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PREFACE

This volume contains the proceedings of the International Federation of Automatic
Control's workshop on the control and Management of integrated industrial complexes held in
Toulouse, France over the period Sept. 6-8, 1977. This volume contains twenty three papers
selected by the international program committee plus four invited survey papers. The aim
of the workshop was to bring together experts from different disciplines in order to provide
a synthesis of the diverse ways of looking at the problem of controlling industrial

complexes.

In the light of the papers received, the scientific content of the workshop was
divided into B sessions. The first of these dealt with the theory of organisations, the
second with production planning and scheduling, the third with coordination theory, the
fourth with decentralised stochastic control, the fifth with power system applications
and the last one with other diverse applications. We have written a brief introduction to
the papers in each session. However, four papers were not included in the preprints volume
and these are added on to the end of the present volume. This means that where the reader
see's for example an introduction to an article and then does not find the article
immediately after the introductory section, he should look to the end of the volume for

the article.

We beleive that this volume contains an up to date survey of the diverse ways of

looking at integrated industrial complexes.
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INTRODUCTION TO SECTION 1:
Theory of organisations

This section comprises one invited survey paper and 4 contributed papers
The invited survey paper is by Professor A.P SAGE of the University of

Virginia, USAand it is entitled"on the application of systems methodology

to economic and organisational management of integrated industrial complexes"

In this paper the author points out that the combined use of interpretive
structural modelling and decision analysis within an appropriate methodo-
logical framework offers much promise for the economic and organisational
management of integrated industrial complexes. The author assesses the
various techniques which could have a b.earing on the problem . He starts by
outlining hierarchical control and identification algorithms for large scale
systems. He then assesses the role of structure in the behaviour of large
scale system as well as the role of decision policy analysis. He examines

in some detail the structure in multivariate group decision analysis. He then
goes on to discuss the use of hierarchical system and game theoretic con-
cepts in decision and policy analysis. He also outlines ways of evaluating
the worth of direct and indirect costs and benefits of technological inno-
vations in industrial complexes. Finally, he looks at the problem of imple-

mentation of decision analysis algorithms in decision making.

The first contributed paper is by A. NOMOTO of the Copal co. Ltd

of Tokyo andit is entitled "Matrix management as metamorphosis in managerial

m utations. In this paper the author describes matrix management as a use-
ful structure for projects where personnel are drawn from diverse sections

of the corporation. Various aspects of the problem are described.

The second contributed paper is by C.M SINGH and M.G SINGH of

LAAS-CNRS, Toulouse and it is entitled "An exploratory analysis of organi-

sational hierarchies from an Engineering point of view" . In this paper the

authors attempt to bring to the attention of organisational theorists cer-
tain recent results in the theory of hierarchical optimisation and control
which could lead to new insights into the understznding of organisational
hierarchies. Both the traditional and modern approaches to hierarchies

are treated.

In the traditional approach, it is usually assumed that the goals
and aspirations of the members of the organisation are common whilst in
the modern approach the goals may be contradictory. The authors argue
that recent work on hierarchical control could provide a methodology
for analysing quantitatively both the traditional and modern view points.

The third contributed paper is by P.K RAO of the administrative

staff college of India and it is entitled "Hierarchical and decentralised

planning and decision making a synthesis of analytic models’ The aim

of this paper iélgo provide a brief survey of literature on analytic appro-
aches to planning and decision making particulany in the context of deve-

lopment administration in large scale systems.
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(ii) Synthesisethe framework into a generalised multi-facet system configuration
which enables consideration of various types of planning and decision

making models as special cases.

The paper is divided into two parts. In the first part of the
paper a survey is given of various types of planning and decision-making
models, which could be classified as (i) monolithic

where it is assumed that the solutions of a given

class of parameters are knownand by aggregation one can solve the complex
problem with known structure and (ii ) non-monolithic where the complex
problem can be decomposedinto a number of sub problems and coordinated to
give an integrated solution to the problem. The inherent organisational
structures are exposed in order to examine their operational feasibility.
The role of information has been emphasised throughout the paper as the
crucial element which affects the efficiencies of planning and decision-

making both in hierarchical and decentralised types of systems.

