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ABSTRACT

This research is concerned with the application of
closed-loop coordination techniques for on-line steady.
state optimisation and control of large scale systems
using a micro-computer based system. A two-level
hierarchical computer structure consisting of a
coordinator at the supremal (upper) level and two local
decision units at the infimal (lower) level had been
established. Parallel computation were performed at the
local decision unit level once the coordination parameters
had been received from the supremal level. A steady state
system model consisting of two interconnected
subprocesses, simulated by an analogue computer, was used
to investigate the coordination methods for closed-loop
hierarchical control. First-order time constants were
introduced to the interaction 1inputs and the controls
within the simulated subprocesses.

Investigations had been carried out to study closed-
loop control using the Interaction Prediction and
Interaction Balance coordination method. Special
attention was given to the study of the problems
associated with synchronisation of the local decision
units for closed-loop control. Stability aspects of both
coordination methods when subjected to disturbances in the
controls and interconnections had been investigated.
Problems relating to system transient and local decision
asynchronisation, as well as their effects on system
stability and convergence of the two tasks, namely the
local decision task and the coordinator task had also been
investigated. Methods for dealing with these problems had
been suggested. The sub-optimality, convergency and
robustness properties of each coordination method had been
discussed. This research has demonstrated that the
Interaction Prediction coordination methods are best
suited for on-line distributed optimising control of large
scale interconnected systems. Using the 1local feedback
scheme, complete decentralisation at the 1local decision
level operated asynchronously can be achieved with the
Interaction Prediction coordination method.
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CHAPTER 1 INTRODUCTION

There has been a growing attention paid to the
subject area of large scale systems. This comes quite
naturally as many real-life problems of socio-economic,
environmental and technological nature are highly complex,
large in dimension and stochastic in nature. Despite 1its
generality and usefulness, the multivariable system
approach is severely limited when applied to problems of
high dimension and complex interconnecting structure. For
this reason it is frequently advantageous to view high
order systems as being composed of several 1lower order
subsystems which when interconnected 1in an appropriate
fashion, yield the original composite or interconnected

system.

Many viewpoints have been put forward to define and
quantify a system as ’large scale’. One viewpoint
considers ‘large scale systems’ as those whose dimensions
are so large that conventional techniques of mecdelling,
analysis, control and optimisation are extremely difficult
or impossible to give a reasonable solution. Another
viewpoint suggests that if a system can be decomposed into
a number of interconnected subsystems for computational
and 'practical purposes, then such systems are termed as
large scale systems. The latter viewpoint is adopted to

define large scale systems.

Theoretical investigations and researches to develop
conceptual framework and mathematical theory to model,
analyse and control these structured, complex, large scale
systems have been carried out since early sixties.
Basically, the main idea behind this approach 1is the
recognition that complex systems are structured in a
hierarchical order. This approach in fact recommends that
for a mathematical theory to claim to be dealing with
large scale complex systems, the complexity of the real
systems must be reflected in the structure of the model.

Many research papers concerning the theory and methodology



of large scale systems were published throughout the
sixties. In 1970, Mesarovic, Macho and Takahara presented
one of the earliest formal gquantitative treatments of
hierarchical (multi-level) systems. Since then, a great
deal of work has been done in this field and many papers
which are based upon these theoretical works have been
published and presented in many conferences from different
fields. Many researchers have addressed themselves to
various problems concerned with large scale systems.
Excellent survey papers on the topic of hierarchical
(multi-level) control and optimisation of large scale

systems were given by Mahmoud (1977), Singh (1981,1982).

Roughly speaking, problems concerned with large scale
systems may be divided into two broad areas: static
problems and dynamic problems. However, this research is
focussed only on hierarchical optimisation and control of

large scale systems operating at steady state condition.

Because of economic reasons and intensive competition
within the market sector, increasing pressure is stressed
upon industry to improve efficiency and productivity of
industrial ©plants. A method for the practical
implementation of an on-line optimisation and control
scheme for an industrial process considers the overall
design as a two layer hierarchical system. This is a form
of optimising control where the lower layer contains
regulatory feedback controllers used to maintain the
system at a steady state operating condition specified by
controller set points. Optimisation is performed in the
upper layer, where a steady state mathematical model is
used to compute the optimal values of the controller set

points to maximise the operational efficiency.

Recent techniques specifically consider a large scale
industrial system as a collection of interlinked sub-
systems. Modern computer technology which has resulted in
low cost computer power may then be employed with the
advantage 1in order to employ micro or mini-computers,

implementated within a distributed hierarchical computer
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structure, to coordinate, optimise and regulate individual
decision task and sub-process. When designed carefully
this control strategy has the advantages of reducing
computer storage and computation time accomplished through
parallel processing, increased system flexibility and
reliability, and cheap hardware cost. Furthermore, it
identifies and organises the information flow through the
system. Thus provides effective use of feedbacks for
control and decision making process which is attractive

for on-line control purposes.

Three problems associated with on-line hierarchical
optimisation and control of industrial processes are
considered. Firstly, the behaviour of each process under
control 1is not known and the mathematical model
representing the real process is only an approximation.
Secondly, the nature and magnitude of disturbances
affecting the real process are stochastic. Lastly, timing
problems arise because the real process, the sub-system
decision units and the coordinator are processing at
different speeds. One way to reduce the first two problems
is to use feedback information from real process
measurements. For timing problems, the local decision
units at the infimal level should be synchronised with the
coordinator and a simple synchronisation method -

"semaphore" has been used.

Since late seventies, several hierarchical control
schemes have been suggested for on-line control of steady
state systems by Findeisen (1978,1979), Brdys
(1978,1979), Roberts (1983), Shao (1983). These proposed
schemes were 1investigated by off-line simulations of
interconnected hierarchical systems. The objective of this
research 1is to implement some of the proposed schemes
through a distributed control system in order to
investigate the closed-loop hierarchical control of a
simulated interconnected industrial process. The on-line
closed-loop hierarchical control schemes used in this
research are the well-known Interaction Prediction Method

and the Interaction Balance Method with local or global

11



feedback. Implementation problems that may arise for
different closed-loop hierarchical control and
optimisation of an interconnected system were examined.
Study of on-line distributed hierarchical control with the
local decision units operating asynchronisely had also
been performed and implementated with the distributed

hierarchical computer system.

The major contributions of knowledge of this thesis
can be summarised as follows. This is the first time that
hierarchical control algorithms (the Interaction
Prediction Method and the Interaction Balance Method with
local or global feeback) have actually been investigated
in a real-time environment. With a suitable
synchronisation scheme, parallel processing at the infimal
level within the hierarchical structure has been achieved.
This greatly reduces the computation time required by the
local decision units which again reduces the overall

computation time required.

Investigation of the problems relating to on-line
hierarchical control and optimisation of interconnecting
systems have been carried out. These problems are the
transfer lags, measurement errors, subprocess and decision
unit failures. An analogue computer was used to simulate
these problems. The transfer lags were simulated by means
of introducing a first order time constant in the controls
and interaction variables. The measurement errors,
subprocess and decision unit failures were simulated by
varying the potentiometers within the analogue computer
that correspond to the controls and the interaction
variables. The stability, convergence and the system
response of the decision problems when subjected to these

problems were examined.

Coordinated by Interaction Prediction Method and the
Interaction Balance Method with local feedback, simulation
studies had been made concerning synchronisation of
subsystem decision units and the effects of non-

synchronism upon the stability and convergence of the

12



coordinator and local decision optimisation problems.
Interaction Prediction Method with local feedback offers a
stable and converging decision problems while the
Interaction Balance Method with 1local feedback 1is very
sensitive and becoming unstable when local decision units
are operating asynchronously.

13



CHAPTER 2 HIERARCHICAL CONTROL AND OPTIMISATION OF LARGE
SCALE SYSTEMS

2.1 Introduction

Hierarchical, multi-level system theory was introduced
by Mesarovic and his associates (1970) with an objective of
establishing a conceptual framework to mathematical theory
in order to tackle complex multi-goal decision makirg
systems. The basic idea behind this theory 1is the
recognitionthat many real-life large scale complex systems
are structured in a pyramid-like form. It 1is therefore
natural to develop a mathematical model of the structural

approach to control these complex systems.

Some key properties associated with hierarchical

systems can be summarised as follows:

a) The decision making units are arranged in a pyramid-like
structure;

b) Information flow between various levels of hierarchy are
exchanged iteratively and (usually) vertically;

c) The objectives of 1local decision units may be 1in
conflict which have to be resolved by the coordinator;

d) Time horizon increases as the level of hierarchy goes
up;

e) Existence of a supremal unit.

Optimisation of large scale systems 1is motivated by
the fact that there is a possibility of substantial
economic savings which may happen in both the design and
operational phases. Both static optimisation (finite
dimensional) and dynamic optimisation (infinite
dimensional) techniques are involved 1in the control of

large scale systems.
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An essential concept of the hierarchical control and
optimisation approach for complex large scale systens
control is the consideration of the overall control system
as replaced by a set of smaller interdependent subsystems.
Each subsystem has to serve a particular function, shares
resources, and is governed by an interrelated objective and
a set of constraints. Subsystems which are in the 1lowest
(infimal) level of the hierarchy are often called infimal
or local decision units while those in the higher
(supremal) level are referred as coordinator or supremal
units. The objectives of the subsystems in the infimal
level are then solved independently under the intervention
of a coordinator in the supremal 1level. The task of the
coordinator 1is to account for the interconnections and
constraints between the infimal units such that the overall
system objective can be represented by the collection of
individual subsystem objectives. Thus, the successful
operation of hierarchical systems is best described by two
processes: decomposition or infimal generation and

coordination or overall objective synthesis.

Section 2.2 outlines the basic types of hierarchical
structures. Sections 2.3 and 2.4 are concerned with
alternative methods of <coordination and optimisation
respectively. Finally, a short summary is given in section

2.5.

2.2 Basic Types of Hierarchical Structures

Based on the hierarchical systems approach, an overall
complex large scale problem may be decomposed into a
collection of interconnected smaller subproblems arranged
in a hierarchical structure. There are three basic types of

hierarchical structure (Mesarovic 1970), namely,
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1) Multi-strata hierarchical structure;
2) Multi-layer hierarchical structure;

3) Multi-echelon (Multi-level) hierarchical structure.

The classification of these hierarchical structures is
based on the decomposition criterion chosen for the overall
complex problem. It should be noted that many real-life
complex systems may belong to more than one class of these
hierarchical structures. Also, the operation of each of
these types of hierarchy depends heavily on the information
exchange mechanism between adjacent levels, the explicit
specification of the subproblems and their objectives, and
the proper manipulation of the subsystems activities. The
hierarchical structures and their characteristics will be

outlined in the following subsections.

2.2.1 Multi-strata Hierarchical Structure

The multi-strata type of hierarchical structure
describes the system by a family of models each concerned
with the behaviour of the system as viewed from a different
level of abstraction. The levels of this type of structure
are often called strata. For each level, there is a set of
relevent features and variables, laws and principles in
terms- of which the behaviour of the system is described. It
is necessary that the functioning on any level be as
independent as possible of the functioning on other levels.
The partitioning into strata has the objective of
simplifying the overall complex problem by separating the
problem into a number of smaller, better defined

subproblems each of which is solved separately.

Let us 1illustrate the stratified description of a
hierarchical structure by an automated production process

with two strata shown in fig 2.1.
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Stratum 2: data acguisition,
information processing
and control

information
Control feedback
Raw Finished
> Stratum | : physical processes —
material products

fig. 2.1 A two-strata diagram of an automated production
process

These strata are used to deal with the same item, i.e.
the finished product. On the first stratum, the product is
viewed as a physical object to be changed in accordance
with physical laws. On the second stratum which deals with
data acquisition, information processing and control, the
same item is viewed as a variable to be controlled and
manipulated. A different model is used for each of these

views of the systemn.

