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A mode! of complex job control
compter systems
by Ziizisiat? WHZESZGZ

Aba tract

Jrinclpal notion in building the model of oomplex Job control (CJC) systems 13 based on
matching the struoture of a computer oontrol means to the structure of controlled activity
despite the fipld the activities oome from. For those reasons vie started with on abstract
form called operation, a primltivo element of activity. The operation and a concept of time
nrderring aro taken as constituents for structures suoh as simple activity and complex aotl-
vity. Then an abstrnot operation dcvioe oalled OpDevioe is introduoed. Using the OpDovice
construction we obtain sort of bridge towards sequential process i.e, the control form of
operation, thu3 the control form of aotivlty. Hcnoe the sequential process iIs a representa-
tion of a simple aotivlty (simple Job) and complex aotivity is nothing more but a ooopero-
t.ion of sequential processes. The definition of a CJC system behavior may then be done using
appropriate computer language. As the CJC language predecessor the CSP concept of Hoare is ta-
ken. Several examples of complex activities aro presented by mean3 of the CJC language. The
examples are ohosen so as to show up the system management constitution. A complex system con-
tains:

e, CJ process - a coordinated bundle of JobProcesseo,

0 IP process-an interface between the CJ process and the USKR,

© USPR-a human manager of the system, > -

© F"" an AX DBS type controller for oonsooutlve eotions of the CJ process.

Short presentation of these systems constructions i3 given. The system model design relies on
a philosophy aooording to which the CJ processes are responsible for the routine tasks and the
ir lellif supervisory part of oontrol is dedicated to USER equipped with a Ti53.

1. INTRODUCTION
Computer automation of complex human activities is a problem which has been absorbing

the attention of computer scientists and engineers a long time. Here the computer is treated
os the mer.ns to integrate complex activities.- Main part of the research is observed in automa-
tion of manufacturing (14) , 131] . Other examples oome from design engineering [3] , office
activities 121 ], (291 general medioino practice (35 1, intensive therapy (19) to quote only
some prominent examples.

Tic ere assured that the computer integrated automation may step almost into every field
of human endeavor; it may free the human from doing routine .Jobs, thus allowing more time for
real creative occupation. Owing to the constant progress in computer technologies, especially
in VLSI technology [37], we are able "to obtain the computer parts (prooessor3, i/0 devices ‘etc)
in a form of small dimension nodules with oomplete function repcrtoir. Such parts nay be built
into on operation device. Looal area networks ore teohnical means for communication among dis-
persed processors (28 ] .



Principal notion in building a model of oomplex Job oontrol systems Is based on matching
the structure of computer processes to the complex aotivlty structure. Such an approaoh allows
for treating the problems of aotivlty management in the domain of sequential oomputing processes.
This delivers u3 the possibility to formulate problems of complex Job oontrol in a hornogenio way
despite the diversity of fields from which the Jobs oome.

Prom the methodological point of view our model is an abstraot representation of real
object behaviours. The model encompasses suoh elements, properties and relations which are im-
portant to a purposeful behaviour of entities and animated devioes. Thus the analogy between
the modelled object and the model has the character of functional Isomorphism [18].

2. Sljim.S AND COMPLEX ACTIVITY STRUCTURES

I lat lishing the structure of a oomplex activity is 3 matter of decision made by the
uotivity real!Kittion organ!xer. Simple activity (simple job) ha3 been the subjeot of study
dhoe %V11Il-th century. Immanuel Kant describing the human activity [1 ] distinguishes a beha-
viour factor calling it a generalimperative of activity. According to Kant such imperatives
appear n i1 practical conseqgnenoe of 3cicnoe and the imperatives dictate the proper way how to
do, my a gt«oa oontniner whioh will not break despite pouring the hot water in it. The particu-
lar way of doin- such fi container is the consequenceof knowledge in chemistry and meohanlos.

«/. M-n technology allows to describe prooisely the operations necessary to obtain different
sort of toata in the field of human activity. The operations are the most primitive entitles of
an activity organization. To discuss the nature of operations re assume that an operation is per-
formed by rotor which may be either a device or a human operator. The operations are purpose-
ful acts; the purpose of any operation performance is to influence and estimate the behaviour
status of defined object -n the world under observation (world ff). The objeot status is defined
by an established sot of characteristics of the objeot. The status ohange due to an operation
realisation takes form of a time function, possibly - many valued time function. So when we say
of observing an operation OPi we In fact observe either the status change of a defined point
( =" of the world V or the operation actor status change as the actor itself is also a member
of the world 7.

The performances of operations (time depondent status changes )are ordered in time so 33
to build simple activities and these in turn compose time structures called oomplex aotlvitie3
(complex jobs). To present the simple and complex activities in a r,ore oonvincing (quantitative)
way we Introduce the following definitions.

OPi - the name of an operation; ;
sOIT - OPi operation status change in time;
- a representation of OPi behaviour when the operation is realised;

8sOPi - an event of thebeginning change of the operation OPi status;
sOPiS - on event of the end change of the operation OPi status;

tSsOl”1, tsOPii - the time values for which the events 8sOPi, sOPi§ appear; the time values are
real numbers.

# To establish the time precedence relation between two operations OPi, OPj

son —-v 30PJ .1)
the following clause must b* tru«
{t8sOH < t>0Pi5 < tisOPj < tsOP;}8 )
The operation performance end times are difficult to predict, end also the operation perfor-

mance duration -1sOP 1 8sOPl may in principle, acquire different waluea for different realiza-
?:ations.



s Performances of two operations OPi, OPj are oonourrent
sOP I sOPj 2.2)
if andonly"if

(- (sOPi  — SOPj))A n,(sOPJ —  sOPi))

Osins the above formulae we oan describe a simple aotivity J composed of operations taken
from a set OP = (OP™ ....jJOP™) if we establish for every pair of operations the time precedenoe
reletion(2.1). The simple activity J has then a fir3t operation- realization sOP<E defined by,
say, OP~ , a second operation realization sOP* eto, in relation 2.1.

o two simple activities J1, J2 ore concurrent

J o1 J2r {2.1)
if andonly if there exists sOPl1l e J1 and sOP2 e J2 suoh that sOPi |l sOP2.
0 Complex aotivity CJ isa set (J1,,,-,IM) of oonourrent simple activities denoted as
= J1 0132 || ... M .A
which means that Ji || Jj for eaoh 1 < 1i,j <M.

Op to the moment we can say not to much about concurrency among the operations next to
the first operation performance. The simple jobs in a oonourrent activity may start together but
they may proceeds with their own time rate provided there are no other restrictions. The restri-
ctions may appear as a consequence of communication among the simple jobs in the complex. This
Is the problem we intend to present more thouroghly in the following ohspter3.

Simple constructs, such as the operation,must be managed by simple means. We assume that,
despite their highly differentiated tasks the operations have the same primitive form dictated
by structure composition demands. Assuming an automated performanoe of an operation we assign it
the._following attributes;

1 Rvery operation is performed due to a speoial aotor dedicated to the operation type.

2 Operation performanoe may be commenced only in response to a signal InSgnl oomlng from
outside the operation aotor.

1 When an operation performanoe is ended an output signal OutSgnl is generated by the opera-
tion aotor,

A Two operations OPl, OPj are in time precedenoe retation if the signal InSgnl is generated
to OPj after reoeiving the OutSgnl from the operation Opi.

The above four simple attributes are sufficient to establish necessary activity atruoturea
i.e, simple and complex jobs. A meohanlsm must be formulated to receive the signals InSgnl and
to generate the signals OutSgnl inside every simple aotivity and among the activities.

The described concept of time ordering allows for running a complex sotivity in a fully
asynchronous way. The courses of activities depend completely on oourses of their components -
operations and the oourses of operations may depend on conditions being external to the oontroli
Thus the aoceptsd approach allows for

- running an aotivity aeoording to its natural stimuli,
- elimination of olooks in every control process and the problem of synchronization.
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Suppose the operation task is to draw a line 5 units long, laid at 45° to the ax +X.
So the signal InSgnl received by the plotter should carry the following .values

XqyqQqQgqqQqqxz -

OnProoadura LINE (X1, Y2, X2, Y2: INTEGER);

(* Declaration part *)

var
Twur, A ,13,jcjh INTEGER}

@ Computation part »)

begin "
Tvars= 2 *(y2-yl) - 2-X1D)t
Al 2 % (y2-ylD):
=2 * (y2-yl) - (x2+xD)s
y-*vyis
Effector step computation *
tSX xla x1+1 to x2-1 dp
begin -
if (tvar<0) then Tver: = Tvar+A
else Tvar:j= Tvar+B ;
y:=y+l ;
Cn Effector step driving part )
InSgnl (x,Yy)
OutSgnl

end;

end;
(w End of operation *)
Figure 3,2 Operation prooedure example for drawing LINE of arbitrary length and inoll-
nation (the oomputation part is based on Bre3enham algorithm)
It is easy to see that drawing more oomplioated figures than the above ITNB makes program-
ming of operations a difficult and prone to errors task. Solution of the problem is delive-

red by modern programming languages [23 1 in a from of prooedure whioh may be a prototype
for operation prooedure - a program module to oontrol the operation devioebehaviour.

The operation prooedure module oonsists of three parts:

0 a declaration part defining variables, constants, types eto, but also the types of compo-

nents of InSgnl and OutSgnl are defined,

9 a oomputation part to oaloulate parameters for the oonseoutive effector steps,

0 a oontrol
and received from the device(OutSgnl),

part from whioh the oonseoutive signals are sent to the operation devioe tInSgnl!

Such a construction we oall OpProoedure and an example of-it, pertaining the plotter, is

presented in Figure 3.2,



3. OPERATION DEVICE MODEL

Presenting the nature of simple and oomplex aotivities we have pointed the operation a3
a basic structure element. Devioe3 realizing the operations should have attributes enumerated
at the end of the previous ohapter. Looking for praotloal examples one may observe:

Command name — Command ropre-
InSgnl oontent sentation in
ASCI1 oode
—X+Y +Y +X+Y pen move in +Y E
it n +X+Y q
n & +X r
HH If +X_Y 3
«73.1
3.1a/ o o . 3.1V

n K -X-Y u
« » -X \Y

\%
LI —X+Y w
no pen driving X
pen driving y
waiting z

Figure 3.1. Commands codes for a plotter effector

9 in industral manufacturing prooesses: different 3ort of numerioal oontrol lathing maohlnes,
assembly manipulators, quality status monitors eto., (273 , (24) ,

9 in automated design ( so called CAD-oonsputer aided design ) we meet picture input devioes
(different sort of digital ooders), pioture output devioes (graphic monitors, terminals,

plotters )etc., 31 .
to mention only two fields of the human oooupatlon.

In every sutomatio system aside to the special problem oriented devices, there must be
standard computer modules e.g., processors, external memories, general use 1/0 devices, [161
communication network modules etc.,which may be inoluded-as operation devices if an aotlvity
analysis dictates suoh an Inoluslon.

Despite the rather large number of operation types and variety of constructions, the
operation devioes have the following common features: the operation devioes

1 are oontrolled by means of digital sequences (signals),
2 perform a rapertoir of elementary actions,
2 compose an operation from elementary actions, according to a defined program.

To illustrate the operation devioe behaviour let U3" consider plotting devioes e.g.,
xy-plotter or CRT graphic monitor. The elementary action offeotor in suoh a devioe is a mo-
tor driven drawing pen (an electron gun in monitors). The elementary actions form sort of

da3hes which may be drawn in deveral directions, see Figure 3.la. The directed dashes may he
programmed by means of simple tray of codes shown in Figure 3.1b.



A processor for storing and realizing the operation prooedures is introduced as a sepa-
rate system module. Suoh a processor module (JProoessor) is responsible for the oomplete
simple 3°~ performance; we shall diaou3S this problem in ohapter 8.

In Figure 3.3 is presented an abstract
operation device struoture (OpDevioe struc-
ture) t elements of the struoture have the fo-
Ilowing functions.

-~

© Bus Protint: protoool interpretation of
signals InSgnl coming from the JProoessor
and signals OutSgnl sent to JProoessor via
the communication Bus,

© InSgnlReg: register accepting the signals
InSgnl,

© InSgnint: interpreter of InSgnl, delivers
a set of parameters defining the necessary
elementary aotion of the Effeotor.

© Effeotor: devioe/or a human operator/ per-
forming the elementary aot demanded by
JProoessor,

© Power-Supply: souroe of energy supplied to

the Effeotor,
Figure 3.3 The structure of OpDevice

© EffStint: interpreter-of Effeotor status
and generator of the signal OutSgnl,

© OutSgnReg: register for the signal OutSgnl, 3end3 the signal to BusProtint,.

© Bus communication means linking the JProoessor with its OpEevioes, the oommunioation prin-
ciple is established by means of particular BusProtocol [20] .

An operation device, with a struoture like the above OpDevioe, oonneoted to a JProoessor,
memory of whioh contains operation prooedures(OpProcedures), proffersimplementation meuns for
a oontrol command which in turn isan elementary part of a sequential prooess. A progranj of
suoh a sequential process-may be written as a sequenoe of command language expressions among
which the operation command names e.g., AA (X1,...), BB (Y1,.,.) take over a prominent plaoe
in the process program:

JOBN:: ... <pxpri]> ; <expr2™> ;...; AA (Xi,,,-); AA (X1,...); BB (Y1,...) ; .