After briefly surveying most of the literature on the subject,
the second part of the paper deals with the process of synthesising various
approaches into an integrated framework based on the following conside-

rations

1) role of economic structure of organisation : market or non-market
economic system or a mixed system

2) Structure of authority : hierarchical, non hierarchical or mixed
structures

3) Stock and flow of information at each level of decision-making/planning
4) Motivational aspects : incentives and disincentives.

5) Formal decision models and associated algorithms.

In the process of evolving a unified model to cover all the
above factors, it was found that in the generalised framework, by assigning
special values or ranges of values to incentive and disincentive parameters
one gets into the centrally controlled/hierarchical or decentralised type
of decision-making. Also with appropriate adjustment of information flow
and stock, a comparable efficiency in terms of optimising the stated objec-
tives (subject to a system of constraints) can be attained . In special
cases the efficiency can be nearly equal provided that the relative inten-
sities of incentives and disincentives along with the role of information
are property specified The model
here emphasises the role of dynamic structure and incorprates the time
dimension. After formulating the formal decision models a brief investiga-
tion into the algorithms useful for the purpose of solving the problem are
also examined especially Mesarovics theory of hierarchical optimisation

Bensoussan's iterative algorithms and improvements thereof.

Applications of the above framework to planning of water resources
and large scale industrial complexes is outlined towards the end of this

paper.
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The final contributed paper is by J. KACPRZYK of the Polish Academy of

Sciences and it is entitled "Fuzzy set theoretic approach to the optimi-
Y PP

zation of social organisational structures"

In this paper, the problem of determining the optimal organizational
structure of a given set of employees is considered.'"optimality" implies
the optimal structure, i.e the configuration of work places, and the opti-
mal assignment of work places to employees. It is assumed that the follo-

wing are known

- the characteristics of particular employees,i.e the values of parameters
influencing their work results,

- the dependence of the work result on the above parameters,

- the dependence of the work result of the whole structure on the work

results of particular employees.

The method is applicable mainly to nonproductive structures, e.g
scientific, administrative, political in which it is evidently very diffi-
cult to determine and express quantitatively the above three elements.
Moreover, the results of sociological, psychological étc. investigations,
performed for such task, are usually in a verbal form and are unsuitable
for transformation into a quantitative form.

The simplest and most adequate way of determining these three
elements describing the structure is their verbal description. One ecan,
therefore, apply the linguistic approach of Zadeh. Its basic feature is
the use of : linguistic variables in place of numerical ones and fuzzy
conditional statements for expressing simple relations between linguistic
variables. Thus, if the parameters influencing the work result of an
employee are assumed to be e.g the personal capabilities and the mana-
gerial capabilities of his direct superior, their values can be e.g
high, medium, not low. The meaning of these terms is assumed to be a
specified fuzzy set in an appropriate universe of discourse.

In turn, the dependence of the work result on those parameters is given
verbally as well as by fuzzy conditional statements, e.g. if the capa-

bilities of an employee are high and the managerial capabilities of his
direct superiorare medium or high, then his work result is good.

The meaning of such a statement is equated with a specified fuzzy

relation.

The optimization process proceeds as follows. First of all, struc-
tures are generated. Then, for a given structure assignments of work places
to employees are generated. For each combination structure - assignment.
The work result of the whole set of employees is computed and compared
with the best ones obtained so far. The cdmparison is performed by means
of linguistic approximations, so that at the end the best structures
and assignment are determined.The following possibilities of generating

structures are given : the generation of all possible subsequent structures,
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the random generation of structures,
the heuristic generation of structures and the optimization in a class of

some predetermined structures. The ways of generating assignments are ana-—
logous. There is also the possibility of imposing constraints on struc—

tures and assignmentof work places considered.