A Multi-strata hierarchical structure has the

following characteristics,

a) The selection of strata depends upon the observer, his
knowledge and interest in the operation of the system;

b) In general, contexts in which the operation of a system
on different strata described are not mutually related;
the principles used to describe the system on any
stratum cannot generally be derived from the principles
used on other strata;

c) There exists an interdependence between the
functioning of a system on different strata;

d) Comprehension of a system 1ncreases by crossing the
strata: the lower strata are assigned with more detailed
and specialised descriptions while higher strata have a

deeper understanding of its significance.
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Decomposition on the basis of stratum is not based on
the decomposition of a well-formulated mathematical
programming problem. Therefore, there is no rigorous theory
to Jjustify its performance. This method partitions the
control problem in such a way that it can be solved
sequentially in strata with the result of one stratum
serving as partial input to the other stratum below. Thus
the decision making process possesses the characteristics

of a staged process rather than those of a completely
interacting one.

2.2.2 Multi-layer Hierarchical Structure

Multi-layer description of a hierarchical system is
concerned with levels of decision complexity. The levels of
this hierarchy are called 1layers. Essentially, the idea
behind this hierarchical approach is that one defines a set
of control problems whose solution 1is attempted 1in a
sequentially manner. The overall control problem 1is
substituted by a set of sequentially arranged simpler
subproblems so that the solution of all the subproblems in
the set 1implies the solution of the original problem.
Within the hierarchy each layer operates at different time
horizons, therefore, multi-layer description may be viewed
as vertical decomposition of control structures.
Multi-layer hierarchical system may further be divided into
two different classes depending on the decomposition
criteria, these are:

a) Functional multi-layer structure - decomposition

according to control function;

b) Temporal multi-layer structure - decomposition

according to time scale.

As an example of functional multi-layer hierarchies,
we consider a functional four-layer control hierarchy under
uncertainties. The four functional control layers are,

namely, regulation, optimisation, adaptation and

18



self-organisation.

A schematic diagram of a functional four-layer control

structure is shown in fig 2.2.

Self organisation

AN

Adaptation

N

Y

Optimisation

Y

Regulation

A4

Vv

Industrial process —

Fig.2.2 Schematic diagram of a functional four-layexr control
structure

Now let us look into the functional aspects of each

layer within the hierarchy.

First layer:

Second layer:

This is the redulation or direct control
layer whose task is to maintain the process
variables at prescribed set-point values
under the influence of disturbances. This
layer incorporates the functions of data
acquisition, event monitoring and direct

control.

The optimisation or supervisory layer whose
objective is to specify set-point values for
the regulation layer. The set-point values
are determined by optimising a mathematical
model which approximates the real process

under control.
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Third layer: The adaptation or learning layer is concerned
with specifying or updating the uncertain
parameters of the mathematical model used by

the supervisory layer in order to simplify
the task of the second layer.

Fourth layer: The self-organising layer whose task is to
select the structure, functions and
strategies which are used on the lower layers

so that an overall objective is being pursued

as closely as possible. It can change the
parameters of the models used by the lower
layers 1if either the control action is

unsatisfactory or the overall goal changes.

The characteristics of a functional multi-layer

hierarchical structure are:

a) A natural hierarchy in which each layer has a priority
of action over the layer below;

b) The layers of the hierarchy represent different kinds of
control functions, therefore, require different kinds of
information processing and computation algorithms;

c) The layers of the hierarchy can be designed to respond

to disturbance inputs having different frequency
characteristics.
Thus, functional multi-layer hierarchical approach

provides a rational and systematic procedure for resolving

complex large scale problems.

For temporal multi-layer <control structure, the
partition of the control problem into subproblems is based
on different time scales relevant to the associated action

functions. These time scales reflect the following factors:

20



(a) Minimum information acquisition time;
(b) Bandwidth properties or mean time between discrete
changes in disturbance inputs;

(c¢) Minimum time horizon associated with the control
action;

(d) Cost-benefit trade-off considerations.

Within a temporal multi-layer control structure, the
. th

i layer controller generates a control action, on an

average, every Ti seconds, with T11 > Ti, i=1,2,.., based
+

on

(a) Current input information:
(b) Targets and/or constraints provided by a (i+l)th
layer controller;

(c) Feedback information provided by a (k—l)th controller.

The advantages of using temporal multi-layer

decomposition approach for large scale system analysis are:

(a) Reducing the effects of uncertainty;

(b) Introduction of feedback of experience;

(c) Aggregating variables and simplifying models;

(d) Implementing systems integration through well-defined

assignments of tasks and responsibilities.

An example of a temporal multi-layer structure
considers a multi-time scale production planning and
scheduling system whereby the planning may be on a yearly
plan, monthly plan, daily schedule etc. Therefore each
layer of the hierarchy generates the targets/constraints
for the layer below and tries to maintain the prior plan or

schedule using the feedback information.

2.2.3 Multi-echelon (Multi-level) Hierarchical Structure

This 1is the most general type of hierarchy which uses

a structural or organisational approach to decouple a
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System. The basis of this hierarchical decomposition
considers the partitioning of a system into separate
subsystems each with its own and perhaps conflicting goals
and interaction among the subsystems. The subsystems are
positioned on different levels within the hierarchy such
that each one can coordinate lower level units and be
coordinated by a higher level one. Each subsystem pursues
its own assigned goal independently. Since the subsystems
are coupled and interacting, a higher 1level unit
(coordinator) is used to coordinate the subsystems in the
lower level to account for the disturbances introduced by
the interacting subsystems. The levels of this
hierarchical structure are called echelons.

Basically, there are three categories concerned with
decision making systems with respect to hierarchical
arrangements of decision units. They are single-level
single-goal systems, single-level multi-goal systems and

multi-level multi-goal systems which are shown in fig.2.3.

Decision Making Unit

N

A\ 4

Process

A 4

Fig.2.3a Single-level single-goal system

Decision Unit 1 - = — Decision Unit N

AN N

EE—— Process

Fig.2.3b Single-level multi-goal system



1 1 1 1
D D D
1 2 n-1 D n
N N /J\ N
Y Y N 4 N2
> SP SP SP >
1 ————— 2 | e—] n-1|ée——— SPn
Process

Fig.2.3c Multi-level multi-goal system

For single-level single-goal system, a goal is defined
for the overall system, and all decision variables are
selected in order to satisfy this goal. This centralised
decision making system has an advantage of conceptual
simplicity but technically it 1is wvery difficult to be

implemented for large scale complex problem.

Single-level multi-goal system consists of a family of
decision units, each with its own goals. The goals are not
necessarily conflicting. This 1s a decentralised decision

making system with the advantage of problem sharing.

Multi-level multi-goal system is the general
representation of large scale system where the decision
units are arranged in a pyramid-form structure. Each level
consists of a number of decision units, each with its own
goal. Some of these decision units are coordinated by
another decision unit in the 1level above. There exists a

supremal unit at the top level which characterised this

decision making system.
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The multi-level approach for the decomposition of
large scale systems has the following advantages:

(a) Reduction in development costs:;

(b) Reduction in total computation effort:
(c) Reduction in data/information exchange;
(d) Increase systemn reliability.

2.3 Coordination Methods

In order to solve complex large scale systems, it is
necessary to decompose the system and/or its control into a
set of smaller subsystems, and in addition to provide a
mechanism for coordination of the subsystems so as to
achieve the overall system objective. The transformation of
a given integrated system into a hierarchical one can be
achieved by different ways as outlined in the preceding
sections. However, the problem of coordinating these
subsystems is not always straight forward and places a
practical 1limitation on the decomposition. This is
especially true in an on-line system because the response
constraint in real time may hinder many coordination
algorithms which are theoretically possible (e.qg.
unfeasible methods). Therefore it is important to determine
techniques for coordination 1in each type of multi-level
structures and to consider the methods by which each
structure handles physical disturbances 1in the system

together with interaction disturbances introduced by the

decomposed nature of the system.

Coordination between the supremal and the infimal
levels within the hierarchy can be achieved by transmitting
coordination signals from the supremal coordinator to each
infimal unit and, in turn, recelives performance information
from the infimal units. Most of coordination schemes are

essentially a combination of two distinct approaches:
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Interaction Balance Method (IBM) and Interaction Prediction
Method (IPM). These coordination method are similar in the
sense that they initiate 1local decision optimisation
computation in the infimal level by specifying intervention
parameters from the supremal level. The method by which the
supremal level calculates the coordination parameters and

intervenes the infimal 1level defines the coordination
strategy.

In the following subsections, these coordination
methods are briefly described. A detailed treatment on
on-line coordination methods suitable for closed-loop

control and optimisation of interconnected system can be
found in chapter 5.

2.3.1. Interaction Prediction Method (IPM)

This coordination method is also known as model
coordination, primal coordination, method of projection and

parametric decomposition.

The main feature of this method is that the supremal
unit prescribes the interaction variables of the
subsystems. At each iteration, the coordinator specifies
the interaction variables, and the infimal units proceed to
solve their model based 1local decision problems on the
assumption that the interaction variables are as exactly as
predicted by the supremal unit. Based on the measurement
taken from the real process (real 1interaction variables)
and the solution information from the local decision units,
the coordinator employs an 1iterative procedure which
adjusts the specification of the interaction variables
until the global optimum 1is obtained, 1.e. the real

interaction variables are identical to the predicted ones.
Interaction Prediction method is inherently suitable

for on-line application since all the intermediate results

of the iterative optimisation can be applied directly to
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the real process because all interconnection contraints are

always satisfied. Hence, this method 1is classified as

feasible coordination strategy.

One of the disadvantagesof this coordination method is
the overdetermined subsystem optimisation problems at the
infimal level. This overdetermined problem can be eased by
either reducing the effective number of interconnections
between subsystems or relaxing the interconnection
constraints on the expense of 1losing the feasibility
property which this coordination method posesses. Another
source of difficulty is that, in general, the gradient of
the objective function is not easy to compute and may not
even exist. Therefore, this is not really possible to solve
the coordinator ©problem effectively without gradient
information. Furthermore, it 1is important to ensure that
the coordination variables are such that the local decision
solutions lie in the feasible region within the constraint

boundaries.

2.3.2 Interaction Balance Method (IBM)

Alternative names of this coordination method are goal

coordination, price coordination and dual coordination.

This coordination method considers the
interconnections between subsystems as additional
constraints on the local optimisation problem. Suitable
modification of the infimal objective functions 1is made to
take account of the interactions between subsystems. A
decomposable Lagrangian may be formed to provide the
modified objective function for each subsystem optimisation
problem. The task of the coordinator 1is to select
interaction inputs to the infimal units such that all
interconnection constraints are satisfied (i.e. 1n
palance). This means that the final optimum solution of the

overall system 1s obtained.
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Since the interconnection constraints are not
satisfied during the early stages of the iterative
optimisation procedure and only the final ’‘balanced’
solution can be applied to the real process, interaction

balance method is termed as non-feasible coordination
strategy.

Analytically, coordination by Interaction Balance
Method 1is more appealing than the Interaction Prediction
Method as the formulation of the former method is based on
the well-known Lagrangian theory. Only mild assumptions of
continuity and convexity are needed to ensure existence of
solution of the optimisation problem. If the solution of
the Lagrangian function is unique, the gradient of the dual
function exists. Then reasonably fast gradient-type
optimisation algorithm can be implemented to solve the dual
(coordinator) problem. However, if the problem 1is not
convex, duality gap problem may occur. Then the solution
obtained by the dual formulation may or may not be the

correct optimum.

2.4 Optimisation Methods

Having decomposed the overall control problem into
subproblems, optimisation is performed in both the infimal
and supremal levels within the hierarchy. The 1local
decision units compute the optimal controller set-point
values for the subprocesses under control and the
coordinator determines the 1intervention parameters to
account for the constraints and 1interaction between

subsystems such that the overall performance requirements

are achieved.

