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PREFACE

IFAC Workshops have proven to be a popular
and effective forum for presentation and
in-depth discussion of ideas by competent
experts in emerging areas of automatic
control. Indeed, the Workshops on Real
Time Programming, which date back to 1971
and have been held annually since that
time, have proved so successful that IFAC
has published a special booklet "Guidelines
for Organizers of IFAC Sponsored Workshops"
to assist and encourage more events of this

type.

During his term as Chairman of the IFAC
Computers Committee, Mr. Charies Doolittle
established the Workshops on Distributed
Computer Control Systems in recognition of
the great interest and activity in this
area. The first event in this series was
held in Tampa, Florida (1979) with
subsequent events in Ste. Adele, Quebec
(1980), Beijing, China (1981) and now
Tallinn, Estonia in 1982. Every event in
this series has been very successful in
terms of quality of papers, numbers of
participants, and the degree to which the
attendees have contributed to lively
discusson and exchange of ideas.

As can be noted from the 1ist of
participants the Tallinn Workshop was
attended by 75 experts from 14 countries.
The quality of the papers presented and the
discussions which followed may be judged by
the reader.

vii

In these proceedings the papers are
published in the order in which they were

presented. The discussions which took
place were recorded and subsequently
transcribed. Some editing was done to

improve clarity and avoid repetition but it
is hoped that the text retains a sense of
spontaneity. The  Workshop  program
concluded with a panel session, The
initial presentations by the panel members
and the ensuing discussion are also
included.

The two papers by H.G. Mendelbaum, G. de
Sablet., and Wu Zhimei, Zhang Wenkuan,
Zhang Yingzhong, Cheng Yunyi were not
presented at the Workshop because the
authors were unable to attend. However we
felt that their inclusion would add to the
value of this volume.

I wish to gratefully acknowledge the part
played by my co-editor, Raul Tavast, who
performed the difficult task of
transcribing and editing the discussions.

R.W. Gellie.
November 23, 1982.
Fitzroy, Victoria, Australia.
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WELCOME ADDRESS

T. Vamos
IFAC Pressdent

On behalf of IFAC Council I am happy to
address this meeting not only because it is
my duty and privilege but also because I
can express my satisfaction with IFAC's
directions of interest. To tell the truth,
we would like to organize not only fashion
directed meetings, but such ones which go
somehow before the general fashion, which
predict from the well-estimated trends,
stimulate exchange experiences and after

that summarise in order to provide
something relevant to our control
community.

If this symposium were the first of the
distributed control series I would say did
we sleep before? 1979 was just the right
time to begin and, coming here, it is
appropriate to speak about experiences
about unsolved problems in more depth.

Let me tell you some personal views on the
topic which I consider to be even more
revolutionary than is generally advertized.

Distributed control is much more
significant in control philosophy than
decentralized control was after the

hierarchical centralized ones.

Decentralized control 1is mostly a system
which is really de-centralized: that means
the system as a whole, handled as a black
box, is a resolved and reorganized
centralized one, not Tlosing the strond
central control but only delegating some
tasks and some information to the lower
subjugated levels.

Distributed control is a much more liberal
solution indicating a highly cooperative
philosophy: a coalition of components
arranged not hierarchically but in a very
democratic coordinative way. Any
centralization loses its rationality as we
consider larger and larger systems, systems
which have no rigorous physical limitations
but can be augmented or dissolved
adaptively. A very big system 1is even
theoretically uncontrollable in the old

xvii

sense, due to combinational explosion and
due to randomness of parameters. It's
nevertheless controllable as a coalition of
autonomous system partners, which cooperate
through a well-defined network of
information and flow. Flow is understood as

anything different from information, e.qg.
flow of energy, fluids, goods, people,
etc, High information transmission

technology, high level exchange protocols,
reliable well-organized system components
are basic requirements and that's the
reason why we had to wait until now for
this revolution. Several earlier systems
like international telephone exchange and
some power systems started to realize these
ideas long before they were formulated.
It's my firm belief that for the future the
idea of distributed cooperative systems
will be the dominating control principle,
for every large-scale system which intends
to survive and develop.

