini
impulzi za izraCun vsakega "delnega" rszultata,
kar pomeni 192 impulzov, da se izrafiuna csloten
vektor z. DrugaCe je pri vektorskem cevanju,
kjer je po prvih dveh impulzih potreben le 6e
en sam urin impulz na "dolni" rezultat. To
pomeni skupaj 66 impulzov, da BB izraCuna
celotan vektor x. V primaru matrifinega
procesiranja pa dobimo vssh n (delnih)
rezultatov v treh urinih impulzih. Torej lahko
zakljutimo: Ce primerjamo vse tri mDžne natine
mmoienja n = 64 komponentiji h vektor jev in upo—
rabimoj

a) BBkveneen raCunalnik, potrebujemo 3n=192 im-
pulzov,

b> vektorsko cevani računalnik, potrebujemo 2+n
= 66 impuzov,

c) paralslni vektorBki procesor, potrebujemo 3
impulze.

AL60RITMI

EXPLICITNI
PARALELI2EM

i
SIMD MIMD/SIMD MIMD

I

IMPLICITNI
PARALELIZEM

TDK PODATKOV
(DATAFLOH)
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(SISTOLICNO
POLJE)

POLJE
PROCESNIH
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VECKRATNI
CEVANI
SISTEM

i
VECKRATNI
PROCEBNI
SISTEM

DODELJEN
POMNILNIK

Tesno
povezan
ei stsm

STRUKTURA
SPOROcANJA
PREKO VODILA

•*••*# ••**••»*
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povezan
eistem

NOTRANJE
POVEZOVALNO
VEZJE

*#*•*•*#*****

Rahlo
povezan
si stem

Slika 3. Klasifikacija paralolnih raCunalniskih
arhitBktur.

naCin isvajanja paralelisma v algoritmu, lahko
paralelne arhitekture kl asi-f ici ramo /9/ po she-
mi na eliki 3.

2.1. Vektorski in aeociativni procasorji

Glede na zgora.j omenjsne vidike procesi ran.ja pa
lahko paralelne procesorske Bicteme razdelimo v
Sest razredov, in sicer:

BPWSAR - bitno paralslni (BP), besedno serijski
(WS>, vektorski (AR) procesorji:UNGER,
SOLOMON, VAMP, CDC 7600, BRAY-1,
ILLIAC, BSP in NASF;

UIPBSAR - besedno paralelni I.UP) , bitno serijski
(ES), vektorski <AR) procesorji: CLIP,
DAP, STARAN in MPP;

WBSPAS - besedno (W) in bitno (B> serijski (S)
in paralelni (P) asociativni (AS> pro-
ceBorji ali tim. ortogonalni procesar-
jisOMEN 60. RaCunalniki tega razre-da
se lahko zdruSujejo v ustrejne MSIMD
(ti. veCkratne SIMD raCunalnike): MAP,
PM ;

BPWSAS - bitno paralelni (BP), besedno serijski
(WS) , asociativni <AS) procesorji (za—
snova procesorja PEPE);

UIPBSAS - bejoedno paralelni (WP> , bitno serijski
(E<S), asociativni (AS> procesorjit
STARAN, RELACS;

UNCNAS - riBpovezani (UNCN) asociativni <AS>
procesorji z beeednimi rezinami (bitno
sserijski)! PEPE;

CNAR - povszani (CN) vektorski (AR) procs-
sorji z bBBBdnimi rezinami (bitno se-
rijaki): ILLIAC IV. Msd pridružene ra-
Cunalnike MSIMD tega razreda lahko
priStevamo sistem PHOENIX.

Vsi vsktorski procesorji podpirajo koncspt lo-
Cenih podatkovnih pomnilnikov (DM) in procesnih
enot (PU), ki BO povazani med seboj z nskim
podatkovnim vodilom ali stikalnim elemBntom.
Pri tem jcs nepomembno, da imajo nakatere imple—
mentacijs enobitnih strojBV WPBSAR procesno
enato in podatkovni pomnilnik realizirana na
isti vtiCni enoti (tiskanini). Taksen procesor
je npr. ICL DAP. Nevektorski procesorji pa
pradstavljajo alternativni pristDp k porazde-
ljeni procBsarski lagiki, ki js preneSena na
pomnilnik. ImEnujemo jih "Vsebinsko naslovljivi
paralelni proceeorji" (CAPP) ali "A«ociativni
procssorji" (LIMA) in zavzemajo abseino podroC-
js procesorjev od najprsprostejsih asociativnih
pomnilnikov do zelo kompleksnih asaciativnih
procesnrjev /10,11/. ShBmD arhitekture te vrste
procssorJBV iz razreda LIMA prikazuje slika 4.

PodrobnoBti
drugimi tudi

o rafiunalniku Sray-1
v dalih /6/ in /7/.

najdemo med

Podrobnejso klasifikacijo strojev je mogote
podati bodisi z vidika organizaciJB njenih
sBstavnih delov, v katerih ss vzporedjB po—
pojavlja, bodisi z vidika uporabljenega naCina
krmiljenja. Slednja kl asi-f i kaci ja ja obravna-
vana v delu B.RobiCa /8/. V nadaljevanju pa se
bomo omejili predvaem na prvo omenjeno klasi-fi-
kacijo, ki je osnovana na paralelnem procesi-
ranju bitov ali/in bessd in na stsvilu uporab-
ljenih krmilnih enot. Vse pogosteje .pa dandanes
BreCujemo tudi sisteme, ki vkljuCujBJo oba na-
Cina vodsnja: podatkovnsga in rtBpodatkovnega,
od katerih slednji sloni na klasi^ni von-
Neummanovi arhitekturi. TakSen "mefiani" sistem
je npr. navsfront procssor. UpoatBvajoe obe
omenjeni kl asi -f i kaci ji , je mogoie klasi-f i kaci jo
strojev BB bol j nadrobncj razdelati. Blsds na

CU PU DM

Slika 4. Arhitektura procBSorja
iz razrBda LIMA.

PodroCje aplikacij strojev iz razreda LIIiA, ki
se odlikujajo po izradno hitrih opcracijah in
po lahkem programiranju, je zslo veliko. Msd
napogostajse aplikacijB BQdijo: procssiranje
radarskih podatkov, testiranja povezanosti, ki
jo sreCujemo v detErminiBtiCnih implikacijah
semantienih mret umetns intEligBncs, pravopiBno
popravl janje, digitalno dif erencialno arvalizi-
ranjB analognih podatkov (kar prBdstavlja bist-
veno bolj uCinkovito rBBBvanje problemov, ki
jih sicer refiujsjo analogni raCunalniki), nad-
zorovanje zraCnega prometa, urejanjB, časovno
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vhodno/i zhodno dodeljevanje med tsrminali in
glavnim rafiunalnikom in reSevanje relaksacij-
skih problemov v fiziki. Pogosto pa se asocia-
tivni paralelni procesorji uporabljajo tudi za
opravljanJB stevilnih specififinih -funkcij v
konvencionalnih računalnikih.

Veebinsko naslavljiv paralslni proceeor CAPP .je
zaenovan na vsebinsko naelovljivem pomnilniku
CAM, ki mu je dodana spoeobnost paralelnega
vpisovanja v beoede, ki so za ta namen pocebej
oznaCene. Lahko se sprsminja celotna vsebina
besed, ali le del besede, ali celo samo posa-
mezni biti v oznaCeni besedi. V taksnBm primeru
govorimo o sposobnosti pomnilnika z veCkratnim
zapieom. Po tej apoBObnosti ss loCi CAM od
CAPP. Le-ta omogofia izvajanjs paralelne aritme-
tike, sestavljeno iBkanjs in v splottnem emula-
cijo vektorskih raCunalnikov, kot na primer ra-
Cunalnika ILLIAC. Prvi predlog pomnilnika CAM
je dal Slade *e leta 1956, v letu 1972 pa je
Goodyear Aerospace Corporation poslal na trtm-
Ce rafiunalnik STARAN, kot prvi komercialno
doaegljiv CAPP.

Nadalje si oglejmo se ostale razrede paralelnih
procssorjsv in veaj po enega predstavnika vsa-
kega razreda.

{. ProcBBor JB konvenciDnalne von Neumano-
ve arhitekture z eno samo krmilno snoto <CU),
procesno snoto (PU> , krmilnim ali inotrukcijs-
kim pomnilnikom <IM) in podatkovnim pomnilnikom
(DM). Enojni DM pri Citanju predaja vse bite
neke besede PU, da jih le-ta paralelno procesi-
ra. PU lahko sBBtavlja večl f unkcionalnih enot,
ki so lahko tudi csvans. Zato pripadajo tsoiu
razredu tako cevani skalarni raSunalniki (kot
ja npr. CDC 7600) in cevani vektorski raCunal-
niki (npr. QRAY1>, ki se odlikuje po svoji
preprosti arhitBkturi. Shemo arhitekture raCu-
nalnikov tega razreda ponazoruje slika 5.

! I I I i
! IM I — > — ! CU !—>--! Horizontalna PU
! ; i ! ! :

! I ! ! ! i I i !
! ! ! ! ! ! ! I' i

Besedne rezine DM !

Slika 3. Arhitektura procssorja
iz razreda BPMSAR

UNBER <1958) je zasnoval raCunalnik za reSavan-
js prostorskih problmDv, predvsem za aplikacije
kot so npr. razpoznavanja vzorcsv. Ta raCunal-
nik, imanovan tudi "prostorski raCunalnik", ima
dvodimenzionalno polje PE pod ekupnim nadzorom.
V raCunalniku S0L0M0N je bil vpeljan koncept
t.im. "zaklepanja po korakih" v operacijah
strojsv BIMD. Koncapt je predlagal Slotnick
(1962), rsaliziran pa je bil Bele v seriji
strojev ILLIAC in oe nskaterih kasnejBih stro-
jih tipa SIMD. Tri leta kasnsje je bil zgrajsn
vektorski aritmetiCni procesor VAMP (Ssnzing in
Smith), ki js aestavljsn iz linearnih vektorjev
PE z dodeljenimi jim ppmnilniskimi moduli in
cavano aritmetiCno snoto. Vsaka PE je virtualni
procesor, ki vssbuje samo nskaj dslovnih rsgis-
trov. Cevani vektorski procesor pa je bil naCr—
tovan z namenom, da zmanjfia ceno materialne
•preme, potrsbns za vektorsko procBsiranje.

Prvi modBl raCunalnika GRAV-1 je bil zgrajen
pri Bray Research Inc. kot najhitrejoi raCunal-

nik na ovstu in dobavljen laboratoriju "Los
Alarnos Scienti-fic Laboratory" leta 1976. To JB
tudi prvi komBrcialno dosegljiv cevani vektor-
ski procssor. Ima 12 *unkcionalnih enot, sedaj
Se vse cevarie, hitrjso uro }2,5 ns, 16 bank
bipolarnega pomnilnika z 10 besed in 50 ns
ciklDm ter osem 64-bitnih vBktorskih registrov
za pomnenje 64-ih stevi 1 v pDmiCni vejitfi.
AritmetiCne operaci je nad temi vsktorji izvaja
B približno 32 strojnimi ukazi. Tri -funkcional —
ne enote so namenjene vektarskim operacijam
(pomiku, logiCnim operacijam in sefitevanju),
trl enoto pa skalarnim operacijam (seBtevanju v
plavajofii vejici, množenju in reciproCni aprok-
simaciji) /7/.

Burroughs Corporation JB igral vodilno vlogD
pri razvoju vsktorskih paralolnih procesorjih.
Ta se JB priČBl s procesorjem ILLIAC IV in
nadaljeval s paralslnim procesorjem PEPE. Kmalu
mu JB slBdil BSP E komsrcialnimi teSnjami na
psrspektivnem tržiseu, ki ga JB predstavljalo
Se takrat Bkspanzivno splbsno znanstveno -
raziskovalno okolje.

Projskt ILLIAC IV je imel cilj, da BB razvijs
viaoko parelelni raCunalnik z velikim stsvilom
ari tmetiCnih enot, ki bi izvajalB vektorstce al i
matriCne izraCune s hitrostjo reda 10 operacij
na sekundo. Da bi SB doŠBgla taksna zmogljivost
sistema, je bil rafiunalnik prvotno natrtovan z
256 PE-mi, katars naj bi nadzorovale 4 central-
ne procesne enote (CU). Zarade pravisoke csne
in neeprejemljivih zakaenitev operacij dodelje-
vanja JB bil prvotni BiBtem okrnjen na sno Ce-
trtino. Tako konfini produkt, ki je namenjen j
predvsem resevanju parcialnih diferencialnih
enafib (v numeriCni obdelavi vremeno&lovnih kart
za napovedavanje vremena, v nuklearnih raziska-
vah in v drugih fitevilnih aplikacijah), sestav—
lja le polje 8 x 8 po 64-bitnih procesnih ele-
mentov za raCunanje B plavajoCo vejico pod '
nadzorom ene same CU. S taka okrnjenim sistemom
so doesgli hitrDBt 200 milijonov operacij na
sskundo. Vsaki PE je dodeljen pomnilnik z 2K
basedami, ki dala po naCinu koraCnega zaklB-
panja z najblifjimi Bosednimi povezavami.

Eden od problemov, ki so nastopali pri uporabi
eksparimentalnega prototipa ILLIAC IV, so bile
zakasnitve pri prenasanju podatkov na dolge
razdaljs preko polja PE zaradi omejitev v Ste-
vilu najbli2jih sosednih povezav med 64—imi
procesorji in njihavimi 64—imi bankami pomnil—
nikov <PEM). Zato je Burroughs v cvojih komer-
cialnih produktih raCunalnik ILLIAC priCel
proizvajati v "okrnjsnl" izvedbl z 16-imi pro-
cesorji in 17-imi pmnilniakimi bankami pod
oznako BSP (Burrougc Scisntifics Processor).
Zaradi manjsega etevila procesorjev je bilo
mogoCe komunikacije izvesti preko posebnega
"uvrstitvsnaga vezja" med poljubnima paroma
procasorja in pomnilniflke banke. VeCje stavilo
pomnilnifikih bank v primerjavi s stevilom pro—
cesorjev dopusCa uporabo algoritmov preslikav,
ki zmanjsuJBjo Btsvilo pomnilniBkih kon-fliktov.
Ls—ti lahko sicer moCno narastejo v pogostih
manipulacijah z matrikami. PE so procesorji, ki
omogoeajo raCunanje E plavajoCo vsjico, in so
serijsko organizirani• Seatevanje al i mnoienje
izvajajo paralelno in dajo 16 rszultatav to-
vrstnih operacij iz polja PE v 320 nBBk. B
skrbnim prekrivanjem Citanja, vpispvanja in
aritmetike, skupaj e povezovanjem viska PEM s
PE, raCunalnik BSP uCinkovito prepreCuje ozka
grla in dosega pri reSevanju vedine problemov,
ki jih resuje, maksimalno procesno hitrost 50
Mflop/s.

V ta razred pristBvamo tudi novBjsi sistem NASF
za potrebs NASAi Numerical Aerodynamic Simula-
tion Facility. Sistem je predlagal Stevens leta
1979. NaCrtal ga js CDC na osnovi izpopolnjsnih
stirikratno cevanih raCunalnikov CYBER 205, ki
delajo po naCinu t.im. "koraCnega zaklepanja",
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z dodatnim petkratnim cevanjam kot pripravljeno
rezervo, ki BB Blektronsko vkljufii v primeru,
da se odkrije napake v delovanju sistema. Veaka
cevanje lahko da en 64-bitni rezultat ali dva
32-bitna rezultata na vsakih 8 nsek. V vsakem
primeru pa je rezultat dobljBn v najvee treh
operacijah. Zato jepri tem raCunalniku dose2e-
na doslej najvaCja hitrost raCunaja v aritmeti-
ki e plavajoCo vBjico, in sicer 3 B-flop/sek. K
tsmu pripomore tudi hiter skalarni procesar z
16 n BB k uro.

MPBSAR. Procesor tega razreda se v bistvu raz-
likuje od procBSorja iz prejsnega razreda samo
v tem, da SB pri Citanju DM dostavi bitna rezi-
na vseh besad v pomnilniku, nameoto da bi se
dottavili vsi biti ene beeede. Zato je PU orga-
nizirana tako, da izvaja vse opsracije v bit-
eerijskem naCinu. V primeru, da je pomnilnik
dvo-dimenzionalno poljs bitov z sno basado na
vrstico, Cita raCunalnik tega razreda vertikal-
no rezino bitov, madtem ko rtita raCunalnik iz
prejSnega razreda horizontalno rezino. Primera
strojav iz tega razreda eta ICL DAP in STARAN,
shema arhitekture teh procesorjev pa je prika-
zana n* sliki 6.

Medtem, ko si bomo raCunalnik ICL DAP podrobne-
je ogledali v naslednem poglavju, bomo na tsm
mestu nekaj pozornosti posvetili raCunalnikoma
CLIP in MPP.
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CU
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1
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Bitne

kalna
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rBzine

PU

: ;
I !

DM

Slika 6. Arhitsktura procesorja iz razrada
WPBSAR.

Vektorski procesor CLIP-4 je procssai-, ki je
zasnovan na bitnih rezinah. PE pracesorja so
razporejene v celiCno mrežo 96 x 96 PE. Vsaka
procesna enota ima osem sosedov v dvodimenzio-
nalnem polju, lahko pa je povezana le s atirimi
najblifjimi sosedi.

RaCunalnik MPP je t.im. masivni paralelni pro-
cesor (maseively parallel procesor), ki je bil
razvit v NASA Goddard Space Flight Center za
procesiranje satelitskih posnetkov. "Masiven"
se imenuje zato, ker ima 128 >: 128 = 16384
mikroprocesorjev, ki lahko vsi hkrati paralelno
procesirajo. Procesor MPP raCuna v aritmetiki
bitnih rezin z operandi spremenljivih dolSin.
Ima mileroprograml ji vo krmilno enoto, ki ji je
mogoCe vprogramirati popolnoma pri1agodljive
instrukcijs za vsktorsks, akalarna in 1/0 ope-
racije. SistBm MPP je izvsdsn v celoti v pol-
pravodnifiki integrirani tehnologiji vezij in
uporablja mikroprocssorske Cipe in bipolarne
RAM-pomnilni ks.

MBSPAS. ProcsBorji tega razreda BQ Kestavljeni
iz kombinacijs arhitektur Etrojev iz razreda
BPWSAR in WPBSAR. Arhi,tekturo WBSPAR sestavlja
dvodimenzionalni pomnilnk, iz katerega BE? lahko
Citajo ali beseds ali bitne rezins, horizontal-
na procesna enota, ki procosira besede, in
vsrtikalna proceBna snota, ki proceoira bitne
rezine. To je v bistvu ortoganalni raCunalnik,
ki ga je zaenoval Shooman Se leta 1970. Oba
omenjena raeunalnika iz prejsnsga razrsda ICL
DAP in STARAN sta sicsr lahko programirana
tako, da zagotavljata eposobnoBti raCunalnika

iz tsga razreda, ker pa nimata loCenih proces-
nih enot za procesiranjs besed in bitnih rezin,
ne pripadata tBfnu razredu. Impl emsntaci jo stro-
jev, katerih arhitsktura papolnoma ustreza
definiciji strojev iz razreda WBSPAS, predstav-
lja serija raCunalnikov OMEN-60. RaCunalnik
OMEN-60 JB zaanoval Higbis *B leta 1972, njiho-
vo arhitekturo pa ka£e slika 7.
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Slika 7. Arhifcaktura procesorja
iz razreda WBSPAR.

Serija raCunalnikov DMEN (Ortogonal Mini Embsd-
meNt) JB komercialna implBmentacija ortogonal-
nsga raCunalniBkega koncBpta proizvajalca San-
ders AsEociates za aplikacije, kot ja procesi-
ranja Bignalov. Ta esrija uporablja raCunalnik
PDP-11 za konvsncionalno horizontalno aritmsti-
Cno enoto in polje 64 procesnih enot (PE) za
asociativno vertikalna aritmstiCno enoto. Dpe-
racije te enote se izvajajo predvsem nad zlo-
govnimi rszinami in ne toliko nad bitnimi rezi-
nami, odvisno od modela; ali ima ls-ta bitno
serijsko aritmstiko z osmimi biti pomnilnika,
k.i pripada vsaki PE, ali pa ima aritmstiko v
plavajofii vsjici, izvedeno v materialni opremi
z osmirni 16-bitnimi rsgistri in petimi maokov-
nimi ragistri. Posebna logika msd PE-mi Dbraea
vrstni red zlogov v rezini ali invrsujs popolno
premesCanje (per-fect shu-f-fla) al i cikliCni
pomik.

Med MISMD primere tega razreda lahko pristsvamo
raCunalnik MAP (Multi-AssociatiVB Procesor) . z
oEmimi.CU, ki jim je dodsljeno 1024 PE in sia-
tem PM , ki js bil naCrtovan kot "rEkon-f i gura-
bilni" raCunalniski Bistsm. PosBbnost tsga
procBsorja je, da lahko procesira na tri naCi-
ne: kot MSIMD, MBISD in kot MIMD. TipiCno kon-
•figuracijo PM Bestavlja 16 centralnih enot s
1024 procesorskimi pomni1niSkimi snotami. Sis-
tem je bil kasneje na Pardue University izpo-
polnjsn v t.im. PUMPS tako, da ga je mogoCe
uporabljati tudi za splofins raziskavB VBfiproce-
iiorskih sisteuiov.

BPklSAS. Arhitsktura raCunalnikov tsga razreda
je analogna arhitekturi raCunalnikov iz razreda
WPBSAR, kot jo ka«e Blika 5. V ta razred spada-
jo asociativni procssorji, ki uporabljaja bs-
sedno BBrijski asociativen pomnilnik. Na to-
vrstnih procesorjih ja zasnovan tudi rafiunalnik
PEPE. Ker je le-ta hkrati tudi t.im. "nepovezan
asociativen procesor", ga bomo obravnavali v
prav tako imenovanem razredu UNCNAS.