A number of numerical methods based on mathematical
programming are available for solving these optimisation

problems. The choice of the method depends wupon its
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numerical properties and the nature of the problem under
investigation. The optimisation problem may be linear or
non-linear, unconstrained or constrained, mono-variable or
multi-variable. The numerical properties of an optimisation
algorithm are the existence of the numerical solution
approach, the convergence of the algorithm and computation
time required. For steady-state optimisation problems,
direct and gradient methods are commonly used for
unconstrained problems. The simplex method is ideal for
linear constrained problems. Primal and dual methods
incorporating augmented Lagrangians may be employed for

non-linear constrained optimisation problems.

Details of these optimisation algorithms are well
documented in the mathematical programming literature. Each
has its advantages and disadvantages. Enough experience
with these numerical algorithms enables proper selection of
algorithm or combination of algorithms to suit the nature

of a particular problem.

2.5 Summary

This chapter introduces the basic concept of
hierarchical control and optimisation of large scale
systems using the decomposition and coordination approach.
Decomposition of complex system into one or a mixture of
the three basic types of hierarchical structure, namely,
the muti-strata, multi-layer, and multi-level, depends on
the nature of the system under study. The characteristics
of the three basic hierarchical structures have been
briefly described. Then, methods of coordinating the
decomposed system using the Interaction Prediction and the
Interaction Balance principles are briefly outlined.
Finally, a brief description of optimisation methods that

may be employed for system optimisation is included.
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CHAPTER 3 DISTRIBUTED HIERARCHICAL COMPUTER SYSTEM (DHCS)

3.1 Introduction

Within the Computer Control Laboratory of City
University there is a distributed two-level hierarchical
computer system. The infimal level of the hierarchy
contains four I-MIC micro-computers and a LSI-11/02 mini-
computer, which are used as local decision units for
direct control of pilot plants and a small analogue
computer system operating at steady state conditions. A
DEC LSI-11/23 mini-computer with a time shared operating
system is employed at the supremal level which acts as a
host machine to coordinate and supervise computers (local
decision units) at the lower level. There is also a BBC
micro-computer system with a visual display, a disk drive

and a printer.

At present the I-MICs control a pilot scale freon
vaporiser, a mixing process and simulated interconnected
dynamic processes on the analogue computer. The LSI-11/02
controls a pilot-scale eight zone electrically heated
travelling load furnace. A schemaE}c diagram of the

distributed hierarchical computer system is shown in

fig.3.1 r3-22 o
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In order to investigate the decomposition-
coordination methods used for on-line optimisation and
control of interconnected system a two-level hierarchical
structure was established. At the infimal level of the
hierarchy two I-MIC micro-computers are used as local
decision units whose task is to determine the optimal
controller set point wvalues from a given set of
coordinator intervention variables. The LSI-11/23 mini-
computer which acts as the coordinator supervises the I-
MICs in order to achieve the overall optimal solution. The
coordinator is also used to synchronise the local decision
units before optimal controls are applied to the simulated

interconnected dynamic real process.

A EAL Pace TR48 analogue computer is used to simulate
an interconnected dynamic real process with first order
transfer lags introduced in the controls and
interconnected inputs. The existence of disturbances and
model-reality differences cause the real process under
control to deviate from its desired optimal steady state
condition. Corrective action can be made using feedback
based on measurements by which the current state of the
real process is inferred relative to an assesssment of the
desired state. Feedback information from the énalogue
computer is implemented globally or 1locally within the
hierarchy. The two level hierarchical structure 1is shown

in fig.3.2.
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A brief description on the computers used as
coordinator, the local decision units and the simulated
real process, i.e. the LSI-11/23, the I-MIC and the TR48,
can be found in the following sections.

3.2 Coordinator ( 1LSI-11/23 )

The LSI-11/23 has a full complement of 256K bytes RAM
and runs the TSX-PLUS time shared operating system. It is
a general purpose time shared operating system which can
provide computing facilities, both off-line and real-time,
for up to twenty users working concurrently. The TSX-PLUS
operating system is based on the DEC RT-11 single job
monitor with some extended features such as a transparent
line-printer spooling system, a shared file record locking
facility, an inter-job message communication facility, a
program performance monitor system, command files with
parameters and a logon and usage accounting system. Such
features greatly enhance the system performance,
particularly in real-time applications. Having logged on,
each user is allocated with 20K bytes of memory which can
be extended up to 56K bytes. This 1is more than the

previous single job operating system RT-11 can provide.

Programs and data are stored on two 20M bytes
Winchester disks and a 1.2M bytes floppy disk drive. The
peripherals which are available to the LSI-11/23 include
one ADM5 and two ADM22 visual display units, a Tektronix
(T4010) storage tube graphics terminal, a hard copy unit
and an Intecolor (8001G) colour graphics terminal. The
latter is used to display the current measurements from

any process on a mimic diagram.

Although several high-level languages ( BASIC,
FORTRAN, PASCAL, COBOL-PLUS, APL etc. ) are avallable for
programming on the LSI-11/23, FORTRAN is used since, at
present, this is the only one which can provide the real-

time support required ( timer functions, interrupt

handling etc.).
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3.3 Local Decision Unit ( I-MIC )

An I-MIC is a micro-processor based industrial
controller by KRATOS Instem Limited which may be
programmed either in interpretive CONTROL BASIC or in
machine code via the I-MIC monitor. An Intel 8085 micro-
processor is the heart of this industrial controller. The
controller uses a 10 inch rack-mountable bin where the
processor module (F030), memory module (F043), removable
power supply module, industrial interface (data highway )

and input/ouput modules are resident.

The FO030 processor module has an on-board memory
capacity of 2K bytes of static CMOS RAM and 8K bytes of
EPROM. The first 4K bytes of EPROM contain the CONTROL
BASIC interpreter, the monitor occupies the next 2K bytes
with the 1last 2K bytes wunused. Two serial data
communication links are available on this board. An Intel
8251 USART (Universal Asynchronous Receiver/transmitter)
driven serial output port, interfaced with a RS232 serial
link cable, 1is used to connect a teletype. The other
serial communication link is software driven which 1links
the I-MIC and the LSI-11/23 via a 20mA current loop cable.

The objective of the F043 memory module is to extend
the memory capacity of both the RAM and EPROM area by 16K
bytes. This module also has on-board programming
facilities using different accessory modules. Both the

FO030 and F043 are DEC quad-height modules.

The I-MIC can accommodate up to 14 1industrial
input/output modules of different functions. These are all
"memory mapped" modules which communicate with the CPU
through the industrial interface. The following modules
are used for transmitting and receiving data from the

simulated real process:

G230 : This 1s a 2 channel DAC interface module which
converts the digital output from the I-MIC to

analogue signal usable by the analogue computer.
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G226/G266 : This is a 12 bit ADC/16 channel multiplexer
interface module which is used to convert the
output from the analogue computer to digital
form ready to be used by the I-MIC.

3.4 Simulated Interconnected Process ( TR48 )

The computer used to simulate the interconnected
industrial process 1is a EAL Pace TR48 general purpose
analogue computer which 1is composed of solid state
computing components. It is of modular design with eight
different computing components : operational amplifiers,
dual integrators, quarter-square and bi-polar multipliers,
x% diode function generators, log x and 1/2 log x diode
function generators, sine-cosine diode function generator,

variable diode function generators and signal comparators.

The front of the analogue computer contains three
panels, a removable pre-patch panel, a monitoring and
control panel and a panel containing attentuators and
function switches. Each component module is pre-wired to
accept a combina£ion of computing components so that the
computer configuration can be altered very easily. Located
to the left of the pre-patch panel is the monitoring and
control panel. A digital voltmeter, a multi-range
voltmeter and a push button signal selector provide the
necessary monitoring facilities. The control section
contains a power switch, a computer mode of operation
selector and a pre-patch panel engaging and disengaging
switch. The attentuators and the function switches panel
is situated to the right of the pre-patch panel. There are
fifty coefficient potentiometers and five function
switches mounted on this panel. All the potentiometers and

function switches are terminated on the pre-patch panel.
There are also three trunk patch areas on the pre-

patch panel, each of which is terminated at a connector on

the rear of the TR48. These connectors can be used to link
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external equipment such as an oscilloscope and x-y
plotter.

3.5 Summary

The distributed hierarchical computer system used to
investigate on-line closed-loop hierarchical control and
optimisation of an interconnected process has been
outlined. A brief description of various components of the
computer system, namely, the LSI-11/23 mini-computer, the
I-MIC industrial micro-controller and the TR48 analogue
computer that formed the hierarchical two level structure

are included in this chapter.
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CHAPTER 4 FORMULATION OF CONTROL PROBLEM

4.1 Control Problem Formulation

This chapter 1is concerned with the mathematical
formulation of the steady state control problem. Particular
attention is paid to the formulation of subsystems and
system equations, the kinds of constraints imposed on the
systemn, and the formulation of the performance index of

the systemn.

Using the hierarchical control approach, the overall
control system 1is decomposed into an assemblage of
interconnected subsystems. Each subsystem has 1its own
goal and optimisation task. The it subsystem is shown in
fig.4.1,

Subsystem model, i

Fig.4.1 The i subsystem model

where the vectors c,, U Y, and z are the i‘" subsystem
control interaction input, interaction output and external
disturbances with appropriate dimension respectively.
c, € 61, u € Ui and Yy, € yi, where 6“ Ui and yi are
finite dimensional spaces. It 1is assumed that external
disturbances affecting the system are constant over the
considered time interval and therefore can be omitted from
the system equations. We assume that each subsysten,

including its control system, is described by,

- i 4.1
y, = F, (¢, 1) ie1,N (4.1)
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The subscript "*" denotes all mapping related to the
real subsystems (not models). The ith subsystem input-ouput

mapping is defined as,

F;; : 61 X ul-————e yi iel,N (4.2)

The interconnection between subsystems are defined by

the linear coupling equations,

N

u = Hi y = j;l }gj yj , 1€ 1,N (4.3)
We denote c A (cl,...,cN) € 6’1 X X t?N A®
A (ul, .,uN) € ‘u1 XeooX ‘UN AU
yé(yl,...,yn) € y1 x...x'yué‘y

where Hi, Hﬁj are the interconnection matrices composed of

zeros and ones.

Then the subsystem equations and system structure

equations can be written jointly as,

y = F,(c,u), u = Hy ;
F, €t x U — Y,
L (4.4)
F;l(cl, uN) H
F,(c,u) A E ;7 H A
F;N(cl’ uN) HN
d

It is assumed that for each overall control vector
c € € applied to the system, there exists a unique overall

output vector y. Thus the system as a whole may be

described by the mapping,

K : &€ —— Y (4.5)
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i.e. y = K (c) = [K*l(c),...,K*N(c)] (4.6)
Since the (real) system relationships are not Xknown
exactly, mathematical models are used to approximate the
real subsystems under consideration. Similar to the real
system relationships as shown in equations (4.1), (4.2),

(4.5) and (4.6) the following model equations can be
written as,

y, = F(c,, u), iel,N (4.7)

Fi : 61 X Ui-—————e yi (4.8)
where F is the iu’subsystem model input-output mapping,

y = F(c,u), iel,N (4.9)

F: €§x U — Y (4.10)
where F is the system model input-output mapping,

y = K(c) (4.11)

K: 6 — Y (4.12)

where K is the model output mapping corresponding to

equation (4.5) of the real system mapping.

Having formulated the subsystem and system equations,
we look into the kinds of constraints imposed on the

subsystems. It is assumed that the local constraints are

given explicitly as,
(ci,ux) € CUi = ((cinJJ € 61 X ‘u1 : Guxcx;ud) = 0, pePl),

ieTI,N (4.13)

where G 1s the local constraint mapping defined by
ip

37




m

. i
G :6 xU — R (4.14)

and P denotes a set of integer indices.