IFAC itself is a cooperative system and it
is appropriate to express our gratitude to
those who cooperate in IFAC. Distribution
of information, call for papers and people
are organized by our forty national
organizations by voluntary, non-profit
groups., Participation is free, without any
kind of discrimination, independent of the
transients of government policies. Our
goals and aims are more global and more
stable.

Thanks to the International Program
Committee of this Workshop that shaped the
program which is of interest not only for
those who could come here at this time, but
for all people who look at IFAC's events
for information and stimulation.

Thanks to the local organizers headed by
Vice-President of IFAC, Chairman of our
Technical Board, Academician Boris Tamm.

Soovin koige paremat. Soovin edu.
Best wishes and big success.



WELCOME ADDRESS

B. G. Tamm
Workshop Chairman, Tallinn Technical University

On behalf of the National Organizing
Committee and International Program
Committee I am glad to extend a sincere

welcome to everybody participating in the
4th  Workshop on Distributed Computer
Control Systems here in old Tallinn,

Just recently I received two telegrams, one
from Dr. W. Gellie, Chairman of the
sponsoring committee of this workshop, IFAC
TC on Computers, the other from Professor
P. Larsen, Chairman of the co-sponsoring
committee, IFAC TC on Education both
sending their best regards for the success
of our workshop and asking me to transfer
that to you.

Our workshop is already the fourth in the

series of Distributed Computer Control
after those held in Tampa (1979, USA)
Ste. Adele (1980, Canada) and Beijing

(1981, PRC), so we ought to have some kind
of experience,

Nevertheless the topic of our interest is
doveloping dramatically and I know the hard
efforts of the members of the International
Program Committee 1in selecting the best

xviii

papers from among those submitted. I
should like to thank everybody who sent
contributions and congratulate the authors
of the papers selected for the Final
Technical Program.

As you know IFAC is a society of volunteers
consisting of specialists in automatic
control who are ready to undertake personal
efforts besides their éveryday jobs, in
order to promote science and technology.

In this respect I should like to thank
every member of [IFAC, especially the
Chairman, Raul Tavast, Tom Harrison, who
has had a hand in all four of the
workshops, and L. Motus and E.
Trachtengerts, members from the USSR NMO,

for their outstanding contribution to this
IFAC event.

L 4

Dear guests, I should also iike to assure
you that the volunteers from the Imstitute
of Cybernetics, Academy of Sciences of the
Estonian SSR and Tallinn Technical
University have done their best to create a
fruitful professional atmosphere as well as
to ensure your joyful stay in Tallinn,



CONTENTS L

Welcome address - T. Vamos, President of IFAC xvii

Welcome address - B, Tamm, Workshop Chairman xix

Session 1. R.-R. Tavast, Chairman

Software Design Specifics for Multiprocessor Control Systems
E.A. Trakhtengerts, Yu.M, Shuraits 1

Discussion 11

Session 2. L.F. Natiello, Chairman

IEEE Project 802: Local Area Network Standard
A March 1982 status report

T.J. Harrison 13
Discussion 25
Standardization Work for Communication Among Distributed

Computer Control Systems .

G.G. Wood 27
Discussion 31
Session 3. L. Rosza, Chairman

Development and Quantitative Evaluation of Distributed

Sensor Based Management System

T. Muto, C. Inamochi, A. Inamoto, S. Kato 33
Discussion 43
Nova Control System - Goals, Architecture and System Design

G.J. Suski, J.M. Duffy, D.G. Britton, F.W. Halloway,

I.R. Krammen, R.G. Ozarski, J.R. Sevevyn, P.J. Van Arsdall 45
Discussion 57
Session 4. A. Work, Chairman

A Memory Intensive Functional Architecture for Distributed

Computer Control Systems

D.”. Dimmier 59
Discussion 73
Implementation and Performance Evaluation of a Distributed