The oonoept of process as means for decomposing oomplex systems has been jabsorbing the atten-
tion of many authors [12, 6],[10, 30, 12] , for quite a long time. Thus it seems to be natu-
ral that the process concept has been obtaining different definitions. Por our purposes we
accept a process definition borrowed from Andrews [lI ] : "A sequential program specifies sequen-
tial exeoution of a list of statements; its exeoution Is called a prooess'. To. the above we add:
Exeoutior. of statements 1is done by a processor; a real processor in real world system or an
abstraot prooessor when it belongs to a model™.

4. ELEMENT3 0? THE COMPLEX JOB CONTROL LANGUAGE

The are many concepts of sequential process oommunioation, A good review of the proDlem
is given by Andrews and Sohneider [1] . Choosing an interprooess oommunioation model we have
to remember that the simple lobs nay he disposed in an area e.g., a faotory. Henoe the Job-
Prooesse3 may be subdued to the same displacement. Owing to the tremendous progress in mioro-
eleotronie3 [37]it beoomes possible to deliver separate processors microprocessors for every
important system prooess e.g., for evox'y JobProoess, altho gh in praotioal sit ations some
JobProcesses may share or.e physical processor.

©



4.1 Communication prinolple

For the communication amony JobProoessea and for their oour3e synchronization we acoept
a mechanism called message passing as the meohanism matches our time ordering conoept for ope-
rations and activities. At present the message passing mwohanisra is used in many languages
e.g., PLITS [il] , ADA [36], SR [2] , but the first thoroughly formulated oonoept belongs to

Hoare [15] ;

The advantage of using the message passing as an interprocess communication vehlole
becomes evident if we notice that the signals InSgnl, OutSgnl in the OpDevioe have exaotly
the oharaoter of a message and the OpDevlce is in fact a device prooess [18,25] .

Here we present a short outline of Hoare" s oomraunioatlng sequential prooessoystem [15],
modified so as to suit the demans of our problem.

1 A oomplex prooess CJ controlling a oomplex aotivity, is composed of sequential prooesses
J1,..., Jn where each JlI (i»l,...ri) controls a simple aotivity. The sequential prooesses
run concurrently after their initiation by means of a parallel command. The prooess CJ ends
its existence when all the prooesses Ji ore terminated.

Il The sequential processes J1,... Jn do not communicate by means of global variables {1] .
For this purpose input and output commands are used. Two oonourrent prooessesJs andJr
aro communicating only when the output oommand looated in one of the prooesses, sayJs,
defines a receiving prooess Jr and an input oommand in Jr names Js as the sending prooess.

11l The receiving prooess Jr stops its oourse on its input oommand os long as the assooiated
sending prooess Js reaohes its output oommand. In such a time J3 sends its message direc-
ted to Jr and rooeived here by the input oommand.

IV Guarded commands [9] can be used as a soleoting meohanism in a oonourrent bundle of pro-
cesses. In the guards input ooramands oan appear. A guard is selected if and when the sen-
ding process nemed in the guard®"s input oommand is ready. When several guards heve ready .
senders, then only one is selected and the choice i3 arbitrary. This shows us how indeter.
mlnism is signed in a oomplex prooes3 behaviour.

V A repetitive oommand nay encompass a single prooess hut also a bundle of oonourrent pro-—
oesses ray be subdued to repetition. The processes may contain input oommands. Suoh a con-
current prooess runs over its component prooesses os long as either

— all the oomponent prooesses terminate or
- a distinguished oomponent prooess fires up.

4.2 The CJC language speolfloation >

Tho above presented modified system of sequential prooesses we use as the prinoipal notion
for oooperation of Job control processes enoorapas3ing the OpDevioes whloh in our model are the
lowest form of prooesses. The lot may be de3oribed in more rigorous, language style. The CJC
language struoture desoription will show how the primitive elements may be used to oompose lar-
ger constructions.

For syntootlo notation the Baokus-Kaur form is used. But beoause of many existing variat-
ions of the BNF [33] we give a short summary of the ohosen form in Appendix A.

Following the earlier practices [15, 23] the general language oonstruots like types,
declaration, expressions, variables etc., are borrowed from PASCAL [34] snd will not be treated
here.



First of all we present here the prooeas construction baoause of its principal oharao-
ter in the CJS system model. Then follow definition of messages, commands, alternation com-
mands and operation commands as these "have vital meaning to the model.

4.2.10 Frooesses

<j-rooes3> :l« (process label}::<oommand list)

(command list} ::= (declaration part} (oommand} { ; (command) }
(command) ;= «(simple command} |((structural command}
«(simple command} ::= (hull command}|

«(assignment command}]

((input oommand} | ]

((output command}
,«operation oommand} |
«(SKIP oommand}|

<CONT command} 1

<( Q command
(structural command} ::= ((alternative command}!

<(repettive oommand}!
«(parallel command}

«(parallel oommand} ::= [(process)™ || <(prooess}J ]
«(assignment command} ::= ((rdinary assignmont}!

((message assignment) -
«(declaration part) ((type definition part)

«(wariable definition part)
(message definition part)
(message variable definition part)
«(operation definition part)

4.2.?. Messages

Messages oonstitute the veryessence of input andoutputcommands. Themessage con-
struction enables paoking the information of differentiatedtype and todistinguish parti-
cular repressentatlve in a lot.

(message difinition part) ::-<message> (Jnessage name)((wrap list) ) {(message name} ((wrap list}}
(nc-Bflge name} :: = (identifici)

(wrap list) ::= (empty list} |<jirap} ,|(wrap}}

(wrap} (wrap name) : (wrap type} -

. . r - 3 T , 1
(wrap name} (identifier)

(wrap type) ::= (type)

Example 4.1

43 an example let us consider the following description
message Insgnl (start: STEP_TfPE, att: COLOUH).
OutSgnl (end_sgnl: SIGNAL)}

The description defines two messages InSgnl end OutSgnl whloh are dedicated for an OpProoe-";re
which oontrols an OpPevloe.The first message oontains two wraps: start - which defines what
sort of elementary step the OpDevice is wanted to do, and att — an attribute of the elemen-
tary step.
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With suoh a construction of message we oan define message variables
<message variable definition part> ::=
message var .(message name) : <message type) j T (message name) : .(message type)}
~message namw> ::>» (identifier)
_(message type) st“ _(identifier)

Example 4.2

Following the Example 4.1 we oan formulate several message variables of the same type

message var Xnslf Ins2 : InSgnl;
Outsl, Outs2 : OutSgnl ;

Message variables, as ordinary variables, are supposed to oarry definitive values. This
may be done by assigning values, to the wraps in the message. Here is the assignment definition

(m83sage assignment) ::= (message variable) :»< messageexpression”-
(nessage expression) ::= (message variable)]
(message namd> ((message list))
(message list) ::= (empty list) | (message oomponent)j, <message oomponent> J
(message oomponent) ::= (wrap name) :: (expression)
Example 4.3

A message Ins aooepts defined values if we let
Ins := In3l (start :: g, att :: RED)

Refering to an individual wrap of a message we use a wrapseleotor, in whloh "the message
variable is suffixed by a period and the wrap identifier.

Example 4.4.
X:» Xnsi.start;

4.2,3 Innut and output commands

Input (output commands oonsist of two parts: the first one whioh defines the sending}
= reoeiving prooess and the second, oonsisiting of a message.

(output oommanc) ::» (receiving process) | (message expression)
(reoeiving process) ::= (prooess label)
(input command) (sending prooess) ? (message variable) ;

A prooess oontaining an output oommand exeoutes the oommand and prooeeds despite the named
reoeiving prooess may not be ready to aooept the message.

It is different, as we know (ohapter 4.1), with a prooess oontaining ah input oommand: the
prooess stops when meeting the oommand and keeps vaiting as long as named sending prooess

sends its message.
F

A reoeiving prooess Jr may be addressed by sending processes beyond the time of the Jr
action on the input oommand. For this reason some means must be given to store messages of
particular construction arriving to the Jr. The means must be plaoed in an implementation
processor (3es Chapter 8 desoribing the JProoessor with InComBuf — a buffer for incoming
messages managed by JProoCPIT). The messages of partioular oonstruotlon are prooessed in the
order they were reoeived and stored. When the Jr is through with processing one input message,
the prooess prooeeds to the next command despite that the InComBuf may oontain other messages
of the same oonstruotlon. These may be eventually prooessed in a naxt turn of the Jr prooess.
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4.2.A fluarded and repetitive commands

The inside proceos control la performed by means of guarded oommands

@ 1
(guarded comraand> ::= (guard)»— | ([conmand 11st> |< guard >e— Iti >
(guard> ::<e (guard llIst> i (input commend)» |

(guard list> | (input ocomnv»nd>

(guard liat> :j« (boolean expression>{ ; <boolean expression> }

(alternative command”
J(guarded ocramandy [ Q
e(repetitive ooir.mand> ::e *

(guarded oomnmnd)»}]
(alternative oommand>

Let us remind that the command list In a guarded command may oontaln different sort of ooro-
raands. This la tbcn a possibility to obtain a nested alternative oommond. Wo then introduoe

a oommond SKI? which, when placed in a command list of a nested guarded oommand, allows to
skip all the following oommends up to the last square bracket of the outer alternative. The
command CONT in the other arm allows to continue the following commands without skipping.

The usefulness of such o mechanism will be shown later. The distinguished oommand allows to
csoepe the following repetitions provided the pertinent guard falls.

4.2.5 Operation oommond

An operation command disposes the operation performanoe which is oomposed of a series
of actions controlled hy OpProeeduro and executed by OpBevioe. We give here a definition of
the operation. Such a definition will be used in declaration part of every JobProoeas.

~operation definitior® ::= operation head®

(operation bod;i>

Operation head™ !:«

~parameter:

reration body™> ::=

~declaration psrt”::»

Compound statement

/statement)»

t;m pimple statement

OuProoedurc ~EEHTIr"IKHN (

type}> ( ="parameter: typ”j)}
~declaration pnrO>

(command sequence)»

~constant definition part®
~variable definition part)>

<tyne definition part”

~message definition part®
~OpPevicc definition part®
~nessage variable definition part®

= /stoteroent® ™ ; “statement™-
<output command to OpEevloe”
<lnput oommand from OpDevlce”

| *structured statement”

(simple statement} ::= ~assignment}

Nassignment} ::= ~identifier}
Astructured statement}

= Expression}
2= (compound statemen”l
st»tement}|
ATHILE statement}!
(POR 3tstement}|
(CASE ditatemenl}]
(REPEAT statement}

<futput command to Opl)evice> ::*

(CxI*cvioe
(input commend
/0pRevtoc

identifier} = "nessage expression}
from OpDevice} ts=
identified

? (r.essnge voriabl”
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The IF statement and the following struotured statements have exaotly the meaning formulated
for PASCAL language [34]

A similarity between the Just presented operation definition and the procedure definition in
PASCAL language pertains rather the general outlook. There are important differences. In case
of OpProoedure:

< there exists communication with the real world by means of OpDevloes,

e an OpProcedurs is dedioated to a particular JobProoess.

5. EXAMPLES OF CJC DESCRIPTIONS

The presented elements of CJC language may now be used to formulate desoriptions of some
complex Job oontrol processes.

ikxample 5.1

The complex Job pertains to manufacturing a metal cylinder of defined height, diameter and
smoothness of its surfaoe. A metal rod of the desired diameter is out into pieoes of defined
height. The pieoes are then polished to the desired surfaoe smoothness. Aooording to the pre-
sented technology, the oylinder manufacturing oontains two distinct Jobs; Jobl i.e., outting
the rod and Job2-polishing the rod pieoes. Supposing the Job3 are to be oontrolled by mean3
of pertinent control processes J1 and J2, the .processes in turn consist of the following ope-
rations:

= operations of Ji:

Al — fastening the rod for outting,
A2 - outting the rod,
Al - transporting the out piece of rod to the container;

= operations of J2:

T2 - taking a pieoe of rod from the container,

P1 - fastening the pieoe for polishing,

P2 - polishing,

P3 - taking the polished oylinder from the polishing devloe and transporting it for
storage.

The two simple processes may be described as followsj

Ji:t Al; A2; TI1.

J2:: T2; P1; P2; P3.
The description components are the names of operation commands. TThen the implementation of Jl,
J2 processes is done then every operation oommand is supported by its OpDeviop realization:
the Job prooesses J1, J2 have appropriate support by means of JProoessors (e.g., JPR1, JPR2)
whioh contain necessary operation prooedures in their OpProoStores. Cooperation of the two pro-
cesses J1, J2 may take form of a simple sequenoe:

CJ:z: HI; J2.

if the realization time of the prooesses is approximately equal and oonstant. But when the
assumptions are not true the sequential®organization may appear uneffeotive.
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Example 3.2 *

Suppose the mean value of performance time of J1 la three times the time value of J2. Poten-
tial loss of time when J2 waits for the end of J1 we oan eliminate giving three prooesses of
the J1 type»
. Jlas; Alaj A2; Tla.
J1lb»» Albj A2bzl Tib.
Jlo»i Alo; A2; Tilo.