If output variables are also involved in the local
constraint set, equations (4.13) and (4.14) will be in the
form,

- e Y <
(cl,ui,y})eCUYi—{(ci,ui,yk)eﬁﬁxuixyi.Gip(ci,ui,yi)_o,pePi},

ie1I,N (4.15)

y . m
and Gu>: 61 X Ui X yi-—————» R (4.16)

where the mappings Gip and Gi) are assumed to be known
exactly. Consequently, the local constraints can be written

joinly in the form
(c,u) € CU = {(c,u) e €8 x U : G(c,u) = 0}, (4.17)
(c,u,y) € CUY={(c,u,y) € 8xUxY : G'(c,u,y) = 0}). (4.18)
as before.

Finally, we assume that each subsystem is associated
with a scalar value of performance index expressed

explicitly 1in (cﬂ 1%). The subsystem performance indices

have the form,

Q : 8 XU — R', ieI,N (4.19)
If output is involved, the performance indices become
Q : 6 xU XY —— R', ieI,N (4.20)

Accordingly, we can assume the overall performance 1index to

have the form
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Q=¥ (Q,...,Q) (4.21)

N
where ¥ : R' ——— R' is some strictly order perserving

mapping. e.g., ¥ is of additive form, i.e.

} (4.21a)

Finally, we can incorporate the global control problem
into the overall system performance index. The task of the
global control problem 1is to optimise the overall system

performance index subjected to the constraints, 1i.e.,

N
min { T Q (¢c,,u)}
i=1

___ (4.22)

If output is involved, the task of the overall control

problem becomes

N
m%n{ Z Qi (Cil ull yi)}
i=1
s.t yi==F (Ci'Lh’ yi) , ie1,N
— (4.23)
G (c,u)y=0 , pekP
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4.2

Mathematical Model of the Hierarchical Control
Structure

A steady state system model <consisting of two
interconnected subprocesses, simulated by the analogue
computer, is used to investigate different
coordination methods for closed-loop hierarchical
control. The computer system structure used for
simulation is shown in fig.3.2.

First order time constants are introduced to the
interaction inputs and the controls. The
mathematical model of the subprocess output equations
is: |

Y, f11 (91’ L—11) €17 Ci2 + 2u11

Yo - f21 (92’ lil2) - €217 Ca2 + Yo

Yoo f22 (c—:z’ 1-12) 2(:22 T Gy T Yy
- - - - L -

The performance indices are:

2 2 2
- + +
(yll l) cll C12

Q (¢, u,/Y,)

2

2 2 2 2
2(y21-2) * (y22—3) t e, T €22 T o

Q, (¢,/4,,Y,)

The reality output equations are:

Y., f*11(c-:1’91) 1'4’011
Yeor | ~ £o,(Sr 8 = 1.3¢,
Yoo f-zz((-:z ! L—12) 2. 3c22
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The system constraints are:

4
{g9,(c,,u,,¥)€R: [c =1, le =1, y

120 (0. 8-c12-0 . 6u11)20}

5
(9,(S,, 8,0 Y,)€ R: e =1, |c =1, |c =1, y, =0, Y, =0}

The coupling equation is

u11 _ 0 1l 0] y11
Y 0 0 1 Y5
Y,
The mathematical model of the interconnected subprocesses is
taken from Roberts P.D. (1982). |

4.3 Summary

Mathematical formulation of large scale control
problem using the hierarchical system approach was
presented in this chapter. The original control
problem, with a pre-defined overall performance index
and system constraints, was decomposed into a collection
of smaller scale subproblems. Then, the model of each
subproblem was formulated with the task to optimise its
performance index subjected to the constraints imposed.
Once all the subproblems were formulated, the global
control problem can then be formed by assuming that the
overall performance 1index was the sum of performance

indices of the subproblems. Finally, the steady state

system model consisting of two interconnected
subprocesses, simulated by an analogue computer, was
included.



CHAPTER 5 ON-LINE COORDINATION METHODS

5.1 Introduction

Different coordination methods have been suggested and
developed 1in the 1last two decades for steady state
optimisation and control of large scale systems (Mesarovic,
1970; Findeisen, 1978). Basically, there are two principal
coordination methods, namely, the Interaction Prediction
Method (IPM) and Interaction Balance Method (IBM). These
coordination methods are similar in the sense that they
start the local decision optimisation problem in the lower
level by specifying intervention parameters from the
supremal level. The method by which the supremal level
calculates the coordination parameters and intervenes the
infimal level defines the coordination strategy. A variety
of feedback schemes have been suggested for on-line
optimising control wusing these coordination methods.
Feedback informations from the simulated real process used
by the coordinator (global feedback) or 1local decision
units (local feedback) have been implemented using the
distributed hierarchical computer system to study the
on-line coordination method - the interaction balance

coordination and interaction prediction coordination

strateqgy.

Section 5.2 describes the closed-loop coordination
methods. Examination of these methods for on-line
closed-loop control of simulated interconnected industrial
processes has been performed and difficulties encountered

during the investigation will Dbe discussed 1in the

subsequent sections.

5.2 Closed-loop Coordination Methods

Using open-loop implementation of coordination methods

relies on accurate mathematical models which truly
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represent the steady state behaviour of the industrial
subprocesses under control. In practice, model-reality
differences often occur. Feedback measurements from the
real process may be used 1in an attempt to improve
performance of the system and account for the model-reality
difference. There are two principel methods in which
feedback information from the real process may be employed.
Global feedback is the scheme where the process
measurements are sent to the coordinator; and the process
measurements used 1in local decision units are known as
local feedback scheme. The following subsections describe
the implementation of the global feedback and 1local
feedback schemes using the interaction prediction method
and interaction balance method. Details concerning with the
existence, solvability, convergency of the coordination

methods can be found in Findeisen (1980).

5.2.1 Interaction Prediction Method with Global Feedback
(IPMGF)

Feedback information is used by the coordinator in
this coordihation strategy which has been investigated by
Findeisen (1974) and Wozniak (1976). The local decision
problems are computed on the basis of the subsystem models.
Hence, local decision problems remain the same as the

open-loop. The local optimisation problem (LOP) is as

follows:
r -
For a given coordination variable v e Y,
find the control
LOP — E:‘(v) = arg min Q (., H V) (5.1)

c, (v)

where Cl(v)é{cieﬁi:(ci,Hiv)e CUiA v = F\(crHiv))

since the coordination variable specifies the



subsystem outputs and interactions, i.e y, =V, and
1

u = Hv are strict equalities in the local optimisation

problem (LOP), therefore the existance of LOP solution

depends on the assumption of non-empty local feasible
set V,

vevi(veuy: ve TN c¢(v) # 0) (5.2)

Except in special cases, the set v, is very difficult,
if not impossible, to determine.

Once the LOP is solved, the optimal controls are then
applied to the real process and the measurements are
transmitted to the coordinator. The coordinator solves the
on-line problem based on the information from the 1local
decision units and the measurements from the real process.
The task of the coordinator (COP) is to minimise the real

performance index Q within the feasible set v,

Find a coordination variable

COP — v = arg min Q (c(.), HK, (c(.))) (5.3)
v,.n V0

where V _n Voé {(v € Y : K.(é(v)) e Y A v e 1,N
(c,(v),H K (c(V))) € CU ) n V,

cv) B (v), g (v)), 1« TE

K,(c(Vv)) represents the real system outputs.

5.2.2 Interaction Prediction Method with Local Feedback
(IPMLF)

This <coordination method was first studied Dby

Tatjewski and Cygler (1980) where feedback information from



the real process is used by the local decision units.
Completely decentralised information structure can be
achieved since each local decision unit solves its decision
problem based on information feedback from its own
subprocess only. The basic 1idea of this coordination
strategy 1is to use a ’‘shift vector s’ which forces the
model interaction output vector to be equal to the real
interaction output vector. The iterative mechanism of this
coordination method operates as follows: the coordinator
specifies the predicted interaction outputs, the 1local
decision units adjust the model output vector i} so that
when corresponding controls are applied to the real
process, the real process output vector y, is identical to
the model output vector &. The local optimisation problem
(LOPJ for each decision unit is,

Find éi(si, &) such that

-~

(top) { ¢, (s, ) = arg min Q (c,, Hy, ¥) (5.4)
c € €
i i
s.t. qij(ci, Hiy, yi) € CUYi, J € Ji
y, +s =F (¢, Hy), 1eTIXN

i i

s, (¥)=(se¥ :3c ¥ +s,=F (c ,H¥),G, (¢, HY,y)<0,3eJ },

ie1,N (5.5)

An iterative updating scheme is required in the local

decision problem to update the shift vector s,

s = ™ e [I - F/(&(s", ), HY)HIY - K(S(s",¥)) (5.6)

0
i

N
n+1 n ~ _n d - n ~ - ~ P ,
s. + ¢ [(y Y.1)+(Fi)ui(ci(s ,y),Hy)jngU(yJ Y. )
ie1,N (5.7)
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. n A - n =~
Since vy, = K/(c,(s",y)) (>.8)
o1 ” r . n ~ ~L 0 n
stV = s+ e [(yi-y:i)—(Fi)ui(ci(si’Y)’HiY)(ui—u*i)]’
ieTI,N (5.9)

The iterative algorithm of the local decision problem

can be described in the following steps, given the initial

interaction wvariables ., Yy and ¢ , and setting the
program counter, n and shift vector s: = 0, goto step 3,
1) Measure y:, u: and if y: = y?, local optimum

solution is reached, otherwise proceed to next step;

2) Update the shift vector s using the schemne,

n+l n - _ n _ n - _ n
s, =s +telly, -v,) - P (u -u)l
here P* & (F) (& (s",¥),H ¥);
W e P = (F, u 1Y) B YD
3) Evaluate é#s?+1, &) according to (5.4) and apply to

the subprocesses;

4) Wait until the real system transient has died down and

repeat step 1 with n=n+1.

Once the infimal decision problem solution is reached,
the solution set is then transmitted to the coordinator.
The task of the coordinator, same as the open-loop, 1is to
determine the interaction output to minimise the

performance index Q. The coordinator problem (COP) 1is,

Find a coordination variable

cop — y = arg min Q(c(y) HK(c(y)), K(c(Y))) (5.10)
ernYo
where vy 4 {y € Y : K(é(y)) € Y.1 X...X YW)
Y ={yeV¥Y:C(y)=¢, iecl,N}

(0]




5.2.3 Interaction Balance Method with Global Feedback
(IBMGF)

This closed-loop coordination method was first
proposed by Findeisen (1974) and further investigated by
Malinowski and Ruszczynski (1975), and Malinowski (1976)
where feedback information from the real process is used by
the coordinator. In applying the global feedback to the
interaction balance method, the basic approach is to leave
the 1local decision units the same as 1in the open-loop
method to perform their optimisation tasks wusing the
mathematical models. The local optimisation problem (LOP)

is that, for a given coordination variable A,

Find éi(x) and ﬁl(x) such that

IOP — (¢ (A),u (A)) = argmin L (c.,u ,A) (5.11)
i i i i i
(cl,ui)eCUi

where CUi = ((ci,u ) ¢ Gi(ci,ul) = 0}

i

N
Li(.) = Qi(ci’ui) + <Ai'ui> —j§1<Aj’HJ1F1(Ci’ui)>

It is assumed that the solution «a(A),&Jx)) of the
local decision optimisation problem is unique for every
A € N where A is the solution set of the local decision
problem. The model interaction inputs ﬁi are sent to the
- coordinator and the optimal controls éi are then applied
to the real subprocesses and the real interaction inputs
u () = HK%&(AD are realised and transmitted to the

coordinator.