Splitted-Bus Multiple Computer System

Lan Jin, Wei-min Zheng, Ding-xing Wang, Mei-ming Sheng 75
Discussion 81

xiii



xiv Contents

Session 5. M. Maxwell, Chairman

On the Design of Hierarchical Process Control Computer

Systems
J. Davidson, J.L. Houle

Discussion

A Model Based Design of Distributed Control Systems Software

L. Motus, K. Kddramees .

Discussion

Session 6. M.G. Rodd, Chairman

Parallel Processing for Real-Time Control and Simulation of DCCS
H. Kasahara, S. Narita

Discussion

On the Distribution of Tasks in Automation Systems
M. O01lus, B, Wahlstrdm

Discussion

Session 7. Lan Jin, Chairman

Software Test Facilities with Distributed Architecture
K. Takezawa

Discussion

A Communication System for Use in an Industrial Distributed
Control System

M.G. Rodd, N.J. Peberdy, H.F. Weehuizen, D.P.A. Bean

Discussion

Session 8. G.G. Wood, Chairman

Development and Analysis of Protocols for Distributed
Computer Networks
E.A. Yakubaitis, Ya.A. Kikuts, S.V. Rotanoy

Discussion

Ring Computer Networks for Real Time Process Control
A. Goscifiski, T. Walasek, K. Zielinski

Discussion

Session 9. T.J. Harrison, Chairman
Panel Discussion

Bottlenecks in the Design and Implementation of DCCS and the
Ways to Fight Them.
T.J. Harrison

Introductory Statements:
S. Narita
M. Maxwell
* G.G. Wood
R.-R. Tavast

Discussion

83

91

93

101

103

115

117

127

129

139

141

151

153

165

167

179

181

183
189
191
193

195



Contents

Additional Papers

EMUNET-Emuiator of Network Systems

H.G. Mendelbaum, G. de Sablet 201
The Communication Software on a Node of the RDC Network

Wu Zhimei, Zhang Wenkuan, Zhang Yingzhong, Cheng Yunyi 211

Author Index 217



Copyright © IFAC Distributed Computer Control Systems
Tallinn, U.S.S.R. 1982

SESSION 1
Chasr: R.-R. Tavast

SOFTWARE DESIGN FOR MULTIPROCESSOR
SYSTEMS COMPUTER CONTROL

E. A. Trakhtengerts and Yu. M. Shuraits

Institute of Control Sciences, Moscow, USSR

Abstract. The paper treats the specifics of the multiprocessor
computer systems software design, namely the design of language
means, translation and program parallelization means, operation
systems and debug systems, Feasibility of parallel and serial
program execution, the influence of the execution mode on the
useful performance of a computer system and the reduction of
execution time for a group of tasks or mean service time for

a flow of queries are considered,

Keywords, Multiprocessor computer system; parallel computations;
au%omafic parallelization; program branch; usefulness of para-
llelization; multiprocessor computer system performance,

INTRODUCTION

The advent of multiprocessor comput-
er systems capable of performing
parallel computations put forward
new requirements to the software
which realizes control algorithms.
These requirements may be verbalized
in a single phrase: parallel perfor-
mance of the computer process,

The process of parallelization im-
poses specific requirements on
-language means of programming for
multiprocessor systems which should
make parallel computations possible
and provide their timing;

- means of translation which should
provide automstic parallelization
of the object program;

- means of debug controlling asyn-
chronous performance of certain
tasks and localizing errors in runn-
ing the program on certain process-
ors;

~ operation system distributing
computational resources and provid-
ing its own parallel operationj

- design of algorithms taking full
advantage of parallel computationsj

The first part of the paper treats
various ways to realize the first
four requirements,

The second part discusdes rational
combination of the pearallel and
serial forms of program execution,
the effect of program paralleliza-
tion upon the useful capabilitv of
a multiprocessor gystem and soie

problems pertaining to the design of
parallel algorithms.

