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SISTEM ZA SALTERSKO POSLOVANIJE

V BANKAH IN NA POSTAH

®

\
ratunainidii sistemi delia

Sistem za $altersko poslovanje je sodobna ratunalnika
oprema za delo v bankah in na postah, ocpremijen z ustrezno
programsko opremo.
Sistem samostojno aZumo poslovanje — od posa-
meznih operativnih del na Salteriih do zajema podatkov za
nadaljnjc obdeiavo. Deluje lahko povsem samostojno ali v
povezavi z glavnim racunalnikom (prenos informacij je
prek staino najetih ali navadnih telefonskih linij}, Delo-
vanje sistema tudi ni odvisno od razpoloZljivosti ra¢unalniskih
kapacitet glavnega ratunainika.
Sistern nadomeS¢a raznovrstno opremo, ki se uporablja pri
Salterskem poslovanju — od klasitnih mehanogralfskih stro-
jev, pisalnih strojev do kalkulatorjev in deloma mikroditalni-
kov.

Sistem za $altersko poslovanje je savremena ralunarska
oprema za rad u bankama i postama, opremijen sa odgovar-
jajuéom programskom opremoim.

Sistem omoguéava samostaino a?urmo poslovanje — od
pojedinih operativnih poslova na Salterima do zahvata poda-
taka za dalju obradu. MoZe da radi sasvim samostaino, ili da
komunicira sa glavnim ratunarom (prenos informacija je
mogut preko stalno iznajmijenih ili obi¢nih telefonskih linija).
Rad sistema je takode nezavisan od raspoloijivosti ratu-
narskih kapaciteta glavnog raéunara.

Sistem zamenijuje raznovrstnu opremu, koja se upotrebljava
u SaMterskom poslovanju — od kiasiénih mehanograiskih
masina, pisa¢ih masina do katkulatora i delimino (itata
mikrofideva,
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OVERLAPPING: A PARADIGM OF PARALLEL
AND SEQUENTIAL PROCESSING (*} ‘

UDK: 681.3:519.712

Abstract.

INFORMATICA 2/ 86

Anton P. Zeleznikar
Iskra Delta, Ljubljana

In this article a philosophy of ihe so~called overlap-

ping approach basically derived from. the ngtion of overlapping
algorithm [1, 2] is presented. In the framework of this approach
two basie constructs are defined: ~ the overiapping (OAM) and the
metaoverlapping abstraet machine (MOAM). These constructs repre-
sent parallel-sequential problem solvers. BSeveral formal defini-

tions concerning the OAM and MOAM are given (23 definitions)  and
from these theorems are deduced (13 theorems). 1t is shown how
an OAM implements a sequence of parallel actions {processes) and
how by &n MOAM the parallelism can be "increased." OAM's and
MOAM'S can be easily modeled by some well-known parallel archi-
"tectures (hypercube, bus, switching system) and also by a paral-
lel programming language. .

Revwords. Abstract machine, aetion pattern, action pattern
transitlon, action set, arbiter, grid processor, left  state
pattern, library of logical schemes, logical scheme, metanction,
metaoverlapping abstact machine, metaoverlapping rulie, metastate, .
parasllel processing, pattern domain, pattern shape, problem
solver, process diagram, procegssor grid (multidimensional),
processor space, processatr subspace, oaverlapping, overiapping
rule, overlapping rule base, overlapping signal,. overlapping
step, overlapping subrule, right state pattern, state set, state

pattern, state pattern transition, subrule set, walt state.

. Al
1. Introduetion

This article deals with the notion termed over-
lapping as a systematic (algorithmic) approach
how to master problems in a Pprocessor &array
(grid) environment. Problems can probably be
decomposed in sequences of parallel processes.
Overlapping approach sclves the problem decom-
position in a specifie¢, partieular way.and can
put the capabilities of emerging  VLSI technolo-
gy into effective funetion. Overlapping appro-
ach can be easjly adapted to be performed on
various parallel architectures I{ke hypercube,
bus, systolie, shuttle network, four nearest
neighbors, ceross-bar switeh, ete.

The overlapping approach basicly derived (from
overlapping algorithms [}, 2} shows some pro-
mise for reallzing messive parasllelism-and it
can be viewed as a tmethod for designing speclal

processor arrays. This approach can lead to an.

algorithm design and alsc to programming methe-
dology. Parallel logie programming {(parallel
Prolog, guarded Horn ¢lauses} can be used to
program overlapping models effiecientiy. Under
limited conditions overlapping models ean be
simulated by von-Neumann computers.using high-
level programming languages.

{*} The manuseript of this artigle was prepared
as author's lecture at the Hokkaido Univer-
slty, Sapporo, Japan, held on November 6,

© 1885, - : :

. the potential,

{3) There exists a problem {(user,

This artiele proposes a -framework for realizing
termed overlapping. Overlapping
needs & raachine, & proeessor array where node
proecessors have some memories which can - be
down-loaded for particular functions. Several
appropriate ecommerclally svalble and non-eom-
mercial {(universities, institutes) multipro-
cessor systems exlst by whieh the overlapping .
approach could be realized [8}. ‘

In this phase‘or investigation overlapping is

"viewed- as a hardware-oriented methodology for

eonstructing special-purpose processors. It -
can  also comprise an abstract machine, algo-~
rithm development methodology ete.

2. Philecsophy of the Overlapping Approach

(1) There exists a grid (array, space) of
processors which constitute an abstract
(unlimited} proeessor gpace (multidimensio~
‘nal, in general).

(2} Ir the processor space there 18 a subspace
(mechanism) dedicated for control purposes.

input prob-
lem) which will be soived by the activity
in the processor space. <Constructively,
there: s not elear yet in whiech way the

_problem will be solved by means of proces-
BOF Space.




(4)

(6)

(7)

{8)

(9)

(10) The

(111

(12) A

For the glven problem.
tial state ppttern over
Is needed. This pattern wilt be  genergted
for a given problem by a special, initiat
operator isee later, in the loglieal
serhema).

some kind ol jnj-
the procossor spaee

The term pattern has te Le explained. Gene-
rally, a pattern is a non-compiete array of
entities which is selfgoverning, but it ean
be mapped alsp onte processor space. In
some way, Indices of array entities and
indiees of processors in A processor  space
do corresponid, Entities of a pattern array
ean be directly mapped 1hLo Proeessgors 4d-re-
gisters, memories).

There will be
entities as

several kinds of pattern
$tates and actiens. In the
praocessor space there will be state and
petion patterns, in overlopping subrules
only stlate patterns. The so-called. arbiter
fupction will generate sctions as  conse-
Auences of state subsets causing action
pattern in the processor space. Pattern
entities wijll be symbols representing spe-
elfie (problem solving) states and aclions.

A problem (3) will be solved constructjve-
1y and the way of constructive soclution
will be called the overlapping approach,
For this approach additional construets are
necded.

In (5) state and action patterns
explained and In (1) the processar space
was introduced. In (5) and (6) the corres-
pondence of patlerns 10 procesSSOr Space was
explained. By means of state and aection
patterns the overlapping process in  the
processor space will be conducted step by
step.

wers

For a stepwise conduction of the
ping process the hotioh of a particular
rule (similar to rules in expert systems)
ls necessary; Ssuch 'a rule Is called the
overlapping .rule. In the next paragraphs
the tweehanism of the overlapping rule will
ke developed.

avetlap-

overlapping rule (OR far short)
be  defined part by part.
sist of two parts:
and an arbiter.

will
Aan OR will con~
a non-empty subrule set

Subrule i% a rule of the form

IF state_pattern THEN

" OVERLAT _BY state_pattern
Subrule 1is an overtapping rule: it is a
preaction rule, where actions will be
performed later after using the arbiter.
The executfon of a subrule represents an
everlapping operation, deserlbed in the
nexl paragraph.

subrule has a left state and a
gtate ' pattern {tnoncomplete array  of
states)., By & subrule execution ‘tusage)
all ol lteft-state patterns ineluded in a
proacessor space will be scarched and each
of the founil left stale patterns of the
subrutle will be overlapped by the right
state pattern of the subrule In the pro-

" ceSSOr SpuUCe tC.f£. In Processor memoryi.
Here,. overlapping is not a réeplacement,
The states of the right state patiern will
be starcd faccuwmulatodr in the menories of
pattern corresponding proecessors. The rio-
sult of a subrule exceution (application}
over the processor spage is  accumglation

right

(13)

(14}

(15}

{16)

(17

(18}

{19y

(20)

of some states in some processor
of the proressor space.

oo e i e5

in the same systematic way as applieation
of a subrule was delined, an applieation

af a subrule sct over the processor  spage
can be defined. For €ach subrule in a
subrute seot  the procedury describod  in
(12) has to be executed. Hy this, additio-

nal states oare accumulated
some memories of

(stored)  In
the processar spaee,

By overlapping fapplying subrules) some
processers in  the grid bave aecumulated
more than one state {incluvding the origi-
nal proeecessor state before overlapping)
and th these processors aller terminating
averlapping (13) an arbltration has wa be

performed to decide which aetlon in the
processaors with more than ohe acoumulated
state will occur. For this purposs, to

each subrule set
ls defined,
will

cessor

an arbitration
called the arbiter. An
produce a single action

havitg more than one accoutnd Lated
state. This retion (its symbel) witl be
stored and executed to praduce a  problem
function, rvsetl the accumulated states and
generatle a problem dependent new provessor
state. Actlons being performed in a paral-
1el way in different precessors can ewnmu-
nicate samong each other; these ave the
well-known communicationh problems among
parallel processes,

function
arbiter
in the pro-

Arbiter is a funetlion being defined over a
sel of state subsels producing 17 aclion
symbol belonging to the action set.

A subrule set and an arblter assoctaied
to this subrule set constitute a pair
called the overlapping rule. Procedures
deseribed in (1)) to (l4) represent the
so-called overlapping rule application.

Overlapping rule appltication will be ter-
med also overlapping step. A problem (3}
will be solved by several overlapping
steps.

A problem solver has a base of overlapping
rules (e.g. rules of knowlcdge etec.) and
van use the processor grid for solving
problems. In this case, the definition of
a program far overlapping rules appileca-
tion {logical seheme) will be necessary.
All overlapping rules needed to s~rlve 2
problem by a particular sequence of over-
lapping rules are elements of the se-
called rule base or briefly base.

Let us deline the sc-called logical
seheme for applying overlapping rules when
selving a problem. Operators in the
logical scheme are symbels (names) repre-
senting overlapping tules in the rule
base. Rule symbol in the logiecal schene
represents the rule call, l.e., the appli-
cation (execution) of the overlapping
riule. In  the logical scheme there (s an
initialization opecrator at its beglinning,
there ere rule calls, f statements and
fabels (as deseribed later).

All left stale patterns of subrules, be-
longing to a subrule sct of nn overlapping
rule @are travelling (moving) through the
processor space. The travelling process is
systematie and starts at some "hepginnlmg
edge” of the processoyr spacve.  The proces-

sors  of “the spage are signalling when n
patiern  state  is beeceming equal 10 the
processor  origint state.  These signals
ate  atiribnted Ly the pusition teooedi-

nates, Indiecs) of the signalllng proces-




(21)

(22)

(23)

sar in the space. "A manitar pracessor  in
1hg processor subspace stgnals the inclu-
sion or a,left state pattern i the pro-
cessor state pattern and in this case the
eorresponding right state pattern is
stored  (aceumulinted) in the corresponding

. ProCessors.

Each subruie in the overlapping subruie
set can have its own nonitoring protessor
in the processor subspare, «n, the over=-
lapping through the provessor spnee is
carried out as rast as possible. Whnn the
overlupping proeess has reached . the so-
ealled ‘"ending cdge” -of 1the proressor
space the rule arbiter funetion in  the
proecessors having rmore than one stored
(accunulated) state is peeformed (bxecu-
ted), gencrating . actions. By this, the
oyerlnpping step {applying of an overiap-
piog rule) is terminated.

A partieular processor iji the procpssor
subspace fthe so-called application regi-
ster) is signalling if an overlupping rule
was really applied. Application of an
overlapping rule means that at jeast one
overlapping of a left state pattern in the
processor  state patltecn by right state
patiern was performed. The notion ol the
rule application register is lmportant at
the further construction of the logical
selieme,

over-
stlate-

A ]bgical scheme Is a seguenee of
lapping rule call siatements, of if
ments having the shape

1F overlapping_signal THEN
GOTO labell

ELSE
GOTO label?;

ENDIF;

and labels, At the beginning of the scheme
there is n problem dependent state initia-
tlzing operator, "The overlapping signal
represcnts  the state of the application
register described in (22). By this, a
logical scheme is a non-trivial sequence
of elements with the syntax .

[label) overlapbing_rule_qall
to_rule_attributed_{if_statement |

Leglical scheme is also 2 pregram for pro-
cessor alloentions to-parallel actions in
the procéssor space. A rule eall in the
scheme represents severz! inherent and
problem solving operations bejng the fol-
lowing:

(a) searching for all left state patterns
of the subrule set in the instanta-
neous processor state pattern;
overlapping of each in the instanta-
.neous processor state pattern occuring
left state patterns of subrule set by
the corrvesponrding right state pattern;
parallel arzitrating in processots
having accumulated more than one state
after overlapping by translorming
these states tn actions;
parallel exesution of problem solving
actions from (e¢), reseting the accumu-
tated states and determinig the new
proeessor state.

(b)

(e)

(d¥

Actions
rule
ving
have

resulting by arbitration in a
-eall represent parcallel problem so)-
processes op parallel subiprograms and
to be problaem tuser) defined.

Sue remnrks to
¥eneration in

the
the

initinl stale pattern
proesssol  spaee  are

€2

{28)

29y

. also

scheme..it

overlapping step.

necessary. Belore the abstaet machine bu-
2ins  to apply overlopping rules acceordling
to togical scheme, the pronessor initial
state pattern has to be generated Tolher=~
wise the rules can net be appliecd. This
paltern is pul inlo lhe provessor spage’ by
a special operator at the beginning ol the
logical schewe. This lirst operator c¢an
einar the processnor (slate) Space
puting all the procdessors in the wait
state 'w' apd then initializing the propoer
pracessors with corresponding states.

The state initializntion operator is
an overlapping rule and in the logieal
is recognized as such. The pur-
the operator is to map 'a Sstate
inte processor space, The initia-

operaters will be denoted hy

not

pose of
pattern
lizatlon
injt.

The overlapping approach deseribed in (1)
to (27) is based on the following con-

strucis:

ta) processor space (grid,
(b} processor .subspace {(rontrol purposcs);
{e) a user problem {state and action pat-
terns are deduced {or appropriate
rutes); ’ .
overlapping
ter); )
base of overlapping rules;
logical -scheme fov overlapping rule
appliecation and initiAlization ol pro-
cessor space (logieal scheme is &
. processor subspace QPiveﬁ'prugram;.

array):

rule (subrule set, arbi-

—~
Lo}
- —

We say that a problem will be solved by
the overlapping approach.

Let us exbi#inmihe.-ouerlapping approach
for solving a problem a&s a serial-parallel
processing. For this purpose, tho proces-

sors. in the processor space are named
(numbered, indexed) and a process in &
processor is denoted by alil; here, 'a'.
denotes a problem solving aetion as de~
seribed previously and 'i' is the proces~
sor index, Actions a(i]l can comnunicate
among each other in the [ramework ol an

A logieal schewme rebdye-

sents a sequence of parallel processes
groups wliere parallel processes ocour
within the overlapping rule call. So, [for
example, we obtain the process diagram
shown 1in Fig. 1 {(numbers in ilLe scheme
all]
BEGIN init vooafl2y
. voatlldl !
____________ :
i
a{l] :
i a{2] ;
———— e —— H
: al3) ;
END B :
wrmme——s . & o~ a-a~) afl18] -
. boal13)
toalis5)]

Fig. 1. Process (aection) diagram with pro-
cessor indiees {i] being alloented




represent the processar tndices in the
processor grid). .

Here, aclions afll, af(12), and a{13} ean
communlcate among each other In the first”
overlapping step; in the second overilap-
ping step such communication Is possible
among actions a(2}, af(3), af{lo), allld),
and a[l5]).

(30) Exampie: Adding twe binary numbers by
overlapping approach, Let a processor grid
‘represented by processor walt states be

glven:
WWWWWW
WwW W www
WWWWWW
WWWWWW

Let a processor subspace for control pur-
poses be given, The set of states has
three elements: w, 0, 1 {where 0 and | re-
present binary ciphers). The set of ae-
tions has three elements: w, m, r (where
w |Is wait action, m is ac¢tion for repla-
c¢ing Lhe initial wait states w by 0 and 1
states and r is the so-e¢alled replacement,
for whieh rix,y) = ¥y, where x and y are
elements of the set {0, 1, wi. Further, we
have a subrule 'set SRS with four sub-
rules

lefi_state_pattern right_state_pattern,

where we simply denote them by

0o ___ 1 | S 1}

1 0 01 10
w1 1 __ 0
10 - 0 ¢ wl 10

"The arbiter is action 'r' being described
previsusly., By this, overlapping addition
rule is detetinined. The initial stlate

pattern is .

0101

1111

representing two binary numbers {number in
a line). This pattern will be mapped by
the |Inft operator 'm' onto the processor
grid. 1In this case, logical scheme Is the
followlng program:

BEGIN

init;
beg: addition_rule;

IF overlapping_sdgnat THEN

GOTO beg;

ELSE GOTO end;
end: ENDIF; '
1 END;

Let us denote the wait state w by a dot
{.) for.better lucidity. We get the fol~-
lowing state transitions In the processor

‘space:
s e e e e s L] L2101 s
A s e s oa s ke [ T S S HEE
1 11 1. s .1 010, s
., 0101, -- . 1610 .- 0--

. 0000 . s 10100 . __
10100, (-- 006000 .+ ¢

-
&

Here -~ depotes a state pattern transi-
tion corresponding to an overlapping step,
I1f eaddition rule could be applled the
overlapping signal s true, otherwise

false. Sign "7 denotes that tsrmination
of addition process is state patiern dri-
ven., At.the end, the sum sppeacs in 1lhe

second line of the processer space. 1In a
simlldr way we can get the action transi-
tlons ln the processor space: :

v e e e e v e e e

e e e e a .MMM . a

L s MM MM, --

PR « 1l e e

Y

P B a P S a

I T S sBRE P, -

- » 1] . - L] - - » L] » L4

e e e e C s e e e

[ N S a T —

grrr ., == [ I I N H

a v et e v s oe s

a

Here, 1~- denotes an actlon pattern tran-

sitlon corresponding to an overlapping
step. Actions appearing (n an aetion pat-
tern are parallel. Wait (dot) artlnne are
sectually nonactions, and m ts _the inftial
nmapping actlon. One can draw the process
diagram shown In Fig. 2.

3, Formal Definition of the Overlapplng
Abstract Machine

3.1, A Top-down Introduction

Now, we have to clear the censtruction and the
properties of the overlapping abstract machlne
i s systematic amd formal way. In the previous
chapter we have intuitively deseribed the over-
lapping approach and it became more and more
cloar what the eonstruetion and the properties
or functions of an adequate abstract machine
should bhe. Let us begin with top-down defini-

tion of the abstract machine. Let us stiress
that some algorithms realized by the abstraoect
machine will vremain on the (Intuitive 1level:

namely, some basic optimized machine funetjons
have not been examined yet (e.g., &8 programs
expressed (in an appropriate programming lan-
guage) .

Definition 0. The overlapping ab-
stract machine (OAM for short) is a quintuple

OAM = (P. S| Aq B! L)|
where:

P 1s 8 multidimensionnl (linecar, quadratice,
cubie ete.) procvessor grid (space, orray!
with p processor subpgrid for control puppises
(for executing togical scheme, signalltid.
conununieations ete,d; this grid 1s potential-
1y unlimited; eneh processor has s loeal
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Flg. 2. ?aral]cl-séqucnflal process dia-
gram resulting .Iirom the example of
adding two binary numbers

memory and ¢an execute actlons {(problem sol-
ving subprograms); processors (n the grid
are well-connected in some respect so  they
can ensure basiec machine (inherent) opera-
tions; for instance, processors are abte to
search left state patterns of & rule through-
out the processor space; they are  able 1to
perform overlapping of states in each parti-
cular processor: they are able 1o execute
arbitration " in each particular proeessor
{i.¢., determining =actionhs in dependence of
the overlapped states); ’

8 is a state set; the set ecardinality has to
consider sufficient number of distinguished
states to solve a2 problem; states are symbols
of the so-called stale type; this set 1is
petentially unlimited; .

A is .an action ‘set; this set représents an
ordered library of action subprograms dedl-
cated to perform partial functions needed In
the processes of problem selving; set A s
polentially unlimited;

B Is an overlapping rule base; coverlapping
‘rules can be expressed as particular informa-
tion type structures adequate for storing and
usage; base B is potentially unlimited;

L is a 1llbravy of logical schemes; a sechene
calls overlapping rules when solving a parti-
cuiar problem; a logical scheme conducts a
problem solution by rule calling;
15 potentially unlimited.

Sets S and A, bsse B, and library L are genera-
tlve sets, During their 1ife cycles these sets
wlll be modified; the cardinnlity of these sels
will be variable; set ejements will be added
aml deprivoted in dependence of problem envi-
* ronment requirements. OAM is ohviousiy a prob-
lem solver. with learning ecapabilities' improving
113 solving power through tts life eytfle.

library L .

7

We say that an OAM is overlapping well-connea-
ted; tt performs .all necessary overlapping
ocperations automaticalily. Ih general, an OAM s
a serial-paralliel inference machine (SPIM). 'In
& particuliar case, when an adeguate =zolutisn
exists, an OAM can function as a {pure) paral-
lel inference machine {(PIM).

There is nothing more substantial to say about
sets § and A. Subprograms in A ¢an be expres-
#~4 in a proper programming language.

Rulies in the overlapping rule base can be for-
mglized. FEech overlapping rule consists of two
elements: a subrule set and an arbiter. This
eanstruct ¢an be written for an overlapping
rule OR as P

OR = (§SR[II, SR[2Z], «.. , SRinNn}i, arb)~ -
and further, a subrule SR ean be formalized as
SR = {lelt_state_pattern, rlght_state_paticrn)
liere, pgllerns are adequate type structured, 36

correspondence beilween left_state_pattern and
right_stale_pattern is unambigiously deflined.

A logieal scheme begins always with the state
Inttlallzation gperator ahd continues with
overiapping rule ealls. A rule call executes

some to processor grid inberent operations 4and
finally also defined problem solving actions
{(as an action patlern). FProcesses (actions) of
a vrule call are parallel {they ecan certainly
comnunnicate among each other). Inlerent opera-
tlons executed by a rule catl have been listed
at the description of P (searching, overlap~
ping, arbitrating). After this operations prob-
lem soiving actions wiil be performed. The
eonnedtivness.of. B ensures that inherent opera-~
tignSﬂare as eflicient as possible . {paraliel}.
Optimized algorithms for . efficient inherent
gperations have to be elaborated (developed).

3.2. Formal Definitions

3.2.1. State Patterns and Some Relations
among Them .

-

Detinitif{on -1. Let M(k) be a finite
non-empty subset of a Cartesian produet IT{k) of
k factors, where [ ls the set of all integers,
and let § be a finite non-empty set of states.
A mapplng sp{k) (sp denotes a state pattern) of
a set M{k) Into a set S, if.e.,

EL M{k} &
spik, x) EL 8§},
1, 2, «os

Sp(k) = {(X, ¥) | x
. y
k

where 'EL' denotes the relation 'being element
of', is said to be the k-dimensional 'state
pattern in 8 or brielly a pattern. Here, sp(k,
X} represents sp(k}{(x), 1i.e., the value of.
function sp(k) at its argument x.

By wEL § we denote an empily entity, and each
pair ¢x, w) in sp(k) can be omitted. AR empty
. pattern I35 8 set.
{{x, w) I x EL M{k)}
Def inition 2., If sp(k) is a pattern
cand :
spla, k) = {(x*a, ¥} ! (X, y) EL &p(k) & x+a =
{(x{1)+a(t), ... , xtk)y+a(k))l,

where a EL I(k) and k = .1, 2, ... , then spta,
k) is the so-called a~displacement of the pal-
tern sp(k). .




Deflinlttoen 3. T™wWo slate patterns
splkl and sq{k) are said to be equivalent if

EX ata EL T{K) & sgik) = spl(a, k)),

where 'EX' denotes 'there exists', Let this
case be denoted by sp(k) .= sp{a, k) where '.=!
is the reiation of state pattern equivalence.

Ohviously, each a-displacement of a patiern s
equivatent to this pattern. - '

Deflnltflon 4. A pattern spl(k) s
said to be lncluded in a pattern sqik) If

EX a(a EL I(k) & sp(a, k) INCL sqi{k)),

where ! INCL! representé the relation af inelu-~
sion. Let this case be represenled by sp(k)
pattern fnclusion. Evidently,

" spik) .= sa(k) <=> EX a(spia, k) .INCL sqfk}}
& EX bisp(k) .INCL sq(b, k)}

wherea '<¢=>' js the logle¢al equivalence symbotl,
is true.

3.2.2. Pattern Domains

Definltion S. Let * NOT_EL 8§,
where 'NOYT_FEL' denotes 'being not element of';
- then the pattern

$(5, k) = 1(X, 2) | x EL M{X) & z = %},
K s 1, 2, sve ,

will be ralled the k-dimensiona) patiern shape
or briefly the shape. Thus, ecach shape is . a
pattern in (*} or in {w, "*}. Let & pattern
sp{k) In 5 and let the sot

(kY = f{y, 2} | (y EL 8§ \ {w! &z = *) V
(y = wike= i,

where 'V' represents the logiecal 'or!' opera-
tion, be given; then the set composition (%)
ooMe splk), i.e.,
spt*, k) = [(x, z) ! EX ytsp(k, %) = y &
f{*, y) = z)}

will be ealled the shape of a given pattern
spik). A pattern spi{k) has the shape v(¥, ky if
and only (f sp(*, k) .= ¢£(*%, k). Two patterns
sp{k) and sqi{k) have the same shape if and only
if

sp(*, k} .= sq(*, k)

Definition €. Let B(*, K) be 2
finite npon-empty set of k-dlmensional pattern
shapes. The donain D(R, OAM) of on CAV will be
cajled a set of k-dimensional patterns {n 8§,
i.o,,

Dtk, Qa) = isp(k)Y | sp{k] IN S &

sp(%, &, k) EL B{*, k) & ~

a EL 1(k)},

where, sp{*, a, k) is an a-displacement of the
Shape sp(*, k); here, T'IN' 1is the relatian
'heing in'. Thus the domain D(K, GAM) will be
generated by a pair (S, Bo*, Ki).,

3.2.3. Overlapping Rule

Deflnitiaon 7.
or  bricfty,

Overlapping subrule,
subrule SIE, will he s parr

Espdky, sqikad of k=diaepsionn) state patierns

fn &0 whore & §s the set of states and  whore,

genernlly, splk) and sqik) do not have equiva-
lent shopes. The pattern sp(k) §is said to  be
the- 1eft and the patiarn sgik) the right state
pattern  of SR. Two subrules SR_I - tsp_tik),
s5a_l{k)) and SR = (sp_2(KkY, 8g_2k1) are
equivalent if and only ff

EX ata EL I(k) & sp_l(k) = sp_2(a, k} &
ag_1¢(k) = sq_2(a, k))

Def Il nition g, A finite non-empty
set SRS of pairwise non-equivalent subrules
SRIL) % = &, 2, +0s , m}, t.e.,
SRS = [SRL1}, SR(2), +v. , SKImlt.

will be c¢alled the subrule set. The applization
of a given subrule set to a state pattern splk)
is defined as follows, Let it he SR{il KL SRS,
where SR{{]) = (leftfijék), sightl{ij(ky) and 1ot
sp(k) b a state patiern. To each SR{i} and
sp(k) a set

SPLETCKY = {(x, ¥} ! {x, y) EL right[i]ta, k)
& leftft)ta, KY INCL spik)
& a EL L{K)}

can be eonstructed. Hence, SPlidin) fnelundes
pairs {X, ¥} with equal elements x and ean
also be an empty sct. Now we construct to a
given SRS = iSR{L}), ... , SR{mj} and 1o & »>tate
pattern sp(k) a set

i=tn
8V = sp(k) U U SPLiltk),
i=1

where 'U' represents the union operation and
inirodune the equivalence relation 'EQ' delined
in 8V by~ ’ )

(X1, y1) EQ {x2, y2) <> x1 = x2

To the eqguivalience ctass EQ({(x. ¥)) now beleng
all the elements of SY which are in the rela-
tion EQ with (x, ¥y}, i.e.,

EQl(x, y)] = [{(xl, ¥1) | (x!, v1) EL 8V &
xl = x]

The corresponding f{aclor set SY.EQ of SV con-
nected with EQ Is

SV/EQ = {X ! EX {(x, y)((x, y) EL SV &
’ X = EQL(X, ¥)]13]

Now the overlapplng value of SV will be the set

oSV = i(x, C) ! (%, y! EL X &
C= iy ! (%, ¥y)ELX &
X EL SV/EQ}

Obviosly, this set is a mapping of the set M({Kk)
into the power set of the set S. We say that a
given state pattern is transformed by appiying
a subrule set SRS to the overlapping value OSV,
and we denotle it by

SRS(sp(k)} = O8V

From QSV, which is a sinte subset pattern (C EL
power_set1{8)),we get its shape

0svV(*) = 1(x, #}) | EX C(OSV(x) = C}

OSV(*) wil) be also the shape of the action
pattern.

Def.inl tion 9. The soet
arb = i€, (x, y)) ! € FlL power_set{$) &
y EL A & .
X - y() KL & &
(x, ¥ TR




where A is an aetion set, - 1s called the aver-
lapping arbiter or brielty arhbiter. The arbiter
Is said o be generally defined in a state set
S If arpi{zero) = (w, w) (zeto dendle% an empty
set}, arb{(z]) = (2, w) where y EL 5, and

W EL C & arb = arb(C) ¢=> arb = arbiC\iwh)

where C EL power set(S) and wEL S. In:the
arbiter definition, it |s clearly understood
according to paragraph .(14) in the previous
section, that the new state x EL § of a pro-

- eéssor in  the processor grid is ~produced by
action ¥, 80, ¥ = y{)., We suppose that preoblem
dependent action y |ls exocuted withln the arbi-

- ter . fuhcetion. Arbiter fTunc¢tion actucily re-=
places the set C by the new state x.

Remark 1.  Def. 8 econforms only one of
‘possibilities for the arbiter - determination,
The arbiter function can be delfined in  severaj
ways. So, generally, one can have

ath = ﬂrb(xlllg K[Z]s Tae x[m}).l
m= 2,.3, ...

"by which the possibility of defining arb(x, x)
etc. s achieved, ¥Further, arb ean he determi-
"ned by some Kind of automaton ealeulating the
new state always when the second state by over-
lapping was accumulated., This approach reduees
the number of memory state leeations in  local
memories to 2. ‘ ‘

Definltion 1 0. A palr (SRS, arh),
where SRS is an overlapping subrule set and arb
an overlapping arbiter, is called the overiap-
ping rule OR or briefly the rulg. 7The applica-
tion of a .ruile OR = (SRS, acrdb) to a -state

pattern sp(k} is determined by .the transforma-
. tion SRS{sp{k)) = SV asnd the composition arb’

COMP OSY = spl{k) when OR maps a state pattern
sp{k) into & new slate pattern sp{l]}{k). We
define .

OR: sp(k) .-- spf{lj(k) <=> .
. sp{il{k) =-arh COMP SRS(sp(K))

A procedure OP: sp{k) :-- sp[l](K)} is ealled
the overlaping step and is performed by an
overlapping vrule call ‘'or®' in the logical
scheme. ’ ’

Defilnitilon 1 1. Diflerent overlap-
ping rules conform the so-called base of over-
iapping rules, brief!y -B; this base is ade-
quatly structured. So, B is a structured set of
OR's. .

3.2.4. Loglical Scheme

According to paragraphs (18) to (27) Llm Chapter-

2 we have the following:

Defintition 12
Is a program (algorithm)

Logical scheme LS

LS = LS(init, or(l}, «.. , orlcl,
‘ o_sigll}, «+. , o_sigirl),

where init is the state pattern initialjgation

operator, orfit} ¢l =1, ... , r) arvrc overlap~
ping rule calls for rules belenging to rule
Lase B, and o_sigli] are overlapping signals as
deseribed in paragraphs (223 and (23) in ~See-
tion 2. Schematically, for an LS we have the
fellowing segments:. ‘

init; segll}; seglly; ... ; segir]);

where for segil] (i = 1, +ss , I) there 'is

possible_label[i]:
orlil; T
IF o_sigl1) THFN Lo
‘(hull | {GOTO, possible ]abel[p])),
ELSE "’
(null ! (GOTO possible_label{ql));
ENDIF;

If a segment |I|s et the end of LS or if for »a
segment segljl we have.

posaible label[j]
orf]} :
IF o_sigi{jl THEX
GOT0 end_of_LS;
ELSE -
.(Rutl | (GOTO possible_labell(g})); -
ENDIF; .

then this segment is called the terminal seg-
_ment of an LS,

! in the upper two segments of LS
‘(! and ')' are mctaparentheses, null is a null
statement, Li' is the alternatiwve sign, and p,
q-= 1, ... » o ' ) -

There oxlsts a library L.of logieal schemes of
type LS within the OAM; this library is adequa-
tely structured.

By Def. | to Defl. 12 the construet of overlapw
ping  abstact machlne In Def. 0-is ecomptetely
dotermlneq. o

4. Basic¢ Thecrems for the Overlepping
Abstract Machlne Application

¥

Def inition 1 3. The .application of
an OAM = (P, S, A, B, L) is definod 2s fol-

--lgws. -For the glven processor grid P a logieal

scheme LS [from library L is selected. This
scheme vtvepresents processes needed. for a prob-
fem solution, By initializing operator init of
the scheme the processor grid. is state initia-
lized. Further, logieal scheme calls the over-.
lapping rules belonging to the base B for exe-
cutien and controls by means of overlapping
signals the further overlapping rule calls. By
arbitration within the overlapplng rules prob-
lem solving actions belenping 1o A are exe-
cuted, At the end of the logical scheme the OAM
problem -saiving process is stoped and OAM I3
ready to solve snother problem.

D e (initiomnm 1 4. : First, let us
define the value of a logieal scheme within an
OAM application. The value of z legicsal schomc
in an CAM application ls the sequence of over-
lapping signals whieh in the problem solving
process have became the true value. This se-
quence represents the actual appljeation of
corresponding overlapping rules when some lelt
pattern of & subrule of an overlapping rule was
Included in the processor state pattern. Now,
we have the. {following Instances of logical
scheme values: :

!1) The value of an LS is a finite (possibly
empty) sequence of true overlapping signals
where the end of LS was attained.

(2) The wvalue of an LS is an Infinite sequence
of true overlapping signals Where the ‘end
of L5 cannot be attained.

(3) The wvalue of an LS is a {inite (possibly
empty) scquence of true overlapplng signnls
where the end of LS cannot be attained,

We say that-sﬁ upplicalibn'of an OAM is resul-

" tative iIpn ecase (1), and npon-resuitative 1in

cases (2) and- (3).

Definit i'on 1 5. At the beginning vl
an OAM = (P, §, A, B, I) application all the



grid processors are in the wait state; this
state pattern {5 called the walt pattern., After
execution of the initielizing operator in the
selected lagical scheme LS the initial pattern
is mapped into the grid state pattern. I{ exe-
cutien of the L8 has attajned jts end and the
value of LS (s empty (nc . overlapping rule
could be apptied), we write
OAM: isp(k) 1

where isptk) is the Inltial state pattern. In
thls ease no problem solving action from actien

set A teck place. The Initial state pattern
remained upnchanged until the end of OAM appli-
cation.

Let us apply oaM = (P, 8, A, B, L) for a

selected LS EL-lL-and let the LS value be

o_sighi{11], o_siglt(21], ... , o_slglt{]]],

when the end of LS was not attained yet. OQb-
viously, In this case we have
OR[E{1])]: spl0]l(k) ve= splll{k),
OR[1(2}}: spll])ik; v=~ sp(2]1(K),
» LIS »
OR(1(}1}: spli-11¢k) i=- spl[iltk},
{here, spik) 15 equal to spl0}(K}) and in the
sense of Def. 10,
spl1l¢k) = arb{il1Y) COMP SRS[il1}It(splO)ik),
splZi(k) = arbli(2])] COMP SRS{i(Z])(sp(ll(k),
spljl{(Kk) = arb[i{])] COMP SRS(i[j)lI¢splj-1)(k)
Evidently,
splijl{k) ="arbli[j]} COMP SRS{I[]]}
. ees ’
arb{i{2])] COMP SRS[1[2]1]¢
arblifl]] COMP SRS{i[L))(sp[O0}(k}}
) ees )

Now, let 1~-[i{j]) denote the overlapping step
ecorresponding to the overlapping rule OR{iljll,
and let i==[j} denote | single sequential over-
lapping steps. So, the overlapping chain, or
briefly the chain, will be introduced by

OAM: splOjik) "--18[17) api{1)(k) --11[21) .,.
. ve={i0it] osplilck)
m=j
{=> {spim]{k) = arbii[m]] COMP
m=

1

SRE({[m)){spim-1)(k))},

whete sp(0](k) = sp(k), and sp{jl{(k) is called
the simple image of sp(k) mapped by OAM. In-
stead of the upper chain we denote briefly

OAM(LS):
OAM:

spi{jl{k} or also

spldl(k) i==
i=={j} spl{]l(k)

spld]{k)

We read it:
slates the
overlapping
spijlik).

Detinitien 1 6. Let over a pro-
cessof grid state pattern spln-11{k) a terminal
segment seg(i(n]] of LS (Def. 12} be applied,
where .o_sigliln]] is true. Here, overlapplng
rule OR{i[nl] is applied to spln~1](k), mapping
It -into state pattern splnlik) when the execu-
tion of LS was terminated. We deline

For the selected LS the OAM 1tran-
Inltial state pattern sp[01(k) by §
steps freely into the state pattern

OR(E[n)): spln-11ik) i-- . spinl{k} <=»
arb I{n]} COMP sK3[i{n])]l(spin=-1]{k) &
segiiin}) 1s terminal

Let  OAM bhe applied to spih) and iet the value

10

of an LS be a sequence o_sigliftl), o_sieg(i{2])],
a terminal LS segment. In this case

OAM: spik)

i== sp[n-11(k) &
OR{li(n}): spln

1;:L) t-- spin!{¥)
is valid, and Lhis is depoted by '
O0AM: sp(k) i=={n~1t spln-1)(k) i-=- . ;p[n](k)
For bfevity. we write this as

OAM:
OAM:

splk)

==, spinlik) "or
sp{k) i==

{nt sp[n](g};

*
spini(k) 18 ecalled a terminal . image of spik}
mapped by OAM in n overlapping steps.

Detinttion 1 7. ket over & proces-
sor grid state pattern sp{n-1)(k}) & non-terml-
nal scgment seg[iin}]) of LS be applied, where
o_stgliinl] Is true, Now, OR[iin}| will be
applied to spln=-11tk}, mapping it tnio
sp{nl(k); afterward, let the end of LS be
atained without applying an OR of 1S 1n
spinl(k). In this  case we wrlte

ORIIL[{n}}: spin-11¢(k) == splnitk} 1.

I o_sigli{il), o_sig(ii2l}, ... , o_sig{i[n]]
*is the LS value, and [f OAM was applied to
sp(k), then
OAM: sp(k) i==in-11 spin-11(k) &

COR[4(n]]l: spln-1i¢K) -~ sp[nl(ky @
This is denoted by

OAM: sp(k) l==in-1) spin-1}{k} !-- spin)(k) !,
or briefly by

OAM : '=={n} sp[n)i{k) T

sp(k) or
OAM: sp(k)} !== spln|(k) |

The resulting pattern spin](k) Is called 1the
exacl 1image of sp(k) mapped by OAM in n over-
lapping steps.
Detinition 1 8. if the applica-~
tion of an OAM to a processor grid patlern
spik) Is resultative and splnj(k) ls a result,
we denote it by OAM{sp(K)) = splnl{k}). In this
case, In the sense-of Def., 14 (1), there exists
only one of the possibilities:

OaM: sp(k) I with OAM(sp(k)) = sp(k),

OAM: sp(k) i== . sp(nl(k), and

OAM: sp(k) i== spinJ(k)} I,
where sp(k) Is the initial state patiern. We

fntroduce the following notation:

if OAM: sp(k) t-=- splllik),
. then OAM: sp{k) i== sp[1](k);
if OAM: sp(k) =~ . splll(k),
then OAM: sp(k) == . spl[lltk);
I OAM: sp(k) :-- splli(k) ~T,

then OAM: sp(k) i== ap(11(k} 1.

"

THEOCREM 1. 1f OAM = (P, 8, A, B, L) is
an overlapplng abstract machine and sp{(k) EL
Dk, OAM)} an tnlitial state pattern determined
by the opecrator init of the selected LS FL L,
then anly one of the (ollowing possibilities (s
valid: !

(1) OAM: spik) 74




(2) OAM: sp(k) i-- spllifk);
(3) OAM: spi(k) -- . spll}(k);
(4) OAM: sp(k) j-- spll){k} 1 ‘
(5) the value of LS EL L Is enpty and the end
of LS cannot be attuined ' :
Proolf. In the senpse of bef. 14, the

application of an OAM to a state pattern can be
either resultative or not. [f the application
of an OAM to sp(k) |ls resultetive, only one of
the pessibilities (1) - {(4) Is true. This means

that the first overlapping step either exists |
(in- eases {l) - (4))-0r not (in case (1)},
Evidently, tn the resultative case no other

possibility exists. If the application of
to sp(k) is non-resulitative, only one of
possiblillities (2) and (5) -is valid, This means
that the first overlapping step either exists
(2) or not (5}: Evidently, In the non-resulta-
tive case, there does not exist any other pos-
sibility. Thus Theorem | is8 proved.

OavM
the

If OAM = (P, §, A, B, L)
and .for initjal state pattern sp(k} for selec-
ted LS there ls sptk) EL D(k, OAM)}, one of the
followlng equivalences is valld:

THECREM 2.

OAM: sp(KY i=={§1 spliltk) & § > 1 <=3
EX! spl]-=11¢k)tOAM: sptk) ‘=={j=1} splj-11(K}
! e spliltk)y)y -
OAM: splk) d=={n! . splnl{k) & n > 1 <=>
EX! spln-1)(K)(OAM: sp(k) i=={n-1} splin-1](k)
== o espini{k));
OAM: sp(k} i=={n} splhi(kY T &n > 1 <=>-
EX! spln~1}{k){OAM: sp{k) i==in=1} spln=11(k}

0,

-~ sp(nlik)

where 'EX!' means 'there exists exatly one'l.

Prool. Obviosly, the validity of equiva-’
lences in Theorem 2 follows from Dets. 13, 15,
17, and 18. '

THEOREM 3.
and for
cted LS
following

If oaM = (P, 8, A, B, L)
initial state pattern sp(k) for sele-
there ts sptk) EL D{k, CAM),  the
implications are valid: .

OAM: sp(k) == sp[il(k) i== sp[i+jl(k) ==
OAM: spik) ‘== sp[i+jl1(k);

OAM: spik) !== sp[jl(k) ‘== . splnl¢k) ==
‘ OAM: sp(k) !== . sp[n]ik);

OAM: sp(k) -!== sp[jl(k) l== sp[nl(k) T ==}
OAM: splk) i== sp[nitk) 1.