The task of the coordinator 1is to determine the
Lagrange multipliers A to minimise the global imbalance R,
petween the real interaction inputs u,, and the model

interaction inputs u, i.e.



li>

R,(A) = u(r) - u(a) = 0 (5.12)

Several iterative strategies to solve the coordinator
optimisation problem have been proposed ranging from the
simple ’‘direct minimisation’ of the norm of R ,(A) to the
more sophisticated Newton-1like updating technique
(Findeisen et al, 1980). In this simulation study, the
former iterative scheme has been adopted to solve the

coordinator optimisation problem (COP), i.e.,

)
Find A= (Xl,...., XN) such that,
COP —{ (5.13)
min {Ju, - u,_ |} iel,N
\ re/\ ! . ’ ,

5.2.4 Interaction Balance Method with Local Feedback
(IBMLF)

This coordination strategy where feedback information
from the real process is used by the local decision units
was first proposed by Findeisen (1976) and subsequently
investigated by Brdys and Michalak (1978), and Brdys and
Ulanicki }1978). Each decision unit has the task of
determining its 1local controls c, € @i to minimise the
local modified objective function LJci,ui,AJ. The
Lagrange multiplier, A is specified by the coordinator.

The interaction inputs u are determined based on the real

interaction inputs, u,, realised from the real process
resulting from the previous application of all 1local
controls c¢. For a given coordination variable A and
interaction variable u the 1local optimisation problem
(LOPJ is,
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Find controls éi(ui,k) such that

~ N
LOP, 4 ¢, (u ,2) = arg min Q (c ,u )+<r ,u>¥ <r ,H F (c ,u)
i i i i i j Ji i i i
cieCi(ui) i=1

(5.14)

A .
where Ci(ui) = U% € €i. (ci,ui)esCUi)

At each iteration of the LOP , the interaction inputs u, is
determined based on the feedback measurements from the real
process. The existence of the LOP ~ depends on the

assumption of non-empty local problem feasible set Ub where

U0 A {ueU: C(u) = ¢) (5.15)

N
where C(u) = X CJud)
i=1

An iterative procedure to solve the 1local decision
problem has been suggested which can be described in the
follow steps, given the initial model interaction inputs

u, and the iteration counter k=0,

1) Solve the local optimisation problem (LOPJ,

N
¢ (u,Ar) = arg min {Q (c ,u* ) + AT(u - T H_F (c ,u))
i i i i i i j=1 ji i i i

where C(u) 2 (c €€ :(c,u) e CU} ; (5.14a)

2) Apply éx to the real subprocess. Wait until all 1local
decision units have reached this stage and the real

system transient has died down;

3) Measure the real interaction input u,, and 1f u, = uf ,

local optimum solution 1is reached, otherwise proceed to

next step:



4) Let ut”‘ = o + e (u

; - u‘i‘ ), k=k+1, and repeat from

*i

step 1.

where £, is a diagonal gain matrix which may be tuned
in an attempt to improve convergence. Generally, except in
simple examples, suitable gain values of €, are difficult
to obtain by theoretical derivation and trial and error

methods are commonly used.

In order to ensure stable operation of the 1local
decision iterative scheme, it 1is necessary to derive
sufficient conditions for the convergence of such iterative
scheme. Contraction mapping techniques have been used and
it is found that (Brdys and Ulanicki, 1978) the Lipschitz’s
constant of the real interaction input mapping HK,_(c(.,))
must be less than unity. In many practical situations, it
may be difficult to determine this constant. Hence,
convergence of the local decision iterative scheme cannot

be guaranteed.

Once the infimal decision problem solution
Uﬁjl)ﬂﬂﬂlﬂ is reached, it 1is then transmitted to the
coordinator. The task of the coordinator 1is to determine
the Lagrange multipliers A so as to minimise the real
performance index Q,. The coordinator optimisation problem

(COP) 1is,

)
Find A= (il,....,in), such that
COP — A = arg min Q_ (1) (5.16)
A e /b
A D : —
where "Q (A) = Y Qi(cbi(A),ubi(A)) , 1 € 1,N
=1
N b 1is the set of all coordination
k variable values for which ub(A) exists.
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The above coordinator problem formulation is known as
’full coordination’. An alternative formulation of the

coordinator problem known as ‘partial coordination’ is as
follows,

Find A% = (AS,...,Az) such that

COP —{ (5.17)
u (1) = HF(é(uJ}J,A),ub(A» . A e Ny

In general, a solution obtained by using partial
coorcdination is not better than that obtained by using full
coordination. However, the solution obtained by partial
coordination can be used as a starting point for full
coordination since it is easier to find the solution using

the former coordination strategy.

5.3 Synchronisation and Inter-process Communication

In the real-time implementation of the closed 1loop
coordination methods using the distributed computer systemn,
two 1local decision units are used in the infimal 1level.
Parallel computation can be performed at the local decision
level once coordination parameters have been received from
the supremal level. Since first order transfer lags have
been introduced within the simulated real process, the
decision units need to wait sufficient time for the system
transients to die down 1in order to obtain steady state
measurements. The determination of a minimum waiting time
for different transfer lag time constants has been carried
out off-line using the simulation software package ‘ISIS’

available on a Prime 550 mini-computer.

Using the distributed hierarchical optimising control

approach, there exists information exchange between
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(a) coordlinator and local decision units for coordination

methods with global feedback or local feedback;

(b) each local decision unit for coordination methods with
local feedback.

Since parallel processing is performed in the infimal
level and each local decision unit optimisation iteration
finishes at a different time interval, synchronisation
between the two levels is required. Various synchronisation
mechanisms for distributed computer systems have been
studied. Since the hierarchical computer structure consists
of only three interlinked computers, therefore, simple
synchronisation mechanisms such as elapsed time and
semaphore techniques are used to synchronise the decision
units so that controls can be sent to the real-subprocess

simulataneously.
(1) ElapsedTime

Estimate the time required for each decision units to
finish one optimisation iteration. Each decision units then
waits until the slowest unit to complete 1its task before
sending the controls to the real process and taking

measurements at steady state.

(2) Semaphore

After each optimisation computation, each decision
unit sends a completion flag to the coordinator and waits.
A task of the coordinator 1is to <check that all the
completion flags from the decision units have been received
before transmitting a start flag to each decision unit, all
of which then send controls simulataneously to the real
process and take measurements at steady state. The start

flag is then reset for the next data set.
The advantage of the first proposed synchronisation

scheme is that total decentralisation at the local decision

unit level can be obtained. However, it is in practice very
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difficult to determine the waiting time for each decision
units because the computation time required at each
optimisation iteration will often vary. This may affect the
stability and convergence at the infimal level. Therefore
only the second method has been adopted to synchronise the
decision units although this requires extra information
exchange between the coordinator and the local decision
units. This synchronisation scheme has been shown to work
efficiently during real-time control of the simulated real

process under different coordination methods with feedback.

Using the local feedback scheme, a further
synchronisation problem arises because each decision unit
converges to its final solution over a different time
horizon. The semephore method is again used to synchronise
the coordinator and the local decision units because the
existing theory suggests that the coordinator should adjust
its parameters only when all the decision units have

converged to their solution.

An investigation had been carried out where the
decision units were not synchronised before applying the
controls to the real process and it was observed that, as a
result, the decision wunits became unstable. Although
decision units could be stabilised by reducing their
iteration 1loop gain parameters, this decreased the
convergence rate of the local optimisation problem. In this
particular simulation study, the synchronised scheme
required far fewer iterations 1in the local decision level,
and thus the total iterations required for the global

optimisation was reduced.

5.4 Asynchronous Iteration for Closed-loop Hierarchical

Control and Optimisation of Interconnected Systems

According to the hierarchical control and optimisation
theory developed for large scale systems operating at

steady state condition, the theory requires synchronisation
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in the infimal level of the hierarchical structure. i.e.
the local decision units have to wait until the slowest
unit finishes its optimisation task before the optimal
controls are applied to the real subprocesses. Hence, some
obvious implementation disadvantages arise using the
synchronous hierarchical algorithms such as algorithm
initialisation and iteration synchronisation protocol are
needed. Furthermore, the speed of computation in the
infimal level is restricted to that of the slowest decision
unit. These limitations can be reduced by developing an
algorithm to minimise the degree of synchronisation and
inter-process communication. Various asynchronous
algorithms suitable for distributed computation have been
proposed by Baudet (1978), Bertsekas (1983) and Tsitsiklis
(1986) . However, due to the lack of memory and computing
power available in the I-MICs, the proposed algorithms

cannot be implementated within the I-MICs.

Stability is the main concern in control system design
for interconnected process when the local decision units
are operating asynchronously in the infimal level within
the hierarchical structure. Instability occurs. in the local
decision level due to the following two causes. Firstly,
the updation of the interaction variables g“k+1) depends
on the values of gka) which is a function of all controls
gj, j # 1. Hence, if the 1local decision units are not
synchronised before sending the controls to the real
process and taking measurements, the value obtained will
not be g_l*(k), but rather it will be gi*(k—T), where T is
the time difference between the iteration time required by
each of the two decision units. This time difference can be
viewed as delay which occur frequently in process
control problems. The presence cﬁfddny is undesirable 1in
feedback control since the control action is based on the
delayed information and the resulting phase lag tends to
make the system less stable and hence more difficult to
achieve satisfactory control. Furthermore, tinmadﬂtag in
hierarchical interconnected systems make control system

design more difficult since the design approaches are not
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applicable to time delayed systems. Secondly, bkecause
first-order time lags are introduced to the controls and
the interconnections, it 1is possible that Jjust before
taking the steady state measurement from the real
subprocess i, u, is disturbed by controls gj, j o= 1.
Hence measurement u, will not be a steady state value
which again will affect the stability of the 1local

iteration.

"Asynchronous iteration’ in the infimal level means
that computation and communication is performed at various
decision units completely independent of the progress 1in
other wunits.. In studying the effect of asynchronous
iteration upon the convergence and stability of the overall
system, we only considered the coordination methods with
local feedback. i.e. IBMLF and IPMLF. Constrained Simplex
algorithm and the ‘Active Set Method’ were employed to
solve the coordinator problem and the 1local decision
problem respectively. The asynchronous 1local decision
iteration algorithm was the same as those of the
synchronous one except the application of controls to the
simulated process were not synchronised. An investigation
on the direct application of such asynchronous iteration
algorithm to on-line hierarchical control with 1local
feedback had been performed. The performance of this
algorithm operating in the real-time environment will be

described in the following chapter.

5.5 Summary

The on-line coordination methods suitable for
closed-loop hierarchical control and optimisation of large
scale interconnected systems were described. This included
the Interaction Balance Method (IBM) and the Interaction
Prediction Method (IPM) incorperated with global or 1local
feedback. For each closed-loop coordination schemes, the
optimisation algorithms for the coordinator and the local

decision units were outlined. -
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In the real-time implementation for closed-loop hierarchical
control of interconnected prucess, the problems encountered such
as synchronisation and inter-process communication had been
investigated. The method of semaphore was chosen to synchronise
the local decision units. Since first order trausfer lags have
been introduced within the simulated process, off-line simulation
using the software packaye I5SIS was performed 1in order to
determine the minimum waiting time for steady state measurewments.

Prohlems associated with asynchronous iteration for closed-
loop hierarchical control and optimisation of interconnected
systems  were brictly described. Finally, the application of
asynchronous Jocal decision iteration algorithm suitable for
closed-1loo(, hierarchical control and optimisation has be e
suggested.
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CHAPTER 6 SOFTWARE DEVELOPMENT

6.1 Introduction

In this chapter, the software development for the
hierarchical structure is discussed. It 1is a two-level
structure which consists of a coordinator in the supremal
level, two local decision units in the infimal level and a
simulated real process. At each 1level, the software 1is
essentially composed of two sections, the objective section
and the information exchange section. The function of the
objective section is to perform the assigned task, e.g. to
optimise a constrained function (performance index) 1in
order to generate optimal controller set points. The
function of the information exchange section is to transmit
the solution of the assigned task (objective section) to,
and receive information from, other 1levels within the

hierarchy for data processing and control purposes.
The software development for the coordinator, 1local

decision units and the simulated real ‘process will be

outlined in section 6.2, 6.3, 6.4 respectively.