PART I

1., Language means

The language means in multiprocessor
systems are intended for the organi-
zation of serial - parallel computa-
tions. They differ from the "tradi-
tional" programming languages in

that they incorporate some additio-
nal units providing parallel realiza-
tion of program fragments and its

timing.

These include

-~ the introduction of vector and
matrix operations and means of mask-
ing the operations on elements of
the vectors;

- the apparatus for the creation of
sections of perallel program execu-
tion which are further referred to
as branches, and

- the apparatus for branch synchroni-
zation. ’

The expressions on arrays (vectors,
matrices) generally employ the same
operations as scalar expressions,
Usually subarrays of various kinds
and oj;?erations on them are specified.
4 logical conditional statement per-
mits only those operations with the
elements of the arrays to be per-
formed which correspond to the TRUE
value of the logical expression for
conditional statement. Thus masking
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of the operations with vectors is
performed which is generally done by
hardware.

Special statements for branch des-
cription and initialization are in-
troduced for parallel branch operat-
ions. In any point of the program
one or several branches may be ini-
tialized for parallel execution,
Usually static and dynemic defini-
tions of parallel branches are given.
In the latter case the number of
branches in a given point is dyna-
mically obtained in the course of
the program execution,

The body of a branch is specified
statically i.e. in the process of
translation and, generally, may not
be formed dynamically. The begining
and end of each branch are specified
by special statements,

The synchronization of the computing
process was attained through the
introduction of variables or arrays
of the "event" type and wait and
event termination statements. The
operands for these statements were
the variables or arrays of the
"event" type. To provide processing
of the same data array several
branchee statements of the "semapho-
re" type were introduced. To raise
the level of synchronizing primiti-
ves the mechanisms of the conditio-
nal ocritical intervals  [4] ,
monitors [2,3,5], sentinels [g) ,
control expressions (1] and ren~
dezvous (in the Ada language) were
created, One should note that the -
above rather complicated synchroni-
zation designs be expressed
through the semaphores as well, but
the use of these de51§ns increases
software "reliability™ and lowers
the probability of errors in the
program when complex interactions
are described,

2. W-

analysis and its leli~
zation in the course of the transla-
tion may bde carried out as follows,

At the first step linear sections
and simple cycles are isolated,

A linsar section of the progrem is

& part of it whose statements are
executed in the naturel order sequen~
tially or in the order determined

by unconditional branch instructions,
A linear section is limited by the
start and end statements,

A start statement of the linear sec~
tion is the statement for which at

least one of the following require-
ments is satisfleds either it has
moi« “han one direct predecessor or
its a:rect predecessor has more than
one direct follower.

Using these definitions one may
easily construct the linear section
search algorithm,

A simple cycle is a fragment of the
program consisting of one or several
cycle and cycle body statements not
containing transfer-o“-control bey-
ond the cycle boundaries. These
boundaries are found by formed indi-
cators of cycle description used in
the corresponding programming langu-
ages.

This terminates the process of the
analysis of a program graph. i

Parallelization inside linear sec-
tors, design of ordered linear se-
quences (0IS) and parallelization of
simple cycles may be executed in
parallel.

2.1, Parallelization of linear
gectlo:

"Parulleliaqtion inside a linear

section is carried out by statements;
inside the statements parallel exe-
cution of arithmetic expressidns is
possible.