The three prooesses Jla, Jlb, Jlo, are supposed to mm oonourently delivering its products
(the pieces of rod )to the buffering oontainer from which the J2 prooesa takes the pieoes for
further treatment. To obtain high effeotiveness of the oomplex Job we assume that the aooess
to the buffer is asynchronous and nondetermlnistlo. For these reasons it is feasible to intro-
duce a third prooess J3 with the task» buffer aooess management. Tfe shall present this new
prooess together with the other oooperating prooesses.

(= Buffer management prooess *)

J3s» * [Jla? rla; (B <BMAX)-iJlalmla() } B»-B+1Q
J1b? rilbj (B <BMAX)-Hllblmlb() j Bt-B+IQ
J1o? rlo; (B <BMAX)hJlol mlo() ; Bj-B+IQ
J2 ?r2 j (B>0) -fi2 'm2 () j B*-B-1]

(* Buffer supplying processes *)

Jlats * [Ala\ A2a ;J3I rla Q ;J3? mia ; Tla]
Jibll * [AIb; A2b ;33 tribQ ; J3?mlb | Tib]
Jlo»j s(Alo; A2o0 ;331 rlo Q ; J3?mlo ; Tlo]

(# Buffer emptying prooess *) - "

J2j» » [J31 r2 (); J3? b2 ?P1 ; P2 ; p3]
(* The oomplex prooess « )
CJ:» [Jla |]J1b 11 J1o ||J32 |] I33]

The J3 prooess construction is based on oheoklng the buffer aocoess by means of two element

guards» the first guard element is the input oommand from the aoess needing prooesses Jla,

Jib, Jlo, J2 ; as the seoond guard element eervee the buffer status. The buffer status is to

3hon up a free plaoe (B<BMAX) for the supplying prooesses (Jla, Jlb, J10 ) and have some oon-

tent (B>0) for the emptying prooess (J2). The output oommands in the supplying and emptying
prooesses are to ask for the aooess permission and the inpdt oommands - to reoaive the permis-
sion from the management process.

All  the oomponent prooesses repeat infinitely and run oonourently forming in suoh a
the oomplex prooess CJ.

Bxample 513 :

In an observation post the information logging of objeots is performed by means of operations
Ala, Alb, Alo. The logging product i.e., information of different sort is normalised with opera-
tions A2a, A2b, A20 and then stored in the buffer with Ha, Hb, Tlo. Prodess J2 pertains to
operations» T2 — emptying the buffer, Pl — paokage organization, P2 — extrsotion of features,

P3 - classification of objeots to whioh the information belongs. Cooperation among buffer sup-
plying and buffer emptying prooesses may have the same soheme as the one in Bxample 5.2.

6. [INTERFACE PROCESS

A CJ prooess, like the one in Examples 5.2, 3,3, mu3t.be eguipped with interfacing meana
between the human operator and the CJ prooess. For this purpose an extra prooess - IF prooeas -
is introduced whioh we want to perform the following funotions»

a inserting the primary values for variables in JOBProoesses,
b inserting the arguments for guards,
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0 receiving the messages from JobProoess; in partioular the end message with parameters of
the CJ process task,

4 changing the primary values of JobProoess variables and guard parameters,
g halting the course of JobProoesses.

Thus the X? prooess is supposed to reoeive reports on the CJ task and to manage the CJ
prooess oourse and all its oomponents, the JobProoesses.

6.1 The JobProoess management

We add to every JobProoess a port in- the form of input oommand whioh is reoelvIing messages
from the IP process. The message contains two groups of wrapss the first group oorries the

primary values for JobProoess variables, the seoond one oarrles the guard nrgumenta. '

Let us go baok to Example 5.3 and oo»3ider, say, the Jla prooess whioh obtains the fol-
lowing fora:

Jlat: m [IP T meal ;xi:.moal.Wi ; g:>mosl.W2]
[ G1(G) SKIPO G2(g)-IcouT 1}

Al(x1D); A2 ; J3tmlA(Q); J37rala ; Tla]|
In the input oommand IP ? mesl, the massage has the construction: message meal (W1: FEATURE, W2»
GUARD_AP.GIIMENT). The same construction has the message in pertinent output oommand in the IP
process. The wrap V/1 is to establish the name of FEATURE to be measured by operation Al ; the
wrap W2 carries an argument for the two guards G1( )and G2( ). There ero two new oommands connec-
ted with the guards. The command SKIP whioh says that all the following commands up to the square
braokett ending the repetition oonromnd, should be omitted. The oommand CONT 13 an alternative to
the oommnnd SK1F i.e., it orders to perform all the commands up to the braokett. In both situa-
tions the process Jla returns to its beginning and halts on tho input oommand IP ? mwal until a <«
new message raa3l oomes from tho managing IF prooess.

6.2, Tho IF prooess structure

Tho IF prooe33 ploys a role of Interfaoe between an automated CJprooess and a human o
rator OSER who estimates resultn from CJ prooess and insertsdata tomanage the oourse of the
CJ prooess. Tho human operator is equip d with a terminalwhiohis an OpDevloe ordevloe pro—
oess TPMNL.
Let ua return to our Example 5.3 end suppose tha,t the information logging system has a
task to observe the appearing objects. The observation prooeedes until appears an objeot belog-
ing to the defined class, then the observation is halted. For auoha task our IF prooesn may
have the following fuotionsi

0 to reoeive a message mes2 (THsSKEPORT) whioh oontalns data on the olass membership of the
object; the ise.oonge oomes from J2,

0. to pa33 tho raennsgc mos? () to the USER through TRMNL
Along with the above the IF prooesa has to
& Inform the USER when the following oyole begins (TRKRX I wakeup),

© reoeive from tbe USER (THXHL ? meni) a message massage mesl (tfi, W2, 113, W4» GUARB-ARGUMENT)
oontalng data for the observation prooesses Jla, Jlb, Jlo and the olasslfioation prooesa J2,

0 pass the massage ras"l to tho observation processes and the olaasifloation prooess to esta-
blish their actual course.
The IP prooesa may then have a program
IF»» e [TRMNL ! wakeup; IRMNX? mosl ;
J1! roesl.(); Jib! meei() ; Jlolmesl() ; J2Imes 1();
J2? mos2: TUMITX I mes2()J ~
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An input port, similar to the ona introduoed into Jl1 prooeases, we tare to Insert also
in J2
J2:: » [IF ? meal t hi» mesl.W4 ;
W(h)HSKiP C G4(h)H CONT ;
J31r2(); J3?m2 ; Pi1j P2j P3> IPImea2()]-
Suoh a simple oonatruotion as the one above allows the USER to obtain a oomplete super-
vision of the CJ prooes3. The U3ER estimates the reports pertaining the oomplex Job performa-
nce and with the information he deoides about the prooess behaviour.

I". DECISION SUPPORT SUBSYSTEM -

Nhen the CJ prooess has many oonourront prooeases and when the reports oome not only from
.the final task oompleting prooess (as the prooess J2 In Example 3.3) but also from other oom-
ponents of the CJ prooess, the USER may need a help in storing the ourrent reports and then
in reasoning before he oomraences a suooesslve oyole of the CJ prooess.

Modem solution to the problem may be a deoision support subsystem (DSS)[3] whloh enab-
les to meohanize the two funotlons. In partioular we oonsider a speoial form of DSSi a produ-
ction rule system (PRS) whloh is originatedin the work of Post [22] .

According to the PRS philosophy [8 , 26] it is possible tooapture the knowledge of an
expert of partioular profession in a form of produotion rules. It is also important that the
expert knowledge in the produotion rule, la a small selfoontBinedpart of the whole knowledge
volume. Tfhea we interprete one rule then the ..knowledge of the rest of ruleo is not required.

During the last few years the interest in the PRS design has been strongly inoreased.
The systems obtained a new oommeroially attraotive name "expert system'" [13]. An expert sys-

tem aoquires a typioal design: it oontalns P

+ a bank of produotion rules sometimes oalled a knowledge base,
2 a working memory in whioh all the data elements are oontained, either given as faots before
starting the problem solution or created during the solution,

2 an inferenoe engine, in older desoriptlons-interpreter for the rules [8]J the engine is res-
ponsible for the system oontrol.

A rule has two distlnot parts: "situation™ — "aotion" forming a conditional statement

IP ~antecedent assertion nol is true®
<f£nteoedent assertion no2 is true)>
#

* -

THEN<bonaequent assertion no 1i3 tru<t> - *
Aconsequent assertion no 2is tru™>

There are many ways to represent faots and rules. Beoause we are interested in the
meohanized inferenoing we oonfine our attention to the ways oonoluded®"in a oomputer language
form. Among the oomputer languages in artifioiel intelligence (Al) the language 1ISP plays an
unquestionably outstanding role. Like other Al languages [5J, LISP is in constant evolution.
Nevertheless the form called COMMON LISP [32] is the one sufficiently rich for complex problems
and also as the language version eooepted by many reserohers. Thus LISP may be treated as a sort
of basio language for the design of expert systems.

Let us have a short insight into the basio meohanism descriptions. Following the Example
3.3 we deliver a simple representation of faots and rules written in COMMON LISP.

*/ See Appendix B



tr — \
1

fa—

Figure 7.1 Cooperation of DSS with CJ prooes3.

In the beglning we have to formulate a bank of faots:
(SETQ FACTS
*((SAMPLE1 1S A GOLD)
(SAMPLE1 IS A PART OF BLOCK5 )
(SAMPLE2 IS A PART OF BLOCK13)
(SAMPLE2 1S A WO0D)))

Starting with suoh a oolleotion of .assertions oalled FACTS an expert system tries all posses-
sed rules matching the assertions and producing new ones as long as no rule exists that mat-
ohes the assertions.

The prooedure of obstainlng new assertions is done as forward chaining. Here the problem sol-
ving aotor looks for rules that depend only on already existing assertions. Say we have rule
that enables qualification of objects on the basis of known sample features

(RULE IDENTIFY23

QF ((-SAMPLE) IS A(>TYFE))
(FSAMPLE ) IS A PART OF(> OBJECT)))
(THEN (("OBJECT) IS A(<TYPE)))

Using the rule IDENTIFY23 and the faots included in FACTS one oan conclude that the object
ELOCK5 is made of gold

(BLOCK5 IS A GOLD)

and the above assertion we must be able to introduce into ASSERTIONS. For this purpose we
need a new prooedure INCLUDE which may be constructed in the following way

(DEFUN INCLUDE (NEW?ACT)
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(COND ((MEMBER NEWFACT FACTS)  NIL)
(T (SETQ FACTS  (CONS NEFFFACT FACTS))
NEJTFACT))) . i

The list component of COND oheoks If the NETTFACT is present in in PACTS, if not, it is
added.

Now our set of assertions looks as follows
(BLOCK5 IS A GOLD)
(SAMPLEL1 1S A GOLD)
(SAMPLEL IS A PART OP BLOCK5)
(SAMPLE2 IS A 1PART OP BLOCK13)
(SAKPLE2 IS A WOOD)

If incidently the task of a CJC system was to find out a pieoe of gold then the CJ prooeaa
may be halted. The USER command to Job Processes is based on the interence result.

Thé inclusion of suoh a decision support subsystem within a CJC system is shown in
Figure 7.1. Like the Just described expert system, the DSS uses PACTS and RULES to make
INFERENCE pertaining the desired ACTIONS. One sort of actions oauses adding NENPACT to the
working memory: notions of the second kind are to be transformed into messages to IP process
which, as we explained in ohapter 6.2, 3ends messages to the component processes of the CJ
process.

"He further assume that the CJ process may send new faots based on JobProoess reports.
But more oomplete explanation of this mechanism (as well as others, Just mentioned) exceeds
the frames of this work.

8. ON IMPLEMENTATION OP JOB PROCESSES

Although the discussion on JobProoess implementation olearly goe3 beyond the predeter-
mined subjeot of this paper (modelling), nonetheless we want to sketch an abstraot oonstruo-
tion of a processor dedioated to exeoution of commands composing a JobProoess. The presen-
tation may help to imagine the technicalities concerned with eventual CJC system realisation.

Any JProoe3sor performs three kinds of tasks. Obviously the main task is to execute the
current co;ucands of the JobProoess program oontaincd in the JProoMemory. Nhen the current com-
mand is an operation command the appropriate OpProoedure is transfered from OpProoStore to a
sceoial field OpProoPield in JProoMemory, and of course the oentrol is passed to the field.
The OpProoStore contains all the OpProcedure3 necessary for the ourrent JobProoess program
to be performed.

The JProcessor is supposed to communicate with other JProoessors, Thé communication
servioc is done by the following modules. LanProtInt is a module whioh aooepts all the mes-
sages that cone along the looal area network medium (Lan) and are addressed to the JProoes-
sorj it also organizes the messages to other JProoessors, The messages must obey particular
transfer protocol. As the cooperation with Lan runs oonourrently with the program interpreta-
tion, the messages ooming to the JProcessor will be stored in the buffer InComBuf, The regis-
ters InComReg, OutComSeg help the message transfer to be more affeotive.

The modules InSgnReg, OutSgnReg and busProtlnt are to service the communication with
OpDevioe connected to the Bus. Here a buffer register is not needed as the JProcessor, after
sending the InSgnl to the pertinent OpDrvioe, halts on the next oommand waiting for the mes-
sage OutSgnl from the OpDevioe.

The JProoCFU module is the basio processing means neoe3sary for managing the other
modules in the struoture. A general view of the JProoessor struoture is given in Figure 8.1.