Prooif. These implications follow directly
from Defs. 15, 16, and 17. ! :
THEOREM 4, If
and for

oaM = (P, 5, A, B, L)
inttial state pattern sp(k}) for sele-

eted LS there ({is spi(k) EL D(k, 0AM), the
following implications are valld:
OAM: sp(k) 1 ~-= spl[i)(k) &
OAM: spi(R)Y t=={j] spl[il{k)y & j > 1 =23 _
© OAM: spik) [-- splll{k) is=1j~1} spijlik);
OAM: sp(k) 1-- splt](k) &
OAM: sp(k) '=={ni spln] (k) ==
n >l & OAM: sp(k} i-- sp{l]J{k) 1=={n-1}
. splnltk); ,
OAM: spik) 1-- splliik) &
OAM: spik). l==In} spiullk) =
n > 1 & QAM: gp(k) V== splilik)

"

In this section we shal}

- splnl(k) 3

Proof. These implications follow at once
from Theorems L and 3. ’
THEOREM 5. If.. OAM = (P, S, A, B, L)
and for inltial state pattern spik) ror selo-
cted LS there s sp(ky) EL D(k, OAM}, the
following impilication ¢an be deducved from Def.
18, Theorem 2, and Defs. 15, 16, aug i7:

OAM: spi{k) == spljl(k) &

OAMlsp(kJ) = spin)(k) ==5%
{OAM: splk) i== spijl(k) i== " sp[nltk) <(=/=>
OAM: sp{k)‘i== sp[j)(k) == sp[nlik) I},
where “'¢=/=>!'" Is the sign of

logieal ‘non-
equivalence, :

§. Primitive dverlapping Abstract
’ Machine (POAM)

deal with a particular
ease of OAM having a special type of the logi-
eal seheme. This LS is wilhoul an initialiva-
tion operator and the initial state pattern can
be mapped into the processor grid state pattiern
by a separate operator before the POAM applica-
tion.

Definition 1 89, The primitive over=
lapping abstraet maechine POAM = (P, S, A, B, .
PL)Y is an OoaM, where P, S8, . A, and B are ele=-

ments of OAM, and PL is a subset of L. Primi-
tive library PL is an adequately structured set
of the so-called primltive lovgical schemes
{PLS). A PLS has the (ollowing properties:

(1) In PLS there is not an
init (like in LS);
an empty {(null)

initial  operator
operatar init in PLE Is
operator., '

(2) Segments -seglil (i =1,
mitive logical
general form:

, Py of a pri-
scheme have the T[following

possible_label(il]:
orfll;
IF o_sigli} THEN
GOTO (beginning_of NLS |
ELSE ‘
(nuli
ENDIF;

end_ofl_NLS);

(GOTO possibie_lahel[q]));

where '({' and '}' are metaparenthescs, '}
is an alternative sign, null is a null
statement, and @ = 1, ... , I.

Obviosly, after each application an
overlapping rule cr{i] the process is con-
tinueg at the begihning of the PLS if it is
not terminated (eontinued at the end of the

(3 of

PLS). ’
THEOQREM 6. If POAM = (P, 5, A, B, PL}
and for an initlal state pattern ‘there is
5p(0]) (k) EL D{k, POAM}, the following equiva-

lences hoid:

POAM: sp(0])(k} i==[i{1}] sp{Ll](k) '=-(i[2]] ...
p=={1LI] splil(K)
m=j : ,
<=3 POAM: spim-11{k) ‘=~[ilml] splm){kd;
m=1} .
POAM; splOJtkYy =-1111)1 splilik} 5--1112)! .o
t==liin)ll . spinlik1
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B-1

{=> & POAM: spim-1}ik) i--1iim)l) splmjik)
m=1
&  POAM: splu-11(k) :=-1i{n]] . spinltk};
. POAM: sp[ﬂ](k) t==Lil1)) splli(ky !==[1i[2)) ...
t=={i[n}} sp(n](x) ¢
n«1
(=> & POAM: splm~1)1(k} !=={i[m]] splm]{k)
m=1
&  POAM: spln-1}(k) i-<{iln]] splnl{k) %
Proolf. The - validity of Theorem 6 follows

from Def. 19, and from the previous definiticns

and theorems.
THEOREM 1. If POAM = (P, S, A, B, PL)
and sp(k) EL D(k, POAM), then

POAM: sp(k)} == sp{nl(k)y . ==>

POAM: splnlik) ~T.

Proof, Evidently, the property of a POAM
described in Theorem 7 ecan be deduced from Def.
19 and Theorem 6.

THEOREM 8. 1f pOAM = (P, &, A, B, PL}
and spi{k) EL. Dik, POAM), then
POAM: sp(k) i=={JI splil(k) & § > 1 C=»
EX! sp(J-1]1(K)(POAM: sp(k) i=={|-1} spfj- (k)
& POAM: sp(j-1j(k) == splfji(k));
POAM: sp{k) '=={n} . spinl(k) & n > 1 (£33
EX! splin-l](k){(proaMm: spi(k) i=={p-1] spin-L](k)
& POAM: spin-13(k) '~- . spinjtk));
POAM: sp(k} i=={n} spinitk) ¢ & n > 1 (=
EX! spln-1 ) (k){POAM: splk) i=={n-1} spln]l-1(k)

& POAM: spin-11(k) i-- splnl)(k) :).

The proof is similar to that of Theorem 2.
The methods of proofl of Theorems 3, 4, and §
yield, Iin order, the following three theorems.
THEOREM 8. If POAM = (P, 8, A, B, PL)
and sp(k) EL D{k, POAM), then :
POAM: spi{k)} i== sp[l](k) !== sp[l+j]{k) (=2
POAM: spi{k) i1== splil(k)}

TPOAM: splll(k) i== sp[i+ji(k).

POAM: sp(k) i== splil(k) i== . sp[nl(k) <=>
POAM: sp(k) '== splil(k) & :
POAM: splil(k)y i== . spinli(k};

POAM: sp(k) i== spfil(k) !== splni(k) | <=>
POAM: spi{k) i== splil{k) &

- POAM: spl{i](k) i== spln](k) T,
THEOREM 1 0. - 1{f POAM = (P, 8, A, B,
PL) and sp(k} EL D(k, POAM}, then

POAM: sp(k} '=— sp(l](k) &
POAM: sp(k) i==[j} spljl(k) & j > 1
ma) pOAM: spiil(k) '=={§-1] splil{k);

. POAM: sp(k} Vs=im} spim}{k) &

POAM: sp(k} i==in}] . spln){k)

nED ‘n>m &
POAM: spiml{k) :=={n-mi . spl(nl{k);
POAM: sp(k) i==im] spim]l(k) &
POAM: sp(k) '==in] splnl(k} 1

==3 n>m &

POAM: spIml(k} :==fn-mi sp[nl{k) ¢

THEOREM i1, 1f POAM = (P, S, A, B,
PL) and sp(k) EL D(K, POAM), then .

' POAM: spik) == splli(k) &

POAM(SP(K)) = spin){k)
==} POAMISpET I(k)) = splnl{k)

Detftinition 2 0. The normal overlap-
ping abstract machine NOAM = (P, §, A, B, NL)
is an POAM, where P, 8, A, and B are clements
of POAM, and NL ts a subset of 4. Normal

library NL is an adequately structurced set
the so-called normal togical schemes (NLS).
NLS has the followlng properties:

of
An

{1} In NL§ there Is not an initial operator na-
med Inlt {(like in LS); operator init in NLS
is an empty (null) operator.

{2y Segments sogli) (4 = 1, ... , ) of & nor-
mal logical scheme have the following gene-
ral- form:
possible_label{l7]:

or[1}; .
IF o_sigli] THEN
GOTO (beginning_of NLS | end_of NLS);
ELSE
null;
ENDIF;
where '(' and ')!' are metaparentheses, '!f
§s an alternative sign, null is a null
statement,

(3) Obviosly, afler each application of an o0-

verlapping rute orli) the process is contl-.

nued at the beginning of the PLS if it s
not termlnated (continued at the end ol the
PLS).

‘6. Problem Solving Compositions Uslng OAM

Overlapping abstrect machine OaM = (P, §, A, B,
I.) is a general problem Sclver when using its
gctions (problem ' solving subprograms in A),
gverlapping rules {rule base H), and problem
solving programs (logiecal scheme library L). In
general, the processor grid P of an ©OAM s
unlimited, and states belonging to S5 for sol-
ving different problems can be disjoint. Fur-
ther, for practical (techpicail) reasons, the
left state pattern scarching when-solving par-
ticutar problem can be limited to some proces-~
sor subspace (searching rationality). Eviden-
tty, the processer space P can be divided 1n
functionnlly disjoint subspa¢es. In these sub-
spaces logical schemes belonging to different
problem solving tasks can be executed in paral-
lel. This is the so-called second order paral-
lelism of an overlapping abstract machine. The
first order parallelism was achieved by the
overlapping rule application.

6.1. The Metaoverlapping Abstract Machime

(l} The grid (arrn&, space) of proecessors is
devided intc prosessor subspaces. Each pro-

cessor subspace conslitutes a processor
grid in the sense of Def. 0. All the pro-
cessor subspaces constitute the so-called

processar matagrid (metaspace).

(2) in the processor metaspace there exists a
subspaee dedicsted for control purposes of
metaspace,

(3) There exists a

problem (user,

solved by

complex  serial-parallel
Input problem) whieh will be
the activity over the adequate




. Ilnformatlon bases in the ‘so<ealled meta-

(4)

(5)

(6)

overlnpping-abs;racl machine.

For a given complex serial-parallel problem
somg initial metastate patltern over proces-
sor metaspace is needed. This metapattern
wlll be generated for a given input problem
by 4a special, {intial metaoperator
later, in the metalogical scheme).

Generally, o ™otapattern is 4 non~complete
array of metlastates or metaactions. Meta-
patterns are oceuring tn metaoverlapping
rules and {n metaspace, where metastate is
a presentative ol a processor subspace. .In
seme way, indlces of metaarrsy entities
(stotes or actions) and indices of subspa-
ces in a mectaspace do correspond, Entities
of a metapattern array can be directly
mapped Into subspaces (into registers or
memories, whieh veepresent the correspon-
ding subspaces).,. )

There will be two kinds of metapattern
entities: metestates and metaactions. In
the metaspacc there will be metastate  and

metaaction patterns (briefly metapatterns),

in .metaoverlapping rules (briefly meta-
rutes) only metastste patterns. The .so-
colied metaarbiter funetion will gencrate
imetanetions 'as consequences of metastate
subsets ecausing metaaction pattern in (or
on the level of) metaspace. Metapattern

entities will be symbols representing spe-

‘eifie (complex serial-parallel problem sol-

(7)

(8

ving) metastates and metaactlons.

A complex serial-parallel problem (3) wiil
be solved constructively on the leveli.of a
procecssor metaspgace through the levels of
its processor . subspaces and the way of
this constructive solution will be called
the metaoverlapping - approach. - For this
approach additional constructs to the exis-
ting ones are needed,

In (5) metastate and metaaction patterns
were explained and in (1) the processor
‘metaspace was introduced. In (§) and (6}

. space was explained.

(9)

(10)

(1)

(1

. of metastates).

the correspondence of metapatterns to meta-
s By means of metastate
and metaaction patterns the metaoverlap-
ping process in the metaspace . will be. con-
ducted step by step.

For the stepwise conduction of the metao-
verlapping process the nolion of metarule
(metaoverlapping rule) is necessarcy. '

The metaoverlapping rule (MOR for short)
consists of two parts: a non-empty
subrule set and a metaarbiter.

A metasubrule is & rule of the form

"IF meta_étate_pattefn THEN
OVERLAP_BY meta_state pattern

Metasubrule is an overlapping rule; it Is
a metapreaction rule, where metaactlons
will be performed later after using the
metaarbiter. The execution of a metasudb-
rule vrepresents a metaoverlapping opera-
tion, described tn the next paragraph.

A metasubrule has a left metastate and a
right metastate pattern (non-coplete array
By a metasubrule executien
“tusage, application) ail of lelt metastate
patterns included in metaspace (metlasiates
- in particular subspaces) -will be searched
{on the meta level) and each of the found
left metastate patterns of the metasubrule
will® be overlapped by the vight metastate
pattern  of the wetasubrule in the tetoa-
space (ec.y. in memary on wotaspace teveld.

{see -

meta-.

13

(13)

(14)

. ding-

- metapction

(156)

(163

(17)

‘spaces

The metastates - ol the . right metastate
pattern will be stored {accumulated) in
the memories of pattern corresponding sub-
spaces. ‘The rfesuly of a metasubrule cxecu-
tlon {metaappilecatlon) over the mélaspace
is aceumulation of some metastates in some
subspace memorles of the metaspace.

In the same systematic way as metanppli-
eation of a metasubrule was defined, &
metaapplication of a metasnbrule set over
the metaspace can be defined. For each
metasubrule in a metasubrule set the pro-
cedure deseribed in (12} has to be exe-
cuted. By this, additional metastates are
accumulated (stored) in some subspace
memories. - )

{applying metasubrulesy”
the metageid have accu-
mulated more than one metlastate (inciu-
the original subspace metastate ‘be-~
meteoverlapping) and in these sub=-

after terminating. metaoverlapping
(13y & metaarbitration has to-be performed -
to decide whieh metaaction in- the sub-
spaces with more ' thanh one accum:lated
metastate will oceur. Fer this purpose, to
each metasubrule set a metaarbitration
funetion is delined, called. the metaarbi-
ter. A metaarbiter will producé a single .
in the subspace having more
than one accumulated metastate. This me-
taaction {its symbol) wil) be stored and
excecuted to preduce a.flrst level lugical
scheme func¢tion, reset the accumulated
metastates and generate a metaproblem
dependent noew subspace metastate. Metaae-
tions being peérformed In & paTaliel way In
different subspaces can communicate among
each other; - these are the c¢ommunication
problems among parailel processes on the’
second leve! of parallelism.

By metaoverlapping
some subspaces In

fore

A metaarbiter s a funetion being delined
over a set of metastate subsets producing
a , metaaction belonging to the metaaction
set. .

A metasubrule set and a metaarbiter asso-
ciated to this metasubrule set constitute
a pair called the metaoverlapping rule.
Procedures - desceribed in (11} to 114) re=
present the sccalled metaoverlapping rule
application (metaaplication).

The,metaoverlapﬁing rule application will
be also’ termed a metaoverlapping step
{briefly metastep). A complex serial~ -
parallel " problem (3) will be solved by

. several metaaverlapping steps.

(18}

(19)

A  complex problem solver has a metabase
of metacvertapping rules {e.g. rules of
problem solving co-ordination on the se-
cond level of parallelism) and ean use the
subspace grid for solving complex prob-
lems. In this case, the definition of a
program for metaoverlapping rules applica~-
tion J(mectaloglical scheme) will be neces-
sary. Al) metaoverlapping rules neecded to
solve "a complex problem.by "a particular
sequence of metaoverlapping rules are
elements of the so-called metarule base
or briefly metabase.

We can now deline the so-called metalogi-
cal scheme for applying metaoverlapping
rules when ~“solving a complex probliem.
Operators of the metalogical scheme are
symhols (motanames) representing metaovers
lapping rules in the wotarule base, Metn-
rule symbol in  the metslogical  scheus
represents  the metarule eall, isve, The
metnaplication (metaexccution)y of the me-




(20)

(21)

(22)

(23)

taoverlapping rule. In the metalogical
seheme lthere §s ap  anetainitigitzation
operator me'ta_init at its beginning, there
are metaruic calls, metzif{ statcments and
metalabels (as described later).

All lteft metastate patterns of metasub-
rules, belonging to a metasubrule set  of
an metaoverlapping rule are 1travelling
{moving) through the metaspace (space of
subspaces}. The traveliing process is
systematiec and starts at some "metabegin-

‘ning edge” of the metaspace. The subspaces

of the metaspace are signalling when a
metapattern metastate Is becoming equal to
the subspoce original metastate. These
signals are eattributed by the position
{metacoardinates, metaindices) of the sig-
nalling subspace Ih the metaspace,

Each metasubrule in the metasubrule
can have its own monitoring subspace,
the metacverlappling through the
s

set
50,
metaspace
carrifed out as fast as possible. When
the wmetaoverlapping process has reached
the soc-called "metacnding edge" of the
metaspace the metarule metgarbiter fun-
etion in the subspaces having accumulated
more- than one metastate {s performed,
generating metaactions. Here, metaactions
reprasent also executjion of partieular lo-
gieatl schemes from library L. The metaac~
tion patlern in the subspace metaspace re-
presents  a distribution of parallel logl-
eal secheme eXecutions Yo corresponding
subspaces. Hy this, the mectaoverlapping
step {mntaaplying of a mectaoverlapping

rulel Is terminated.
A particular subspace In the metaspace is
sigmalling {if a wmetaoverlapping rule was

reaily applied. Appiieation of a metaover-
leppding rule means that at least one over-
lapping of & left metastale pattern in the
metaspace metastatle patiern by right meta-
state¢ pattern was performed. The notien of
the metarule application register is im-
portant at the further contruction of the
metaicgical seheme.

A imetalogical scheme is a sequence of me-
taoverlapping rule call statements, metalfl
statements, and metalabels, Metalogical
schimpe MLS is a program (slgorithm) of the
form

MLS = MLS(m_init, m_orfl], ...
m_o_sigfl},

, m_orlir},
ves 5, m_o_siglrl),
where m_Init 1Is the metastate patiern
inltialization operator, m or[i} (i = 1,
r) &re metsoverlapping rule ealls
for metaryles belonging to metarule base
MB, and m_o_siglfi] are metaoverlapping
signals as described in (22) above., Sche-
matically, for an MLS we have the f{ollo-
wing segments: '

m_init; m_segiil: m_seg{21; .. m_seg[r];

where for r) there

is

m_seg{i{] (| =

1, wes

possible_meta_iabel[1]:

m_or{i];
IF m_o_=sigli} THEN

(nuil.! (GOTO possible_meta_labelfpl)
{GOTO tnd_of MLS}}Y;
ELSE .
(null ! (GOTO possible_meta_lubel(ql));
ENDIF;
Here, ft(' and ')' are metaparenthescs,
null Is a null statement, "1 is metaal-
ternative sign, and p, g = §, ... , r. Me-
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(24

(23

(26)

De ftnit
abq

tasegmaents are metafree or metaterminaily
{alternatives In the upper THEN clause).

) A metalogical scheme is o program for Sub-
space dllocations to parallel metasctions
in the subspace metaspace. A metaruie call
Iln the mctascheme represents several inhe-
rent and ecomplex probltem solving metaope-
rations being the following:

(a} searching * for all 1left
patterns of the '‘metasubrule
the instantaneuos subspace
pattern;

overlapping of each in the instanta-
neous subspace metasiate pattern oc-
curing left metastate patterns of ne-
tasubrute set by the ecorrcesponding
right metastate pattern;
paraltleil mctaarbitrating in subspaces
haying accumulated more thah one meta-
state after overlapping by 1iransform-
lng these metastates to metaaclions;
parallel execution ol metaactions {rom-
{(e¢), reseting the accumutated meta-
states and determining the new subspa-
ce metastiate.

metaslate
set in
metastate

(b)

(e}

(d)

) Metaactlons, resulting by metaarbitration
in a metarule call tveptesent complex pa-
rallel praoblem solving processes or paral-
1el ussge of subspaces, l.e., overlapping
abstract machines with selected logical
schemes. Here, logical schemes of execu-
ting OAM's represent subproblem actions.

Some remarks to the initial metastate
pattern in the metaspace and initial)l ope-
rators of OAM logical schemes are necessa-
ry. OAM's in the problem salving must
tgnore their initial operators (first
level parallelism) and act over-the resul-
ting stiate palterns from the previous OAM
executlions, We conclude, that in sequen-
tial preblem ecompositions only the very
first OAM's are using LS's with initiali-
zatlon operators; in all following LS
applications by OaM's initialization ope-
rators are ignored.

i on 2 1. The metagverlapping
tract machine (briefly MOAM) i3 a quintuple

MOAM = (MP, MS, MA, MB, ML),

where:

MP

M3

‘MA

is a wmultidimenslonal processor subspace
grid, ecalled metagrid, with a subspace lor
metacontrol purposes; each grld subspace
has the properties of the OAM {(Def. 0}; each
OAMIposition] in the metagrid is & quintuple

OoAM({pasition] = (Pl(positionl, S, A, B, L},

where P[position] represcents the processor
subspace having the corresponding position
index; elcments S, A, B, L. are common for
all OAM's in the metagrid and thelr meaning
is described in Def., 0}

is a metastate set similar to state set S;
metastates are distiguishable from states
and their rote is to econtrol complex problem
solving' in the metagrid (metaspacel:; 5 ecan
be seen 2s a subset of the set MS; by this,
metastates are elements of the set M5 N\ §;

is o metasction set simllar to aetion setl Aj
but aetlons and metaactions are semantically
different; aections are problem solving sub-
programs, generating a part of solution and
a8 new Stale: metaactions are calls of exis-
ting logiea) schemes feom library 1o Tor




execution in a subspace (0OAM) ignoring or,
not the initial LS eperator and producing a
new metastate; set A ean be seen as a subset
of the set MA; by thls, metadctions are
elements of) the set MA N Aj;

is a metaoverlapping rule basé and has the
simllarity of the overiapping rule base B;
set B ean be seen as a subset (subbase) of
the base MB; so, metaoverlapping rules are
elements of the set MB '~ B;

MB

is a metalogical scheme 1llibrary; comparing
to logieal scheme, which I's an overlapping
approach for solving a probiem, a metalogi-
cal Scheme represents a metabverlapping
approach .for solving a complex preblem being
composed of proablems (subeomplex or parti-
cular problems); also sel L can be seen as a
subset (sublibrary) of 1lbrary ML; so, mela-
logical schemes are elements of the library
ML N L, -

ML

fs
0.

The definition of MOAM (this definition)
trapsparent to the definition of OAM (Def.

Detinit i o n 2 2. The consequence of
transparency belween OAM and MOAM is the analo-
Ey of MOAM definitions to OAM deflinitions
(Defs. 1 to 1237 this analogy proceeds aisa
from paragraphs {4) tc (26 ol this sectien.

6.2. Basie Theorems for MOAM Appilcattfon

Detf tnitlon 2 3. The application
- (metaaplieation) of an MOAM = (MP, MS, MA, MB,
ML) is defined as follows. For the given meta-
space (metagrid) MP a metalopgical scheme MLS
from the library ML Is selected. 7This metas-
cheme represents metaprecesses needed for a
complex problem solution, By initial metaopera-
tor meta_init of the metascheme the metagrid is
subspace stale initialized. Further, the meta-
logieal scheme calls the metaoveriapping rules
belonging to base MB for execution in terms of
the values of metaoverlapping signals. By meta-
arbitration within the metaoverlapping rules
complex problem solving metaactions belonging
10 MA are executed. At the end of the metalagt-
cal scheme the MOAM complex problem seiving
process is stoped and MOAM ls ready to salve
another complex problem. Qbvigusty, Defs. 14 to
18 fqgr OAM are.transparent to MOAM, where OAM
- deduetion symbols

' 4

==, ;—;[m], i=={n}

canh be replaced by -metaoverlapping deduction
symbols :

. M M
:==v :__[mll

™
1=={n},

E

where M denotes the metadeductive process.

THEOREM 1 Let the following para-

meters be given:

2.

(a} a metaoverlapping step marked by 'i' repre-
senting the number of performed metaover-
lapping steps from the beginning of MOAM.
application, e.g., on k-dimensionpal meta-
state pattern msp{ij{Kk);

(b} a metgoverlapping rule marked by '}', e.g.,
MOR[jT; .

{e¢) & number of paraliel metaactions within
the execuflon of o metarule is equal to the
eardinality of the interval (ficst{j],
lastl jl); -

(d) an’ index tgt of the executing OAM[g]
within metasteép in

a wiven. subspnee  of

15

metaspace with the selected logieal
LE[ET;

{e) a number 'n' of
subspace OAMIE].

soheme

overlapping steps n{g) for

"By this, the fellawing equivaience is valid:

M

MOR{1): mspli-11(k) {-<[]] msp[}](k) <=>
g=last[}] __

& (. (OAMIg]: apl[§,g.0)(k) !) L=/
g=lirst[])

(OaM(g): spl],g,01(k) .==(nlj,g}}

. spli.,e.nfgllik)) {=/=>
{oaMig]: spl{j,g,01¢(k}) i==In{j,gl!}

spil.g,nlgt)tey 1) )

Proo . This equivalence shows how
single metaoverlapping step actually
-or * which subspaces (QAM's) of the mectispace
(MOAM)  could be involved in a single metaover-
lapping step. This equivalence is & consequence
of the previous MOAM definitions and of the
Theorem 1. . -

complex a
eoutd be

THEOREM 1 3. 1f  MOAM = (MP, MS, MA_,
MB, ML) and ‘for initial metastate pattern
mspl0]1ik}) for selected melalogicda!l scheme MLS
there Is msp{0)(k} EL D(k, MOAM), and OAMI[ (h,
g)l (th =1, ... , 9g; g = Tirst(h],
iastih]), then the following equivalence
valid:

PR ’

is

M

MOAM: msp[01i(k) !=={q}i msplql(k) & 4q > 0

{=>
q g=last[h}

( &
1 gE=first(h]

h

-

{ (OAM{h,g): splh,g,01(k} V)
4] ,
{=/2> T
spih,g,0){k) i==fn[h,g]l
. splh,g,nlb,gl1{K))
K=/=> -
splh,g,01(k) d=={nlh,gl}

{OAM{h,g]:

(oamih,g]:

splh,g.nlh,gl1(k) ~:) ) )

Proof. This theorem shows the possibi-
lities of the so-called free translation of the
Anitial, k-dimensional  metastate pattern
mspi0l{k) by q metacverlapping steps into k-
dimensional metastate pattern mspi{qj(k} and 'Is
the consequence of the previous theorem.

From Theorems 1,
metacgquivalent

2, 3, 4, and 5 the so-called
theorems ecan be deduced. From
Dafs 19 pn metaequivalent definition for primi-
tive metsoverlaping abstract machine PMOAM can
be constructed. By this metadefinition, meta-
equivalent theorems to Theorems 6, ... , il are
possible.
Remar k 2.
of parallel and
realized by a
MOAM represents

The question ls, whieh kinds-

sequential processes <can be
metaoverlapping abstaet machine.

only a special kKind of OAM
composition, Does this composition (metaover--
lapping) approach enablie ail the possible pa-
.rallel-sequential and sequential-parallel pro=-
cess conflgurations?

The extreme parallel case (only parallel

pro-
cesses)

can be achieved by an MOAM having only
one metaoverlapping step, where atl of Its
OAM's aet only In one overlapping step. In
Theorem 13 this case would be determlned by h =
I and g = [irst{l]). tn this case, parallel
processans can commuhicate within each particu-
lar  QAM .and process comounication  should  be
possible also within MOAM (inter-OAM conmunlen-—
.tign). The problen is how $o  decompose | the
' T .




input  problem inte parallel subproblems, anpd
how to decompose each subproblem into parallel List of Used Symbols
basic actions. '

The extremely sequential case (only serquentianl

‘processes) can be achieved by an MOAM, where in ?{TES{L ___________ Tfffifﬁ_if; ___________ s
each metaoverlapping step, there is active at A Def. 6: Aetlon set
most one OAM {there |5 always only on¢ metaae- arb Def. 9: Overlapping arbiter
tion), and" each acting OAM has overlapping " Pef. 0: Overlappihg rule base
steps with at most one actton., ([(n Theorem 13, TER'S Def. 6: Set of pattern shapes
this case ls within timits h = 1, ... , g &and g COMP Def. 5: Set composition ope-
= first{h]. All other cases are paralleil-seque- . ration
ntisl or sequential-parallel.. Ik, 0aM) Def. 6: Pattern damain of OAM
EL Def. 1: Set relatlon 'being
the element of! .
7. Conelusion EX Def, 3: Quantor 'there
exists!
1N Def. 6: Relation 'being in?'
Computer design philosophy has entered the sye INCL Def. 4: Set inctusion
of paralielismn, and it wiil never go tack. But 1sp(k) Def.15: Inltial state pattern
current programaing: langunges are totally in- 1¢Kk}) - Déf. 1: Integer Cartestan
adequnte for parallel provessing. To use ihe produet of k factlors
overlapping approach efficfently an adcquate L Def. 0: Loglecal scheme
programning language s necessary. There will : 15brary
be a long way from serial to puraliel proces- leftfLi(R) Def. 8: Left subrile state
sing. ' pattern, index i
. LS Def.12: Lopieal scheme
Parallet proecessing and the overlapplng ap- NI, Def.20: KOAM logleal scheme
proach within 1 is a solutlon looking for a library
problem. Parallel processing Iy been develioped NLS Def.20: Morwal logical scheme
for many ycars. Now the rescarchers are trying NOAM Def.20: Norwal ‘overlapping
to split problems to fit them into parallel absiraet machine
processing., For instance, payrolls are not MA Def.?1;: Metlaaction sect
problems  to run on several hundreds of proces- MB Def.2i: Mctsoverlapping rule
sors; they run linearly until the paycheceks are base
done. The probiem is to find problems to which meta. .. Concerns an MOAM entity
parallel processing capn be applied, because - M1, Def.21: Metnlogical schome
today we understand problems as being }lnear by fibrary
nature. MOAM Def.21: Metaoverlapping ab~
straet machine -~
Overlapping scems 1o De a natural operation on MOR Theorem 12: Metaoverlapping
multlidimensional arrays of objeets as substitu- rule
tion (mathematies) and replacement (nermal MP Def.21: Multidimens. proces-
algorithms, grammars) are natural operations on sor subspace grid
Ilinear arrays {(stlrings, words). The overlapping MS Def.21: Metastatle set
-approach covers, far example., the well-known M(k) Def. 1: Subset of Carteslan
overtapping ol 10 with arithmetie and -logic product 1(k)
unit and also another Important parzllelism NOT EL Def. 5: Relation 'being not

czlled pipelin}ng. the element of!

QAM . Def. 0: Overlapping abstract
. machine
References . OR Defl.10: Gverlapping rule
o_Sig Del.15: Overlapping signal .
’ P Def. §: Multidimensional pro-
11) Zeleznikar, A. P., "Overlapping Algo- P

cessor grid

rithms," Mathematlieal Systems Theory, Vol. PL Def.19: POAM logical scheme
l, No. 4, pp. 325-345, 1867 {(Springer-ver- library
lag, New York). PLS Def.i9: Primitive logical
scheme
(2} Zeleznikar, A. P., "Some Algorithm Theory POAM Det.19: Primitive overlapping
and [ts Applicability,” Periodicum Math.- abstract machine
Phys.-Astr., Vol 18, pp. 141-158, 1963 right[1]¢k) Def, 8: Right subrule state
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r{*, k) Def. 5: Pattern shape,

{8] Lineback, J. R., "Parallel Processing: Why k-dimensionatl
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1885, pp. 32-34. spla, k) Def. 2: a-displacement of
pattern sp(k)
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. sp(nlik)*
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Def. 4: Pattecn inclusion
Terminal state
- patteen
Def. 3: State pattern
equivalence
Logical equivalence
Logieal non-equivalence
Index | of an entity
fndex L[] of an entity
‘Del.10: One overlapping step
Def.13; Overlapping step
belonging to ORI

Def.23: One metaoverlapping
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Def.15: At least one over- .
[apping step
Defl.i5: | averlapping steps

Def,23: At least one-meta-
overlapping step

Defs.15 and 17: State

pattern before tis

an exaet transiation
by an QaM.

Prekrivanje: vzc!ec za parsalelno in zaporedno proceslraﬁje

Povzetek. V tem Cilanku je prikazan koneept takoimenovanega
prekrivanja, ki ’je bil praveaprav izpeljan 1z pojma prekrivnoega
pigoritma iglej referenci L in 2). V okviru tega keoneepla sia de-
finirana dva osnovaa konstrukta? prekrivii (OAM: in meiaprekvrcivni
abstraktni stroj (MOAMD.  Ta dva konstrukta sta v bistvu paralel-
no-zaporedna problemska resevatnika. V ¢lanpku je navedenih vegd
formalnih delinicij, ki opredeljujeio prekrivni in wetaprekrivni ’
abstraktni stroj (23 definieij), iz teb deflinicij pa so izpeljani
izrelki (13 izrekov). Pokazano je, kako lahko prekrivni abstraktni
stroj izvajs zaporedje paranlelnih akeij (procesovi in kako je
mogote 7 uporabo metaprekvivinega. abstraktnega stroja paralelizem
4e “povecevati." Prekrivni in metaprekrivni abstrakini stroji se
lahko. encstavno modelirajo z uporaho znanih paralelnih arhitek-
tur, kot so npr. hiperkeeka, vodilo in preklopni sistem in tudi 2
uporabo paralelnih programirnih jezikov, kot je apr. paralelni
Prolog In uporaba varovalnih Hornovih klavzul.
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Thia paper preaents an overview of currend microproceisar archileciures which sup-
pori memory managemeni. Basic requirements for o procestor to support the memory
management are defined, and the kierarchically organized memory ie introduced. Several
address iranslation  achemes, such es  paging, segmentation, and combined
puglng/ugmentalmn are described, nad their implemenlation in current microprocessore
" n‘:aﬂmcd _ A speciol emphasis ia given lo the applieation of the associative eache
memory. Single-level and multi-level address mapping schemes are enalyzed ond com-
‘pared. Furthermore, the. paper discusses the capabilities of cxrrent microprocessors o
support virfual memory, which includes abilities o recognize an eddress faull, lo abort
the ezzcution of the current instruction and save necessary information, and the ability to
reslore the sgved stale ond resume normal processing. Tuwo methods Lo restart the inter-
rupted inatruction, snslruclion restart and inslruction conlinualion, are evalwaled, and
their implementolion in corren! microprocessors is discussed. Protection ond secarily
requirements- are defined, and two protection schemes, hierdrehical and non-hicrarchical,
ere evaluated.

I. INTRODUCTION

New generation 18-bit and 32-bit microprocessors are extensively used in multiuser
and multitasking environments. Therefore, there is an increased demand for the sup-
port of memory management. Furthermore, as shown in Figure 1, the capacity of pri-
mary and secondary memcriés in advanced mleroprocessors is mcrelsmg, which in turn
requirgs an increased virtual memory space, as well as more sophisticated virtual
riemory managemenl mechanisms.

in the I6-bit microprocessor srens, the techniques applied to solve memmory
ianagement problems sre relatively inadequate, and inefficiént. At the 32-bit level, a
more standardized approach can be found, and signiBicantly more sophisticated archi-
fectures for memory management bhave been designed. The paper evaluates various
‘srchitectores for memory mansgement and virtdal memory support, and their imple-
. mentations in- existing microprocessors. Several important issues are sddressed, such as
selection of & virtual memory organization, multi-level memory mapping schemes, asso-
‘ cistive cache memories applied 16 address translstion, virtual memory support tech-
. niques, dynumc memory. allocatwn algorithms, as well as protection and security tech-
niques.
The implementation of these teckniques in current 16-bit and 32-bit microproces-
gors, such as Intel 286, 3886, nnd 432 Motorols 62010 and $8010, National 22032, and
Zilog 780,000, is discussed. ‘

The paper is organized in eight sections. - The Section 2 discusses the requirements -
for a procasor to. support memory management. Two main strategies applied in
current microprocessors are presented: memoty msnagement unit {(MMU) on-tbe-CPU
chip.versus oﬂ-the—CPU-clnp. Two memory addressing schemes, linear and augment.ed
are evahmted Section’ 3 deals wnth the various address translation teehmques, such as
pagmg, umentation ‘and combined paging/segmentation; sad their implementations in
current microprocessors.” Both single-level and multi-level nddrm mapping schemes are




tvaluated. Techniques to supporl virtual address mechanism are presented in Section
4. The implementations of two methods, which resume operation after en address [ault
is detected and corrected, are discussed. Section 5 deseribes the security and protection
trehnigues anplicd in current microprocessors
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Figure 1. Addressing range needs [54]

2. MEMORY MANAGEMENT REQUIREMENTS

Advanced microprocessor svstern archilecture, which is sble to support memory
management, vses the hierarchically structured memory system, as shown in Figure 2.

The memory system consists of three Jevels and jnvolves the maintzining of a large
address space based op a hierarchy of memory devices, which differ io memory cape-
city, spead, and cost. At the first level is the bigh-speed cache memory, which is the
most expensive and, therefore of the lowest capacily. At the second level is the real
Iprimary) memory, which is slower, but less expansive than the cacke memory. The
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Figure 2. Alicroprocessor system architeclure with three levels of Fiecarchically
organized memory to seppor! memory manzgement [35]

third leve! consists of large capacity storage devices, such as disks, which kold the pre--

grams and data that cecnot fit in the first two levels. Wher a process is to be run, its
code and data are brought into primary or ¢cache momory, where cache memory always
bolds the most recently vsed codc or data. )

In this hierarchical memon structure, the basie reqmremenu of the memory
management ws' em ean be specified as follows:

1. ability to translate addresses and suppert dynamic memory allocation,
2. sability to support virlual memery, and

3, ebility to provide memory protection 2nd security.

There are two basic strategies in creating the microproressor system architecture
for memory management:

_ 1. memory managsment unit is on the CPU chip, and
2. memory managrement unit off the CPU chip.

Both strategies, 83 well as the list of microprocessor systems which apply them, are
indicated in Figure 3

CPU VERSUS CPU { + ymmu

! MMy l
]
Intet 286, 386 MC68000/10  +  MCSB451
Intel 432 MC68020 s MC688S!
Zilog 780,000 28001 ©+ 128010
Zilog 7800 ' 28003 + 28015
: NS 16000 + NS16082
HCR/32 .+ NCR/32101
WE32I00 ¢ WE3210]

Figure 3. On-chip versus off-chip memory macagement unit
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Thke main advantages of having the memory management on the CPU chip are;

1. . access time improvement, because there is ro off-chip MA{U-related delays,
2. maximum portability of operaling system and application programs, and
3. parts-count reduction.

On the other hand, the memory mavoagement on the CPU ship requires additional
trapsistor count, which could be invested iatoe other more frequentiy used resources,
For example, the Motorola 68020, which applies memory management off the CPU
chip, uses the saved trapsistor count to implement the instruction cacke on the chip.

Arocther important issue related to memory management is selection of the
memory organization scheme. Basically, there are two types of memory orgagization
schemes: lipear 2nd segmesnted.

lp the linear addressing schemes, addresses typically start from zero, and proceed
lipearly. The memory may later be structured, by software, st the Jevel of address
translation.

In the segmented addressing schemes, the programs are pot written as a linear
sequance of instruetions and data, but rather as modules of code and data. The logical
address space is broken into several linear address spaces, tach of the specified length.
Ar efective logieal address is computed as a combination of the segment number,
which is a pointer to a block in memory, and the segment offiot, which defines the dis-
placement within the segment.

Table 1 shows memory addressin;; schernes appiied in various advanced micropro-
Cessors.

Note that Intel and Zilog offer both segmented and linear addressing on their 32-
bit processors 80386 and 280,000, respectively, as software programmable options.

In general, a linear addressing scheme is better suited for the applications that
manipulate large data structures, while the segmented addressing seheme facilitates
programming, enabling the programmer to structure sofiware inlo segments. In addi-
tion, the segmected addressing scheme simplifies protection and relocation of objects in
momury. As an example of the segmented addressing schems, Intel's 18036 processor

coptains four, 16-bit segment registers, which point to four objects in the memory: code,

stack, data, and extra segment (alternate data}, as shown io Figure 4a. The address
celculztion mechanism, which produces 20-bit physical address for the i8086, is shown
iz Fig. 4b. '

3. ADDRESS TRANSLATION TECHNIQUES

Regardless of the memory organization scheme, the precessor must have as
address translation mechanism to bandle virtual memory. The address translatjon
mechanism also provides a method of protecting memory objects. -

The »ddress trapslation is a process of mapping logical to physical memory
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addresses. The address franslation mecharism divides the memory into blocks, and
.then performs mapping of 2 block of logical addresses into a block of physicel memory
addresses. It allows programs to be relocated in the primary memory. It also provides
the base for virtual memory system design, where the logical address space can be
larger than the physical address space, The virtual memory mechanism allows pro-
grams to execute even when only few blocks of a program are in the primary memoary,
while the rest of the program is in the secondary memory {on the disk), The other
importent processor requirements for virteal memory suppert are discussed in Section
4. Three basic address translation schemes are:

1. paging .
segmentation, and

"

3. combined paging/segmentation.

In the paging systems, the prfmary memory is divided into fixed.size blocks
(pages). while in the segmentation systems, the blocks are of various size (segments), as
shown in Figure 5. '

Geoerally, the segments can overlap, while pages cannot, so pages are usually of a
relatively small size, compared to total memory, Typical page size is between 256 and
2048 bytes, while segments can be 64K bytes or more.

The paging/segmentation systems combine the features of bothk pagisg and seg-
mentation addressing schemes. The segmentation part of ths scheme manages virtual
space by dividing the programs into segments, while the pagicg part ‘manages physical
memory, which is divided into pages. Each segment consists of 3 number of pages, as
shown in Figure 6. g

Selection of the address translation mechanism has a crucial impaet on the
memory management techniques, which bave to be implemented by the operating sys-
tem, to handle page or segment fetching, placement, and replacement. For example,
the paging address transiation system is well svited for page placement and replace
ment, because all pages are of uniform size, while the segineztation system needs more
complicated placement and replacement algorithms to mateh incoming segments with
available memory space in the segmentation systems, a segmsat must reside entirely in
physical (primaryj memory in order to be executed, because the minimum unit that can
be swapped is the segment itself. The available memory space becomes then frag-
mented inlo many small pieces, and there is not enough contizuous memory for storing
one large segment. Because of the fragmerlation problem azsaciated with the segmen-
tation. systems, the paging systems ate mote efficient with r=pact lo memory uliliza-
tion. In the paging systems, all pages arc of equal size, thu. pages ean be swapped
without-leaving unusable fragmented spaces. Also, it is ¢t aecessary to swap in all

. pages of a ‘program at once, in order lo execute it, tut only the pages required
(*demand paging”}). This significantly reduces the swapping tlme.
For all these reasons, the demand paging address trznslation system seems to be
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Figure 6 Address translalion by combined paging and segmentation
{paging/segmentation)

the way 1o go. As a malter of fact, a'l advanced :;2-bit processors, as well as several
15-bit processors, fully suppori demand paging technique, wkich ma2y become a
standard address trensiation mechanism in future microprocessors.

Furthermore, when one selects the sddress translation scheme {paging, segmenta-
tion, or combined system), there are two additional issues which should be addressed:

1. implementation of the selected address trapslation mechanism, end

¢, seleetion of the number of mapping levels

3.1 Implementation of the address tranalation schemes

Regardless of the address translation orgenization, the implementation method is
always based on tramslation tables located in primary memory: page map tables (PMT)
ir the paging svstems, and segment map tebles (SMT) i the sezmentation systems
{10,11,14,16]. The table entries contain information to transtate the logieal into the
physical address, as well as additional data for protection purposes, and to support
piarement and replacement algorithms. A typical furmat of a translation table entry is
showp in Figure 7.

As an example of the address translating implementation, the virtual address of
the 1238 pracessor consists of a pair: segment selector nnd ¢isplacement v=(s,d}. The

RESIDENCE | ACCLSS RIGHTS| SUPPORT FOR| PHYSICAL ADDRESS
BIT & PROTECTION | REPLACEMENT

" Figure 7. Typica! format of a page or segment table entry

segmen! solector points to the segment deseriptor io the segrment map table, as shown
in Figure 8. The segment deser plor contains the primary meriory address s', at which
the segment begins. The dispiacernent d is added: to s forming the real physical
address, r=d+5', corresponding to the virtual gddress v,
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Figure 8. Address translation mechanism of the i286 [28)

The descrilied address translation implementation methad is knowan as direct map-
ping. Trapslating a Togical address to a physical address, usitg direct mapping, requires
an additional memory access operation to obtain segment (or page) base address, and
therefore the use of direct mapping can cause the computer svstem to run programs at
lower speed. There are several solutions applied in modern misroprocessor architectures
to overcome this problem. These solutions are disenssed below,

1 the Intel's 1286 processor slandard, four segment registers are extended with the
corresponding four 48-bit scgment deScriptor cache registers, as shown in Figure 9
|26,28).

Segment registers ere Joaded by the program, while the CPU loads the explicit
cache registers, which are invisible to programs. Explicit cache speeds vp the operation
by climinating the need to refer to a descriplor table for every memory referesce
instruction. Loading the explicit cache is performed in four steps:

Tz
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Figure 9. Descriplor data type in the i2586 [28]

Program places a selector in the corresponding ==ninent register, .

2.  Processor adds the selector index to the base address of the descriptor tuble,
to seleet a descriptor.

3. After the processor verifies segment access rights, it copies the descriptor to
thte data segment register in cache.

4. The processor uses the descriptor information to chéck segment types and.
limits, 25 well as to form the effective address,

The described technique based on explicit cache registers speeds up the direct

mapping, bul still is nol efficient encugh, Yecause it requires euche loading whenever

. control is transferred from one to another sef ment of the same t: pe.
A much miore sophisticated solution is based on a sperial associative cache {32 1o
64 locations}, which holds the most recently used sel of translation values. Then, the
translation process is pesformed in the following steps, as shawo in Figure 10
1. First, the virtual address received from the CPU is searched through the
cache. M the address malches with ope of the cache entriss, then the
corresponding physical address stored in the csvlie is used by the CPU to
access the primary memory directly. .