MPBSAS. Arhitektura raCunalnikov tega razreda
je analogna arhitekturi raCunalnikov iz razreda
WPBSAR (Blika 6). Predstavnik tsga razreda je
STARAN. Uporablja bitno serijski asociativen
pomnilnik. Ima dD 32 asociativnih vektorskih
modulov. Prvi raCunalnik tsga tipa je bil na—
menjen procesiranju digitaliziranih slik leta
1975. Popolnoma paralelna struktura uporablja
zahtevno in drago logiko v voaki pomnilniflki
celici in zapletene komunikacije msd celicami.
Bitno Bsrijski aBDCiativBn procesor je bietveno
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cenejsi od popolnoma paralelne strukture, ksr
ss istoCasno primerja le ena sama bitna rezina.
Vsak od 32 aoociativnih vektorskih modulov ima
256 x 256 bitnih besed veCdimenzionalno dostop-
nega pomnilnika (MDA), 256 procesnih elementov,
permutacijsko (flip) vezje in selektor. Vsak
procesni element obravnava serijsko bit po bitu
nad podatki v vseh besedah MDA pomnilnika. S
pomotfjo permutacijskega vezja so podatki, ki so
shranjeni v pomnilniku DMA, dostopni preko 1/0
kanalov v bitnih ali besednih rezinah ali v
kombinaciji obeh. Permutacijsko vezje izvaja
pomike ali opravila, ki omogoeajo paralelno
iskanje, aritmetiCne ali logiCne operacije nad
besedami pomnilnika MDA. Ta pomnilnik je Good~
year Aerospace implementiral tako, da je RAM
Cipom dodal XOR logiCna vezja, v kasnejSih,
draijih modelih pa je MDA-pomnilnik povefial na
9216 x 256 bitov na modul in znatno pavieal
hitrost 1/0 operacij in pročeairanja. Med izva-
janjem ene instrukcije BB podatki v vseh selek-
tiranih pomnilnikih vseh modulov procesirajo
BoCasno s preprostimi procesnimi elementi, ki
so dodeljeni vsaki podatkovni bssedi. Vmssniitka
enota vsebujs vmasniks s senzorji, konvencio-
nalne raCunalnike, signal proceBOrje, interak-
tivne pri kazovalni ke in masovns pomnilniftke?
naprave. RazliCne 1/0 opcije BO implementirane
v "cuetom design" vmssnitlki enoti , ki omogota
direkten dostop do pomnilnika, 1/0 kanale z
vmesnim shranjevanjom, zunanje funkcijBke kana-
le in paralelni 1/0. Vsak asociativni vektorsski
modul ima 256 vhodov in 256 izhodov, prav tako
v posebni "custbm design" vmesniski enoti. Ta
omogofia veCjo hitrost komunikacij vektorskih
podatkov raCunalnika z visoko pasovno sirino
1/0 naprave in dovoljuje katerikali napravi, da
neposredno komunicira z asociativnimi vektor-
skimi moduli. Navedene eposobnosti znatno pove-
Cujejo v zahtevnih aplikacijah prepustnost
sistema, poenoatavl jsno kompl eksnoost pragramske
opreme pri Borazmeroma manjfii ceni materialne
opreme. Posebna odlika rafiunalnika STARAN je
viaoka 1/0 hitrost oz. zmogljivoat komuniciran-
ja z okolico in Bposobnost preprostega povero-
vanja z konvencionalnimi raCunalniki. STARAN v
sistemu s konvencionalnimi raCunalniki nadzoru-
je paralelno proceairanje opravi1, konvsncio-
nalni raeunalniki pa opravila, ki se morajo
procesirati serijsko-

Dandanes je vefiina asociativnih proceBOrjev na-
Crtovanih za iskanje in-formacij in obdelave
podatkovnih baz. TakSne vrste je asociativen
rafiunalnik RELACS, ki ga je predlagal Stevens
(1979) in je namenjen raziskavam na SyracuBB
University. Zasnovan je na uporabi veestopenj-
ekih pomnilnikov med diski in gostiteljskim ra-
čunalnikom.

UNCNAS• Stroji tega razreda imaJD pDmnožene PU
in DM iz strojev prvega razreda BPWSAR. PU in
pridru2eni DM EO V tem razredu definirani kot

procesni elementi PE. Vse PE izvajajo instruk-
cije ene same krmilne enote CU. Dobro poznan
stroj tega razreda je PEPE. Ker procesne enate
med seboj niso povezane, je uporaba teh strojev
omejena, po drugi strani pa obatajaja dcJloCene
prednosti le-teh zaradi relativno enostavnih
procesnih elementov. Arhitekturo raCunalnikov
tega razreda kaSe slika 8.

Kot vidnejSega predstavnika tega
bomo agledali rafiunalnik PEPE.

razreda

Dbstajata dva tipa popolnoma paralelnih asocia-
tivnih procesorjevs besedno organizirani in s
porazdeljeno logiko. Pri besedno organiziranih
procesorjih je prisotna primerjava vsakega bita
vsake besede in so inožne logitne odloCitve po
procesiranju vsake besede. Asociativni proce-
sorji s porazdeljena logiko so manj zapleteni
in zato tudi cenejSi. Taksen procesor je PEPE,
ki je bil razvit v Bel1 Laboratory-jih za apli-
kacije pracesiranja radarskih signalov. Proce-
Bor oesstavlja BBdem razlifinih f unkci onalni h
podsistemov. Od teh je pet nadzornih enot, kot
BO nadzorna enota izhodnih podatkov in pomnil-
niSkih elementov, aritmetiCna, korelacijeka in
asociativna izhodna nadzorna enota, ter nadzor-
ni sistem in stevilne procesne enote. Vsako PE
sestavlja aritmetidfna cnota, korelacijEka erio—
ta, aoociativna izhodna nadzorna enata in pom-
nilnik z 1024 32-bitnimi besedami. 2BB PE je
organiziranih v osem elementne svitke. Selekti—
rani deli opravil se nalagajo iz gostiteljskega
raCunalnika CDC-7600 v procesne enote. Selekci-
jo doloffa inherentni paralelizem opravil in
speci-fiCna arhitektura procesorja PEPE, ki
lahko obravnava posamezna opravila veliko bolj
uCinkovito kot gostiteljski univerzalni raCu-
nalnik, in se uporablja le kot koprocesor tega
raCunalni ka.

CNAR. Stroji tega razreda so podobni Btrojem iz
prejsnega razreda s to razliko, da ED pri stro-
jih iz razreda CNAR procesne enote PE razvrsCe-

Centralna procesna enota CU

PU

DM

PU :—>

DM

PU

DM

Slika 9.
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Slika 8. Arhitektura procesorja
iz razreda UNCNAS.

Arhitektura procesorja
iz razreda CNAR.

ne v liniji in med seboj povezane znajbliSji
sosedi. To pomeni, da morejo nekatere procesne
enote naslavl.iati besede v svojem lastnem pom—
nilniku in tudi'od neposrednih sosadov. Na ta
naCin je v dolotleni meri odpravljena slabost
pracesorjev iz prejsnega razreda, ki izvira iz
nspcjvezanosti PE. Primer atroja tega razreda je
ILLIAC IV, ki omogoea hkrati tudi direktne
komunikacijs med vsakimi osmimi procesnimi
enotami PE. KarakteriBtiCno shemo arhitekture
procesorja iz tega razreda vidimo na sliki 9.

Vidnejsi predstavniki tega razreda so poleg ra-
Cunalnika ILLIAC IV tudi izvedenke MIMD tega
raCunalnika, kot je procesor PH0ENIX. N.iegov



90

predhodnik je proceeor, ki ga v bistvu ssstav-
lja originalen rafiunalnik ILLIAC-IV. Ta je na-
Crtovan tako, da ima stiri centralne enote, ki
jim je dodeljeno 256 PE (4 krat 64 PE). V okvi-
ru rafiunalnittkega projekta PHOENIX pa je zdru-
žehih 16 po 64 PE, kot razSiritev raCunalnika
ILLIAC IV za SB uejnkovitejss MSIMD vektorsko
proceeiranje.

lied procesorje MIMD tega razreda lahko priftta-
vamo tudi TRANSPUTERSKI SISTEM, ki ga bomo
posebsj obravnavali kaeneje.

Pregled zmogljivosti nekaterih paralelnih raCu-
nalnikov daje Tabela 1.

HOl1AND MULTIMIKROPROCESORSKE MATRIKE

SIMD
sistemi
<AR/AS>

UNGER
SOLOMON
VAMP
CDC 7600
STARAN
ILLIAC IV
PEPE
CLIP
OMEN 60
MAP
BRAV-1
ICL DAP
BSP
PM4
RELACS
PHOENIX
CDC NASF
CYBER 205
MPP

Tabela

Legenda:

Ueto
zasnove

1958
1962
1965
1969
1970
1972
1973
1967
1976
1977
1978
1978
1979
1979
1979
1979
1979
1982
1983

Arhitek-
tura

WB,AR
ws,AR
WB, AR
ws,AR
be,AS
WB,AR
bs,AS,UNCN
bs,AR
bs,AS,0RT
ws,AS,M
ws,AR *
be,AR
ws,AR
ws,AS,M
bs,AS
ws,AR,CN,M
ws,AR *
ws, AR

1. SIMD-raCunalniski

ws besedne rezins M(SIMD)
bs bitne rezine
AR vsktorski
AS asociativni
* SISD z MFE

ORT
CN
UNCN

NajveCja
zmogljivost
v M-flop/B

80-200
10g-288
10 pi>:el ops

130-200
10-30
20-50

10 4

1000-3000
3000
200-6000

sistemi

vefikratni
(Multiple SIMD)
ortogonalni
pavszani
nepovezani

2.2. Pregled razvoja paralelnih sistemov.

V Tabeli 2 je prikazan Casovni prikaz razvoja
paralelnih vektorskih in asociativnih procesor—
jev. Med prve , ki so jih zaenovali, sodijof
von Neumann, Holland in Shooman. Povezava med
posameznimi procoeorji v razpredelnici kaSejo v
smsri od deone proti levi njihove prednike po
arhitekturnih znaCilnosti.

V zakljuCku tega sestavka naj omenimD, da BO
stroji MIMD neprimerni za reSevanje prDblemov,
ki se nanaSajo na reSevanje siBtemov parcialnih
di-f Brencialnih anaCb (p. d. e.s. > al i razsefinih
optimizacijskih problemov. Tako nam za roSe-
vanje tovrotnih problomov oBtansjo le matriCni
in vektorsko csvani raCunalniki. Msd prve sodi
na primsr ICL DAP, msd druge pa Gray-1. Od obeh
je za omenjens raziskave primtarnejfli vektorski
raCunalnik ICL DAP iz naslednji razlogov:

1. MrsSa procBBorjev (matrika) se enostavno
prsslika v mreio, ki je za tip problemov, ki
BB reSujejo, najuEtrznejsa, in

2. Vektorski raCunalnik omogoča poglobljen stu-
dij soCasnosti v algoritmu, medtem ko vek-
torsko cavani raCunalnik (npr. BRAY-1) so-
CasnoBt (paralelizem) v algoritmu) na nek
nafiin prekriva.

von
Neumann

! UNGER

! <*> i PM

!__(*> MAP

VAMP (*») CLIP

I — „ _ . — — — — — — »«.«••_.«••>_ »_•«»•«_• _ _ ^ M _ _ — ~ « « _ — » —

! SHODMAN STARAN OMEN RELACS MPP

S0L0M0N (**) I DAP

PEPE

BSP NASF

ILLIAC <*) PH0ENIX

—55 60 65 70 —75 8 0 — >—85-
leto

Tabela 2. Razvoj paralelnih vektorskih
in aBOciativnih procssorJBV.

Zato se bomo v naslBdnjBm poglavju poglobili v
strukturo vektorskega raCunalnika, kakrsna Bta
na primer raCunalnika ICL DAP z jezikom DAP
FORTRAN in novejsi TRANSPUTERSKI SISTEM z jezi-
kom OCCAM.

3. PORAZDELJEN VEKTORSKI RACUNALNIK

Zgled vektorskega porazdeljanega procssorja je
raCunalnik ICL DAP. Med novejse tovrstne raCu-
nalnike lahko priatsvamo tudi sistem t.im.
transputerjev. Transputsr prsdstavlja procssor-
eki modul. Vektoreki raCunalnik pa dobimo, fe
te module matrieno povežemo med seboj.

Ena od bistvenih razlik obeh raCunalnikov je v
tem, da ICL DAP pripada razredu SIMD, medtem ko
lahko TRANSPuterBki SiBtem pripada tudi razredu
MIMD. Prvi ima v danasnji verziji (Queen Mary
Colege, UniVBroity of London) v enoti 4096
procBEorJBV, ki EO razporejsni v mariki 64 x
64. Ta enota ne dela kot samostojni raCunalnik,
ampak le kot pomnilniaki modul, ki JB povezan z
obiCajnim centralnim pomnilnikom. Podrobnejsi
opis rafiunalnika DAP najdemo v delu Reddaway-a
/8/. V TRASPS pa so elementi matriks povssm
BamoEtojni procesorji tim. TRANSPUTERJI, ki
pripadajo procesorjsm iz razrada SISD /9/. NB
le v omsnjBnBm primeru, ampak tudi eicer lahko
ugotavljamo, da imajo procesorji v raCunalni-
kih, ki pripadajo raCunalnikom iz razreda SIMD,
v primer.iavi s proceBorji v raCunalni ki h, ki
pripadajo razredu MIMD ali csntralnim procssor-
jem, praviloma zelo preproeto osnovno arhitek-
turo. V ratiunalniku DAP so procesorji, ali
bolje refieno procesnB enote PE, bitno organiEi-
rane, kar omogoea sistBmu veliko prilagodlji-
vost aplikacijam, ki so skladne z njsgava orga-
nizaci.io. Med takans, najbolj pDgoste aplikaci-
JB, eodijo: procBBiranjB slik, preglsdavanje
podatkov in simbolno procesiranje, ki je zdru—
2sno z osnovno aritmetiko.
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3.1. RaCunalnik ICL DAP

•snovno organizacijsko shemo raCunalnika DAP
podaja slika 10.Iz nje je razvidno, da je vsa-
ka proceona enota povezana z najblifjimi stiri-
mi sosedi. Blavne podatkove poti, ki potekajo
po kolonah in vrcticah, pa povezujejo vse
procesorje dane vrstice oziroma kolone. Te poti
omogoeajo hitro oddajanje in sprejemanje in-for-
macij preko matrike procesorjev in je mogoCe
vzpostavljati diametralne povezave, tudi preko
celotne matrike, al i veC loCenih povezav. V ra-
Cunalniku DAP ima vsak procesor 16k bitov pom-
nilnlka RAM, kar predstavlja skupaj 16k x 64 >:
64 / Q = B megazlogov. Pri tem naj omenimo, da
imajo drugi podobni stroji, ki ao danes. inata-
lirani, le 4 kilozlogov na procetor ali akupaj
2 mogazloga.

64 x

64 Procesna matrika
64 x 64

16k bitov pomnilnika
na procesno enota

i/

Sika 10. Osnovna organizacijska shema
raCunalnika ICL DAP

Vsaka procesna enota poseduje ovoje lastne
podatke, ki jih obdeluje, Eprejema pa tudi
nekaj skupnih instrukcij, ki jih poSilja glavna
kontrolna enota (MCU). Zato ta raCunalnik pri-
Stevamo med raCunalnike tipa SIMD.

Iz elike 11 js razvidno, da ima procesna enata
PE tri registrei delovni register A omogoCa
prekinjajoCe delovanje procesorja v skladu z
zahtevami programa, msdtem ko je A enobitni
akumulator in C register, ki hrani prenos.

Pomembna lastnost raCunalnika DAP je cposobnost
izkljuCevanja posameznih proceBorJBv v raCunal-
niku. Na primer, Ce reSujemo problem, za reiie-
vanje katerega zadosCa mreža proceBDrjev, ki je
manjSa Dd 64 >: 64, moremo s pomoejo logiCne
matrike odveCne procesorje z maskiranjem pre-
prosto izkljuCiti. Na ta nadin mDremo izvajati

.je prilagojena doloCeni m zahtevam. Slednje
bomo kasnejGs ogledali bol i nadrobno.

3.2. SISTEM TRANSPUTERJEV

Rafiunalniki z veC med seboj povezanimi proces-
nimi enotami, imenovanimi TRANSPUTRJI /12,13,
14/, predstavljajo razliCne sisteme, med kate-
rimi bo za nas posebej zanimiv porazdeljen
vektDrski raCunalnik.

Inmos, ena na jpomembne jfli h britanskih -firm ra-
CunalniSkih kDmpDnent, je ponudila tr2i«Cu 16-
bitne (T 212 in M 212) in 32-bitne (T 414),
napoveduje pa tudi 2e nove Se zmogljivejSe <T
800) RISC proceoaroke enate, imenovane transpu—
terje, ki SD med seboj popolnoma združfljive.
Transputer je raCunalnik na Cip, ki Dmogoea
izvajanje veS procesov hkrati in tudi sam skrbi
za komunikacijo med njimi. Komunikacija poteka
preko skupnega pomnilnika. VeC transputerjev se
lahko povszuje med seboj preko kanalov v veC-
prncesarski Biotem, ki omogafia konkttreneno
izvajanje veCih procesDV. Taksne sisteme je
moC Se nadalje povezovati v Se vefije sisteme in
tako graditi sisteme e poljubnim etevilom
tranoputGrjev. Transputerski oiatemi niso veC
zasnovani na von Neumannovi arhitekturi, kakrtt-
no ima sam transputer. Zato, in zaradi sposob-
nega transputerja lahko dooegajo ali celo pre-
segajo zmogljivost danafinjih superraeunalnikov.
ZakljuCeni transputerski sistemi se povezujejo
med seboj in s standardno mikroprocesorsko
periferijo preko poEebnih vmesnikov t.im. "link
adaptorji" IMS C001 in IMS C002, ki skrbijo za
medeebojno sinhronizacijD veCih sistemov oiiro-
ma povezavo sistema z njegovo peri-ferijo.

32-bitni tranoputer T 414 je sploanD namenski
in zmore 10 MIPSov pri 20 MHz. Prav tako je
splofenonamenski njegov predhodnik T 212, medtem
ko js M 212 namenski trancputE»r za kontrolo
inteligentnega diokovnega sistema. T 414, ki je
predEtavnik te druiine, je izdelan v 1.5 mi—
kronski CMOS tehnologiji E preko 150k transis-
torjev v B4-pinskem Cipu. Procesor ima 32-bitne
notranje in zunanje izhode za naslove in podat—
ke, ki ep multipleksirani in dosegajo ; hitrost
prenosa 20 megazlogov, 4—gigazloSni linearni
naslovni prostor, PRDM in 2k SRAM pomnilnika
ter 4 medtransputerBke komunikacijske kanale. V
poglsdu nabara ukazov transputer odstopa od
obiCajnega nabora ukazov RISC arhitekture,
predvsem po Stevilu vseh ukazov in prisotnosti
ukazov za mnoSenje in deljenje.
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Slika 12 ka2e transputerski vektorski sistem,
ki ga sestavljaja kvadratna matrika N=16xl6
procesnih enot, sistem pomnilniSkih vmesnikov,
povezovalni sistem, matriCna krmilna enota,
gostiteljski raCunalnik in vhodno/izhodna eno-
ta.

Kot smo 2e omenili, so transputerji zelo zmDg-
ljivi 32 bitni procesorji (n.pr. T424)s statie-
nlm pomnilnikom <pomnilniSko banko) in razliCne
uCinkovitimi komunikaciJBkimi vmesniki. Vse te

1.

s 2.
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z I
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Slika 13. Kon-f iguraci ja komuni kaci j znotraj
vektorskega polja (PE=procesne eno-
te, MB=pomnilniski bloki, N=16>tl6>

komponente so integrirane v enem samem £ipu, ki
predstavljajo odliCne gradnike kDnkurenCnih
procesnih vezij /15/. Transputerske zanke pred-
stavljajo kanale za medprocesne komunikacije v
materialni opremi. Tako obetaja zelo tesna
povezanost med povezavami (zankami) transputer-
skih kanalov in komunikacijokim protokolom, ki
je primeren za komuni kaci je v t.im. "wavB-front"
vektorskih procesorjih <wavefront array proces—
sors).

Proizvajalec traneputerjev je poskrbel tudi za
uCinkovito in lahko programiranje v jeziku
OCCAM, ki ga je Inmos posebej razvil za trans-
puter. Prevedli eo ga ie tudi za druga okolja,
npr. VAX in IBM PC.

4. PRDGRAMIRANJE VEKTORSKEGA RACUNALNIKA

Najpreje si bomo ogledali, kakSno je programi-
ranje na paralolnem vektorekem raCunalniku DAP,
medtem ko si bomo programiranje na TRANSPUTER-
SKEM SISTEMU ogledali v nadaljBvanju tega Clan-
ka.

RaCunalnik DAP na Univerzi v Londonu je pro-
gramljiv v joziku DAP FORTRAN. Ta jezik je
standardni FORTRAN, ki pa je razfiirjen za vek-
torsko procesiranje. Opis jezika DAP FORTRAN
najdBmo v delu Flahdersa /9/ ali v originalnih
priroCnikih rafiunalnika ICL DAP.

V standardnem FORTRANu je osnovna raCunska
enota skalar, v DAP FORTRANu pa je le-ta lahko

skalar, voktor ali matrika <kjer EO vektorji in
matrike dimenzije N oziroma N x N. Pri računal-
niku DAP je dimenzija N = 64). Medtem, ko lahko
seStevanje dveh matrik v obifiajnem FORTRANu
zapiflemo kot

DO 10 1=1,N
D0 10 J=1,N

C(I,J)=A(I,J)+B(I,J)
10 CONTINUE,

bo v DAP FDRTRAN gornji zapis preprDsto skrfien
na en sam stavek

C=A+B

Jezik DAP FORTRAN ima StevilnB osnovne -fnnkci-
je, ki tse uporabljajo za izvajanje doloCenih
operacij. Takfine -funkcije so na primer:

• SUM IzraCuna skalarno vsotD matrike N x N.
,i ABS Zapifie absolutno vrednoeti vsakega ele-

menta v matriki N x N.
i MAXV Poiftfie najveCje skalarne vrednosti v ma-
• trihi N y. N.
i MAXP PoiBCe pozicijo najveeje vrednosti (ozi-
s roma najveCjih vrednosti, te jih je vefi)
s v matriki N x N. Pozicija je oznafiena z
s "1" v logiCni matriki.

ALL IzraCuna logiCno vsoto IN vseh vrednosti
v logifini matriki (ali logiCni izraz, ki
izraCuna logiCno matriko). Funkcija je
izredno ufiinkovita pri kanvergenCnem
testu matrike.

Pomemben pripomoCek pri obravnavanju matrik
predstavlja, kot smo te omenili, cposobnost
izklapljanja poeameznih procssorjev s pomoCjo
logiCne matrike. V nadaljevanju bomo pokazali
nekaj primerov.