Figure 8.1. The JProoessor struoture

9. CONCLUSIONS

The CJC system modelling with the CJC language elements are in the first plaoce a
proposal of approaoh to the problem of approoaoh to the problem of controlling oomplex
aotivities. The approaoh proffers the-oontrol devided into two parts. The Ffirst part
enoompasses a bundle of JobProoesses, organised in the form of CJ process, whloh do a
well defined routine work. The more intelligent part of oontrol is dedioatad to the sys-
tem manager (USER) who equipped with a decision support subsystem handles all the excep-
tional events, ohanges routine oourses of JobProoesses, makes other system servloes.

Suoh an arohiteoture seems to be adventageous for all the new system designs conso-
lidating large number of oomputer means possibly with diversity of funotlons wanted to run
oonourrently and having a diffioult task to do.

A further researoh upon the CJC modelling and language may pertain to language im-
plementations and searoh for an adequate expert system arohiteoture with an Al language
for the deolsion support system. The seoond direotion we oonslder very important as it may
help to promote the CJC language from the level of job oontrol to a level of task formula-

ting and problem solving language.

ACKNOWLEDGMENT

The author wishes to thank Professor R. TreohoiAski of the Institute of Nuclear Prob-
lems (Polish Aoademy of Soienoes) and Mr J.Janowskl of the Institut of liathematloal Maohi-
nes for the interesting oonversation and valuable remarks on the subjeot.

Referenoes

1] Andrews, G.R., P.B. Sohnelderj "Conoepts and Notations for Conourrent Programming",
ACM Computing Surveys, 1S,1 (1983), 3-43.

2] Andrews G.R, "The Synchronization Resources™. ACM Trans, Prog. Lang. Syst., 2»
(1981), 405-430.

3] Besant, C.B. "Computer Aided Design and Manufacture™ Ellis Horwood Ltd., New York,
1983.



Boley H. "Artificial Intelligence Languages and Maohines'". Teohnique et Science Infor-
matiques. 2, 3 (1983), 145-166.

Bonozek, E.H., C.W. Holsapple A.W. Whinaton, "Fundationa of Deoision Support Systems".
Aoademio Press, N. York, 1981.

Brinch Hansen, P., *IThe Huoleus of a Multiprogramming System™. Comm. ACM, 1)), 4,
(1970) 238-241, 250.

Churohman C.W./ Pprediotion and Optimal Deoision”. Englewood Cliffs, N.J., 1961.

Davies, R., J.King, "An Overview of Production Systems"™, in E.W. Eloook, D. Miohie
(Eds); "Machine Intelligence-8'. Ellis Herood Ltd., N.York. 1977.

Dijkstra, E.W. "Guarded Commands, Nondeterminaoy and Formal Derivation of Programs",
Comm. ACN, 1£,8 (1975), 453-457.

Dijkstra, E.W. "The Struoture of "1 S® Multiprogramming System”. Comm, ACM, H, 5
(1986), 341-346.

Feldman, J.A., "High Level Programming for Distributed Computing”. Comm. ACM, £2, 6
(1979) 353-368,

Filman, R.E., D.P. Friedman, '"Coordinated Computing, Tools and Techniques for Distri-
buted Software', KoGraw — Hill, New York, 1984.

Hayes—Roth, F. et al (Ede), "Building Expert Systems'. Addi3ion-1fesley, London, 1983.

Halevi,G, "The Role of Computers in Manufacturing Prooesses'. J. Wiley, New York,
1980. -

Honre, C.A_R. '"Communioating Sequential Processes™. Comm. ACM, g, 21. (1978) 666-677.

Hohenstein, L. "Computer Peripherals for Minicomputers, Mlorooomputers and Personal
Computers., MoGrew Bill. 1980.

Horning, J.J., B. Randell, "Prooesses Structuring” ACM Comput. Surveys, 5,1 (1973)
5-30 »

Krull, F.N., "Experience with ILLAD; A High-Level Prooess Control Language'. Comm.
ACM, 2i, 2, (1981), 66-72.

Laudet, M. et al (Eds.) , "Medioal Computing”™. Proo. Int. Symp. IRIA, Trulouae, Maroh
1977.

Line3, M.V., Minicomputer Systems'. Wintrop Publishers, Reding, Ma., 1980.

Paddook, C.E, R.W. Soomell, "Office Automation Projeots and Their Impaot on Organiza-
tion, Planning and Control™. ACM Transactions on Offioe Information Systems, £, i1 *
(1984) 289-302.

Post, E., "Formal Reduotion of the General Combinational Problem", Amer, J. Math.,

2. (1943).

Pratt, T.W., "Programming Languagess Design and Implementation”. Prentice-Hall, Engle-
wood Cliffs. . Jersey, 1984.

Ranky, P. "The Design and Operation of FMS Flexible Manufacturing Systems. "North-
Holland, 1983.

Roper, T.J., C.J. Barter, "A Communioating Sequential Prooess Language and Implemen-
tation'. Software - Praotloe and Experience, JJ, (1981) , 1215-1234.

Shortliffe, E.H., "Computer-Based Medioal Consultationj Myoln". Elsevier Computer
Soienoe Library, N. York, 1976.



[27] Simon, W,, »Th« Numerioal Control of Haoblne Tool»'", Edward Arnold Itd., London,
1973.

[20] Stalling, W., "Looal Networks', ACM Comp. Surveys, 16, (1984), 5-41.

[29] Thoma, G.H., ™A Prototype System for Bleotronio Storage and Retrieval of Dooument
Images», - ACM Trans. Offloe Inform. Syst., g, 3 (1985) 279-291.

[30] Turski, W.M. "SODA - A Dual Aotivlty Operating System" Oomput. J., H, 2* (1906)»
148-156.

B1J Warman, E.A. "Computer Applications in Produotion and Engineering'”, CAPE®83, North-
Holland, Amsterdam, 1983.

[32] Winston, P.H., B.K.P. Horn, "LISP", Addlsion-Wesley, Reading, MA, 1983. -
[33] Wirth, N. Comm ACM, 2£, 11 /Non. 1977) 822-823.
[34] Wirth, N. "The Programming language PASCAL'". Aota Information, 1, 1 (1971) , 35-61.

B5]1 Wrreszoz Z., "potrzeby medyoyny a mozliwodol krajowego przemysdu komputerowego” ,IMM
- opraoowanle wewnetrzne, 1985.

[36] Programming Language ADA Referenoe Manual, vol. 106, Leoture Notes in Computer Soieu-
oe, Springer-Verlag, N.Tork, 1981.

[373 Muroga, S., "VLSI System Dosign.”when and How to Design Very-Large-Soale Integrated
Cirouits". Wlley-Intersoienoe, New York, 1982.

[38] Batoroev, K.B., "Analogii 1 Modell v Poznanii' (Analogies and Models in Soientifio
Cognition ), "Nauka™, Novosybirsk, 1981.

Appendix A

The Baokus—Naur form(BNF ) notation

Kot Angular braokets enclose syntaotlo oonstruots denoted by English words.

<Fe*>  <ree> Concatenation of syntaotlo oonstruots.

.g_}

= To be read as "is defined as".

Curly braokets express none or more repetitions

To be read as 'or".

<empty”™> Denotes null sequenoe of symbols.

Appendix B

Ba3lo informations on LISP

Any symbolic construction, being a mathematical funotlon, may take a form of LISP
function. For instance, the function PLHS with two arguments A and B is written as PLUS
A B . In the plaoce of PLUS one may use any funotion say PUN whioh either exists in the
function repertoire or must be defined in LISP.



The baslo LISP objects ere atoms. U3Ing groups of atoms one may create objeots si-
milar to clauses, oalled lists. Creation of lists may follow using groups of lists. Atoms
and lists together are oalled symbolio expressions or simply expressions.

Atom is an expression element and may pertain to a constant or a variable. One way
of assigning a value to variable, say A, is to use the funotion SETQ

(SETQ A 5)
5

In the result the variable A aoquires the value 5.

let us consider the expression (SETQ A B), If B, as a variable, has the value e.g.,
6, then B aooepts the same value. But B may have a symbolio meaning e.g., a list. To pas3
suoh a meaning to A we must use the funotion QUOTE or shortly " * Then the expression
(SETQ A (Quote B ) assigns to A the symbol B despite that aotual value of B may be 6.

As other languages, LISP oontalns reserved words, which oennot bo used as variable
identifiers. To the group belong, among others, the words T,P,NIL. The T and P are equiva-
lent to "true“and “false®. But NIL has several applloatiros and one of them is using it in
place of “"false".

LISP oontalns also a very useful oonstruotion, »art of prooedural abstraction whioh
allows to design new prooedures (funotions). As a general praotioe, the now prooedures are
oreated on the basis of the existing prooedures. But the new ones, despite that they offer
a saving of plaoe and time in programming, they are purpose (task) oriented in the parti-
cular system design. The syntax of suoh a prooedural abstaotion has the following view

DEPUN <j>rooedure nraree
J
( <MparameterV> ... ~parameter n> )
~procedure bodj”™ )

In plaoe of conditional operators e.g., IP, TTHEN eto., of languages suoh as PASCAL,
the language LISP uses the oondltional funotion COND. The funotion syntax i3 83 follows

(COND (Mesti)> ... <j:esulti>)

(<test n™ ... <result n)>))

The basio idea of the oonstruotion is"to test the oonseoutive olauses (i.e., the lists)
oheoklng only the part "test” as long as the result of oheoking is different from NIL.
Only then the rest of the clause is returned as the value of the evaluated oondltional
form.

Punotion CONS belongs to a funotion group serving for manipulation 6n list components,
Pirst of all, in the group there are the funotions CAR, CDR, CONS, As an argument of CAR
funotion is taken a list and the CAR funotion value is the fir3t element of the list.
Assuming.

(SETQ A "2 3 A))

@ 3 A .
then
(CAR A)
2

Tho funotion CDR also aooepts a list as its argument, hut the funotion value is a rest of
the list left there after with drawing the first element.

(CDR A)
G A)
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Funotion CONS ib used to insert the first element into a list. Using CONS one may, for
instanoe, receive baok the earlier form of the decomposed list A

(CONS * (CAR A) " (CLIR A))
@ 3 4)

The Author hopes that the above presented elements of LISP may givea help for these
readers of ohapter 7, whloh being not permanent users of LISP do not wantto spendhours
studying the full LISP referenoe texts.

STRESZCZENIE

My$l przewodnia budowy modelu systemu sterowania praog zdozong (system CJC) dotyczy
dopasowania struktury komputerowych Srodkéw sterujacych do struktury dziatalnosoi podlega-
jacej sterowaniu, bez wzgledu na to z Jaka dziedzing ta dziatalno$¢ sie wigze. Punktem wyj-
Scia Jest abstrakcyjna forma operacJl, .bedgoeld pierwotnym elementem dziatalnosci. Operaoja
oraz zasada czasowego uporzadkowania sa konr-tytuentami takich struktur Jak dziatalnosé
prosta i dziatalnos¢ ztozona. Uprowadzono nastepnie pewien abstrakcyjny przyrzad pod nazwag
OpBevice, realizujacy operacje. Konstrukcja Opl>evlee Jest pomostem prowadzacym do prooe3u
sekwencyjnego, tj. do formy sterowania operacja, a stad do formy sterowania dziatalnoscia.
Dzieki temu proces sekwencyjny staje sie reprezentaoJa dziatalnosci prostej (pracy prostej)
zas dziatalnos$¢ ztozona Jest niczym innym jak zbiorem kooperujgoyoh proceséw sekwencyjnych.
Tak wieo opisy zachowania sie systememu CJC mozna formutowac stosujgo odpowiednie jezykKi
komputerowe. Jako podstawe dla Jezyka CJC przyjeto koncepcje OSP Hoare"a. Podano nastepnie
kilka przyktadéw dziatalnosci z#ozonej zapisanych za pomoca jezyka CJC. Przyktady te zo-
staty tak dobrane by pokaza¢ tv7orzenle zarzadzania systemem. System zdozony zawiera:

. proces CJ - zesp6+ skoordynowanych proceséw roboczych,

, proces 1? — pewien sprzeg pomiedzy procesem CJ oraz CsKRem,

. USER - speojalista zarzadzajacy systemem, -

. BSS - kontroler typu RB3, zawierajacy mechanizmy sztucznej inteligenoji,sterujacy
kolejny akojami procesu CJ,

Niniejszy artykuk, zawiera krcétka prezer.”ocJe powyzszych elementéw systemu. Budowa modelu
systemu zasadza sie na filozofii, zgodniemz ktérg procesy CJ sa odpowiedzialne-za reali-
zaoje zadan rutynor/yoh za$ inteligentna, nadzorcza czes¢ sterowania J53t przypisana spec-
jaliscie zarzadzajacemu systemem (U3ER) wyposazonemu w D3S.

PEPSPAT

ilaea co3naHHH Monean cMCTeuu yiiphbjichhh cjiokhhm ipyaoM (cucTeua cjc ) 3awnoRaeTCH b
npHcnocoOJieHMH cipyKTypu kouhtiotepHux ynpaBaaanuix cpeuciB k CTpyKType aeniejiLHOCTM, noflBep-
racuoW ynpaBaeHHio, He3aBHciwo ot Toro, k icakOit otfaacTH othocmtch 3Ta AeaTeatHOCTB. Hcxoahoii
HBjifleTCH aticiparanaH popita onepau«n, HBaarametica nepBHRHbiu aaeueHTOM aenTeaBHOCTM. Onepauua
a Taraie npviuuiin ee ynopaaoueHHH no BpeueHH aBABBTca cocTaBHUun naciaidH tbkhx CTpyKTyp, ksk
npocTaa a caoxcnaa aeaTeaBHOCTB.