2. If the received virtual address does not matelh with cache entries, but the
page ar segrment Is in the primary memory, ther the physical addsess will be
fetched from the translation tables lorated ic the primary memory, and
then stored in the cache. Then, the CPU will access the required physical
menoery.

3. Finally, if the page or ségment is not jn the primary memory, it must be

© first swapped from the secondary memo-y into the primary memory. The

translation tables musi be updaled, and the phyvsieal memory address will
. be fetehed from the trenslation tables inta the cache,

The associntive cache memory is usually argapized as s Translation Lookaside
B:Ter (TLBY). When the .address transiation mechanism receives a logical address,
#resy eatry in the TLY is searched simultaneously {or the logicel address,
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Figure 10. Address transletion mechanism using the essociative eache memory [10]

A number of simulation studies have proven that the small associative cache
significantly speeds up the system operation, because the hit ratic of finding the address
in the cache riches €8%. Many recent processors, [such as Motorola S2000 family with

its MC38451 MMU, Intel RO3S6, Zitog Z8&000 family sad 730,000, National NS15000

family with its NS16052 AU and otbérs} bave implemented the sddress translation
scheme by using the TLDB method [$,33,34,35,37,50,51.34].  Although translation
mechanisins based on the TLE metbod vary in complexity, they can be classified in two
basic groups: address-accessable TLBs, and content-addressable TLDs. In the address-
accessable TLB approach, a logical address field identifies the register in the TLI that
holds the physical base address, As an example of this technique, the Z&CO with oa-
chip MMU is shown in Figure 12 {33]. . :

The virtual address consists of a 4-bit TLI pointer, aad a I2-bit offet. The TLB

pointer selects one of the 16 translation registers of the TLB. Then, the 24-tit physical

“
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Figure 11. The Z800 address translation based on the address-accessable TLB [33]

“address is formed, as a selected 12-bit page bose address from the TLB, concatenated

with the 12-hit offset.

The address-accessable TLB technique. is not practies! for large systems, because
atcessing the TLB by addresses requires a segment register for éach logieal segnrent or
page that can be relocated.

The content-addressable TLB is more suitable for Targe systems.  This method has
been applied in several micraprocessars, sueh as the MCBS£51 MMU, Zgots }"..\L\lU.
Intel 80336, and N3 16032 MMU. To illustrate this method, Figure 32 shows the
content-addressable TLE applied in the MC88431 AMU,
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: ) . ‘ MEMOAY REGUEST .
The MAIY receives a logical address (23 bits), and the mask register masks the low mr—m—emme—{  SEARCH OF THE MEFIORY
order bits to determine the segment size. Then, the MMU compares the rest of the ";’ﬁi,ﬁ;&gﬁdﬁ“s‘
most significant bits with the comparison field values of 32 content-addressable regis- SIZE BUFFLR)

ters. If a mateh is fourd, the NMU performs address translation. If there is no mateh,
‘the MAMU generates a fault condition, and activates a trap routine. The trap routine
will update the TLB from.{ranslation tables stored in primary memory.

The flow-chart in Figure 13 illustrates the netessary operalions in & paging-based

virtual memory system with ap sssoriative cache memory for recently used pages. SEARCH FOR THE KEXT
‘ LARGER BUFFER

BUFFER
+AYAILASLE?

ALLOCATING BUFFER
TO THE REQUSETING TASK

EI.'ID

The virtual memory is activated whenever program requests an access 1o a page.
The flow-chart in Figure 13 indicates three different control paths:

BUFFER
AYAILABLE?

I.  when the page descriptor is found in the associative cache, l

SPLIT THE LARGE
SUFFER I8N0 TwD PIECES

2. when the page descriptor is not found in the eache (‘cache miss’), but the
page is in the primary memory, and

. ONL PIECT ALLOCATE

TO THE REQUESTING TASK

. AKQTHIR PLACT ON

THE HERDRY AYAILABLE
LI8T

e

3. when the page deseriptor is not found in the sssociative cache, and the page
is rot in the primary memoty ('page mlss} Then, the address fault ban-
dling routine is activated,

In additiop to address tramslation mechanism, the MC68151 MMU supports
dynamic memory allocation. The dypamic memory allocation mechanism is able to
allocate the memory to a process, while it is running. The Binary Buddy system, an
algoritkm for dynamic memory allueation, is implemented in the MC88451. The algo-
rithm divides the entire physical address space into buffers. the size of which varies .
from 256 bytes {0 250K bytes (in the MC88451). The algorithm mairtains these buffers . i n
by veing the bulfer lists for all sets of buflers of the same size. as well as buffer descnp-
tors for each bufler independently [52).

Mo

[ = o e m W o owaa

[Pur Rrouess maoutur |

Figure 14. Binary Buddy algorithm for dypamic metnory allocation

Wkhen a memory request is received, the algorithm searches through the list of

available buffers in order o find the best ftted buffer. If the best-fitled buffer is not
available, the search-process is continued for the next larger size buffer. The fow-chart T
of the Binary. Euddy algorithm is shown in Figure 14 ] - - L .
. % ] . s F PICOMENTOESCRIFTON puy |

A detailed description of the algonlhm, as well as adémonal issues related to it,
are discussed in {45,48,52].

ACCESS DESCRIPFTOR -"-'1]

3.2  Single-level versus multl-leve] addreéss mapping ' BEQWERT SELECTOR

The second issue c]osc-l)" related to address translation architectures is dealing with
the number of mapping levels in address translation schemes. The copventional .
address mapping scheme consists of just one mapping level, such as in most of the 16 : ) ACCESS ) sEQNTNT mn;,.',
. ! : K KOKENT TABLE -
- bit processors (286, Z8010, and 28015 MMUs}. O the other band; almost all 32-bit :
processors use multi-level mapping scbemes, which brings some pew features in the
memory management.

The basic advantages of multi-level mapping schemes versus singlé-level mappiog,

schemes can be summarized as follows: Figure 15. Two-level address mapping scheme in the i432 processor [27]
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1. they provide more sophisticated protection methazism,
2. they are able to accommodate larger address. space, and
3. they provide page sharing.
Several mufti-level mapping schemes are evaluated below,
Intel’s §432 processor uses (wo-level mapping in order to provide more sophisti-
cated protection mechanism, as shown in Figure 15 {27,40,47).

The segment selector register- poinis to gn eatry of the ascess segment, where the
access rights are stored and are thus associated with program modules. The necess
descriptor contains the pointer to the segment table, and finaliv the segmeit deseriptor
cottains s pointer to the beginning of the selected segment in the primery memory.

Because the access rights are stored independently of the segment descriptors, several -

modules can share the same segment, each with different access,rights to it. In Figure
15, the module A cap write and read the selecled segment, while the module B can oply

LINEAR TRANELATION HIT

ADDRESS | DIRECTORY | TABLE{ OFFSET| ! LoOKASIDE |-

BUFFER

1

;
. B euvsion
‘ g MEMORY
k]

ADDRESS

PAGE TABLES

DIRECTORY

Figure 16. Paging system architecture in the i385 processor [54]

read the scgment,

In addition, the two-level mapping scheme makes it possible to restrict the pumber
of segments accessable by & given program. In single-level mapping systems, such as
1286, any program may address any segment iz memory. simply by pointing to it
through the segment table. .

The two-level scheme of the i432 also enables fewer address bits to point to a par-
ticular segment.

The Intel's i38G prévides two options, which are user selectable: segmentation sys-
tem [sanie as in the 1280}, or paging system. The paging svstem srchitecture uses two-
level mapping scheme, along with a translation lrokaside bufler, designed as a cache
memory. The complete architecture is shown in Figure 16.

The linear virtual address consists of three fields {directory, table, offset), and
address translation is performed in the following steps:

“ 1. irst, the address is searched through the TLﬁ If the address is found, ther

translation is performed in the TLB, and the primary memory h accessed
directly, .

2. if the address is not found in the TLB, the miss signal is generated, and the
translation is performed through the two-level mapping built on the CPU
chip, as shown in Figure i5.

" The two-level on-chip mapping scheme enables fast address’ translation, and page
tables can be shared and/or swapped. ‘ .

A similar two-level mapping scheme has been implemerte | jn the NSI6082 ADVU
i6.25,38]. The total physical address space is divided into 32,768 fixed pages of 512
bytes each. The virtual address consist of 24 bits divided irto three fields: index-1 and
index-2 of the page selector, and the offset, as showa in Figure 17.

LOGICAL ADDRESS
urs | 8 BITS ] 7 BITS ] 8 BITS i
Yat INDEX 2nd INDEX BYTE
, : ADDRESS
PTBUY | | - e o
e : -
| PTB(S) hd vy . 2
v a
256 PTEs : PAGE
DANK 125 PTEs
3 7 15 9 .
L]
[l meseavep | (PaGe ADDRESSYs12 | prot. & ust | ) . )
PTE (32 BITS) MEMORY

Figure 17. Two-level mappiog scheme of the N516082 ADMU [35]
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The index-1 (8 bits) of the page selector is used to locate one of the 256 entries of
the page table. The contents of the page table PTE-1 points to the begmnmg of one of
236 painter tables, each of which contains [28 entries: Then. the pointer to the pointer
table is combined with the index-2 {7 bits) of the page selector, to locale one of the
entries within the pointer table. The selected entry contains the actual page number in
primary memory. The offset field is then used to locate data within the page. The NS
16082 MU contains the associative cache to hold 32 recent[y used pame address
entries, as well.

- The Z80,000 processor uses lhree-level mapping scheme based on the cet of three
translation tables localed in primary, memory [2,33,53]. It also coptaing an séscéiative
memory for the TLB, where 16 most recently referenced pages are stored. The CPU
automatically loads the TLB from traoslation tables, when a logical address is missing.

The NCR /32 processor uses an address translation chip {ATC) for address transia-
tion based on paging system with one-leve] mapping |22] The chip contains 18 associa-
tive memeries for recently used pages. ]

The 28010 MMU, which is used with' the 28001 processor, applies one-level seg-
mentation system, hased on 64 conteni-addressable segment descriptor registers. For
more details see [33,50].

The 22015 MOMU differs from the 28010 MMU in that the logicat address is
translated into page frames rather than segments. It applies one-level mapping scheme
; and uses 64 page descriptor registers, which are also content-addressable {33,56).

The W[.32100 32-bit processor uses of-chip &2101 MMU, which supports both
demand paging and segmentation systems, which are user selectable {15, 17, 18]. The
MAJU contains an on-chip cache memory: a 32-entry segment daseripior cache, and a
Si-eniry page descriptor cache, to hold recently used segmest and page descriptors,
respectively, .

Table 2 summarizes address transltation features of some 16- aud 32-bit micropro-

CE5R0TS.

4. VIRTUAL ADDRESS SUPPORT TECHNIQUES
A virtual memory system allows the user to execuie programs oo a very large
memory of virtual address space, much larger than the actua! pbysieal memory. This is
accomplished by the capability of a microprocessor to detect access to memory pages
(or segments) which are not present in the physical memory. When the virtual memory
system detects such a reference, it will fetch’ the required page from the secondasy
memory into the primary memory.
In order to support virtual memory capabilities, besides the address trans!allon 8
mlcroprocessor must provide the following attributes:
1.  to recognize & page or segment fault, if the page or segment is not present
in the primary memory. The memory manager must then inform the pro-
cessor so that the missing page or segment can be fetched from the secon-

dary memory, and eventually one of the current pages or segments can be:
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replaced,
2. to sbort execution of the current instruction (instruetion abort cepabilily),
to save necessary information needed later to retover from the fault,

4. to call and exeeute the fault service routine in the operating system, which
will swep the required page(s) or segments(s), from secafidary memory to
primary memory,

5. to provide necessary information for the operating system, in order to sup-

- port page (or segment} placement and replacement algotithms (indicelion
of access activities), and

6. to restore the saved state and resume the normal processing (instruction
restart capabilities).

Although very different in complexity, all advanced microprocessors provide
instruetion abort and restart capabilities. Some solutions are preseated below. Recog-
pizing the access fault can be performed internally only, if the MMU is on the CPU
chip, or both internally and externally, if the MMU is off the CPU ebip.

When an access is made to an instruction or data whizb is not present in primary
_ memory, 2n address error is internally detected, and it iniliates the address error fault

handling routine finternally defeeted foult). It the off-chip MMU detects 2 faylt situa-
tien, it will send a signal to the CPU, which will in turn activate the fauit handling
routine festernally detected foult).

When the CPU recognizes an access fault, it saves the siate informatijon needed to
recover from the fault. The information is usuzlly saved ob the stack. The typical
information which must be saved in the program counter {-tarting address of the
instruction), the status register, the fault address, the trap-specific parameters, the
aceess type, the internal temporary registers, various internal statuses, ete. For illus-
tration, the AMC68010 processor which supports virtual memory, saves 26 words versus
the MCBR000 process, which saves oply seven words, which is not erough to provide
the user with the state of the machine after the fault has been occurred. Figure 18
shows the information saved ob the stack for these two processors.

The MC B201D address stack is divided into {wo parts; a user visible sectiop, and a
_ DoOb-user visible section in which the internal status and the temporary data are saved.

The memory management unit also has to provide the information related to
access activities needed by the operating system [placement and replacement algo-
rithms). This information is usually stored in the trapsition table entries. There are
three information bits which are present in typical systems:-

1. the wolid bit - which is controllad by the operating éystem, and specifies
whether or not a block {page or szgment) is in the pr.mary memory,

2. the veferenees bit - where the MMU typically sets this bit to indicate if
access to the corresponding block in primary memory is on. The operating
system may reset this bit to keep track of the access history.

3. the modified bit - which is set by any write operation to the corresponding

STATUS REGISTER L 5P
PROGRAM COUNTER KIGH | 02

PROSRAM COUNTER LOW o

FORMAT | VECTOR OLESEY 05

SPECiaL STATUS WORD 08 SPEIAL STATUS WORD a1l
FAULT ADDRISS HIGH oA FRULY AZDRESS HIGH ”
FAULT ADDRESS LOW oc - FAULY AZDRESS Low [T
RESERVED I3 INSTRUZTION REGISTER o5
DATA QUTPUT BUFFER 10 STATUS REG'STER o5
BESEAVED 12 PADSEAN COUNTER H:GH A
DATA IXOUT BUFFER 9 PRIGARY JRUNTIR LOW o
RESEAVED 18 i

INSTR INPUT BUFFER

b

INTERNAL INFORMATION

®
1A
NON USER-VISIBLE < o
:
38

4a.

Figure 18. Address error stack [36]
a. MCB8010
b, MCGBERODO

block. This bit indicates whether the block must be written back to the
secondary memory, before being replaced from the primary memory.

For iflustration, the i432 processor contzips four access astivity bits ip its segment -
descriptor, as shown in Figure 19,

The valid bit (V) indicates whetber or pot the segment is in the memory. The
storage allocated bit (S) indicates whether any memory has been associated with this
descriptor. The actessed bit {AC) indicates whether the segment has been accessed,
while the sltered bit (AL) indicates whether the information cantained in the segment

has been modified.

{Tv]s|ac]al |
Figure 10. Access activity bits of the i432 processor contained in the segment
descriptor [27]
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The operating system uses V and S bits to detect when & physical segment i not

‘present in memc:;r_v, while the AC and AL bits are used by the replacement algorithm to .

decide which of the currently present segments should be swapped out by the pew seg-
ment. ‘ '

In addition, several Gelds in the segment descriptor can be used by the operating
system to record other useful information about the segment {{requency of use, etc.).

The other advanced processors contain similar infcrmation on access activities used
by the operating systém. Commonly used page replacement techniques are Least
Recently Used (LRU), Least Frequently Used {(L¥U), and First-In-First-Out (FIFO)
[1,58.9,55]. The described information maintained by the CPU (referenced and
modified bits), as well as some sdditional user-defiped fields, can be used to design the
page replacement algorithm io the operating svstem. :

One of the popular schemes for the LRU algorithm classifies the pages into four
groups: : :

Group 1: unreferenced (ﬂ =0) and unmodified (M =0}

Group 2: unrelerenced (R =0} and modified (M =1}
_Group 3: referenced (R =1) and unmodified {M=0)

Group 4: referenced (R =1) and modified (M=1)

The pages from the lowest groups are replaced first, and the pages from the
highest groups are replaced lasi. The referenced bit is set by the CPU whenever the
page is referenced. The operating system {08) periodically clears the referenced bit. A
sophisticated LRU algorithm, “software caching.” has beer implemented in the
VAN/VMS operating system {31]. The LFU algorithm can also be incorporated into
this scheme. Whepever the relerenced bit is cleared, the OS cap count the frequency
with which the pages were used. The modified bit is set by the CPU whenever the

page is written. When the page is swapped, the OS checks this bit to see if thereis a -

need to update the copy of the page in the secondary memory.

The last attribute of a processor te support virtuazl memory is the most complex,
and refers to reloading of the state of the program, arnd resuming the operation, after
the address fault routine is completed. Two methods of implementing the resume
operation on 8 processor are;

1. ipstruction restart meihod, and
2. imstruction continuvation method.

Advantages and drawbacks of these two methods are discussed.in the following two.
subsections. :
4.1 Instruction restart method

" In this method, after the address fault error handling routine bas completed all

activities, the instruction in which fault occurred is restarted from the beginning. Fig-
ure 20 illustrates the execution of the microcode in the ¢:se when no eddress [ault is

present (Fig. 20a), and in the case when the restart method & applied, with ag address

" {fault eecurred (Fig. 20b}. .
In Figure 20 it is assumed that a machine iastruction capsists of several microin-
struetions {ml, m2, m3, m4]. If there is no address faunlt, these instructions will execute .

sequentially, as shown in Fig. 20a. I the MMU detects an address fault in the microin-
struction m2, the contro! will be transferred to the address error routine. The address

error routine will Brst save the information state, and then the routine will bandle the
address error (the required page or segment will be fefeked from the secondary’

memory). . Finally, the suved information state will be restored, and the faulted instruc-
tion will be restarted from the beginning - &t the machive ipstruction Jevel. Therefore,
the sequence [ml, m2, m3, m4] will be executed again. - .. .

The main problem in the instruction restart method is thal the processor must
reconstruet the state of the machine, as it was at the begiariog of the machine instruc-
tion, while he [aulted instruction was interrupted in the middiz of its execution. There
gre some situations when this is very complex, such as wher a resource is used both as
jnput and outpul parameter in the samé instruction. For example, in extended preci-

siop arithmetic operations, a carry {or borrow) bit from the previous operation is used

in the instruction as an input parami_;ter, but the insiructiop itsell also sets the same
bit as the result of the current operation. ‘If the address favlfis detected aller this bit
is updated, the original value must bie restored before the izstruction is restarted. A
similar. case is with autoinerement and- autodecrement addréssizg modes.

FAULY
* SEQUENCE
NORMAL :
MICROINSTRUSTION ! ml
SEQUENCE FAULT —p m?
. ADDRESS FAULT
m1 ROUTINE
m2 Save
ma . .
m4 ’ .

=| Relurn

.ml
m2
ma
m4

s

Figure 20. Microinstruction sequence [38]

s. No address fault
b. lpstruction restart method
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Several techniques have been proposed to solve this problem, and are discussed
below:

1. The processor may postpone the modification of uier-visible resoyzes (such
as carry bit), until the end of the instruction. Ttsen, if the address favit bas
-pot occurred, the resoutces will be updated. '

2. All modifications of the user-visible resources will be recorded by the ‘proces-

sor if the address fault occurs, Onp the basis of this juformation, the proces

sor will be able Lo restore the original vajues of the modified resources.

3. 'The processor maintains the copies of all user-visible resources, that ate
modified. Because the copy always coniszins the original value, i the
address fault oecurs, it will be easy to restore the criginal state.

4.2. Instruction continuation method

In the instruction cobptinvation method, when the address error routine has been
completed, the machine instruction will pot be resumed from the beginning, but from
the szme loeation within the instruction at which the execution was suspended. The
execytion of the same sequence of microinstructions |ml, m2, m3, m4), in the case of
the continuation method, is shown in Figure 21,

The address fault was detected in the microinstruction m2, and the control was
transferred to the address error handling routine. After the rouline has been com-
plzted, the processor will resume operation, Dy executing the misroinstruction m3. The

FAULT
SEQUENCE

.
L

ml
FAULY =—a{ m?2

ADDRESS FAULT
ROUTINE
Seve
?

Return

Figure 21. Miczoinstruction execution - the instruction <ontinuation method [36)

continuation method is analogous to ap interrupt operation nl the microinstzuction
level. )

In order to support the instruction continvation method. the processor must be
able to save the entire state of the machine, when an address fault is detected. There
fore, the processors which apply this method usually have a large address error stack,
to save &ll necessary information (e.g. MCB3010). Regardless of this requirement,
another problem with the continuation method is related to the instructions that
require execution without interruption. In addition, this methed requires the additional
time and silicon resources for saving and restoring the complete state of the machine.

The instruction continuztion method has been implemented in the MCG65010 and
the MCB3020 processors only [33,36]; while all other ad\anced processors use the
instruction restart method.

The N516082 XMU sends an abort signal to the CPU (NS 16032 or 32032), which
will stop the execution and will return the CPU into the state before the aborted
instruction. Ther, all needed information (contained in program counter, machine
status, stack pointer, and several other registers) is automstically saved. When the
address fault rovtioe is completed, a returp-from-trap izstruction is executed, which
will resume the aborted instruction from the beginping [38).

Zilog processors alse implement the instruction restart method. The Z8001/Z8015
system coptaips a special data couut register which counts the pumber of successful
dats accesses before an address fault. This mformat:on used lo restore the machine
slnte. which existed before the address faullt.

The 280,000 and Z800 proressors, which have the MM on the CPU chip, apply
an improved instructiod restart method compatible with their pipelining srchitecture.
The 780,000 executes instructions by using six-stage pipelining. and therefore the page
fault can be detected before memory access. The sddress translation is performed in
the third stage of the pipeline, and if an address fault is detected, the execution stage
will be suspended, before any change of register contents is made [33,35). The 2800
gpplies a similar technique, because it has a three siage pipeline allowing the instrue-
tion suspension, before any register is chapged.

Intel processors i286 and 386 apply the ipstruction restart method, as well -
|26,28,51). They are also able 1o detect an address fault before executing instruction, .
and thus fzulted instruction restart becomes simple. After completing the execution of
the address fault bandling routine, the CPU places the address of the interrupted
instruction into the instruction pointer, and resumes the program execution.

6. PROTECTION AND SECURITY TECHNIQUES

In multitasking and multiuser environments, it is required from processor architec-
ture to support pretection and security, in order to increase system performance and
simplify system implementatios. Basically, protection esd security issues can be
divided into the following topics:

1. memory protection,




2. program protection,
3. user protection, and
4. irformation security,

Memory profection meehanism should detect any addressing error before it caused dam-
age. Each instruction should be checked to verify that it performs the intended opera-
tion. The MA{U unit performs this check, and if there is an address error detected, it
generates an address fault. The address fault bandling routine is then activated, which
analyzes the address error, eveptually fixes it, and returns te the interrupted program.
Program prolection mechanizm should prevent application program from making illegal
modifications of the operating system. It elso should control the transfer between sys-
tem modules to achieve total reliability, User protection mechanism should protect
users against each other. Securify mechanism should provide limited access to informa-
tion.

Two basic architectures that provide program and user protection are:

1. hierarchica) protection system, or ring profection system, and
2. non-hierarchical protection system, or capabdilify-based protection sysfem.

These two systems are discussed in the fbllowing paragraphs. ,
Hierarchical proteptién system consists of a hierarchy of protection levels, or rings,

starting from the most privileged to the least privileged. Basic principles of the ring
system are: ’

RING 1

RING 2

Figure 22. Principles of ring protection system [28]
a. control transfer bétween programs
b. data access

1. A program maywaccess only data that reside on the same ring, or a less
privileged ring,
2. A program ay cal services that reside on the same, or a more privileged
ring.
These two protection approaches are llustrated ip Figure 22.
The ring system has been implemented in the 1296 and the i386 processors
{21,26,28,54). Their ring protection system consists of four privilege rings, as
shown in Figure 23. ‘ i

Different priotities are assigned to diferent programs (segments} within the
systery, Greater privilege is assigned to more important programs. Typically, the
operating system occupies the most-privileged ring, thus it is protected from the
application programs. The programs may access the OS with a bigh-speed call
instruction, rather than using the context switehing technique, which is the
traditional way to implement the call of OS services.

Second and third rings are typically used for system services and custom
extensions, respectively, while the application programs are usually located at the

‘least-privileged ring. .

The i285/i386 protection model also provides task isolation, by baving
separate descriptor tables. The entire isolatiop between rings is provided by a
separate stack for each ring.

1o non-hierarchical protectionsystems {or capability-based p'ro!ection svstems), for
cach task a table of operations is defined. This table of operations specifies opera-

tions ithat may affect other tasks in the syst'.omf In order to perform an operation

TASK
BDLATON
FAOVIDIDBY
. BEPARS TE
CESCRATON
TAPLES

TASK A

FRNVMEOE LIVEL
BOLATION -

Tagy . . -

Figure 23. The tipg protection system of the 1286/i385 processors [28]
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which could affect another task, a task must have the corresponding capability in
its table of operations.
The capability-based protection syslem is more complex, and the current pro-

cessors still do no! implement it in the architecture, bt in the operaling system. .

The current processors provide some protection features, which can be used when
desigping a sophisticated protection system io software ;3,4,5,25,85].

The MCH3000, the Z3000, and the NS 168000 processors have two operating
mades {or privilege levels) af the CPU: supervisor mode, and user mode. In the
superviéor mode, the CPU can execute the comple.e set of instructions, while in
the user mode, orly a subset of instructions ¢an be used. In Zilog processors, these
two modes are called system and normal.

Typicelly, the operating system functions are placed at the supervisor level,
while application programs execute at the user level, thus the operaling system is
protected from the apphication programs. The supervisor level typically has access
to all of the processor resources, as well as to all external resources, such as
memory and [/O. This epables the operating system to control both processor and
external functions.

In addition, the NS16000 processors provide separate address spaces for each
running process, thus protecting one user from another.

The MC62020 implements a concept of multiple access levels, which provides
expansion on up to 236 hierarchical levels, which present 2 superset of ring archi-
tecture.

Security refers to the lmited access to information. The basic principle is to
allow a program to access only whai it needs to know, For example, Linden sug-
gests that "..almost every procedure should run in a protection domain that gives
it an access to exactly what it needs to accomplish its function, and nothing more
[32]." The security is provided by giving each process certain access rights to a
page or & segment. The most commotly used access rights are:

1. read access: a process may obtain sy ipformstinn from the page or the
segment.

2. wrile aceess’ a process may modifly the page or the segment, and may
place additional information in it. The proress may destroy all of the
information in the page or the segment,

3. erecule -gccess: n process may run the page or the segment ss a pro-
gram. Esecute access is given to pages or segmenis wbich are pro-
grams, and denied to data pages or segrents,

Current processors typically store the aceess rights ip page or segment
descriptors. Befora the pracessor aceessas n page or a segroent, it Srst checks its
access rights, aod i they are verified, it may atcess the selected page or xegment.
The diagram in Figure 24 illustrates the described mecksnism, based on access

rights stored ip the page or segment deseriptors. The character N indicates that
the corresponding page or segment cancot be accessed at all.

The segmentation virtual memeory system provides a more natural security
system jn a paging system. The logica) address space is divided into pages, and
the deseribed mechanism cancot protect the program modules precisely. It either
protects loa little or too much. In the segmentalion system, each segment is of
specific length, and the way to protect segments by using access rights is more
natural. :

Regardiess of the implemented virtwal memory svstem, the drawback of the
described security mechanism is that all users have the same access rights to com-
mon pages or segments, becavse the access rights are assosiated with the pazes or
the segments, and not with the users. . ‘

This problem can be solved by using twe-level mapping scheme, 8s described
in Sectiop 3.2, for the case of the i432 processor [27]. In this two-level mapping
scheme, the -access rights are stored independently of the segment (er page)
descriptors, and are associated with the users, and not with the scgments (or
pages).

.
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Figure 24. Security technique bused on access rights stored in the page or segment

deseriptors [27
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8. DISCUSSION AND CONCLUSION

We have discissed in this paper several issues relsted to memory management
.in advanced mictoprocessors. All these concepts are not new; they are known for
vears from the operating system's theory and practice, however the approaches are
sometimes modified, and implementation - techaiques may be different, in com-
parison with the minicomputer and mainframe enviroments,

The processor architect must make several crucial decisions related to the pro-
cessor archlteclure, which have to support memory management and virtual
memory. The main decisions to be made are listed in Figure 25.

The opn-chip MMU versus off-chip MMU is ope of the basic decisions which
kas to be made. Both concepts have advantages, as well s drawbacks. These
have been.discussed in the paper. In addition, the an-chip MA U bas an advantage
over the off-chip MAIU which is related to-cache memory design. Ap external
"ADMU requires logical address caches to bypass the MMU delay, while the internal
AMMU implements the physical address cache: Tbhe logical address cache requires
special address tag hardware, large operating system overhead on task swilch, and
fBusk cache when sharing data. '

" The issue related to virtual memor) system paging versus segmeniation, is of
crucial importance. Again, some microprocessors support paging, other processors
. support segmentation, while few microprocessors support both systems, i which
case the mode is user selectable. Anyhow, it seems tha! the paging system has
advantages over the segmentation systern, and almost all 32-bit microprocessors
support it. ’ i

The pext two qnestlons are related to the lmpl»menlahon of the ‘address
translation mechanism: levels of mappiog and use of so associative cache memory.
Both multi-level mapping and a small associative cache memory significantly
improve svstem performance, and thus they should be built into an advanced
microprocessor architecture. Pracnca!ly, all 32-bit microprocessors have 1mple-
-mented these two concepts in their architecture.

MU GN~CI4IP VErsys MMU GFF-CHIP

PAGING.  versus  SEGMENTATION 4
ONE-STAE MAPPING”  versus MULTI-STAGE MAPPING
CACHE MEMORY-YES versus CACHE MEMORY-NO

- INSTRUCTION RESTART = versus INSTRUCTION CONTINUATION

Ay

PROTECTION BUILT-IN  versus PROECTION IN SOFTWARE

-

- Figure 25.. A list of questions for the processor srchiteet

Techniques to support the virtual memorg system, especially the choiee of the -

techniques to implement resume operation, alter ap address fault is detected and
corrected, is also an important decision for the architect. The instruction restart
method seems to be more eflicient than the instruction costinuation method, espe-
cially if the AMMU is on the CPU chip. Theu. due to pipelined nature of
architectures in medern mjcroprocessors, the address fault can be detecied bel‘ore a
memery access. This significantly simplifies ‘the restart of the fauited instruction.’
Finally, the protection meéchsbism built io the architecture’ (such as the nng
system in the {286/i386 procestors) provides a powerful togl (or ab opérating sys-
tem designer, and reduces software overbead. On the other hatd, because the pro-

“tection system is already defined in the arc.‘:iu:clure. there is mo choice for the OS

designer, but to implement the available mechanism, whetber be {she) likes it or
not. ) -

The other approach, in which the processor provides some basic protection
elements, but pot the whole Protection system {such as supervisor/usér modes sod
access concepts in the MCG8020), requires from the OS designer to create the pro-
tection system in'software, thus i mcreasmg the sofhmre ov erhead Houever, t!ns
approach is more fexible,

We may conclude that the memory management architédure; in current -

micraprocéssors are coming of age. However, one of-the most challenging aspects

.of future processor design' will be to provide more élegam solutions to all these

problems, as well as to enable a more complete mtegrallon of memory manage
ment and virtual memory support
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‘Operativno niéitovanje_glblnja viakov gahtevs v ynkaj minutah  iEdelavo .

- nagetov
optimalno
viaka,pomnotena ]

za dve do atiri{ ure vnaprej,po katerem™naj.bl e
moZen naein.Kriteri] optimalnostl Je najmanjis
koeficientom cene pri arecanju

giball .na
igguba &asa
in prehi{tevanju

vliakov.Naloga - dolodanja optimalnih odloditev spada v vedvariantno .

kombinatoriko.

THE OPERATIVE PLANNING OF TRAIN MOVEMENT

l Plans for tkain movement ha#p"to‘ be made in & Cew minutes. for two to
tour hours -ahead in the optimal possible way.The criterion of optimality

is the
train price.The
multivariate combinatories.

1.0voD

2eleznibkega prometa igra

dal jinsko vodenje
viakov.Slsteml ki se danes uporabljajo za
daljinske vodenje in nadzor gelegznitkega
prometa v realnem ¢asu ,s80 gelo vellki in
kompl eksni,sa] morajo opravl jati zgahtevne
funkeije zg jemanja,prenosa,obdelave in
predstavitve podatkov, kot tudi funkelje
poveegave operater-sistem.

¥ avtomatizaei]i
pomembno viogo

V preteklosti soc se tovrstni sistemi za manj
zahtevne aplikac!je praviloma realiziralli samo
8 klasténimi telemehanskimi napravami,ki so za
zghtevne jde naloge vodenja neprimerni.

S prodorom sodobne tehnologlje §n cenenlh
mikroprocedorskih enot,pa se na tem podrotju
vse boij . uveljavljajo mikroratunalniski
teleinformaeci jskl sistemi,ki v kombinaciji s
sistemi vlakovnih Stevilk in avtomatskim
postavl janjem voznih poti omggodéajo enocstavno
in racionalno redevanje vgeh nalog daljinskega
voden]a Zelegniskega prémeta. . e

Nadgradnja tega celotnega sistema daljinskega

vodenja vlakov pa je avtomatsko razreBevanje
konfiiktnih situaclj,osiroms operativno
planiranje gibanja vlaiov, ki mora bitd
brezkonfliktno in optimalno.To delo 2daj
opravl ja &lovek-dispeder.

Dokler vlaki vozijo po voznem redu,nima
dispeder nobenega dela;éim pa eden od viakov

zamuja,lahko, pride-do konfliktne sltuacije =
ostalimi viaki na odseku proge.Teda} Je
potrebna pomo¢ dispeferja,da nastale konfliktne
sltuacije resi. -7

Torej je delo dispederja na zelezhiskl
orjentiranc predvsem na vozni. red.

progi

smallest loss of train time multiplied by
problem cof determining opiimal declisions

the c¢oefficient ol
belongs to

v trenutku, ke viski odatopajo od vogsnegs
reda,jes treba hitro najti resitev sa novo
gibanje vseh viakovy v novih,spremenjenih
pogojih.Vendar pa v primeru gostega prometas In
pri sedanjih hitrostih viakov &lovek ne Emore
vee dela v realnem fasu brex pomot]
radunslnika.Obstaja vrata naéinov in algoritmov
wa Fagrefevanje takih konfliktnih
situaeij,ideja Pa jo v poidcemo
najoptimalnejio reditev,

tem,da

Uporaba modernih metod matematié¢ne optimizacije
ni mogoéa  brex matematitne . opredelitve
posameenlh nalog,ki nastopajo pri gibanju
viakov.Za nastale konfliktne situacije tore]
konstruiramo matematiént meodel.

2 .-KONPLIKTNE BITUACLIJE s0: -

-sre¢anje vliakov:
-prehltevanje viakov

-zadasen 1zpad odsekov all
sprememba dvotirne proge ' v
enotirno

-prepoved postanka viaka na
postajl .

-¢8 le na postajl vee viakov kot
tirov : C

-¢e ste na latem odseku proge
dva ali ved vlakov.(To
pomen! ,%e fe pril prihedih in
odhodih viakov ‘premajhen

casovnl presledek.)

Take konfliktne situacije lahke opisemo €

matematiénim modelom.Pa zadnimo.

8 ,METODE RESEVANJA:

-Globalho optimalne resitev poikeemo z
‘metodo DISJUNKTNEGA LINEARNEGA

PROCGRAMIRANJA.




~Lokalno

resitev pa dobimo’ s pomo¢ jo
empiriénih metod,Ki hitreje  poiscejo
rezultet ha racun oilstopanja od

optimalnosti.Ena takih metod je . t.f.
'metoda  raetlonjenoe vezanih refjtev? ki
smo jo razSirili,tako da je uporabna tudi
v primeru,ko gre za dvotirno magistralno
progo 7 APB odseki in dodatnimi
tehnoloskimi omejitvami.

Clanek opisuje prvo metodo.

4 .KONSTRUKCIJA MATEMATICNEGA MODELA

Oplslmo najpre) sprementjivke,kl nastopajo v
matcmatiénem modelu:

NPOS ...5tevilo vseh postaj na odseku proge
KPOs-1 +es8tevilo odsekov med postajami
NVLAK «veflevilo viakov na odseku proge

PREH(I,J)...0as prihoda viaka d ur postajo I
ODHOD(] ,d)..¢as odhoeda vliaka J 8 postaje [

p
t (i,1) +..prihod,ki vsebuje prisi{ilne postanke
o

t (1.,1) " ...odhod,ki vsebuje prisiine postanke
TV(I1,d) ...e¢as,ki ga vliak J porabi za prevoz

odseka [ .

TH(T,d) soeminimalni ¢as postanka viaka J na
postajl |

X(I1,d) «..0as prisiltnega postanka vliaka J na
posta]t I zaradi konflikta

K{J) ...koefleient relativne cene dasa
viake J .

TEK{}!,d) ...odpravnl Cas z zadetne postaje 1 za
viak J

TEK(npos,Y).odpraviii ¢as Z zatelne postaje NPOS
za viak Y

T vva08soviil zaostanek za viak,ki vozl
zada j

p i-1 . T =1
v(i, D)= E[: TV(k, 1)+ TPk, i} Ez;x(k,li*
=1 - =
+ TEK(1,1)

b)eas odhoda viake I s postaje |

© i=1 i 1
t (4, e FTV(k.lh );Tp(k,rh D Xk, 1)+
= k=1 k=1

+ TEK(1,1)}
{2)

viak Y vozi v smeri {----- :

a)etas prihoda vlaka Y na postejo |
p NPOS-1 © NPQS N
v (i, D= TVIK, Y+ }[:'rp(k ¥)s K(k.x]*
. BN k=i+1 k=i+l

+ TEK(NPOS, 1)

(3)
b} éas odhbda viaka Y s postaje |
o NPOS -1 NPOS ©ONPOS ‘
t i,V g: TVOK.Y) - 3. TP(K,Y)+ S_Xik, 1)
oz § =1 k=i
¢ TEK(NPOS,1)
) (4)

viek~_ & nahaja na postaji f v easu.’

t {it.b): ] po o
- t (i,0) <=t (f,1) <=t (i,I)
. “(5)

Viak | pa se nahaja na odseku t v casu
vdsek
1 NERES R .
o odsek P
t (1,I) <=t (E,1) <=1t (1+1,1)
. (6)

&

Fodobne lahko sklepomo tudl za viak Y.
Poglejmo,kako zgradimo matemati{én| model za
razresSitey nha jpreprostefsih konfliktnth
situaelj!

& )JNASPROTNI VLAK! SE NE SMEJO OB ISTEM CASU
NAHAJATI NA ENOTIRN!H ODSEKIH

1)¢e se je viak 1 odpravil 8 postafe | In
. zavzema odsek i, je potrebno

-da se vlak Y v tem ¢asu* nahaja na
posta]i |

ali

~da se vlak Y v tem éasu sploh ne sme
odpravitl s postaje i+i.

To pomen! v necnac¢bah:

o P

t (i,1)y > t (i, (7
alil

o o

T, 1) < tekdel,Y) -~ 48

Po drugi.strani pa velja naslednfe:

2)%e se je vlak Y odpravil s postaje i+f in
zavzema odsek |, je patrebno:

-da se vlak | v tem ¢asu nahaja na postajl
i+l

all

-da  se visk ! v tem éasu ne sme edpraviti
s postaje |

To pomeni v neenacbah:
o e
t (i+1,Y) »= t (i+1,i} . (3

all
[+) . o
t (i+1,Y) <t (i,I) . {10}

Ce v neenaébah (7),...,({I?} upostevaomo cnadhe
(1),...,04) in jlth preuredimo tako,da 50
neznane kolicine,to so prisilni postanki viakov
X(1,J), na levi strani neenac¢b,dobimo

NPOS
Extx - $ Xik,¥) > PRIH(1,¥) - ODH{L,T)
k=i+1
(11)
NPOS
EZ;x(k Kk, Y) ¢ ODH{l+l,Y) - OH(i,1)
-l+l
(12)
NPOS i
Xtk,¥)- }:;-X£k.l) > PRIH({+1,1)-0DI{1+1,Y)
+1
(13

NPOS i
fz:xfk Yi- 3 X(k,1) < ODH(i,1} = ODILIVILY)
k=141 K1

(14}
pri Cemer smo upoStevall naslednje




p KPOS
PRIWCL,Y) = t (4,Y) - Z‘_ X(k,Y)
‘ A K=+l o
(¥5)°
o] NPOS C
ODH(E+1,Y) = t (1+1,Y} - E: Xtk Y}
o KT+

116)

in

—

: N .
FRINGE,T) = € (1,10 =) X(k)I)

; k=1
an
o 1
ODH{I,1) = t (i,1) - 3 X(x,I)
13! -
. ' ‘ (18)

‘Ce analizirsmoe enaébe (1), , () vidimo,da je
poga] (13} ostrejsl od (12) i (11) ostrejsi od
iT4),zato upostevamo samo (11} in (13).Pogoj 2a
nasprothosmerne viake je : :

NPQS ‘
j[;t(k 1)- j[f X(K,Y) > PRIH(1,Y)-ODH(1,1)
k

=i+l
(19)
ali
NPOS i - . 7
S XK, Yy T X(k, 1) <=PRENGI+1,1)-0DH(1+1,Y)
k=141 =1
' 120)
Pogo]) za nasprotaosmerne vlake pa lahka

zapisemo tudi takole:

o "o

p P
t (L,0) ¢= t ¢1,dy+T-==> t (L+), D)<=t (i+1,d)+T
IR ()
alt
o 0 v - P P
t (1,d) €<=t (b, 1)3+T ==> t (§+1,3)¥¢=1 (1+1r13;T

b} ISTOSMERNI VLAK[ MORAJO NA ODSEKU UPOSTEVATI
"DOLOCENI PRESLEDEK V GlBANJU

lypogejl =a istosmerni prihod vlakov na
postajo . .
p P
t (i+1,d) -t (1+1,1) »= T(J) (23)
‘ali
p p
Ct{i+l,1) -t (1+1,d) >= T(I) (24)
E)pogo&l za istosmerni odhod viakov s
postaje N
[+] o =
t (8,3 - v (1,1} 2= TWI) (25)
all
o o : .
vVl =t (L) 2= T(D) . 6

Upostevamo enaébi (1} In (2) in dobimo: -

i |
gxck.u-}'_'lxw.n >e
iz k= .
;E;\{k I)-E:;K(k J) Cod= PRIM(I+YF) -
o7 : ~PRINCICT, 1) 0 Tl

(28

PRIH(E+1,1) -
-PRUI(1+1,3}) + T(J)
C (273

39

ODHA 1, 1}-ODH{1,Jd)+
+T{J)

©A :
, i;x4k.J>-i:x1k,1)~~a=
k= k=1

{3

ODH{1,J)-ODH( 1,

i i o
Z ;X(k.l)-? Xk, J) =
L= = +T(1)

L (30)
Ce je vlak J na odseku | pred viakom 1,torej
TVOE, 1) > TV(i,d),sta modnejsa pogojau (27) in-

(30). Ce pa je viak [ na odseku. i pred viakaom
J,tore} TV(i,Jdy > TVUI,1),5ta moénejsa pogoja

(28) in (29). ‘ o
-Torej

B)TV(E, 1) > TV(1,J) .