6.2 Coordinator (LSI-11/23) Software

The coordinator software is resident in the LSI-11/23
computer. The functions of this software are to transfer
data to and from the local decision units, to determine the
optimal coordination variables, to produce a hard copy
output, to plot the controls and interaction variables on
the Tektronix 4010 graphics terminal and to display current
data from the coordinator and the local decision units in a
mimic diagram on the Intecolor 8001G graphics terminal.
Since the LSI-11/23 computer 1s operating under the
TSX-Plus time-shared operating systenm, a multi-user

operating system, on-line display on the graphics terminal
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has to be suppressed for the benefit of other system users.
Therefore, output data obtained from the on-line simulation

were logged on the floopy disk and the controls and
interaction variables were plotted off-line.

The coordinator software consists of two sections, the
objective section and the information exchange section. The
latter section is concerned with time-critical data
transfer with the local decision units (I-MICs). Since each
I-MIC deals with time-critical DDC functions, whereas the
LSI-11/23 deals with 1less time-critical user interface
functions, each data transfer must be initiated by the
I-MIC. A foreground/background approach has been adopted in
developing the coordinator software. The foreground program
deals with time-critical functions, i.e. data transfer with
I-MICs, and is assigned with a higher execution priority.
Assigned with a lower execution priority, the background
program optimises the constrained coordinator decision

problem and logs the output data for future use.
The following subsections describe the foreground and

background routines that <constitute the coordinator

software.

6.2.1 Program Units

The program units required to run the foreground

coordinator software are as follows:

LKSET2 Subroutine to 1initialise two I-MIC
links.
RK Asynchronous completion routine used

to maintain the main buffers for data

received over the I-MIC links.

LINKXD Data acquisition subroutine for

operating two I-MIC links.
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The

IPMGFB, IPMLFB,
IBMGFB, IBMLFB,
IBMLFA, etc

SYNCH

GETZ2,IBGGET,
IPGGET, IPLGET,

etc

IBMF23, IBMGFF,
IPMGFF, IPMLFF,

etc

.SDIC

ICSUB

TIDY2

TIME

DATEO

CON1

program units

required to run the background

coordinator software are as follows:

Main (optimisation) programs used to
the

variables under different coordination

determine coordination

optimal

schemes.
Subroutine used to synchronise the
data transfer between

foreground/background program.

Subroutine used to transfer data from
foreground program to the background

program and determine the performance

indices and the real interaction
variables.
Subroutine used to communicate

asynchronisely with I-MICs through the

links.

Subroutine to  output data for
Intecolor display.
Subroutine to send data from

background program to the Intecolor.

Subroutine used to disable the receipt
and the transmission of interrupts set

by link operation routines.

Subroutine to print the current time.

Subroutine to print the current date.

Subroutine used to check for
constraint violation when coordinated

by Interaction Prediction Method.
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6.2.1.1 Foreground Routines

The routines that form the foreground software .are
subroutines LKSET2, RK and LINKXD. The aim of the
foreground routines is to transfer data between the
coordinator (LSI-11/23) and the two local decision units
(I-MICs). These routines were originally written by Dr.w.J.
Hill in MACRO 11 assembly 1language and was subsequently
modified by Dr. I.A. Stevenson to ensure reliable data
transfer. Furthermore, the software was rewritten entirely
in FORTRAN and 1is thus more easily understood than the
original MACRO routines. Detailed software description of
these routines can be found in Stevenson (1982,1984,1985).
A full 1listing of the foreground routines 1is given in

appendix Bl.

6.2.1.2 Background Routines

According to their functional nature, the background

routines can be classified into three groups:
Optimisation routines - main program and subroutine CON1;

Data transfer routines - subroutines SYNCH, GET2, IBMF23
and TIDYZ2;

Schematic output routines - subroutines SDIC, ICSUB.

The program units used to run the background software
are the same for different coordination method except the
main (optimisation) program where two different routines
are employed. Therefore, the listing of the background
routines is made up of the main problem - constrained
Simplex (IBMLF, IPMGF, IPMLF) algorithm or the steepest
descent algorithm (IBMGF) and the other supporting routines

which can be found in appendix B2.
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Since most routines are quite simple and self
explanatory (see appendix B2), only the main program and

the subroutine IBMF23 were chosen to be described briefly
in the following subsection.

6.2.1.2.1 Main Program

The main program has the task to solve the coordinator
optimisation problem. An optimisation algorithm is used to
generate optimal coordination variables for the 1local
decision problems. The optimisation algorithm employed to
solve the coordinator problem depends on the coordination
method used. For IBMGF, steepest descent algorithm is used.
Constrained simplex method has been employed for IBMLF,
IPMGF and IPMLF. The selection of appropriate optimisation
algorithm for coordinator problem depends upon the
availability of the gradient vector of the coordinator
performance function. In general, the steepest descent
algorithm gives a faster rate of convergence than the

constrained Simplex algorithm.

The first part of the main program is the
initialisation. Data files are created so that controls and
interaction variables during on-line program execution can
be logged on the floppy disk for future use. It also
initialises the Intecolor display and the I-MIC 1links by
calling the subroutine LKSET2. System routines TRMASC and
IPOKE are called to enable an interrupt in case of system
shut down through the console command. All the variables

required for the optimisation algorithm are initialised.

The second part of the main program 1s the
optimisation alogrithm. For the steepest descent algorithm,

the iterative procedure can be summarised in the following

steps:

1) Start with the initial estimate X , and set the counter

i =1
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2) Find the search direction S = -V £,
3) Find A, to minimise f(X + A, S.)i

1
4) Set Xi+1 = Xi + Ai Si H

5) Check Xu1’ if (Xi+1 - }g) is within the prescribed
tolerance, when )&+1 is optimal, stop; otherwise set

i=i+1 and goto step 2).

Using the constrained Simplex algorithm, the following
steps are performed:

1) Estimate the first Simplex vertice and its function

value;

2) Generate the rest of Simplex vertices and their

function values;

3) Perform tests and re-order function values;

4) Check the Simplex size, if the Simplex size 1is 1less

than the prescribed tolerence, stop. Otherwise proceed

to next step:;

5) Perform the action of reflection / reduction /
contraction / extension, which one to be performed

depends on the function value of the vertices;

6) Goto step 3).

The third part is the solution output'section where the
optimal solution set 1is logged on the output data file.
Once the optimal solution of the coordinator has been
reached, stopping signals are sent to each I-MIC to inform
them not to generate further interrupts. Then subroutine

TIDY2 is called to disable the interrupts that are set in
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response to the signals from I-MICs.

6.2.1.2.2 Subroutine IBMF23

This subroutine is used to communicate asynchronously
with the I-MICs through the 1links. When a data transfer
initiated by the I-MIC takes place, the foreground programs
LINKXD and RK are called. The data temporarily stored in
the buffers of the subroutine RK in the foreground is then
transferred to the buffers of the subroutine IBMF23 in the
background which is then wused by the main progran.
Successful data transfer between the foreground and the
background program depends on the status control of various
flags and bytes, e.g. TXFREE, TFLAG, DATAR, DATAX etc.

6.3 Local Decision Unit (I-MIC) Software

Foreground/background approach 1is employed again in
developing the I-MIC software. The foreground program deals
with the time-critical data transfer with the coordinator
(LSI-11/23) and the simulated real process (TR48). The
background program solves the local decision optimisation
problem in order to generate optimal controls. The
interpretive language CONTROL BASIC (CB) 1is wused to
program the background program. The foreground program is
programmed in 8085 machine code via the I-MIC monitor since
CB 1is not fast enough 1in time-critical data transfer
applications. The machine code subroutine occupies memory
locations 2400(HEX) - 2453(HEX) inclusive (on the FO030
processor board). A CB subroutine starting at line number
30000 and ending on line number 32030 is resident in the
background program. The I-MICs communicate with the

LSI-11/23 via calls to the CB subroutine at 1line number
30000.

When data transfer is required, the foreground program

is activiated by calling the CB instruction "SCH" 1in the
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background program. Once the foreground program finishes

its assigned task, control returns to the background
program.

The I-MIC background program determines the optimal
controls to be applied to the simulated interconnected
process. Since the I-MIC uses only integer numbers in the
range of -32767 to 32768, 1t 1s necessary to scale
variables used in the program in order to maintain a
prescribed accuracy. However, this may cause difficulties
with numeric overflows. After some trial tests, a scaling
factor of 1000 is chosen to be used in the I-MIC program
thereafter. Basically, there are three sections 1in the
I-MIC software, namely, the initialisation, optimisation
and data transfer. However, if local feedback coordination
is used, an extra section called "parameter estimation" is

required.
The CB I-MIC program can be summarised 1in the
following sections:
1. Initialisation;
2. Optimisation;
3. Synchronisation (with coordinator);

4. Data transfer to and from the simulated interconnected

process;
5. Checking convergence of the local decision problem;
6. Data transfer to and from the coordinator.
The program starts with initialisation. All arrays and

program counters are initialised. It also produces a

program log for future reference.
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The second section of the program is the optimisation
routine. Based on a steady state mathematical model,
optimal controls are computed which will subsequently be
applied to the simulated real processes. Due to the lack of
programming memory, mathematical functions and subroutines
available in I-MIC, the optimisation problem has to be
solved analytically using the theory of extrema and the
idea of ’active set method’. A set of feasible controls and
the corresponding performance index are generated using
this analytical approach. Optimal controls are those
associated with the minimum performance index. Once the
optimal controls and the corresponding performance index
have been determined, the model based interaction variables
are computed. These model based interaction variables and
optimal controls are useful parameters for 1local and/or
coordinator optimisation problem. Using the ‘active set
method’, the feasible solution set of the local
optimisation problem for various closed-loop coordination

method has been generated which can be found in appendix A.

The third section contains the data transfer or
interfacing routine with the coordinator and the simulated
real process. For data transfer between the I-MIC and the
analogue computer, the following instructions are

performed:

Data transfer from I-MIC to analogue computer:

APO. (H.3E04,H(5)) : Write data stored in H(5) 1in
location 3E04.

APO. (H.3E06,I(5)) : Write data stored in I(5) 1in
location 3EO06.

PO. (H.3200,0) : Send the data stored in location
3EO04 and 3E06 to analogue
computer using the ADC/DAC module
G226/G266.
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W. (500) : Wait 500 machine wunits for the
analogue system transient to die
down in order to obtain the steady

state real interaction variables.

Data transfer from analogue computer to I-MIC:

PO.(H.3E20,0); W.(5) : Initialise the location 3E20 by
writing a zero to it and wait for
5 machine units to ensure error

free data transfer.

B(0)=APE. (H.3E20) : Read the data stored in the
location 3E20 and assigned as
B(0) .

PO. (H.3E22,0); W. (5) : Initialise the 1location 3E22 by

writing a zero to it and wait for
5 machine units to ensure error

free data transfer.

B(1)=APE. (H.3E22) : Read the data stored in the
location 3E22 and assigned as
B(1).

The model based optimal controls are transmitted to
the analogue computer and steady state real interaction
variables are realised from the analogue computer using the

interface card G226/G266.