The variables processed by the state-
ments P of the linear section may
be categdrized in four groupss
1. Read-only dehoted a8 w. 1 2.
Write-only denoted as X 3 3. Write-
after -read denoted as 'Y, ; and 4,
Read-after-write denoted as Z, ,
When two statements P, and P,
work in parallel memory cells or
which in this case is the same, {den-
tifies of the variables read by
statement P, should not be affect-
ed by writing into them statement

P, . Thus (W ,UY UZ)N
(X,UY,UZ))=¢.
Chang P, and P, symmetrically
we obt

(XIUYIUZI)O(WZUYZUZZ) =¢

If I, denotes input data (i.e. the
variables and constants of the
righthand part of the i-th asignment
statement) and O, output data
(i.e. the variables in the lefthand
part of the i-th asignment state-
ment) the above requirements of
informational independence of state-
ment i, ] may be written as
5nq=¢,gnq-¢,qnq-¢
Proceeding from these necessary con=-
ditions various algorithms for
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perallelization of linear sections
were suggested. The transformation
of scalar arithmetic expressions for
parallel computation is in reducing
the number of steps neceasary to
compute the arithmetic expression,
For example the computation of the
expression a+b w ¢ + 4

requires two steps. At the first
step (b*c) and (a+d) are
computed. At the second step the re-
sults obtained at the first step are
summed up.

This parallelization of arithmetic
expressions and parallel execution
of information-uncorrelated linear
section statements is possible in
the cases when the computer system
permits realization of pipeline
processing and/or is provided with
special arithmetical-logical devices
for tracking, multiplication,
shifting etc. Thus the computing
process may be significantly speeded

up.
2.2, Parallelization of cycles in
the process of fransiaEIon
For computer systems employing vec-
tor registers or sets of processor
elements vector computations prove
highly effective. The operations
with the elements of vectors in such
computations are performed one order
faster than the same operations with
scalars, Consequently the transfor-
mation of cycle bodies of sequential
programs into vector operations may

make the program execution essentia-
1ly faster.

In the course of transformation of
the cycle body of a sequential pro-
gram into a vector operation the
latter rchould be executed (resulting
in paral.cl computations) on those
elements of the vector the coordina-
tes of all points of which are paral-
lel to some plane. For instance,
such that the condition Tal =
const holds. The value of the &dns-
tant should change after each exe-
cution of the cycle body until all
points of the cycle are not looked
through,

Lending themselves for paralleliza-
tion are normally not all the cycles
but only those hich satisfy some
restrictions.  .ually the following
restrictions are imposed upon the
body of the cycle:

A, It should not contain any input/
output statements.

B, It should not cu..iain any trans-
fer-of-control outside tr. cycle.

C. It should not contain asny refe-
rences to the subprograms and func-
tions whose parameters are generated
variables,

D. It should satisfy certain
restrictions on the form and order
of index expressions.

The structure of the computer system
greatly effects the cycle paralleli-
zation technique. Thus for systems
of the ILLIAK-IV type one may employ
the reference technique [8] , for
systems with a set of asynchronously
operating processors, the hyperplane
technique (8] or the method of para-
llelipipeds fi4] etc. These methods
differ both the technigue of pare-
llelization and in the strength of
restictions imposed upon the cycles
to be transformed,

In a parallel cycle body execution
one should determine the range of
feasible values for each index vari-
able in which the vector operation
may be executed. In doing so one
should provide equivalency of the
vector operation to the initial cyc-
le. The solution to this problem is
generally that of system of integer
equations and unequalities [9) .
Therefore the parameters the cycles
to be transformed should be specifi-
ed in terms of constants rather than
variables, 'Then the entire prepa~
ration to parallelization should be
carried out in the process translat-
ion rather than in the course of the
program's -execution,

It should be noted that the analysis
of cycles used in FORTRAN programs
has shown that depending on the
structure of the computer system
and, consequently, on the paralleli-
zation technique used, 30 to 60 per-
cent of cycles in these programs
lent themselves to automatic paralle-
lization.

3. Determination of branches in
programs

A way to reduce program execution
time is parallelization of it in
branches i.,e. revealing such secti-
ons of it which may be executed si-
multaneously and independently.
Program branch initialization takes
a great deal of time therefore ra-
tional branching implies that indi-
vidual branches be executed 1
enough. When greater progrem ts
than linear sections or simple cyc-—
les are analyzed for possible para-
llelization, the initial progrem is
presented in the form of linear
structures consisting of single-
input-gsingle-output nodes, In the