< -PRIH{i+1,1)+
+PRIH(i+1,d)-T{(J)

i i )
Z:: Xk, 1) —EZZX(k.J) ali
k=1 . i=1 »= ODHIE,J) -ODH( 1,

+T(I) -
: {3t)

p)TV{i.J) > TV, )

= PRIM{i+1,J)-
—PRIH(i+1,1}+T(1})

§ S
g::xck.l) - E:K(k,d) &li
ey =0 C ¢ ODH{),1}-ODN(i,d)-

=T(d)

. {32)
Ce annliviramo zgornji neenacbi,vidimo:ee prej
odpravimo hitrejsi viak, je zato mezno odpraviti
pocasnejsi vliak,ne da bt @akali na iztek
intervala 7T,v nasprotnem primere pa tega ne
moremo | storiti,ker . bi sicer
konfliktne sltuacije,zato poftakaino.da 5
interval T diztece,

Pogoie tshko zapisemo tudl takole:

o ¢ o p .0 ,
A, Iy Ot (i+l,¥YY ==> ot (i+41,1) €t (1+1,Y)
. (33)
alli
o Q . P 2] .
t (i+1,Y) <t (1, 1) => t (i,Y)y <t (i,0)
(34)

Vemo,da se nekateri viaki v danih situscijah
lahko gibljejo po Tiksnem voenenm redu.Do . tsake
sltuaclje lahko pride,te nekateri tovorni viaki
odstopajo od fiksnega VOZNega reda,torej
zamujajo.Vv takem slucaju pa potniSkim.vliakom ni
potrebno spreminjoti.voznega reda,

Na] ima vlak s fiksnim voznim redom indeks
1,vlak,ki ne vozi po fiksnem voznem. - redu pa
indeks J,oziroma Y.Potem neenacba (32) preide v

L >eT(1)+PRIH(i+1,J}=PRIH(i+1,1}
- Xk, ali
k=1

<~T(3)+ODH(§,1)-ODH{1,J)

. L {35)
Neenacbt (L9) In (20} pa preideta v
NPOS S PRIH(I;Y)-ODH(1,1)
- Y Xk, ali
k=i+1 ==PRIH(i+1, [)+ODH{i+1,Y)
i . (a6
¢ JRAZRESITEV KONFLIKTNE SITUACIJE PRI SRECANJU

YLAKOV

Vliaka 1. In Y se sreenta na postaji i <=> Ko
veljata neenatbi: , .

=}

p ‘ -
t0h, 1) >= 1 (YY) ¢ T (37)

prislo do .-




p o
t (L1} T <= t (t,Y) (38}

Ce upoStevamo enaébe (1),...,(4),dobimo

1 NPOS
X(k,¥) = ODH{1,1) PREH(i,Y)+T

? X(k,1)-
i T (=1+1
(39)

(-1 s
E:thk.p)- E X(k,Y) - <= PREH({,[)-ODH(I,Y}-T
1 =1

) (40)
To so neenache 2a sredpnje viakove

d)RAZRESITEY KONFLIKTNE SITUACIJE PRI
PREHITEVANIU VLAKOV .

Viak 4 prehiti vlek I na postaji | <=» ko
vel]a: :
P p :
t {i,d) - v C(i,I) »= T{J} (41)
all .

1] o
i, 1) -t (1,3 = T {42)

Loglmo dve mofnostlh:
~l)viaka vozita v smeri ---=>
2)viaka vozita v smeri ¢----

Y prvem primeru sta neenaabi

-1 -

SRk, 1)+ §:i(x,a> y= T(I)-PRIH(E,J)+PRIH(L,T)
k=1 k=1 {43)
ali

1 i
wa.n«ixw.n >= T(I)-ODH(l,[)+ODH({,d)
=1 k=1 (44)

kjer sma v,heenaebah {37) In (38) upostevali
pogoje 11ly,...,{4}),
YV drugem primeru pa sta neenadbi

NPOS NPOS
=3 Kk, 1y X4K,J) »= T(J) - PRIH(i,J) =
k=131 K<T+1 . +PRIH(E,1) .
(45)
all
NPOS s
2:; K(k.I)~ X(k,T) >« T(1) - ODH({,1) +
= K=l +ODH( § ,J)
(46)

To s$0 neenacbe za prehitevanje vlakov.

- ©)RAZRESITEV KONTLIRTNE SITUACIJIE,CE JE EN
ODSEK PROGE ZAPRT ZA PROMET

Odsck | je lahko v intervalu {t1,t2) zaprt za

viake.V tem primeru moramo upostevatl dodatne
pregeje. : .

Czs oodhoda.v\aka I s postaje | mora biii veeiji
cd 12:

0
t (1,1) >= t2 (amn

ali pa mora biti eas prihoda vliaka [ na postajo

{(Lely manjsi od tl-

p
t(l+3,0) <= 11 (48}

Cr v oneenachah (43) in (441

upostevamoe  ennebi
Y bn oy dabjmn pogoj

1 <= ODH(I,T)
z:; Xk, D) Call
= <= PRIH{i+1,T1) {

Linearni program se potem glusi takole:

e
(=]
~—

doloeiti fe treba vrednosti spremenl jivk
X1,5),1=1,...,NP0O8,J=1, ... ,NVLAK ki =zadoscajo
pogojem nenegativoostl X(1,3) >=0,1=f,...,NPOS,
Jxl, 00 (N¥LAK In §inearnim necnacbam:

~pogojem nasprotnosmernih viakov (19,20)
-pogofem tstosmernlh viakov (31,3%2)
~pogojem sretanja vlakov {(35,36)
-pogojem prehltevanja viakov (39,...,42)
~pogolu zaprtosti odseka (45)

tako,da ima namuenska funkeija

NPOS NVLAK
K{J)X{1,J)
=] . =] (50)

mi ninm,

vendar s¢ je izkazalo,da S0 pogojne necnathe
protislovne.Takih protistovnih pogojev pa
linearni program ze po deliniciji ne
reSuje,Kajti taki pegoji nme tvorljo konveksnega
poliedra,temvee palieder,ki jo odprt.lLinearno
programiranie z disjunitniml poga]t s imenuje
DISIUNKTNG PROGRAMIRANJE.Navedeni problem se he
do resiti z.navednim linearnim programom, temved
z disjunktnim linearnim programom.

§.DISJUNKTNG PROCRAMIRANJE

Med linearne programe 2z logiénimi pogofi
spadajo vsi nekonveksni programski
problemi.fogieni pogoji so take povezave med
tinearnimi neenacbami,kt vsebujejo operacije:

-~ in (konjuokei ja)
-~ ali (dis]junkeija)
komplement {(negacija).
Operaci ja te-patem (Implikaelija) je
ekvivalentna disjunkciji,ker je (A => B} <=3
{A& %/ B).V splosnem je disjunktni program (DP)
problem obiike: .

{min ex,Ax >= ao ,x >= 0,x€L]}
{51)
kjer je A matrika m X n,ao vektor dimenzije m
in L mnozica logiénih pogojev. :

Obstaja ve¢ oblik disjunktnega
programa.Najbolj znani sta dve:

linearnega

Iy DP je v "disjunktni normalni obliki",te so
pogoji disjunkel]e,kl ne vsebujejo naprej novih
disjunkeij.

h h

A X »= 80
v x =0
hE q
(52

11y DP je v "KonjunKtivnl normalni obliki", e
so pogojl konjunkeije,kl ne vsebujejo naprej
novih konjunkeij.

Ax »= a0
x »= D
, i
YV o(d x> d 1, 0€S
1€Q io
J




ali
AX >= a0 i ' i
& ¢ (dx = d N&...E& (d x4 })
x >= 0 1€£Q io i€Q - o
I <
. 1 (54}
kjer je d vektor dimenzije n,d

je skalar,Q,Q.

o b

in 8 pa so lahko kontne ali heskonéne.

ima vsaka
sistema

Zveza moed obema oblikama Je v tem,da
disjunkefja ¢{j) med (mtn) neenadbami
AX>=u0,X2=0 natanke eno neenaébo

i
d x »= d

(85
lo

J1€Q
i

iz vsakL dis;unkcije (ii)
sistemi

in dea so vsi razliéni
- h h
A X >= ao ,x »= 0 {56}
§ to lastnostjo,v mc]nh'(L) Torej,ce je

hkratl, vsi Q s §€8) koncen,potem je IQI

j € 8,kjer jo' M karterieni
cperacijt  in in all
logieni pogo] ki
cperaclji{.zapidemo v
obliki NP.Splosha
linearncga
X,pri

Qlln
May .,

produkt.Ker
distributiuni,lahko
vschuje ti dve
prvi nii drugi 2znaéiini
dgefinieija disjunkinega
programa se glasi:poliselmo vektor
katerem linearna furma

sta
vsak

n
L(X) = c X
: 55  |

minimalni

(57)

doseze minimum

omejitvah

pri nasledniih

{58)
. ) ii
kjer je i=1,...,m,§=1,..+,n,b ¢ b , e =0,

A0 11 j
x »= 0,

o

Takoj lahko ugotovimo,dn
disjunktni linearni program v Konjunktivnt
normaini obliki,lorej se dajo zapisatl kot
konjunkel ja samih dis junkelj.

50 pogoji #a navedeni

befinieijsko,
dimenzionalnem
posameznih obmoei

obnmot je C
prostoru

naloge v
dobimo z

n—
uni jo

2 n
U c -

=1 t/. : .
kjer }e

n .
¢ ={x,Ax>= 8 , x 2= 0
t .

m
,t=1,2,n-o;2 }
t .

Problem resujemo 7 metode dihotomije (kar pome-

ni " razdeljenost na dvoje " ), katere idejn
je v zaporvedni delitvi mhofiee podraci |y
definiranost| nologe na dva dela,tako ia
izpustimo lz nadal jnega’ padunanja tisto
polovieo, i ne vsebuje ckstrema linearne
’ n
forme.Vsako delno obmocje C ki ga dobimo 2
; 1 ;
vektor Jom onejitev,ima v slufaju omejitve

navydol dano regitev'M (Naj bo wminimalni  tak
L -
i e 0
M= dnf M Y t=1,2,...,2
’ t

m

41

Pri kriterljska funkecjja

tem M 'je*
. L m oo .
najrunjsa.06itno je,da 7 nara$tajolim m pridemo

do prevelikega stevila kowbinaci}

- Zapisfino poyuj omejltve tako,da uvedpmo

1 , pri b
Q=9 i
i -1 , pri b
.3 1 .
. ] (59)
Potem je pogoj omejitve
S n
' . a x b "
Q
i =1 ij j i
&
a x £= Db
P (% S 1) 3 i
(60}
Nalogo s tem pogojem omecjitve oznatimo kot

nouivgo (1).
Definirajmo Se dualno nalogo!

18&emo minimnlni maksimum iinearnega programa

-
LY} =3 by
i=1 i
(61)
oziroma
.om
L(Y) =F%(—b )y
’ B il i
' ¥ (62)
prf nasliednjih omejitvah .
™ .
. 1}?:;53 & ¥y <=¢& ,§=1,.00,n
=178 1) i
2y y »>=0 S T
I
{63)
e ' uvedema n dopolniinih nenegativonih’

spremenl jivk

I
1)?:i a y *+ ¥y =¢ ,j=1,...,n
z £ nvj  §

2)y >=_é, izl,...,n+m
i ) (64)

To naiogo'pa imenujemo‘naloga 2.

n n
Ker je C Nc =
' tl t2
algoritem za obe podro¢ji definiranosti naloge
1.Nasprotno pa delna padroc¢ja naloge 2 vzajemno
vkijutujejo drugoe drugega in 2a to nalogo

obstaja spiosen algoritem.

O.tl;é tZ,ne obsiaja splosen

v (m+l} razseznem prostoru Z razsirjeni

vektorskt prostori 2 presekaje mnozjco
. . m+1 ‘ ‘
konveksnih peoliedrov

m+l -

c = | 2,AZ + B2 >= 0, Z23=01}

t t m+l . m

Vektor omejitve v tem -prostoru oplisemo 8
jrremico E ' . . .

={z,z=c1
; (66)

definieljsko nhmaoeje delne v pruostoru %

j naloge
oplsemo s presekom




mel
C C
|4
(67
Po drugi strani je ena mefna ploskaev,to je
ploskev,ki  je deflniranan z enotskimi vektorji .
A yeesy A LSkupna za vse poliedre.Ta
m+1 "Hen
ploskay ima pozitivno usmerjenost, v prostoru
dimenzlje m in seka promico C.Kjep jeo ¢ >=0,
]
0Od  tod sledi,da se definieijska obmudja  (67)
pojavljajo kat urejenc wno2lee,ki vzajemno
vkijueujejo druga drugo.Za nalogo 2 aobstsja

algoritem, ki
fzbol jsevanjn

lemel §i
resitve in

na
3¢ boadoaben

Zupoves tnem
atgoritmu

zapoverstnegn igbol jsevania resitve pri klasieni
metodl lineatrnega programe.Postopek Je
fterativen.

Ker je bila v nalogse 2 uvedena cnotska

matrikon,se v kongn{ tabeli nhahuis tudi resjitev
zacetne naloge 1. '

6.ALGORITEM ZA DISJUNKTNO L INEARNO
PROGRAMIRANJE

Algoritlem
obliki
Klasionom
razliko

zu disjunktno programiranje podmmro v
tphele,taksne kot fo  pozhamo pei
linearnyin progragiranju.Ozunndime

(G8)

pri b 1in
i

{69)

pri b
it

VAN
1
sme

¥
Ce je od ék in yiz=l,ov.,m veaj eden
i

nenegativen,teds} dobill * minimalkni

maksimum.Naj bosta za vektor P
k
1) i i [}
in A negativpa,te uvedeme v baro vektor P
k k
in odstranime vektor P in v drugem primeru,de
L]
P
in odsiranimo vektor P.V prvem
k r
siucaju se vrednost linearne forme povecCa Za

1
Aver )
K

]
oba vektorjn[k
k

uvedemo vektor P

(70)
v drugem za
1
Aver
k (71)
V bazo uvedeme vektor,ki da pri danl iteraciii
manjs! prirast k i{inearni tormi.Naj bo
1 [}
Aviey > Auwer
. k Kk (72)
Paotem  je smiselno pri danf iteracij! neobhodno
e
uvesti v baxzo vektor T Vendar to vpliva  tudj
1 11 k.
na A\ in A ,zaradi Cesar  moramo  So
i i
dodatno  zamenjati  sektorje v bazni.labko pa
[TRERRHIEH fdi raktor

& Jkiopoverodi dodavni
i

prirvrnsi Pionearne  forme,Euak  promis)ek vel ja
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tudl za primer,ko uvedeme v bazo vektor P,

K

Pogoiji,pri katerih e zhmenjava
vektorjoev,so naslednji:
L)

neobhodna

l)¢e wuvedemo v baza P in odsteanimo vektor P
k
dobiimo vrednostt P
(p) v ' '
A = A - &.A
i i p k (73)
f!(é)' 1t | t
e A 0 B A
i i k 7
kKjer je P (14
1 [} ]
B ==z sz (75)
p ip ki .
L
2jCe  pu uvedetmo v bezo vektor P in adstranimo
4
vekter ' ,dobimo vrednasti.
r
l"r) T t te
= A+ B LA (76)
i l r k
Ttip) ' L] 't
= A - BL.A 17y
i i r [
kier je
f!(r) vt [
L = -l 2 ) (78)
r it ke
Naj bo tteracija,v Kateri smo z uvedbo vektorja
1 (IR ]
p szadnje,pri kateri P in P na  Kakrsenkoli
K k k
nac¢in vplivata na prirast linearne forme.Torej
od zda ] naprej uvedeme v bazo  samo tak
vektor, ki daje pri dani iteraciji manjsi
prirast.V tem primeru je splosni prirast v
grugi in vseh nastednjih iteracijan
. , )
z:min L{(P P ) ,pri uvedbi P
k p (719}
(py
¢ 0
i
in i ]
z:min L{(FP P ) ,pri uvedhj p
k1 r (80}
(r}
<0

. i
Oznadlmo {(78) # f1 in (80) =z (2.Potem velja
[}

t
ce ALry v 11 < AL(p ) + 2 .potem siedi
K K

1
je treba v bazo uvesti P In odstranit| P .
p

’ e
ce Avir ) < 1 > AL ) ¢ 12 ,potem siedit
K K :

L

je treba v bage uvesti P in odstrapiti B,
K r
Ta Kriterij ostapne v oveljavi tudé v stucajih.ho
vektarji,kde  prh go treba uvesti,yplivajo  tudi
na privosg Vinearne  Torme v jteeneijah.hi

stedifoKer jma paloga 2 zacetnu wuetne bave, jr




7 (811

Rekurzivne cnacdhe za nalogo 2 pa so naslednjo:
e

1rée zuamenjame vektlor Pz vektorjem P

P k
'(p} ' t t ' .
z =z =z oz )\ e b Ak (82)
I i kj Ip  kp - :
' (p} t{p]) .
z = )z Ak (83
] i )
Kjer je .
L} t
z = ()= : : . {84)
1§ iov
'{p) ! v
2 s % /%
Ik 1k kp "{85)
tip} ip} :
-4 - ] {§&)
ik (Jl ik
Tt

I)ce zamenjawo vektor Pz vektorjem P

r k
ey Ty T
Z =z - (z 2 ¥ /2 y J A K {87}
[ ii kK] Ir kr .
Yir) {r) .
z = z A I
[ . i Lj (88)
ey ' 1t 1 '
Z = 7S E =7 S {)= {BY)
1% ik kr ik Kk Kkr
trir) {r} ]
z = Uz ) (90)
1k i ik .

1z formul vidimo,da ni potrehno' racunati- obeh
1 L
z in g

Jker se razlikujeta samo za faktor{)
ij i} :

) i
Orene éﬁ pa raféuname ‘oe formulabk (72),
H

(74),(?6) In (77).

Zacetna tabela za prve iteracijo je na s1tki 1.

Prvi stalpee vsebuje vrednosti izbranih

koelTivientov 1linearne fTorme naloge 2 .Ker je

zatetna bara iz umetnib vektorjev,ni

zapolnjen.Drugi stolpec vsebujo’ ozZnake

vektorjev baze.Tretjl stolpee vsebuvje veklorje

ome jitev po  baznih vektorjih.Naslednjib nt
t

stolpcev vsebuje vektorje =  ,za

i

katere Velja

i] i1 ’ (91}
Zgornjl  dve  vestief predstavijata  dve mozng
vroednosti zn koeficiene linearne
formedtecdzndnji vrstiol predstavijata orenn un
. 1 1

Zk in £§

| adnia vestiva py o predstavija
’ i
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velikost najmanjsega prirasta Llinearne (orme,to

je LIP ) ,¢e wvedemo v bazo vektor P ,Levo
i i

spudaj pa je vsuta vrednosti man)sih  prirastov

Sin linrarne Torme prl dani Lazi.V zaltetni

tabeli je vrednost linearne (orme

LYy =20 (92)
Bt

v postev 7a wuvedbo. v bazo pridejo samo

veklarji.pri katerih je

VAR : (93)

in

£§ .<¢ 0 (34}

Vektor,ki ga uvedemo, izratunamo iz izraza

min (¢ /% ) v 7 > 0 (95)
jo k] ki
1 1 : 1
kler je z = 2 pri uvedhli P inz ={(}z pri
' ki kj K k k Kj
(] . . .
uvedbi P .Potem v skladu s prej navedenimi
k
rekurzivoimi fovimutami sestavime dve tabelis
l)prvo,pri kaleri v bazi zamenjamo vektor P z
' ]
p
vektorjem P
k
2)drugo,pr! kateri v bazl zamenjomo vektor Pz
. vt 14
vektor jem P
C k
Ko v obeh tabelah zapolinimo zadnji

vreoticei,primer jamo najmanjse privaste in
linearne forme pri novih bazah.Manjsa vsota
dolocta,kateri ~ vektor - je treba uvesti.Po
dajeoc¢ityi nove baze iz nadalinjega rat¢unanja
tektjueinio eno tabelo,druge tabelo pa kot
zafelno uporabimoe pri naslednii iteraciji-

7.ZAXLJUCEX

Ta pristop =za . operativno ‘nacrto.anje daje
globalno optimalno resitev,vendsr pa v praksi
il uporaben,kly pri vedjem 3iteviiv pusla) in

viakovwv, zahteva preved racunutniskega
¢asn.Algoritem se zato uporablja sawo za
laharatorijsko proucevanje  In nadrtovanje
gibanja viazkev na manjsih primerih,ko je

stevilo vlakov mathno(npr.5) in Stevile pesta)
tudi majhnoinpr.d).argumenti,ki kazejo na to,da
tok algoritew ne ustreza praksi,so med drugim:’

lyponavad( podatki niso znani tolike vnaprej,da
bi imel globalni optimum prednosti.Dogodki na

" Progi se namred stalno spreminjajo.

Iyvellk &ss racunanja rwaradi- 2e omenjenega
prevelikega steviia komwbinacij ~

dinckatere tehnoloske omejitve je tezko
vkljueiti v modeiinpr.omejltev,da na postaji ne
sme bitl vea viaknv Kot tirov)
4¥lokalni minimue je bli2§1  realnemu gihanju
viakov na progi.”

Zato S0 v praksi bolj uparabui algorvitmi ki
problem reSylejo Iokalno,kar poweni ,da redujeja
konflikle nd HWanjsem owmejeonrm gl ju neks)
postaf nagre i neka] nazaj be wed  dvoewma
S viakomn. .



dve mozni vrednosti ! 1 { ™ !
Za koelfcicnte e e ——— H
linearne forme [ ! ' H
t«b ..-b ..=b !
LI | i m '
bazni ! ! !
vektorji ' P - p res P ' P e P
! D L | m Pom+d men
P [ [ A PR 2 L |
m+1 ' m+1,0 ! §,m+} m,m+1 ! 1
t ' 1
. - . . ! .
. 't . 1 . . ! .
. ! . t. . ! .
1] 1 !
L] 1 1
i - .Y 2 e Z ' 1
m+n ' m:n,0 P 1,men m,min !
1 L] 1 t ¥ 1 t t
'z - ¢ '[& e [& ! oceng 2sa l&
! 11 m ! i
L{Y) L R e e L L T ! in
bt 'Z‘c 1 11 [ ] : L]
tyob A A : FaX
! U | e it ! i
e b
LiY) + L{P ) Y W B PY U L |
bl I i k
.
vsota vrednostl vellkosti prirasta
prlrastov lincarne linearne faorme
forme
slika 1
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ABSTRACT. .Kameda and Abdel-wWahab Eﬂ investigated the problem of gene-
ration of minimum-lengthcode for a wide class of machines. They establish
an attainable lower bound on the number of "load"-instructions, as well
as an attainable lower bound on the number of "store"-instructions. How-
ever, they did not sudcceed to reach the main goal: to minimize the total
sum of "load"- and "store”- instructions, because of interaction between
these two types of instructions. In this paper we show the optimal code
generation for some special classes of machines given by Kameda and

Abdelﬁwahab.

OPTIMALNO GENERISANJE KODA %A NEKE SPECIJALNE KLASE MAZINA - Kameda i
Abdel-Wahab [5] su ispitivali problem generisanja koda minimalne du¥ine
za jednu Siru klasu madina, U svome radu onl su pokazall da broj "load"-
naredbi i "store"- naredbi je minimalan za tu klasu maSina. Medjutim.
nije im uspele da dcka’u da se suma "load"- i "store”- naredbi mofe mi<
nimizirati, zbeog postojanja interake¢ije izmedju ova dva tipa naredbi za
datu klasu madina. U ovom radu éemo pokazati optimalno generisanje koda
za neke specijalne klase mafina koje su obuhvadene klasom masina dato]

u radu Kamede i Abdel-Wahaba.

1. INTRODUCTION

‘Code generation: is a part of compiler const-:

ruction which has been getting inc¢reasing at-
tention. In his paper Nakata [6] considered the
problem of minimizing the number of general
purpose reglisters needed to evaluate an arith-
metic expression. Redziejowski {2] showed later
that Nakata’s algorithm gives the minimum nhum-
ber of registers when only commutative opera-
tors + and * are considered. Sethi and Ull~
man ﬁﬂ developed an algorithm which generali-
zad all previous results; their algorithm mini-
mizes the number of instructions needed to eva-
luate an arithmetic expression when there is a-
fixed number of registers. All these algorithms
are fast, because of a restriction that each
subexpression will_be - used exactly once,
Bruno and Sethi [2] showed that the problem of
generating a shortest code for expressions con-
taining common subexpressions is NP- complete
even for a one-register machine. Carter [3
showed the best algorithm {until now} for gene-
rating code for one-register machine for expre-
ssions with common subexpressions.

In all these papers it.is assumed that the
result of an operation appears in a register
and "store"- instruction is the only' instrue-
tion that can change the content of memory lo-
cations. Kameda and Abdel-Wahab [5] relaxed
this restriction and allow register-to-memory
instruc¢tions other than "store", and also memo-
ry-to-memory instruction. Under such assump-
tions they defined a -class of machines and
tried to find an optimal sclution for code ge-
neration for that class of machines. Unfortu-
nately, they failed to reach that goal, because
. of interaction between "lcad"- and "store"-
instructions .

In this paper we investigate some special
classes of machines which belong to the wider
clasa of machines defined by Kameda and Abdel-

Wahab, and show optimal code generation for
them,

In part 2 of this paper we give all defi-
nitions needed, and definitien of the general
class of machines. In the part 3 and 4 we show
optimal code géneration for two special clas-
ses of machines defined in part 2.

2. DEFINITIONS AND A GENERAL MODEL OF MACHIKE

In this paper we adopt definitions given
in [5] . An arithmetic expression is given as

. an expression tree whose leaves correspond to

variables and/or constants, and whose interior
nodes correspond to operations. If there is a
downward path from a node v to another node
w (we assume that a root is at the top), we
say v is ancestor of w (similarly, we say

w is descendent of v ). A direct descendent
will be calléd: son. Thus, nofde representing a
binary operation has two sons, left scn and
right son, A node and all iis descendents com-
prise a subtree. The value of a node is defi-
ned to be the value of the subexpression re-
presented by the subtree rooted at that node.

‘The value of a tree is defined to be that of

its root.

We call a downwaxd path in an expression
tree leftmost, iff each binary node in it, if
any, which is not the last 'node of the path,
is followed by 'its left son. Level-one node is
a node both of whose sons are leaves. Level-n
nede is a node one of whose sons is level=-(n=t)
node and the level of the gther node is £n-1.
If the root of a. tree is level-r node, we say
that r is a depth of that tree.

We shall now give a general definiticn of
a machine model for which program P has to be
written (P evaluates a given expression tree).




The machine has N=% 1 general registers and a
countable sequence of memory locations. The-in-
structions are
r+m “"load"- inslruction,
ma-r "store"~instruction,
and following binary instructions:

m1¢-m1 op mz

maea-m OPp T } y
r,<=r, op ry, g It
r«r opm, fjT

r denotes a register and m denotes a memory lo- -
cation. We assume that the type (613ﬂ.l of an
instruction is determined by the'opération it
implements. If a binary operation requires its
first operand to be in register, the corraspon-
ding instruction is said to be of a type A3
and if a binary instruction requires its second
operond to be in a register, the corresponding
instruction is said to be of a type ,. Analo-
gous to that, a binary finstruction that doos
not require its first (seccnd) operand to be in
a register is said to be of a type /31 oy
A binary instruction may be of a _type:
/ﬁ1ﬂﬁ5,/§1ﬁfﬂz,fb1ﬁ,52 and,frﬂgﬁ,. A particular
machihe may hive only a subzel of these types.
Far instance, the Sethi-Ullman pachine model
[B} is of the type 3, A/5,.

Cur geal is to fina’a pvrgram which evalua-
tes a gilven expreszcion trec for a special ma-
chine model in the minimum time,

3_;ﬁ1/\£§;_
) 7

MACHTNE MOLIEL

The set
model is:

of instructions for this machine

mge- M, Op m, .

r «— N\ ~
and m «— r.
The following algorithm is the basis for the
optimal evaluation of a given expression tree.

Mgorithm 1.

Step 1. Find each subtree of the given ex-
pression tree T, whose both sons are leaves,
Evaluate all these subtrees (sequence of' evalu-
aticn is irrelevant}. If every subtree is eva-
luated, go to step 2.

Step 2. Replace every subtree from step 1°
with a leaf and ict the new subtyree be T,. If
T, consists only of the root of T, terminate.
I} not, apply step 1 to the trec T1.

Now, we prove some lemmas, which hold for
this machine nodel.

Lemma 1. If every leaf of a given expression
tree T is in nemo.y, than "store"- and "load"-
instructions are superflous in evaluating T.

Proof. If every leaf is in the memory, than
the result of evaluating every internal node
(with op-instruction) will also be in the me-
mory. '

*Under conditions of lemma 1 this machine
model has only one instruction:

m, < m, Op M.

Lemma 2. Every level-one node I of a given
exprecssion tree can be immediately evaluated.
Purther, the result of that evaluation replaces
the value of the left son of I in the memory.

Proof. Directly from the definition of the

machine model.

Lemma 3. The number of instructions of the

glven expreossion tree s equal to the number of
internal noden of that tree.
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Proof. We have ta show how to ecva-
luate every internal node of a given expres-
slon tree with only one instruction. Let 1 be
the internal node wich lefc son Ip and right
son 1, and let I; and I_ be levei-one nodes.
Applying lemma 2 £o I, ahd I_ we can evaluate
each of them with ong’ instruftion. Also, the
values of Iy and 1 are now in memory. Hence,
we can evaliate T also with cone instructicn
%..d the value of 1 will be in mnemory. - Procce-
ding that way for all internal nodes we c¢an
cvaluate every interrnal node of a given exp~
ression tree with onc instructicon.

Theorem 1. Algerithm 1 produces program
which optimally generates code for a given
expression tree and the value cof the root of
the trece will replace the value of the left
son of the leftmost downward path starting
at the root. Further, algerithm 1 produces
that program in linear time,

Proof. The first part of the theorem fol-
lows directly from lemma 2 and lemma 3. To
show that algorithm can be constructed in
linear time we traverse given e¢xpression trece
and mark all subtrees from step 1. Thig can
be dene in lfncar time. Step 1 will be exccu-
ted @ times, where d is the depth of given
expression tree. We need one instruction for
evaluation of every subtree. Therefore, the
algorithm can be performed in lincar time.

"y
a. /8.4 - macuine MoDEL .
I L

The set of instructions for this machinc
model is:
m+—m op r ,
Fa1m

and ma-T.

Step 3. Find cach subtree of the given
expression tree 1, whose both sons are leaves. -
For every such subtree S first “leocad" the
right son of § and evaluate § immediately af-
ter that (the sequence of evaluation of sub-
trees is irrelevant}. If every subtree is eva-
luated, go to step 2.

Step 2. Replace every subtree from step 1
with a leal and let the new tree be T,. If 7
consists oniy of the root of T, terminate. I%
wwl, apply step 1 to the tree T1.

We shall show that algorithm 2 generates
optimal code for a given expression tree and
the given machine model. For that purpose we
prcef some lemmas which hold for thi: machine
model. :

Lemma 4. If every leaf of a given expres-
gion tree T is in memory than "store“~instruc-
tion is superflous in ecvaluating T.

Proof. To evaluate any internal node, every
left operand has to be in a memory and every
right operand in a register. After evaluation,
every internal node will be in memory. There-
fore, "lcad"- instruction is only instructiocn
we need, besides op- instruction.

Under condition of lemma 4 the machine mo-
del has than fellowing two instructions:

m<—m Op T
and r<-m.

Lemma_5. The number of op-instructions re-
quired in an optimal code generatlion of a 4gi-
ven expression tree T oLs cgual to the number
of internal nodes of I,
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Proof. Trivial.

regquired in an uptimal code yeneration of a gi-
von expression tree T with the given machine
medel, is egual to the number of internal nodes

Lemsa 6. The number of "load"-instructions

‘of ¥,

" son. After evaluating all level-one nodes we

can, in the same manner, evaluate all level-two
nodes and so on.

pression tree and the value of the rcot will

replace the value of the-left son of the left-
most downward path starting at the root. Furt-

her,. the constructicn of program P is linear in -

time,

Proof. In lemma 4 we show that "load"- and
Qp-instructions arc only instructions needed
tc evaluate a given expression tree. Lemma S
and lemma § give the number of op~ and "load-
instructions. needed to generate optimal code
for a tree. Algorithm 2 evaluates all expres-
sion trees egxactly in 2*n steps, where n is a
number of internal nodes of the tree. Therefore
from lermma 5 and lemma 6 algorithm 2 produces
program which optimally gencrates code for a
given expression tree. .

The proof of the second part of the theorem

is similar to the proof of the second part of
theorem 1.

5. CONCLUDING REMARKS.

our final objective is to minimize the to-
tal numbey of "load"- and "store"-instructions
for the class of machines defined in [5/. we
still do not have a solution of that problem,
but we are hopefull that one will be found.
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PREGLED PARALELNEGA PROGRAMIRANJA
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V &lanka podajamc pregled paralelnega progr‘émirahja. V¥ uvodu opisujemo prednosti in potrebe po uporabl metoa
paralelnega pmgrsm'r-anjé ter nadine doseganja paralelnega izvajanja. HNa to opisujems -par'alelno programiranje =
prikazom razvoja tega podrodja. Ta je potekal skozi hezanesljivost zaletne tovratne programske opreme, postavljanje
konceptualrih temeljev do razvoja programskih jezikov, ki vkljudujejo postavljene koncepte.

THE DEVELOPMENT OF CONCURRENT PROGRAMMING. In this article we describe concurrent programming, The methods and
techniques are Iintroduced through overviewing of' the development of concurrent programming. This went through several
stages: the Initial development of complicated and unreliable software systems, the search for abstract concepts that
simplified understanding and the incorporating of these concepts into new programming languages.

1_lvad

Z nazivom paralelno programiranjie zajamemo programske
zapise in tehnike, ki izrafajo moZndst paralelnega
izvajanja in ki omogodajo re3evanje regultirajodih
sinhrenizaci jskih in komund kaei Jskih problemov,
Posamezne programske enote, ki se paralelno lzvajajoe,
imenujemo procesi. Imemo lahko ravidezno in dejansko

paralelnost. Navidezno paralelnost imams, e tedejo vsi .

precesi na enem procesorju in  Je vsakemu procesu
dodeljen doloden das. Dejansko paralelnost dosefemo, de
upcrabimo ved procesorjev in vsak prevzame en ali ved
procesov. ~

Paralelnl program omogoda, da raduralnik izvaja ved
nalog istodasno. S5 paralelmim programiranjem zvedamo
radunalnikove udinkovitost in enpstavnejSe obvladujems
okolja, v katerih se ratunalnik hiratl posveda razlidnim
opravilom. '

V prvem delu na kratko oplsujemo prednosti, ki nam jih
omogoda uporaba paralelnega programiranja pri  izgradnii
programskih sistemov. Podajamo modne radine za uvajanje
paralelnosti in pr'bbleme, ki Jib morame pri tem resiti.

¥V nadal jevanju Blre oplSujemo moSne  nadtne za
- predstavljanie paralelnih dejovnosti {procesov) in mofne

nadine 2a komunilmeijo in  sinhronizacijo med procesl.

Pozamezne nadine opisujem skozi pregled razvoja
paralelnega programiranja. Razvoj se Je zgéel kotiee  60.

let. Zadetni motiv jJe bil izkori3danje moinosti, ki jih
Je mudila nova materialna oprema.

Podrodja upcrabe

Paralelno programiranje se uporablja predvsem pri
operacl jskih sistemih in v sistemih za delo v realnem
dasu.

Pri operacijsidh sistemih lahko izbeljSamo Iizkoristek

materdalne opreme, d&e imamo v pomilniku ved programov
hkratf. Medtem ko en progrem Saka na izvedbo vhodne alil
izhodne operacije s podasno periferno encto, procesar
radunalnila 1zvaja nek drug program, nalofen v
pomniinilu, V tem primeru se procesor preklaplja med
razliéne programe, ld se izvajajo navidezno istodasno.
Ved uporabnikov lahko hkrati dela na radunaloiku in
upcrablja vse radunalnikove resurse.

Uporaba paralelhega programiranja Je posebe) koristna,
ée’ ne skoraj nujna, pri vgnezdenih sistemih za delo v
realnem ¢asu, kot s0 na primer procesni sistemi. Ppri teh
Je delitev giobalne naloge ma ved procesov motivirana
predvaen z encstavneliim re3evanjem . naloge. Radunalnik
mora  pravodasno sprejematli signale =z razlidnih
neraumalnisidh ali raéu_nalnié}d.h' naprav in jih ustrezno
krmiliti., Zahteve po sprejemaniu in krmiljenju se v
splodnem lahko pojavijo v razlidnih Sasownih trenutidih,




sa} Je to pozoleno z dinamike sistemov. Radunalnik mora
hkrati obravravati in obdelevati podatke = Stevilnih.
vhodov  in. izhodev,” V tem primeru upravl jalsko nalogo.
enostavneje in naravnoje redimo, de Jo razdelimo nma  ved
delov, ki se .pa'ra'lelno invajajo.

Paralelmn. pregramiranje uporabimo tudi zato, da zvelamo

zoogl jivost radunalnika in skrajlamo as izvajanja neke

nalope. Namesto enoprocesorskega vzamemo velprocesorsid

radunalniski sistem. Celotne nalogo razdelimo ha

podraloge, ki se paralelno izvajajo na posameznih

procesorskih elementih.

Delitev naloge na dele, ki ae lahkn p.'-:ra]é]no izyajajo

Pri zgrajevanju sistems, ki wuporablja paralelno
programiranje, moramo  rajprej  upotoviti,  katere
aktivnosti 'se lahko opravljajo paralelrno. Celotna

naloza, ki jJo relujern, je lahio postavljera tako, da jo
enostavno razdelimo na pm-ﬂlr.-}ne-ald;ivr.ost.i. Priner  je
krmiljenje dololenega Stevila perifernih naprav. Pri
aekaterih nalbgah Je ta prablem bali zaplelen i se ne
da radevol jive resitl =z uporabo "ad hoe" fadinov. TakSen
primer so rekateri matemalioi izrafuni, 'k?jer moramo
identificirati delne fzradune, ki se lahko istodasno
izvajajo, preden  se

izmenjaje  vmesni- rezultati

izradunov, Paralelno preralunavanje morame optimizirati
pri omejitvah zaradi serljsko-paralelnlh prednostuih

razmerij.

Pomcabno merilo =za uspeSnpst delitve jo é}LEEiEJ_a
neodvisnost procesov., V idealnem primeru so procesi
pbpolnoma in operirajo le mnad . svojimi
podatki. Ponavadi pa posamezni procesi opravljaje neko
skupnio nalogo, potrebujejo iste resurse all kako drugade
sodelujejd.

sarpstojni

Zato je potrebtio, da procesi med sabo
komunicirajo ali pa se v todkah
sinhronizirajo. Poten, kKo smo razdelili nalogo na

dolodenih
logidnie enote, moramo izbirati nadin za izraZanje
paralelnega izvajanja posameznih procesov in. izbrati
oradja oziroma nadine, ki bedo omogodili nadzorovano in
pravilno interakeijo procescv. Te nadine Sirse opisujemo
" v nasledajom poglavju.

Nadini paralelnega tzvajanja

Nazadnje se moramo pri ‘takSuih sistemih odloiti za

primeren nalin paralejuein icvajanja in sirhroonizaci je

ter komunikaci je mod procesi.

de  nimmo  nobenega | primzrnesn sistomckern  orodja,

napiSemo velposlovni izvrievalnik., - To Jje pravzaprav

tradiea  jedra pri  multiprogramsikih  operaci jskih

sistemih. Celotro ralogo razdelimo na procese in jih
skopaj =z

izvr3evalnikom ralo3imo v pommiilnik.

Tzvriévalrik skebd za izsenjevanje lzvajanja poslov na

- procesorju  (procesom, ki so del enega uporabniskega

programa, lahko refemo posli, angl. "kasks"). ¥V
izvrievalnik vgradimo tudi sepaforje ali druge mehanizme

za konunikneljo An sinhronizact jo.

Pri matiprosramskem ali velposzlovnem  operacijskem

" sistera uporabimo za dosepanje paralelnega izvajanja

programov sistemski izvrdevalfiik in druge funkcije, |d

Jih nudi  operacijski sistem. V tem primeru posamezne

procese  zapisemo kot posle ali samostojne prograre v
primernem  programskem _jeziku. S sistemskimi ukazi
sprofimo paralelno izvajanje

posamezaih  programov.

Tak3ni operacijski sistemi- podpiraje tudi nck nadin

medprocesne komunikacije. To so  lahko' semaforji,

- dogodkovne zastavice, poStni predali in pedobrio.

Nazadnje imamc moZnest, da uporabimo programske jezike,

¥ podpiraje paredelay proseam sfie, Osnova teh jezikov

J¢  jedro, ki omogola paraleno izvajanje tqodulov in
interakeijo med procesi. Te ,mcrinbsti 'upbrabljam s
primernizi - stavkd  jezika. V to kategorijo lahke
postavimo jecike PEARL, Concurren.t 'Pascal,. Vidudla,
Edisch, Ada in druge. Vkljuditev paralelnosti z uporabe.
taksnih jezikov je zelo primernoa,'saj se v tem pr-in::er'u
bolj posvetimo reSevanju naloge in he implementaciji
mehanizmov. paralelnosti,

2 Pregled razvoja in opis nadinov in orodij paralelnega

‘programov. pa

programiranja

¥ prejsnjem poglav‘jﬁ smo pokazali, lkako uporalljamo
paralelno pr"ogr'amiranje. za ulinkovito izkoriidanje
rafunalnikovit zmogl jivosti, zvefevanje iadunanikove
zmoglijivosti . in za uspesno obvladovanje okolij, v
katerih se mora radunalnik _hkrati posvedati razlidnim
dogodkom. Paralelni sistemi so pri tak3nih sistemih
koristnt fn potrebni, lzdelava praviluth in zanesljivih
je zahtevna. Najmanj3a napdka. lahko
povzrodl, da se paralelni program izvaja nepravilno in

" neponovljivo, kar onemogoda testiranje programa. Opisali

bomo, kako so programsid inZenirji postopoma reSevali ta
problem. :

Paralelno programiranje so uvedli, da bi izkeristili
doseZike na podrodju materialne opreme. Po zadethem

poskuianju  so. programerji  ob  pomanjkl jivem znanju

dzdelalt zapletene sisteme. Ti sisteml oo zato bill Lake

nezanesl jivl, <a sp. sami nadrtovalei wporabili I

"kriva proaramsie oprome®, Radunalnidki manstveniki po




spoznali pomen problema in zafeli iskati abstraktne
koncepte, s katerimi  so peenostavili  razumevanje
paralelnin programov. Ko so razumell bistvo problema, so
postavili zapis za osnovne koncepte in  jih  definiralil
tako precizno, da so “jih lahko wvkljudili v nove
prograrske jezike. Jezikovni 2apis Je omogocil mapredek
pri form:lrem razumevaniu probloma,

¥ tem poglaviu - bomo opisali razvoj paralelnega
programirznja. Ob tem:bomo obravnavali-nadine izraZanja
paralelnezz izvajanja procesov in nadine za komuuikaci;g

in sinhronizaci jo med procesi.

2.1 Razvol materialne opreme

Paralelnc prograriranje se je =zadelo razvijati pri
reSevaniju problemov pri operacijskih sistemih, ki so
sledili razvoju materialne opreme,

Prvi, enoposlovni  operacijski  sistesd
primitivni in so

se bili  2zelo
naenkrat izvajali le en posel
(uporabnikovo naloge, angl. "single Job"). Tipifna
vhodna erota je bila &ttalec Kartic in tipifna izhodna
enota je bila vrstiéni tiskalnik. Obe napravi sta bili
vellko pofasnejsi od procesorja. Zaradi dJakanja na
podasne}se naprave je  bil 'procesor velike d&asa
neizkorisden. Poleg tega so bili prvi sistemi obdutl vi
_ha programerjeve napaxe, ker ol imel zaSéitnih
mehanizmov.

2 ragvojem hitrejdih pomnilniSkih perifernih'naprav s0
izdelali operacijske sisteme za paketno obdelavo (angl.
“"pateh processing"). Ma manjdih radunalnikih so vadje

Stevilo poslov posneli s pedasnejdih ¢italeev kartie na-

hitrejSi. megnetni trak all disk. Sistem je potem s teh
hitrejdin pomniiniékih enot zaporedne bral  in izvajal
posle, rezultate pa je zapisoval na BitrejSe pomnilni3ke
encte, Ko Je bila obdelava kondana, so rezultate
natisnili. Sistemi za paketno obdelavo so bili boljdi od
prejdniih, so pa $e vedno zaporedro 1zvajali posle.
Beiultati posamaznih poslov so bili dostopni, ko so bili
izvedeni vsi posli. Zato so rezultati kraj$ih in daljsih
poslov bili dostopni ob istem Gasu.