PredpDstavimo, da imamo matriko A razBeinosti
i4 x 64, ki vsebuje pozitivna in negativna Ste-
vila. ISCemo kvadratni koren vseh pozitivnih
elementov matrike. To lahko zapiSemo v obiCaj-
nem FORTRANu takoles

D0 10 1=1,N
D0 10 J=1,N

IF<A(I,J)GT.O)=SQRT(A(I,
10 CONTINUE

medtem ko je v DAP FDRTRANu
bistveno preproBtejSi:

A(A.GT.O)=SQRT(A)

zgornji program

Izraz A.GT.O predstavlja logiCno matriko z
vrednastmi "1" na pozicijah, kjer je A veCji od
0, drugad pa vrednost "0". Rezultat na desni
etrani izraza ie matrika, kateri je dodeljena
vrednost ls na tisti poziciji, ki ji ustraza v
logični matriki na levi strani vrednost "1".
Oglejmo Bi bolj zapleten primer, kot je rsse-
vanje Laplace'ove enaCbe. V tem pnmeru relimo
zamenjati vsako vrednost v matriki s povpreCno
vrednostjo njenih Stirih najbliijih sosedov. V
standardnem FORTRANu bomo zapisali tonamensko
kodo takole:

D0 10 1=2,N-l
D0 10 J=2,N-i

10 CONTINUE

Pri tem je potrebno zapisati posebno kodo, ki
ureja meje matrike (tj. prepreCuje napake, ki
bi se lahko pojavile zaradi matričnih indeksov,
ki preeegajo meje matrike). Kodo zgoraj lahko v
DAP FORTRANu izrazimo z enim samim etavkom
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V Blednjem izrazu izkoriBeamo sposobnost ratu-
nalnika DAP, ki omogoCa pomiCno indeksiranje. Z
izrazom X(+, ) doseiemo tofiko na sosednji vrs-
tici matrike procesnih enot (ki ustreza izrazu
X<I+1,J> v serijBki verziji), z X<-, ) pa dose-
itemo toCko v predhodni vrstici, itd. Pomembno
je, da vemo, da so vse taCke v matriki istoCas-
no aiurirane. V taksnem primeru cefitevalne
matrike ne potrebujemo veC. Meje matrike? se
urejajo avtomatiCno z vnasanjem niCel na mesta,
ki jih daloCa geometrija. Pri ravninBki goome—
triji vstavljamo nifile na ustrezna mesta v
ravnini , madtem ko pri ciklitni geometriji
zato, da dobimo cilinder, povezujemo ali sever-
južne ali vzhod-zahDdne robove, - neodvisno od
uporabljene smeri pomika. Lahko pa pomikamo
tudi vee Stiri robove in 5 tem dobimo "toruE".

Sedaj predpostavimo, da 2elimo refiiti Laplaceov
problem z iregularno pblikovano mejo (ali s
pravokotnim poljem, ki je manjtte od 64 >: 64).
DAP FORTRAN omagoCa kreiranje lDgiCnB matrike,
imenovane DOMAIN. V njej oznaCimo pravilne
vrednosti (TRUE: logifina "1") v tiste dele
matrike, ki odgovarjajo podroCju problema in
neprave vrednosti (FALSH: logiCna "0") povsod
drugod v matriki. Refiitev je podana v naslednji
kodi :

D0 10 I=I,LIMIT
OLDX=X
X<DOMAIN)=(X(+,)+X(-,)+X(,+)+X(,-))/4

IF(ALL(ABS(X-OLDX).LT.EPS)> GOTO 20
10 CONTINUE

CONVERGED=.FALSE.
RETURN

20 CONVERBED=.TRUE.
RETURN

5. ZAKLJUCEK

S tem smo se na kratko Beznanili z naravo raCu-
nalnika ICL DAP in naCinom programiranja, ki je
primeren za takfien raCunalnik. Iz teh spoznanj
moremo sklepati, da je ueinkovitost raCunalnika
ICL DAP za reSevanje tako linearnih kot neline-
arnih p.d.e. izredno velika. To dejstvo je
preprieijivo potrjeno tudi e strani uporabnikov
tega raCunalnika.

Drugi del prispevka bo posvefien programiranju
TRANSPUTERSKEGA SISTEMA in optimizacijskemu
postopku, ki je zasnovan na matrienem raCunu in
ga je mogoCe uCinkovito izvajati le na paralel-
nem vektorskem rafiunalniku. Omenjeni postopek
se lahko uporablja kot uCinkovito orodje za
implementacijo uporabniSkih algoritmov, ki vse-
bujejo velika Btopnjo inherentnega paralelizma,
na paralelnem vektorskem rafiunalniku.

h. REFERENCE

/i/ Flynn M., IEEE Transactions on Computers,
C-21,9, pp. 948 - 960, 1972.

/2/ Barlow R.H., The Neptun Procecsing System,
Loughborough University o-f Technology.

/3/ Johnson D.,et al., Automatinc Partitioning
o-f Programs in a Mul ti processor System,
Tt?xas Instruments, Austin, Texas, 1979.

/4/ Sauber W. , A Data-flow Architecture Imple-
mentation, Texas Instruments, Auetin,
Texas, 19S0.

/5/ da-5ilva J.G.D., Woods J.V., Deeign of a
processing subsyštem iar the Mancheeter
data—flow computer, Proceedings of the
IEEE, 128,5, 1981.

/6/ Hwang K. , Briggs F.A. , Computer Architec-
ture and Parallel Processing, McGraw-Hill
Book Company, 1985.

/7/ Kogge P.M. , ThB Archi tecture o-f Pipelined
Computero, McBraw-Hill Book Company, 1981.

/8/ Robie B., Silc J., Razvrstitev novogene-
racijskih raCunalniSkih arhitektur,
Informatica 10,4, 1986.

/9/ Hockney R.W., Jesshope C.R., Parallel
Computers, Adam Hilger Ltd, Bristol, 1981.

/10/ Foster C.C., Content Addrecable Parallel
Processors, Van Npstrand Reinhold Company,
1976.

/11/ HsiaD D.K., Advanced Data Baee Machine
Architecture, Prentice-Hal1, Englewood
Cli-f-fs, N.Y. ,1983.

/12/ INMOS Limited, OCCAM language overview,
November 19B5.

/13/ INMOS Limited, Transputer architecture,
November 1985.

/14/ INMOS Limited,
November 19B5.

/15/ MihovilovičB.,

IMS T414 Traneputer,

MavriC S., Kolbezen P.,
Transputer - osnovni gradnik veCprocesor-
skih sistemov, In-formatica 4/81, 1986.



VEČOPRAVILNO OKOLJE ZA DELO V REALNEM ČASU NA RAČUNALNIKU IBM-PC INFORMATICA 2/88

UDK 681.3.014

Vido Vouk
Jure Ferbežar

Andrej Brodnik
Institut »Jožef Stefan«

This article presents a multl tasking environment for the MS-DOS operating system on the IBH-PC
computer. Real tirae scheduler was developed using real time clock interrupts to perforro process
scheduling. Interprocess ccnunication is impleroented using semaphores and message exchange. All
the support routines for the multi-tasking real-time environment are packed in a single module
which offers all the routines needed to handle process manipulation, process synchronization
and interprocess data exchange. All the software is developed using Logitech Modula-2
environment.

članek opisuje osnovno okolje za pisanje veiopravilnih programov na raiunalniku IBM-PC pod
operacijsklzn sistemom MS-DOS. V ta namen smo razvili razporejevalnik procesorskega časa, ki
uporablja urine prekinitve. Za medprocesno slnhronizacijo smo uporabili semaforje in izmenjavo
sporočil. Uporabniku je na voljo modul podprogramov, ki nudi vse potrebne podprograme za delo v
veiprocesorskemu okolju. V roodulu so podprogrami za ustvarjanje, poganjanje, ustavljanje in
izloianje ter podprogrami za nadzor procesov, podprogrami za komunikacijo med procesi (send,
receive) in podprogrami za sinhronizacijo (uait, signal) in ustrezni dodatni podprogrami za
ustvarjanje, nadzor in izlotanje semaforjev. Vsa programska oprema je napisana v programskem
jeziku modula-2.

1. OVOD

Raiunalniki zdruiljivi z IBM-PC so pri nas
vedno pogostejži in tudi niso pretirano
dragi . žal pa ti računalniki ne nudijo
podpore v vesopravilnem okolju. Ker se zaradi
nizke cene vedno več potroinikov odloča za ta
tip raftunalnika, so razvijalci prisiljeni
poiskati, oziroma izdelati ftimbolj
univerzalna orodja za izdelavo zahtevnejsih
aplikacij. V tem članku predstavljeni
razporejevalnik procesorskega časa
predstavlja eno od takih orodij. žal zaradi
omejenosti operacijskega sistema MS-DOS iz
flčka ni mogote narediti Ferrarija.

1.1 PROCESI

Proces lahko definlramo kot asinhrono
aktivnost, naprlmer izvajanje programa na
centralni procesorski enoti CPE /H0L78/. S
preprostim razmislekom ' lahko pridemo do
zakljuska, . da je proces lahko v poljubnem
tcenutku opazovanja le v enem od dveh moinih
stanj

IZVRšLJIV NEIZVRSLJIV

Opisani stanji •lahko zaradi lažjega
razmiiljanja razdelimo naprej na naslednja
podstanja:

IZVRSLJIV

NEIZVRSLJIV

TRENUTNI
PRIPRAVLJEN

PREKINJEN
čAKAJOč
SPEč
SPREJEMAJOč

Privzeminio, da imamo ve6 procesov. Vsi
procesi iz skupine IZVRSLJIV imajo pravico do
izvajanja na poljubnem CPE. V poljubnem
trenutku pa se dejansko izvaja eden (na eno
procesorskero sistemu) ali N procesov (na N
procesorskem sistemu). Procese, ki se
izvajajo, imenujemo TRENUTNI. Vsl ostall
procesi, ki imajo pravico do izvajanja, pa se
ne izvajajo zaradi pomanjkanja prostih
procesorjev, so v stanju PRIPRAVLJEN.

Procesi iz skupine NEIZVRšLJIV so zatasno
ustavljeni in niroajo pravice do procesorja,
čeprav bi kak procesor bil prost ali celo
brez dela. Ti procesi so ustavljeni in iakajo
na nek zunanji dogodek, ki jih zbudi in jih
prestavi v skupino IZVRšLJIVIH procesov.
Dogodki, ki jih zbudijo ln prestavijo v drugo
skupino, so razlifini glede na stanje v
katerem so zaustavljeni .
Slika 1.1 prikazuje možna stanja procesov in
.dogodke, ki vplivajo na prehode roed stanji.
K sliki 1.1 rooramo dodati tudi kratek
komentar. Iz slike je razvidno, da klic
podprograma CREATE ustvari nov proces in ga
postavi v stanje PREKINJEN. Vpraftanje, ki se
pojavi je, kaj se zgodi s procesom, ki ga
ielimo odstranlti iz naiega okolja. Klic KILL
odstrani proces ne glede na to kje se je
nahajal pred klicem. Proces nepreklicno
izgine iz okolja.Pred odstranltvijo sprosti
vse zasedene zmogljivosti v sistemu.

1.2 SINHRONIZACIJA

Za sinhronizacijo procesov v večprocesornih
okoljih uporabljamo razlitne tehnike.
Ookaiemo lahko, da so vse tehnike
funkcionalno enakovredne /FIL84/, vendar so v
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prekine, da dodeli procesor drugemu procesu.
Vsakerou procesu dolotimo nek doloien ias, ko
lahko teče, ne da bi ga prekinili. Po izteku
tega Sasa damo v izvajanje na tem procesorju
nek drug proces. -?

2. IZVEDBA

2.1 PROGRAMSKO OKOLJE

Razporejevalnik iasa smo razvili za IBM-PC
zdruiljiv računalnik. Za modulo-2 smo se
odloiili, ker je visji programski jezik
/WIR85/, ki ima vse potrebne konstrukte za
delo na strojnem nivoju in obenem osnovno
podporo za delo z več procesi. Tako je
razvoj in vzdrievanje programske opreme
relativno preprosto. Vsa programska oprema
razporejevalnika je napisana v Logitech
Moduli-2/86 pod operacijskim sistemom MS-DOS
3.20.

Slika 1.1
Stanja procesov ln prehodi med stanji

razllčnih izvedbah različno primerne.
Razporejevalnik opisan v tem članku za
sinhronizacijo uporablja semaforje /DIJ75/ ln
izroenjavo sporočil /JON87/.

1.2.1 SEMAFORJI

Kot sta pokazala /DIJ75/ in /HAN73/ lahko
vse probleme sinhronizacije reiimo s P in V
setnaf or jema . V nasi izvedbi razpore jevalnika
smo uporabili spložne (itevne) semaforje.
ToreJ je binarni semafor v nažem
razporejeva.lniku le posebna obllka sploSnega
semaforja.

1.2.2 IZMENJAVA SPOROčIL

Izmenjava sproiil (message exchange) je
poseben mehanizem, kl omogoča procesu da
prenese pripravljeno sporoiilo drugemu
procesu. Izmenjava sporosil je obenem poseben
mehanizem sinhronizacije. Glavna razllka med
seroaforji in izmenjavo sporotil je v tem, da
mora biti za vsak klic WAIT(sem) ustrezen
klic SIGNAL(sem), v prlmeru izmenjave
sporočil pa to ni nujno. Izinenjava sporoiil
je za sinhronizacijo preprostejža posebno
kadar proces ne ve vnaprej koliko sporočil bo
dobil in kateri procesi jih bodo poslali. Ta
način sinhronizacije je uporabljen v CSP
/HOA85/, moduli-2 /WIR85/ ln v programskero
jeziku OCCAM /JON87/. Dokažroo lahko, da je
možno lzvesti izmenjavo sporoiil samo s
semaforji ln obratno /FIL84/.

1.3 RAZPOREJANJE PROCESOV

Nata nadaljna razlaga bo zadevala
enoprocesorske ' sisteme. Pospložitev na
veiprocesorske sisteme je očitna.
Iluzijo vzporednega izvajanja več procesov na
eno ali veiprocesorskemu sistemu lahko
dosežemo s preklaplJanjem . procesorja
(procesorjev) med veS procesi.
če hočemo zagotoviti, da bodo procesi
enakopravno izkoriSčali dane procesorske
zmoglJivosti v sisterau, moramo uvesti
razsodnika, ki odloia, kdaj bo kateri od
procesov zaiel z izvajanjem, kdaj bo izvajal
svojo kodo ln kdaj bo prenehal z delom, da bi
prepustil procesor naslednjetnu uporabniku. Ta
razsodnik je razporejevalnik procesorskega
časa. Razporejevalnik odlota kateri proces
lahko zasede procesor in ga potem tudi lahko

2.2 UVOD

Razporejevalnik je zasnovan na primeru
razporejevalnika za RT-11 /BRO87/. Za razliko
podobnih razporejevalnikov, ki delujejo
sinhrono /COL87/, nas razporejevalnik omogoia
delo v realnem fasu. Informacljo o preteienem
času dobi od prekinitev, ki jih generira ura.
Urine preklnitve so relativno pogoate. te bi
razporejevalnik ob vsaki urini prekinitvi
pregledal vse strukture, bl bll odziv sicer
izjemno dober, vendar bl bila uiinkovitost
takega sistema zelo majhna, saj bi se tak
sistem vesino časa ukvarjal sam s seboj. Tako
ob vsaki urini prekinltvi razporejevalnik
pregleda 'le nekatere strukture, medtem ko
spložni pregled stanja procesov naredi le na
določeno itevilo urinih prekinitev.-
Uglaževanje izvedemo eksperimentalno.
Razporejevalnik odlota, kateri od procesov bo
dobil pravico do izvajanja svoje kode.
Razporejevalnik ga tudi prekine med
izvajanjem in to tako, da se proces tega ne
zaveda. Razporejevalnik shrani vse potrebne
podatke o procesu v lokalni•pomnilnik , tako
da lahko v poljubnem trenutku ponovno zaiene
prekinjeni proces. Proces nadaljuje z
izvajanjem v točki v kateri je bil prekinjen.

Med delom smo naleteli na ves težav. Najveijo
~~težavo je predstavl jala sama zasnova
operacljskega sistema. MS-DOS 3.20 je eno
uporabniski eno opravilni operacijski-sistem,
tako da nobeden od sistemskih klicev ni
prekinljiv. To teiavo smo poskučali zaobiti z
uporabo nedokumetirane lastnosti
operacijskega sistema /LOG85/, ki s posebno
zastavico oznaii kdaj je v kritiftnem odseku.
Vendar se ta režitev med izdatnim testiranjem
ni izkazala kot dovalj zanesljiva, ker tudi
nekateri podprograml v moduli-2 niso
prekinljivi. Ta problem smo resili tako, da
smo celotni klic DOSa označili kot kritiini
odsek. ^

Celoten sistem je sestavljen iz treh
funkcionalno ldčenih niodulov: jedro,
semaforji in izmenjava sporočil. Jedro
omogoča delo nad procesi (ustvarjanje,
prekinitev procesa), modul semaforjev omogoča
delo s semaforji (ustvarjanje, SIGNAL, . WAIT)
modul za izmenjavo sporočil pa omogoča klice
SEND in RECEIVE. Ker je nas sistem namenjen
tudi uporabi v povsem realnih aplikacijah, so
vsi trije moduli skriti v oklepajočera modulu,
ki zunanjemu uporabniku onernogoča dostop do
kritičnih ukaznih in podatkovnih struktur.
Iz modula navzven so iznesene le funkcije, ki
so potrebne za učinkovito uporabo sistema.
Uporabnik nima nobene možnosti, da bi z
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nepravilno ali nepazljivo uporabo porušil
konsistentnost sistema. V dodatku A je podan
definicijski modul nažega razporejevalnika,
iz katerega je razvidno, katere podatkovne in
ukazne strukture ter klici so uporabniku na
voljo.

2.3 PODATKOVNE STRUKTURE

Za učinkov1tejse delo razporejevalnika smo
raorali dobrien del prekinitvenih podprogramov
zaroenjati s svojimi novo napisanimi, ki
uporabljajo konstrukte iz razporejevalnika.
Podatkovne strukture izven modula niso vidne
/BRO87/. Osnovne enote, s katerimi uporabnik
lahko upravlja, so procesi, semaforji in
sporočlla. Z njimi operira preko klicev
podprogramov in tako vpliva na tek procesov.
Vsi podprogrami so monitorji /HAN75/.

2.3.1 PROCESI

Osnovna enota v sistemu je proces. Proces je
v moduli-2 izvajanje podprograma brez
parametrov /HIR85/ in /LOG86/. V nažem
sistemu smo definicijo razžirili z
naslednjimi parametrl :

- lme
- interno ime
- iivljenjski prostor
- prioriteta

Ime je sestavljeno iz niza alfanumeričnih
znakov. Namenjeno je le uporabniku. Ob
zahtevi za ustvaritev procesa jedro preveri
pravllnost parametrov in ustvari proces.
Priredi mu interno ime, ki ga vrne
uporabniku. Vsi nadaljni klici za delo z
ustvarjenim procesom uporabljajo le interno
ime. življenski prostor opredeljuje velikost
procesu prlrejenega delovnega pomnilnika
/LOG86/. Prioriteta je pomemben parameter, ki
opisuje nujnost izvajanja danega procesa.
Večja vrednost predstavlja večjo prioritetg.
V osnovni izvedbi nažega sistema velja, da se
vedno izvaja tisti proces, ki ima najvižjo
prioriteto. Kadar je takih procesov veft, si
ti procesi enakopravno delijo procesor med
seboj (round robin). Naslednje izvedbe
sistema omogočajo drugaine načine
razporejanja /VMS82/.
Vsak proces opredeljuje spremenljivka stanja
(prim. slika 1.1). Kot smo omenili, se lahko
proces v danem trenutku nahaja le v natanko
enem stanju. Kratek opis stanj:

TRENUTNI (CURRENT): Ker je IBM-PC
enoprocesorski slstem je lahko v poljubnera
trenutku le en TRENUTNI proces. Ta proces
izvaja svojo kodo. če sam ne klifte nobenega
od podprogramov, ki bi mu lahko spremenil
status <WAIT, RECEIVE, SLEEP, SUSPEND), ga
prekine razporejevalnik ko poteče njegov
interval časa, ali pa ie se prebudi kak
proces z vlftjo prioriteto. Kadar je ta proces
edini s tako prioriteto, bo ponovno dobival
pravico do izvajanja po en interval, dokler
ne bo končal all pa zamenjal statusa.

PRIPRAVLJEN (READY): V tem stanju so vsi
procesi, ki imajo vse pogoje za izvajanje in
iakajo le na prost procesor.

PREKINJEN (SUSPENDED): Po klicu za ustvaritev
razporejevalnik ustvari proces in ga postavi
med NEIZVRšLJIVE procese. Proces ostane v
tem stanju, dokler ga ne obudi eden od
TRENUTNIH procesov. Razporejevalnik lahko v
to stanje postavi tudi poljuben PRIPRAVLJEN
proces, ie to od njega zahteva kateri izroed
procesov.

ČAKAJOČ (WAITING): Razporejevalnik postavi
poljuben TRENUTNI proces po klicu WAIT v to
stanje, če je vrednost seroaforja ob klicu
nič. Proces ostane v tem stanju dokler ga s
klicem SIGNAL ne obudi eden izmed TRENUTNIH
procesov.

SPEč (SLEEPING): Proces postavi v to stanje
razporejevalnik po klicu SLEEP. Iz tega
stanja ga spet obudi razporejevalnik po
izteku zahtevanega časovnega intervala.

SPREJEMAJOč (RECEIVING): Po klicu RECEIVE
proces preide v to stanje, ie zanj Se ni
prispelo nobeno sporočilo in ostane v tem
stanju dokler ne pride sporoiilo od enega
izroed TRENUTNIH procesov.

2.3.2 SEMAFORJI

Semaforji v nažem sistemu predstavljajo
•snovni princip sinhronizacije. Uporaba in
delovanje so obsirno opisani v literaturi
(npr. /HAN73/). V naši izvedbi
razporejevalnika uporabljamo sploSne
semaforje. Tip semaforja doloiimo s klicem
podprograma za ustvaritev seroaforja.
Vsak klic SIGNAL (P) poveia vrednost
semaforja za 1 če je vrsta iakajoiih na ta
semafor prazna, sicer pa za vsak SIGNAL obudi
enega od čakajočih.
Po vsakem klicu WAIT (V) razporejevalnik
pogleda ali je stevec semaforja veSJi od nii.
če ni, uvrsti klicajoči proces v vrsto
iakajočih na dani semafor, sicer ga pusti
naprej v izvajanje in popravi stevec
semaforjev. Princip čakanja je po sistemu
FIFO /HIR76/.