3aTeu Can BEeaen hbkotophB aOcTpaKTHtiti nputiop nos Ha3BaHneu OpDovioe ocyaecTBaamKM
onepauiuo. KoncTpyKuua opDevice BBaaeTca CBH3biBa>oiiutM SBeaoM, BeayuuiM k nocneaoBaTeaBiiOMy npo-
ueccy, to ecTt k Busy ynpaBaeiuia onepauaei), a caesoBaTeaBHO a k (jiopye ynpaBaeHsia seaTeaBHO-
ctbk). Eaarosapa sioay, nocaesoBaTeaBHtiti npouecc cTaHOBaica npescTaBUTeaea npocTol seaTeaBHo-
CTa (npocioro Tpysa), a cnoanaa seaTeaBHOCTB asaaeTca mmea hhhu, khk Hadopou Koonepapyioiuax
nocaeaoBaTeaBHUx npoueccoB. Takau ocSpaaou, onacaHaa noBesetma cacTeMbi CJC uor*T (5utb cocTaB-
JietHbi ¢ npaueaeaaeM cooTBeTCTByj0l«ax KOunBiOTepHux h3ijkob. B aanecTBe ochobu Ann co3#anaa H3hikKa
CJC duna npaaaia Konuenuaa C3P Honre lIpaBeseHO necKOJiBKO npaaepoB caokhoK seaieaLHOCTM,
onacaHHtix npa jiouobui cjc. ripaaepu nosoCpaHU Tauau otipa30u, rtoSh noKa3aTB npouecc C03saBaHaa
ynpaBaeHaa cacTenoii.

CaoaHaa cacTeua coaepsai:

npoueccC] - KOunaeicc KOopianapoBaHHtix padogax npoueccoB,
. npoueccip - HeaoTopan cbb3% uexsy npoueccou CJ a user
- user - cneuaaaacT, 3aBesyioi;uiit cacTeuoili,
- DS3 - KOHTpoaaep Tana RB3,cosepaanaa uexaHaanu acKyccTBeaHoro ameaaeKTa,

ynpaBaaamaa onepeaauua aKuaaaa ripouecca Cj.

B HacToameft CTaTte b conpaseHHOIi jJopue onacaHu BHiijeyKa3aHHue 3aeueHTu cacTewu.CTpoeHae
ilOAeaa ocaoBano na coocipaKenaax.coraacHO kotopum npoueccu CJ oTBenawT sa ocyaiecTBaeHae Hop-
MaabHux 3aaan,a UHTeaaareHTHaa. KOHTDoabHaa lacTB yripaBaeHaa.ocTaeTca b pyaax cneuaaaacTa,
3aBeayjomero cacieiioii (user), ocHaséKHoro KOHTpoaacpoa CSS.
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Preesfiptive Scheduling
fur Tw - Processor Systems

by tofaej jjolicki

Abstrao t

The purpose of tho pnpor 13 to consider an algorithm for preemptive scheduling for two-
prooessor systems with identioal processors. Computations submitted to the system.3 are oomposed
of dependent tasks with arbitrary execution tlmo3 and contain no loops and have only one output,
ffe assume that preemptions times are completely unoon3trained and preemptions oonsume no time,
Moreover, tho algorithm determines the total execution time of the computation. It ho3 been
proved that this algorithm is optimal, that i3, the total execution time of the ooraputation
(schedule length) is minimized.

1. Introduction

In general, if preemptions are permitted in exeouting of programs in multiprocessor com-
puting systems, it is often possible to reduce the computation times of programs. Thi3 oan be
especially important for programs or computations whioh are executed many times, particularly
in real-time applications. In these oases, the problem of optimal scheduling ifaultiprocessor
computer systems is of great importance.

In contrast to the problem oonsidered in (1] , the purpose of the paper is to consider an
algorithm for optimal preemptive schedeling of two—processor systems, i7% shall consider systems
in whloh there are t7io identioal processors and assume that the computations submitted to the
systems ere oomposed of tasks with arbitrary exeoution times. These computations oontatin no
loops end have one output. Moreover, we assume that preemption times are ooapletely unconstra-
ined. It means that it is permitted to interrupt any processor at any tine and rea3ign it to a
different task in suoh a way as to not violate the preoedenoe relations among tho task3. Of co-
urse, it iIs not permitted to assign more than one task to a processor at any time.

It should be noted that we have assumed that the exeoution time for each task and the
precedence relation are known a priori. Thi3 means that we only consider the static problem.
From a more general point of view it is dear that the static scheduling model we have introduoed
is most applioeblc to those oase in whioh a program or compuoation is to be executed many times,

particularly in real time situations.



As a model of computation we assume a weighted direoted graph with arbitrary node weights
whioh is oonneoted and contain no oirouts and has one terminal vertex. This model oan be inter-
preted as follows: The attaohement of tasks of the computation to the vertices of the graph is
suoh that the order of exeoution of the tasks is In aooordanoe with succession relation of the
vertices of the graph. A weight is associated with eaoh node of the graph and determines the
exeoution time of the corresponding task.

In [2] and [3] have been considered algorithms for optimal preemptive soheduling of two-
prooessor systems for arbitrary aoyolio computation and for optimal preemptive.soheduling of
multiprocessor systems for tree structured computations, respectively. It has assumed that all
tasks of the computation have the mutually commensurable exeoution times which means that is
permitted to Interrupt any processor at stated times. On the other hand, this assumption means
that all tasks of the computation are deoomposed into ohains of the ta3ks with the same exeou-
tion times and thus the soheduling problem is of greater size in the sice of the origi-
nal problem. OF oouxse, this influences on time oomplexity of the algorithm in question. The
problem of determining the total exeoution time of the computation (sohedule lenght) and time
oomplexity of the algorithms presented in [2] and [3] has not been Considered.

In [a] ha3 been oonsidered an extension of the preemptive algorithm for tree structured
computations [3] to arbitrary aoyolio computations for multiprocessor systems of uniformly
different speeds. With the exeptlon of soheduling problems on two-prooessor systems or computa-
tions with independent tasks .the algorithms oonsidered in [/ produce suboptimal sohedules.
Moreover, iIn [5] has been considered an extension of optimal nonpreemptive algorithm for two-
processor systems for preemptive case by assumption that all tasks of the aoyolio computation
have the mutually oommensurable execution times. It seems that the resolution of a problem of
preemptive soheduling by reducing to a problem of nonpreemptive soheduling for aoyolio computa-
tions consisting of tasks with equal execution times, as was oonsidered in [] , aparat from
the foot that not always this reduction is possible, oannot.be find satisfactoryObviously,
the reduotinn based on decomposing all tasks into ohains of task3 with equal execution times
yields problems whloh are of greater size in the size of the original problems. In some oases
this apnroaoh yields suboptimal solutions.

In this paper, we shall oon3ider an algorithm for optimal preemptive scheduling of two-
processor systems whioh has at most time complexity 0(n?). We assume that the tasks of ncyolio
computation have arbitrary exeoution times and preemption times ore completely unconstrained and
thus ire have no constraints on exeoution time and preemption time given in £2] and [5i . More-
over, this algorithm determines the total execution time of the computation (sohedule length)
provided, that preemptions consume no time. Obviously, if scheduling or computation is completed
then by « citing the number of assignments of processors to tho tasks and relevant processing ti-
mes we"oan determine the execution time of the computation before completing tho scheduling.
This algorithm is optimal in the sense that the total execution time is minimized.

>
Description of the algorithm oonsidered in this paper i3 strongly dependent on the struc-

ture of the computation. ThI3 faot allows us to inquire into"structure of the computation and
rcoognize the limitations in realization of the computation.

The algorithm presented in this paper is so general that oan be extended on multiproces-
sor systems [6] and can be treated as an extension of the algorithm oonsidered (] - The algo-
rithm considered is a modified and more oompact version of the algorithm oonsidered in [?,%!1?7].

2. Basio notions and definitions

let us consider a weighteed graph G=<"X,P,t, xQJ} , where X is a finite set of vertices,
Tls a relation defined on the set X , t is a funotion whioh-associates with every vertex of
the set X a positive number and x i3 a terminal vertex of the graph G, that is suoh a vertex
that f(x0) = 0 where O is a void set. In further considerations the values of the funotion t
will be interpreted as the exeoution time of the tasks associated with the arguments of tho
function t.



The graph G= <X , P , t , x\ will he oalled a network if and only if is oonnected,
contains no cirouits and has one terminal vertex.

In further considerations wo confine ourselves to networks. The networks will be denoted
by a capital 3 .. - >

bet S -<X , T t , X~ be an arbitrary but fixed network. Let I/(1) for i = 1,2,...
...-,n be a subset of X defined by induction in the following way:

1) LP(L) = |xnd
ii) if xe Zi and t(x) = 1tCy) then  xsL* (i)

where Z~ 13 a subset of the set X defined as follows:

1-1 i-1 vV e
xeX :xeX - Q@ V @O"P®c Q@ LO
a=i 3=1 J
p

Let pbe a natural number satisfying the relation U X'"™() =X, then forlilip a
subset L(i) of the set Xdefined in the folloing way:

LG) = L° (GH1-i)

will be called the 1-th level of the network S.

It is easy to verify that the family of sets |1 (]| is a disjoint partition
of the 3et X cf the network 3, that is, for every iCi,”~ p ii 1"/ J then L(i)nLJ) 7/ and
0 L{jC =X .
=< - "

The network S"-<Cx", P% t7,*x» will be oalled areductof thenetwork S =<X,P ,

t , xo> if and only if

i) Xc X and P°c T end t"c t
if) If x e X" then )c X*
It is easy to see that if the network S"= T >t is the reduot of the network
3 =<X ,r , t ,xo> if and only if
) X-X""~ Hh
i) r (x-x") cx"

The sequenoo of the networks will be oalled a reduction of the network
(in symbol3 k(S) )if and only if
i) S1 -3

ii) for every 1i>k , Si~) is the reduct of 3*

iii) for there exists no direot roduot

The reduction RQ)-=3,,,.---.S ,...,S 1is said to be a direct reduction of the network S if
* X ’ n '
and only if for every i<k , Si+l is the direct reduct of Sj.

Let 3°= <X% p% t", x*and S* <[x -5 T ,t , xo bearbitrary but fixed networks
such that KX*® , The network 3" 1is said to be an extension of the network S( in aymbol3
3 C 3" )is said to be an extension of the network 3 in symbols S S " if and only if there
exist suoh twosets Z and Z* that Zc XnX" and Z*cX "- X satysfying the following conditions:

i) if ss7 then there exists suoh s*e Z* that " =s* and Q@ = p* &

) tB »t"@ + t @

iii) if xeX - 2Z thenP(X) =P " @ _
The elements of the set Z will be oalled singular vertices of the network S"with respeot

to the network 3 . If the netwox-k 3 "contain only the one singular vertex then the network S"is

said to he a direct extension of the network S.



It should be noted that if the network S"ie any extension of thenetwork S then the ne-
twork S is not a reduot of the network S*and if xo' i Z then X5, « xo' -
3. General idea of the soheduling algorithm

To desoribe the algorithm some notions will be needed. To make the understanding of the
essential notions easier we will sketoh the”asio step of the algorithm. Certain details will
be omitted here, so as not to obsoure the ba3io idea. Informally speaking, the heart of the
soheduling algorithm oonsists in searching for sets of the mutually independent vertioes of the
network in question and splitting some tasks if it is neoessary.

7e now proceed to an informal desoription of the algorithm. let tho network SO be amodel
of oomputation and pO denote the number of levels of the network SO_ In the first step we ana-
lyse the elements of the sequence

0 ho®,...,Lo(n),...,Lo{po)

of levels of the network SO until we determine the smallest
1< n « po satisfying the following relations

rOo(p, Vai n V n+tl™ =

Next, we create a set M(O,n) determined as follows:

M(O,n) = L @
j=1 o
If the oardinality of the set M(O,n) i3 greater than 1 then we disinguish a subset X3 of
the 3et M(0,n) determined as follows;
X = i XEM (©O,n) :Po<x) nL () = 0

If the set X3 0 O then we oreate an extension SM of the network 3o in suoh a way so as
the sot Xs to be a set of singular vertioes of the network SQ with respeot to network SQ satis-
fying the following relation:

if i1 e Xa then "X = - T o> +

whwre y is an arbitrary vertex from the set M(0O,n) — Xg and c”>X) is the sum of values of the
fuotion for the vertioes being on the longest path leading from the vertex x to the vertex *00»

In the oase where X =0 , then for the sake of oonvenienoe the network S will be denoted
by a*. 3 0

Next, we oroate a disjoint partition P =~ , P2} of the set M (O,n) in suoh a way so as to
satisfy following relation: ;

@ tCL®tF)

IT there exists no disjoint partition P satisfying the relation (2) then we split one of
the tasks corresponding to the 3et M(O,n) in such a way so as to obtain the partition P satisfy-
ing relation (2). The disjoint partition P determines the sets of vertioes Pj and P2 in suoh a
way that the tasks corresponding to these sets oan be oonourrently exeouted.