Examples of the optimization of a structure of 20 employees with
various descriptions of structures and various ways of generating struc-

tures and assignment are given



ON THE APPLICATION OF SYSTEMS
METHODOLOGY TO ECONOMIC AND
ORGANIZATIONAL MANAGEMENT OF

INTEGRATED INDUSTRIAL COMPLEXES

A. P, Sage

School of Engineering and Applied Science, Untversity of Virginia,
Charlottesuille, Virginia 22901

ABSTRACT

The combined use of interpretive structural
modeling and decision analysis within an ap-
propriate methodological framework offers
much promise for the economic and organiza-

' tional management of large integrated indus-
trial complexes. A symbiotic blending of
technical, administrative, political and
societal concerns is necessary for the de-
termination and incorporation of direct and
indirect benefits and costs and nonquantifi-
able societal impacts into a hoped for stan-
dard normative procedure for assessing the
worth of policies for technological innova-
tions in industrial complexes. This paper
surveys recent progress relative to these
issues and discusses possible directions for
future efforts directed at this needed syn-
thesis.

1. INTRODUCTION

There have been many studies in recent times
relative to control regulation and policy
analysis of large scale systems. It is be-
lieved that a combination of structural con-
siderations for large scale systems, policy
and decision analysis considerations, to-
gether with hierarchical concepts for large
dynamic systems can do much to enhance our
ability to cope with the complexity inherent
in large scale systems, including integrated
industrial complexes. We will summarize
efforts on these topics to date in the dis-
cussions to follow and indicate directions
for present and future efforts. Our discus-
sions will necessarily be brief. We will first
describe our efforts and then relate these

to many other studies in this important area.

2. HIERARCHICAL CONTROL AND IDENTIFICATION
ALGORITHMS FOR LARGE SCALE SYSTEMS

The problem of linear system identification
is concerned with finding a set of parameters
for an assumed linear model structure by pro-
cessing observations in some optimal manner.
The solution to this problem becomes increas-
ingly difficult as the size and complexity of
the model increases and also as the con-
straints imposed upon the identification al-
gorithms grow in severity. Approaches based
on decomposition have recently been developed
for solving large optimization problems. Two
sequential algorithms, based on decomposi-

tion, for identification of states and param-
eters in large linear systems have been de-
veloped. Also error and sensitivity analysis
algorithms for linear system identification
using stochastic approximation as well as for
linear system identification using stochastic
approximation as well as for combined esti-
mation and control algorithms utilizing pos-
sibly reduced order observers have been ob-
tained.

Our approach involves decomposition of a
large system model in a related objective
function into a number of subsystems and re-
lated smaller objective functions. The re-
sulting smaller estimation and control pro-
blems are then solved one at a time. The
subsystems and smaller objective functions
are coupled and the coupling variables im-
pose constraints on the problems. We have
utilized both standard hierarchical coordi-
nation procedures and decoupling of each in-
fimal problem by orthogonal transformation of
cbupled variables into sets of orthogonal
variables. The two identification algo-
rithms for linear systems developed differ in
the choice of model as well as in the choice
of objective function and in the choice of
decomposition method. 1In the first approach,
an autoregressive model, a mean square error
objective function, and a coordination based
decomposition is used. The infimal problems
resulting from the decomposition are re-
solved by the use of sequential stochastic
approximation algorithms. If gain coeffi-
cients in the stochastic approximation al-
gorithms are selected avprooriatelv. the al-
gorithm because identical to the Kalman
minimum error variance filter. Development
of this algorithm and its application to a
problem associated with the design of an
encoder for a digital speech transmission
has been considered in reference (1).

The other algorithm utilizes a probablistic
model, a joint entropy objective function,
and an orthogonal transformation based de-
composition. A joint entropy objective
function is not dissimilar to that previ-
ously studied by several authors for resolu-
tion of problems in decision analysis. The
entropy functional is applied to the problem
of linear system identification by inverse
filtering. A formulation leads to a sequen-
tial minimax entropy algorithm. The for-



mulation appears to be such that it can
readily be extended to nonlinear inverse
filtering algorithms. Implementation of the
minimax entropy algorithm leads to a lattice-
type digital ladder filter structure. Al-
though orthogonal transformations in the
lattice-type digital structure are well known
in the literature, their derivation and
utilization for linear system identification
by the use of the entropy measure appears to
be new. Results of the research, including
an example, are presented in (2).