2.3.3 IZMENJAVA SP0R04IL

Razporejevalnik poleg semaforjev omogoča tudi
izmenjavo sporoiil. čeprav lahko naredi
izmenjavo sporočil uporabnik sam s semaforji,
smo se odloiili, da jo izvedemo še posebej,
tako da zmanj&amo dodatno delo na najmanjio
moino roero.

sporočril je izvedeno tako, da
pošilja sporoiilo, ne preneha z
tudi kadar ne more oddati
če sporoiila ni mogoie oddati,
ustrezen odgovor, vendar se

Posil janje
proces, ki
i zvajanjem
sporosila.
dobi o tetn
njegovo stanje (TEKOčI) zaradi tega ne
spr emen i.
£e je proces 4e dobil kako sporočilo, pa ga
Se vedno ni prevzel, so vsa nadaljnja
požiljanja temu procesu neveljavna vse dokler
ga ne prevzame. Na ta naiin preprečimo, da bi
se sporoaila kopičila in porabila ves
razpolož1jivi prostor. Osnovna izvedba
razporejevalnika omogoča posiljanje naslova.
Ker rnotra biti prostor za sporočilo izven
prostora požiljatelja (podiranje sklada), je
prostor za sporočilo v jedru
razporejevalnika.

2.4 SPEčI PROCESI

Viasih je potrebno, da proces sinhrono
odstopi procesor za toino doloien iasovni
interval. V ta namen je na razpolago poseben
klic, ki postavi proces v vrsto spečih
procesov. Za take procese je v
razporejevalniku izdelana posebna struktura,
ki procese razvrsti po naraiftajočem času
iakanja. časi iakanja so podani relativno
glede na predhodnika. Tako razporejevalnik ob
vsaki urini prekinitvi pogleda le prvi
proces v vrsti in ga prebudi, te je njegov
čas spanja že potekel.
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spremeni 1 i z
tako da je

2.5 STRATEGIJA RAZPOREJANJA

V osnovni izvedbi razporejevalnika je
strategija razporejanja zelo preprosta.
Procesi se med sabo lahko razlikujejo po
pririteti. Izvaja se le en proces in to
proces z najvišjo prioriteto. Kadar je teh
procesov ves, se med seboj izmenjujejo in si
enakovredno delijo procesorski čas. Procesi z
niijo prioriteto iakajo na izvajanje vse
dokler vsl procesi z visjo prioriteto ne
preidejo v eno izmed stanj skupine
NEIZVRšLJIV ali ne zapustijo sistema (klic
KILL). Vsak proces ima pravico do
neprekinjene uporabe procesorja N urinih
preklnitev (če sam pred tem ne kliče kakega
od podprogramov, ki mu spremeni stanje ali pa
se ne zbudi kak proces z visjo prioriteto).
Tak algoritem razporejanja se je izkazal kot
zadovoljiv pri aplikacijah v realnem času,
pri interaktivnem delu pa se ni izkazal ravno
najbolje. Zato smo algoritem
uvedbo dinaroične prioritete,
podoben razporejevalniku na VAX VMS /VMS82/.
Po • končanern čakanju na zmogl j i vost i
razporejevalnik dvigne prioriteto
interaktivnega programa za doloieno vrednost
(to vrednost dolofiimo z ug1aževanjem) . Ob
vsakem poskusu pcerazporeditve procesov se
prioriteta tega procesa spusti, dokler ne
pride do svoje zatetne (osnovne) prioritete.
Računski procesi (compute bound) so ves čas
na isti (osnovni) prioriteti.

3. UPORABA

Razporejevalnik smo temeljito testirali in
tudi uporabili v realnih aplikacijah.
Izkazalo se je, da je razporejevalnik dovolj
robusten in univerzalen za uporabo na
razliinih podrosjih.

3.1 PROBLEM LAiNIH FILOZOFOV

Problem lačnih filozofov je prvis predstavil
Hoare " /HOA85/. Gre za omejeno žtevilo
zrooglJivosti. Reiitev, ki je predstavljena v
dodatku B, preprečuje smrtni objem, vendar ne
preprečuje stradanja. Kot je pokazalo
testiranje, do stradanja ni prižlo, če smo
opazovali sistero dovolj dolgo. Predstavljena
resitev uporablja monitor za zaščito
kritiinega podroija.

3.2 DELOVNE POSTAJE

Razporejevalnik smo preizkusili tudi v realni
aplikaciji. Gre za računalnik združljiv z
IBM-PC, na katerega je priključenih veft
delovnih postaj, kl asinhrono posiljajo
podatke po komunikacijskem kanalu
računalniku, ki jih mora urediti, zapisati na
disk in narediti obdelavo zbranih podatkov
t e r j° izpisati na zaslon. Aktivnosti
posameznih postaj so med seboj neodvisne.
Izkazalo se je, da je razporejevalnik dobro
orodje, ki omogoča na preprost in pregleden
naiin programiranje aplikaclj 2a paralelno
procesi ranje .

4. NADALJNJE DELO

Razporejevalnik bomo preizkusili
nekaterih problemih procesiranja v
času. Poiskali bomo najboljso
iasovnega intervala neprekinjenega izvajanja
procesa v okolju, ki zahteva izjemno hiter
odziv in obenero hitro obdelavo podatkov.
Poleg tega nairtujemo tudi primerjalno
analizo razliinih strategij razporejanja

že na
realnem
dolžino

procesorskega časa (scheduling policy).

Razen tega nameravamo raziiriti sistem z
modulom, ki bo uvedel dodatne konstrukte za
lažje paralelno programlranje (COBEGIN in
COEND, REGION... kot na primer CC-Modula
/COL87/ in jih priporoia /BSI87/) in
nadaljevati delo s paralelnimi algoritmi.

5. ZAKLJUčEK

Predatavljeni sistem se je izkazal kot dobro
programsko orodje za delo v večopravilnem
okolju tako na področju poskusov s
paralelnimi algoritmi kot na področju
aplikacij za konine uporabnike. Sistem je
dovolj robusten in kompakten tudi za težke
pogoje dela v industriji.
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DODATEK A (DEFINITON MODULE PROCESS)

DEFINITION MODULE PROCESS;

FROM SYSTEM IMPORT ADDRESS;

EXPORT QUALIFIED

tProcState, (* tip moznih stanj procesa *)
PCREATE, PRESUME, PKILL, PSUSPEND, PSETPRIO, PGETPID,
PGETSTAT, PGETCURR, PSLEEP, PRECEIVE, PSEND,
tPid, tPrio, tSemaphore,
cProcNameLen,
tProcName, tProcStatus, tStatBlock,
SCREATE, SINIT, SDELETE, SWAIT, SSIGNAL, SSTATUS, SGETSID,
cSemNameLen,
tSemName, tSemStatus,
cPriol, cPrio2, cPrio3, cPrio4, cPrioB, cPrio6, cPrio7;

CONST
cSeroNameLen = 20;
cProcNameLen = 20; (* Process name lenghth *)

TYPE
tProcState = (PrCurr, (* Process Current *)

PrReady, (* Process Ready *)
PrSusp, (* Process Suspended •)
PrHait, (* Process Wait *)
PrSleep, (• Process Sleeping * )
PrRec, (* Process Receiving *)
PrFree (* Process Slot in Table not Used *) );

tProcName = ARRAY [0..cProcNameLen-1 ] OF CHAR;
tProcStatus = (NOTOK,OK);
tStatBlock = RECORD (» undeveloped •)

status : CARDINAL
END;

tPrio; (* process priorit/ - type *)
tPid; (• process - type •)
tSemaphore; (* semaphore - type •)
tSemName = ARRAY [0..cSemNameLen-1] OF CHAR;
tSemStatus = (SNOTOK, SOK);

VAR
cPriol, cPrio2, cPrio3, cPrio4, cPrio5, cPrio6, cPrio? : tPrio;

PROCEDORE PCREATE (process:PR0C; envsize:CARDINAL; narae:ARRAY 0F CHAR;
VAR pid : tPid; prio: tPrio) : tProcStatus;

(* Creates a new process with PrSusp status *)

PROCEDURE PRESUME (pid : tPid) : tProcStatus;
(* Resumes a suspended process (PrSusp --> PrReady) *)

PROCEDURE PKILL (pid : tPid) : tProcStatus;
(* Deletes a process and releases its resources (PrFree) »)

PROCEDURE PSUSPEND (pid : tPid) : tProcStatus;
(* Suspends a process (PrReady or PrCurr --> PrSusp) *)

PROCEDURE PSETPRIO (pid : tPid; prio : tPrio) : tProcStatus;
(* Change process priority *)

PROCEDURE PGETPID (name:ARRAY OF CHAR; VAR pid : tPid) : tProcStatus;
(* returns process id (Pid) of process NAME *)

PROCEDURE PGETSTAT (pid : tPid; VAR statblock:tStatBlock) : tProcStatus;
(• returns process status inforroaton *)

PROCEDURE PGETCURR () : tPid;
(* retucns process own process id *)

PROCEDORE PSLEEP (time : CARDINAL):tProcStatus;
(• Sleep for time ticks (PrCurr --> PrSleep) *)

PROCEDURE PRECEIVE (VAR what:ADDRESS; VAR who:tPid): tProcStatus;
(* Receive a message from anybody (conditional PrCurr --> PrRec) *

PROCEDURE PSEND (whom:tPid; what:ADDRESS) : tProcStatus;
(* Send a message to a process *)

PROCEDURE SCREATE (name:tSemNatne; VAR sem:tSemaphore; count:CARDINAL):
tSemStatus;

(* Create a new seropahore and return its ID in sen *)
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PROCEDURE SINIT (sem:tSemaphore; count:CARDINAL) : tSemStatus;
{* Init a Semaphore to initial value count *)

PROCEDURE SDELETE (sem:tSemaphore) : tSemStatus;
(* Delete a semaphore *)

PROCEDURE SWAIT (sem:tSemaphore) : tSemStatus;
(* Wait for a semaphore (PrCurr --> PrHait) * )

PROCEDORE SSIGNAL (sem:tSemaphore) : tSemStatus;
(• Signal on semaphore sem *)

PROCEDURE SSTATUS (sem:tSemaphore) : tSemStatus;
{* Get Semaphore status information *)

PROCEDURE SGETSID (name:tSemName;VAR sero : tSemaphore;count:CARDINAL)
: t.SemStatus;

(• Get the ID of semaphore name *)

END PROCESS.

DODATEK B (DINING PHILOSOPHERS)

MODULE SPAGHETTI;
FROM PROCESS IMPORT PCREATE, PRESUME, PSLEEP, PSUSPEND, PGETCURR,

PRECEIVE, PSEND, PKILL, PSETPRIO,
tPid-, tProcStatus,
cPriol, cPrio2, Port,
SCREATE, SWAIT, SSIGNAL, SDELETE,
tSemName, tSemStatus, tSemaphore,
CURSOR, HRITEI, WRITE;

FROM InOut IMPORT HriteString, HriteCard, HriteLn, WriteHex;
FROM Break IMPORT EnableBreak;
FROM Strlngs IMPORT Concat;
FROM SYSTEM IMPORT GETREG, ADDRESS, WORD, BYTE, INBYTE, OUTBYTE, CODE;
FROM Keyboard IMPORT KeyPressed, Read;
FROH Devices IMPORT SavelnterruptVector, RestorelnterruptVector;
FROM MyRandom IMPORT Random;

TYPE
tPhil = [0...4];

VAR
Pidl,pid2,pid3,pid4,pid5 : tPid;
procstat, status: tProcStatus;
chn,I,J: INTEGER;
w: WORD;
konec : BOOLEAN;
ch: CHAR;
vec: ADDRESS;

MODULE FORKS [7];
IMPORT tSemaphore, tPhil, tProcStatus, tSeroStatus, SWAIT, SCREATE, SSIGNAL,

tSemName, Concat, PSLEEP;
EXPORT PICKUP, PUTDOWN;

TYPE
tNumOfFork = [0..2];

VAR .
numOfForks : ARRAY tPhil OF tNumOfFork;
ready : ARRAY tPhil OF tSemaphore;
semstat : tSeroStatus;
i : INTEGER;
tmp : tSemName;

PROCEDURE PICKUP (phil : tPhil);
VAR

left, right : tPhil;
BEGIN
IF (numOfForks[phil] < 2) THEN
semstat := SWAIT (ready[phi1])

END;
right := phil;
left := (phll + 1) MOD 5;
DEC(numOfForks[left] );
DEC(numOfForks[right ] ) ;

END PICKUP;
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PROCEDURE PUTDOHN (phil : tPhil);
VAR

left, right : tPhil;
BEGIN
right := phil;
left := (phil + 1) MOD 5;
INC(numOfForks[left]);
INC(numOfForks[right]) ;
IF numOfForks[left] = 2 THEN

semstat := SSIGNAL (ready[left]);
END;
IF numOfForks[right] = 2 THEN

semstat := SSIGNAL (ready[right ] ) ;
END;

END PUTDOWN;

BEGIN (• FORKS *)
FOR i := 0 TO 4 DO
CASE i OF

0 : tmp := 'Bacon' |
1 : tmp := 'Sokrates' |
2 : tmp := 'Aristoteles' |
3 : ttnp := 'Nietsche' |
i : tmp := 'Hegel '

END (* case * ) ;
semstat := SCREATE (tmp, ready[i], 0);
numOfForks[i] := 2; (* forks initialization «)

END;
END FORKS;

PROCEDURE First;
VAR

timesEaten : CARDINAL;
BEGIN
timesEaten := 0;
LOOP

PICKUP(O);
HriteString ('Bacon eating ' ) ;
WriteCard(timesEaten, 5);
HriteLn;
INC(timesEaten);
PUTDOWN(0);
procstat := PSLEEP (Random(lO) );

END;
END First;

PROCEDURE Second;
VAR

timesEaten : CARDINAL;
BEGIN
timesEaten := 1;
LOOP

PICKUP(l);
W r i t e S t r i n g ( ' S o k r a t e s e a t i n g ' ) ;
W r i t e C a r d ( t i m e s E a t e n , 5 ) ;
V J r i t e L n ;
INC(timesEaten);
PUTDOWN(1);
procstat := PSLEEP (Random(lO) );

END;
END Second;

PROCEDURE Third;
VAR

timesEaten : CARDINAL;
BEGIN
timesEaten := 1;
LOOP

PICKUP(2);
HriteString (•Aristoteles eating ' ) ;
WriteCard(timesEaten, 5);
UriteLn;
INC(timesEaten);
PUTDOWN(2);
procstat := PSLEEP (Random(lO) );

END;
END Third;
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PROCEDURE Fourth;
VAR

timesEaten : CARDINAL;
BEGIN

timesEaten := 1;
LOOP

PICKUP(3);
HriteString ('Nietsche eating • ) ;
WriteCard(timesEaten, 5 ) ;
WriteLn;
INC(timesEaten) ;
POTDOWN(3);
procstat := PSLEEP (Random(lO) );

END;
END Fourth;

PROCEDURE Fifth;
VAR

timesEaten s CARDINAL;
BE6IN

timesEaten : = 1;
LOOP

PICKUPU);
HriteString ('Hegel eating ' ) ;
WriteCard(timesEaten, S ) ;
HriteLn;
INC(timesEaten);
PUTDOWN(4);
procstat := PSLEEP (Random(lO) );

END;
END Fifth;

BEGIN
EnableBreak;
status
status
status
status
status
status
status
status
status
status
st.at.us

PSETPRIO(PGETCURR(),cPrio2);
PCREATE(First,8OOH,'Bacon',pidl,cPriol);
PCREATE(Second,800H, 'Sokrates',pid2,cPriol);
PCREATE(Third, 800H, "
PCREATE(Fourth,800H, "
PCREATE(Fifth,80OH,"Hegel•,pid5,cPriol
PRESUME(pidl);
PRES0ME(pid2);
PRESUME(pid3);
PRESUME(pid4);
PRESUME(pidB);

konec := FALSE;
LOOP

Port;
status := PSLEEP(18);
IF KeyPressed() THEN

EXIT;
END;

END; (* LOOP «)
status := PKILL(PGETCURR());
WriteString('END - Philosophers'

END SPAGHETTI.
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Prolog je novejSi programski jezik, ki se vse bolj uveljavlja tudi

pri nas. Zaradi velikih razlik v terminologiji tako v svetu kot

pri nas j© potrebno poenotiti terminologijo, ki se uporablja v

logiCnem programiranju ter programiranju v prologu. Osnova za delo

sta slovarja v (Kononenko 87) in (Kononenko, Lavrae 87). V

prispevku smo podali razlike med terminologijaraa matematicne logike

in logiftnega programiranja ter med prologom in ostalimi

programskimi Jeziki. Poskusili smo odpraviti tudi nekatere

terminoloSke nesporazume. >. Podani so tudi

prevodi nekaterih izrazov iz angleseine v slovenseino, za katere

smo se zedinili na Fakulteti za elektrotehniko in InStitutu Jožef

Stefan v Ljubljani.

ABSTRACT

Lately, Prolog became a very popular language in the computer

programming community. As 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 & Lavrafi 87). We present

differences between mathematical logic and logic programming,

betveen Prolog and other programming languages and show how these

differencss affect the terminology. We also point out sorae

misunderstandings regarding the usual terminology and mention some

synonyms used in the field of logic programiuing.

1. RAZLIKE MED MATEMATIeNO LOGIKO IN LOGIčNIM

PROGRAMIRANJEM
1. MATHEMATICAL LOGIC AND LOGIC PROGRAMMING

Prolog (Clocksin, Mellish 81) je najbolj

razsirjen jezik logienega programiranja. Ime Prolog (Clocksin & Mellish 81) is the most

"PROLOG" je dejansko kratica za 'PROgramming in widespread language of the logic programming.

LOGic'. Ker prolog temelji na matematični PROLOG is in fact an abbreviation for

logiki, je iz nje privzeta tudi terminologija, PROgramming in LOGic. As it is based on

kar je v doloeenih primerih pripeljalo do mathematical logic the similar terminology is
dvoumnosti. adopted which in some cases leads to

ambiguities.
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Osnovna razlika med stavki v logiki in stavki v

prologu je ta, da imajo stavki v prologu tudi

proceduralen in ne le deklarativen pomen.

Pogosto se uporablja izraz 'predikat' kot

sinonim za 'proceduro'. Procedura je del

programa (mnozica stavkov), ki definira

predikat z dolofienim Stevilom argumentov.

Definicija je kljub deklarativnemu značaju

proceduralna, zato je izraz 'predikat'

zavajajoe. V logiCnem programiranju zadostuje

uporaba izrazov 'procedura', 'vgrajena

procedura' ipd. namesto izrazov 'predikat',

'vgrajeni predikat', ipd.

Pogosto se v literaturi mešata izraza

'prilagajanje' in 'unifikacija'. Prilagajanje v

prologu je proceduralna implementacija

unifikacije iz matematiCne logike, ki ponavadi

zaradi ueinkovitosti deluje drugače kot

unifikacija. Neopredeljena spremenljivka se

lahko prilagodi z izrazom, v katerem sama

nastopa, ne more pa se z njim unificirati.

Preglavice povzroftajo tudi izrazi 'atom',

'literal' in.'cilj'. Atom je v matematifini

logiki kratica za atomarno formulo, medtem ko v

prologu pomeni vrsto preprostih nedeljivih

podatkovnih konstruktov, ki so konstarrte

razliCne od Stevil. Tako ustreza atom v prologu

kostanti v matematiCni logiki. Atom v

matematieni logiki ustreza strukturi v prologu,

ki predstavlja klic procedure, Ce se nahaja v

telesu stavka (v pogojnem delu stavka), ali pa

sklep, fie se nahaja v glavi stavka (v sklepnem

delu stavka).

Klicu procedure v telesu prologovega stavka

pravimo cilj. Nekateri avtorji (npr. Sterling,

Shapiro 86) pravijo glavi stavka tudi cilj.

SintaktiCno so glava stavka in cilji v telesu

stavka pozitivni (nenegirani) literali. Literal

je sintaktieni konstrukt sestavljen iz imena

predikata in seznama argumentov v oklepaju,

loeenih z vejicami.

Funktor v matematifini logiki doloea funkcijo,

medtem ko v prologu funkcij ni. Funktor v

prologu omogoCa konstrukcijo struktur z imenom

in mestnostjo (Stevilom argumentov) danega

funktorja. Strukture so podatkovni objekti v

prologu in nimajo veliko skupnega s funkcijami

v matematiki.

Nerodno je, da sta se pri programiranju v

The main difference between logical statements

and Prolog clauses is that Prolog clauses have

also the E£O£6dyr^i meaning while logical

stateraents 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 fact procedural (the

order of clauses and the order of goals in

clauses are important). The term 'predicate' is

therefore misleading. For programming purposes

it is thus more convenient to use terms

'procedure', 'built-in procedure', etc. instead

of 'predicate', 'built-in predioate', etc.

In the literature is often made no explicit

distinction between 'unification' and

'matching'. Matching in Prolog is a procedural

implementation of the unifioation from

mathematical logic and usualy differs from it

{for the efficiency reasons). It allows an

uninstantiated 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 'oocurs check'

problem).

There are difficulties with terms 'atom',

'literal' and 'goal'. In mathematical logic an

atom is an abbreviation for 'atomic formula'

while in Prolog an atom is a simple data

struoture, i.e. a constant that is not a

number. Therefore an atom in Prolog corresponds

to a constant in mathematical logic. An atom in

mathematical logic corresponds to a Prolog

structure representing a procedure call 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).

A 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 goal. Syntactically the head of a

clause and goals in the body of a clause are

positive (nonnegated) literals. A literal is

constructed from a predicate name and a list of

arguments enclosed in braokets and separated by

commas. A positive literal is a synonym for

atomic formula. It is better to use a •term

'literal' because of the previously mentioned

definition of an atom in Prolog.
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prologu v angleSčini udomačila izraza 'bound •-'

variable' in 'free variable' za spremenljivko,

ki ima oziroma nima vrednosti. V matematiCni

logiki se namreč ta dva izraza uporabljata za

kvantificirano (vezano) in nekvantificirano

(nevezano) spremenljivko. Zato je bolje, da se

namesto 'bound' in 'free' uporabljata izraza

'instantiated' in 'uninstantiated'. Možni

prevodi so instancirana (neinstancirana),

prilagojena (neprilagojena) ali opredel.jena

(neopredeljena). Zadnji prevod je

najustreznejSi, saj se vrednost spremenljivke v

prologu lahko med izvajanjem bolj ali manj

opredeli.

2. BAZLIKE MED PROLOGOM IN OSTALIMI

PROGRAMSKIMI JEZIKI

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 mathetnatical functions.

It is awkward that the term 'bound variable' is

used for a variable taht has a value and 'free

variable' for a variable that doesn't have a

value. In mathematical logic bound variable

represents a quantified and free variable

represents an unquantified variable. In Prolog

all variables are universally quantified

(except in questions). Therefore it is better

to use terras 'instantiated' and 'uninstantiated

variable'.

Za razliko od ostalih razSirjenih programskih

jezikov, ki imajo proceduralni značaj, je

prolog je deklarativni jezik. Proceduralni

pomen programa v prologu je definiran z nafiinorn

izvajanja prologovega interpreterja. Vsekakor

je v anglešfiini pravilneje uporabljati izraz

'execution' za izvajanje prologovega programa

namesto ustaljenega izraza 'cornputation'

(raftunanje), saj je izvajanje prologovega

programa dejansko sklepanje (inference) na

osnovi pravil in dejstev. Zato rafiunalnikom vse

pogosteje pravijo tudi 'inference machine'

(stroj za sklepanje) namesto 'computer'.