When optimal solution of the local decision problem
has been reached, data are transmitted to the coordinator
(LSI-11/23) using the I-MIC - LSI 1link routine. Data are
stored in the array Y of the I-MIC routine prior to the
data transfer. The contents of the array are output bytes

using the following instructions:-
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30070

30080

30090

30100

30110

30120

32000

32010

24015

32020

32030

F.J=1 to Y(0)

U=Y (J)

GOS.32000

U.H.2400 (U)

GOS.32000

N.J

U.H.240A()

U.H.C8 (U)

U.H.2412 (K)

U.H.240E()

Y(0) = byte count

reconstitutes the bytes received
from the LSI-11/23 into words by
transposing the low and high
bytes of the data word in between

receiving operations and after.

disables all the processor
interrupts to the I-MIC, tidies

up the stack and returns.

a monitor routine which outputs a
data byte (low byte of the
argument) to the serial output

line.

ensures communication routine
handle all the interrupts with
minimum delay by walting to
receive a byte (zero) after

transmitting one.
reenables the processor

interrupts, tidies wup the stack

and returns.
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For coordination wusing 1local feedback scheme, a
parameter estimation section is included. Based on the
model and the real interaction variables, an updating
formula has been established which generates improved
interaction variables for stable and fast converging

iterative local decision optimisation problem.

6.4 Simulated Interconnected Process (TR48)

An analogue computer was used to simulate two
interconnected sub-processes under direct control from
local decision units. The block diagram which relates the

input/output of the interconnected sub-processes is shown
in fig.6.1.

c o c c c
11 12 21 22 23
ket =1.3 1.1c_ +1.1
- T | Yap 71 2C, T G, MU,

*21
=]1. -0. +1.8u
y*ll 1 4C11 0 6c12 *11 1.1*‘P11

AN

y. . =2.3c_-0.7c__-1.1u
22 23 *

*22 21

*21

FFig.6.1 Schematic diagram of the interconnected sub-processes

First order time constants were 1introduced to the
interaction inputs and the controls within the analogue
computer to simulate the effect of transfer lags upon the
stability and convergence of local decision optimisation
problems. The response of the interaction inputs due to
these transfer lags was studied 1initially wusing the
software package called "ISIS". It was then implemented to

the analogue computer.

Using the G226 DAC module, optimal control inputs from

the local decision units were sent to the analogue computer
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and the steady state real interaction inputs from the
analogue computer were realised and transmitted back to the
coordinator or the local decision units via the G266 ADC

module depending on the feedback mechanism used.

In order to improve the accuracy of the simulation
result, amplitude scaling was required. Based on the open
loop solution from the off-line simulation on the Prime 550
computer, the optimal controls from the 1local decision
units were sent to the analogue computer. Tests had been
carried out to determine the optimal set of scaling factors
on the controls so that reasonable accurate result can be
obtained. The optimal settings were found after some trial
runs by setting a set of controls from the decision units
to the analogue computer. Real interaction inputs were
measured, which were then compared with the model based
real interaction inputs that were computed based on the
control sets. It was found that they were very close with a
maximum deviation of unity of the 1last digit. This
suggested that the settings in the analogue computer were
accurately representing the mathematical model of the
interconnected sub-processes. For all the subsequent test
runs for different coordination methods, the analogue
computer setting was checked in the 1initialization
procedure. A set of controls were transmitted to the
analogue computer and the real interaction inputs were
realised which were then compared with the model based
solution so as to ensure the simulation run was working

with a reliable and consistant analogue computer setting.

The main problem encountered when using the TR48
analogue computer for simulation was the voltage drift. The
computer had to be powered up for more than ten minutes
prior to the simulation run in order to warm up the
electronic circuits of the analogue computer and to

stabilise the amplifiers.
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6.5 Summary

The software development of the two-level hierarchical
control system has been described. This includes a brief
description of the routines that had been wused for the
coordinator, the local decision units and the analogue computer.

For the coordinator software, the optimisation algorithms
(the constrained Simplex algorithm and the Steepest Descent
algorithm), the data transfer routines and the schematic output
routines were implementated, together with the foreground
routines, to solve the coordinator optimisation problem. For the
local decision unit software, the optimisation problem was solved

analytically using the ‘tactive set method' for different
coordination strategies. Communication between the I-MICs and
the analoque computer are via the ADC/DAC modules. Problem

ernncountered when using the analogque computer for simulation was
noted and remedial measure was taken.

Having described the on-line coordination methods, the
hardware .and the sottware developed for on-line hicracchical
control in previous chapters, investigation of the applicability
ot the sottware, the theory developed for on-line control and
optimi~ation of a simulated interconnected two-level hierarchical
structure is performed and simulation results based on different
closed-loop coordination method will be given in the next
chapter.

70



CHAPTER 7 SIMULATION RESULTS AND DISCUSSION

7.1 Introduction

Using the two-level hierarchical computer structure,
simulation tests had been performed to investigate the
closed-loop hierarchical control and optimisation of a
simulated interconnected process. In order to ensure
stable and convergent coordinator and local decision
problems, the model based optimal controls generated by
the decision units had to be synchronised before applying
to the simulated real subprocesses. For synchronised
local decision iteration, all the closed-loop coordination
methods (i.e. IBMGF, IBMLF, IPMGF, IPMLF) had been

implemented and simulation tests were performed.

Tests had also been carried out to investigate the
effects on system stability and convergence of 1local
decision optimisation problem when local decision wunits
were operating asynchronously. Only the 1local feedback
coordination schemes, 1i.e. IBMLF and IPMLF had been
implemented and simulated by the hierarchical computer

system.

Two optimisation methods were employed to solve the
coordinator optimisation problem for different
coordination strategies. Direct search method - the
constrained Simplex algorithm was used for IBMLF, IPMGF,
IPMLF. Gradient method - the steepest descent algorithm
was employed to solve the IBMGF coordinator optimisation
problem. Owing to the lack of memory and software support
from the I-MICs, analytical method based on the ’Active
Set Method’ was wused to solve the 1local decision
optimisation problem for different on-line coordination
method.

Simulation test results based on synchronous and

asynchronous local decision iteration will be presented in
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the following section 7.2 and 7.3 respectively. The

graphical output of the simulation results will be shown

in section 7.5.

7.2 Synchronous Local Decision Iteration

Based on the hierarchical control and optimisation
theory (Mesarvoic,1970; Findeisen,1980), the optimal
controls generated by the local decision units should be
sent to the interconnected subprocesses simultaneously.
Since each local decision task would finish at different
time horizon, synchronisation of local decision units was
required in order that optimal controls could be applied
to the subprocesses concurrently. Method of ’semaphore’
was chosen to synchronise the local decision units in the
Anfimal level for direct control of the simulated
interconnected subprocesses. The chosen synchronisation
mechanism provided a reliable means of data transfer in

the simulation test runs.

7.2.1 Interaction Prediction Method with Global Feedback

For this coordination strategy, feedback information
was used by the coordinator to update the coordination
variables for optimal overall system performance. The
coordinator wupdated the coordination variables using the
’synchronised’ measurements from the simulated real
process. Using the open-loop solution as the starting
point, i.e. vV = (1.171; 0.965), the coordinator

optimisation problem converged to its optimal solution

= (1.137, 1.005)

= (-0.676,0.197; 0.868,1.0,-1.0)
= (1.033; 1.166,1.864)

= 5.9326

L

AQ = 0.110%

0 K10 1<
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after 32 iterations. The coordinator took 29.7
sec/iteration depending on the number of users connected
to the host computer during the test run. Simulation

results are shown in fig.7.2.1.1.

With different starting point, e.g. V = (0.0; 0.0),
it took 78 function calls before the coordinator converged

to its solution

(1.112, 1.006)

(-0.703,0.197; 0.894,1.0,-1.0)
(1.014; 1.176,1.885)

= 5.9345

0 K10 I<
»*
i

»*

The coordinator took 26.3 sec per iteration.

Simulation results are shown in fig.7.2.1.2.

Examining the results shown in fig.7.2.1.2, the
coordinator required more function calls before reaching
its solution when compared with using open-loop solution
as the starting point. However, it should be noted that
the ‘V’, ’'c’ and 'y’ were quite stationary after 40
coordinator function calls.

Teéis had also been performed by introducing
disturbances to the interaction inputs and/or the controls
of the simulated subprocesses by varying the potentiometer
settings within the analogue computer. Three tests have
been carried out to model the disturbances in ’‘c’s and
‘u’s, and 1local decision unit failures which are

summarised as follows:

a) Modelling disturbances in controls

Starting with V = (0.0; 0.0), the system waited until
the steady state solution had been reached before setting
the control <., off for one iteration using the TR48
function switch. Thus a big disturbance was resulted and

the performance 1index shot up from 5.9389 to 20.0376.
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However, the system returned to its optimal performance

5.9372 after 15 iterations! The final solution was:

(1.124; 1.009)

(-0.699,0.195; 0.885,1.0,-1.0)
(1.03; 1.181,1.867)

5.9360

IOI:< a i<
[

»

The results are shown in fig.7.2.1.3.

b) Modelling LDUs failure

Starting with open loop solution, i.e. V = (1.171;
0.965), the system reached the steady state condition
after 30 iterations. Investigation on system stability
when subjected to local decision unit (LDU) failures was
performed. The LDU failures were simulated by switching
off the controls that applied to the TR48. e.g. controls
c.. and c,,6 were switched off to simulate the failure of

11
LDU1l. Three LDU failure conditions were being tested, i.e.

1) LDU1l failure

By disconnecting the controls c., and C., to the TR48
for 3 iterations (from iteration 43 to 45), the Q,£ shot
up from 5.9393 to 11.1753 and returned to 5.9327 after 16

iterations.

ii) LDU2 failure

Controls =) and c,, were off for 4 iterations (from
iteration 73 to 77). Q,6 shot up to 6.0055 and returned to
5.9360 after 9 iterations.

iii) Both LDU failure

All controls were off for 6 iterations (from
iteration 100 to 106). The Q, rose to 11.5265 and then to
17.2509 and returned to 5.9370 after 17 iterations.
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The final solution was:

= (1.131; 1.002)

= (-0.674,0.199; 0.871,1.0,-1.0)
= (1.029; 1.163,1.868)

= 5.9357

O < la i<

»

The results are shown in fig.7.2.1.4.

c) Modelling interconnections failure

Starting with the open-loop solution and the sy<tem
waited until the steady state solution before setting the
interactions off for 4 iterations using the TR48 function
switch. The system was disturbed and the performance
index shot up from 5.9338 to 10.6606. However, the system
returned to its optimal performance 5.9367 after 15

iterations with the final solution:

= (1.127; 1.016)

= (-0.714,0.191; 0.889,1.0,-1.0)
= (1.039 ; 1.196,1.857)

= 5.9372

O <l i<

»

The results are shown in fig.7.2.1.5.

Referring to the figures 7.2.1.3, 7.2.1.4 and
7.2.1.5 when disturbances were introduced to the system
operating at its optimal steady state operating condition,
the overall performance index increased. This was because
the performance index of each local decision unit was a
function of the controls and interaction inputs which in
turn affected the overall (coordinator) performance index.
After few iterations, the coordinator optimisation problem
converged to a new ‘disturbed’ performance index.
However, if the disturbances were removed, this
‘disturbed’ performance index would soon return to the

optimal one after few iterations.
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The above simulation results signified the
robustness property of this coordination scheme when the
controls and/or interaction variables were corrupted with
noise. The system response to disturbances was stable and
the system optimisation problem converged to a new steady

state value rather fast.

7.2.2 Interaction Prediction Method with Local Feedback

Local decision units used the feedback information
for this coordination strategy. For each set of
cocrdination variables, there should exist a unique
solution for each local decision problem. The task of
each decision unit was to determine the optimal controls
and interaction variables from a given set of coordination
variables using the feedback information from the

simulated real process.