In the oase where the oardinality of the set M(0,n) is equal to 1 then we do oontinue
analysing the terms of the sequence HI until we determine the smallest n< m<pQ satisfying
the following relation:

_ m-1
@G Vm)—-Po(C [JI\N U) )OO0 O

=1
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If there exists the smallest ncm”~p” satisfying the relation (3) then we oreate a set
D(0) determined in the following way:
DO -LO@M -rQC TjV d»
31
If there exists no n<m<po satisfying the relation (3 then we set D(0) « 0. In this
oase the _task corresponding to the one element 3et M(Ofn) is exeouted by one prooessor and the
remaining prooessor is idle in this period.

If the set D(0) 0 then we ohose an arbitrary but fixed vertex x~from the set D(0) and,
if it is necessary, we oreate a direot extension sP of the network suoh that

tP( M ©O,n) ) = tA(xd)

Obviously, the tasks corresponding to M(0O,n)and x* oan be oonourrently executed by dif-
ferent prooessors.

Of oburse, if we split any t83k then the model of computation varies. In this oa3e a new
model will be an extension of the network SQ. The next steps of the algorithm prooeed in a way
similar to the first step 3u3t described provided that relevant models of computation have been
used.

4, Description of the algorithm

To desorlbe the algorithm some additional notions will be needed. These notions oan be
defined formally as follows:

Let S «<>: ,P , t , xoy be an arbitrary but fixed network and let SA =*</, 1/,
be a network assigned to the network 3 as a result of exeoutlng i-th step of the aoheduling
algorithm. Let F(i) be a subset of the set X, created ¢(3 a result of exeoutlng 1-th step of the
scheduling algorithm. In the set Xd we distinguish a subset M(i,n) defined in the following

way : n i

MaLny > L) - Y

where LN @ is the 3-th level of the network SV,

Let n for (Kisjp-~ be a funotion defined as follows:
the smallest i<n<pl suoh that
n@ « ri(M(i,a))oLl (D) A O

i otherwise -
i
where is a natural number satisfying the following relation @jLN({)=* X J that is,
determines the number of levels of the network S~. =1
Let S"=~x", P , t°, be any extension of the network S = ~j» , , tA
Let X,, denote a set of singular vertioe3 of the network 3 "with respeot to the network 37 The
network 3 "is said to be ari extension of the network induoed by the set M(i,n (1)) (in short

m-extension) if and only if :
) Xl =£x eM(i,n(D) : PO N ,LU(h@D+ 1) =0
i) if xs X,, then t°()=" &® -~ M+ tvy)

where y is an arbitrary vertex from the set K(i,n(i)) satisfying the following relation:
Pi (y) « Ligqn@)+ 1) € o

endis a funotion defined as follows:
Tl ® if X = xoi *

Ti® 6.00 + noax

A yve prx) Ti @) it  x + x0i
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It is easy to verify that not for every network there exists an extension Induoed by
the set 11 (i,n(i) ).

It oan be shown that if S"is n-extenoion of the network Si and Xg isthe set ofsingular

vertices of the network S*"with respeot to "the network then
L*(nU) + D= 11(nCi)+
For the sake convenience, by S™ will be denoted an m-extension of the network or the
network so far as there exists no m-extension for it.
A set L(i,n) for O<i”Pi and . OM"n"P~"is said tobe a restriction of the set L™n)
if it is defined as follows: o
i
LG.n) =LjIn) - Q@ FQ)
3=0

Let g for ONi~p.~  be afunotiondefined as follows:
the-smallest n(i) <n < pi suoh that
g(i) = m L(@Gi,n) - pi@@G@,n-)) 7/ O

n(i) otherwise
Basing on the funotion g,we define a set D(i) in the following nay:
o> = li@i, g - P1IWM@G,")-1))
It is easy to see that if g@ =n@ then B@) =0

In order to reduoe the number of the tasks to be split, we distinguish in the set D(i)
a subset Dtl) defined as follows:

D*(1) = X6D() - t.(® =ma X
1 yeD (i)
Let us assume that is an arbitraty but fixed vertex belonging to the set V(i) . By this
assumption we define a set I™ (@ in the following way:
M (i,n()) it [JUG.nG)II> 1
M (i,n(i)) o {xd} if |IM@,n())H

where 1] denotes the cardinality of the set X.
»

Of, oourse, if we are not interested in reduoing the number of the tasks to be split, then
we can take as x” an arbitrary but fixed vertex from the set D(i) . *

For the sake of conciseness of description of the algorithm we introduce some additional
notions. .

Let a sequence RU.K @) = Pri) , P2<i)» P @ be a disjonit partition of the set Ms (i)
defined in the following way:
i t " MUKIMI) for j = 1,2
ii) P3 ()= lii) - (P1(1)VvP2 ()
Hi) if xe¢e PjIU and J/ n then tEnd>) + tw>T(i) >T(il
for 3 =1,2,3 andn = 1,2
where T is a funotion defined on the set X** asfollows:

T@ = 172V 4if®
X6 K*( 1)

It is easy to verify that I~R~®IN « 1 and if tEP-j())> T(D then one of the sets
P1(@) or ?2() is empty.



! 3.

Under assumption that P3() /7 O , we define a direot extension 3 » “"Xp , P» , t©™ ,
*01”~ of the network SM » » T, xMinduoed hy the disjoint partition P(M*(i))in the
fo+lowing way:

If P3Q@)<T(i) then jsj « P, @ and
tf(sl) » T@) - t (PLQG)

tP@E) -TGE) - ' CP2G) - 3 - G5(sH
If t (P3 ())>T(i) then [s* - P3() and

tP@i) “ ~  P1(i)uP2 )

tp @) =.t“ (s1) - tPfsA

where s™ is only the one singular vertex of the network Sp with respeot to the network S*1 and
s* is an assooiated vertex with the vertex

We are now in a position to desoribe the prooess of oreation the sets P (i) and assignment
of extensions to the network 3. This prooess will be oalled an initial sequenoing algorithm.

The initial sequenoing algorithm is defined by induotlon as follows»

1. Basio step
P(0) -0 and SO - S

2. Induotlon step -
Case 1

If W@ » 1 then F(i+l) « M*(i) and SI+1 - 3t

Case 2
If DM* () Ikl
a ifP3@ =0 then P (+)= M*(i)and SI+1 « S?

by if t“P3@) > T @ then 1(1+1) =M*(i) and Si+l - Sp
o) if ' ®3O) <T(i) then F(i+1) =M*(i) § js*jand 31+1- Sp

Let a sequenoe S®, S2,...,3k be the sequence of networks assigned to the network S » <(X,
P, t ,xp ) 83 a result of aoting of the initial sequenoing algorithm. Thenetwork 3" is-

3«id to be a terminal extension of the network S if the following relation
k

*k - U p(d
3-1
holds and the number k will be sailed-a range of extension of the network 3".
In tho following oonalderations, the terminal extension of the network 3 wj.ll bedenoted

by a oapital S*.
It should be pointed out that if as a result of the action of the initial sequenoing

algorithm none of the tasks have heen split then 3 « 3*.

As a result of the action of the initial sequenoing algorithm we obtain a disjoint parti-

tion (Hi) 1 2 k of the set X* of the network 3*, that is, for every 1i,J*ik if 1 ijiJ
then F (M)rmp gF=*0 and =X there exist no such a number that s*6?(i+l)
F1
thenthe disjoint partition (i (izfl,:TfCS“"K_detemlnes the sets of mutually independent

tasksof the computation which is represented by the network 3 and thus the tasks corresponding
to the sets P (@) oan he oonourrently executed. On the other hand in theoase where 3*eP(l1+1)



then between vertioes and s* the relation r*137) ” 3* holds. This means that the tasks
corresponding to the vertioes and s* are dependentand thus the task corresponding to the
vertex 3* ought to be exeouted after the exeoution odthe task corresponding to the vertex s”.

The initial sequencing algorithm aots, by assumption that all tasks of the computation oan
bo split in an arbitrary way. The starting point of aotlng of the initial sequencing algorithm
are levels of the network. In any step of the algorithm some tasks of the computation oan be
split. If we split any task then tho model of computation varies. This new model Is needed to
perform next step of the algorithm. In oonneotion with there is neoessity for determing tho
levels of the network representing new model of the computation. It is easy to verify that the
process of determination of levels in _the network being the model of computation in question
reduoe to adding to one of existing levels the suooessors of singular vertioes or to introducing
only one new level consisting of the one suooessor ofthe singular vertex.

It remains now to solve a problem of assignment the tasks to the different prooessors,
that is, the problem of oreation of a disjoint partition of the sets F(i) in suoh a way so as
to minimize the total exeoution time of thecomputation and donot violate the preoedenoe rela-
tion among the tasks. This process will be oelled apartitioningalgorithm.

Let r be a range of extension of the network S*. In the set Xs, for 1 i“r and j ~ 1,2
we distinguish some subsets P(i,3) defined in the following way:

°03e 1 f F @) i
If NFGOII =1  then P@Gi.3) = |
A0 if j=2

ey

i
v
[N

Case 2

If NFGHIL>1 then
1. if P3@ =0 then P.(i,j) =P~d) for j = 1,2

2.iF NP3 (1))>T() then
P1t) u P2Q@) if 3 =1
P,
a3 {s]} if 3 =2
3. if t“(P-(D) < TU{ then
1 3k ~(i) u if 3 =1
p2 @) ~{3i} if 3
Let for 3 = 1,2 be a subset of the set X* defined in the following way:
r
Ps = U 'p<1»3
. 1:1p >3)
It is easy to verify that the sets and P2 create a disjoint partition of the set X*,

that is P1n P2 =0 and P1lU P2“X*.Tke set3 P and P2 determine the tasks whioh will be as-
signed to the different prooesors. If P(i,j) 00 for j = 1,2 then the tssk3 corresponding
to the set ?(i,1) are executed by the First processor and the tasks corresponding to the set
P(1,2) are exeouted by the seoond processor. If P(@,1) / O and P(i,2)= 0 then the tasks corres-
ponding to the set P(i,1) are executed by the first processor and .the seoond processor i3 idle
in this period. If P(1,j) /7 0 for j * 1,2 then the tasks oorreponding to the sets P(i,3" °®n 16
exeouted in arbitrary order provided that the relations s”eP(l,1) and s* e P(i,2) do not
hold. In the oase where s”e P(l,1) and s* e P(i,2) then the task corresponding to the vertex
s* ought to he exeouted after the execution of the task oorresponding to the vertex s”. Obvio-
usly, first ought to be exeouted the task oorresponding to the set P(i,j) and subsequently the
tasks oorresponding to the set P (i+1,j).



Finally,- the total exeoution time of the computation whioh is represented by the network
3 is given by the formula
r
T@B) = £ T*(i)
1=1
where T* is a function defined as follows:

t* F(i) it RN >1
. Vo
™(

e 1) it F@I* 1

it follows that tlje total exeoution time T @) of the
computation can be determined after completing the aotion of the initial sequencing algorithm.
It means that to determine the total exeoution time TtS) there is no need to use the partitio-
ning algorithm. In other words, the total exeoution time T (3 oan be determined before oomple-
ting the sequenoing of the tasks of the computation in question.

5.-Optimality and interpretation

In this seotion we shall prove some fundamental feots oonoerning the soheduling algorithm
and its optimality. On the ground of these facts we shall interpret basic properties of the
algorithm considered.

Theorem 1

Let S™ be the terminal extension of the network S and let k be the range of extension of
the network S*. Let R™ for i<:i*ck be a graph defined In the following way:

k k k
i nd4 - < » P*/ yp<3) , t/ QpUi ., x* >
3=i 3=1 3=1
If there exists suoh o~ 1 < k that s*e F(i+1)” then the sequenoe

@#)R* (@B =ARM, ,...,RMN, ...,

is only the reduction of the network S* but is not the direot reduotion of thenetwork5*. In the
ease where there is no 3uoh-0 ™ i1 <k that s*e F{i+1) then the sequenoe (* hJs the
direot reduotion of the network S* ,

Proof.

Prom definition of terminal extension of the network S it follows that * S*. Sinoe
RK=<%VK ,P/P® ,t/ PK ,xoy and thus in order to prove the theoremit is neoe3sary
to show that for every K k if s* 7~ e F(i) then the graph RI+1lis thereduot of the network
RM and if s*_1 6 P(i) then the graph R*+l is the direot reduot of the network R*. We shall
show now by induotion on i<k that the graph ifl as the oase may be the reduot or the
diroot reduot of the network R”.

1. Basio step. Let i =1.By virtue of (*) weobtain that
@O R2 * <X* -F(() , P*/ X*~ 1), t*/X*_ FQQ) ,x*y

Let a network S1 = <(X1 ,P,, tF , xnl™® be the network assigned to the network 3 as a
result of executing first step of the initial sequencing algorithm. If 3*c ?]1) then by ini-
tial sequencing algorithm the network is a direot extension .of the network 3* and
@ F)-= nndpl(30) * s*

On the other hand, if there existsno suoh 1*1 thet a* tF (@ then by initial sequenoing
algorithm the network 31 is the direot extension of the network 3 or identioal with the network
3 and



®@ FQ@> =W g
Sinoe the network S, is the direct extension of the network SM or identical with the
network S or identical with the network S then from @ , (@G and definition of the set
M*(i) it follows that
@ p~HA)) C X1 - F(D)
where I (@ is a set defined in the following way
F() if s* 11 1°d)
H@®
1°d) — if 8j-1 i,i(i)
Since the network S* is terminal extension of the network S then in virtue of (@) we
obtain

® P G @MHC X*_FD

Since nl = S* and pB (so)= s* then from(6) in virtue of () and @ it follows that if
s*e F @ then the graph J2 is the direct reduct of the network E1 and if s*e F<1) then the
graph R2 is the reduct of the network R™ and is not the direot reduot of the network R™.