2. PROLOG AND 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

interpreter. It is better to use the term

'execution' than 'computation'. Execution of a

Prolog program can be viewed as inference and a

computer can be also called an inference

machine.

Med izvajanjem prologovega programa

spremenljivke dobijo svojo vrednost s procesom

prilagajanja. Pravimo, da vrednost

spremenljivke postane (bolj) doloCena oziroma

opredeljena. Ne more pa se vrednost

spremenljivke spremeniti na neko povsem drugo

vrednost, razen pri avtomatskem vračanju. Pri

avtomatskem vraftanju vrednost lahko postane .

manj opredeljena. Za razliko od prologa pa se

vrednosti spremenljivk v proceduralnih jezikih

lahko spreminjajo. Zato ima izraz 'vrednost

spremenljivke' v prologu nekoliko drugafien

pomen.

Prireditev v standardnih proceduralnih jezikih

pomeni spremembo vrednosti spremenljivke na

neko dolofteno vrednost. V prologu take

prireditve ni. Izraz 'prireditev' se uporablja

v prologu za vgrajeno proceduro 'is', ki se

uporablja za izrafiun vrednosti aritmetiCnega

izraza, in prilagoditev izračunane vrednosti s

spremenljivko ali konstanto, Ce je to možno.

During the execution of a Prolog program

variables get their values by matching. We say

that the value of a variable becomes (more)

specified or determined. Hhile backtracking the

value may become 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' has a slightly

different interpretation than in other

programming languages.

An assignment in standard procedural languages

causes the change of the value of a variable to

a certain new value. There is no such

assigntnent in Prolog. The t.erni ' assignment' is

used in Prolog for the built-in procedure 'is'

which computes the value of the arithmetical

expression on the right-hand side and matches

the result with the argument on the left-hand

side, if this is possible.
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Pri programiranju niz (string) predstavlja

ponavadi niz znakov med dvema enojnima

narekovajima zgoraj. V prologu je niz seznam

celih Stevil, ki ustrezajo ASCII kodam znakov,

in ga lahko namesto v standardni notaciji

seznama napišemo tudi kot niz ustreznih znakov

med dvojnima narekovajima zgoraj. Niz znakov

med enojnima narekovajima zgoraj pa v prologu

predstavlja atom.

In programming the term 'string' usually

represents a string of characters enclosed in

single quotes. In Prolog a string iš

represented with a string of characters

enclosed in double quotes and is equivalent to

a list of integers that correspond to ASCII

cod8S of characters in the string. In Prolog a

string of characters enclosed in single quotes

is an atom.

3. DVOUMNOSTI V TERMINOLOGIJI

Prioriteta operatorjev je v prologu definirana

z celimi Stevili (ponavadi od 1 do 1200). Cim

manjSe je stevilo, tem močneje veze operator in

obratno. Ta nekoliko neobieajna definicija

dostikrat pripelje do nerazumevanja.

V literaturi se pogosto navajata 'green cut'

(zeleni rez) in 'red cut' (rdefii rez) (glej

npr. Bratko 86). Brez zelenega reza bi

procedura pravilno delovala, le nekoliko

poCasnejše bi bilo izvajanje zaradi

nepotrebnega vraCanja. RdeCega reza pa iz

procedure ne smemo odstraniti, ker bi bilo

izvajanje napaCno. Mnogi avtorji napaCno

ugotavljajo, da zeleni rez ne spremeni

deklarativnega pomena medtem ko rdeči rez

spremeni deklarativni pomen procedure.

Rez je kontrolni konstrukt, ki nima

deklarativnega pomena in zato tudi ne more

spremeniti deklarativnega pomena. Vpliva pa na

proceduralni pomen dane procedure, saj se

zaporedje izvajanja z dodajanjem reza spremeni.

Torej tako zeleni kot rdeei rez spremenita

proceduralni pomen procedure, le da zeleni rez

lahko odstranimo, ne da bi spremenili

proceduralno pravilnost procedure, medtem ko z

odstranitvijo rdeftega reza postane procedura

nepravilna.

3. AMBIGUITIES IN TERMINOLOGY

The prscedence of an operator is defined as a

strength with which an operator binds its

arguments. It is labeled with an integer

(usually between 1 and 1200). The greater the

label is the weaker the operator binds its

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 execution of the procedure would be

incorrect. Many authors incorrectly state that

the green cut does not affect 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 and red cuts

affect the procedural meaning of a procedure.

The green out can be removed without affecting

the procedural correctness of the procedure

while when the red cut is removed the procedure

becomes incorrect.

4. SINONIMI 4. SYNONYMS

V seznamu sinonimov so ustreznejši izrazi na

desni strani:

In the following list of synonyms the terms at

the right-hand side should be preferred.

atomarna formula - pozitivni literal

objekt - izraz

podatkovna struktura - izraz

atomic formula - (positive) literal

bound variable - instantiated variable
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predefinirana procedura - vgrajena procedura built-in predicate - built-in procedure

sistemska procedura - vgrajena procedura

struktura - sestavljeni izraz

term - izraz

compound term - structure

computation — execution

control predicate - control procedure

vgrajeni predikat - vgrajena procedura

data structure - term

5. USTALJENI PREVODI NEKATERIH IZRAZOV

Za naslednje prevode izrazov smo se zedinili na

Fakulteti za elektrotehniko in InStitutu Jozef

Stefan v Ljubljani:

cut - rez

instance - primer

instance of a term - primer izraza

instantiated - opredeljen

matching - prilagajanje

parent goal - nadrejeni cilj

term - izraz

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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S i n h r o n 1 z a c 1 j s k i m e h a n l z m i v p o r a z d e 1 ] e n i h r a č u n a 1 n i š k i h s i s t e m i h s o p o t r e b n i z a d e f i n i c i j o i n
r e a l l z a c l j o u r e j e n o s t i d o g o d k o v v r a č u n a l n I š k e m s i s t e m u . C l a n e k p o d a j a p r e g l e d m e h a n i z m o v z a
s i n h r o n i z a c i j o n a r a . z l i č n i h n i v o j i h a b s t r a k c i j e r a č u n a 1 n i š k e g a s i s t e m a .

S y n c h r o n i z a t i o n
the r e a l l z a t l o n
m e c h a n i s m s , u s e d

m e c h a n i s m s i n d i s t r i b u t e d c o m p u t i n g s y s t e m s a r e n e c e s s a r y f o r t h e d e f i n i t i o n a n d
o f e v e n t o r d e r i n g i n t h e c o m p u t i n g s y s t e m . T h i š a r t i c l e g i v e s a n o v e r v i e w o f

o n d i f f e r e n t l e v e l s o f a b s t r a c t i o n .

1 . U V O D

P o r a z d e l j e n r a č u n a l n l š k i s l s t e m j e m n o ž l c a
p r o c e s n l h e l e m e n t o v . V s a k p r o c e s n i e l e m e n t
l m a l a s t e n p o m n i l n i k i n p r o c e s n e
z m o g l J 1 v o s t i . V p r o c e s n i h e l e m e n t i h s e
i z v a j a j o p r o c e s i . Z o z n a k o p o r a z d e l j e n o s t J e
m i š l j e n a p o r a z d e l i t e v n a d z o r a l n n e n u j n o
t u d i p r o s t o r s k a p o r a z d e 1 J e n o s t . V t e s n o
s k l o p l j e n l h s l s t e m l h s o p r o c e s i p o v e z a n l m e d
s e b o j s s k u p n i m p o t n n i 1 n i k o r a , v S i b k o
s k l o p l j e n i h s i s t e m i h p a s o p r o c e s n a m e s t a
p o v e z a n a s k o m u n l k a c i j s k i m l k a n a l i , k i s k u p a j
t v o r i j o k o m u n i k a c l j s k o t n r e ž o . S k u p n e g a
p o m n l l n l k a v t a k i h s I s t e m i h n l . V t e m p r l m e r u
g r e t u d i z a p r o s t o r s k o p o r a z d e l l t e v p r o c e s n l l i
e l e m e n t o v , k i j i m z a r a d l t e g a r e C e m o t u d l
p r o c e s n a m e s t a .

P r o c e s n e e l e m e n t e z d r u ž u j e v p o r a z d e l j e n
s l s t e m p o r a z d e l j e n o p e r a c l j s k l s l s t e m .
G l a v n e n a l o g e p o r a z d e 1 j e n e g a o p e r a c i j s k e g a
s l s t e m a s o p o d p o r a m e d p r o c e s n e k o m u n i k a c I j e ,
d o d e l j e v n j e v l r o v I n u p r a v l j a n j e z n j l m l ,
u p r a v l j a n j e z i m e n l t e r r e š e v a n j e i z n a p a k .
J e d r a p o r a z d e 1 j e n e g a o p e r a c l j s k e g a s i s t e m a n a
p o s a m e z n l h m e s t i h s o l a h k o i m p 1 e m e n t i r a n a k o t
j e d r a o s n o v n e g a o p e r a c I j s k e g a s i s t e m a n a t e m
m e s t u a l i k o t p r o c e s l n a u p o r a b n i š k e m n i v o j u
/ T r i p 8 7 / .
V s i s t e m i h z v e č l m i p r o c e s n i m i e l e m e n t i s e
p r o c e s l i z v a j a j o s o č a s n o , d o k l e r n e
p o t r e b u j e j o m e d s e b o j n l h s t i k o v . N a č r t o v a n e i n
v o d e n e s t i k e m e d p r o c e s f i m e n u j e m o p r o c e s n a
k o m u n l k a c i j a l n s i n h r o n 1 z a c i j a . P r o c e s l
m o r a j o s o d e l o v a t i z a r a d l o m e j e v a n j a
s o f i a s n o s t l l n z a r a d l m e d s e b o j n e g a
r a z v r š č a n j a / V e r j 8 3 / . O d n o s e m e d p r o c e s t b i
g l e d e n a n a č l n s o d e l o v a n j a l a h k o r a z d e l l l i v
d v e g l a v n i k a t e g o r i j i : l a h k o t e k m u j e j o m e d
s e b o j a l i s o v o d n o s u p r o l z v a j a l e c - p o t r o š n i k
/ H w a n 8 5 / .

2. KONSISTENTNOST IN NEDELJIVOST

P r e d p o s t a v l j a r a o , d a s e p r o c e s i l z v a j a j o v
d i s k r e t n l h k o r a k l h l n . n a v s a k e m k o r a k u
g e n e r l r a j o d o g o d e k . D o g o d e k j e l a h k o l o k a l e n

p r o c e s u i n g a d r u g l p r o c e s l
j e v i d e n v s e m i n
s l n h r o n i z a c l j e .

n e o p a z l j o a l i p a
v s e b u j e p r o b l e m

N a v s a k e i n n l v o j u a b s t r a k c l j e l a h k o p r o c e s , k i
s e l z v a j a n a n e k e m p r o c e s n e m m e s t u , s p r o ž l
o p e r a c i j e . O p e r a c i j a n a n i v o j u j j e
i m p 1 e m e n t 1 r a n a k o t m n o ž i c a a k t i v n o s t l n a
n i v o j u i, p r i č e m e r v e l j a i < j . K a r v i d i m o z
n i v o j a j k o t a k t l v n o s t J e d e f i n i r a n o n a
n i v o j u i k o t o p e r a c i j a . T a k m o d e l v e l j a
r e k u r z i v n o z a v s e n l v o j e .

O p e r a c i j e o z i r o m a a k t i v n o s t i v o d i j o i n
u p r a v l j a j o v l r e . V l r l s o p r e d s t a v 1 j e n 1 k o t
p o d a t k o v n i o b j e k t i . N a p r i m e r , p e r i f e r n a
n a p r a v a j e l a h k o p r e d s t a v 1 J e n a s s v o j l m
t r e n u t n i m s t a n j e m , k l j e d o l o C e n o z
v r e d n o s t m l m n o ž l c e p a r . a m e t r o v . Z a p l s n a
d a t o t e k i l a h k o p r e d s t a v i m o z n j e g o v o v s e b i n o .
P r l m e r l a k t i v n o s t i , k i d e l a j o s p o d a t k o v n i m i
o b j e k t i , s o p l s a n j e , b r a n j e , k r e l r a n j e i n
b r 1 s a n j e .
P o d a t k o v n l o b j e k t i l m a j o m e d s e b o j s e m a n t i č n e
p o v e z a v e , t o p o m e n i , d a m o r a j o n j i h o v e
v r e d n o s t i z a d o š č a t l n e k i m o m e j i t v a m . K o
o b j e k t k r e i r a m o , b r l š e m o a l i v a n j p l š e m o , j e
p o g o s t o p o t r e b n o k r e i r a t i , b r i s a t i a l i p i s a t i
š e v d r u g e o b j e k t e , d a b i . z a d o s t i l i
k o n s i s t e n č n I m o m e j i t v a m / L e L a 8 1 / .

V s a k a o p e r a c i j a j e d e f l n i r a n a t a k o , d a
p r e d p o s t a v l j a n a v h o d u m n o z l c o o b j e k t o v s
k o n s 1 s t e n t n i m i v r e d n o s t m i i n z a g o t a v l j a k o t
r e z u l t a t m n o ž i c o n o v i h v r e d n o s t i , k i s o t u d i
k o n s l s t e n t n e .
T o r e j , č e s o k o n s l s t e n t n a s t a t i j a , k l s e
p r e n a š a j o m e d p r o c e s i a l i s o s h r a n j e n a , J e
t u d l p r o c e s i r a n j e k o n s i s t e n t n o .

Č e n i p o s e b n i h p r e d p o s t a v k , l a h k o o h r a n i m o
k o n s i s t e n t n o s t s a m o z z a g o t a v ] j a n j e m
n e d e l j l v o s t l o p e r a c i j . Z d e f i n i r a n j e m
n e k a t e r i h d r u g l h z a h t e v 1 a h k o z a h t e v o z a
n e d e l j i v o s t o p u s t i m o . D e f i n l r a j m o n e d e l j i v o s t
o p e r a c i j e . O p e r a c i j a j e n e d e l j i v a , č e z a d o š č a
n a s l e d n j i m a p o g o j e m a :

al 1
al i

s e I z v e d e j o v s e a k t i v n o s t i p o p o l n o m a
p a s e n e i z v e d e n o b e n a i n

2 . v m e s n a s t a n j a p r i i z v a j a n j u o p e r a c l j e
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n i s o v i d n a n o b e n i d r u g l o p e r a c i j i .

N e d e l j i v o s t Je d o b r o p o z n a n k o n c e p t / L m p s 8 1 / .

O b l č a j n e
n e d e l j i v e
n a e n i
s 1 s t e m l h
o p e r a c i j i
p r o c e s n i h
p o v e z a v .
o p e r a c i J
v c e n t r a l

I n s t r u k c 1 j e na
k e r s e 1 z v a j a J o

p r o c e s n l e n o t I .
se a k 1 1 v n o s 11 , kI

1 a h k o i z v a j a j o
e n o t a h
Z a t o

z a h t e v a
1 z 1 r a n t h

r a C u n a 1 n I k u 8 0
s t r o g o z a p o r e d n o
V p o r a z d e l j e n l t i
p r l p a d a j o d a n i
n a r a z 1 I č n I h

b r e z d o l o č e n l h C a s o v n i h
i m p 1 e m e n t a c 1 j a n e d e l j l v i h

s p e c l f l č n e m e h a n i z m e , ki J l h
s l s t e m l h n e p o t r e b u j e m o .

Z a č e t e k I z v a j a n j a o p e r a c i j e s e l e p o l z v r š l t v i
p r e J S n J e o p e r a c i j e v o d i k p o s e b n l v r s t i
d o d e l j e v a n j a i m e n o v a n e g a z a p o r e d n o
d o d e l j e v a n j e ( s e r l a l s c h e d u l l n g ) . V
p o r a z d e l j e n i h s i s t e m i h p a je I z k l j u č n a
u p o r a b a z a p o r e d n e g a d o d e l j e v a n j a z e l o
n e u C I n k o v i t a . C e a k t l v n o s t i , ki j t h s p r o z l
d a n a m n o z i c a o p e r a c l j , d e l u j e j o n a d
r a z l i č n i m i o b j e k t l , v z p o r e d n o l z v a j a n j e
a k t i v n o s t l nl le m o z n o , a m p a k c e l o
p r I p o r o č 1 j i v o . S e v e č , č e s o a k t i v n o s t i , ki
d e l u j e j o n a d d a n l m o b j e k t o m in p r l p a d a j o
r a z l i č n i m o p e r a c l j a m , s p r o ž e n e s o č a s n o in
p o s t a v l j e n e v č a k a l n o v r s t o p r o c e s r i e g a
e l e m e n t a , ki v s e b u j e o b j e k t , Je n e l z k o r i š C e n
č a s m e d d v e m a z a p o r e d n i m a a k t t n o s t i m a k r a j š l
k o t v p r i m e r u , fie je n a e n k r a t s p r o ž e n a s a m o
e n a a k t i v n o s t .

T o r e J j e z a ž e l j e n o , d a d o v o l j u j e m o
p r e p l e t a n j e a k t l v n o s t i ( 1 n t e r 1 e a v l n g ) ,
k o l l k o r j e to m o g o č e , in s t e m o p t l m i z i r a m o
z m o g l J 1 v o s t i . O d g o v a r J a J o č a d o d e l j e v a n j a
I r o e n u j e m o d o d e l j e v a n j a s p r e p l e t a n j e m tn
n e k a t e r a o d n j i h s o e k v l v a 1 e n t n a z a p o r e d n l m ,
t o r e j s o k o n s 1 s t e n t n a . T o d a v s p l o š n e m t o n e
v e l j a . C e t o r e j ž e l i m o čira v e e j o p a r a l e l n o s t
ln s t e m v e l l k o h i t r o s t in d o b r o
I z k o r i š i e n o s t v l r o v m o r a m o p o l s k a t i u s t r e z n o
p r e p l e t a n j e , kl o h r a n j a k o n s 1 s t e n t n o s t . S
s i n h r o n 1 z a c I J s k i m l m e h a n l z m l p a l a h k o
r e a l l z l r a m o p o t r e b n e o d n o s e m e d p r o c e s i o z .
o p e r a c i J a m t .

3. RAZVRSCANJE D0G0DK0V

D o l o č a n j e , k a t e r i d o g o d e k s e je z g o d l l p r e j ,
je o b i č a j n o I n t u l t l v n o z a s n o v a n o n a
r a z m l š l j a n j u v f i z l k a l n e m C a s o v n e m s v e t u . T a k
p r l s t o p p r e d p o s t a v l ] a . d a l a h k o d e f i n i r a m o
n e k u n l v e r z a l e n č a s , kl je d o s e g l j l v z
r a z l l č n i h l o k a c i j v s i s t e m u . V e m o p a , d a t a k a
r e s i t e v n e o b s t a j a . V p r a k s l 1 a h k o d o b i m o
p r i b l i z k e u n i v e r z a 1 n e g a č a s a z d a n o
n a t a n č n o s t J o . V e n d a r p a ni p o t r e b n o ali p a nl
m o g o č e i z r a z l t i s l s t e m s k l h s p e c l f l k a c l j s
f i z i k a l n i m č a s o m / K o p e 8 7 / .

O b s t a j a d o l o č e n a k r o n o l o S k a u r e j e n o s t
d o g o d k o v v s t s t e m u , k e r p r o c e s l , kl
g e n e r i r a j o te d o g o d k e , s p o š t u j e j o s p e c l f i č n a
p r a v i l a ( a l g o r l t m e , p r o t o k o l e ) , ki I z r a ž a j o
r e l a t l v n o u r e j e n o s t v m n o ž i c i d o g o d k o v
o p a z o v a n e g a s l s t e m a .

T a k a u r e j e n o s t d o v o l j u j e p r o c e s o m , ki
o p a z u j e j o d o g o d k e , d a p r a v i l n o i m p 1 e m e n t i r a j o
s i s t e m s k e a k t i v n o s t l . G l e d e n a n a r a v o t e h
a k t l v n o s t l Je p o t r e b n a d e l n a alt p o p o l n a
u r e j e n o s t d o g o d k o v .

D e 1 n o u r e j e n o s t , o z n a č e n o z " --> " ( b e r i " s e
z g o d l p r e d " ) l a h k o d e f i n l r a m o n a d k a t e r o k o l i
m n o ž i c o d o g o d k o v , kl j l h g e n e r i r a j o p r o c e s l ,
ki l z m e n j u j e j o s p o r o č i l a / L a m p 7 8 / .
Z a r e l a c i j o " s e z g o d l p r e d " v e l j a :

č e s t a
p r o c e s a
a --> b

a in b a k t t v n o s t i I s t e g a i s t e g a
ln se a zgodi pred b, p o t e m Je

č e je a a k t l v n o s t za p o S l I j a n j e s p o r o č i l a
iz e n e g a p r o c e s a In Je b a k t l v n o s t , ki
s p r e j m e to s p o r o f i i l o v d r u g e m p r o c e s u ,
v e I j a a --> b

3 . č e j e a
a --> c

In b — > c, p o t e m v e l j a

C e p r o c e s i k o m u n i c i r a J o m e d s e b o j z
i z m e n j a v a n j e m s p o r o C l l , 1 a h k o r a z v r s t I t I m o
n e k a t e r e d o g o d k e , kl s e z g o d i j o v r a z l l C n i h
p r o c e s i h . U r e j e n o s t " --> " je s a m o d e l n a .
N p r . č e i m a m o d o g o d k a a in b in v e l j a a --> b
in b --> a, p o t e m je n e m o g o č e r e č l , k a t e r i od
d o g o d k o v s e je z g o d i l p r e j . Z a t a k e d o g o d k e
r e C e m o , d a so s o č a s n i ( c o n c u r r e n t ) . V
s p l o S n e m d o g o d k o v lz p r o c e s o v , ki m e d s e b o j
n e k o m u n i c i r a J o , n e m o r e m o r a z v r s t i t i . V
o d v i s n o s t i o d o m e j i t e v , kl j l h m o r a m o
u p o š t e v a t l , Je to d o p u s t n o a ll p a t u d i n e .
E d e n od n a č l n o v za d o s e g o p o p o l n e u r e j e n o s t l ,

l e - t a n u j n a , Je p r i d o b l t e v p o p o l n e
iz d e l n e z d e f i n i c i j o p o p o l n e

k a d a r j e
u r e J e n o s t i
u r e j e n o s t 1 n a d m n o ž i c o p r o c e s o v .