Naslednjo izboljSave operacijskih aistemov je omogodila
uvedbd oziroma uporaba prekinitev, s katerimi so
presegli sckvendne narave radunalnika in dosegli delitev
procesor jevega Sasa med razlidne programe. Pripadajofe
tehnike, ki podpirajo

progranov lmeoujeno Mmultiprogramicanje”. Tu se je zafel

taksne paralelno 1izvajanje
razvo] paralelnega programiranja.

Multiprogramiranje so uvedli zato, da bl bll precesor in
vhodno izhodue encote &im bol] izkori&Cend. . Fri  ostnovnom

imamo 1stofasno v pomnilniku ved poslov ‘s
pripadajofimi podatki. Casovnik v enakomernih <&asovnih
prezlédkih. prekinja trenutno 1zvajani posel in sprozi
izvajanie naslednjega posla. V kratkem dasu se izmenjajo
vei posli, take da se izvalajo navidezZno istocasno.
Trenutho aktivni posel se ustavi tudi takrat, ko sprozZi
1zvéjanje vhodne ali izhodne operacije s periferno
enoto. Medtem ko se vhodna ali izhodna operacija fzvaja
(na primer zapisovanje nra disk), se na procesorju

nadinu

izmenjujejo drugi posii. Ko periferna naprava konéa
operacijo, & prekinitvijo javi da se.pripadajodi posel
lahke nadal juje.

Pozneje so takine multiprogramske sisteme 23 paketno
obdelave dapolnili take, da Je lahko ved uporabnikov
kkrati interaktivno delalo =z radunalnikom preke
terminalov. Takine sisteme imenujeno operactjzii sistemi
s Gasovnim prepletanjem (angl. "time sharing operating
systeaM).

2.2 Hovamesl Hvost rrogramsks opreme

MoZnost istoéésnega izvajanja vedjega Stevila programov
na enem radfunalniky, kK se  Jo omogodili  prvi
multiprogramski sistemi, Jje zelo zvedala zmoeljivosti
rac¢unalnikov, povelala pa se je zapletenost. Pri teh
sistemih Jje namre¢ =zele pomembno, da se posamezni
programi pri izvajanju' ne metijo 1in da potekajo na
pravilen naéin. Programske napake so povzrodile, da se
Je paraleleni- program obnaSal nepravilng in casovno
odvisno. Ker so bile posledice napak razlidne od primera
do-primera, celo pri enmakih vhodnih podatkih, Jjih Je
bilo zelo teiko odkriti.

Zaradi omenjenih tefav paralelnosti je bilo pomembro, da
se upcrabniku omogoli enostaveri, zazporedenm pristop 3o
stroja. .Operacl jske sisteme so zgradili zato, da bi bili
rofunalniSid  sistemi udinkoviti in
erostavui za uporabo,

zanesliivi  ter

Zgodnjl operacijski sistemi za paketno cbdelave, kot
Atlas (1961} in Exec II (1952) s0 bili udinkoviti in
enostavni, niso pa bLli popolnoma =zanesljivi. Prvi
sisteml s dasovnim prepletanjem, kot CT3S (1962) in
5DCQ-32 (1964) =0 bili sorazmerno majhni. Operaeijski
sistemi naslednje generacije pa so bili wvelike bdolj
obseZni in zapleteni. Razvoj sistema Multiecs (1985) je
tako zahteval 200 &lovek let, 05 360 (1966} pa cele 5000
Zlovek let. Zaradi svoje velikosti je bil 0S5 360 prece)
nezanesljiv. V vsak? verzijl je bile okrog 1000 napak.

Veliki operacijski sistemi so se dnevno podirnli o
pestalo  je dvorljive ali resniduo omogodajo udinkovito
in zanesl)ive dele rofumalnika,  DPostalo Je  Jasno, da




proéﬁéme. ‘vl mogofe izcelati
dolodenih konceptualnih temeljev, ki bi omozodili bol jie

‘takBne | cbseihe
razumavarn je. HaduralniSki znanstvenikd, ki so pri svojem
delu prav take uporabljali radunmalnike, so ugotovili
" pomembnost operacijskih sistemov in zadell celo na tem

podrod ju.

2.3 Konceptualni temelji

NaJpomembneJét doseiek v madaljinjem razvoju. je bila
ideja o deliivl paralelnega programa v sekvenéne

procese, ki se asinhrono izvajajo. Obnadanje programa

mora biti neodviszno od relativnin hitrosti procesov.

Proces je programski modul, sestavljen iz podatkovne
strukture in zaporedja ukazov, ki operirajo nad njo. (e
proces operira le na svoel]ih podatkih, se bo obnaZal
popolnoma enako (ponovljive) vsaki¢, ko Lo poghan z
enakimi podatid. ‘

. Procés;, ki sl delijo radunalniSke resurse ali pa delajo

na skupnih palogah’ morajo  biti  zmoZni  pravilne

interakei je,

procesna sinhronizacija. Takine procese delimo glede na

medsebojno ,razmefje do nekega  resursa na tekmovalne
procese, ki teknujejo za ncke stalne. resurse {tracna
enota, tiskalnik, sprerenl jivke 1td.) in taksne, ki so v

razmerju projzvajalca in  potrofnika  zadasnih  all
potresnih  resursov’ (sporodila, signali itd.). &e si

proizvajalei in potroSnild izmenujejo sperodila, Jjih
imenujemo komunicirajodi procesi, Ee'pa si izmenjujejo

sinhronizacijske -signale, Jjih 1menujemol sodglujoéi

procesi.

" Kritidne sekel je

Dijkstra‘ je ugotovil, da komunikacijo med procesi lahko
prevedemo na jzvricvanje operacij na podatkih, ki so
) skupni vedim procesom. Pomembno je, da naenkrat le en
proces izvaja dololens ¢peracije na nekem skupném
podatiku, lahko nastopijo nepredvidljive

posledice. Vzrok je v tem, da nobeden od procesov ne ve,

ker sicer
kakine operacije izvajajo ostall procesi v istem &asu

nad skuphimi podatki. Pripadajole napake so <Zasovuo
neodvisne in razliéne ecdvisno od tega, kako se procesi
pri_izvajanju prekrivajo. )
Nazor‘eﬁ primer je, ko si dva procesa delita navadno
spremenl jivko, ki Je Stevec

dogodkov. fe se prewed je
povedevanjc Stevoa dobimo:’ ‘ ‘

orez’

ki Jjo imenujemo procesna komunikacija ali
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_sprqnnhljivkah,

cikli prvi proces , drugi proces
. AB=23)

t0 . raloZl n

t1 naloZi n
e nz=n+l

t3 ' ) shrani n
.t t=net '

3 shrani n

(n=4}

Po dvojuem povefaniu vrednostl smo iz 'n=3 dobili n=U
namesto n=5, : i
Tiste dele procesov, ki vr3iJo operacije na skupnih
je Dijkstra imenoval kritifne sekei je.

Potrebno je zagdtoviti, da bo samo en proces npacnikrat
izvajal ‘kar
veajemnepa izkljudevanja izvajanja kriticne sekeije.

kritiéno  sekeije, imenujenc problem

Vzaiemho izliuéevanjé zagotovime; 8e proces sestavimo
tako:

neodvisni del

vstopni ppotoko}
kritidna sekeija
izstopni protokol

neodvisni del

Vsak proces pred kritiéno sekeijo izvede mek vstopni

‘protokol. Ta bo dovolil nadaljevanje samo takrat, kadar

noben drug proces ne izvaja kritiéne sekeije. Na koncu
kritidne sekcije proces "izvede izstopul protokol, ki
omogoedi, da v kritldno sekeijo vstopijo drugi procesi.

Najbolj znan Jje Dekkerjev algoritem za zagetavl janje
vzajemnega izkljudevanja. Algoritem za dva procesa, ki
ga predstavimo v vijjem programskem jeziku poteka takor

Erogram‘ﬂekker;

EE
turn : integer;

¢l,c2: integer;

procedure -pl; (+prvi process)

begtn
repeat ]
Carameeas . {#neodvisni delw)
ci:=0; {avstopni protokols)

while ¢2:0 do A ) .

if turnsZ2 then



begin
eh:=1;
while turnz2 do;
ct:=0
&rd;
eritl;
turn:=z2;

(skritiena sekel jos)
(sizstopni protokole)
eli=1; ' ~
creiiaarieas (sneodvisni delo)
forever ‘
end;

procedure p2; (xdrugi procesa)

begin
Frepeat.
...... bevaen} (eneodvisni dele)
c2:=0; (svstopni protokols)

while ¢1=0 da
Af turnz1 then

begin
C?::]{‘
while turnz1 do;
e2:=0
ond;
erit2; (ekriticna sekeijaw)
turnii=?1; (wizstopni protokola)
edizl;
freeranaeas . (encodvisni dele)
forever
end;
begin {sglavnl programe)
el:=1; ’
e2:=1;
turni=1;
cobegin (nparalelnolizvajanje pl in p2s)
p1;p2
coend,
end.

V programi smo uporabili paralelni stavek cobegin -

coend, ki ga bome podrobneje .opisali vy naslednjem
poglavju. Vstop v kritidéno sekeijc proces pl *{p2)
naznanl z nastavljanjem el (e2) na 0. Se p2 (pl1) hkrati
izvaja vstopni proteokol, spremenljivka turn odloda,
kateri proces bo vstopll v kritidno sekeijo.
Alporitmi za vzajemno izkljudevanje ved kot  dveh
' zato so neprimerni za
praktiéno uporabe, Druga slabost tak3nih algoritmov je v
zaporednen ‘testiranju
procesovy hkrati

procesov  so precej zapleteni,

vstopnega pogoja, kadar Zeli ved
Te
vidimo iz stavka: while pojoj do' (e ni€ w). Medlem ko -en

izvajati 1isto kritidno  sekeijo.

proces vstopi v kritiduo  seked o, drugi  procesi

zapravl fojo  racunalnifki ' éaa &  preverjanjem, ali je

sekel Ja phosta (ougl, "busy walting'),
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Semafor ji

Dijkstra je uvedel podatkovni tip semafor, ki
primeren sinhronizacijskih signalov
(19€8). Sewafor lahke uporabime tudi prl redevanju
ostalih prbblemov paralelnega programiranja, Na primer,
2  niim enostavno
1zkl judevanja.

Jje

za  prenasanje

redimo problem

vzajemnega

Nad spr'emenl,ji‘}ko s Ltipa semafor sta definirani dve
operaci ji: ’ - '

Ge s»0 teda] s:=s-1 sicer se izvajanje
procesa, ki je klical wait{s} ustavi in
proces se postavi v &akalno vrato,

wait(s):

¢e Je bil nek drugi proces P z ofzracijo

wait(s) nad tem semaforjem ustavljen in

postavl jen v vesto ga zbudl in izvajaj, sicer
a5+

signal(s):

Operacii "walt™ in "signal" morata biti implementirani
kot primitivni operaciji, torej se nedeljive izvajata,
Ko nek proces izvaja semaforske instrukeijo, podakajo
vsi ostali procesi, ki v tem dJasu tudi zahtevajo
izvajanje scmaforske instrukeije. Semaforje, ki lahko
zavzame jo poljubne pozitivno vrednost imenujemo  splodni
semafeor ji. €e dovolimo, da zavzamejo samo vrednosti O in
1, imenujemo rtakéne semaforje binarne semaforje.

Refitev sinhronizacije dveh procesov s semaforji Jje
preprosta:

program synchronisation;
var
s: semaphore;

procedure pi;
besal it

_wait{s};. (ecakanje na sinhronizaciJjo s ple)

rraee
.

o

nd;
procedure p2 f
begin

signal(s); (wsprozanje sinhronizacijskega signalas)

end;
zin

g

(amain programs)

8::0;

cobepin
plip2

coand

(eparalelno izvajanje pl in p2e)




Z operacijo  Msignal"  proces preko semalorske

sprerenl jiviee  odda sinhronizacijski sipnal  drugem
procesu, ki oddani signal sprejme z "wait" operacijo. V
paralelnoem .sistemu ‘programer ne  more  predviderd
. }elatlvne hitrosti . asinhronih procesoﬁ. Ne  morema
vedetl, &e bo proces poslal signal preden ga bo drugi

procesor pripravljen sprejeti. Sematorske operacije se

definirane tako, da ni pomeébno‘v kakinem vrstnem rcdul

se $zvajajo. Proces, ki poskuia sprejeti
sinhronizacijski signal Sc preden Je ta oddan, se
postavl v Cakalno vrsto in zakasni, dokler nek drug
proces re bo oddal’ ustreznegé signala. ¢e se signali
oddajaje hitéeje, kot se sprejemajo, se ‘ énosﬁaﬁﬁé
shranijo v semaforski spremenijivki, dokler ne bodo
uporabljeni. Zaradi komutativrosti semaforskih operactj

postane sinhrunivaclja procesov Sasovno neodvisna,

ReSitev navadne sinhronizacije s semaforji je encstavna,
drugi problemi pa lahke zahtevajo bolj zapletene
reditve, Slabost semaforjev je tudi v tem, da se lahko
sistem, zgrajen s semaforji, podre, &e pozabimo na enc
samo semaforsko operaci jo.

P jkstrin multiprogramirni sistem THE (1968) je uvedel
vedino konceptov na katerih temelji canaSnje razumevanje
Njegov sistem Jje bil
hierarhidno zgrajen iz ved programskih plasti, K so
fizidni stroj postopora pretvarjali v o prijaznejsi
abstraktni stroj, ki je lahko izvajal Stevilne procese.

paralelnega programiranja.

Ti so si delili obseZen homogen pomnilnik in Stevilne
virtualne naprave,

Pri sistemih, pri katerin paralelni procesi uporabl jajo
iste resurse so zadeli raziskovati tudi nadine urejanja
zahtev po zaseganju resursov in prenasanja sporoéil,. da
se prepredijo "smrtnl objemi (angl. "deadlock®}. To je
pojav, ko vsak izmed dveb ali ved procesov zaseda nek
resurs in &aka na resurs, ki gz zaseda drug proces.
Napadna reditev tega problema povzreél neskondne Sakanje
procesov, ’

2.4 Razvo) jezikov z elementi za paralelno programiranle

implementanija in da prevajalnik preverja, da so pravila

gledz koncepta . zadovolJené. Uporabljeni' kbncept'méra
cmogodati programerju predvideti hitrost in velikost
programa, : '

Paralelnt stavek

bijkstra Je uvedel zapis paralelnega Stavka, ki dolodi,
da =e ved sekvendnih stavkov izvaja baralelno. Paralelni
stavek se zakljudl, ko se zakljudijo vsi cekvendng
stavki. Primer paralelnega stavka jé:

var

this, next: linei
cobegin

consume(this); Input(next)
coend

Medtem ko stavek consume porablja vrstico this, stavek
input sprejema naslednjo vrstico next.

Paralelni stavek ima prédviﬁijiv udinek samo v primeru,
de posamezni pripadajodi stavikd, ki predstavijajo.

paralelne procese operirajo . nad razlidnimi
spremenl jivkami (v naSem primeru this in next) . de ved
stavkov operira nad Istimi spremcnljivkami; bo ufinek
paralelnega stavka 3asovno odvisten. Da bl prepredili
dasovno odvisne programske napaks wora prevajalnik

razboznavati privatng spremenl jivke procesa, ki moﬁajo

biti nedostoprne drugim procesom.

Kritidne sekeije in pogojne kritidne sekeije

Okoli 1970, leta so raziskovalel =zadeli . razvijati

jeg#kdvnc zapise za opis novih konceptaov.

Koncept programskega Jjezika mora predstavl jati splodnc
idejo, ki se pogosto uporablja. Pomen in
koncepta

pravila
brogramskena jezika morata biti natarcno
definirani, Predstavijen mora biti s kratklm o

Jedrmatim zapisom, ki omogoda enestavno  spoznnvanje

elen@n}av koncepta  in nlitiove medscbhojne

Pomenbro  Je tudl, da Je moZne  voarns  in udinkovita

deprav  je bistveno, da 50 nekatere snremenljivke
dostopne samo enim procesom, je v primeru sodelovanja in

komunikaelje med procesi potrebneo, da si procesi delije

" nekatere spremenljivke.

]
toare in Brinch Hansen sta leta 1972 predlagala zapis za.
prirejanje deljene spremenljivke kritdidnim sekeijam, ki

operirajo z njo,~ Za primer lahko definiramo deljenc
spremeni jivko, ki Jo uporabljamo kot uro:

var

clock: shared intoper




Procesi inkrementirajo in &itajo to spremenljivko s’
sledediml stavki: '

tick: region clock do clock:=(clock+ 1) med .max

read(x): region clock do x:=clock

Deljena apremenl jivka se lahko uporablja szmo znotraj
keitidnih sekelj  (region), kar preverja prevajalnik.
Kritifne sekelje so  tako da  je
zagotovljetio, da se posamezne sekcl je izvajajo brez
prepletanja, ema za drugo.

implementirane,

Hoare in Brinch Hansen sta postavila tudi koncept in
zapis pogojne kritifne sckeije. Izvajanje sekeije se
odlada, dokler del jena spremenllivka ne
pogoja. lahko prikaZemo izravnalnik za
sporodila, ki se sestofi 1z vrstice "slot" in boolean
vrednosti "full", ki kafe all je vratica polna: |

izpolanl nekega
Kot primer

_‘ﬂ
buffer: shared record
slot:line;
full:boolean
end

V izravnalnik piSeme samo, ko je prazen in citamo samo,

ko je poln:

send{m}: _rf_g}_gibut‘f‘er when not full do
begin slot:=m; full:=true end
receive{m): region buffer when full do
begin m:=slot; full:=false end
Pri pogojnih  kritidnin  sekeljah nastopa problem
udinkovite implementaci je. Gre za omajevanje
ponavl jajotega testiranija boolean izraza, dokler pogoj

ni izpolnjen. V ta namen so uvedll proceste vrste
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Monitorii

Dijkstra je predlagal, da v en programsid modul zajamemo
vse operacije nad deljenimi podatkovni strukturami,
namesto da jib raztresemo po celotrem programu. S tem se
poveda Jjasnost interakeij med procesi. Brineh Hansen je
predlagal zépisA Jjezika za ta koncebt rmonitorja (1973)
Hoare Jje opisal monitorski lkoncept in podal primere
(1974).

Za llustracijo vzemimo
operacijarni zapisovanja

izravnalnik za sporodila =z
in ditanda, ki ga zegradimo z

monitorjem.

monitor buffer;

var
slot: line; {(smonitor jeve spremenijivke-)
full: boolean;
procedure send(m: line}; (-pr‘ocedu?i monitorjae}
Mhen not full do
begin slot:=m; full:=true end;
procedure receive{var m: line);
when full do
begin mizslot; firll:=false end;

begin {atelo monitorja-inicializaci jas)

full:=false

end;

procedure producer;
var
m: line;
begin
produce(m);
send(m);
end;
procedure consumer;

prirejene posameznim deljenim spremenljivkam. ée proces
testira v pogojni kritidni sekeiji vrednost izraza in
pogo] ni se postavi v procesnc vrsto,
prirejeno deljenl spremenljvki. Vsakid, ko neki j:)roces

konfa izvajanje kritine sekcije, se testirajo *izrazi
‘ procesov v vestl,

izpolnjen,

V primeru, da so izrazl nekaterih

procesov izpolnjeni, se aktivira eden od teh procesov.

yvar m: line;
begin

recelve(m);
consume{m);

end;

begin {sglavnl prozrams)
cobegin
producer; consumer
2oend,
end.




strukturirano orodje za medprocesto
korunikacijo. Sestavijen Jje {2z deklaracij globalnih

spremenljivk in

Monitor Je

12 moZice procedur, ki izvajajo
dolofene operacije nad temi spremenljivkaﬁi. Procesi
nimaje direktnega dostopa do globalnih spremeuljivk,
temved samo preko klicanjar  menitorjovih  procedur.
Ménitorjeve procedure imajo to lasﬁost. da tahko v nekem
&asu samo en proces akbtivho fzvaja - proceduro  znotraj
danega wmonitorja, Monitor ima tudi del, ki ga imerujero
tele in ki se uporablja za inlcializacijo monitorjevih

spremenl jivk.

Monitorski koncept zdruZuje dve idaji:. vse kriti§53
funkeije so zbrane na enem mestu in globalni podathkl - ter
dostop do njih sta strukturirana. '

Koncept monitorja omogola, da prevajalnik testira, de se
/ .

v programu nad deljerimi spremenljivkami Izvajajo samo.

tiste operacije, Ki so definirane v nonitorju, Zgrajeni
wonitor lahko sistematsko in teme]l jito testirame, potem
pa prevajalnik preprefuje, da bi ga ostali programski
moduli uporabl jali. Vsak proces s
pripadajodiml lokalnimi spremenl jiviari deklariramo kot
poseben programski mogdul. Lokalne spremenljivke procesa

nepravilne

morajo biti nedostopue drugim procesom (v naSem primeru
imata prpducer in consumer lokalno spremenljivko m).
Prav take testira prevajalnik pravilno uporabo lokalnih
spremenl jivk.

Testi pri prevajanju lahko nadomestijo teste pri
izvajanju 1o zadlitne mehanizme v waterlalni opremi.
Mamen odpravl janje testov pri  izvajanju ni  samo

doseganje  udinkovitejfe prevedene kode. Testi pri

preﬁajanju preprecujejo  nastop - napak, testi pri
fzvajanju pa lahko samo sporodijo, zakaj se je sistem
podrl. To je bistveno pri sistemih za delo v realnem

dasu, ki opravljajo pomembue upravljalske funkeije.

Kot primer Jezikov, «i- temeljijo na moﬁitorjih lahko
ravedemo Concurrent  Pascal, ki so ga definirali in
‘impiémentirali leta 1974 in Medula, ki so ga razvili
léta 1977. '

Jezikovnl elementi so se razvijall v swmer, - kjér opis
sinhronizacije med procesi podamo z opisom Abstraktnega
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Opis poti

Campbell in Habermann sta 1974 predlagala opis poti. To

je abstraktni tip podoben monitoriu, le da znotraj njega

dodaltio podamo izraz, ki dolofa =zaporedje dostopa do |
podatkov. Oblika opisza poti je naslednia:

type
ime = begin
opis podatkovne strukture
operation opis operacij nad podatki
end_

Tzraz path oplsuje dovoljeno -zaporedje operacij nad
podatki. -V izrazu lahke opiSemo tudi ponavrljanje ali
izbiro neke operacije.

2.5 Distribuirani sistemt

Docca] oplsani mehanizmi za medprocesno komunixacijo so
se vedinoma zanadall na dolodenc implementacijo. deprav
izgleda, da vi3ji programski jeziki z
prikrivajo implicitno
predpestavljajo da se podatki med procesi prena3ajo
preko skupnega pomnilniSkega obmodja. Na primer, vsak
proces ima pri izvajanju monitorske procedure dostop do
monltorjevnilh spremenl jivk. ri cem mora biti
zagotovl jeno vzajemmo izkl jidevanje. To se da zagotoviti
pri sistemih, ki imajo skupen pomnilhik, implementaci ja
pa je tefka pri distribuiranih sistemik, ki so povezani
preke vhodnih in  izhodnih linij, .preke katerih si

izmenjujejo  “sporodila. 5

abstrakei jo

razlike v  implenentaciji,

procesor ji " pebenitvio
materialne opreme so se zafeli takSni sistemi vse bolj

uvel javljati.

Medprocesna komunikacija in sinhronizacija =z

" rendezvous-jem

podatkovhega tipa. Pri zgora] opisanem monitorju Jje "na
primer sinhronizacija med procesi v primeru prazuega ali

zapolnjenega.izravnélnika implementirana v monitorjevih

procedurah s stavkom "when pogoj do". Programer definira
abstraktni podatkovni tip (izravoalnik) in doval jene
operaci je ‘had njim. V opisu operacij je zajeta tudi
potrebna sinhronizaci ja med proeesi, 7 uporabo takdnepa
podatkovnega tipa se izognemo opisu nadina pravilne
uporahe bodatkovnega tipa.

_Hoare in Brinch Hansen sta 1978 leta pokazala, da je pri

distribuiranih

" sistemih bol j naraven pristop k

medprocesni komunikacijl, de sinhronizacije in  prenos

podatkav med precesi jeml jemo kot povezani dejavnosti.
Osnovna ldeja Je prencs podatkov v dolodenih todkah

posanbznih procesov. Pred prencsom podatkov se  coba

procesa sinhronizirata. Ta padin komunikacife imenujemo

'rengggyouq. Na primer, de Zell proces A poslati podatke

procesu b, morata oba procesa sogladati s kemunikaci jo




da [o5lieta =zahtevek za oddajanje

sprejem. {e proces A prvi

tako, oziroma za
zahteva oddajanje podatkov,
mora poCakati, da proces B zahteva sprejem podatlov. cee
proces B prvi zahteva sprejem podatkov, mora poéakatit

da proces A

sinhronizirata, se podatkl ~ prenesejo  in  procena
nadal jujeta izvajanie,
Ta princip rendezvous.ja Je i1zbran pri  programskem

jeriku Ada, za katcrega so 1980 leta izdali standardni
priroénik.

Ada udi bopate moZnosti za dolodanje in obvladovanje
paralelnega izvajanja. Da dobimp predstave o glavnih
idesah, bomo v tem poglaviu opisali nekatere moénosti.
Zaradl jasnosti bomo ponckod podali samo nekatere oblike
stavkov.

Za pojasnitev bomo visli primer onejencea izravnalnika
2a celosteviléne podatke.

procedure PRODUCERCOMSUMER is
—-speeifikaci ja procesa izravualnika
task BOUNDEDBUFFER is
-~deklaraei ja procesnih
entry TAKE(V: out INTEGER);
end BOUNDEDBUFFER;

—-vhodov s parametri
--kone¢ specifikacije

—--specifikael Ja procesa, ki pise v lezravnalnik
task PRODUCER;

~-specifikacija procesa, ki cita iz izravnalnika
task CONSUMER:

~-telo procesa izravazalnika
task body BOUNDEDBUFFER is
SIZE: constant:=z ...;
B: array(90.,SIZE) of INTECER;
INPTR,QUTPTR: INTTOTH,
N: INTEGER;
begin
N:=0; INPTR:=0; OUTPTR:z0; --inicializacija
loop ‘
~~izbirni stavek
select
when N ¢= SIZE =)
accept APPEND(V:

~~oma jenega lzravnalnika

--pogej (varovalo)

in INTEGER) do  --prejemni st.

B{INPTR):=V; -~zapisovanje v izravn,
.end APPEND;
N:zN+1;
INPTR:=(INPIR+ 1) nod SIZi;
or .
when N » 0 =) ~=pUgo j

accept. TAKE(V: out INTECGER) do
Vi= B(OUTPTH);

-=prejomii st

——citanje elamenta izrav.

zahteva cddajanje podatkov. Ko se procesa'

end TAKE;
N:=N-1;
OUTPTR: ={OUTPTR+1) mod SIZE;
end sclect; ~--konec izbirnega stavka
ernd loop;
end BOUNDEDEUFFER;
-=telo procesa, kK oplse v izravnalnik
task body PRODUCER is
ELEM: INTEGER;
begin ‘
locp
PRODUCE(ELEM};
APPEND(FLEM);
end loop;
end PRODUCER;
~ ~~telo procesa, xi-cita iz 1zraéﬁalnika
task body COHSUMER is
ELEM: INTEGER;
begpin
loop
TAKE(FLEM) ;
COMSUME(ELEM) H
end loop;
end CONSUMER;

~~glavrl program
begin
null;
end PRODUCERCONSUMER,

Prenos  podatkov  pri poteka  preko
parametrov in ne preke izravnalnika. Prenos podatkov med
dvema asinhronira procesoma (v naSem primeru PRODUCER in
CONSUMER) zato izvedemo 2z uporabo dodatnega procesa
( BOUNDEDBUFFER), v one jeni
izravhalnik. ReSitev 5 pasivnim monitorjem, ki se izvaje

samo ko je klican, tu nadomestimo s procesom.

rendezvous-ju

katerem  programirao

Procesi v Adi so programske enote, ki se izvajajo
paralelno (task). Sestavijeni se 1z specifikacije
procesa in telesa procesa. Procesi se zalnejo izvajati
tako] po deklaracijl. Zato je v nadem primeru glavni
program lahko "null* {Ada uporablja “glavno proceduro®
kot Pascal glavnl program).

Komunikaci ja med procesi se lzvaja na nadzorovan nadin
preko procesnih  vhodov (entry). V Adi je implemontiran
asimetrifen rendezvous, pri katerem lahko iofimo klicodi
{pri nas sta to PRODUCER in CONSUMER) in klicani
proces (BOUNDENGUFFER). Bistvo asimetridnosti je v tem,
da v tolkah rendezvous-ja samo klidodi proces navaja
kliczni proces oziroma njegove procesne vhode {APPEND,
TAKE). ne navaja, kdo ga klide, temved
izvede prejemnt stavek (aceept) na svoje vhode (APFEND,
TAKE).

proces

Klicani procea




Ogiefms si obliko deklaraci] in stavkov. Progesnl vhedi
50 deklarirani v specifikaciji klicanega procesa:

entry identifikator {parametri vhoda};

Pri tem so lahko parametri vhoda vhodni (in) 2li izhodni
(out). ’

-V ﬁoéki rendezvous-ja klidoli procesi navedejo ime vhoda
klicanega procega:

ime vhoda ((dejanski_parametri)};
klicani proces pa navede prejemni stavek (accept):

accept . ime vhoda [parametri_vhoda)
* [do stavki
end [identifikator}};

omogoda, da procese razdelimo ha
uporabniSke (klidode) in servisne {klicane). Uporabniski
procesi morajo poznati vhode servisnib procesov, ki jih
klide jo.
uporabniskih procesov,

Asimetriénost

Servisnim  procesom ni

. Prejemni

potrebno poznati
" stavel 1 servisnega
procesa namreé ne navaja imena uporabnika. Zato lahke
zgradime knjiZnice servisnih -procesov, ki jih lahko
uporabl jajo vsi uporabniki, UporabniSkim procesom zaradi
njihove narave lahke redemo tudi aktivni

servisnim pa pasivni procesi,

procesi,

‘Ada ima na tem podredju e dodatno pﬁednoét: ker ima
Klic vhoda enake sintalso kot klic procedure,

sekvendna procedura.

Ma primeru izravnalnika vidimo, da mora imeti  proces
moZnost rendezﬁous-ja na razlidnih vhodih, pri tem pa ne
pozna vrstnega reda kllcanja posameznih vhodov, Ne
moremo namred vnaprej predvideti zaporedja pisanja v
izravnalnik in &itanja iz’ izravnalnika. Potrebujemo
moZnost nedeterministidnega prenosa podatkov. V Adi nam
to moZnost nudi iz%irni_ stavek (select), ¥ omogoda
alternativrno izbiro med razliénimi prejemnimi -stavki.

Problem predstavlja tudi omejena velikost izr&vnnlnika.
ge Je ' ‘sprejeti  noveea
elementa. &e Je prazen, ne more oddati elementa. Zato
pred posamezno altermative v izblrnem  staviku kot
varovala postavimo_ﬁégggfi[whqn). Taks3cn izbieni stavek

izravnalnik poln, ne more

z varavall in " izblrami med alternativnimi prejemnimi
_stavki im obliko:

Jje lahko-
klicana operacija izvedena kot proces ali kot navadna
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select
fwhen pogel =3)
alternativa s prejemnip stavkom ‘
or ’ '
. [when pogod =
alternativa s prejemniﬁ stavkom

R

’ [else
stavki]
end seiect;

‘Ob izvajanju izbirnepa stavka se najprej ovreduotijo vsi

poendf in tako dolodijo odprte alternative, &2 je klican

nek  prejerni stavek v odprtih alternativah,

da ni edprte

se
alternative ali ni
klicanih prejemnih stavkov. cdprtih alternativ in obstaja
stavek else, '

rendezvous izvede.
se . izvedejo de
obstajajo-odprte alternative, noben pripadajodéi prejemni
stavek pa ni klican in ni stavlka else, proces poéakal na
zahtevo po randezvous-ju. €e pa ni odprte alternative ne
stavka else nastopi napaka:

pripadajodi  stavki.

Za raznovrstne  probleme pébalelnéga programiran ja
mehanizem rendezvous-ja - nudi primersejde reditve ..od
mehanizmov na osnovi vzajemnega izkljudevanja (kritidne

sekoije, - semaforji, monitorji), Ki so bolj prilagojent

redevanju dolodenih problemov. Rendezvous je primeren za

implementacijo na enoprocesorsikih sistemih,

miltiprocesorskih - sistemih s skupnim pomnilnikom in
distribuiranih multiprocesorskih sistemih. Ugotovimo, da

resitve z uporabo rendezvous-ja ponavadi zahtevajo ved

procesov, kot pri uporabl drugih mehanizmov. Procesi se

zato pogoste je izmenjujejo, za kar se porabi doloden

fus. Pri nadem primeru proizvajalea in potrodnika smo
tako namesto izravnalnika, 1mblementiranega s ‘pasivnim
monitorjem, pri upcrabl rendezvous-ja vstavili servisni
proces, ki wvrai fUnkéijo izravnalnika. " Pri uporabi.
noveldih procesorjev Je &as preklopa med procesi tako
hiter, da ni kritiZen, '

2.6 za38itni mehanizmi

. had podatki.

Videld smo, da monitor lahko definirame kot abstraktnoi
podatkovni tip. V monitorju so0 opisane podatkovne
strukture In procedure, ki so edine dovoljene- operzcije
V procedurah je zajeta itudi pravilna
sinhronizaci ja med procesi. Procesl klidejo procedure

roniterja, pri-tem pa nimajo vpliva in jih tudi ne
izvalanjr

zanima hadin aoperacij, temved sumo ulinek

operacl] na podatkovne predmete, Vidimo, dn monitor




deldje kot nekakina zadéita podatkovnega  predmeta.  Pri
uporabi dzrazev za copls poti smo vide;i, kako lahko
definiramo tudi dovol jeno zaporedje 1izvajanja operaci]
nad podatkovniml predmeti. oo ’

Razvoj Jezikovnin konceptov se  je nadal jeval v smeri
abstrak&ijc podathovnih  predmetov,

Cefitirame  lahko
splodni  mehonizem za  zaSGito. ZaZditni  mehanizem
podalkovnopa predmesta je proces, sestavljen iz skupine

podatkov, ki jih Z8iti in mnoZice procedur za dostop do
teh podatkov. Drugi procesi lahko izvajajo operacije nad
podétki 3 klicanjem procesa zaStitnega
mehanizma preko njegovih procesnih vhodov.

procedur

Pri uporabl zadditnega mehanizea lahke  prevajalnik
ugotavl ja, alt procest izvajajo nad podatkovno strukturo
samo tiste operacije, ki jih mehanizem dovoljuje, Med
jzvajanjer programa za3ditni nchanizem izvede, zakasni
ali zavrne operacije, ki ﬁiso tako] ilzvedliive zaradi
dinamike celotnega sistema.

V¥sak mehanizem za komunikacijo in sinhronizaci jo med
procesl, na primer monitor, izvaja all zakasni zahtevane
operacije. Enak moritorsid klic bte vedno sprofil
izvajanje enake procedure.

Za3ditnl mehanizem lahke izvaja tudi aktivno filtriranje

vhodnih klicov. Proces zadditnega mehanizma izvaja nek
program in ima lahke tudi lastne spremenljivke =za
shranjevanje stanja sistema. V razlifnih tofkah program
sprejema kKlice ostalih procesov na procesuih vhodih., Pri
sprejemy klicev pa za3¢itni mehanizem lahko izvede
razliéne operacije nad podatkovnim predmetov, odvisno od
tega, v katerem delu programa Jje llie sprejet in v
odvisnosti od stanja sistema.

Pri uporabl jezika Ada lahko z elementi jezika zgradimo
zadditni

mehanizem nekega podatkovmega predmeta na
popoln naéin, tako ©a za ta namen ne potrebujemo
kaksnega posebnega jezika. o

Kot primer 1lahke vzamemo implementacijo omejencea
izravnaloika, ki smo> ga podali pri oplsu rendezvous-ja.
Formirali sme servisni proces (BOUNDEDBUFFER), v katerem
smo programirali omejeni izravnalnik, ki ga uporabljamo
za prenos podatkov med dvema asirhronima procesoma. Ta
servisnl proces je hkrati zaSditni mehanizem ome jenega
izravnalnika, Program procesz je neskonéna zanka, v
kateri se izvaja izbirni stavek ({select). Znotraj
" izbiroega stavka se lahko izvedeta dva prejemna stavia
{ APPEND, TﬂgE) z rendezvous-jem, Ta’prejemna stavka sta
Pri
vhodu ustrezni prejemui stavek izvede dolodeno operact jo

preocesna  vhoda. rendezvous~ju na nekem procesnem

nad omejenim izravhalnikom. To je edini nadin dostopa
drugih procesov do izravnalnika. fe bl bilo potrebno, bi
wnotea sevvisnema procesa zapisnli ennﬁ pre jenni stavek
na razlidnik mestih  program, prel &emer bi o se ob

posameznem rerdevous-ju  izvedle razliépe 6p¢racijé tiad
podatkovnim predmetom. '

3 Zakl judek

Paralelno programiranje uvedemo zato, da enostavneje in
hitreje reSimo neko nalogo, ki ima moZnost paralelnega
izvajanja in da zvedamo izkorid@enost sistema. de
paralelni procesi med sabo sodelujejo, moramo zagotoviti
pravilen naéin interakeije med procesi. Uporabime lahko
ved ustreznih primitiveov, kot s6 kritiéne sekeije,
semaforji, monitorji, rendezvous-ji ild. Ved Jezikov
vsebuje jezlkovna konstrukte za deklariranie procesov in
meoprocesto kemunikacijo in sinhronizacije 2z opisanimi
primitivi. takdnih  jezikov  odrafa stanje
materialne opreme v Casu razveja in podpira

Vedina
primitive
(semaforji, kritidne sekeije, pogojne kritidne sckeije,
monitorji), primverne za implementaéijo m
enoprocesorskih sistemih ali vedprocesorskih sistemih s
Tak$i Jeriki so npa  primer
in  Modula. Pri distribuiranih
vedpracesorskih sistemih, katerth so  posamezni
procesorji  povezani  preko vhodno-izhodnih Jini&. pa je
nastal problem implementacije teh primitivov. V novejdem
Jeziku Ada so komunilaeijo in sinhronizaci jo med procesi
ki g
enostavne impleweniiramo- tudi v distribuiranih sistemih.

skupnim pomnilnikom.
Concurrent  Pascal

eri

povezali v mehanizmu  rendezvous-ja, lahkeo

Uporaba viSjih programsikih jezikov poenostavi in skraj$a
razvoia Pri tem nastopl problem
uéinkovitosti kode. Velina danasnjih
arhitektur ne podpira udinkovito abstraktne jezike v
primerjavi s strojno kodo. Pri programih, ki morajo
delati v realnem dJasu sm0 zato soodeni z izbiro med
uéinkovitostjo, ceno in zanesljivostjo. Zato je priscten
trend razvijanja radunalniSkih arhitektur, ki direktno
podpirajo koncepte programskih jezikov. V procesorskih
eleientlh se 2z materialno opremo oziroma mikroprogrami
implementirajo.specifiéne funkeije jezikov za paralelno
izvajanje procesov: preklapanje procesorja med procesi,
medprocesna kommikacija in sinhronizaeija in podobne. S
tem se obdutno zveda hitrost izvajanja teh funkeij.
Takdne funkeije ima wa primer VAX procesor. Po drugi
strani razvijajo sisteme z veé procesorji, pri katerih
posameznl procesl tedejo na lastnih procesoriih, s Cemer
se zveta hitrost izvajanja paralelnih programov. Takino
izvajanje na primer podpira arhitektura sistema iAPX
432,

das programov.

prevedene

Lahke povzamemo, da so ham danes na razpolage Jeziki z

Jjezikovmimi  elementi, primernimi

programiranje, razvijajo pa sc arhitekture, ki podpirajo

za paralelno

uCinkovito implemcolacljo  jezikov na  sistemih » ved

precesorakimi elewenti.




Fri c-:-br'avuavanju radunalniskih jezikov sSme v élanku
upoStevali imperativoe jezikc. Programi v funkciomalnih
“jezikih vaebujejo visoho stopnjo inhemntnee
paralelnosti, rmline automatskepa  izkeriStanja in
udinkovite i-n:pleméht.acije te ' paralelnosti n'a
vedprocesorakih sistemin pa Se raziskujejo. '
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PRIMJENA MEHANICKOG DOKAZIVANJA TEOREMA U RJIESAVANJIU

INFORMATICA 2/86

IMPLIKACIONOG PROBLEMA ZA T-ZAVISNOSTI U RELACIONIM

BAZAMA PODATAKA

UDK: 681.3.01:519

Mirko Malekovi‘é
CVVTS ,,General arm. Ivan Gosnjak*, Zagreh

Klase T-zavisnosti sadr¥i, keo specijalna sludajeve, viiez_naane zavisnostl, zevisnostl spejanja,
_ te podakup-zavisnesati, U ovenm radu, rjefiavajudi implikacione probleme za pravils formalneg sist-
ems za T-zavianost!, dokasujemo toZnost navedenog formalnog sigtems, RjeSavanje se bagzire na

primjent rezolucijskih prosefura dokazivanja. -

THE APPLICATION OF MECHANICAL THEOREM PROVING TO IMPLICATION FROBLEM SOLVING FOR T-DEFENDENCIES
IN RELATIONAL DATABASES: The olass of T-dependencies includes the following depandency classzes
a8 spacial cages: multivalued dependencies, jein dependencies snd subset~dependencies, In this

" work we have selvad im{:lica.tion probleme for rules of formal syatem for P-depeniencies, that is
we have proved aoundness of formal system for T-dependencies., The method 1s based on application

of resoluticn proof-procedures,
0, Uvod

Centralni problem u dizajniranju relacione
baza podataka jeste kako izabrati "dobar"
skup relacionih &ema, Ovdjé.'pod dobrim skup-
on relacionih Sema smatramo onel skup keji
zadeveljave uvjete Suvanja savisposti i Juva-
anja 1n1"ormaoi;ie. Ogim toga, zahtjeva sa nepo-
stojanje anomalije brisanja, upisivanja 1
afuriranja, Navedenl problem vodi na implika~
cioni problem za danu familiju zavisnoati,
&to je rjedavane u [11,[2],[31,(5],(71, (8],
[9), (10, (111,{12], U ovom radu, tretirame
T-zavisnostl uvedens u [12). RjeSavajuéi imp-
likacicne probleme za pravila foymalneg sist-
ema, predloZencg takeder u [12], dokazujema
njegovu to&nost, Postupak rjedavanja se bagi-
re na primjeni rezeluoi]skih precedura doka-
zivanja, Organizacija £lanke je kao fte slije~
di; Osim uvpdnog dijela i zekljufka, rad ima.
Setiri sekeije, U prve) sekoiji uvedimo bazi-
€ne pojmove, vezane za relacioni model, koje
femo upotrebljavati u precstalim sekcijama,

U gekoiJi 2, karakteriziramo T—zavianosti
Reprezentacija ‘r—-zavianosti pomafu Bkolemove
standerdne forme dans Js u nekci;]i 3. Impli-
kacioni problemi za prav:lla formalnog sistema
predlofenog u [12], rjefient su u mekoiji 4,
Pretpestavl)ame poznavanje teorije baze pode-

" teka f reselusijskih procedure dokazivanja. ne
niven [13]. odnesne [ 4],

1. Baziin! pojmevi

Neka je U, beskonhdan skup apstraktnih ele-
menata, Elemente akupa U, sovene atributi,
Dalje, neka je F={D WfA2UL} femilija nepra-
zanih akmpova, gdje DA zovemo demenom od stri-
buta A

‘Def:l.niciaa Neka Je R<Us kona¥an, neprasan

skup, D= {J D, . Tpl u Je funkcije

AeR
u: R—»D, sa svojstvem u (A)&D,¥A€R, 8a
Tipl{R) oznafavame skup svih tiplova nad .R ,

Definicija Relacija je ureden par (R,r),
gdje je »¢Tipl(R) konaZan skup, R zoveme
relacioncm Hemem, a T primjerem relacions
fiema,

1) slusaju da me Telaclena Sema pedrasumijeva,

-relsoiju (R,r) demo oznafavati krafe sa r .