Error and sensitivity analysis algorithms
have been developed for the stochastic
approximation algorithm for linear system
identification. The usefulness of the algo-
rithms as well as their development is dis-
cussed in reference (3) which determines
performance limitations of a digital speech
encoder based on our sequential stochastic
approximation algorithms.

Optimum systems control algorithms for sto-
chastic large scale systems are of interest
for many applications to integrated indus-
trial complexes. It would appear that large
scale industrial and societal problems will
be too fuzzy and too ill-defined for appli-
cation of precise algorithms which result in
optimum control determination. Nevertheless,
such algorithms should certainly be appli-
cable for large technical systems and for
economic systems. We have surveyed existing
methods and developed a new coordination
method that appears potentially useful for
large scale stochastic systems (4). Also, we

have attempted to apply sensitivity algorithms

for the development of suboptimal closed loop
control in stochastic systems (5). Effort
was initiated to develop sensitivity analysis
algorithms for large scale combined estima-
tion and control systems. Preliminary results
of this effort including application of the
algorithms to VTOL stochastic system design
are reported in references (6) and (7).
Further development and refinement of these
approaches as well as the integration of them
with emerging developments in decentralized
control theory appears to represent a very
interesting topic for future large scale
system investigations. g -

These developments have been concerned with
epecific developments of system identifica-
tion algorithms and related problems involv-
ing sensitivity and error analysis, and com-
bined estimation and control. It is our be-
lief that the heart of any systems engi-
neering problem is the development of a pre-
cise understandable manageable tool to pre-
dict consequences of various alternatives.
Otherwise, there is no device to indicate the
extent to which objectives are achieved by
the alternatives or costs associated with
implementation of various alternatives.

Thus it would appear to be of great impor-
tance to consider problems of system identi-
fication, estimation, and control within

the broad context of comprehensive planning
and systems engineering methodology rather
than just as separate isolated (and therefore
theoretical) problems. It would appear that

A.P. Sage

this can never be completely accomplished
since everything in the universe is connected
to a greater or lesser extent to everything
else. Determination of boundaries (or what
to leave out) may be approached from the
viewpoint of the Hall activity matrix which
appears one of the most definitive frameworks
for systems engineering activities (8). This
results in a hierarchical structure of ob-
jectives, activities, activities measures,
objectives measures, needs, constraints, and
alterables. It was conjectured that por-
trayal of these systems engineering program
planning linkages could assist materially in
determination of the structure of acceptable
models for complex issues. Once the program
planning linkages just delineated have been
determined, we proceed to other steps in

the systems engineering process. The seven
steps of a systems activity (8), through
which one must generally iterate several
times, include:

Problem Definition

Value System Design

System Synthesis

Systems Analysis and Modeling
Optimization or Alternative Ranking
Decisionmaking

Planning for Action

In using an appropriate framework from sys-
tems engineering methodology to develop
appropriate activities, we have a signifi-
cantly greater opportunity to achieve satis-
factory system design than by following a
process which emphasizes one of the steps to
the exclusion of others. Adequate attention
is often not devoted to problem definitionm,
value system design and system synthesis. It
is these steps which result in the delinea-
tion of pertinent elements for construction
of a system model, validation of the model,
optimization, and decision making. Struc-
tural modeling concepts may be used to great
advantage in determining appropriate models
for large scale systems (9) which can be
validated and optimized using the hierarchi-
cal concepts we have described in this
section.

3. THE ROLE OF STRUCTURE IN THE BEHAVIOR
OF LARGE SCALE SYSTEMS

We have been much concerned with investi-
gation of the development and use of struc-
ture in systems engineering (9). Use of the
word "structure" and the description, based
on empirical knowledge, of phenomenological
occurrences has traditionally been couched in
ambitious terminology. Examples abound in
the literature of 'social structure," '"per-
sonality structure," and 'organizational
structure." Engineering and the natural
sciences have also been much concerned with
structure and contributions which clarify
structural knowledge in technology are quite
numerous and quite sound. Unfortunately,
correspondingly sound examples in the social
sciences are, for the most part, lacking.

The theory of directed graphs treats, in a
systemic fashion, patterns of relationships
among pairs of abstract elements. There have
been numerous developments of graph theory in