O m c n 1 t i m o r a m o
r a č u n a 1 n i s k l h
z a k a s n l t e v
e n o p r o c e s o r s k l h
d o 1 o f i I m o C a s ,
za 1 z v r š i t e v
s p l o š n e m o p e r a c i j s k l s i s t e m l
n a o s n o v l t a k l h p o d a t k o v . S e

e n e g a od o s n o v n l h p r o b l e m o v
s l s t e m o v , to je p r o b l e m
p r l p r o c e s i r a n J u . V
s l s t e m i h l a h k o z e l o n a t a n f i n o

kl g a p r o c e s n a e n o t a p o t r e b u j e
d a n e g a u k a z a . S e v e d a p a v

n i s o z a s n o v a n i
m a n j pa b i b 1 1 a

t a k a z a s n o v a u p r a v l č e n a za p o r a z d e l j e n e
o p e r a c i j s k e s i s t e m e , s a j z a k a s n i t v e
v k l j u č u j e j o S e č a s , kl je p o t r e b e n za p r e n o s
p o d a t k o v ln u k a z o v m e d p o s a m e z n i m l p r o c e s n l m i
e n o t a m t p o k o r a u n I k a c 1 J s k i m r e z l . V
p o r a z d e 1 j e n i h s i s t e m l h , k j e r se o p e r a c l j e
I z v a j a j o n a r a z l l č n l h p r o c e s n l h e n o t a h ,
s p r e m l n j a n j e z a k a s n i t e v v k o m u n i k a c I j s k e m
p o d s t s t e m u l a h k o z m o t i d o l o č e n o u r e j e n o s t
d o g o d k o v , ki jo p r I č a k u J e m o . T o s e l a h k o
z g o d l c e l o v s l s t e m l h , k j e r s o z a k a s n l t v e
s t a l n e . Z a t o m o r a m o u p o r a b l j a t l d o l o C o n e
s 1 nliron i z a c i j s k e m e h a n i z m e p r l p r o c e s l h , k j e r
s e d o g o d k i z g o d i j o in p r i p r o c e s i h , ki
o p a z u j e j o te d o g o d k e .

N a m e n s 1 n h r o n i z a c 1 j s k I h m e h a n i z m o v Je
d e f l n l r a n j e in r e a l i z a c i j a r a z v r s t l t v e
p o l j u b n e m n o ž l c e d o g o d k o v . N a t a n č n e j e , r e k l i
b o m o , d a je s 1 n h r o n i z a c i j a n a č l n za
d e f i n i c i j o in r e a l l z a c l j o d e l n e a ll p o p o l n e
u r e j e n o s t l n a d n e k o m n o z l c o d o g o d k o v .

S l n h r o n i z a c i j s k i h m e h a n i z m i n u d i j o p r o c e s o m
p r l p o m o C k e , s k a t e r i m i s e s l s t e m o l i r a n j a v
k o n s i s t e n t n e m s t a n j u . S t a n j e r a č u n a l n i š k e c a
s l s t e m a je k o n s i s t e n t n o , C e v v s a k e m t r e n u t k u
u s t r e z a n e k i m z u n a n j i m d o l o č l l o m .

S P L O S N E
M E H A N I Z M O V

Z N A C I L N O S T I S I N H R O N I Z A C I J S K I H

S 1 n h r o n i z a c 1 j sk i
o p a z o v a n j u 1n
s i n h r o n 1 z a c i j s k i
s k l o p l j e n i h si
p o m n i 1 n i k u , v
so na n e k a t er 1 h
Z a h t e v e za
s p r e m e n 1 j 1 v k
p r e n a š e j o k o t
rar e ž 1 .

m e h a n l z m i t e m e l j i j o n a
s p r e r a i n J a n j u d o l o č e n i h s k u p n l h
h s p r e m e n 1 j 1 v k . V t e s n o
s t e m l h s o l e - t e v s k u p n e m
š i b k o s k l o p l j e n l h s i s t e m i h p a
ali n a v s e h p r o c e s n i h m e s t i h .
b r a n j e ali s p r e m i n j a n j e

In n j i h o v e v r e d n o s t i s e
s p o r o č i l a p o k o m u n i k a c i j s k i
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P r i p o r a z d e 1 j e n i h r e S i t v a h s o
s 1 n h r o n 1 z a c 1 j s k e s p r e m e n l j 1 v k e p o d v o j e n e ,
r a z c e p l j e n e a l i p o r a z d e l j e n e m e d m e s t a v
s i s t e m u .
P o d v o j e n o s t a 1 1 c e 1 o p o m n o z e n o s 1.
s p r e m e n I J 1 v k e p o m e n i , d a s o v e r z i j e l s t e
s p r e m e n 1 j i v k e v v s e h a l l v s a j v v e č i h m e s t l h
v s 1 s t e m u . U s t r e z e n m e h a n l z e m p o s k r b l z a
d e l n o a l i p o p o l n o k o n s I s t e n t n o s t v v s a k e m
t r e n u t k u .
R a z c e p 1 ] e n o s t s p r e m e n 1 ] 1 v k j e r a z d e l i t e v
v r e d n o s t l s p r e m e n 1 j 1 v k e n a v e C k o m p o n e n t .
K o m p o n e n t e s o p o r a z d e l j e n e p o m e s t . i h , k j e r s e
s p r e m i n j a n j i h o v a v r e d n o s t . P r a v a v r e d n o s t
s p r e m e n 1 j i v k e j e l i n e a r n a k o m b i n a c I J a
v r e d n o s t l n j e n i h k o m p o n e n t .
P o r a z d e l l t e v s p r e m e n 1 j . 1 v k p a j e r e š i t e v , p r i
k a t e r i s o s 1 n h r o n i z a c 1 j s k e s p r e m e n 1 j 1 v k e
p o r a z d e l j e n e p o r a z l l č n i h m e s t i h v s i s t e m u ,
v e n d a r s a m o p o e n a v e r z i j a v s a k e .

Z a l z v e d b o o p e r a c l j
s p r e m e n 1 j 1 v k a m i n a
a b s t r a k c i j e s e l a h k o
o s e b e k , k 1 g a

n a d s l n h r o n
k a t e r eni k o
s k 1 1 c u j e m o
l m e n u j e m o

s i n h r o n l z a c l j s k i o s e b e k . L e - t a j
v s a k e m u p r o l z v a j a l c u v s a k l č , k o
o p e r a c i J o .
T e r m i n " s I n h r o n i z a c 1 j s k i o s e b e k "
z a u s k l a j e v a l c e p r o c e s o v ,
m o n i t o r j e i p d . ; t o s o t o r e j a k t
p o p r a v l j a j o in s p r e m l j a j o
s i n h r o n i z a c i j s k i h s p r e m e n 1 j 1 v k .

i z a c I j s k i in I
1i n ! v o j u
n a d o l o č e n
c e n t r a 1 n i

e d o s t o p e n
z a č n e n o v o

u p o r a b 1 j a m o
s e m a f o r j e ,

I v n o s t 1 , k i
s t a n j e

S i n h r o n 1 z a c i j s k i
v e 1 j a:

o s e b e k j e c e n t r a 1 e n , č e

d a iraa e d i n s t v e n o i m e , kl g a p o z n a j o v s i
p r o c e s t , ki s e s i n h r o n I z 1 r a j o m e d s e b o j ,

k a t e r i k o l l o d t e h p r o c e s o v l m a d o s t o p d o
s l n h r o n i z a c i j s k e g a o s e b k a v v s a k e m
t r e n u t k u / L e L a S l / .

N e k a t e r i s i s t e m l s o z g r a j e n l t a k o , d a
p r e ž i v i j o n a p a k e , kl s e p o j a v i j o p r i
c e n t r a l n e m s 1 n h r o n i z a c i J s k e m o s e b k u .
P r e d v i d e n e s o t e h n l k e z a r e š e v a n j e o b
n a p a k a h , k i I z b e r e j o n o v s 1 n h r o n i z a c i j s k 1
o s e b e k , k o p r l d e d o n a p a k e .

V s a k s i n h r o n l z a c i j s k i m e h a n i z e m , kl t e m e l j i
n a c e n t r a l n e m s i n h r o n I z a c i j s k e m o s e b k u
l m e n u j e m o c e n t r a I i z i r a n .

O s t a l ^ e m e h a n i z r a e i m e n u j e m o p o r a z d e 1 J e n e .

S 1 n h r o n i z a c i J s k i m e h a n i z m i s o l a h k o
r e a l l z l r a n i v e l e m e n t i h s t r o j n e o p r e m e
r a č u n a l n l k a , k o t p r l m i t i v i v p r o g r a m s k i h
J e z i k i h a l i v o p e r a c i j s k i h s i s t e m i h .

5. ELEMENTl STROJNE
SINHRONIZACIJE

OPREME ZA P O D P O R O

E d e n o d n a j b o l j e n o s t a v n l h m e h a n i z m o v , ki
o m o g o f i a j o n e d e l j l v o s t ln m e d s e b o j n o
i z k 1 j u č e v a n j e p r o c e s o v j e o n e m o g o č a n 1 e
p r e k i ni t e v p r o c e s o r j a . T a r e š i t e v j e b i l a
u p o r a b l j e n a ž e n a e n o p r o c e s o r s k I h s l s t e m l h ,
k i s o d e l o v a l i n a p r l n c i p u
k v a z i - p a r a l e l n o s t i . N a p o r a z d e 1 j e n i h s l s t e m t h
n i m a p o s e b n e g a p o m e n a , s a j p r o c e s o r j i m e d
s e b o j n e m o r e j o l z v a j a t i t a k i h u k a z o v
/ F i n k 8 6 / .

V t e s n o s k l o p l j e n i h s i s t e m i h , . k j e r p r o c e s o r j i
o p a z u j e j o ln p o p r a v l j a j o v r e d n o s t l
s p r e m e n l j i v k , . j e z a o h r a n j a n j e
k o n s i s t e n t n o s t i n u j n o z a g o t a v l j a n j e

n e d e l j i v o s t i b r a n j a in p i s a n j a v r e d n o s t i
s p r e m e n l j l v k g l e d e n a p r e b r a n o v r e d n o s t .
P r l m e r a t a k i h u k a z o v s t a t e s t - a n d - s e t i n
c o m p a r e - a n d - s w a p / H w a n 8 5 / . T a k i u k a z i
o i n o g o č a j o r e a l l z a c i j o . k o m p 1 e k s n e j S i h
s 1 n h r o n i z a c i j s k i h m e h a n i z m o v n a v i š j e m
n i v o j u .

O b s t a j a S e d r u g s i n h r o n i z a c i j s k i p r l m i t i v , k i
J e o b l C a j n o r e a l l z l r a n v s t r o j n i o p r e m l in
d o p u š č a d o l o č e n o s t o p n j o s o f i a s n o s t l p r i
u v e l j a v l j a n j u z a p o r e d n o s t l d o s t o p a d o
s k u p n e g a p o m n i l n l k a . I m e n u j e s e
f e t c h - a n d - a d d . P r i m l . t i v i m a o b l i k o F & A ( X , e )
in v r n e v r e d n o s t s p r e m e n 1 j i v k e X t e r p o v e č a
n j e n o v r e d n o s t z a e . C e s e l z v e d e v e č t a k l h
u k a z o v h k r a t l , s e v r e d n o s t s p r e m e n 1 j 1 v k e

n a e n k r a t z a v s o t o v s e h e , v s a k
p a d o b i v r n j e n o v r e d n o s t , k o t d a bl s e
i z v a j a l l v n a k l j u č n e m v r s t n e m r e d u

p o v e č a
p r o c e s
u k a z i
z a p o r e d n o .

V S i b k o s k l o p l j e n i h - s i s t e m i h u p o r a b l j a j o k o t
o s n o v o z a r e a l i z a c i j o n e k a t e r i h
v i š J e n I v o j s k I h m e h a n l z i n o v p o s e b n e š t e v n I k e ,
I m e n o v a n e f i z l č n e u r e . / K o p e 8 7 / p r e d s t a v l j a

p o s e b n o č a s o v n o s i n h r o n 1 ?. a c 1 ] s k o e n o t o , kl
p o l e g p o d a t k o v o r e a l n e m č a s u v s e b u j e t u d l
m e h a n i z m e z a u s k l a j e v a n j e ln p o p r a v l j a n e
fiasovne b a z e , z a s n o v a n e n a . / L a m p 7 8 / . S t. a k o
e n o t o r a z b r e r a e n i m o p r o c e s o r , kl g a J e
l z v a j a n j e s i n h r o n i z a c i ] e p r e v e č o b r e m e n i l o .

S I N H R O N I Z A C I J S K I
J E Z I K I H

P R I M I T I V I V P R O G R A M S K I H

P o m e m b n a l a s t n o s t a p l l k a c i j s k e in s i s t e m s k e
p r o g r a m s k e o p r e m e , ki p o v e C u j e p r e g l e d n o s t in
z m a n j š u j e k o m p 1 e k s n o s t , j e n j e n a m o d u l a r n o s t .
N a v z v e n p o r a z d e l j e n s i s t e m t a k o l z g l e d a k o t
m n o ž i c a p r o g r a m s k l b m o d u l o v , k j e r J e v s a k
m o d u l z a s e e n o s t a v e n z a p o r e d e n p r o c e s .
P r o c e s i v t e s n o s k l o p l j e n i h s i s t e m i h
s o d e l u j e j o m e d s e b o j t a k o , d a k o m u n i c i r a J o
p r e k o s k u p n i h s p r e m e n l j 1 v k .

O s n o v n a r e š l t e v p r o b l e m a m e d s e b o J n e g a
i z k 1 j u č e v a n j e p r o c e s o v , ki k p m u n l c i r a j o p r e k o
s k u p n i h s p r e m e n 1 J i v k , J e D e k k e r . l e v a l g o r i t e m
/ B e n A 8 3 / . V n j e m s o z d r u ž e n e v s e d o b r e
l a s t n o s t i e n o s t a v n e j S i h r e š i t e v , k o t s o
a k i v n o č a k a n j e z o p a z o v a n j e m s k u p n e
s p r e m e n 1 j i v k e ( b u s y - w a i t I n g ) in u p o r a b e
s p r e m e n 1 j i v k e z a i z m e n l č e n d o s t o p
( s w l t c h - v a r 1 a b 1 e ) . H k r a t i p a o d p r a v l j a
p o m a n k 1 j i v o s t 1 , z a r a d l k a t e r i h s o t e r e š f t v e
v p r a k s i n e u p o r a b n e . M i s l i m o p r e d v s e m n a
n e d o s l e d n o s t p r l m e d s e b o j n e m i z k 1 j u f i e v a n j u In
n a v e l l k o o d v i s n o s t m e d p r o c e s i p r i i i p o r a b i
t a k e g a m e h a n i z m a .
D e k k e r j e v a l g o r l t e m j e p r e c e j k o m p l e k s e n in
nl p r i m e r e n z a i m p 1 e m e n t a c i j o .'

V e l i k o b o l j e n o s t a v n a r e š l t e v j e s e m a f o r
/ D i j k 6 8 / , k i g a j e l a h k o irnp 1 e m e n t 1 r a t i In j e
d o v o l j . m o č a n , d a I a h k o z n j l m e l e g a n t n o
r e š i m o p r o b l e m e m e d s e b o j n e g a i z k I j u č e v a n j a in
r a z v r š č a n j a p r o c e s o v . D o b r a l a s t n o s t
s e m a f o r j e v , k i j o p r e j o m n e j e n l m e h a n i z m i
n l m a j o , j e t u d i t o , d a s o p r o c e s i , k i č a k a j o
n a d o s e g d o d o l o č e n e g a v i r a , b l o k i r a n i . Z a t o
m e d t e m , k o č a k a j o , s p r o s t i j o p r o c e s n e
z m o g 1 j 1 v o s t i z a d r u g e p r o c e s e . S e m a f o r j e
l a h k o u p o r a b i m o t u d l p r i i m p 1 e m e n t a c i j 1
m o č n e j š i h p r i m i t i v o v .
S e m a f o r s J e s t r o g o p o z i t i v n a c e 1 o š t e v i I s k a
s p r e m e n 1 j i v k a , ki ji j e p r i d r u ž e n a š e v r s t a
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p r o c e s o v .
D e f l n l r a n i s t a d v e o p e r a c i j i n a d s e m a f o r j e m ,
P ( s ) in V ( s ) , ki s t a n e d e l j l v l . O p e r a c l j o
P ( s ) z m a n j š a v r e d n o s t s za e n a , č e Je s > 0,
s l c e r pa o d l o ž l p r o c e s , k1 Je I z v e d e l to
o p e r a c i j o v v r s t o . O p e r a c i j a V ( s ) pa z b u d i
p r v l p r o c e s v v r s t l , če p a Je v r s t a p r a z n a , '
p o v e č a v r e d n o s t s za e n a .

p o m e n i , da u p o r a b n i k u ni t r e b a v e d e t i , k j e se
n a h a j a j o i s k a n i v l r i n l t i m u ni t r e b a
s e s t a v l j a t i s p o r o č i l . V s e to z n a n a r e d i t i
o p e r a c l j s k i s i s t e m .
K o n s t r u k t v j e z i k u A d a / U S A D 8 0 / , i m e n o v a n
r e n d e z v o u s , Je k o m b l n a c l j a R P C in
i z r a e n j a v a n j a s p o r o č i l . O m o g o č a s i n h r o n 1 z a c 1 jo
p r o c e s o v v č a s u i z v a j a n j a k o n s t r u k t a
/ B e n A 8 2 / .

Kr 1 1 1 č n a p o d r o č J a o d p r a v l j a j o e d l n o s l a b o
l a s t n o s t s e m a f o r j e v , to je v e l l k a m o z n o s t za
n a p a k e pri n j l h o v l u p o r a b l . N e p r n v i l n a
r a z v r s t l t e v o p e r a c l j P in V Je l a h k o u s o d n a .
K r l t l C n a p o d r o č j a so d e l l p r o g r a m a , k j e r
p r o c e s d o s e g a s k u p n e s p r e m e n 1 j I v k e , kl so v
t l s t e m C a s u n e d o s t o p n e d r u g i m p r o c e s o m .
Z a č e t e k ln k o n e c k r l t i č n e g a p o d r o č j a
o z n a C u j e J o p o s e b n l J e z l k o v n l k o n s t r u k t l , kl
so z e l o e n o s t a v n t za u p o r a b o . O p e r a c l j s k i
s l s t e m p o t e m s a m p o s k r b l za d e j a n s k o
r e a l i z a c l j o m e d s e b o ] n e g a 1 z k l j u C e v a n J a .

P o e o I na k r I t 1 C n a poiiroč j a so
p r e j S n J e g a
p o d r o č j e je
nek p o g o j .
k r l t l C n e g a p o d r o č j a

r a z š l r l t e v
k o n s t r u k t a . V s t o p v k r t i C n o
d o v o l j e n š e l e , ko je I z p o l n j e n

O v r e d n o t e n j e p o g o j a ln l z v e d b a
sta n e d e 1 J i va.

H o a r e in B r l n c h H a n s e n sta d e f i u l r a l a m o n 1 t o r
/ H o a r 7 4 / , / B r H a 7 3 / . P o d o b n o kot p r o c e s
p r e d s t a v l j a k o r i s t n o a b s t r a k c l j o prl
m u t l p r o g r a m i r a n j u je m o n l t o r a b s t r a k c i j a za
m e d p r o c e s n o k o m u n l k a c i J o .
M o n l t o r Je r a z S l r l t e v p o g o j n i h , krltlčnlli
s e k c i j . M o n l t o r p r e d s t a v l j a t e l o , kl v s e b u j e
s k u p n e s p r e m e n I j 1 v k e in p r o c e d u r e s
k r i t l C n l m i s e k c i j a m l za d e l o z n j i m l . S tein
p o s t a n e j o te s p r e m e n 1 J i v k e l o k n l n e , s k r l t e
z n o t r a j m o n l t o r j a . P r o c e s l , ki ž e l l j o d o s t o p
do t a k i h s p r e m e n 1 J i v k , ga lahko d o b l j o samo
p r e k o m o n l t o r s k l h p r o c e d u r . M o n i t o r je
p a s i v e n v s l s t e m u In se a k t l v l r a sumo t a k r a t ,
ko p r o c e s i ž e l i j o d o s t o p do n j e g o v i h
s p r e m e n I j i vk.

Prl š i b k o s k l o p l j e n i h s i s t e m l h pa je
s o d e l o v a n j e m e d p r o c e s l v r a z l l č n i h
p r o g r a m s k l h m o d u l i h p o v e z a n o s p o S l l j a n J e m ln
s p r e J e m a n j e m s p o r o č t l , ki s l u z i j o za
s 1 n h r o n i z a c l ] o in p r e n a a a n j e p o d a t k o v
/ S l o m 8 7 / . K o m u n l k a c 1 j a m e d p r o c e s i je lahko
enosinerna ali d v o s m e r n a .

O s n o v n a p r i m i t l v a pri enosniernl k o m u n I kac I j l
sta ' p o S 1 i 1 ' ln ' s p r e J m l ' . prl d v o s m e r n l pn
z a h t e v e k z o d g o v o r o m ( r e q u e s t-rep 1 y ) ,

( r e m o t e p r o c e d u r eo d d a l j e n l k l l c p r o c e d u r e
c a l l ) tn r e n d e z v o u a •

P r i m i t i v e za s i n h r o n o s p r e j e m a n j e p o d a t k o v
n a j d e m o v v e č l n i j e z l k o v , ki so p r i m e r n l za
p o r a z d e l j e n e s l s t e m e ( A D A / U S A D 8 0 / ,
C O N I C / S l o m 8 5 / , C S P / H o a r 7 8 / , SR / A n d r 8 1 / ,
P a s c a l - m / A b r a 8 3 / ) .
M o d u l , kl č a k a na s p r e j e m s p o r o č l l a od
d r u g e g a m o d u l a se b l o k i r a ter p o s t a v l v v r s t o
č a k a j o č l h in se a k t l v l r a S e l e po p r e j e m u
p r i č a k o v a n e g a s p o r o č l l a .
C S P ima p o d o b e n k o n s t r u k t tudi za p o š l l j a n j e
s p o r o č l 1 .

Vsi d v o s m e r n l p r i m l t l v l o m o g o č a j u
s I n h r o n i z a c l J o med p r o c e s l , ki jih I z v a j a j o .
C e p r a v se v p o d r o b n o s t 1 h in n a č l n t h I z v e d b e
n e k o l i k o r a z l l k u j e j o .
Z a h t e v e k z o d g o v o r o m Je d v o s m e r n i prlmlt.lv,
kl Je v b i s t v u k o m b l n a c l j a s l n h r o n e g a
p o š l l j a n j a ln s p r e j e m a s p o r o č l l a .