Uredenje relaciene Heme omg.u!l 1e representi-
ranje relacije 1 pomodu tabele; radovi ta-
bele su tiplovi elementi od T s & gtupel au
imenovani atributima 1z R , Slijededi uebdi-
Zajenu notaciju u teeriji baza pedataks, je-
dnolidan skup { A pilieme kao A ., uniju
gkupova XUY, kae IY, a komplement skupa X
u odnesu na R . R\X, kae X ,

2, T-zavisneatl

‘U ove] sekci)li kerakterizirasme T-zavisnosti,

PridruZime svakem A¢R , eainm Dy i skup

D, sapstrakinih simbola,. Skup DA A ovene aps-




[

traktna domens. Pretpostavljamo, DyN D%=¢ za
A4B. '
Definicija

Heke Je Th-element je

l
D= UR ) -
fun?fci;ja viR ~>D' sa svojstvom V(A)&DAVACR

I dnf1nzoxjp vidimo da je IN-element analocon
tip]n. Neka Je

(1) rievy (A ) V(Aa)..v (A ) i= 1,..,n+1,

pdje je R {AI,AE,..,AK} »a vy je TD-ele-
ment, '

Definicija T-ravisnost je i:rsz oblika

t:i(ryyee,r /7 .t Jeime T-zavisnosti,
fl""rn su hipoteze, a T je zakljgéak.

Identifikscijom TD-elementa vi'i feda 'ri,

i=1,..,n+1 (1) pifemo u obliku

(2) riari(hl)..(hk), f=lyeu,m+l o

T-zavisnost t:(rl,..,rn)/rn+l predstav] jamo

tabelog €iji su redovi TysTpyeesTp yy 8 SEUP-

ci su imenovani atributima iz R . Fosljednii

red Je zakljuldni TD-element.

Weka Je ¢ (rl...,r }/r,,; T-zavisnost nad R.

Uvedimo skupove 8 (i j) {A <R/ ri(A)=rd(A)1
,J=1,..,n+1 .

UoZimo da je 8.(i,3)-8.(4, 1) ¥i,je {1,.. 0+l

te 5.(3,1)=R hch e, ntll

Definicija Neka je t:(rl,..,rn+1)/rn+l
T-zavisnost nad R , KaZemo da reclacija (R,r)
t , 411 da t vrijedi u (R,r),
ako i samo ako

zadovel java
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s{t)4

oblik
() ¥ty e, [ A Bsoca,p (it =
= :_{ tn+1[A Fs NER i)(tml' k)]]

Ako, interpretlrwjuci tipl—va"ijable tl
na r s

Y n+l
{#) postane istinita propozicija, -

onds kafewo da (4} wvrijedi u r
je r model zm (4) .
Oznafavaluéi sa, \/ Eg
. j -
c¢iju formula Est(i.j)(ti’tj) o avim parovima

_» vdnosno da

(1 d)(ti. t,) disjunk-.

i,def{1,..,n} , te standardizacijom formule (4}
nalazimo Skolemovu standardnu formu.za T-zavis-— -
nost t

(1) VNF

LR Y] t(l d)(t1|t )V (IH-]. 1)(1'(‘!;1,"‘ )'t]_"

En)ééfEst(i.j)(ti’té)\/ESt(n+l.n)(f(tl""?Q‘tn)

Dalje, negirajuéi (4) , te stadardizacijom
dobivamo stdndardnu formu za ~t :

mé}f RENS ALY
-1C2H o 7
DV wBs_(n41,10 Fna1r2e)
k=i . e
4, Tolnost forialnog sistemn za T-zavisnosti

(3) ¥ty,. 0t ex{¥i,de {1,..,0)Fg (5 Ept )

=>3tn+1€r[u“1€{l""n} Eg L (n+l, 1)( n+l, ty )I]

U formuli (3), Est{i,j)(ti‘tj) znadi jednako-
st ¥iplova by 1 tj na skupu atributa-St(i‘J).

Iskazana definicija kaZe da r zadovoljava
TD-zavisnost t:(ry,..,r )/rn+l ako i samo
ako vrijedi: ked god Bu hipoteze od ¢t
{poslije proizvoljneg preimenovanja) u r
onda Je i zakljufak od t (péslije odmovara-
juéeg profirenja ovog preimenovania) takoder
u r .

-

3. Skolemova standapdna forma za T—iavisncsti
U ovoj sekeiji reprezentiramo T-zavisnost u
standardnoj formi. U sekeiji 2, smo rekli da
T-zavisnost t:(rl,..,fn)/rn+] vrijedi-u rela~
ciji r gko issmo ako vrijedi (3)

Ako sa ;43 lES (i,j)(ti'tj) oznadimo konjunk-
ciju formuld E@ (i, )(t ,t]) PO BVim parovi-
na, i,ﬁc [ 1...,%3 , Fformula (%) pnprimn

U ovoj sekeiji, dokazujemo tonost formalnog .
sistema za T-zavisnosti predlofenog u [12] .
‘Dokazi se baziraju na rjeSavaniu implikacionih
problema za pravila formalnog sistema, ok
Toénost formalnog sistema se karakterizira pre-
ko logike konzekvence. '

Definicija Nekea Je‘ ¢ skup zavisposti za re-
lacionu Sesu R o, Neka je ¢ pojedinagna )
zovisnost. KaZemo da je .¢ logilka konzekvenca
od €, ili da ¢ 1logidki implicira ¢ , u-
oznaci %?, eko i samo ako svaki primjer (re-

lacija) od R koji zadoveljava C takoder za-
dovoljava i ‘¢ . KaZemo, dalje, da primjer r
od R zadevoljava skup zavisnosti C za R

ako i samo ake r zadovoljava gvaku zavisnost
iz € .~ ’ '

'Formalni sistem teorije zavisnosti se sastoji
od pravila'(dksioma) koja omogutirju izvé&énje
novih zavisnoati iz zadanih zavisnosti,
Dofinicija Weka fe F,, formnlni.sistem, ¢ i
¢ kao u prollod definiciji. KaZemo da G do-
ako i samo ko Jje moFude upotrebom
F C izventi

kazuje ¢

aknioma iz na zavisnogt{ in

D
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zavisnost ¢ . Dokazivost ¢ iz G "u formal- ‘Frl.auo Shda’ha dbkez toénosti-navedenih pravi-
non sistemu Fp oznafavat éemo sa Ch=—c . la, '

: . RN
Blijedi definicija tofnosti formalnog pjgtcma Dokaz za TDL:

t:(r]_‘ .a |I‘n)/['"+1

Definicija Za formalni sistem Fp ka¥emo da Trebamo dokazati

je¢ todan sko i semo ako za bilo koji skup za~

€1 (glry) s e 8l )/alr, )

visnosti G 1 za bilo keoju pajed1n1rnu zavis- gdje g ima svolstva (a) i {(b) u TDL .

nost ¢ vrijedi 0P~c N C ' Standardizacijom taA (wf) dobivamo skup rcée-~
’ _ nica 8 . I - I

Pormalni sistem za Twzavisnisti, u oznaci Fag, . (l)&gﬁus (“, 3)(t1‘t YV Eg (n+1 1)(f(t veesla) )

ce saptoji od slijedeéih pravila:

IDL: " ti(ry...ar /T lk-’t (w(r ),...r(r ))/a(rn+1) n A
. (n) VE'-" (1 d)(t 2t )VES (D"’l n)(r(t |-‘\t ) t]

U navedenom pravilu, imamo da Je g:D-‘*D -1 iy

slijedeéim svojsvima:

(a) r(ry(a))ed, Vic {1,...00}¥aer .

(b} Ako za neke giwbole a iz T i v iz
Ty 28 neki i=1,..,n, vrijedi g{al)=g(v),
onda postoji J , 1<€jen , takav da Je
a :'lz.l'.1 .

(nﬂ.) AES (i d)(ai,a
Cnwe)y o V

Kud
S8cup B proﬁirnjemo pravilima koja karakteii-
ziraju odnos skupova St(i.d) i Sb(i.j) . te
svo]stvo funkeije g .

'(n+1 k)(tn+1‘°k)

Zahtjev (b) ka%e da r ne identificira bilo
koji simbol kojli se pojavljuke samo u I, 4y
ga drugim simbolom. Zavisnoat t =zovemo pre-
imenovanjem zavisnosti t , a pravile TD1

zovemo preimcnovande 1 jdentifikacija simbola.

Pravilo (A): st(i,d)gst(i,j)\,ci.;je{l...'.n+1l.

Iz pravila (A) dobivamo refenicu

(me3) wEg(4,3)08308)V B (4,53 (F1e6y)

Tp2: t:(rl‘-...r‘n)/rml[»- t:(ro..rl....rn)/rn,..l- Pravilo (B):MAc RVjefl,...n‘)[Aest- n+l,i)=
uz uvjet da vrijedi: Tk e {1,..,0) (A€ 5 (a1 JOA T (A)ery (AN)]

(c) ro(JL)=a m[aeDAA(r 1(A)=a=¢31£[1....n}r (A)= a)]

Zahtjev {c¢) nam kaZe da r, ne sadrii niti Pisuéi A< St(i,J) ko St(i.j)(ﬁ) , t= stan-
jedan simbol iz T .5 osim ako seé taj simbol dardizirajuéi pravilo (B) nalazimo relenice:
ne pojavljuje u nszkom T, , i=ly.eyn .

Pravilo TD2 se zove profirenje (zavisnosti). (nfﬂ) A‘Sﬁ(n+1‘3)(A)\/St(n+l‘f(k'3)(a)

: (nt5) ~Sa(n+l, JI(AIVE,(a a,)
O3 B ryyee T/ b A Y TC IO N L AL (R, 30773
- - 8ada pokazujemo kontradiktornost skupa
£:50 {(n+3), (n+4), (ne5)} . Stablo doksza je

dano na slieci 1.

ndje za prealikavanje p vrijede. svojstva:

(@) plr,, (D) eBy ¥ACR .

(e) D(!‘nﬂ(ﬁ))—r I(A)V(p(r I(A-))a’\
A ¥iell,.. n} p(ri(/\)),ed)v,\en

Pravilo TD3 &se zove oslabljenje, a za zavis-

nost t XkaZemo da je oslabljenje od zavisnos- .

Dokaz za 9D2:

t:(r ‘.. r )Mr
~ebamo dokazati 1 nd

ﬁ:(ro,rl...,rn)/rn+1

ti ot ., Standardizacijom tAw~t nalazimo skup redeni-

) ca St
TDY 2 tlz(rl,..,rn_l)/rn, taz(rl,..,rn)/rn+1p- . s

- t‘(rl‘."'rn-l)/rml . (1) V~Fs 1, ;j)(ti‘tj)v ES (n+1 n}(r(tl,...t Y, cl

(n)vnES REN NCEDEPYES (an, m(f("v--vt haty)

Pravile TD4 predstavlja tranzitivnest za
T-zavisnosti,

T0S: t:(r/r} vrijedi u bilo kojoj relaciji,
F o .
za bilo koJi red T . ("*'1);{-::., 5eli ) P10y

Pravilo TS5 zovemo trivijalna ‘Fzavisnost

(n*2)§i“fnsg(n+1gJ)(t“+1vaj)
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a. N
—t;

An+1d 1 {n+3)- Rez. po ESt(i.j) uz [ i
' - S Rt I

(r);;EQt(i,J)(ai’aj) (1) Rez. (1) redom sa refenicama iz '(f)

i34 "

oon . . .
(2) lf}iESt(n"'l.k)(f(al'."al‘l)'nk)

. ‘ . n
/o1y Je ?a quaiemo da vrijedi (3?:, £§Fst(é+1‘d)(f(n1,..,an),aj) /
Refenica (%) je ckvivalentnn sa (8) Va Vj[Tsﬁ(n+1.d)(h)=s>EA(f(al,..,an),ad)] .

Sada pokazujemo da Jé () lopi&ka konzekvench od pravila (B) £J. redenica (n+s) 1
- {n+5) . Negiranjem redenice (%) dobivemo ’

o) 1033 [5n1, D (AE,(1lay,ee,m)0850]
Stnndardizaéijom iz m{{) galazimo:
’ (5) Sylnl,3,.)(8,)
(6) NEAO(?(E‘l‘.'.’.aD)'Bjo))

Sadp nastavijamo rezolueiju:

© {n+4) (5) - (n+5)

(7) Sy(ns1,£(AG, 31 (A,) (8) EA°<a?(AO“JO),aJ°)

() E, (flay,..,a V8., ) :
T S YRR LCSOF IS ﬁﬁﬁ“-~_“; Tremzitivrost za E, .
\ . , [+]
(&) (10) Eio(f(als"san);ad,)
‘ : ' o
O
/ Taveli smo . (3') A .
o * jzi Iétcﬂfl-j)(f(al""an)‘ajo) /.
Konadno,
T3 n+2} uz
( ; f(al,.-,an)-—ftn+1
a
81. 1.
Skup redenica S proSirujemo pravilom (A) iz Standardizacijom pravila (C) dobivamo rede-
dokaza TDL . Dobivamo redenicu . nice: : ’
(ne3) ~ Bg 3, otV Es (1, ) (Furty) (neh) vy (10T V By (7))
Takoder, trebamo pravilo koje karakterizifn. | ("*5)“’EA(rn+1‘ro}\’EA(rf(k)’ro)' Prelazimo
Th-element r, - ) ' na doksz kontradiktornosti skupa

Pravilo (C):

§=°LJ[(n+§), (n+4}, (n+5)} . Stablo doknza
VAR (g 7= el o] (EAFri,‘rn+1) A

_daquo na slici 2.

/\EA(Pi,ro))] .
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. 1 An+d Rez. E.. . fﬁf"a"“*ti
(as1) (ms3) Rez. o By j) {ai"”’a

ND |
(1) /tlESt(i‘J)(ai'ad)

o [(2),..,(n)) Rez, (1) redom sa redfenicama (1),

..,(n)_po Est(i.J) uz lai_d,ti
85 ¥

] h ‘ ' Y
(?) J:} Est(n+1.d)(rgal"'fan)'ad)

/ Roristedi dokaz za TDL , znamo da iz (2) 81ijedi

) o
(3) 521 LSﬁ(n+l,j)(f(ﬁ1‘f"an)'aj)< /

Slijedeéi ¢ilj Je da poka¥emo da vrijedi:
\ !
(ﬂ) Esﬁ(n+1,o)(f(al“"an)‘ao)
Redenica (4) Je ekvivalentna sa
(5) VA[S4ln+1,0)(A) =3E,(f(a;,..y0,),2)] .
Sada demo pokazati da (5') slijedi iz pravila (C) t3i. reenice

(n+%#) i (n+5), te redenica (3) i (n+l). Trebeamo pokazati da je
skup 8= {(3), (n+#), (n+5), (3), (n+1)} kontradiktoran.

e Fy (r q.7,)
~(5); °
(v) “’EAo(r(al“"an)‘ao)

. Dokaz kontradiktornosti skupa S" Je kao Sto slijedi:

(a) (n+’§) (n+5).

-(é) EAo(rnfl.rf(Ao)) g b ('?.) EAO(I':(AO),I‘O)

‘Definicija skupa

Definicija skupa
St(n+l,f(ho))

k St(f(Ao).O)

(8) 8u(n+1, (A (A,) 4 6 (9) S(£(A),0)(4,)

Iz (3 Tz (u+l)

. U
(1o} Eﬂo(f(al,..,an).a“A ))‘ 5 (11) E, (af(A ),ao).tranz. za E,
) o (] o ) (V)

(lé) EAO(r(al""ﬁn)‘ao)' '(b}

G [
Dokazali smo da vrijedi (#) . Slijedl kompletiranje
dokaza,
(3 (#) Pravilo unije

. n :
(13)“52; ESE(n+l,j)(f<al';"an)’a {n+2) Rez. §n+2) redom sa relenicama
iz (13) po ESé(n+l.J) uz

f(al,.. ,nn) —t




Prelazimo na dokax pravila TD3 ti. dokazulemo Standnrdizqcijom formile tAw~t nalazimo slp
da vrijedis ti(ry,..,T ) T, o . relenica Si '

e e

n g . 3y x
(1) i\,d:‘!.NEst(.i:d)('tj‘td)vEst(n*'1|l)(L{tl‘.-‘tn)’ul)
= i

n i . . .
(ny v ”Est(i.J)(tirta)"Esﬁ(n+1.n)(’(tlt"'tn)'tn)

.ih1=1'

n |

(1) AL Begts, (0008
n

02 V"B tne1, ) (e, 250

Na osnovi .zadanih zavisnosti t 1 't , odno-
sno na osnovi svojstava preslikevanja p
imamo dva pravila:

Fl: ‘St(i..'})ﬁgt'(inj) v 1,3=1,00,m,
Pz: Sﬁ(“"lid)sst'(n*llvj) ] J=1I"’n *

Iz praviia Pl nalazimo refenicu:

n . - \
() A OB (P V Es (5, (et

1

Iz pravila P2 dobivamo refenicu:
n .
n
(0et) jC&G"ESt{n+1.J)(tn+1atd)\’ES£(n+1,d)(tn+1,td?)
Stablo dokaza kontradiktornosti’ skupa .

8=8U {(n+3), (n+4)}, deno je na slici 3,

T : . ai.-'rti
{(n+l) (n+3) Rez. po g \(4,) U7 { _
: ¢lis 8y vty

[(1), .., {(n)} Rez. (1) redom =ma reZenicama
(-1)1'-|(n)v po Esb(i'a) nz
{ai—-‘iti

n )
Y . Cy
B A B et

<

o n ‘ ) : .
(2) {:g ESt(ﬂ+1ad)f(nl'"fan)faé) (nfﬁ)-_ﬂez- Do ESt(n+1;d) uz f(a]_,...aﬂ)..,.n:m1
4 - . . adatj

1 n i
5 A Esﬁ(m_l,j)(f(a‘_l‘--san),ﬂd)

Ay (n+?) Rez. po ESE(n+1.j) uz  flay, .8 )t )

a
81. 3.

Ha krajun ove éekcije , dokazujems praviloe ) Transformiramo tlA teAcvt u standardnu formu
“tranzitivnosti: o '

= t:(rl, .o ,rn_l)/rn: t2~:(r1,. . ,rn)/rn”_

te dobivemo skup redenica S °:
TI; .

t‘(r1"'*rn-1)/rn+l.




1.
(1) i“;\;{ St'(i,-;j)_(ti.t‘j)\( Est‘(ntl)(f(tl,..l,tn_.l_)'tl.)

e ’ 7 e . .
(n-I) 1!;\5'31:\4 Est‘(ild)(ti'td)v bst(n‘n_l)(f(tl,..,tn_l),tn_l)

a - Y

l'jcl~Esta(i‘j)(ti‘,td)vsste(hﬂ'l)(e,(tl,..,tn),tl)

() v

(X" Estz(i"J)(tl,td)VESte(nﬂ‘n)(c,:(tl,.. 1600 t)

n -1
('1 ) ir:?=1 Est(ihj)(ﬁi,.aj)

] n-1
(&%) gii"ﬁét(n+l,j)(tn+1‘ad)
no Jednaki kad é;¢ su definirani. Dokaz je damn

Skup 8 dopunjujems pravilon:
P: 8.(1,)), Stl(i,d) i Sta(i,d) su popar- na slici 4., keo 5to slijedi:
Iz pravila P i reéeniece {1") dobivamo

n n-1 ‘
(3 ) i‘?._.]_ Estl(i,d)(ai'gj)

3*) Rl),..,(n~1)] Rez. (3") redom sa redenicama
T (1),..,(n-1)

i

n=1 -
(5") ) EStl(n,d)(f(al""anhl)'aj) Iz pravila P i refenice (4") nalazimo:

n-1
(5") {:1 Esta(“ ﬁ)(f(al,...an_l),aj) , a iz pravila P i reéenice (1 )} dobivamo:

n-1
6"y A

i,3=1

. po pravilu unije slijedi:

Est fi.J)(ni'aj) Uz oznake w =ay,.., W =2, 4, W =f(a;,.0,8, 1), iz (") 1 (&™)
2

Dalje, nastavljamo dokaz:
[€1")y..,(n')] Rez. (7") redom sa reZenicama

")
G\\“‘--\‘~\\_ﬁjf (1')yeas(n')

St2(n+1“‘j)(g(ﬂl"' 'an—l’j{(al""an-l))'aj)
.

n
(7 ) i:;.:]- Estzijvj)(wi‘waj)

, n
8") A
. 3=1
Iz pravila P imamo St2(n+1,k)=st(n$1,k), k=1,..,n-1 , pa iz (8“) dobivamo:

n=1 -
9" 541'Est(n+1,3)(g(a1""an-l’r(al":‘anwl)'aj)' Koneé&no,

@Y (2"} Rez. po Est(n+1,3)‘uz‘

E(ﬂltoo:a'n...lafca]_v'aan..l)) -t

S1. 4.




. 5. Zakljudak

. U ovom redu, razmatrali smo Tizayishosti u
relacicnim bauama podataka, Rjééa;ajuéi impli-
kacione probvleme, za pravila formalnog'sisteha
predlofenog-ull2] dokazali smo tofnost navede-
% formalnog.siétema. Kao i u ranijim radovi-
ma, koji se ocdnose na funkcienalne, videznaéne
1 podskup zavienosti, i ovdje, metod rjeZava~
nja se bazira na primjeni rezoluecijskih proce-
dura doka21vﬁnju. Navedenin radovima, pokazali

smoxnowucnoqt tretiranjno 1rp11kn01onop problie-.

ma, zr skoro sve najveinije zavisnosti u rela-
. gionim bazama podotaka, u okviru jedinstvenog
Poncoptualnom aparata koji daje teorija mPha—
nifkog do?az1vanja teorema.

Kuda dalje? Sintetizirajuéi formile koje
reprezentirajn spomenute zavisnosti i pravila

koja dmo upotrebljavali u proﬁireqjg skapa S,

pravila koja karakteriziraju pojedine zavisnof.f

qtl, mozemo dobiti deduktivnu bazu podataka
koja bi moa]a predstavijati podrika u automa-
tizaciji dizajna relacionih. & kao
razmatra u [H]).

cema, gto se
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Ar{ no wichi
kumo no mine -
yori tsuzukiken

Hravlji¥na steza
se Epudéa 2 dalinjih
vrhov oblakov

{Kobayashl Issa)
e Uved

Pred nekakc dexetiml letl, ko je postala nespo-
sobnost %e premisa in organizacija znastveno-
razlskavalnega dela, sem jasno oblutil poteebo,
da bl ze odpravil na Japonsko. Njen gospodarcki
napredek kot posledica raziskovalnorazvajne in
tehnolodke zposobnosti Ee mi je zdel vreden po-
eebne pozornostl. 0d kje in zakaj so se Japonel
zavihteli na tehnolodki vrh? Hakino je bilo in
#a vedno je ozadje nenehnega vapenjanja, ki
vznemirja eskleroti#no zadriano Evropo in kapi-
talno vladajode ZDA? Na Japonskem sem imal enc-
ga samega ananca de iz &asov moje dejavnosti v
Genaralni skup#&&ini TFTP konec Zestdesetih in v
zaZetku sgedamdesatih let: profesorja Eiichija
Cotoids 5 tokijske univerze; %al sem v osendase-
tih letih na to dobro in prljatel jske ananstvo
skorajda pozabil. Prof. E. Gota je bil wvendar
podpredsednik IFIPa v &asu kongresa IFIP v
Liubl jani leta 1971. 1z te moje pozabljivoeti
e Je kasneje izcimila kar obdutna organizacij-
ska dkoda. . ’

2e v poletju 1985 in morda #e prej so me zactell
prijatelijl wvzpodbujati nekako takole: TOdpra-
vite se vendar na Japonsko in navedite stike z
japonskimi wuniverzami in inititutl pa tudi =
tistimi Jjaponskimi podjetji, ki bi bila primarc-
na gza sodelovanje & nami.® Tako je bila oblikao-
vana ekspedici jska skupina in v sredini septem-
bra sprejeta dokonéna odlo&itev, da se na Japo~
neko odpravime 1. novembra 1985 1in da nekako v
dobrem tednu opravimo Zimve& tega, kar je bile
2 pnad¢rtom dolo&enn., Ob tem se je pojavila tudl
zahteva, da moram za oblek na Hokkaldo univerzi
v Bapporu pripraviti “"protokolarno”™ praliava-
njes. Tako s¢ se dejanske organizac¢ijske in moje
strokovne priprave za razgledovanie in obisko-
vanje na Japonskem lahko zatela.

2. Priprava na zahtevne pot

Inazuma ol
satoranp hito no
totosa yo

Kako je vzviZen,
ki ob bllsku ne pomiil ja
na minljivost %ivljenja

{Matsuc Basho}

* ¥gi haiku motivi so privzeti iz knjige Viadi-
mirja Devideias “Japancka halku poezfija,” Can-
karjeva zaloZba, Zagreb 1985. Prevod v slo-
venkd¢ino je svoboden (iz scrbeohrvaZ&ine). Mo-
tivi naj spodbujajo bralca pri razumevanjiu
japoneke in nake poti v jutri#njil dan.

Potovanje na Javoneko je moralo bity dobro in
vnapre) pripravljeno, =aj bl wveaka improvizaci-
ja lahko bilas neuspeina. Take sem 15. 9. zadel
razmiil jatl o osnutku svojega predavanja, hkra-
ti pa smo se dogovarjall tudl za obisk razli&-
nih podjetij in institucij. Moj cilj Je bil, da
predstavim Japoncem neka), kar je povezano =z
novogeneracijckim radunalnistvomn, zate cem sa
lahko odloé¢ll 2za tematiko "Prekrivanje: vzoarec
z3 paralelno in zaporedno procesiranje®™ {gled
avtorjev &lanek v anglei&inl v tej Btavilki
Informatice}. Ker sem felel s seboj na Japonsko
odnestl tudl razmnofenl rokopils tega predava-
nis, sem se moral lotiti dela 2z veo intenzivno-
gtjo. Intuitivni model predavanja-zem izdelal
v 6-dnevni osamitvi taka, kot je opisan v clan-
ku (odstavkil 1 do 36 poglavia 2 so bili plsani
v angle&&inl pod vedrim nebom v blidiint Rib-
nidke xo&e na Pohorju v dneh od 28. do 25, 9.
1985). HKasneje e2 je izkazalo, da je bila ta
temael jitest potrebna, ker brez nje ne bi prikel
v razvojno egediiie japonske pete rafunalniike
generacije, tj. v ICOT. ’

¥V Sapporuv Jje na Hokkaido univerzi delal nas
raziskovalni Student mogr. Orage Novak, na to-
kijsk! univerzi pa naf doktorand Andre) Beked;
oba sta se intenzivne vkljudila 5 svedim zna-
njel japond&ine v dogovore s podjetji in insti-
tucijemi. Na tokijekl univerzi je delal tudi
drugl raziskovalnl Ztudent Dragan Milutinovic =z
beograjske strojne fakultete, ki jfe prispeval
sugestd jo o moinosti obiska labaoraterija
SatasKimura., %Zaradi dobre povezanosti tega la-
boratorija 2 1jubljansko etrojno fakulteto sva
51 z Dragom Novakom (s priporeéilom prof. Jane-
2a Peklenika) lahko ogledala nekatere projekte,
ki se tam izvajajo.

Potovanje na Japonsko js potekale na relaciii
Liubliana -~ Zagreb = Pariz - London - Anchorage’
- Tokyo - Sapporo, venitev pa na ralaciji Tokyo’
- Anchorage - Pariz - Milano - Trst - MNova Go-
rica -~ Ljubljana. Ekspedicljo so szestavljali Ze
S. Had#i, M. Kovaievid¢ in D. 8Balehar.

3. Sapporo, saeverna prastolnic:o

Sapporo 3je sodobno, po amaerl&kih standardlh
agrajeno mesto. Iaven mextnega sradi&&a Je ab-
seZen univerzni tabor, v katerem smn sdrufens
vea fakultete; tabor ima tuwdi vso pripadajoio
infragstrukturo (&portna igriid&a, gostinske ob-
rate, radioamaterski klub itd.). Cil3 obiska v
Sapporu 3je bila demonstracija nekaterih dosef-
kov Iekre Daealte pri tamkajé&njih mikrora&unalni-
&kih pedjetiih, izmenjava tebhnolo32kih in triZnih
izkuien) g temi podjetji in seveda obisk s prae-
davanjem in oagledom nekaterih labaratorijev na
univerzi.

Sreda, 6. 11. 1985 Jje bila namenjena obisku na
Rokkaldo univerzi. V odsothostl prof. Y. Aokija
nas je sprajel prof. Teuyoehl Yamamoto, ki Jje
vodll ogled laboratorlijev Lln organiziral moje
predavanje v okviru podiplomskega Atudlia hna
ratunalniskl katerdri v+ okviru cddelka za elek~
trotehniko. Prof. Y. Aokl je sicer direktor la-
boratorija za procesiranje valovnlh informaci].

Pri raz2gpvorth §n ogledu lahoratorijev smo
sadalovall wveil &lanl ekspedicile, 2 jJaponuke
strani pa razen prof. Yamamote &e asistentl
katedre 1In &tudentje podiplomskega Etudija.




emo sl ogledali laberatori3 za

Najpred barvno
grafike, potem laboratoril} za razvel kompila-
torjev {Lisp) in nato &e laboratorij odsotnega

pref. Yuzuru Tanake (posebnl konverzacliski
jeziki) in laboratoril za govorne komunikacije.
Vel laboratoriji so lzrazito praktl&na ucsmerje-
nl in delajo v tesnl povezavl z japonusko rTadu-

nalnifko industrijo. Barvna graflka in njena
izdelanost sta na visoki ravnl. Poudariti ve-~
lja, da postaja jezik Lisp na Japonskem vVEe

bolj komarcialnil izdelek in da ‘je njegova upo-
raba pri re#fevanju infenirskih nalog vredna vse
pozornonti.  Pril nas mislimo, da je Lisp pred-
vsem akademeko orodje, vendar smo kasneje na
Japonskem dobill %e dodatna potrdila o wuporabh-
noeti in -trinesti Lispa. Hokkaido univerza ima
eo&itno specializacijo na podroéju implemen=-
tacije in uporabe
podro&iu =2lacti s podjetjem BUG v Sapporu . (to
podjetje emo obiskalil) in a podjetjem Fujiteu,
ki - llgpovskl projekt wmofinancira in podpira &
evojo sistemsko. radunalniiko opremo.

Prof. T. Yamamoto mi -je podaril tudl svoijo
- knjigo "The 3-Dimensional Computer Graphics",
ki Je napisana v JaponiZini in wvmsbuje z2aras

-gudovite barvne posnetkae; v knjlgl je objavlie-
nih veltiko algoritmov, ki so napisani v navad-
nih programirnih jezikih tn po bralni tudi =za
evropskega uporabnika.

Naslov mojega predavania je bil "Overlapping: A
Paradigm of Farallel and Seguential Procee-
sing”. Predavanje 3ja bilo napovedano  posebnim
plakatom v sredlE&u avle tehnl&ne fakultete, z2a
predavanje pa sem imel razen manuskripta_ pri
pravl jéenih tud1l20 barvnih prosojinic.. Izdatno
rem lahko vporabljal tudi kredo in table. Po
predavanju ze je razvila razprava, v kateri je
"godeloval profesor Yamamoto in Ztudentje. Pro-
fesonrja Aoki in Tanaka sta bila %al odsotna
(predavanja na Kitajskem in speclalizacija v
ZDA) .

¥ Bapporu sem se prvi& sreZal z japonsko delav-
nostijo, njihoviml drufiabnimi obicajl (sezuvanje
&avljev, hranjenje s pomo&jo pal&k), % nilhovim
nenadkriljivim snislom za prakti&noe uporabnost
razvojnega in raziskovalnega dela.

Ker iz Ljubljane nt bilo mogofe uraditi obiska

nekaterih 2za na&e pojme izredno pomembnih in-
stitucij, smo se morall & pomodje naédih novih
japonskih 2nancev o tem Ze naprej dogovarjati.
Tu bi rad omenil predvsem moinost obiska  na

ICCT v Tokiu, ker nam tega obilska ni bilo
mogo&e poprej zagoteviti. Pri tem problemu se
Ju pokazala velika ustrezljivoet na&ih znancev
& Hokkaldo univarze in-iz podietia BUG. Kljub
urgencam nafih japonskih znancev {profesorjev,
direktorjev) pri dr. K. Furukawl nam iz Sappora
ni bilo mogo&e urediti obiska na ICOT. 2 ICOT
go prihajali odgovorl, da to nl mogo2Ze. Eele
kasneje v Tokiu se .Jja pokazalo, da je obstajal
na¢in, kako priti v to centralno driavno initi-
tucljo pete racdunalniike generacije.

4. Tokiljsko mravljidce

4,1. Obisk v podjetju Ampere

Obigk v Teklu ee je zade]l 8.  1l1. sjutraj. Ta
dan =mo cbiskali v polni sestavi podjetje 2Am-
pere, ki &=odeluje z BUG iz Sappora, vendar
gamo rcasvelno 1n  nekonkuransno. "V podjetia
Ampere sem-ostal nekako de 12h, kear sam imel ob
14h gestanek na tokljski universzi. Pe predsta-
vitvli JIskre In podjetja Ampare so bile iczme=-
njang tehniéne informacije, nadaljnji razgove-
ri eo bili opravljeni peopoldna in v sobote 9.
11. (na teh pagovarih nisem sodeloval, ker sem

Ligpa in szodeluje na tem

. ICOT je tale:

e v coboto mudil v institutu RIKEM). Wed dru--
gimn nam je podjetje Ampere pokazalo evo) najno-

vejii "mikrora2unalniikl produkt HS-i, ki |med
drugim uporahbhlja tudi jezik APL (posebej oz-

na¢ena tastatura), Dnamenjen pa jJje ditekintaem,
prodajalcem in tudi univerzam {zacadi APL).- Ta
sistem jo¢ zanimlv zaradi tega, ‘ker omogoéa tudi
Prenos po govarnem (telefonekem) kanalu, tako
da se npr. pri izmenjavi podatkov “(wmodemski
kanal) 1ahko komunicira tudl nepverednoe =
yovorom. Ta mikroradunalnlk je izveden v CHMOS

‘"tehnologijl = procenoriem GBO@@ (8 MHz)}, Je
razkirljiv 1in povezljlv v wmreio {pisarnidka
- avtomatizacija). Uporablja prikaz =. tekoZimi

krigtalil z B2 stolpei in 25 vrsticami, 2z grafi-
ko pa u 48¢ krat 200 toZkamli. MNjegova potro=-
Enja 'znaia le 1,2W (448 kB RAM, 128 kB .ROM in
speraciiski sistem BIG.DOS).

Pri pagovorih v podjetju Ampere je bilo prisot-
nih od 8 do 1¢ njihevih vodilnih usluibencev na
Zelu 5 predsednikom Takashijem Kusanagijeo., Ryu
Osaki, direktor za mednarodne operaclje je
prevajal iz anglei&ine v japonidfinn {in tudi
obratno. Po, K dopoldanskih pagavarih nas je pred-
sednik podjetja Ampere cdpeljal na kosilo.
Zanimiva je, da se mi je prav na tem kosilu
ponudila priloinoet, da vendarle obi&&cm ICOT.

.V razgovorih & preesdnikom Kusanagijem je bilo

ugotovijens, da dobro pozna dr. K. Furukawao.
Takoj sem mu obrazloZill svoj problem, ob tem pa
sem mu tudi pokazal manuskript predavanja, ki
sem ga bil imel v Sapporu. lzgleda, da je bilo
to odlo&ilno, ker mi je g. Kusanagl obljubil,
da bo poeredoval pri dr. Furukawi in da mu bo
pokazal mo3 manuskript. Zaradi obiska na tokij~
ekl univerzi sem mworal kokllo prekiniti. Kag-
neje se je ponovno lzkazalo, kako 50 -Japonci
doslednl v podrobnastih, ¢ njihovi ustreiliivo-
gti Iin prijaznoeti, #e posebaj, &e ugotaovijo
alt gamc glutijo, da bi dolo&ena informaci ja
lahko koristila katerikoli japonski organizaci-
i ’ :

4.2, Obiek laboratorijev Sata/Kimura
na tokijski univerzi

Taéna ob 14h (8, 11.) me ja sprejel v svoil
pisarni na tokijski univerzi prof. Toshio Sata.
Sestanek in ogled laboratorijev sta bila pri-
pravl.jena do podrobnosti. Tu sta sodelovala ze
. Novak in Dragan Milutinovi¢ s strojne fakul-
tete v Baogradu, ki opravlja prl prof. Sati,
prakso (doktorat) raziskovalnega 3tudenta. Mi-
lutinovid Je =& Evolim predlogom {(priporo&ila
prof. J. Peklenika) dejansko organiziral abisk
in ogled. N :

Proft. T. Sata uiiva svetovni =loves na podro&ju
strojniske avtomatizaclje (machining automa-
tian, tebotics) in sodl v 0i2jl intelektualni
vrh Jjaponskega tehnolosgkega praboja (2udeZal.
Ko Je pojasnjevél strategljo ICOTa, Jja Jasno
izpostavil, da gre pri tem za koncentracijo
Japonskega intelekta 1in sposobnosti in da je
strategija ICOT proilzvod valikega Etevila eks-
pertov z razliénih podro&iji. C2itno je bilo, da
tudl eam szodeluje pri oblikeovanju te strategi-
je. Formula, ki 3o uporabljajo Japonci v okwiruw
naloga ICOT 3je, da zabija kline
all wvodilni klin v neraziskana tehnolo#ka In
konceptualna podro&ja prihodnjih  raZunalniikih
sistemoy in da 5 svojo organizacijo, vladna in
podjetnisko podporo skrbil za Flrienije
{razfirjanje, obveifaniae, organlzacijo, delovx
ne naloge, poslovne dogovore)} Evoje dejavnosti,
ckupnih resultatoavy v najiirfo industrljsko
bazo. Na ta na&in re&uje 1ICOT sicer zelo teike
re&ljiv problem hitre vleks japonske industrije
v nova tehnoloska podroéja. [Le nekaj sto. sode-
laveev ICOT vleZe na ta noZin (po lanskih pada~
tkih) arwado 110p@8 Industrijskih raziskovalcav




in razvijalecev., ¥ ICOT se za doloden &as rekru-
tirajo tudl najboljil znanstvenorazilskovalni
organizatoril in ekepertil 1z jndustriie. 1cor
i@ tudi glavnl organizator razvejane mednarod-
ne razlskovalne dejavnosti (o tem powmneje).

Kot zanimivost je prof. T. Sata obrazloiil B&a
‘tole: profesor tokljske univerze ima praviloma
docenta 1in dva asistenta. Driava prieppeva letno
cca. 2 milijona jenov za razlukave na
profesorja. Nadaljna 2 milijona jenov pritede
iz neke vrgte razliekovalne skupnosti. Gd
poeameznega podjetja me lahko vzame brez obvesz
fe 2 milil jona jenov. Takih podjetl) je od 1@ deo
26. To znese letno za svobodne raziskave pri-
blifno 2& . do 44 milliionov jenov (126 do 228
tien& dolarjev) v gotovini. V soglasju s fakul-
teto lahkec profeser vzame alil sl eposodl ra&u-
nalnlfke opremo, £ katero rseszpolaga poseben
industriisi konzorcii. Pakultete so popolnoma
neodvisne in 'sa ne smejo tesneije vezati na
nobeno podjetje. Lahke pa Be laboratoriji raz-
1i&nih fakultet povezujejo med seboj in tesno
podaelujejo na problematikl skupnega interesa.
Tak je tudi primer povezave laboratecijev prof.
T. Sate in prof. Kimure, ki opravljata =skupne
raziskovalne dejavnorti.

Ogled laboratorijev 3je bill povezan z razlago
tele problematike, ki 3o bilzs prakti&no demon-
gtrirana na &tirih lokacljah obseinega labora-
torija:

-- gistewmska arhltektura naprednega
cijiskega eistema:
cistemekl model produkcilie; programska
arhitektura produkeijskega sistema; prog-
vanska orodja za sistemeko konfigurira-
nier prototiplziranie; distribuirani =si-
stem ip podatkovna baza
geunetri isko modeliranje:

produk-

®kovna struktura:r
dvodimermzionalino slikoevne wurejanje in
harvanje; poenctena podatkovna etruktura
za trodimenzionalne gecmetri&ne objekte;
- trdnostno modeliranje (GEOMAP-III}:
osnovne operacije in podatkovna struktu-
ra za trdne snovi; prostorsko indeksira-
nje 2za u&inkovite procesiranje; inte-
graclja prostooblikovnih povriin;
- modeliranje prostooblikovnih povré&in:

vedstranléne povriZinske {ploskovne) prcl-
lagoditve; metode oblikovanja lepotnih
povr&in;

-~ uwporaba geometrijsikih modelowv:
geometridnl izradunil; rasnovresitne ana-
Iize;

== izdeléno modeliranje:

-~ analiza zahtev izdel&nega modela:
analiza oblikovalnega in proizvodnega
procasa;

- predstavitev izdelénega modela:
obijektno usmerjena metoda 1n Hornova
logika; domenskoznadlilno znanje! geome-
trija, manipulacija formul, mehanika;

==~ pbravnava tehni&nega znanja:
- klasifikacija tehniénega znanja;

- splokinl ovkvir predstavitve tehni&nega
znanja;
- arhlitektura podatkovne baze;
-= povezava &lovek-straoj:
- tehni&ne V/I funkcije: cisanje, simbolni

glovar itd.;

- upravnl sistem uporabnlike povezave;

- pr{mer interactivnega geometri&nega
deliranja;

- achitektura
ekeperte;

=« padértovalne in proizveodne aktivnosti:

- naértovanje izdelka: dimenzijska In to-
leran&éna analiza; parametriéno na&rtova-
nje; modelna transformacija ip obllko-
vanje: ia konceptualnega v podrobno;

mno=

tehni&ne delovne postaje za

- msnovnl geometrliskl algoritem in podat-
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‘uEpoEsobi

"Kojiki kana

- planiranje procesat
sgistema;

- gtrojniZtva:
bo obdelavo;

= inteligentni eenzoreki robotski
slstemnka arhitektura

uporaba ekspertnega
planiranje operacij za gro-

sistem:
senzorekega roba-

.ta; ‘interaktivna nadrtovanje robotskih
operaclj; izvajalni =sistem robotskih
operacij: HW 1in SW; senzorski mistem: TV
kamera (sestavljeno vizualno razpozna=-
vanje}, taktilni senzor, esenzor sile
itd.; uvporaba pri nalogah s&trojnega

segtavljanja;
-= diagnostika proizvodnega gistema:
- zaznavanje napak strojinega
tokom motorja;
~ vodenje strojev 2 zvo&nini signali;
- diagnoetika etrojnih napak = ekspertnim
ristemom. ’

orodja s

V¥si prostort laboratorija so bill moZno populi-
rani s Studenti in zunanjiimi sedelavel, delo 3je
potekale na Etevilnih terminalih in delovnih
mestih, delovni &as traja navadno od 9h do 22h,
v nekaterih 'prostarih so billa opazna tudi
le3ii&a za preno&evanje (2a nodno delo ob dol-
gotrajnlh eksperimentih, ki zahtevajo prilcot-
nost raaiskovalcev}.

Na kontu obiska je prof. T.
svojo filozofijo razvoja, ki naj bi temeljila
na aaupanju, razumevanju in pomo&i med razliée-
nimi populacijami. Zlasti je pomembno za Japon-
ce, da razumejo ostall svet, pa tudl za druge,
da razumejo Japonce. Obisk pri prof. T. Satl je
izzvenel zelo harmoni&ne in je bil dejansko 'na

Sata ke razpredal

vigokl intelektualni ravni. To je bilo mogode
predvsem zaradi Satove £iv] jenske modrosti in
zaradl njegovega izrednega obviadanja angle-
Edine.

Aeocilacil ja v povezavi z obiskom
labhoratorija Sata/Kimura

Ob obisku laboratorija Sata/Kimura na tokijaskil
univerzi sem se saveda vpra3al, kje je ob iz-
redno dobrl povezanostl strojne fakultete
Ljubljanl 1in laboratorija Sata/Kimura uvsmeri=-
tav, predveen pa vpliv Iin moinostl fakultete w
Ljubl janl. Japonske razilskave so izredno re-
cionalne In usmerjene na nujen minjinum stro&-
kov v strojniski avtomatizaclii. Taksen je
primer elektronskega vida, ko ee pri ananam
prodmetu na traku ugotavlja poloiaj predmeta
in me dolo&ajo podatkl za manipulateor (za roko,
ki predmet premeséa in obra&a). Nepreconljive
vrednosti je tudi ekspertni sistem oziroma
orodjs za na&rtovanje prolzvodnega procesa, ki
&0 instalirana na stroju tipa Vh¥X. Bilo bi
emiselne, da se strojna fakulteta v Lijubljani
za-pravzam te veste tehnologije prek
tkim. akademske pavezave (academic link), =aj
se bo prof. Sata kmalu upokojil in te zveze
morda ne bode tako trdna kot so sedal. Pri tem
bj morall etrojni fakultet! v Ljubljani &impre)
sagotoeviti wustreznc rafunalnidko opremo (ver-
Jetno tudl iz domaZe radunainiike proizvodnje).