2. Induction step. Let as assume that induction hypothesis holds for i1 =n< k , that *
is, that the network

k k k
@ Rn=< U?() , p*/ U?2(3) .t/ U 2?20 » >
n N  3=n 3=n 3=n 0x
is the reduot of the network Rn-1 if 6 F(n-1) and is the direot reduot of the network
Rn-1 If sn-2 * *
To prove the theorem, it is neoessary to show that if 316 then the graph Rn+l is

the direot reduot of the network Rn'

Since
= AN * > o * *_
raer =5 384 ® - 1/ e O * W/ ou . p(3)” x° > and r* (s*-i)

then from @ by induction hypothesis (7) it follows that the graph Rn+l is as the case may
he the reduot of the network Rh or the direot reduot of the network Rn if the following relation
is satisfied:

® p* (H<n)c [IF(3) -
3=n+1
where H(n) 1is defined by (6). -

We shall show, now, by leading to a oontradiotlon that the relation (9 holds. Suppose
the contrary: the relation (9) does not hold, that is,

@Ao' H HM) <€ jJf G>
3=n+i

Sinoe the network S*is the terminal extension of the network S then from (0) in virtue
of () we have

@ P* ¢y O UFQ)/ 0

Since the network S* is the terminal extension of the network S then by definition of
initial sequencing algorithm and by definition of the set Mx (i)we obtain
(@) r* (hW) a JFB) = 0
3=1



In virtue of (1) and @3) we get a oontradiction, and thus the relation (9 holds whioh
means.that if sn 1 e ~(~ then the graph R+l is thereduct of the network Rn and if s* ~

c F(n) then the graph Rn+l is the direct reduot of the network Rn.

In order to prove the theorem it is neoessary to show that for the network RM. there exists
no reduot. In virtue of (12) we have

K
@ P*(@kK n JP @ =0

d=i

From the"fact that S* is the terminal extension of the network S it follows that H(k) =
F® and n-1

) FK ax* - U F3>
3=1 .

From (@3 and (@4) it follows that for the network R,c there exists no reduct. Thus the
theorem has beeb proved.

In further considerations, the reduotion of the network S* induoed by the sets F(i), that
is, the soquence

RI>¢) ®nl,,.,H,,,,.Ric

will be oalled f-reduotion of the network S,

From theorem 1 it follows that if x e F(n) "fand y e F(m> and n< m then there
exists no path leading from the vertex y to the vertex x and moreover, if Xx,y e F(I) and
s* t Fti) then neither xe TMy) nor y e p*(xX) .

In oonneotion with, the disjoint partition | (k of the set 5c* of the

IJ 1=1,2,,,,k
network S can be Interpreted as follows: If x,y e F(i) and s* $ F(i)tbe tasks corresponding
to the vertices x and y oan be concurrently exeouted and oonversely, if s* e F(i)than the
task3 oorresponding to vertioes s and s” oannotbe oonourrently executed. Obviously, first

ought to be exeouted the task corresponding to the vertex s and subsequently the task oores—
ponding to the vertex s*. Moreover, if xe F (n) and y e F(m) and n<m then the task correspon-
ding to the vertex y ought to be executed after completing the task ooresponding to the vertex

X.

let us iIntroduoe a partial ordering relation -~defined on the set Xw in the following
way':
X <(y<=>xc F(nN)A y e F(m)A n<m ;

‘% shall non show that the sequenoing of the tasks oorresponding to the set of vertioes
X* of the terminal extension of the network 5 based on the partial ordering relation -< is opti-
mal, provided that the rules of assigning the processors to the tasks of the computation indu-
ced by the sets P(i,J) have not been violated.

Theorem ? .

l,et S* > X", r t", x» y be suoh an extension of the network S - X, T ,t,x"
that there exists a reduotion R (3*)= satisfying the following oonditlon:



Let T " be a "function defined for the network 3 "as follows:

VZE £t if K - *i+i >
fti) = X * xi+l
t"(x) if x = or |x} = X~ - x*"

i+l
There exists no such extension S* of the network 3 that

£ T(D<TO
3=1
PI"0OF .

”e prove the theorem by leading to .a oontradiotion. Suppose the oontrary: there exists
suoh an extension 3" of the netnork S satisfying the condition (*) and there exists suoh a
reduction

o R(3")= il"f-——-TR", ... .,R"

th&t the following relation
n

71 T(H < TS

1=1
holds. Let 3 w be terminal extension of the network S and let the sequenoe
(©) RF(S) » R1( Rk
be f-reduotion of the network 3s.

If the relation (2) holds then there exists at least suoh a reduot RI+1 that llII' ®Il » 1
l,et us assume that the reduot R™M+1 is the flrst (in the sense of the numeration of the reduots
in f-reduotion (@) from the reduots sytisfying the following condition

@ IP@HI -1

let P(i) * |xi] =~ t& condition (4 holds therfrom initial sequencing algorithm it follows
that -

G KA-1,n(G-1))= &ij -and 3X1-1} = 6
whioh meens if x {IL XYthen

@©@ T*\*>i y p g
31
The question arises whether for the network R™ oan be created suoh a direct reduot RM1 £°r
whioh tho following relation
k

IO S

holds. We shall now show that the answer for the question given above is negative.

If there exists direot reduot R*+1 of the network Ri satisfying the relation (7)) tUeak
from definition of direot reduot it follows that there exists a vertex X ji X, suoh that > c i |[FfQJ)

i-1 - 31
and n 1 c U F 3) whioh leads to a oontradiotion with (7). And thus there exists no such
31

direot reduct R* of the network R, satisfying the relation! 77)
i+l 1



let us assume that S" is such an extension of the network S that there exists such redu-
ction @ and the reduct Rj satisfying the following relation

- 1,20

Prom (@® and definitions of the function T and T" it follows that
A4 i-1
2 T."(n) Ss2 X! Tin)
n=1

let us assume that the reduct E~+1 is the only one reduot of the network 3 satisfying

the relation (@), Since for the network there exist no direct reduot satisfying the
relation (7?) , and _thus from 8 it follows that for the reduot Rj.-ﬂ' of the network 3"thc fol-
lowing relation X. - 1. . = F({) holds, which hy definitions of the function T*and T yields

n k
(€0)) £E>"(m) 8 (T (>(n)
m™i

- Proin ® and (0) we obtain
n

a ™ > TO

In virtue of (2 (1) we get a contradiction, and thus the theorem ha3 heen proved.

Prom this theorem it follows that the value of the function T (3) determines the smallest
possible total execution time of the computation (schedule length) which is represented by the
network S. On the other hand, from dedinition of the function T it follows that the total
execution time of the oomputation oan be determined after completing the acting of the initial
sequenoing algorithm. To exeoute the computation is needed to complete aotlng of the Initial
sequencing algorithm-and the partitioning algorithm. These facts mean that the total exeoution
time T (8 of the computation oan be detex-rained before completing the sequenoing of the tasks
of the computation in question.

6. Conoluding remarks

In spite of simplicity of formulation many of soheduling problems ai-e very hard problems,
host of them are konown to be KlZcomplete [10] . Thi3 means that the. number of steps of the
scheduling algorithm grows oxponentialy with the size of the problem and thus in some cans these
problems are intraotable.

lot us oonsider a partition problem. The partition problem can be stated as follows:

Let (CJ, C2, ,cn ) e Zn be arbitrary n-tuple of positive real numbers. Is there
a set of indices JC {l,2,.,,n}suoh thnt

£=, ]
seld s6J
This simple formulated problem is very good known to be UP-—oomplete [10] . It Is easy to

see that we oan find the solution of this problem by finite enumeration of all sets of indices
J but the solutions is exponential iIn the size of the problem.
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Prace naukowo-badawcze Instytutu Maszyn Matematycznych

Metoda minimalizacji

funkcji logicznych

Marian Lispanowski
instytut tagcznosci Gdansk

Opracowana metoda minlmalizaoji funkojl logloznyoh obejmuje dna etapy. T pierwszym etapie
znajduje sie minimalne pokrycie funkcji, natomiast w drugim - proste lraplikanty zapewniajace
to pokryole.

7 znanej metodzie Quine®a Mo-Cluskey®a rainimallzaoji funkcji logloznyoh znajduja sie
najpierw wszystkie proste implikanty danej funkcji, a nastepnie minimalny podzbidr prostych
Implikantéw, zapewnlejaoy pokryole funkojl (np. [1, 2])- Moze bydé interesujace pytanie ozy
mozliwy jest porzadek odwrotny; najpierw znalezienie minimalnego pokrycia funkojl za pomooag
Implikantéw wspélnyoh dla pewnej liczby konstytuentéw, a dopiero w drugim etapie wyznaczenie
prostyoh Implikantéw (Juz nie wszystkich), przez ktére moga bydé zastgpione Implikanty wyzna-
ozone w pierwszym etapie. Okazuje sie, Zc oparta na tej konoepoji metoda moze bydé uzyteczna
dla funkcji w pelni okrealonyoh, a szozeg6lnie dla niecatkowicie okresllonych.

Nieoh dwuwartodoiowa funoja logiozna Ff(»1* *a )t ktérej argumentami sg zraieime
dwuwartoéoiowe x°, ee«, xn, Jest zadano za pomoog dwéoh tablio T1 i T2. Tablioa Tl zawiera
zbidr ciagéw nartodoi argumentéw Xx - liczb binamyoh odpowiadajacych konstytuentom,

dla ktérego funkoja przyjmuje wartoad 1, tablioa T2 - analogiczny zbidr, dla ktdorego funkoi
ma wartodd 0. Nieoh X1# K2 oznaczaja odpowiednio llozbe wierszy (konstytuentéw ) tablloy 1

1 T2

Konstytuenty zapisane w wierszach i.,, i2tablley Tl maja wspolny implikant p, Jezeli za-
wiera sie on w obu wlerszaoh i.,, i2 tej tablloy i nie wystepuje w zadnym wierszu tablloy T2.

Przyktad - n»6. Nieoh konstytuenty wystepujgce w tablloy T1 majg postad: wiersz il -
101011 (oznacza to zbidr wartodoi argumentéw X.J»xj=x"-Xg»l, X2*x"«0), wiersz i2~ 001110.
Koniunkcja -01 Jest implikentem funkcji f Jezeli nie zawiera sie w zadnym wierszu
tablloy T2, Konlunkoja ta pokryn9 wymienione konstytuenty.

Chogo wyznaozy6é minimalng postad funkojl f mozna zasto3o*rad nastepujgoy tok postepowanie.
D 7?ybdér wiersza i~ tablloy T1,
Znalezienie wszystkioh mozliwych“posobéw pokryoia konstytuentédw zudziatem wiersza i”.

2) Znalezienie wszystkioh Implikantéow zawierajacych sie w wierszu iltwspolnyoh dla
pewnej liozby wierszy tablloy Tl /atanowigoyorf poicryoie odpowiadajgoyoh im konstytuentéw/.

3) Powtdrzenie p.1-2 dla tych wierszy tablloy T1l, ktére nie weszty do pokryoia otrzymane-
go w p. 2.

4) Spoardd roéznyoh wariantdow pokryoia wyznaczonych w p. 2, przeprowadzenia wyboru mini-
malnego pokryoia wszystkioh konstytuentéow tablloy T1, to Jest zawierajgoego najmniejsza liozbe
implikanto«.,

5 Znalezienie prostych Implikantéw dla pokryoia minimalnego wybranego w p. 4 i ooena
catkowitej liozby liter pokrycia,

6) Powtdérzenie p.4-5 - wyznaozenie ewentualnego innego pokryoia minimalnego i sprawdze-
nie, ze pokryole o mniejszej liczbie liter nie i3tnieje.
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Dla znalezienia implikantéow zawierajgoyoh sie w wierszu il (p- 2) nalezy rozpatrzy¢ pary
wierszy i”®, 12 /ijz-i,,/ tablioy T1l. Pokrycie wierszy i®, i? stanowi 0zed¢ wspdlna liczb wyste-
pujaca w obu wierszaoh. Dla konstytuentéw 101011 i 001110 ozedboig wspdlng jest koniunkoja k=
-01-1-. “"Tspélny iinplikant dla wierszy +2 istnieje, jezeli wyznaczona ozeé6 wspdlna nie za-

wiera w zadnym wierszu tablicy T2.

Do wyznaczeniu implikantéw dla wszystkich par wierszy il, i2 (i® ustalone zgodnie z p.1,
i2»1, ..., Kj, I™"i™), znajduje sie implikanty pokrywajace trzy i wieoej konstytuentéw jako
0zeb66 wsp6lng per implikantow. Jezeli otrzymuje sie przy tym koniunkoje o mniejszej liozbie
liter (ktéra jest réwna 4goznej liozbie zer i jedynek ozesoi wspélnej), nalezy sprawdzié¢ ozy
nie wystepuje ono w tablicy T2 i1 tylko. wowoza3 jest implikantem funkoji 1. Proces tworzenia
nowyoh implikantéw zostaje zakohozouy jezeli z otrzymanego zbioru implikantéw nie mozna utwo-
rzy¢ zadnego nowego implikantu. W przypadku gdy dla wszystkioh rozpatrzonyoh par konstytuentéw
11, i2 nie zostat znaleziony zaden implikant, jako implikant nalezy przyja¢ konstytuent zapisa-
ny w wierszu i., tablioy T1.