O d d a l j e n l k l i c p r o c e d u r e Ima d o l o č e n e
p r e d n o s t l , saj o m o g o č a t r a n s p a r e n t n o s t
l o k a c l j e v i r o v ln p r o c e s o v / S t a n 8 2 / . To

7. S I N H R O N I Z A C I J S K l
S I S T E M I H

M E H A N I Z M I V O P E R A C I J S K I H

7 . 1 C e n t r a ) 1 z 1 r a n i
m e h a n i zmi

s i n h r o n 1 z a c I j sk i

S k u p n a l a s t n o s t c e n t r a l i z i r a n i h
s 1 n h r o n 1 z a c l ]sk I h m e h a n i z m o v je v t e m . da
t e m e l j i j o na e n e m s 1 n h r o n i z a c 1 j s k e m o s e b k u .

F t z l č n a u r a p r e d s t a v l j a o s n o v o za r a z v r š e a n j e
d o g o d k o v p o d o b n o k o t v c e n t r a l ! z l r a n l h
s l s t e m l h . O p e r a c l j s k l s l s t e m za r e a l l z a c l j o
t e g a m e h a n l z m a u p o r a b l j a p o s e b n e e l e m e n t e
s t r o j n e o p r e m e . P r o c e s l so r a z v r š č e n l na
o s n o v t C a s o v n l h z n a č k , kl ]lh d o b i j o , k a d a r
Je p o t r e b n a s 1 n h r o n I z a c 1 J a .
C e p r a v Je ta m e t o d a e n o s t a v n a , Ima m n o g o
p o m a n J k 1 j I v o s t I . P r a v l l n o z a z n a m o v a n j e
d o g o d k o v s C a s o v n l m l z n a č k a m i je p o p o l n o m a
o d v i s n o od s p r e j e m a s t a n j a u r e ob v s a k e m
d o g o d k u . N a p a k a pri p r e n o s u s p o r o č l l a 8 t e m
p o d a t k o t n Je l a h k o u s o d n a za p r a v i l n o
r a z v r s t i t e v . P o t r e b u j e m o tudi v n a p r e j S n j e
t o č n o p o z n a v a n j e z a k a s n l t e v v p r e n o s n l h
k a n a l l h . N a t a n e n o s t Je o d v l s n a od z a h t e v
s i s t e m a o z i r o m a a p l l k a c l j e .

S t e v e c d o g o d k o v Je o b j e k t , kl S t e j e d o g o d k e ,
kl so se z g o d t l i v d o l o C e n e m r a z r e d u ( n p r .
a k t i v n o s t l ) . D e f l n l r a n l so t r l j e p r l m l t i v i :
p o v e č a j v r e d n o s t š t e v c a , p r e b e r l v r e d n o s t l
S t e v c a in o d l o ž i k l l c o č l p r o c e s , d o k l e r ni
v r e d n o s t š t e v c a v s a j e n a k a p o d a n l k o n s t a n t t .
P o m e m b n a p r e d n o s t t e g a m e h a n i z m a je v t e m , da
d o v o l j u j e s o C a s n o I z v a j a n j e teh p r l m l t l v o v na
i s t e m S t e v c u b r e z m e d s e b o j n e g a 1 z k 1 j u č e v a n j a .
P o j e m " S t e v e c z e n l m u p r a v l j a I c e m " je
d e f i n i r a n kot S t e v e c d o g o d k o v , ki d e l u j e
p r a v l l n o , dokle.r Je p r e p o v e d a n o s o č a s n o
p o v e f i a n j e v r e d n o s t l S t e v c a . V e n d a r pa je
s i s t e m z e l o o b č u t l j i v na i z p a d p o s a r o e z n l h
e l e m e n t o v , s a j je v s a k a n a p a k a š t e v c a u s o d n a
za p r a v i l n o r a z v r š f i a n j e .

S t a t I č n i r a z v r ž č e v a l n 1 k u p o r a b l j a m o za
p o p o l n o r a z v r s t l t e v d o g o d k o v v d a n e m r a z r e d u
( s t e v e c d o g o d k o v o m o g o č a s a m o d e l n o
u r e j e n o s t ) . K a z v r š C e v a l n l k Je c e l o š t e v l l č t i a
s p r e m e n l j 1 v k a . Za d e l o z r a z v r S č e v a l n 1 k o m je
d e f l n t r a n s a m o en p r l m l t i v , l m e n c v a n
v s t o p n i c a ( t l c k e t ) , kl v r n e t e k o C o v r e d n o s t
r a z v r š č e v a l n i k a in p o v e č a n j e g o v o v r e d n o s t i
za 1. R a z v r S č e v a l n l k z a h t e v a l o e e n m e h a n l z e m
za m e d s e b o j n o 1 z k 1 j u f i e v a n j e z a t o . da je
p r l m l t l v v s t o p n i c a n e d e l j i v . D v a p r o i z v a j a l c a
ne m o r e t a d o b l t l v s t o p n l c e h k r a t l . G l a v n i
p r o b l e m i pri u p o r a b i r a z v r š č e v a l n 1 k a so pri
I z b l r l m e h a n i z m a za raedsebojno i z k 1 j u č e v a n J e
in v p l l v n a p a k alt I z p a d a r a z v r S C e v a ln lka n a
p r e ž l v e t j e s I n h r o n 1 z a c 1 j s k e g a m e h a n l z m a .

J a s n o j e , da c e n t r a l I z i r a n l p r l s t o p i v
p o r a z d e l J e n l h s i s t e m l h n e i z p o l n j u j e j o
z a h t e v , kl s o b l s t v e n e za t a k e s l s t e m e .
S l s t e m l . z g r a j e n l na t a k t h o s n o v a h . n e m o r e j o
l m e t l v l s o k e s t o p n j e r a z p o l o z l j 1 v o s t i in
i m a j o v s p l o s n e m s l a b š e z m o g 1 j 1 v o s t i z a r a d l
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o z k e g a g r l a . k l g a p r e d s t a v l j a c e n t r a l n a
enota.

7.2. Porazdeljenl
mehanIzml

s 1 n h r o n i z a c I j s k 1

S p o r a z d e l J e n l m l raehanlzmi d o s e g a m o v e č j o
s t o p n j o p a r a l e l n o s t i ln s t e m h i t r e J S e
d e l o v a n j e , b o l j S o 1 z k o r i S C e n o s t o p r e m e in
v e C J o z a n e s 1 J i v o s t . P o r a z d e l j e n l
s i n h r o n i z a c 1 J s k l m e h a n i z m l s o v e č k r a t n e
f i z i C n e u r e , v e č k r a t n e l o g l č n e u r e ,
a b s t r a k t n l l z r a z i , ' s k u p n e s p r e m e n 1 J 1 v k e ,
k r o z e č l ž e t o n In k r o ž e č i r a z v r š č e v a l n I k .

C i l J u p o r a b e f 1 z l č n l h ur j e v d o l o č l t v l
e n o t n e g a f l z i č n e g a C a s a v s i s t e m u .
K o n s i s t e n t n o d o d e 1 j e v a n j e l a h k o d o b l m o iz
p o p o l n e k r o n o l o S k e r a z v r s t i t v e a k t i v n o s t l , ki
s e p o j a v l j a j o v s l s t e m u . P r l u p o r a b i v e č ur
ni p o m e m b n a s a m o t o č n o s t vsak.e p o s a m e z n e u r e
a m p a k t u d i raedsebojna u s k l a j e n o s t . t a k o d a j e
r a z l l k a m e d p o t j u b n i m a d v e m a u r a m a m a n j S a od
v n a p r e j d o l o e e n e k o n s t a n t e . R e S I t e v t e g a
p r o b l e m a J e p o d a l L a m p o r t / L a m p 7 8 / .
S i s t e m m o d e l i r a m o k o t p o v e z a n g r a f p r o c e s o v s
p r e m e r o m d. P r e m e r g r a f a p r e d s t a v l j a
m i n i m a l n o S t e v l l o p r o c e s n i h m e s t , p r e k o
k a t e r i h m o r a i t i s p o r o č i l o iz p o l j u b n e g a
p r o c e s n e g a m e s t a , d a d o s e ž e p o l j u b n o d r u g o
p r o c e s n o m e s t o . V s a k p r o c e s l m a u r o ln
p e r i o d i č n o ( p e r i o d a t ) p o S l l j a
s i n h r o n 1 z a c i J s k a s p o r o č t l a v s e k e m u d r u g e m u
p r o c e s u . V s a k o s i n h r o n 1 z a c l J s k o s p o r o č i l o
v s e b u j e f i z i č n o č a s o v n o z n a C k o . P o prejeriiu
s l n h r o n l z a c l j s k e g a s p o r o č i l a p r o c e s p o m a k n e
s v o j o u r o n a p r e j , č e J e č a s o v n a z n a č k a v e č j a
o d s t a n j a u r e . P r e d p o s t a v l j a m o , d a p o z n a m o
s p o d n j o m e j o ( u ) In z g o r n j o m e j o (u + z )
z a k a s n l t e v n a k o m u n i k a c 1 j s k 1 m r e i i . N a j b o k
n a t a n č n o s t v s a k e u r e ( k < 1 0 ~ ) in e d o v o l j e n
z a m i k m e d p o l j u b n i m a d v e m a u r a m a . C e Je
e / ( l - k ) < u in e < < t, p o t e m J e m o ž n o
i z r a č u n a t l p r i b l i ž n o v r e d n o s t e , ki Je
p r l b l 1 ž n o d ( 2 k t + z ) .

V o d v i s n o s t t o d z a h t e v g l e d e r e l a t i v n i h
z a m l k o v in v e l j a v n o s t l p r e d p o s t a v k g l e d e
z a k a s n l t e v n a k o m u n i k a c i j s k i m r e ž i s e l a h k o

o d l o č l m o z a t v e g a n j e , d a b o m o o b č a s n o
I z g u b l l i s p o r o C l l a z a r a d i p r e v e l i k i h
z a k a s n i t e v in t a k o d o s e g l l v e r j e t n o s t , n o
s I n h r o n I z a c I j o a l i p a n e boino t v e g a l i . T a k
p r l s t o p b l s t v e n o . z m a n j š a z m o g 1 J I v o s t 1
s l s t e m a . K l j u č n i p a r a m c t e r p r l t e m Je
r a z m e r J e z / u .

V e č k r a t n e l o g l č n e u r e s o p r v i C o p l s a n e v
/ L a m p 7 8 / . I m p 1 e m e n t i r a n e s o k o t f u n k c t j e C ,
kl d o d e l l j o S t e v l l o v s a k l z a č e t l l o k a l n l
a k t l v n o s t l . T o s o t o r e j n a v a d n i š t e v c l . V
s l s t e m u , k j e r i m a v s a k p r o i z v a j a l e c s v o j o
l o g t č n o u r o Je p r o b l e t n , k a k o z a g o t o v i t i
g l o b a l n o r a z v r s t l t e v . F u n k c l j a C i m a
l a s t n o s t , d a v e l j a C ( i . a ) < C ( J , b ) , č e s t a a
in b a k t i v n o s t i v p r o c e s i h i in j ln v e l j a a
> b . P r l r e a l l z a c i j l l o g i č n l h ur m o r a m o
u p o S t e v a t i d v e p r a v l l i :

P r a v i l o 1: V s a k p r o c e s i p o v e č a v r e d n o s t
S t e v c a C ( i ) m e d d v c m a
z a p o r e d n i m a a k t I v n o s t l m a .

P r a v l l o 2 : C e a k t l v n o s t a v p r o c e s u i
p o S l l J a s p o r o č l l o In p o t e m
s p o r o č l l o m v s e b u j e C a s o v n o
z n a č k o T ( m ) = C ( l . a ) . P o
p r e j e m u s p o r o č l l a m p r o c e s J
p o s t a v l s v o j š t e v e c C ( j ) n a
v r e d n o s t , ki j e v e č j a a l i
k v e č j e m u e n n k a t r e n u t n i
v r e d n o s t l in j e veftja o d T ( m ) .

V s a k o f u n k c i j o C , ki i m a z g o r a j n a v e d e n o
l a s t n o s t . l a h k o u p o r a b l m o z a p o p o l n o
r a z v r s t i t e v p o l j u b n e m n o ž l c e a k t l v n o s t l . Z a
to p o t r e b u j e m o S e p o p o l n o u r e d i t e v p r o c e s o v
( n p r . g l e d e n a n j l h o v a i m e n a ) . A k t i v n , o s t a s e
je z g o d i l a p r e d b . C e Je C ( l , a ) < C ( J . b )
o z l r o m a C ( l . a ) =• C ( J , b ) in je 1 < J.
S i h r o n i z a c i J s k i m e h a n i z e m d e f i n i r a n s p r a v l l l
1 ln 2 in p o p o l n a r a z v r s t t t e v d o v o l j u j e t a
k o n s i s t e n t n o d o d e l j e v a n j e a k t l v n o s t i .
D e f i n i r a n a p o p o l n a r a z v r s t ( t e v nl e d i n s t v e n a
in nl e k v i v a l e n t n a k r o n o l o š k l r a z v r s t l t v i . T o
J e r a z l o g , d a J e v č a s l h t r e b a i m p 1 e m e n t 1 r a t i
s i s t e m l o g i f i n l h u r n a s l s t e m u f i z i f i n l h u r .

M e h a n i z e r a z u p o r a b o a b s t r a k t n l h i z r a z o v
/ H e r m 8 3 / t e m e l j i n a u p o r a b l l o g i č n i h u r .
V s a k a u r a i m a p o l e g o s n o v n e v e r z i j e , kl j e

p r i p r o c e s u , kl p o v e č u j e n j e n o v r e d n o s t S e
d o d a t n e v e r z i j e p r l d r u g i h p r o c e s i h , kl sarao
s p r e m l j a j o n j e n o v r e d n o s t . P r e d p o s t a v Itno , d a
m o r a v e d n o v e l j a t l u b s t r a k t e n i z r a z

k j e r s t a c. in k k o n s t a n t i , X j v r e d n o s t
l o g l č n e u r e in 1 š t e v i l o l o g i č n l h u r .
D o d a t n e v e r z i j e l o g l č n e u r e l m e n u j e r a o n j e n e
s l l k e . O z n a č e n e s o z m ( x ) in s e l a h k o
r a z l l k u j e j o o d o s n o v n e v e r z l j e . Z u p o r a b o
d o d a t n i h v e r z i j p r i d e l u s s 1 n h r o n 1 z a c 1 j s k i m i
s p r e m e n 1 j 1 v k a m l z e l o z m a n j š a m o k o m u n i k a c i j s k e
p o t r e b e in p o v e č a m o u č i n k o v i t o s t .
Z a m e n j a v a o s n o v n e v e r z l j e l o g l č n e u r e z n j e n o
s l i k o je d o p u s t n a , č e p r i z a m e n j a v l
u p o š t e v a m o t a k o s t r o g e o m e j i t v e , d a j e k l j u b
d o p u s t n i n a p a k l s l l k e i z p o l n j e n a z a h t e v a
o s n o v n e g a a b s t r a k t n e g a t z r a z a .

T o p o m e n l , d a l a h k o p r l slikati l o g i č n i h u r .
k j e r j e k o n s t a n t a c ( n e g a t l v n a p o p r a v l j a m o
n j l h o v e v r e d n o s t i z z a k a s n i t v l j o , n e d a bi s
t e m o g r o z i l l p r a v l l n o s t a b s t r a k t n e g a i z r a z a .
P o d o b n o l a h k o v r e d n o s t t s l l k l o g i č n t h u r , ki
i m a j o k o n s t a n t o
v n a p r e j .

c. p o z i t i v n o , p o p r a v l j a m o

S 1 n h r o n i z a c 1 j s k 1 m e h a n i z m i , ki t e m e l j i j o n a
f l z l č n l h a l l l o g i č n l h u r a h l m a j o s k u p n o
l a s t n o s t , d a n e t e m e l j i j o n a m e d s e b o J n e m
i z k 1 J u č e v a n j u . T o J e v e l i k a p r e d n o s t p r i
u p o r a b l v p o r a z d e 1 j e n 1 h s l s t e m i h , s a j o m o g o C a
p a r a l e l n o s t i z v a j a n j a . .

S i n h r o n l z a c l j s k l m e h a n i z m l 1 a h k o p r l s v o j e n i
d e l u u p o r a b l j a j o d e j s t v o , d a i m a j o p r o c e š i
e d i n s t v e n a in s t a l n a l m j n a . T o d o l o č a p o p o l n o
r a z v r s t l t e v p p o c e s o v , ki d a j e o p a z o v a l c u
o b č u t e k , d a s o p r o c e s i p o v e z a n i v n e k o v e r i g o
a l i o b r o č . V s a k p r o c e s l m a n a t a n č n o
d o l o č e n e g a p r e d n l k a ln n a s l e d n i k a . T a k a
l o g i č n a r a z v r s t l t e v ni n u j n o p o v e z a n a s
f i z i č n o t o p o l o g i j o s i s t e m a .
O b r o č s l u ž l k o t o s n o v a z a p r e n a š a n j e p o s e b n l h
p r a v i c m e d p r o c e s i v s i s t e m u . P r i
s i n h r o n 1 z a c i j 1 t a k a p o s e b n a p r a v i c a p o m e n i
d o s t o p d o s l n h r o n 1 z a c l j s k e g a o s e b k a .

S k u p n e s p r e m e n 1 1 i v k e : S i n h r o n i z a c 1 j s k I
m e h a n i z e m , ki t e m e l j i n a k o n c e p t u l o g i C n e g a
o b r o e a J e b i l p r e d s t a v l j e n v / D i j k 7 4 / . K e r
p r e d v i d e v a u p o r a b o s k u p n t h s p r e m e n l j l v k j e
u p o r a b e n v t e s n o s k l o p l j n l h s l s t e m t h .

L a s t n l S t v o n a d p o s e b n o p r a v l c o t a h k o z a z n a m o
z o p a z o v a n j e m s p r e m e n 1 J I v k e , k i J o p r o c e s
d e l l z e n l m o d o b e h s o s e d o v v o b r o C u . Z
z n a n i m i n l g o r l t m l l a h k o d o s e ž e m o s t a b i l n o
s t a n j e , k j e r o d v e č i h p o s e b n l h p r a v t c o s t a n e
s a m o š e e n a , k i p o t e m k r o z l p o o b r o č u ln
z a g o t a v l j a m e d s e b o j n o I z k 1 J u č e v a n J e .

O d k r i v a n j e n a p a k , r e S e v a n j e iz n a p a k in
d l n u m l č n o S l r j e n j e s l s t e m a s o m o ž n l z
m e t o d a m i , o p i s a n i m l p r i p o d a j a n j u ž e t o n a .
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K r o ž e č I ž e t o n j e s 1 n h r o n 1 z a c i J s k 1 m e h a n i z e m
z a s n o v a n n a e n a R i h o s n o v a h k o t d e l j e n e
s p r e m e n 1 J i v k e , l e d a s e p o s e b n a p r a v i c a
p r e n a S a m e d p r o c e s i s s p o r o č i l o m , k i i m a
e d i n s t v e n o o b l l k o l n g a i m e n u j e m o ž e t o n . S
t e m p r l n c l p o m d o s e ž e m o m e d s e b o j n o
I z k 1 j u č e v a n j e p r o c e s o v v š l b k o s k l o p l j e n i h
s l s t e m l h . P o p r e j e r a u ž e t o n a l a h k o p r o c e s
o p r a v l ž e l j e n o a k t l v n o s t . 2 e t o n l a h k o o b d r ž l
n a j v e č n e k n a p r e j d o l o č e n č a s i n p o t e m g a
m o r a p r e d a t l n a s l e d n l k u v o b r o č u . M e h a n l z e m
m o r a z a g o t o v i t i o b n o v i t e v l o g i č n e g a o b r o č a ln
p o d a j a n j a ž e t o n a , č e l z p a d e t r e n u t n i l a s t n l k
ž e t o n a a l l k a t e r l k o l l e l e m n n t l o g l č n e g a
o b r o č a , h k r a t l p a l a h k o d o p u š č a v s l s t e m u
s a m o e n ž e t o n .

P r o t o k o l l z a o d k r i v a n j e n a p a k i n n j i h o v o
r e š e v a n j e s o p o d a n l v / L e L a 7 7 / In v / L e L a 7 8 / .
T a k s 1 n h r o n 1 z a c 1 j s k i m e h a n i z e m j e u p o r a b l j e n
t u d l n a l o g l C n e m n i v o j u l o k a l n l h m r e ž in
d e f i n l r a n v / I S O 8 0 2 / .

U C i n k o v i t o s t s 1 n h r o n 1 z a c i j s k i h m e h a n l z m o v z a
m e d s e b o j n o l z k l j u č e v a n j e m e d p r o c e s i j e v
v e l l k i m e r l o d v i s n a o d č a s o v n e o b s e ž n o s t l
k r l t i č n i h s e k c l j . C e k r i t i č n e s e k c i j e
v k l j u č u j e j o i z m e n j a v o s p o r o č i l m e d
p r o i z v a j a l c i I n p o t r o š n l k i , p o t e m t o d a j e
nizke zmoglJ1vostI.

K r o ž e č l r a z v r S č e v a 1 n i k je r a z v r š C e v a 1 n i k , kl
s t a l n o k r o ž l p o l o g i č n e m o b r o č u tn u p o r a b l j a
m e h a n i z e m p o d a j a n j a ž e t o n a .

P o p r e j e m u ž e t o n a l a h k o p r o c e s a k t i v i r a v e č
p r l m i t l v o v t i p a v s t o p n l c a ln p o t e m p o š l j e
z e t o n n a s l e d n t k u . N a ta n a č l n d o s e ž e m o
m e d s e b o j n o i z k 1 j u č e v a n j e u p o r a b n i k o v
r a z v r S C e v a 1 n 1 k a . V č l a n k u / L e L a 7 8 / j e o p l s a n l
p r o t o k o l , ki u p o r a b l j a o p l s a n i k o n c e p t .

P r o t o k o l u p o r a b l j a S t e v i l k o o b h o d o v , kl jo
n o s i ž e t o n ln s e p o v e C a v s a k l č , k o d o s e ž e
p r o c e s , k a t e r e g a n a s l e d n l k l m a n l ž j o
š t e v i l k o , k o t J e n j e g o v a .

s h r a n j e v a n j e p o t r e b n i h i n f o r m a c i j

K o n v e r g e n t n o s t In p o S t , e n o s t s t a 1 a s t. n o s t. I
s e v k o n f l t k t n l h

e n a k o m e r n o
s l s t e m a . k l z a g o t a v 1 J a t a , d a
s i t u a c i j a h v i r i l n z m o ž n o s t i
p o r a z d e l l j o m e d t e k m u j o č e p r o c e s e .

R a z S l r l j i v o s t j e z a h t e v a , d a m o r a
s i n h r o n i z a c I J s k 1 m e h a n l z e m d o p u š č a t i
d o d a j a n j e a l l p o n o v n o v k l j u č e v a n j e p r o c e s n l h
e l e m e n t . o v , n e d a b l s t e m m o t I 1 d e l o v a n j e
s i s t e m a .