4.3, Sppro&llo o oblsku na ICOT

Gle} bera&a:
Nebo mu je tudi Zemlia
v letnem obla%liu

tenchl wo kitaru
nateuv-gorome

{Takaral Kikaku)’

Po wvrnitvl iz Sata/Kimurovih laboratorlijav me
~Je ob 18h poklical v hotel g. Ryu Osakl 1z
podjetije Ampare in ml sporoZil, da me bo v

ponedel jak 11. 11. ob i8h sprejel dr. K. Furu-
kawa (ICOT) na dvournl cazgovor. Ta zestanek je




uredil predscdniK podjetjs Ampere, g. Takashi
Kuganagi, kot mi je obljubll na kosilu. Tako jJe
tretja urgenca na ICOT konéno uspela.

4.4. Obiszk inetituta RIKEN

Vv goboto 9. 11. sva 58 5 8. Had%fljem odpravila
na obisk v institut za fizikalns In kemljiske
raziskave RIKEN v Saltami (pribliino uro voinje
z vlakom iz Tokla}). Ta sestanek je bil orcgani-~
ziran na ognovi mojega poznanstva s prof.
Elichi jem Gotom, & Kkaterim sva sodelovala v
okviru IFIP v 60-ih in 78-1h letih; on je hil v
&agu kongresa IFIP *7i v Ljubljani podpredsed-
‘nik I¥FIPa. Obizk 3e bil namenjen njegovenu
laboratorliju za informacl jgske znanoeti v RIKEN.

Ob odsotnogti prof. E. Gota eta naju sprejala
vig3il rasziskovalec dr, Takashi{ Soma in razisko-
valee dr. MHaganor! Idesawa. Laboratorij za
informacijske 2nanostl se ukvarja s temi razi-
skovalnimi. podrofiit- ekspozicliszskl sistem 2
elektronskim curkom, ra&unalnlika algebra, nove
progcamirng metade, rrocestiranje Iln generiranje
elik, avtomatli€no merjenje trodimenzionalnih
predmagtov in logizni elementi z Josepheonovim
Epojen. Zanimivo je, kako wo naitete problema-
tike laboratorija medseboj organskeo povezana.
To povezanost * bom opisal na osnovi nekaterih
razlskovalnih doseikov ozitoma razvojinih rpro-
duktov tega laboratorija, ki =o bilil predani v
praizvodnjo raznovrstnl japonskil industriii.

Prof. Eiilchli Goto wvodl tudil lahoratorij =za
racdunalnisdke =znanoeti na tokijskl univerzi;
problematiki obeh njegovih Jlaboratorijav sta
prepletenf in soodvigni. V obeh Gotovih labora-
torijih se razisgskuje vrhunska mikroelektronska
in ratunalniika tehnologlija, ki1 je neposredno
predmet novih rafunalniZkih genecaci]
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. (Rand Corp.,

“kKewiji,

sedplastiia natandnost: 4,15 mikeona; )
plagtna (overlay) natanénost: 9,18 mikro-

na; . i :
-= wzoréna dodelitev: v @,d6-mikronekih seg-
mentih.
. Ta naprava 3je bistveno prigpevala &k razveiu

266kb dinami&nih RAMov Iin k 512kb ROMov, upora-
blja pa e tudi pril razvoju tehnologlje najved--
Jih gostot. Naprava se danes proizvaja eserij-
geko, Iin sicer pod imenom JBX-EAII {podietie
Jecl). Le&je je bilo zrisano s - poseio 3D gra-
ftike, ki 'so0 jo rasvill v tem Jlaboratoriju.
Nazadnje pa so prav to napravo uporabili tudl
pri VLSBT ‘realizaciji lispovskega stroja FLATS,
ki je i1zraZunal le&je. Tako se je raziskoval~-
nifrazvoinl krog sklenil na neverjetno wé&inko-
vit na&in. o
Drugl pomemben izdelek laboratorija je lispov- .
skl strej FLATS (Formula Lisp Association Tuple
Sat), Ta ra&unalnik so razvili 2z ECL tehnologi-

jo. in prototip je nameklen v sedmih wvelikih
omarah. %Za. komunikacije uporablja VAX-11, za
podpore pri razvojp”fmateriaine opreme na tem

lispovekem ra&unalniku se uporabljata kot peri-
ferni enotl e en VAX-11, M3B0J in pravtaka za
podporo pri programskem razvoju. FLATS Jje naj-
hitrejii lispovzkl radunalnik na svetu, je pa
tud) nmed naijvedjimi. Kot tak Je povezan. prek
satelita = raziskovalnimi centri po &svetu
Illiinols University, Texas A&M
Max - Planck Gesellschaft, Pasteur
Cambridge Univereity itd.). Lisp
vea bolj pomembno ogodje pri tehnolo-
na&rtovanju in prt caziskavah v fiziki,’
ladjedelniatva, bielogiji, medicini in

University,
Institute,

postaja
Ekeam

&e kie,
Ogled 1iispovskega stroja je bil mogﬁé pri od-

prtih omarzh, kjer je bilo mod& videtl na deset-
tisoZe vodov, ki spajajo posamezne anote. Strof

Goto poudarja, da je vsaka nova generacija samo je seveda deloval v mednarodni mreii. Njegov
/encstavno/ zadnja generacija, kar je v bistvu mikrocikel 2znaZa 5@ ns. Primerjava g drugimi:
v nasprotju 5. poimovanjem p;!hodnje /2lasti Lisp stroji Je prikazana v tabeli 1.
pete/ generacije, ki Je ne priznava). N
V preteklih 1P letih je laboratorij razvil FLATS je rezultat razvoje Gotojevih laboratori-
litografski. -sistem 2 elektronskim cuckom, & Jev v RIKEN in na tokijek! univerzi. Ta stroJ
katerim je mo& realizirati @,1-mikronsko tehno- uporabljaje pri  razvoju nov{h Josephsoqevih
"logijo. Elektronsko le&je te naprave sc prera- spojev  in tudi pri na&rtovantu najhitrejiega
gunavali vea& let in reiitev poljskih ena&b je paralelnega ra&unalnika na svetu {(taktne frek-
lahko bils najdena Zale & pomo&jo mofnega lis- vence in operacijske hitrosti so v podroZju
povskega stroja. Pokazali so polinom le&ja v mikrgvalov, ti. v intervalu med 1@ in 182 GHz).
simbolni abliki z dolfino pribliino osemdesetih :LTT je  resuitat dolgoletnega, usmerjchega-
strani (listing] in taksen polinom je bil lahko ela, vendar nil zamo agademski dpseaek. Zani-
izpeljan samo z dovol} zmeogliivim strojem =za miv? jq, da ta stroj v visokointegrirani Dbli%i
"fezik Lisp. Litagrafski =istem ima nasledaje proizvaja in trii Mitgul Englneering & Fhip-
zmogljivostis building Co. za potrebe tehnlfkega, tehnoloike-
‘ ga 1In razvojnega nadrtovanja. Ta .komercialni
-- prolzvodnis mask: 1P ravnin na vro: FLATS je seveda kompakton radunalnik In delovna .
-+ prolzvodnja mreéic {retiklov): 8 do 12 postaja. ;
ravnin na uro;
-- neposcedno Pi;anje: i@ rezin na uro; vV Gotojeven laboratoriju v RIKENu so nama poka-
-- natan&nost obsega vzorca: B,1 mikrona; zali tudi procesiranje 'in generiranje slik in
-- natanénost prepletanja (stitching): @,1 grafiko, ki je bila uporabl jena pri pna&rtovanju
mikrona; elektrongkega. le&ja. %Za ogled laborator]jske
Tabela 1
Ime CDR Laglka Celiéni Cashe Mikro=-
stroja kodlrfnj pomnilnik pomnilnik clkel
CADR - 2 bita TTL i6 M nina 180 ns
Dolphin 8 hitov TTL 16 M nima 2008 ns
Dorado 8 ‘bitov ECL 16 M 120 ns 64 ns
k111 2 bita TTL 64 M 20@ ns 2¢d ns
ELIS nima TTL 16 M nima 188 ns
. EVLIS nima TTL 64 k nima 18P nx
. ALPS2 nlma TTL 509 k nima 368 ns
Kobe nima TTL 64 k nima g2 ns.
FLATS 2 bita ECL 32 M 5@ ns 5P ns



proizvodnie Jocepheonovih spojev 3e £al z2mnaj-
%alo &aza, &saj se jJe ura pomaknila £e v poano

sobotno popoldne. 7a kKonec &m0 e & sodelavei

laboratorija tudi glikali tn dobila gva spomin-

eka posnetka.

Asaoaciacti ja v povazavi
2 obiskom v RIKENu

Ichiban nl
kagazhf wo ftaceu
nowaki kana

Rot prvo je
podrla stragilo
jeranska nevihta

{Morikawa Kyoroku)

Pri ogledu
odprtih ve
vensko 4in

primerjamo,

laboratorija v RIKENu 3je oatalo
vpraZganj, ki zadevajo japonsko/sla-
slovensko/japoneko projekcijo. dce
kaj &0 naredili podobni institut]
ptl nas pri pribliino enakl Kadrovski in reczi-
skovalnl ctrukturi in kaj so emitirall v #iréo
reprodukeijo v dolodenem razdobju,, je vredno
igskati odgovore. Motivaclija jeponcskibh raziska-
valcav je posledica visokosposobnih kadrov, ki
ge vtemeljuvie = tefnjo, da je potrebno prizva-
iati najbol jée na svatu, Imati najboljée, naji-
gmogljivaeike, najhitrejde Je osnovnl lmperativ,
ki temeljl gevedn na visckem intelektualizmu
razlskovalnih in vodilnih kadrov. Izgleda, kot
da Jje prl nas nesposobnostna kadrovska seiekel-
ja izpi&ila razickovalno sposobnost In fintelek-
tualizem, ki sta osnovna faktorja raziskovalne-
ga in slcerinjega napredka doloéene populacije.
Pri tem nam je obstala kot sedativ le inteligen-
ca {neintelektualizem, priudenost, nesposobno-
etna prilagodljivest), ki je zmoZna le &e nes
sposobnoetnega prilagajanja in drsenja v neper-
spektivni razkroj. Takina naravnancst domadih
znanstvenih institucii je %e posebej vidna v
niihovih domala mrtviénih in neustrezno sesta-
vljenih managementih in seveda tudl v razisko-

valeih, ki 2za svojo funkeclijo v mednarodnen
znanstvenem prostoru niso ved usposoblienti.,
Kaka Je ricer mogo&e, 'da je skupina 6 1judl v

RIKENu v desetlh letih prispevala ve&d v svetov-
ni tehnoloikl prostor kot na¥ 66Q &lanski in-
etitut, ki bi nazadnje lahko raziskeoval tudl za
potrebe razvitega sveta (pri deklarirani sposa-
brosti Znanstvenega menaimenta In raziskoval-
cev)?

6. Hamakura, svetl kraj Japoncewv

Hana chiru ya
garan no hitsugi
otoshi yuku

Cvetje odpada -
zapira vrata hrama
in odhaja

{Bencho)

V nedeljo 1d. 1!. =smo obiegkali eveti kraj v
bliZini Tokia z imenom Kewakura. Tu te nahaia
mnofica Budhovih templjev. Izlet je bil zanimiv
zaradi opazovanj)a in raziskovanja japaonske men-

talitete in obi&ajev in njihove projekcije na
nade navade., Povzpeli smo se tudi na sveto
goro (Kot je nada Smarna goral in se vrnili ha

pacifiiko obalo. Tako smo 51 nabrali £&e
potrebne kondicije
torek.

nekaj
2a obleke v ponedeljek in

in kaie
valujo&i
e tudl
zagpanc-
z2a Lo prcimerni prileofnosti. Japo-
oziroma dremlje skorajda .v  vecakom
poloZiaju, ¢&o se 0d njega ne priZakuie

Japonska wverska zbranogt je temeljita
na "Eposobnost wmicelne koncentracija v
mnoficl 1in okoliZkem hrupu. Zna&ilna
Japonska dekoncentracija, ki se kaie v
sti ob veakl,
nhec Eepi
sedédem
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- nasprotje nedesa,

’

delovni w&inek. Tokiljska podzemska Eeleznica je
slika spe&ih Japoncev. Matl, ki pripelje otroka
v trgovino z igradsmi, v trenutku zakinka na
ctol&ku. Odkrito zehajo&l Japonci na tokijskih
ulicah go abi&ajrn pnjav. Japonska zaspanost je
kot po&itek pred veliklmi napori, ki to 32a
preiivet je japoneke populacije nuini.

Na tokijekih ulicah je mogoée razumevati obdut-
ja japonske ogrotenosti. To je ogroienost zara=~
di ptenasel)janoati, ki pogojuje ob&utke revno-
gtl (nezadostnoetl Ziviljenskih wvirov), kata-
strofalnoesti (potresov, tajfunov, povodnifi) in
naraavitostl {(tudl najrodobnejfa tehnologija In
verhunegka delovna uspogobljenost ne zagotavljata
ved gnlega preifivetja). Delovna cposobnost je
za Japoneca imperativ, 12 katerega iavira tudl
izreden smigel in pripravljenost za medsebojno,
poma& Iln za skuplnske podvige. Japonska zavest
ja prepojena 5 prepriéanjem, da sposobnozt ni
samo nujnoszt, marved mora biti in a=ztati ocnav-
na potreba. Zadovoljevanje te potrebe je pripo-
mo&ek, ki zagotavlja predivetje za dallfe raz-
dobjs.

Japonska ustreidljivost ip pripravljenost z2a po-
mod se kafe tudi v stikih s tujeci. Ta priprav-
ljenost ja tem veoe&ja, na &im vifjem poloZaju je
Japenec. Ker je japonska wpravl javska hievarhi-
ja 1izrazito sposobnoetna (&im wiidjl polriajl
tem ve&ja sposobnost), je kKomunikacija najlaija
in najustrezneida pri vrhu.s Japonec v nekem up-
ravl javgsken vrhu ile za svojo Funkclic primerno
lzobraten, razgledan, obziren, kulturen, tole-
ranten in ustreiliiv,. Nada upravljaveska hiaerar-
hija Jje =grajena nesposcbnostnot: &im  v1E3i
polo%aj tem velja nesposobnast. Sposobnostna
komunikacija na wvrhu je praktiZfno nemogoaé&at
napihnjenost, odrezavost, poklicna popacenost,
gtrah in domala nevercjetna brezbrifnoct za
usodo rezultatov in doseikov trdaega dela utrju-
Jedo in utemeljuiejo visoke poloZaje. Ta inver-
zija fivljenzke strategije, ki temelji na popa-
Eanih ciliih in brezoiliih, Je 3Inadlilna, Je
kar je kot oh&utena nulnast
usmarjeno ¥ odgovornoat za prefivetja.

Japonskl intelektualizem (zavestna naravnanoct
v wvzdrfevanje In rast =sposobnesti  Japonske
populacije kot posamesnika in celote) se mi je
potrjeval v stevilnih osebnih stikih, =zlasti v
razgovorih = prof. T. Sato, predeednikom druibe

g. T. Kusanagijem, z raziskovalcema dr. M. Somo
in dr. Y. Idesawo in &e posebej v rargovorih =z
dr. - K. Furukawo {(ICOT) in prof. E. Gotom.

Japonska delovna motivicvanost je intimna tn ima
bistvene notranje (individualne)} korenine, ki
mi Jjih 3je najbolj nazorne pojasnil prof. E.
Gote (o tem pozneje). Ob tem sem se upravi&eno
epraZeval, kje hodi In kam je zaZel nai profe-
slonalni {poklicno strokeovni) {ntelaktualizem,
kot brezkompromisni moralni atribut razvitega
&loveka nan&e doba.

6. Novogeneracijsko radunalniitve:
tokrat zares!

Shiroki kyosen
kitareri haru no
tokarazu

Prihaja velika
bela ladia. Kmalu
bo tudi pomlad

{Rinka)

Japoncl razvljajio praveo novo rafunalni&ko gene-
raclijo. Ta izvirnost se kafe dejansko tudi v
naZelu, da je nedololnost japonska krepost, ki
bo prekla v dolo&nost, Ko pride &as. Japonskd
razvainl projekt namref ne prigtaja na kompro-
mie spajanja starega =z novim all palnovim. Ja-
pansk!l nazin mt&ljenja = izdatno uporaho dosane
moiganszke poloble prihajs naposled tudl na
podro&ju visoka tehnologlje do svojega Lurpan.




Japoncl Ze postavljajeo temel je nove radunalni-
Eke takuonomije,
nedoestopna, ka) Ee ne prevaja v angleZ&ino.
Spralujem s, all  bodo Eveopcl v itgta 1995
sploh #e sposobnl razumeti jopongko racéunalni-
Eko tehnoloyljé. ALl ne bo teda] zaostanek Eve-
rope in ZDA v bistvu moéno drugaen, razlléen?
. Ko danes razmi&ljamo o Eureki, kar pozabljamo,
da je Eureka komercizclnl program z lzdelki, ki
imajo nizke rizi&ne stopnjo In ki dejansko nisc
novogeneraciiski. Eureka Je le kompromis . med
spodbudo in kratkoro&no perspektivo, £ katerim
bi Evropa rada oZivila mvoje dokaj utatiéne in
starostno vodene velike goupudarcke organizaci-
je. MAli ne b1 bilo pametnsje, da podiljamo iz-
datneje v uk naie raziskovalne Atudente na Ja-
pangko? - :

Japontska peta radunalnikka generacija je po za-~

misli {in organtizacl jzkem konceptu) nova, brez-
kompromisgna generacija, ki nosi v sebi valiko
poelovho tveganje, ima pa tudi dokaj wvis=oko

ver jetnost za bistveni in dolgoro®ni uspeh. Gre
za naporno in deolgotrajino delos. Har poskusite
pripravitl Evropca na japonski na&in flvlijenia:
prav gotovo se bo uprl. Razllke v intelektual-
nih In fiziénlh zmoglilvostih 8o prevelike:
Evropa je miiljenska, starostno in delovino po-
mehkuzena, &e ne dekadentna. :

6.1. Obfsk ICOTa

Taiboku wo
nagamete itari
shita-suzumi

Sedim v hlada
in gledam navzgor:
Veliko deblo!

{Morikawa HKyoroku])

ICCT (Institute for Hew Generation Computer
Technelogy) je lociran v Tokiu (Mita HKuzakai
Building) in je operativno srediice, fz kate-

rega se upravlia, vodl, raziskulje in pospeduje
driavni in podjietniiki projekt pete radunalni-
ke generaclje. ICOT je de facto pojem tehnolo-
&kega . napredoevanja Iin drfavne organiziranostl
v Japonskl univerzitetni, raziskovalni in pod-
jatnd ki zmavesti. TCOT je kot tiho ozadije, 4i
£2di’ in je prisotno v izredno ob&utliivem in
parceptivnen mehanizma laponzkaega podietnlikega
in univerzitetnega £ivljenia. Tudi v najmanjfih
podjetjlh vedo, kakéen je snisal ta instituci-
Je. V tem pomenu . aliakrinega oklevanja ali
posmeshovanja o potrebnostl in namembnosti te
ustanove. Tudl ICOT sam je jzcedno racienalna
organizacliar je samo maloitevilni, toda visoko
usposobl jend klin, ki trasira in organizira
pot v novo rad&unalnizZko generactijo. ICOT je z2e
postal del potrebe, ki jo Japonci izraifajo kot
nujnost.

Zanimivo je, da je bil ICOT financiran v prvi
triletnl fazf (1982 - 1984) le z zneskom 42 mi-
lijonov dolarjev (v prvem letu le 2 milijona
dolarjev), vendar je bil ta kapital multiplici=-
ran z industrijskim sodelovanjem prlbliino sto-
krat. V ICOT so0 bili rekrutirani tudi najboliai
industrijski raziskovalci in organlizatorjli 1=z
znanih velikih japonskih podietii racunalniéke

industcije. Ti kadri =zo ob .svolem razigkovalnem’

delu 3zadol3enl 2za breshiben in takojdien prenos
raziskovalnih dosefikov v . industrijo. Zanimivo
je, da morajo vsl wvodilnt delavei ICOTa oprav-
liati toudi =amostajno raziskovalne delo {od
direktorja navsdol), kar se dokazuje £ sa-
mostojniml znanstvenimi publikacijami. Torej tu
ni mofen ns& princip, ko se vodje raziskovalnih
enot (ki Zo desetletja praktidéno nizo sposobnl
znanstvene aktlvnoctl}) enoztavne podpisujeijo na
doseike svojlh sodelavcev.

V poncdeljek, 11. 11. 1985 sem pofakal predced-

ki jo Nejaponcu zaenkrat Ze
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. klavzul

‘nika podjetja Ampere, 9. T. Kuxanaglja, K1 ia

prifel pome & taksijem v Tobu Hotel in me
vdperljal” na drugl koneec Tokia v ICOT {ve& kot
polurna voinja). MHita Kusakai Bulilding Je nov
nebotidnik, ki med drugimi ne vzbuja posebhe
pozornosti, Vsi zunanji napisi in napisl v -avlt
tega poglopja so v japoniéini, takoe da sem
zaman lskal &rke ICOT. V 21. nadstropju naju je
eprejel dr. ¥. Furukawa v svo]ll doka) razkoini
dzlovnl sobl Iln zprejemnici, ki je o&ltno name-
nasona  tudi skupinckisn sestankom. Pogovor sva
zatela dokaj neformalno, pri tem pa de bila
izwmenjana kopica informacilj (seveda tudl vijude
nogctnihl. "Najbr% ne veste, da ste drugl Jugo-
clovan, ki je obiskal ICOT; prvi Jje bll profe-
sor Suad Alagié¢," mi je na za&etku polslovesno
sporo&il prijseni dr. Furukawa.

VY ICOT sem od#el 3 dobro izdelanim programom,
ki Jje wvseboval wvrxieo vprakanj. Po  =zadetnem
ogrevanju Jje dr. FPFurukawa prediagal, da wmua
razlozim svoj kboncept prekrcivnega stroja (over-
lapping ab=stract machine}. Ta predstavitev Je
trajala z vmegsnimi vprafanji in odgovori debelo
uro. %Zlasti je bilo o&itno, da je zan) {ali za
njegaove sodelavce) Ae posebej zanimlv  koncept
metaprekrivnaga gtroja (metaoverlapping ab-
stract machine), ki poveduje stopnjoc paralelno-
gti. Paralelizem (aparaturnl in programirnl) je
daner osnovnl (nerefenl) problem pete in seveda
naslednjih generacij. RazllZne. abstraktne po-
dobe strojev in pestopkov {(vkljuéno v okviru
paralelnega Prologa) so sicar zanimive, toda ne
reéuijeio temecl jnega problera o paralelni dekem-
poziciijli problemov. Ta dekompozicija Je 3Ze
vedno lahko le rezultat lzredne iznajdlijivosti
in. demiegelnostl posameznika v vsakem posebnem
primeru, ni pa metodologlja, ki bi lahko dose-
gala avtomati&no dekompgzicijo & &lovekom ali s
slrojuem. Prav zaradi tega so novl paralelnd
koncepti 2zanimivi, ker morda prinaf%ajo novite~
te v semantléno razredevanje dekompozicijskega
problema. Dr. Furukawa me je opozoril ma najno-
veiko japonsko raziskavo g podrodja paralelnega
Frologa, ki se izvaja na radunalnikih +» ICOT In
temelji na konceptu tkim. varovalnlh‘ﬂornovih
(Guarded Horn Clauses). Ob tem som
izrazll dvom v kakZno bistveno podobnost med
temf klavzulami in prekrivnim strojiem, =aj gre
pri prvem za iarazito lingvisti&ni koncept,
pri drugem pa za potebno topoloikeo strukturoe,
ki, ¥ bistvu zdruiuje problematiko refevanja
problema z distribucijo paralelnih procesov .
procesorskl mreizi {procesgor grid). Nazadnje je
dr. Furukawa priznal, da je tkim. metaprikrivni
huacept  presenetljiv, =aj ga je mogocée Ziriti
naprej v metametakoncept itd., kar lahko pripe-
Ije do ekstremno visoke stopnje paralelnosty,

V nadaljevanju razgovora % dr. Furukawe 5o bila
pusasnjena tale .vpra&anja:

-~ Rak&ne B0 moinostl, da se povabi eksperta
iz obmo&ja dejavnostl ICOT kot predavate-
1ja na mednaredni simpozij v SFRJ?

. == All je mogode ohjavljati prispevke v Zaszo-
pigu "New QGeneration Computing*® (lzdaja
ga Ohmsha v Tokiu, distribuira pa Sprin-
ger-Verlag)?

==~ All Jje mogote
{dopisovanje,
macij) z ICOT?

-= Ali je magade medinstituclonalno
zitetno, academie link,
lovanje z ICOT?

individuealno . sodelovanje-
lzmenjava znanstvenih infor-

{unlver-
poedjetnikko) sode-

Povabilo eksperta za uvodno predavanje Iin vode-
nje eeminarja lz dolo&anega podro&ja v SFRJ Je
wmogode. HKer wem {arazil, da bi Z2elell ifimeti v
uvodnem referatu v bistvu pregled Japonske
strategije {in daseikov.v napredovanju v petlo
genceracijo, je dr. K. Furukawa-izrasil priprave=
ljenost, da pride zam v -Opatijoe (Mipro). Kacne=-
Je  jJo povedsl, da so tefave z rokam (v maju
1985), ker imajo v aprilu fiwkalno lete In-




sklepajo pogodbe za novo-fiskalné obdobje. Pri
tem &8 je potrebno obraatl na njifthov Interna-
tional Relationg Dept., ki ga vodi {administri-
ra) gogpa Ami Semba, ki mi je bila tudi pred-
gtavljena. ’
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Cagopla “Naw Geneyatlon Computing~, ki ga ureja

mednarodni
odprtega
podobno
lzdala Springer-Yerlag.
vek lahko bil eprejet,
kriterijem.

vdbor pad okriljem 1COT, 3e tasopls
tipa in recenziranje prispevkov: jJe
kot v zpanstvenih 2Zasopislh, ki 3ih
Iz SFRJ bi tak prispe-
&¢e ustreza recenzentskim

Individualno sodelovanje 2z ICOT je adina evobo-

dna oblika scdelovanja, ki je mogoca. To jJe
psebno  sodelovanje med possmezniki v ICOT in
izven njega. Tu 50 seveda dolodene omejitve

{(defale realnega soclalizma}.

Medinetituclonalno sodelovanje med ICOT in tujo
organizacijo jo mogode Ramo na oenovi  predhod-
naga medvladnegs cporazuma. Dosleid takih spora-
zumov ‘e ni, vendar bo prvi sklenjen med vlada-
ma Japongkae In Veliks Britanije. Drugi medvla-
dni sporaszumi o v fazi priprav (Francija, %RN,
Bvedska itd.}.

FPo teh razgovorih mi je dr.
delovanje
Hachine),
je orodje

PEI¥ (Personal Sequantial Inference
ki jo izdelujejo %o serijsko. PSINM
za razvoj programov in arhitekture
japonskega radunsalniidkega esistema pete genera-
cije.” Primarni (strojni) jezlk tega stroja Je
logi&ni programirnl jezik (kernel language tipa
Prolog}. Operacljiski sistem je SIMPOS. § tem
sistemom doseie PSIM 38k LIPS (logical infere-
nces per eecond). Uporablja visoke interaktiwv-
ne V/1 naptrave (bitno preslikan prikaz, miZka)
in LAN sa inter-PS5IM in druge komunikacije. Ta
poetaja Je praktiéna in cenena in Jje dajangko
nagovno razvejne crodje.

Obigk v ICOT je trajal dvq uri, kar Je bilo
saradl zarsedenosti (In prajénjih reakeij) dr.
Furukawe opravi&ljivo. 2Z2aradi tega kratkega
2asa tudi , nisem imel priloZnosti, da. bl =i
ogledal ke kakine druge doseike JCOT. Na sploE-
no pa velja za v bodode, da je potrebno obisk
pripraviti wvnaprej in se natanko dogovoriti o
namenu fn cililh obigska 3 Japonel. Balkanska
improvizaclja zbuja namref nezsupanje - in obé&u-
tek, da_ posll niso &isti. Tu pa so0 Japonecl
natan&ni in zelo ob&utliivi. '

6.2, Raagovor's prof. .E. Gotom

hki fukaki .
tonari wa nani wo.
suru hito zo

. ¥ pozani jeseni:
je neki ta moj prijatell,
kako mu je?

(Matsuo Basho)

Zveler
prof.

11, 11, me je okolil 22h poklical &e
E. Goto, pionir in neutrudni aerganizator

Japonskega raduvnalni&tva, enfant terrible,
dvomljivec in  upornik Jjapeonske informatike.
Lata 1969 ml je po predavanju nekega avetrij-

skega ibmov&ka v Amsterdamu na temo "Radunalni=-
ki in druZba" poto%il, da evropske filozoftje
kratkomalo ne razume. Tedaj sem mu odgovoril,
da se to dogaia tudi meni, zato se takih preda-
vanj ne udeleiujem. Nakladanje besaed je prav
gotovo  evropska tradicija, ki je dosegla svo)
viZek v lingvistidnih fillasefizmih prejsnjega
setoletja. .

Oba sva lzrasila obfalovanje, da je ostale
premalo &asa za ogled laboratorija za ra&unal-
ni&ke znanoetl na tokijski univerazai, kjer raz~-
vlja. prof. Goto a svejimi wodelavel najhitreisi
ra&unalnik na svetu. Kot Je bilo %#e omenjenc

Kdo

Furukawa pokazal 8Se .

‘Na

(RIKEN), temelji
Josephsonovem
ki

ta radunalnik
spoju in na

oo jo deloma razvilli v
meja tehnologije je @,i-mikronska, ki je po-
trebna predvoem tudi zarad! vigekilh takinih
frekvenc novega ra&unalnika. V tem okviru gze
raziskujejo intenzivno zlaeti problemi prenosa
signalov {antene, valovod!, opti&na viakna,
hlajenje) Lltd.

na poschnen
ostali tehnolog{ ji,
RIKEN. Teoretiéna

Ko gem prof, Gots povpragal po.njagnvem zdrav—.

3u, ml Jje odvrnil, kako bl zdravije lahko bilo
elabo, ko pa gradi najhitrejdl ra&unalnik na
gvetu In se no& in dan viivlja v te ilzredno

zapleteno in novo probilematiko. Zatrdil mi je,

da je to lahko najviija oblika motivaclije, ki
jo jJe kdajikoll dosegel, Naloga Je neverjetno
naparna in vredna lzrednega truda. To mi jJe
povedal enostavno.in osupljive. HKrati'nme -je
povabll, da ei ob letu ta etroj tudi ogledam.
Pri tem Je poudaril, da je potrebno stvari
predhodno urediti in se natanko dogovoriti (v

primeru nolega obiska na Japonskem namreZ nicem
imal v mnadrtu obiska pril prof. Gotu, ker nizem
bii preprifan, alil je bil mol 2znane. iy IFIPa
prav on}, Tako sva sep poglovila z najboliZimi
fsljami in 3 upanjem, da me kmalu wmragava.

Kiie ob poznil url je za Japonce obiZajen.
ponci namreé delajo pozno v noé&.

Ja-

7. Japoneka spocobnost ali nada nesposobnost?

Asagao wa Cvotl slak
sakl narabeate zc¢ eden zraven drugega
shibomi keru = in vene

{Tachibana Hokughi)

Kaj bv v prihodnosti cdlo&éilno? Ali je prefive-
tje &love&kih populaci} v naslednjih sto alil
tiso& letih res zagotovljeno? Alil niso ciliil iz
gomene tkim. <cociazlne varnosti utopiZni, da ne
retemc ideolodki? Al je pomirjiajoZe in nekri-
ti%no obravnavanje kot &lepilo zares bolide od
moinega povedevan)a naporov za hitrejfe popula-
cijsko usposabl janje?

Ta in podobna vpraZanja so na
tehnologlj « in te so prav preifivetvene tehno-
logije - bistvena, sai teh tehnologij ni mo&
obvladovati z niZjimi Zlovekovimi -sposcbnostno-
gtm'’. Vpral%anja in probleme spos-inosti  pri
&loveku kot njegove najviije informacijske (bi-
olokke, psiholozke) organlziranosti je potreb-~
no sprotl razéiiéevati in dograjevati. Sposob-
nost &lovekar-posameznika na njegovem podro&ju
dela mora pomstatl osnovna potreba v znakem po-
menu, kot ga npr. imajo osnovne potrebe v moti{-
vacl jskem modely Abrahama Maslowa. Ce namreé
sposobnost ne bo osnavna potreba prihodnjega
é¢loveka, ne bo obstajala nujna povraina poveza-

podro&ju visokih

‘va prl prolzvodnji virov za pokrivanje &loveko-

vih fizioloikih in varncetnib potreb.

Japonskem sem zavest o nujnosti uspogobl je-
nega Japonca lahke obZutil tudl kot resni&no
potrebo, maradi katere se Japonec lahko obpovo-
duje nepotrebno visckemu standardu, wvztraja v
ekromnosti In sicer nerasumljivi wvaré&nosti, v
kapi#enju wvarnostnih dejavaikov in v nenehnem
vpraievanju, kaj sa8 mu lahko zgodi jutri. Skozl
to perspektivo ja %e vidna sposobnostna povrat-
na povezava, ki dolodeno pomsnjkanje razume kot
nelzegibnoe nujnost in usmerjs Japonca tega sto-
letja v isgkanje {zvirnih, vzhodnja&kih tehnolo-
&kih reditev.




ECEEES TS EEFESEIINSNERCS =S EmALTIE AT sENCERSTESSS

" : =
= Kako ‘&l Rmerianl predstavliajlo =
= peto radunalhiiko generacijo =
= =
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Ta generacijs nat hi se kmalu'pojavlla~v “2DA., -

Nijen prihod naj bi =ze za&el preprostto s presa-
ditivijo umetne inteligence na-paralelne radu-
nainike, ki =e pojavljajo kot .gobe po deiiu pri
razliénih prizvajalclh. Problen pa.je brikane v
tem, da je potrebno za paralelne’ ra&unalnike
spremeniti ve&ino doseikov dana&nje umetne in-
teligance in jo tranaformiratli v paraleine kon-
cepte. Druga fefava pa je tudi v tem, da &d”
vozli&&éni procesorji v danainjih paralelnih si-
gtemlh klasi&ni von-neumanski ratunalniki. Ver-
jetno bi tudl ti procesorii morali biti koneci-
pirani na. Xakinem viZjem strojnem jeziku, kot
gta npr. Prolog in Lisp.

Intel je v februacrju 198% predstavil]l svo] para-
lelni ra&unalnik IPSC za numeri&no procesira~,
nje. Zdaj
naj bi ta radunalik zmogel tudi ‘obdelavo
simboli&nih progcamov.: Take naj bi nastala
patalelna razli&ica jezika za umetno inteligen-
co na ra&unalniku 1PSC 2z imenom Common Liep.

Intel tudi izboljiuje zmogljivest in poveduje
poonilnik za IPSC in ga tako pripravlja za upo-
rabo ¢ umentni inteligenel. Trenuvtni {PSC ima
128 procesorjev in dosega zmogljivost .18d mili-
jnﬁov ukazov na sekundo. Druga generaciia tega
Intelovega ra&unalnika naj bi iwela 1824 hi=-
trejiih procesorjey in bi bila dobaviiiva v
letu 1988, ra&unalnii3ka zZmogljiivost pa'naj bl
narasla na 10608 milijonov ukazov na sekundo.
To naj bl bil po amerizkih merilih Ze kar
rakunalnik pete generacije.

Seveda pa kritiZni opazovalcl zatrjujejo, da to

vendarle Ze ne bo raZunalnik prave pete genera-
" gije in da nekatera podjetja v ZDA pripravijajo
nekaj, kar bo bo mo& uvestiti med prave doseifke
pete genaracije.

====:===:====::====8=====‘-‘=__==========-====2='_:‘===
& Pafagelno procesicanje: =
= ali =¢ res pribliszuje? =
= =
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Ve kot tridezet prolavajalcev v IZD0A ponuja

danes svoje paralelne raZunainike. Glavna ovira
za vgé&jl prodor teh tadunalnikov je strah. upo-
rabnikov pred poplava razli&nih paralelnih
arbitektur, ko ni{ jasno, kKaj se bo na trgu uve-
ljavilo oziroma Katera paralelna arhitektura bo
sprejeta kot uporabnifki in Industrijski stan-
darcd,

Eden temeljnih problemov je meritev zmagljivo-
stl razliénih paralelnih arhitektur g standarcd-
nim paketom programov.
kata namre® #e ni, 1zdelal pa naj bi - -ga nacio-
nalni urad za standarda (NBS). VeZina dana3njih
paralelnih ra&unalnikov 1&%e svojoe uporabo v
numertki ozircma v tkim. znanstvenih izradunih.
Paradl tega iwma vrsta teh paralelnih arhitek-
tur v veozlik&ih mred tudi aritmetidne Koproce-
sorje. ) . :

Navduienje 2a take ratunalnike .med znanegtvenikl
in akademiki ne pojenja, cea) so ti radunalniki
e vedno obZutro cenejki od tkim. superalunal-
nikov, katerih. cene znatajo nekajd allijonov
dolarjev. Ti paralelni =istemi uporabljajo nam-
teé cenene voendar Etevilne, “pofagneiie mikros
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-arhitektur

- cesorsko.

pa 5o e pojavile tudi zahteve, da

Takega standardnega pa-

©11&&Eny

- ~

pracaﬁorje; ki lzvajajo programe oziroma deﬁe
programov paralelno (hkrati, istolasno).

Vendar se smeda na tr#ii&u paralelnih rad&unal-
nikov nadaljuje. Trenutna, poplava nenavadoih
mrednih (array, grid, net) arhitéktur ni vad
pregledna -in.ne daje odgovorov, kakini so de-
janeki potenciali in zpogliivesti posameanih
na razli&nih uporabnostnih podro&-
3Jih. Seveda pa bl bilo hkrati potrebno razviti

‘ma univerzah ozliroma v razigkovalnih sredi&&ih

tudi metode paralelnega programiranja, med ka-
tere sodl 2lasti dekompoziciia vhodnega proble-
ma v paralelno-serijeke - podprobleme ozlroma
programe. Glavna pobudnika na tem povem puodro-
&ju =sta uetanovi NSF (National Sclience Founda-
tion) in RNRS (National Buredu of Standards)...

Tabela 1 prikazuje seznam razli&nih paralelnih
ratunalnikov, ki w0 klasificirani cenowvno,
paralelnostno, povezovalno, pompnilni&ko in pro-
Vozll&&nl procesorjl so razli&nih

amogliivostl, njlhovo Etevilo pa sega od nekaj

. kosov do milijen.

Za paraielna sisteme v tabeli 1 tudl ni Jasno,

kakina programska oprema j& na razpolago 2a
njihovo uporabo. Razen v tabeli na&tetith para-
lelnlh sistemov pripravljajo podobne sistene

tudi wvelfiki proizvajalci, kot eo0 .npr. IBHM,
Cray., Perkin Elmer, Motorola, Norsk Data, ITT
ih drugl. Cene teh =istemov =o primerno vieoke.
Seveda pa je zelo vpradljivo, kKatera od ponu-
jenih arhitektur bo preiivela dal j&e ohdobje. V
prihodnosti naj bi. - bila edina smigelna ozlroma
dovol) wunlverzalna grhitgktura vodilo, prek-
katerega Jje vozliifhi procesor nepoeredno do-
stopen za drug{ vozliiénl procesor. Pri sistemu
2 vodilom ima namred vsak procesor 2a sosede
vee preostale procesorje mreife, pri hiperkocki
pa Je Etevile sosedov odvieno ad dimenzije
-{npr. hiperkocks dimenzije 16 ima 1@24 vozliié-

"mih procesorjev, procesor v tej kocki pa ima le

1®¢ sosedov, '@ katerimi Jje neposredno povezan).
V primeru vodila ima procesor 1023 cosedov.

Paralelni sistemi, kot so tukaj opisani, naj bi
oblikovalil posebni trini segment, ti. segment .
tkim. minisuvperradunalnikov. To pa Je podroéje,
kl- je zaniamlvo tudi 2a manj)ia podjetia. To te-
E1&%e na) bl se 1z kaplitalne vrednosti $125 mi«
li jonov v letu 1985 povzpelo na $11P€ milijonov
v letu 199%,.° Zaradl tega Je razumljive, da bo
na. tem podro¢ju prisotna tudi ponudka padjetja
IBM, ki v evojl iP8 milijacrdni letnl strategiji
(dosegljivi v letu 199P) iZ%c trine segmento,
ki so vredni vsaj $1980 milijonov letno.,

V. 8@-tih letih =0 izdelki za paralelnn obdelavo
zaninivi predveem za univerze in za znastveno
razlskovanje. HNa Xkorercialnhem podrodju pa se
bodo ti iudelki uveljavili v 9@-tih letih. Ven-
dar trdi padjetje Loval -Instrumentation iz San
Diega, da ima fe danes komarcialno dobav] jive
podathovne pretoéne radunalnike z imenom Loral
Dataflo LFDiPP. Pilotska proizvodnja teh siste-
mov 2 vodilom =e je fe zadela.

RaZunalnik Datafle LFD10@ uporablja 16-bitne
oznake (Eimbole, priveske), ki so pridruieni
16-bitnim podatkovnim besedam; 2z njimi se pou-
&ujejo (obvedajo) Etevilni paralelni procesor-
ji. Veak vozli%ini procesor vsebuje tkim. voz-
} kodnl soprocesor, ki opravlja funkeijo
identifikaclje (kot sprejemnik) in zbira v lo-
kalnem pomnilniku pravilpe podatkovno-prlivesne
ekupine. Ko &o bile v pomnilniku akumulirane
vse skupine, sproii kodnl soprocésor programski
procecor in pridruzi kasneje nove 16-bitne pri-
vaske k procesiranim podatkom.