Przyk+t+ad.

Dunko ja t (x», . , Xg) jest przedstawiona za pomocag tablic T1, T2.
T1 T2 T3 T4
nr nr po po-
wier- konstytuent wier- konstytuent kry- implikant kry- implikant
sza sza oie oie
p 1
1 001 110 1 110 001 1,3 0- 1-0 1.3,4, 0— 1-
2 100 001 2 101 110 1,4- 001 1- 7
3 010 100 3 001 000 1,7 0-1 1-0
* 001 101 4 110 101
. 110 110 5 011 011
6 101 011 6 100 111
011 100 .

Nieoh i~1. ~ tablioy T3 zestawiono implikanty otrzymane dla par wierszy il 11i,=2,
--.,7 , tablicy T1. Dla par nie wpisanych do T3 implikant nie istnieje. Z kolei tworzgo mozliwe
pary implikantéw z tablioy T3 otrzymuje sie jeden implikant o liozbie liter m=2, pokrywajacy
oztery konstytuanty (tablioa T4).

Pozpatrujgo wiersz i”=2 (nie wystepuje w znalezionym pokryciu - tabl. T4%) otrzymuje sie
implikanty zestawione w tablioy T5. Mozna przy tym poming¢ pare 2, 1.

T5 T6
pokryoie implikant j pokryoiej~implikant
2,4 -0- -01 | -10 1-0

2,6 10- 0-1 j

2,4,6 -

W tablioaoh T4, T5 nie wystepuje konstytuent oznaozony nr 5. Pomijajgo pary 5,1 i 5,2
(Juz rozpatrzone) otrzymuje sie ostateoznie jeden implikant pokrywajacy ten konstytuent (ostatni
wiersz tablioy}TG).
>
Oznaczajac znalezione implikanty przez p~"=0- 1— , p2=-1-1-0, p”=10-0-1 mozna zauwazy¢, ze
tworza one minimalny zbidér pokrywajgoy wszystkie kon3tytuenty 1-7 z tablioy T1; nie istnieje
zbfor o mniejszej liczbie implikantéw. Z uwagi na to, ze w tablioyT2 wystepujag oyiry 1 i O
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w kazdej kolumnie, nie moga istnie¢ implikanty jednoliterowe. Implikant pl jest dwuliterowy,
Jest wieo zarazem prostym implikantem. Implikanty pg i p" zawieraja wieksza liozbe liter niz
dwie, mogg zatem istnie¢ pokrywaldgoe Je implikanty o mniejszej liczbie liter..

Wyznaozenie prostych implikantéw dla minimalnego pokryola funkoji p.5 jest mozliwe od-
dzielenie dla kazdego otrzymanego implikantu. Wykonuje sie nastepujace operaoje:
I
D Znalezienie najwiekszej ozes$oi wspélnej w Implikantu p i konstytuentéw zapisanych
w tablioy T2.

2) Dla znalezionej ozes$oi wspélnej w i implikantu p tworzy sie koniunkoje m-literowo,
ktére nie sg zawarte w ozesoi wspélnej w, ale zawieraja sie w iraplikanole p, przy ozyin twfflin=2
(Jezeli mozna wykluozy6 implikanty jednoliterowe), "max‘mp~1 (™p - liczba liter implikantu p).

3) Utworzona koniunkoja ra-literowa nie wystepujgoa w tablioy T2 Jest prostym implikantem,
Jezeli nie istnieje koniunkoja (m-1)- literowa, ktére nie jest zawarta w T2.

W rozpatrywanym przykdtadzie dla p2 istnieje o0zesé6 wspélna Wg= 1-0 (wiersz 2 T2). Mozli-
we ag dwie koniunkoje dwuliterowe kj- 1-1- i kg-— 1---0, pokrywajace implikant p2 i nie wyste-
pujace w Wg. Tylko koniunkoja kg nie wystepuje w zadnym wierszu T2, a zatem implikant p2 moze
by¢ zastgpiony przez prosty Implikant p2 — 1—0.

Dla pierwszego wiersza T2 i implikantu ozes6d wspolna Wj=1—- 0-1, Jezeli istnieje impli-
kant dwuliterowy pokrywajacy p», to musi on zawiera¢ Jedna cyfre wystepujacag w w® oraz 0 na
drugim miejsou Jak w p~. Otrzymane w ten sposob koniunkoje nie sa Jednak implikantami, bo sg
zawarte w T2, Istnieja trzy koniunkoje trzyliterowe: 10-0- , 10- 1, -0-0-1, z ktoryoh tylko
druga nie Jest implikantem. Zatem mozna zastgpi¢ przez proste implikanty:
pij =10-0— lub p» =-0-0-1. - -

Minimalna posta¢ funkoji zawiera wleo dwie koniunkoje dwuliterowe i Jedng koniunkoje
trzyliterowa, razem 2.2+3=7 liter. Gdyby kazdy z konstytuentéw 2, 6 mogt byd zastgpiony in-
nym implikantem dwuliterowym, to zamiast o trzech literach trzeba by stosowa¢ dwie koniun-
koje dwuliterowe o dgoznej liozbie oztereoh liter. Swiadozy to o tyra, ze otrzymane postaoie
funkoji sa minimalne:

- P1V P2"VP-1« V X2X6 V X Ix2x4

lub F"» plv P2*VP3"= *2*4*6

. Chooiaz nie istniejg postaoie funkoji o mniejszej liozbie liter niz 7, to Jednak moga
istnie¢ po3taoie réwnowazne o tej samej liozbie liter. Wybierajac implikant zgpiseny w pier-
wszym tablioy T6, p2"= -101-0 (konstytuent nr 7 Jest pokryty przez P1), mozna uzyska¢ prosty
implikant p)* » — 0— 0, a zatem innymi postaciami minimalnymi sa:

t9 = plv p2 vp3
lub v » plv P2"VP3*

Pewnego oméwienia wymaga Jeszoze p.6 metody.

Nalezy stwierdzi¢, ze metoda bezposSrednio zapewnia otrzymanie po3taoi minimalnej funkoji,
ktéra zawiera minimum liter przy minimalnej liczbie wyrazenh / koniunkoji - dla postaoi alterna-
tywnej normalnej/. TT zaleznosci od przyjetego kryterium rainimalizaoJi funkoji, np. minimalna
liczba z gory okreslonych elementéw, ktére moga byd uzytedo realizacji funkoji — metoda wymaga
pewnyoh modyfikaoji.

Gdy kryterium minimalizacji stanowi oatkowlta liozba liter funkoji, oiag operaoji
weddfug p-1 - 5 nie zapewnia w kazdym wypadku otrzymania postaoi minimalnej. Nalezy wéwczas
sprawdzi¢ (p-6) ozy mozna otrzyma¢ proste implikanty o mniejszej liozbie liter niz nyznaozone
w p. 5 i jezeli to zachodzi, czy moze istnie¢ inne pokrycie funokji, dla ktérego oatkowlta
liozba liter ulegnie dalszemu zmniejszeniu. Podstawe wyboru stanowig zawsze implikanty otrzy-
mane w p. 2.
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Punkt 6 staje sie zbedny, Jezeli Jako kryterium minimalizacji przyjadé minimum liter przy
minimalnej liczbie wyrazen funkcji. T7 takim razie w p. 5 nalezy uwzglednié¢ wszystkie pokryoia
0 tej samej minimalnej liczbie implikantéw (jezeli istnieje wiecej niz Jedno pokrycie). Punkt
6 moze by¢ réwniez pominiety, gdy kryterium rainimalizaoJi Jest okreslone Jako mimimum oatkowi-

tej liozby liter, ale .posta¢ minimalna moze bydé okreslona z pewnym przyblizeniem do tego mi-

nimum.
/ 1

Minimalng postaé koniunkoyjnag funkcji mozna otrzymo6 w ten sam spos6b zmieniajac Jedynie
miedzy sobg role tablio Tl i1 T2 oraz stosujac operaoje negaoji do otrzymanej postaci minimalnej
alternatywnej .

Ketode mozno #atwo rozszerzy¢ na minimalizacje zbioru funkcji logioznych, uzyskujac mi-
nimum liter dla okreslonego zbioru funkcji, a nie tylko dla kazdej funkcji rozpatrywanej od-
dzielnie.

7 uwagi na to, ze wiekszo$¢ operaoji dotyozy dziakan na llczbaob binernyoh, metoda moze
byé dostosowana do obliczen maszynowych, oo zwiekszy jej efektywnos¢. °V poréwnaniu do metody
Quine®a Ko.-Oluskey®"a wymaga ozesto raniej operaoji, gdyz nie uwzglednia konsty tuentéw niewyko-
rzystanych, dla ktérych funkcja nie Jest okreslona i ktérych liozba Jest zwykle znaczna.

Wykaz literatury:
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The method of logioel function minimization

Summary
E ] 5
The elaborated method of logioal function minimisation contains two parts. In first
part a minimal funotlon covering is determined, while In second - prime iraplioants insuring
thi3 covering.
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Instytut Maszyn Matematycznych przekaze nieodptatnie
do eksploatacji sprzetowo niezalezny system progra-
mowania grafiki komputeréw PSG zaimplementowany

na minikomputerze MERA 400.

Blizsze informacje: Pracownia Grafiki Komputerowej,

tel. 21-84-41 W. 271, 388, 428.






Informaoja o oenach i warunkaoh prenumeraty na 1987 r.

t- dla ozasopism Instytutu Maszyn Matematyoznyoh

t
e Cena prenumeraty rooznej
Teohniki Komputerowe - Biuletyn Informacyjny 2280.— dwuirT,
Przeglad Dokumentaoyjny - Nauki i Teohniki Komputerowe 1860.- dwum.
Informacja Ekspresowa - Nauki i Teohniki Komputerowe 4200.- mies.
Prace naukowo-badawoze Instytutu Maszyn Matematyoznyoh 1800.- 3x w roku
e Warunki prenumeraty
1/ dla os6b prawnych - instytuoji i1 zaktadoéw praoy:

— instytuoje 1 zaktady praoy zlokalizowane w miastaoh wojewdédzkioh
i pozostatyoh miastaoh, w ktéryoh znajdujg sie siedziby oddziatow

RSW "Prasa-Ksigzka-Ruoh"™ zamawiajg prenumerate w tyoh oddziataoh;

— instytuoje i zaktady praoy zlokalizowane w miejsoowo$soiach, gdzie
nie ma oddziatow RSW "Prasa-Ksigzka-Ruoh"™ i1 na terenaoh wiejskioh

optaoaja prenumerate w urzedaoh pooztowyoh i1 u doreczycieli;
2/ dla oso6b fizycznyoh - prenumeratoréow indywidualnych:

— 030by fizyczne zamieszkate na wsi 1 w miejsoowodoiaoh, gdzie nie
ma oddziatow RSW "Prasa-Ksigzka-Ruoh" optaoajg prenumerate w urze-

daoh pooztowyoh i u doreczycieli;

— osoby fizyczne zamieszkate w miastach — siedzibach oddziatow RSW
"Prasa-Ksigzka-Ruoh" optaoajg prenumerate wydacznie w urzedaoh
pooztowyoh nadawozo-oddawozych wd#adoiwyoh dla miejsca zamieszkania
prenumeratora. Wpdtaty dokonuja uzywajgo "blankietu wpdtaty"™ na ra-

ohunek bankowy miejsoowego oddziatu RSW "Prasa-Ksigzka-Ruoh';

3/ Prenumerate ze zleceniem wysydki za granioe przyjmuje RSW "Prasa-
Ksigzka-Ruoh™, Centrala Kolportazu Prasy i Wydawniotw, ul. Towarowa 28,
00-958 Warszawa, konto NBP XV Oddziat w Warszawie nr 1153-201045-139-"171_
Prenumerata ze zleceniem wysytki za granioe pooztg zwykdg jest drozsza
od prenumeraty krajowej o 50% dla zleoeniodawoéw indywidualnych i o 100$

dla zleoajgoyoh instytuoji i zaktaddédw pracy.

e Terminy przyjmowania prenumeraty na kraj 1 za granioe;

— do dnia 10 listopada na | kwartat, |1 pédrooze roku nastepnego oraz ha

oaty ‘rok nastepny,

— do dnia 1 — kazdego miesigca poprzedzajgoego okres prenumeraty roku bie-
Zgcego.
Zaméwienia na prenumerate "Prac naukowo-badawozyoh Instytutu Maszyn Ma-»
tematycznych” przyjmuje Dziak Sprzedazy Wysytkowej Osrodka Rozpowszech-
niania Wydawniotw Naukowyoh PAN, Warszawa, Patao Kultury i Nauki, tel.

tel. 20-02-11 w, 2516. Egzemplarze pojedyncze Prao sa do nabycia w ksie-
garni ORWN PAN, Warszawa, Patao Kultury i Nauki, tel, 20-02-11 w.2105.
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