I)o 1 n č o n o « I. . S i s t e i n l m e n u j e m o d e t . e r m i n l s t . I C e n ,

C e J e z a s n o v a n t a k o , d a v v s a k e m p r i m e r u
d o s e ž e s i n h r o n i z i r a n o s t . C e p a d o s e ž c
s i n h r o n i z a c i J o s a m o v v e f i i n i p r i m e r o v , s e
s i s t e m i m e n u j e v e r j e t n o s t e n .

R e š e v a n j e i z n a p a k J e z e l o p o m e m b e n n a b o r
f u n k c i j . P o s a m e z n l m e h a n i z m i s e r a z l l k u j e j o
p o k o l i f i i n i p o m o č l , k l j o n u d l j o p r l
r e š e v a n j u l z n a p a k , p o v p l i v u p o k v a r j e n l h
e l e m e n t o v s l s t e m a n a p r a v l l n o d e l u j o č e 1 u p o
e a s u , k l J e p o t r e b e n , d a s e p o p r a v l j e n l
e l e m e n t i s p e t v k l j u č i j o v n o r m a l n o d e l o v a n j e
s i s t e m a .

P o v e z a n o s t m e d e l e m e n t l s i s t e m a s e z e l o
r a z l i k u j e g l e d e n a r a z l l č n e m e h a n i z m e . S l a b i
s o t a k i m e h a n i z m l , k i z a l i t e v a j o p o l n o
p o v e z a n o s t , s a j J e l e - t a z e l o d r a g a v
p r i m e r j a v i s t l p l p o v e z a n o s t l , k j e r s o
e l e m e n t i z d r u ž e n l v v e r i g o a l l o b r o č .

V z p o s t a v i t v e z a C c t n e R a s t an j a
k o m p 1 e k s n o s t i l a h k o z e l o r a z l l k u j e j o .

po

R a z u m ) j I v o s t In e n o s t a v n o s t m e h a n i z m a n a m
o l a j š a t a d e l o p r i s n o v a n j u , f o r m a l n e m
p r e v e r j a n j u , l m p 1 e m e n t a c i J i , t e s t i r a n j u in
vzdrževanJ u .
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Church je 1936. leta izdelal teorem, ki ima
globok vpliv na -filozofske osnove kibernetike
in na razreSitev dileme ali je mogoče izdelati
inteligenten stroj.

Vpražan ie; Ali lahko dlovek predvidi vselej in
za vse primere, kak&en bo odgovor stroja, če
vnesemo vanj ustrezen prograrn in mu postavimo
primerno vpraSanje?

diagonalnem postopku stroja, je lahko nepredvi—
dljiv - vendar ne zaradi naključnih napak v HW
ali SW, ampak zaradi matematidno - logičnega
mehanizma diagonalnega postopka, ki omogoča
poleg znanih tudi nove kombinacije elementov,
kar imenujemo ustvarjalnost.

Churc -made in 1936 the theorem, that has deep
in-fluence on the phi losaphycal bases o-f
cybernetics and the solution o-f dilemma whether
is possible to make an intelligent machine.

The ouestion: Could one -foresee allways and -for-
all instances, what will be the ansuer -from
machine, i-f inserts an adequate program and
puts an appropriate question?

The answer. according to Church's thearem,
uhich builds on the diagonal machine procedure,
could be anpredictable - but not beacouse o-f
accidental HW or SW -faults, however owing to
mathematical - logical mechanism o-f the
diagonal procedure, that enatles besides known
also new combinations o-f elements, what we cal 1
creativity.

Clovekov mladič si pridobi najosnovnejže pojme
o geometriji s šestimi leti, z devetimi leti pa
je sposoben, da manipulira z razdaljami v
prostoru - in po trditvah nekaterih proučeval-
cev - odrasel Simpanz nid ne zaostaja za njim.
Dalei od tega, da bi enačili človekave in opi-
čje intelektualne zmogljivosti, toda že iz ene-
ga primera je videti, da so potrebna dloveku
dolga leta učenje, preden je sposoben kolikor
toliko uporabljati najspeci-f iiinejži organ -
možgane. Torej, kot je znano, niso dovol j le
možgani, temveč jih je treba napolniti z ustre-
znim znanjem, podatki itd. ter jih tudi ustre-
zno "splošno kondicionirati" - kot vsakdanje
pravitno, ustvariti osebnost, ki je nujen pogoj
za ustvarjalno delo. Pogoj pravimo zato, ker
sicer brez tega manjka mozganom odločitveni
kriterij in dinamika vzgiba. Bogatenje duSevno-
sti omogoča za ustvarjanje potrebno iniciacijo
in za labilna, zamegljena stanja potrebno odlo-
Citveno nagnjenost.

Vendar se ie vedno, tudi v načelu bije bitka,.
ali je sploh mogoče strojno oponašati delovanje
človekovih mažgan, ne oziraje se pri tem že na

to, te smo sploh sposobni dokopati se do
tehnologij, ki zagotavljajo uporabnost takega
stroja. Tudi nekateri načelni privrženci stroj-
ne inteligence mislijo, da je do njene ostva-
ritve 4e zelo dalet.

Zanimivo bd pogledati neki matematični prijem,
ki skuža po svoje razrežiti dilemo ali je stroj
zmožen, za človeka nepredvidenih reSitev -
torej, ali stroj lahko preseneti človeka? Pri
čemer seveda ne mislimo na napake med
delovanjem, slabo programiranje ipd.

Diagonalni postapek

Z diagonalnim postopkom je Cantor dokazal, da
je množica realnih Stevil nežtevna in da je
zato moč take mnoiice večja od moči množice
racionalnih ^tevil. Dve množici imata enako mot
ali sta ekvivalentni , te je mogoče njune
elemente drugega drugemu paroma prirediti, moč
množice izrazimo s kardinalnim žtevilom.

Vzemimo kot ilustracijo poseben primer: (1)
realna števila naj bodo le tista med nič in ena
(kar se lahko nato posploSi), (2) privzamemo,
da vsako realno itevilo v tem intervalu lahko
zapišemo kot binarno Stevilo s karakteristiko
nii in neskončno dolgo mantiso (če od določene-
ga mesta naprej nastopajo v mantisi le ničle,
potem imamo opraviti z racionalnim Stevilom).
Izhajamo iz možnosti, da je mogoče paroma
prirediti elemente množice naravnih Stevi1 in
naSe množice realnih Stevi1. S tem oštevilčimo
vsa realna žtevila na naslednji način:

itd.

4t. 1 ima
4t. 2 ima O.A-?!
St. 3 ima 0,A31

Ker smo se tako dogovorili, ima vsako Stevilo
Aij vrednost 0 ali 1 in bi lahko imeli tudi
neki tak primer-:

1
2
3

0,0
0,0
0,1

0
1
0

1...
0. . .
0. . .

itd.

Sedaj pa se odločimo, da si skombiniramo novo
Stevilo tako, da ga sestavimo iz diagonale
zgornje tabele:

O.All «22 A33---

oziroma bi to bilo v na&em izbranem primeru:

0,0 1 0...

vendar pa bomo vsako ci-fro invertirali tsr tako
dobili iz nidle enko in iz enke ničlo:
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O,Bi B 2 63...

kjer je Bi=O, te je Aij=l in 6^=1, če je Ajj=O.
V zapisanem primeru bo žtevilo dobilo tole
vrednost:

0,1 1. . .

Otitno se to število razlikuje od kateregakoli
števila v prvotni tabeli.

Ker smo se pa dogovorili, da bomo oStevildili
vsa realna Stevila, z diagonalnim postopkom pa
je vselej mogode izpisati že eno dodatno realno
število, ki ga ni najti med prejšnjimi, je
očitno to protislovno. <Z druge strani pa lahko
preslikamo množico naravnih Stevil na delno
množico realnih žtevil med nič in ena tako, da
Liporabimo inverzna realna Stevila: 1, 1/2, 1/3,
1/4,... ampak slednje nas tu sedaj ne zanima.)
Church je 1936. izdelal teorem, ki se po njem
tudi imenuje, ima pa globok vpliv tudi na
filozo-fske osnove kibernetike in, videli bomo
kasneje, tudi na razrežitev dileme ali je
mogode izdelati inteligenten stroj.

ki ga lahko krajže napišemo kot algoritem za
število X, torej D<X).

Predpostavimo, da je področje, ki ga de-finira
ta algoritem de-finitno, tj. da za vsako naravna
žtevilo zna odgovoriti ali pripada ali ne pri-
pada temu podrodju. Zato lahko sestavimo algo-
ritem B(X) podan z enačbama:

B(X)
D(X), če je D uporaben na X

0 , če D ni uporaben na X.

Kot vsak drugi algoritem ima tudi B neko
številko, ki naj bo recimo M torej B(M), tedaj
lahko napišemo B(X) = U(X,I"I). Od prej vetno, da
je B(X) povsod de-finiran - zato je de-finiran
tudi B(M) in s tem <5e U(M,M). Ce p.a je tako, je
de-finiran tudi U(M,M)+1, ekvivalentno zgoraj
opisanemu D(M). Po konstrukciji B velja
B(M)=D<M)=U(M,M)+1. Z druge strani uvrstimo X=M
z enadbo B(X)=U(X,M), dobimo B<M)=U<M,M). To pa
je protislovno, kar pomeni da obstaja Stevna
množica, ki pa ni de-finitna. To je Churchev
teorem,-

Churchev teorem

Preden se lotimo samega teorema je prav, da se
dogovorimo o nekaterih definicijah.

Prvo: KaJ je algoritem? V veljavi je več
ekvivalentnih in todnih definicij, kaj je algo-
ritem - dovolj je dokazati nek teorem( za eno od
njih in avtomatično velja za vse ostale. V
intuitivnea saislu razumemo algoritem kot
navodilo za poetopno izvrfievanje nekih operacij
na nekih objektih (znakih, Crkah), da bi dobili
nek rezultat.

Množico (naravnih žtevi1) imenujemo definitno,
če obstaja algoritem, ki lahko odgovori na
vprašanje, ali neko naravno itevilo pripada tej
množici,

Zato.je umestno vprašanje ali je vsaka števna
množica tudi de-finitna?

Mnoiica je Stevna, te obstaja algoritem,
predpis, program, ki postopoma proizvede vse
njene elemente. Ce torej imamo tak program ali
smo tudi gotovl, da bo izpisano tudi neko
konkretno število? Program je dokončni tekst
(je determiniran), ki ga lahko do popolnosti
proučimo in iz njega izvlečemo vso in-f ormaci jo,
zato, na prvi pogled izgleda, ne bi smelo biti
nikakržnih zadržkov za izpis katerega koli
žtevila.

Ce vzamemo poljuben programski jezik (algol,
basic itd.) lahko prepoznamo vsako njegovo
besedo kot del programa ali pa kot njegov ne-
del, ker je točno podana sintaksa prograrhiran ja
v enem ali drugem jeziku. Od tod izhaja, da
lahko programe žtevildimo z naravnimi žtevili.
Tako lahko sestavimo univerzalni algoritem U,
katerega izhodiSdni podatki vsebujejo par
ci-fen žtevilko algoritma N in žtevilo X nad
katerim naj izvajamo N-ti algoritem. Tako bo U
vseboval navodilo, kako naj deSi-frira Stevilo N
in ga preoblikuje v tekst ustrezajočega progra-
ma, nato pa še tak algoritem izvede na številu
X. Ce lahko N-ti algoritem označimo z A^, lahko
vse skupaj napišemo v obliki:

U(X,N) = A N(X).

Church je raziskal "diagonalni algoritem"
U (X,X>, ki deluje tako, da oponaža uporabo
algoritma 1 na žtevilu l.nato uporabo algoritma
2 na žtevilu 2, itd. Tako dobljena množica bo
podrotje, ki ga de-finira algoritem U <X,X)+1,

Uporaba Churchevega teorema na strojih

V.N. Trostnikov opozarja, da je mogoče Churchev
teorem uporabiti za preiskavo možnosti izdelave
inteligentnega stroja in navaja, da se običajno
definira razliko med človekom in strojem na
naslednji način:

"ObnaSanje stroja je strogo deteroinirano,
medtem, ko ima eiovek lastnost, ki ji pravioo
svobodna volja."

Vendar kje naj bi se kazala ta svobodna volja,
v kateri razvojni stopnji ustvarjalnega razmi-
žljanja? Ni potrebno, da se strinjamo prav
z vsem kar je za naslednjo shemo, ki Jo
uporabljajo nekateri psihologi, je pa primerna
pri obravnavi te snovi, da je ustvarjalnost
postopnost naslednjih dejavnosti: priprave, in-
kubacije, inepiracije in preverjanja.

Priprava naj bi zajemala kopitenje potrebnega
znanja, podatkov ter- ustrezno urejanje. Inkuba-
cija za katero mnogi trde, da se odvija med
določenimi podzavestnimi procesi: asociranjem,
odpadanjem nekaterih idej po zakonu nedavnosti
i.p. Navdihnjenje - inspiraciJa, ko se povežejo
r-azlični podatki, dejstva, elementi v novo kom-
binacijo. Prevei-janje iz inspiracije nastale
zamisli, ki terja zavestno, organizirano in si-
stematično delo z ze določenim ciljem.

Izhajanje iz te sheme, bi lahko rekli, da je le
v inspirativni -fazi potrebna neka "svobodna
volja", ki naj zagotovi novo, doslej neznano
kombinacijo znanih elementov. Tako pr-ipravl jal-
na -faza, kakor tudi inkubacija nimata sestavin
ustvarjalnosti, kljub nekaterim neznanim dej-
stvom o podzavestnih procesih, saj gre za pri-
pravo gradiva. Res je tudi, da pri tem zelo
verjetno nastopajo medsebojna prekrivanja faz
ter razlidne interakcije, povratne zveze i.p.
Toda pravi trenutek stvaritve je zavedanje, da
je nastala nova kombinacija, čemur pravimo in-
spiracija. Poslednja aktivnost, preverjanje, pa
je sicer izredno pomembna, včasih dolgotrajna
in naporna, toda ta deluje po ustaljenih prin-
cipih, v kolikor seveda ni potrebno tudi za
preverjanje ustvariti kaj novega, kar terja
postopek podoben prejSnjemu - sicer seveda
ostane nova zamisel brez potrditve zgolj
hipoteza.
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Oglejmo si zato nekoliko podrobneje inspirativ-
no fazo. Trostnikov trdi ,da bi morali de-finira-
ti vprašanje o svobodni volji, ki naj bi bila
osnova ustvarjalnemu miSljenju, nekoliko druga-
de, pri tem pokličena pomod tudi Turinga, ki
je rekel, da bi morali "postati stroj, de bi
hoteli vedeti kaj stroj duti". Zato si je treba
pomagati drugade z vprašanjem:"Ali se dlovek in
stroj nadelno razlikujeta v tem, da je obnaša-
nje stroja, potem ko poznamo njegov pr-ogram, v
vsakem primeru (načelno) predvidljivo, medtem
ko je pri dlovsku nepredvidljivo?" Ker smo Se
spoznali diagonalni postopek in Churchev teo-
rem, ki sta nam pokazala, da kljub jasnemu al-
goritmu nismo nikoli prepridani - in to nadel-
no, ne zaradi tehnidnih napak v delovanju
stroja - ali je ali ni proizvedeno Stevilo del
množice, ki jo generira algoritem.
Zaključek tega razmi&ljanja je torej tak, da
tako Clovek kakor stroj nista determinirana in
iaata ustvarjalne sposobnosti.

"Svobodna volja"

Seveda pri tem ostaja še vedno odprto vpražanje
svobodne volje, ki naj bi bila posebna človeko-
va sposobnost, da lahko pri razsojanju, hotenju
in delovanju odloda in izbira med dvema ali ved
odloditvami. Fi 1 ozo-f i-ideal i sti imajo dlovekovo
svobodo za absolutno, kar pomeni, da ni odvisna
od objektivne nujnosti naravnih zakonov, in je
glede na to znak dlovekove pripadnosti nekemu
nadnaravnemu svetu. Za materialiste je svoboda
"nujnost, ki je pr-ežla v zavest"; ne obstoji v
namižljeni neodvisnosti od naravnih zakonov,
ampak v spoznanju teh zakonov in na tem znanju
temeljedi možnosti izkorišdanja naravnih zako-
nov in sil v prid daloienemu cilju; "svoboda
volje pomeni sposobnost odlodevanja na temelju
poznavanja stvarl" (Engels); "svoboda je spo-
znana nujnost" (Hegel). Izhajajod iz slednjih
opredelitev tudi človek pri ustvarjanju ni svo-
boden, deprav izgleda, da je prav prebijanje
omejitev, ki so bile "spoznane kot nujnost",
ustvarjalni napor, je tudi res, da tudi nekon-
vencionalnost, iskanje npvega, potreba po uki-
njanju aksiomov itd., je za dloveka "spoznana
nujnost". Nujno je spoznavanje narave, nujno je
reSevanje neznank, nujno je iskanje novih komr-
binacij, v tem je osnovni vzgib ustvarjalnosti,
torej tudi "nepredvidljivosti" — deprav lahko
vsaj nadelno pridakujemo nova spoznanja, odkri-
tja, izume.

Nedvomno je mogoie tudi stroju priskrbeti
toliko izkustev, znanja, podatkov, da bo
"spoznal nujnost" posameznih odloditev, dasi
seveda pri tem ostaja vpražanje tehniinih
možnosti kot reSljiv a zelo zahteven problem.
Program, ki je potreben 'za delovarije stroja
izdela ilovek, ni pa rečeno, da tega ne bi znal
tudi stro j, te bi mu dali program za pr-ograme
morda vsaj za pasainezne dele prvotnega progra-
ma. In prav to je pomembno pri ustvarjanju
"svobodne volje" samega stroja. Program vsebuje
ukaze za ratunanje, naslove, odločitve i.p. To
ze pri programiranju razumemo dobesedno in
pričakujemo,da bo stroj stoodstotno izvržil naš
ukaz; če se tako ne izvrži smatramo, da Je
stroj pokvarjen ali da obstaja neka druga napa-
ka, ki preprečuje dobesedno natandnost. Pri
človekovem možganskem delovanju pa ni tako.
Pojmi s katerimi operiramo so megleni, mehki,
nenatandni. Za obravnavanje takih stanj, pojmov
in postopkov je razvita teorija zamegljenih
(mehkih) množic - -fuzy sets theory. Tako n.pr.
pri odloditvi: da - ne, nimamri ostrega in ja-
snega prehoda, temveč obstaja vrsta vmesnih
stanj med 1 - 0 da-ne. Za oponaianje take situ-
acije moramo dati stroju možnost da se s pomo—
djo podprograma, na osnovi vloženega znanja,
izkuženj itd., opredeli za stopnjo odločenosti
med 0 in 1, med ne in da. Se VBČ! Tak podpro-

gram ne bo en sam, niti ne bodo taki podprogra-
mi -fiksni, temveii bodo odprti , dogradl ji vi ,
spremenljivi. S tem bomo dobili možnost za ne-
determiniranost strojnega dela in za približe-
vanje načinu možganskega iunkcioniranja, pri
temer bo posamezna odldč,itev odvisna ad kopiče-
nja potrebnega znanja, podatkov, okoližiin itd.

Ne.dvomno lahko na tak način pridemo do adetei—
ministlčnega stroja, torej takega, katerega
proizvodi ne bodo vselej priiakovani, saj bodo
sledili -funkcioniranju notranjega ustroja, ka-
terega logika se bo lahko razlikovala od dlove-
kove, ki je zgrajsna na zgodovinskem izkustvu
konkretne realnosti v katerem poteka ^ilogeneza
dlovežtva. Tako kot nas sedanji stroji prekaSa—
jo po hitrasti, natančnosti in obsežnosti obde-
lav, lahko domnevamo, da nas strojl lahko pre-
kaiajo tudi pri drugih zmožnostih kombiniranja,
analize i.p.

Tako pridemo do usodnega sklepa, de naj ima
stroj vložene vse podatke, ki so potrebni za
njegovo delovanje in odgovarjajode -funkcionira-
nje adeterministidnega dinamidnega programira-
nja, mora vedeti tudi, da sam obstaja: Cogito
ergo sum. Poznati mora svoje sposobnosti, zmo-
gljivosti, obseg obdelav, spomina, samoprogra-
miranja itd. ter tudi to, koliko je ±e obreme-
njen, na katerem delu so proste kapacitete, po—
znati mora stopnjo zasedenosti spomina i.p.-
skratka zavedati se mora sam sebe. Tudi dlovek
si z leti pri-dobiva samozavedanje z vzgojo in
izobraievanjem, kar prinese na svet z rojstvom
so zelo primitivne oblike zavesti. Clovekova
dustva in najraz1idnejSa duievna stanja so bo—
disi delna ali sploSna podprogramska kondicija,
ki ustvarja primerne pogoje za odlodanje, zla-
sti , ko gr-e za zamegljena stanja okoli neodlo-
dne lege, za iniciacijo novih zamisli, ki pad
ne nastajajo Iz niia ali same od sebe, temveč
zaradi vzdrževanja "duSevnega tonusa", ki je
individualno stanje možganskega sistema potre-
bno za zagotavljanje neapatičnosti, mrtvila. <V
množidnih psihozah i.p. je mogode modno poeno-
titi duSevna stanja posameznih individuumov.)
To bi nekako lahko primerjali z inkubacijsko
stopnjo mižljenja. Podobno je mogode ustvariti
v stroju "programe za programe", katerih ena od
nalog je prav ta, da ustvarja "duževno razpolo-
ženje", ki je potrebno tudi stroju, ko drpa iz
zalog znanja, podatkov, irrformacij, da drpa po
nekem sistemu, tudi de je to nakljudni sistem,
ter- da kombinira znana dejstva v nova dejstva,
demur r-edemo ustvarjanje t, j. inspirativna -fa-
za. Formalno je najmanj tezav videti pri samem
preverjanju nove zamlsli - ampak preverjanju v
"tearetičnem smislu", ko niso potrebne dodatne
meritve ali celo ustvarjanje novih merilnih po-
stopkov in naprav, da bi potrdili novo zamisel.
Str-oj bi lahko novote primerjal le s tistim,
kar si je nabral v svojem pomnilniku. Vendar je
prav enako tudi s dlovekom! Sele, ko si dlovek
z meritvami pridobi dodatna dejstva, podatke,
in-forraacije in jih primerja z novimi zamisl imi ,
ve, pri dem je. Prav verjetno je, da Churchev
teor-em omogoda ustvar jati , ko pojasnjuje nadel-
no nedeterminiranost strojnega delovanja, take
režitve in radunalnižke zasnove, ki bodo pri-
bližale strojno dlovekovi inteligenci, ter sle-
dnjo v specifidnem.smislu tudi presegle.
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