Padjet) Oznaka © Cena Paraletizem Povezanost Pomnilnik PFocuso;-
Aceclerated Madet 10 E58000 4 do 12 skupib rekont igu- nl podatkov rnl podatkov
Processors 5 po § ALE rahitna
Allfant rx18 $270000 doe 20 vodilo globutni do fd-bitni,
Computler 64 Mzlogov MOS8, polfe
Systems ] vrat

I amelek sjslum 14 75000 16 do 236 hiperkoeka lokalni’, do 1G=bitni,

i Computer in vee 256 Mzlogo 028680287
e et et et e ———— e
Bott, Butlerfly $20000 1 do 256 preklopni deljenf in 16=-bitni,

Teranek & cin ved sistem lokalni MO 68000
Kewarn
Dencleor HEP 1 $1lmil oo 1 do 16 dvosmerna globalnl 64-bilni,
$dmil wa izvrSiluih mreza ECL
fzvrs. modul modulov
ELNS]) 6400 s600000 do 12 vadile globalni, Gd-bitni,
. z Fokaintmi ECL, palije

) do B0D Mzlo, vrat !
_________________ P o et e m A AR S W o e e e T = T S T e A T W T v TR R M A T A T e e e e
Encore Muttimsx $114000 do 20 vedile globalni, 32-bitni.
Comnputey lokalni do NR 32032}

’ 32 Mzlagov |
————————————————————————————————————————————————————————— e £ T R T W S e W e de o S T = --—-»--»--JI
Flexibile Flex-11% 150000 do 20.box, vodilo globalni,lao- I2-bitni, |

o Computer In vee 2480 wvsel kalni. #aM K& 3¢032 i
: Zl./kablnet .
_______________ Sy
Gemini Trusted $3473500 1 do & vedile deljeni, 1o- 16-bilni :
Cumputlers Multipte in veo katni. do RO sG i
Microcomp. 128 Nzlcgov |
intel LPsC $150000 do 32 do 128 hiperkocksa lokalni, LG~hitni, 1
Seientific - C 8520000 288 Mzlogov 80286 BOURT ,
Compiturs
——————————————————————————————————————————————————————————————————————————————————————————————— -z
Internatio- 1pP-1 E30000 I mojstor, krosbar globulni, I2-bitni '
nxl Paral- do 8 proe- preklopnik da 40 Mzlo-
lel Muchines cesorjev gFov
Loral Ins- Datarlla £65000 5 do 256 vodilo deljeni, lo- 16-bhitni,
trumentation in vee dataflow kalni do NS 22016
: proeesorjev . 14,5 Mziogov
Meiko Compirting §$220000 do do 12% 4 najbiia- iokalni, 4Bk 32-bitni,
Surface £300000 ) i1 sosedl zlogov na Inmos, T414
4 procesorje Transputer |
Multiflow ni podat- v obsagu veeregi- ni podat- globalni, vee palje wrat
Systems kov VAXa strski kov kot 1lGzleg
Neube NeubesTen £100000 16 do 1024 hiperkocka lokalni, do 32-bitni,
in vea 160 Mzlogov po narofiln
YLSIi
Saxpy Saxpy- 1M $ 2 mil 32 paratelne deljeni, do I2-hitni,
Computer Sistolidéna 512 kzlogov po narocilu
Soequent Balance s60000 do 12 vodilo globalni, do 32-bitni,
Computer 80290 -28 Mzlogov X5 32932
System
Sequola Sequoia $200000 do 64 vodilo globatni, do 16-bitni,
Systems System 252 Mzlogov MC 68010
Thinking Conneation ni podat- 64000 do hiperkocka globalni, 1-bitni,
Machines Machine Kov ioooo000 500 Mztogov po naro¢iju

Danex torej &e nl jasna,

pamnilniki§

katerl pafalelno ocbde-
lovalni standardi bodo prediveli.

do trino uspeinl paralelnil sisteml =z

nikom. Tu

Verjetno bo-
lokalnfmi

stvu je
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naj bi priili do izraza programi
sinbhronizacijskizi osnovnimi funkcijami (v

to starejsi slastem 2 znanimi
kljivostmi). Z2a razliéne aplikacije pa boda kat

v vozlif&ih. Hiperkocka je preved vselejd naibolj
i ) primarni posebnt paralelni
nakljuéna (zgol} kombinatorna) arhitektura, da sisteml. Paralelni esistemi bodo marali bitt
bi lahko prefivela (ramvita Je bila na kalifar- bol} natanZno prilagoieni problemom realnega
nijskem tehnoloikam institutu CIT). Nekatora svata. Kot doslej ne bo mogode sgraditi para-
podjetja {Cray} pripravljajo multiprocesoraka

glonteme 2 deljeniwm globalnim sistenskim posntl-

lelnega slutama, %{ bi bil primeren za vakerinjo
uporabo oz3irona 23 vsakriénje Lrildde.

i~
pomanj}~
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e Parsalelno proceslranje: =
- ‘regnlé&nort all fantazija? =
= =
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Paralelno procesiranje je kot zaklad,
glohoko zakepan v nail padzavesti. Ta =zaklad
obljublia mofne reditve tistlh problemov, ki
4ih =z danainjo radunalniike tehnologijo ni mo-
go¥e razreiiti, abljublja pa tudi reZevalno hi-
trost, ki jon  za nekaj wvelikostnih razredav
ve&ja od danes znanih.reZevalaih hitrosti.

ki e &e

Komerclalizactja zamisll paralelnega procesira=~
nija =se je ie zafela. Tako 8o npr. podjetia
Intel, Ametek Computer in NCube uresniéila
tkim. koncept 5 CITjevo hiperkocko [(glej prejs-
njo novice). Podjerje Bolt, Baranek & Hewman e
dobavlja . gvoej sictem Buterfly. Podjetje Thin-
king Machines e vedno razvija “drohnozrnati”
sintem E 640 procazoryl. Haseslvely Paralle]
Processor podjetia Goodyear Rerospace, ki ima
16384 procesorjev, Jje v uporesbi pri NASA Ze od
leta 1983. :

Haraffajinle Htevilo wavadnih rafunaliskih pro-
jzvajalcev, kot =o Segquent Computer Systems,
ELXSYT in Perkin-Elmer, &e wmodificirajo svoje
navadne multiprocesorrke sizteme za uporabo pri
paralelnem procexiranju.

Razlekovalne napore na pedrofju paralelnega
proceciranja flnancirata tud! DARPA in HNEF. Ko-
nec avgusta 19085 je celo podjetje IBM napoveda-
lo realizacijo svojega sistema 5 512 procesors-
ji 2z imenom RP3. Ta.sistem temasl3il na rezulta-
tih projekta ultrarafunalnika newyorgke univer-
L1 IBM razvija Ee Rest druglh razliéic za pa-
ralelno procesfiranje. 2teviln! drugl raziskao-
valnl projekti wze izvajaio v okviru akademskih
inetitueclj na podro&ju podatkovnopretodnih je-
zikov in strojev, ki naj bt se alternativno
uporahl jali v okviru paralelnega procesiranja.

Dve sili usmarciata pobude v okviru paralqlnaga
procesiranja. Prva je ugotovitev, da se zmog-
l1jivosti obleéajnih arhitektur npr. v okviru
VYLS1 tehnologii %e priblidujeje svojdi kon&ni
tocki iu da nadal jne arhitekturue lzbol jiave ne
dajejo wve& bietvanih prispevkov. Sama VLSI
tehnologlja pa je sproilla tudl povsem druga&en

prictop. Dobavljivost zmogliivih 32-bttnih mi«
kroprocescrijev pa Jje navedla na&rtovalce na
zamigel, da 1&¢ejo procesorie s skromnejiimi

ukaznimi zalogami, Na ta nagin je mogode dobitdt
cenene Inh hitre 32-bitne mikroptrocesorje, ki so

primerni za wa=ovno uporabo v paralelnem proce-
elranju.

V¥ najiiriem semantid&nem smiglu Je paralelno
proceeiranje prisotno praktiéno v vemakl radu-
nalniikl srhitekturt, npr. pri prekrivanju V/I
z aritmeti&nimi in logi&nimi operacijami. Druga
pomembna oblika paralelizma Jje cevenje (pipe~
lining) all prekrivanie izvajanja ukaza v arit-
metiZnid in Jogié&ni enoti z dosaganjem In deko-
diranjem naslednjega uvkaza v posebni ukaznt
enoti. Cevenje je bilo uporabljeng v rafunalni-
ku IBM 783@ Stretch Ze v letu 1961.

V mrefinih {array) procesorjih se lahko uporab-
liajo eploinejie sheme cavenja Iin v teh shemah
se Etevilne operacije prekrivajo v tkim. semi-
avtonomnih materialnih elementih. Te sheme pod-

plrajo navadno tudl vektorske coperacije, ki jih
najdemo v ratunalnikibh podjetja Cray, v super-
raédunalniklh {n v noavem valu Crayet (npr. Cone-

vex in Alllant Computers). Toda cevenje se upo-

. rablja tudi v va&ini nupecrminijev (npr. v DECo-
vem VAXu In 8608, v DGjevih MV, v Perkins-El-
merJevem  3200XP) in postaja cltandordno tudi v

noven valu 32-bituih mijkroprocesorjev. Cuvanje
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"Arhitekturna

‘procesor

tok,

v nakem rudunalnlku tako Ee re pomsni avtomati-
¢no, da je ta rafunalnik Ze paralelni sisten.

Trenutne poudarjanje paralelnega procesiranjia
Je usmerjeno Ee posebej na uporabe multiproce-
soreke (MP) in multimikroprocesorske (MMP) teh-
nologije =za namene paralelnaga procesiranja.
Ker wuporabljaje praktifno vsi paralelnl proce-
socji MP ali MMP tehnologljo, pa ni vsak MP ali
MMP avtomatidno tudi paralelni procesorskl . si-
stem. Nekalere multiprocescorske sisteme je mod
modificirati, da zmorejo nekatera bremena para=
lainega procesiranja. Sistem FX/8 podjetja Ac-
ton (Mass) ‘Je prvi ra&unalnik, ki =zdruiuije
moinosti MMP in paralelne procazorgke tehnolo-
gije. Ni enoctavno dolo&iti, all je Elstem “"na-
vadni®™ MP all "pravi®” paralelnil gistem.

Klarilfikacecil ja po nmnamenu.
Bistvena razlika v razpozriavanju eplo&nega mul -
tiprocesorskega sistema (8MP) od pravega para-
lelnega gpietema je tale: SMP sistemn 1zboljiuje
sietemekl pretok 5 prekrivanjen izvajanja &ta-
vilnih, medsehoino neodvianih opravil v raslie-
nih procesorjih. Posamewzna opravila rigo pospe-~
dena (8 paralelizmom); lahko so celo upocasnje-
na =zaradl znane multiprocesorske ohremenitve
(overhead). VYV paralelnom procesorskem sistemu
pa ®e Btevilni procemcoril uperabvljajo za moéa-
izvajanje delov nekega logi&nega opravila
in takeo dosegajo zmanjievanje ‘izvajalnega éasa.

To razlikovanje Jje pomembno in poudarja,
paralelni gsisteml primerni za znastveno in teh-
nifke uwporabo, kjer =zo cpravila zapletena 1in
eheeina, V/I pa je relativno ekromen. Trenutno
so v srediidu pozornostl razprave, all so para-
lelne arhitekture primerne tudi za wuporabo v
simboliénl logiki in umetni inteligenci. SMP
sistenl pa =p trenutno udinkovitejil v kemerci-
alnih okoljlh za epretno transakciisko obdela-
vo, kjer se od sistema zahteva vellko 3itevilo
neodvianilh opravil, ki so na splo&nc povezana z
vigoko diskovno aktlvnostjo in 2 nezahtevnimi
potrebaml podatkovne obdelave.

da Eo

k'l aelfika-
Trenutno dobavljive MP, MMP in pa-
ralelne arhitekture se sicer bistveno razliku-
jejo v arhitektonskih in implementaci jekih
podrobnostih, pripadajo pa tkim. razredu VUVP
{vedukazni tok, wvecépodatkovni tok). VGVE je le
ena od Etirih arhitekturnih klasifikacii, ki so
bile opredeljene e v letu 1966. Navadni! uni-
procesor pripada razredu EUEP {(en sam ukazni
an sam podatkovni tok). VHVP ohsega nomil-
nalno veako' arhitekturo, v katerl so medsnbojno
povezani &Atevilni in neodvisnl precesorji na
dolo&en na&in; geografske porazdeljena ra&unal-
nizke mreze navadno -ne pripadajo temo razredu.

c i ja.

Razred EUVP {(en sam ukaznl tok, veZpodatkavni
tok) Je doka] redek. Primer take arhitekture je
danes Ze upckojeni Illiac, ki je bil paralelni
¢ rojstno letnico 1872, -9 Illiacu je
razpodiljala centralna krmilna enota identié&ne
vkaze Kk 64 ildentidnim procesorskim elementam,
Sadobnejdi rcaZunalnik iz razred EUVP je Massi-

“valy Parallel Processor podjetja Goodyear Aero-

‘klagifikacija, ki je

Epace s 16384 procesorgkimi elementi. Razred
EUVP se na sploino priidteva k paralelnim proce-~

gorjem. Zaenkrat ni zanesljlvih podatkov o &e-
triem razredu VUEP (ve&ukazni tok, en sam po-
datkovni tok}).

Irnatosgt paraleldizma . Pa-

ralelizem je le redkoma prohlem tipa da/ne. Ra-
zliéni sistemi lahke imaio razlifne stapnie zr-~-
natostl paralelizma. Tristopenjiska sistemska

geploano prizfana,
razlikuje

~- drobnozrnatt,
-= grednjezrnati in
-- grobozrnati paralalizem,




- 8plo&na zamisel je,
ralelizem vazporednost na ukazni ravninl . (npr.
cavhe vektorsko procesiranje) ali celn pod to
ravnino, npr. na bitni ravnin!l {(sistem! Iintell-
gantncega  pomnilnika, kot ie npr. Connectlon
Machine podjetja Thinking Machinezs, glaj tabalo
1 v prejinjl novicl). Razli&ni precesorskt ele=
mentl ali cevne stopnje morajo blti uvsposoblje-
ni za usklajevanje (sinhronizacijo) svejih
ekcl ) v podmikrosekundnem &asovnem razdobju.

Srednjezenatl paralelizem najdemo
hkratnem izvajanju zaporednih zanénih
(DQ=-1oop lterations). .  Powebni paralelizacijeki
prevajalniki (kot sts Parafrase D. Kucka in
Alliantov Fortran) lahko reformatiraje ifzvad&un
v tem pomenu. Za podpuro te cheme mora  imeti
iavajalnl rad&unalnik sinhronfizacijske osnovne
funkci je, tako da je mogo&e postavljanje zasta-
vic in njlhovo testiranje v najved nekaj mikrco-
sekundah. Sinhronizacija Je bietvena pri upo-
&tavanju podatkovnih in krmilnih odvienosti,
tj. v primerih, ko podopravilo ne more hiti na-
dal jevano preden drugo opravilo nil opcavila {z2-
ra&una . podatkov alil vejitvenega nanlova all ko
procesor izvaja iteraclijo in potrebuje vrednost
indeksa za naslednin zanko. Ultraratunalnik

_newyordke univerze in IBMov RP3 vsebujeta po-
mambno funkcl jo fetch-and-op za te sinhroniza-
¢ijske namene.

npe. pri
iteraclj

Navadneo multiliprocesirca-
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da oplsuje drobnezrnati pa- .

nejiith pripomotkov za paraleliziranje

dalitviio proﬁlama v logi&ne podbloké, ki jlh
Ja . mogoée izradunavatil neodvisna enega od
drugega. Ta termin se uporablja navadno za opia-

sovanje obdelave medsebojino neoadvisnih opravil
v VUVP arhttekturili. Termin mnavadno multiprocas-
slranje razsteza spektar paralelnega procesira-
nja do ekotrema, ki navaja k intelektualni- pa-
sivnosti in vnada zmedo v terminolcogije. Ta tip
sictema je primer navadneéga all spleinega mul-
tiprocesicrania in ne paralelizma. Splogen MP ja
kabinetni sistem (IBHovi diadni in kvadratnt
sisteml 308X-3p98), supermini {(Tandem, ELXSI,
Parkin-Elmer) ali multimikroprocesorski rsistem
(8tratus Computar, Sequent, Arete ESyestems,
Flexible Computer, Encore Computer, En-Masse
Computer).

Omaniti velja, da je vrsta dobaviteljev, kot =o
ELX381, Sequent itd., implementirala modifikaci-
je gvolih arhitektur tako, da 50 te primerne za
prehod §2z grobozrnatega na srednjezrnali para-
lalizem. Tudl Perkin-Elmer pripravlja podobno
modifikacijo za svojo druZino 328@MPS.

Na Kalifornijski wunlvaerzi v Berkeleyu e
raavit siwulacijekl program za vezja,
Spice je eden najpepularcnejdih

bil
imenovan
in najuspel-
obetaje-
&ih programov na ugtreznoe modificiranih splo&-
nih multiprocesoreklh sistemih. Spice me inten-
alvno uporablja v razvoinih ciklih novih ra%e-
nalni&kih siztemov; v glavnem je napisan v je-

nje . Grobozrnat{ paralelizen se ukvarja = alku Fortran in porabl znaten delei procesor-
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Slika 1. poolugija hiperkoeke: vozltdéul procesorji so povoynﬁi z majhnim Stavilom soso-
dov (pri dimenziji m ima vsak procesar "' sosedov) in veak procesor v hiperko-
cki  je dostopen nepusrodonn ali skowi enega ali ves proeecsorjev: hiperkoeka  fe
znana tudi pod dmenom Kowienn Loekay pri dimenzifi Im je &tevilo procesarjey v
hiperkoeki enako 2, '




skega &asa, ko sibulira &ezjé 2 ved sto ali ti-.

goé procesorskimi elementi.
pira eamega sehe pri paralelizaciii, saj Je
ftevilo ., modulov glede na Ztevilo procegsor=
" £kih enot majhno, pa tudi enate fAlsa kompleksna
povezane 1in podatkaovno odvigne. ELXSI An
Mlllant porocata’ o uspednl paralelizaciji =&
progrémom Spice %e po nekajldnevni uporabi, ko
g0 bile doseiene bistvane lzbol jkave slistem-
skih zmogljivosti.

Spice odliéno pod=-

Podjetje Shiva Multlsyctems (Mountain View, Ca)
je ubralo druge pot. Za.svojega glavneqga jezde-
ca je proglagilo PowerSpice, tj. wezjo, ki je
razdel jenc na podvezja, ki €o med seboj rela-
tivno &iblkko povezana. Ta ppdvezja razredulejo
parnlelnb‘ {hkrati) dolodene probleme v multi-
procesgorskem ELletemu; tu se npr. opravlja pod-
mllisekundna sinhronizacija. Tako lahkKo Shiwva
vetavli &Eveoje programsko opreme v Sequent stro-
je, ko eo- t1 strojl opremljenl %2 & tkim.
Atomie Lock Memory, Kl je v bistvuo materializi-
vrani hitri pripomoek za =inhronizacijo.

Globalndili in lLekalni
nilnik. Na&in uporabe peomnilnika v pa-
ralelnih =sistemih je klju&na znadilnost za raz-
likovanje in veebine paralelizma. Pri
parazdol jenem ali lokalneém pomnilniku e pred-
postavl ja, da ima veak procesor sveoj lastni lo-
kalnl pomnilnik in da se sporazumeva z drugiml

procegorji 3 uporabo mreie. Sheme z arhitekturo.

hiperkocke pripadajo temu tipu. Kadar‘jéypomu
nilnik globalen, tored deljeni vir, imamo po-
dobne razmere kot pri splasnih wmultiprocesor-

sekih mistemih; primar takéne arhitekture je ul=-
traradgunalnik newyorske uvniverze. V 1BMovem RF3
in v Butterflyju (Bolt, Beranek & Newman) sta
na volje obe vrstl pomnilnika: globalni in lo-
kain!; pomnilnik Je tako dodan vsakemu vozlis&-
nemu procesorju 1n tudl veak procesor lahka do-
stﬁpa v nekatere dele drugih pomnilnikowv.

Glavna prednost modela z glebalnim pomnilnikom
je moinost le enkratne naloiitve podatkav (npr.
% diska); razlini procesorj! lahko potem “po~
iiljaje podatke in uporabljajo pomiilnik za
medsebojne sporoéanje. V gistemih = porazdellje-
nim pomnilnikom uvporadljo procesorji ved. &asa
za =sprejemanje za&etnih podatkov in 2z medme-
bojnim _razpo&iljanjem vmesnih rezultatov.

Porazdel jeni (zasebni) pomniini&ki sistemi lah-
Ko enostavno oskrbujejc veliko &tevilo proce-
sorjev; v sistemih 2z globalnim pomnilrnikom je
ftevilo pracesorjev bistveno odvisno od znadil~-
nostl medprocesorskega povezovalnega vezla.

Prakti-
mnultiprocasorski
vodilo za medsebojne

Po.vesovalmni ‘sisgtem.
éno uporabljajo vsl sploénl
gigtemi neke vrste skupno

pnvezavo procesorjev " in pomnllnega sistema.
Vodila k0 saveda zglo draga in tako je navadno
itevilo procescrjev omejeno na 2&. Tudl krog-

‘bar stikala so nad tem &tevilom procesorjev ne="
Paralelnl sistemi,

primerna zaradl visoke cenae.
kil imajo 1806 all 1@#0@P@ proceszorjev tako ne more=
3o uporabljatl skupnega vodila alil krogbar =ti-
"kala. . : . .

Na prizorigsu paralelniﬁ sistemov sta se
1javili dve povezovalni shemi.
penjska mre%a,

uves=
Prva je veésto-
ki Jo najdewo v ultraradunalni-
ku, . v RP3 in v Butterflyju; ta mrefa povezuje
veak procesor z .vsakim pomnilnim modulom, in
eicer tako, da vstavl dve ali ve& ravnin vmes-
nih prekloepnih vozli&d. Podobno kot v telefaon-
eki mreZi je ktevilo takih vozlik& majhno v
primecjavi = ¥tevilom moZnlh oddajnikov (proce-
sorjev) in spejemnikov {(pomnilnikov); = primer-~
no lzbiro wedvozli&dnih povezav je mod dosedél,

da obstaja vsaj ena pot med oddajnikom in spra-

Jemnlkom.

pom -
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Druga shema se uporablja v hiperkocki in
so povezovalnl &lenl med procesorjl kar
sporji sami {g9le} =llko 1). Vsak procezor je po-
vazan samo z doloéenim atevilom sosedav. Homu-
nikacija z oddaljenimi (nesosedskimi) procesor-
34 3Je mogoéa le skozi eno ali ved vazlii® z na-
&zinom "shrand in po&lji naprei.”

Tretja povezovalna shema 3je drevesna in se upo-
rablja v Columbia Univarxity NoanVen, v projektu
Tirmilab'e Advanced Computer in v podatkovno~
baznem stroju Teradata. 2
valne razii&ice je omejena zaradli
vila rafunalnih procedur, ki jih
&éinkovito preslikati na ta model.

majhnega Ete-
je mogodée u-

atek prregled dose £ kow
alelnegqgas procesdran3ja.
prejinii novicl smo v tabeli 1 prikazali .do-
seike na podroéju mrefnih (vektorskih) ra&unal-
nikov. Tu dodajmo in dopolnimo prejénje podat-
ke, R .

Kr
pr
\

Ultraraéunélnik nevyocrike univerzeilma klasifi-

kacl jo HMP/VUVE/globalnl pomnllnikki sistem =z
nedsebojno ' procesorsko povezovalno mrezo tipa
ome@ga. 2Z2a razvoj tega rafunalnike je blla samo

v letu 1985 dodeljena dotacija $2,5 x.1l, razvi-
pa %o ga b let . v Courantovem " institutu
newyorkke univerze. Doslej so zgradili csemvoz-
li&&ni prototip, v vozlid&&ih pa g0 uporabili
praocesgar je MC68A1P. 0o leta 1992 naj bi zgradli-
1i na tej osnovi 4896 wvozli&&nl sisten. FProjekt
vodita prefesorja Allan Geottlich in Malvin Xa-
los. .

Zna&ilnost ultraradunalniike povezovalne mreie
je moinost razvrifanja paketov & konfliktniwi
tj. tistih, ki so prispeli na enaka
i:todna.vrata. Pri mreizah brez vmesnikov so pa=
gledice . takih -konfliktov ponovno poEiljanjie
paketov Iin zniZanje u&inkovitosti. .

najpomembnej&ih doseikov ultrarsdunalai-
Eke povezovalne mreie je mehanizem za sinhronl-
zacijo pomnllniikega dostopa, ki se
vzemi-in-dodaj {fetch-and-add ali F&EA). Ta me-
hanizem je poeploienje atomarnih (neprekinlji-
vih) operacl] tipa preizkusi-ipn-postavi (test-
and-zet), Ki se navadno uporabltjaje za manipu-
lacijo . v pomnilniku nameiZenih semaforjev pri
koordinaciji dostopa k delj=pim. podatkovnim
strukturam alf v kritiénih-ukaznih obmo&jih.
F&A vrne predinjo vrednost celodtevilske spre-
ménljivke Iin pridteje k njej nek inkrement v
fiakem atomarnem zaporedju. FB&A se lahko upora-
neposredne za samodejno razvrkanje ved
procesorjev, ke se ti indeksiraje v skupni iz-
vajalni vrsti. ’ .

imenuje

.V avgustu ~1985 je IBY fdrmélno‘napoveﬂal razis-

fizdelkih podjetja.

kovalni projekt paralelnega procesorja.
poudaria,

IBM
da je RP3 gamo raziskovalni pripomo-
ek in da ni vkljuZen v noben trenutni proiz-
vadnil na&rt, da pa bodo doseiki te’ razliskave
verjetno wupoi3tevani v komercialno dobavijivih

Nova lhstﬂost RP3 ¥ primerjavl 2 ultrarad&unal-~
nikom je v tem, da ima IBMov sistem v vozli&&ih
pomnilnike z obsegom do ¢4 Mzloge. T1 pomnilnikt

go uporabliivi kot lokalni, gloebalni ali kot
_obojevrstni pomnilniki, njihova delitev pa =e
doloZa dinamitno v izvajalnem &asu. To naj bi

razlgkovalcez omogodilo ocenjevarje =zmogliivo-
stil sistema pri razli&nih pristopih. -
Povezovalna‘kteié v RP3 ima dva podsistema, in
Blcer mre%o tipa banian, kil =e uporablja pri
nalaganju . in shranjevanie in mrefeo tipa omeqa,
ki wvsebuje logike in pomnilnik za operacijesko
kombiniranje. RaZunalnidka vazlisi&a v RP3 bedo
uporabljala poseben riscovskl procesor, ki ga
je razvil IBM v FET tehnologiji. Cil} trenutne- .

P

Privla&nost te povezo- .




ga projekta je& razvoj 64-vozlliénega podeiste-
ma 512-vozlikdnega sictema. IBM ocenjuje, da bo
5E12-vozli&E&éni RPI dozegel hitrost 1,3 milijarde
ukazov ha sekundo In B8P3 Mflops. 19 powmembnih
aplikaclj wse de uspainn lzvaja na RP3 Iin z4&
konverzijo programov je potrebnih le neka) dni.

Druga zanimiva arhitekture je hiperkocka (tudi
kozmi&na kockal. Ta athitektura temeljl na Zib-
ko povezanih VUVP siutemih, kjer ima vsako voz-
liZée &voj zagebn)y pomnilnik, ki Je dostopen
tudf{ za neposredne sosede prek dvosmerne secii-
eke povezaveé. Obstajsa pa tudi glebalnl kanal,

po katrrem dobivajo vouli&ata svoje prograne ad

kemilnega radunalnfka in po katersm vradajo

svoje rezultate. Ta koncept je bil prvotno raa--

vit v Pazadeni na CIT. Arhitektura je  dobila
svoje Ime po naZinu vozlifine povezave (glej
eliko 1).

Dva hiperkockasta modela sta bila doslej zgra-
jena na CIT, wuporabljata pa procesorje 8986,
Tretjl model je bil zgrajen v Pasadeni v Jet
Propulsion Laboratory 2z vozliZ&Eniml procesorit
68020 .

Intlaov 1PSC {okraj&ava za Intel Perzonal Super-
computer) jJe vedilni komerclalnl izdeliek =z ag-
hitekturo hiperkocku. V vsakem vozliZ&u IPSC se
nahaja vprocesor 88286 s koprocesarjem 88287,
upurapl ja pa se taktna frekvenca 8 MHz. Medvoz-
11ZZno komunikacije =o dvosmerne ln bitnoserij-
seke pri hitrosti nad 1¢ Mbit/s in ge lzvajajo s
pomocio Ethernet vezja B826586 v voakem vozrlisgdu.
Intlovl preizkusi Katejo, da zZmore vesako vozli-
&e hitrostl wed 35 kflops do 58 kflops.

iPSC je dobavliiv v izvedbah 2z 32, 64 Iin 128
vozlid&l, njithove cene pa so 51500003, $275008
in $52@298. Intel uporablija trl take =sisteme,
14 pa jih je hilo dobavlijenih velikitm narodnl-
kom, '

Drugi ristem & hipackocko proizvajz Ametek Com=-
puter (Arkadia, ¢Ca). Tudi ta sistem uporablja
koembinaclio procesorjev 89286/287 v vezlil&ilh
in se izdeluje v izpeljankah = 16, 32, 64, 128
in 256 vozli&&l. Vsako vozliide lahko ima do
1Mzlog pomnilnika, ima pa tudi &e proceser
BR186, ki je namenjen medvozlizZanli povezavi in
erotokolom, Cene se nekollko niZje kot pri
Intlu.

Oweniti velja Ze non-vonskl projekt Kolumbi jske
univerze, kil tewmelii na velikih procesirnih
elementlh, ki =8 nahajojo v vmcocsnih korenilh
binarnega drevesa, kjer so binsrna drevesa
majhnih procesirnih elementov. Thkim. wvelika
vozlii&a imajo zasebne ponnilnike in V/I zmog~

ljivosti; ta vozli&Za o medzebojno povezana in-

g0 kontrolirana z vadunalnikom VAX 11/78@. Maj-
hni - procesivrni elcmenti zo sestavljeni iz 4=
bitnih procesorjev in RAMa 8 samo 64 2logi in
delujejo kot inteligentnil pomnilnli stroji.

Sploé&na operacijska zawisel tega sistema je, da
delujejo wveliki procesirni elementi kot VUVP
Fistemi, ki wusmerjasajo ukazne tokova k majhniwm
procesicnim elementom; ti pa delujejo kot EUVP
glstemli. Tako =e lahko &tevilna binarna Iska-
nia, ki =0 znadilna za umetno inteligenco, iz-
vajaje paralelno.

Bostonsko podjetje Bolt Beranek & Newman dobav«
lia paralelni procesni sistem Buttecfly, ki je
namenjen wuparabl v umetni inteligencli. Sistem
lma 266 vozli&&, ki 50 povezana s tkim. metulj-
&no mrazo, kil je izpeljanka mrede btlipa banian.
¥ wvozltZz&ih ee nahajajo procesorji 68020 ¢
pomnilniki od 1 do 4 Mzlogov. T1i pomnilniki so
lahko dastopani lokalne in globalno. Veak
procasor izvaja pozebno koplio jedra operaci]-
skega sistema, ki g8 nahaja lzven lokalnaga de-
la njegovega pomnilnika. Dosled je bilo insta-

Iiranih 2@ teh sistemov, 4% pa je 2e naroZenih.

Pad jet je Connection Machine prodaja drobnozrna-
ti sistem, katerega arhltektura naj bi bitla
primerna za lispovski straj; vsebuie 64400 pro-
cesorjevy ozirowa viozll&& oziroma natandneje
{nteligentnih pomnilnih vozli#Z, ki 50 encbitni
procesorjl & pomnilnikom 384 bitov. Povezovalno
vezje Jeo tipa n~kocke (hiparkocka}, metoda spo-
ro&ania pa je drugadna.

Projekt Cedar ' fllinoi&ke univerze 1izviras iz
prevajalnika Parafrase, ki lahko strukturira
fartrangki program v "usmarjene krmilne grafe,™
kjer= je veako vozlikée grafa opravilo, ki bo
igvajane, veilitve pa nakazulelo prednostine re-
lacii» in podatkovne odviznosti. Namen projekta
Cedar je gradnja multiprocerorske konfiguracije
za paralelno izvajanje vozll&Z dobljenega gra-
fa. Projakt vodi prof. David Kuck.

MITjeva raziskovalca (J. Dennig in Arvind) sta
zacetnika dela na podro&ju radunanja 2z modell
podatkovnega pretoka. Takien model onogoda pa-
ralelna isvajanje drobnozrnatih nnravil pr§
uporabi posebnega funkcionzlnegs all aplikativ-
nega jezika, ki je vigoke strukturiran in veli-
ko bolj omejen kot visokl Imperativni Jezik
Fortrane. Parolelizem se doseie s konverzijo
programa v usmerjenl podatkovnopreto&ni graf,
kKaterega voziiila o +&isbe funkeidje {brez
stranckih uéinkov) In katerega poti (loki) pri-
kazujejo podatkovne odvisnasti. HKonverzjlja se
dosveie 2 jezlkovnim prevajalnikeom {n uporabni-
iko sodelovanje ni potrebno.

Podatkavnopreto&ni ra&unalnik ima vegd izvajale
nih enot razliZ&nih tipov (npr. 2za sei3tevanje,
oditevanje, mnoienje}) in programsko krmiljend
procesor. Izhedi vseh lzvajalnih enot se lahko
poveiejo na njihove vhede = preklopno povezo-
valno mrefo. Program, ki poganja krmilni proce-
sor, Je dolodena predstavitev podatkovnopretod-
nega grafa. To ni sekvené&ni program: ukaz po-
stane izvr&ljiv, kakorhitra o prisctne wvse
vhodne vrednosti ns izhodih ustreznih ifzvajal-
nih enot. V tej to¢kl se ukaz lahke priredl
izvajalni enctl s povezavo lzhoedov na vhode te
enote. Veliko vkazov se lahko i2vaja paralelno
v razli¥nih izvajalnih enotah.

Trenutno je v razvoju ved podatkovnopreto&nih
rafunalnikov; taksen &troj se razvija na MIT,
pri NIT: { japonsko podjetie) pa Sigwa .. FRazvi-
tih Je bilo tudi ve& podatkovnopreto&nih pro-
gramirnih jeszikov. .

Najbolj kriti&éno vprasanje poralelnega procesi-
ranja je, ali je mogode podatkovnopretodne me-
tede wuspeisno wuporablti prl redevanju potraeb
komercialne obdelave podatkev. Nakljuéne razis-
kave kaZejo npr., da bi bjila priprava pla&ilnih
list idealna za paralelno procesiranjes plaa
kakega =zaposlentga se namre& ra&una neodvisneo
od drugega zapeslenega; t4i lzrsiar? Pbi  tako
lahko potekali paraleino na ved precesorjih.

VYendar se tudi pri paralelnem procesiraniu lah-

.ka pojavi problem zasedenosti V/I virav. ¢&e

preved procesorjev &aka na V/I, postane vellko
itevilo procesorjev nesmiselno. Podoben je pro-
blem pri paralelnem sortiranju zbicrk: sortira-
nje je lahko paralelng, bralni &as zbirke pa je
predolg Ln tako je paralelizem brez pravaga po-
mena. Cale pri znanstvenih in tehniZnih proble-
mlh, kjer je obilo paralelizma, obstaja gornja
meja izbol jidanja zmogljivosti. ¢e je v programu
mogoda paralelizicrati niegovith 96% in ortano le
6% ~sarijskega dela programa, bo pohitritev g

‘- paralelnim lzradunom lahko kve&jemu 20-kratna

neglede na itevilo proccsorjev in njihovo hi=-
trost. Vendar je navadno moyode paralelizirati
le 208% do 39% programa.

Navadno je potrebno pisatl programs v obliki,




iz Kkatere je razvidna priscinost ved procesor=
 jev, kar micer dodajanie all pdvzemanie proce-~
sarjev (vnzlinl) ni trangsparentno. Navadno Je
sempegode cpr“'1+$ meltiprogramicanje, ! 44, dina~
mitno delitev komplekga za paralelnn .izvajanje
oziroma na necodvisna opravila. Vendar se na&r-
tuje, da bo 2z RP3, Butterflyjem in hiperkockami
nogode pokazati, da je taka dinami&na delitav
mofna. Ve&krat paralelni procesorii ne morejo
delovatl neodviena, saj se obravnuvajo kot pe-
riferne naprave glede na gostiteljski radunal-
ik, ki razdeljuje programe in podatke po voz-
1i&&ih nmrefe in zbira rezultate.
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Glavna ovira v napredovanjﬁ paralelnega proce-
siranja je poman jkanje u&inkovitih upocabnlikih
razvojnlh orodi} in pomanjkanje paralelnih
‘pupravijalnin {(debugging} sistemov. Fodatkuvuuv-
pretodni gistemi obljubliaio nekaj v tej =mers,
vendar &o ti- sistemh drugacde omejeni (prepis

abztoje&ih programov v nov jezik). Mehanl&no 3e
mogode paralelizlirati fortranske programe, ven-
j& to psralelizaciia na nizki

rawal.

A. P. ZelezniKarvr

NOVICE IN ZANIMIVOSTI

A TR E N ECEr ST E SN ST CEE S SN S ST SrEEECESIETRSTERSOS
= IDA In Japongka ukinjata carine =
R FErFR R R E N EENEEEdEa N TS aSE ST CSIrIoErSSSsonCo oo EOnE
ZPDA in Japoneka sta podpisall sporazum, s kate-
rim ge uvkinjaje carine na podro&ju ra&unainiit-
va. Z0DA ge obvezujein, da wkiniajn carine (na
#%) za raunalnléke komponente 2 izjemo prika-

zovalnih elektronk. Kot protiusluge ukinja Ja-

ponska carine za rafunalniike komponenta, peri-
ferne naprave in centralne encte. Pred tem spo-
razumom &0 bile carine 2a te izdelke na  obeh
straneh v obmo&iju 4,5 do 6%,

EECEErTETC TN SN ELEC S ENOSECOSESSCETNEESESSmSSSEESEDR
= Siemene ge hiiro razvija =

V preteklem poslovnem letu 1984/85% javlja pod-
jetje Siemens prihodek 51,7 wmililjacrd (M) DM
{plus 7%). Doma so naroéila narasla za 2% na
23,9 MDM, 2za inozemstvo pa za 12% na 27,8 MDM.
Nadpovpredna
energetski in avtomatizacijski tehniki, komuni-
kacijeki in podatkoevni tehniki kot tudl v nedi-
cinskl tehnpiki.

EC D T R S EF LR E NS EEGEEEC Lt ECo oo S EEREDSESSc=
= V¥V izdelavi je superradunalnik z =
= 61,4 gigafiops =

Na prinéetonski univerzl razvijajo superradu-
nalnik, ki naj bi bil najzmogliiveijdi na svetu,
Ta ra&unalnik naj bi imel 128 wvozliiié-in.naj bi
dosegel hitrost 61,4 willjard operacii v plava=-
Jo&l wvejici na sekundo {(gigaflops) in trajno
zmogljivost 51,2 gigaflops. Povezava med vozl]-
#21 temelji na tkim. arhitekturi tipa cosmic
cube, ki Jje bila razvita na Kkallfornijcken
tehnoloikem institutu. Doslei =o rasviili hitro
16-krat-16-krat-32-1linijske mreio za prencs po-
datkov med vozliiéi. Ta mreZa ne zahteva dodat-
‘ne pedpore (no overhead) pri medprocesorskih
- kenunikacijah, V vozliidu bo uporabljenih do 2¢

32-bitnih procesorjev tipa Am2932% {emitorsko
ckloplienl procezoril za operacije v plavajoit
veiicl) 5 taktne frekvenco 28 MH=z, Vsako. voz-

1i%%e bo imele trajno azmogljivost 4@@ Mflops in |

vrhunske zZmogljivost 480 Mflops (to Je trikrat
ved kot sistem Cray-1}.

rast prihodka Jje bils doseiena v,

0b tem se pateti&noe postavlja vpradanje,

Minilo Jje le 5 lot, ko =0 v centrali podjetja
Voest v Linzu rlovesnn najavili, da vstopajo na
podroéje mikroelektronike. Danes pa se avstrilj-
ekl politikl, gospodarstveniki ip majhni davko-
plagevalcl ustavljajo ob rulevinah diverzifika-
cljske strategije najveéjega avetrijskeqga kon-
carna: mikroalektronska aktivnost tega koncerna
lzkazuje velike izgube.

Vetop podriavljenega jeklarskega Xohcerna v
polprevodnifke tehnologijo je bil fe na samem
Zaluiihu problematiZen, Poslovni in Luhinolodki
partner Amerlcan Wicroeystemr je bil 3Ze pred

-otvoritvi jo skupnega obrata v Unterpremstaetten

pri Grazu absorbiran v podjetje Gould. Austria
Mikrosystems fivotarl 2e od samega za&etka,
medtem pa je tudl podjetje Gould zaZlo v rdede
Eteviike.. Prl tem velja poudariti, da se¢ triif-
&¢e vegzil] po narocilu, ki je bilo domena ameri-
ikega partnerja, stalnp povefuje. Varoke neou- -
speha torej nl mpgoée iskati na triidZu.

Podjetje Siemens je opozarjalo %e na samem za-
cetku, da naj se jeklokuharil nikar ne lotewvajo

stvari, ki 3jih ne razumejo. ' Vendar je zaiel v
tefave tudi Siemensov bel jasdki polprevodniikt
obrat. V trenutkue, %o so odprli "256-k-obrat,"
ww . Jj& podrio- svetovno pomnilniZko <itril&ce.

Glavni OEM partnec IDM je obZ&utno zmanjial . svo-
ja naroé&ila in rezuitat je bil zZnan: Siemens jw
v Beljaku uvedel skréjéani delovni ¢€as. Direk-
tor in soustanovitelj tega obrata se je takojd
pragelil v Braunschwnig, seveda 1z go zem oseb-
nih razlogov:.

all je
Austro-Chip res pred lzumetjem. V podjetiu
Voest je poloiai mikroelektronskega obrata pov-
sem nejasen-tudl zaradl i1zgub tega podjetja v
drugih njegovih branzzh. Podjetje Siemens lahko
redl finanéno poloia) svojega beljaikega obra-

ta le z "modrim o&esom.” Vendar so pri Siemensu
¢e vidni znaki umika s podroé¢ja pomnilniZkih
vezl) na prolzvodnjio vezij tipa Telecom in
ASIC. :
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-gubna mo& pa 1, BS L

Dva ameriiks preoizvajalca sta zaZela v
visckozmogljive = E-~1/d-colgke vindestrske
diskovne enote vgrajevati tudil kemilnike in sta
tako doszegla tkim. SCSI implementacijo. Ta pro-
izvajaleca sta Maxtor Corp. in Priam Corp. iz
San Joseja v. Kaliforniji. Maxtorjeva druilna z
oznaka YXT-3APP ima pomnllni obseg 179 all

Mzlog & popre&nim &asom dostopa, 30 ms. Cena teh

enot bo pribliino 19S5 na Mzleg. Priamov model

725 ima obseg 25% Mzlog in &as dostopa 28 ms.
Cena teh enoz bo $2185 pri 18pPP Kosih:

EETSETTE EERS -2 % &1 LE 22 2 22 2 3 3 2 R-X 2 AR B R BB 1§ 3

Svetovnl hitrostni rekxord B

=

1

¥ Bellovih laboratoriilh gradijo tranzilsior =

&asom preklopa 5,8 ps.
¢ja od hitrosti 2,7 ps,
pri podjetju Honeywell. Ti tranzistaorji so
izdelani v Gais in AlGahs tehnolegiji. Ta hi-
trost je bila dogefena pri nizkl temparaturi 77
stoping Kelvina., Pri eobnf temperaturl znaia
preklopna hitrost tranzistorja ie 1d, 2 p&, iz-

Ta hitrost 3je za 32% ni-

ki 51 Jjo lani dosegli

evoje
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PRVO OBVESTILO O SEMINARJU "MIKROFILM V PRAKSI", KI BO V LJUBLJANI NA
GOSPODARSKEM RAZSTAVISCU 19. IN 20/4-1983 '

1. dan:

Skupne teme:
- Mikrofilm v informacijskih sistemih

Vrste mikrofilmov in njihova uporaba

Razvoj mikrofilme v svetu in pri nas

Mirkefilm ket sredstvo organizacije in
recionelizzcije poslovenja z dokumentacijo

Arhivska trainost dokumentacije ra papirju

Pravni vicik mikrofilma in moZnosti
ponarejanja in poneverjanja mikrofilma

2., dan:

Skupna tema: Povezava radunalnika in mikrofilms

Seminar A: Uporaba mikrofilma v splodni poslovri in drugi dokumentaciji

- Uporaba mikrofilms v komerciali, sploSnih sluZhah, kadrovski
evidenci, ra¢unovodetvu ipd.

- Uporaba mikrofilma v javni upravi, srhivih in delovnih orga-
nizacijah ter ustancvah, ki imejo traino dokumentaci jo

- Uporaba mikrcfilma v bandéniStvu, SDK in podobnih dejavnostih

- Ogled mikrofilmskega centra



Seminar B: Uporaba mikrofilma v tehniéni dokumentaciji
- Uporaba mikrofilme v tehniéni dokumentaciji
- Pripreva dokumentacije za mikrofilmsko obdelavo

- Mikrofilmeka obdelava tehnidne dokumentacije, razmnoZevanja
in sluzba sprememb

~ Praktilni prikaz uvedbe 35 mm filme v poslovanﬁe z ogledom
mikrofilmskega centra

Seminar C: Racdunalnidki izhcd na mikrcfilm
- Uporaba (OM sistema za izhodno enoto radunalnika

- Pripreva in organizacija dokumentacije za prehod na radunalnisko-
mikrofilmeko obdelava

-~ Racionalizacija poslovanja s COM-om in razvoj COM sistemov

- Praktidéni prikaz uporabe radunalni8ko - mikrofilmeke pavezave z
ogledom mikrofilmskega centra

Za vse informacije o seminarju se chrnite ra tov. (UFER Stanka, RSNZ SRS
Kidrideva 2, Ljubljana, tel. 325-3€l.