Investigation of the optimal gain settings for stable
and rapid converging local decision optimisation problem
had been performed. Theoretical study on the stability of
local decision optimisation problem using local feedback
scheme was carried out using the ’Active Set Method’. A
stable gain space was obtained. After some trial runs
within the stable gain space, optimal gain settings for
fast converging local decision optimisation problems were

obtained as follows:

r n
0.8 0
K =
0 -0.8
Using the open-loop solution set, i.e. V = (1.171;
0.965) as the first estimate for the coordination
parameters and with shift vector s = (0; 0), simulation

test showed that the coordinator reached 1its solution
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after 43 coordinator function calls while the LDU requires
a total of 116 iterations. Time required for this
simulation run took 53.6 minutes. The final solution was

found as follows:

s = (0.393; -0.319)

V = (1.034; 1.085)

c = (-0.594,0.149; 0.808,1.0,-0.941)
y, = (1.034; 1.086,1.821)

Q, = 5.9747

AQ, = 0.820%

At the beginning of the simulation, each local
decision optimisation problem required about seven
iterations before converged to its solution for a
given set of coordination variables. Simulation results

are shown in fig. 7.2.2.1.

With s = (0; 0), tests had also been performed using
different starting point, e.g. V = (1.118; 1.01) - the
optimal solution of IPMGF, similar results were obtained

as in fig.7.2.2.1.

7.2.3 Interaction Balance Method with Global Feedback

The steepest descent algorithm was used to solve the
coordinator optimisation problem. Starting with A = (0;0),
the coordinator took 9 iterations to reach the open-loop
solution, i.e. A = (-2.537; -0.739). The coordinator

required a total of 15 function calls before converged to

its final solution

= (-2.994; -0.387)

= (-0.609,0.147; 0.824,1.0,-1.0)
= (1.015; 1.086,1.883)

., = 5.9891

AQ, = 0.986%

*

0 <10 1>
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in 6.73 minutes. Simulation results are shown in
fig.7.2.3.lo

In studying the effect of disturbances on the
controls and interaction variables for this coordination
method, several tests had been performed whereby the
disturbances were simulated by varying the setting of the

poteniometers within the analogue computer.

a) Modelling disturbances in controls

Halved ., for 11 iterations (from iteration 23 to
33), Q, rose from 5.988 - 7.88 - 7.241. Reset c, to its
full wvalue at iteration 34, Q, returned to 5.989 after 8
iteration (iteration 41).

Halved C. at iteration 45; Q,6 rose from 5.989 -
6.133 - 6.159 (iteration 50).

Simulation results are shown in fig.7.2.3.2.

b) Modelling disturbances in LDUs

Halved controls ., and C., at iteration 10, Q, rose
from 5.987 - 8.144 - 7.529 - 7.538 (new optimal
performance at iteration 19). At iteration 26, .. and
c,, were reset to their full values, Q,£ converged back to
5.988 after 6 iteration (iteration 32).

Halved controls c,, and C_, at iteration 41, Q,£ rose
from 5.985 - 6.076 - 6.19 (iteration 56).

Simulation results are shown in fig.7.2.3.3.

c) Modelling the interconnection failure

Set interconnection input wu, =~ off using the
potentiometer coefficient in the TR48, the system became

unstable. Investigation wupon the effect of wvarying the
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potentiometer coefficient related to u,. ., upon the
stability and convergency had been carried out. By varying
the potentiometer coefficient (alpha) from 0.5 to 0.95,
five tests had been performed and the following results

were obtained:

No. Alpha Stability

1 0.5 Unstable
2 0.75 Oscillates, returned to solution if alpha=1
3 0.875 Same as 2
4 0.95 Converged to new optimal solution
5 0.91 Same as 2
Basing on the results obtained, the system

coordinated by IBMGF was very sensitive to the
disturbances imposed on the controls and especially on
their interaction inputs. The simulation test showed that
the system would become unstable if the interaction

varaible was reduced by more than 5%.

Simulation results for alpha = 0.75 and 0.95 are

shown in fig.7.2.3.4 and fig.7.2.3.5 respectively.

7.2.4 Interaction Balance Method with Local Feedback

For this coordination strateqy, the study of
stability and rate of convergence of the 1local decision
optimisation problems were required. Investigation of the
optimal gain settings for stable and rapid converging
local decision optimisation problem had been performed.
Theoretical study on the stability of 1local decision
optimisation problem using local feedback was carried out
using the ‘Active Set Method’. A stable gain space was
found. By the method of trial and error within the stable
gain space, the optimal gain settings for fast converging

local decision optimisation problems were obtained as
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follows:

Starting with the open-loop solution, i.e.
A = (-2.546; =-0.744) and u = (0.965; 1.169), the

coordinator took 88.9 minutes for 33 function calls before

converging to its optimal solution

A .= (-2.731, -0.538)

c = (-0.708,0.12; 0.891,1.0,-0.99)
y, = (0.978; 1.134,1.917)

Q, = 5.9624

AQ, = 0.613%

Simulation results are shown in fig.7.2.4.1.

Initially, the LDUs took about 8 iterations before
converging to the solution for a given set of coordination
variables. It took much less iterations as the coordinator
approach its solution, typically 2 to 3 or less
iterations. However, sometimes the LDUs might take more
iterations before converging to the solution. This was due
to the high gain, i.e. K = (0.3; -2.5) wused in the LDU
parameter updating equation which perturbed the system

dynamics.

A test had also been performed by varying the time
delay introduced 1in the analogue computer TR48, e.q.
T = 1 sec. similar simulation results were obtained with

1]
Q, = 5.9664. This suggested the delays in the TR48 had a

little effect on stability and system performance when the

local decision units were operating synchronously.
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7.3 Asynchronous Local Decision Iteration

Simulation tests had been carried out whereby the
local decision units were not synchronised before sending
the model based optimal controller set points to the
analogue computer. This asynchronous operation could cause

overall system instability.

7.3.1 Interaction Prediction Method with Local Feedback

With the starting point V = (1.171; 0.965) and

s = (0; 0), the coordinator converged to the solution

after 65 function calls with

s = (0.394; -0.321)

V = (1.035; 1.085)

c = (-0.592,0.149; 0.805,1.0,-0.941)
y, = (1.037; 1.086,1.818)

Q, = 5.9755

AQ, = 0.833%

The local decision units, LDUl and LDU2 took a total
of 176 and 170 iterations respectively. Initially, each.
LDU required about 9 iterations before converging to the
solution. It should be noted that Q, = 5.9754 at iteration
13.

Simulation results are shown in fig.7.3.1.1.

Using V = (1.171; 0.965) and s = (0; O0) as the
starting point, two tests had been performed by
introducing a delay of 5 seconds in either one of the
decision units prior to the application of the controls to
the simulated subprocesses. With LDUl delayed by 5
seconds, the coordinator, LDUl and LDU2 took 32, 94 and
111 iterations respectively before converging to the

solution:
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S = (0.394; -0.324)

V = (1.046; 1.092)

c = (-0.597,0.145; 0.803,1.0,-0.942)
y, = (1.046; 1.093,1.809)

Q, = 5.9760

AQ, = 0.842%

Simulation results are shown in fig.7.3.1.2.

~ With LDU2 delayed by 5 seconds, the coordinator, LDU1l
and LDU2 took 39, 184 and 141 iterations respectively

before converging to the solution:

s = (0.382; -0.304)

V = (0.997; 1.075)

c = (-0.616,0.155; 0.830,1.0,-0.942)
y, = (0.995; 1.073,1.865)

Q, = 5.9869

AQ, = 1.026%

Simulation results are shown in fig.7.3.1.3.

Examining the simulation results shown in
fig.7.3.1.1, fig.7.3.1.2 and fig.7.3.1.3 it was found that
IPMLF coordination method performed very well even in
asynchronous 1local decision iteration. There was no
stability problem associated with this coordination method
because IPMLF is a feasible method. Initially, the 1local
decision optimisation problem took about 11 iterations
before converging to its solution. However, the rate of
convergence was relatively fast when compared with 7
iterations for the synchronous case. The system did not
show any sign of instability due to the asynchronous
iteration of local decision units. Therefore, basing on
the simulation results, conclusion can be made that IPMLF
is a very robust coordination method and is extremely

useful for on-line control applications.
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7.3.2 Interaction Balance Method with Local Feedback

Referring to the simulation results of IBMGF shown
in the section 7.2.3, the system coordinated by the
Interaction Balance Method was very sensitive to the
disturbances imposed on the controls and especially on
their interaction inputs. Local decision asynchronisation
can be viewed as time delay disturbances on controls and
interaction inputs which will jeopardize the stability of

the overall system.

During the early study on asynchronous IBMLF, the
system was unstable. Tests had been tried by using a first

order digital filter with the equation:
u (k) =o&u,(k-1) + (1 - «) u (k-); oa = filter constant

to filter the noise due to LDU’ asynchronisation. Using
different filter constants ranging from zero to unity, the

system failed to converge to its solution.

It was found that by putting a delay (waiting time)
in the LDUs before sending the controls to the real
subprocesses together with an appropriate local iterative
loop gain, the system converged to its solution.
Investigation on the values of waiting time, T and the
gain, K used in the local decision optimisation problen

with the updating scheme (same as the synchronous IBMLF),

u (k+1) = u (k) + K (4, (k) - u(k))

had been conducted. The best waiting time, T and gain, K
was found to be 9 seconds and (0.65; 0.80) respectively.
Using these values and with the open-loop solution as the
starting point, the coordinator, LDUl and LDU2 took 54,
300 and 268 iterations respectively before converging to

the solution:
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A = (-2.674, -0.628)

c = (-0.741,0.115; 0.923,1.0,-0.974)
Yy, = (0.947; 1.142,1.940)

Q, = 5.9621

AQ, = 0.597%

Simulation results are shown in fig.7.3.2.1.

With a different updating scheme used in the 1local

decision optimisation problen,

u, (k1) = u (k) + K (e (k) - 2e,(k))

uél(k+1) = u21(k) + Kz(ez(k) - el(k))
where ‘ el(k) = u*11(k) - u11(k)
ez(k) = u*21(k) - u21(k)

For the gain, K = (0.65; 0.80), the search for the
new best waiting time had been performed. The best waiting
time, T was 5 seconds. Using these values and with open-
loop solution as the starting point, the coordinator, LDU1l
and LDU2 took respectively 35, 438 and 378 1iterations

before converging to the solution:

A = (-2.692, -0.498)

c = (-0.719,0.110; 0.890,1.0,-0.996)
y, = (0.991; 1.147,1.907)

Q, = 5.9629

AQ, = 0.623%

Simulation results are shown in fig.7.3.2.2.

Basing on the simulation results obtained, it was
found that the IBMLF was very sensitive to the
asynchronous local iteration of the decision units. This
is Dbecause Interaction Balance Method is a non-feasible
method and the determination of the optimal performance
index for each decision wunit relies heavily on the

controls and the interaction variables of other decision
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units. Without synchronisation between decision units
simply implied that the connections between each decision
unit were being cut off which would cause instabilty. By
choosing the gain K = (0.65; 0.80) in the local decision
updating equation together with an appropriate waiting
time, 1instability due to asynchronous iteration of 1local
decision units could be stabilised and the system
converged to its solution. It was found that there was a
minimum waiting time that the system could be stabilised

for a given set of gain values.

7.4 Summary of the Simulation Results

Using the open-loop solution set as the first
estimate for the coordination parameters, the following
simulation results had been obtained for synchronous local

iteration which were summaried as follows:

Coordination Performance Suboptimality Iterations Iteratio

method index (%) required time (s)
IBMGF 5.989 0.98,6 6 196
IBMLF 5.962 0.613 33 4910
IPMGF 5.933 O.lld 32 950
IPMLF 5.975 0.821 43 2386

For the asynchronous IBMLF and IPMLF, similar results
were obtained as the synchronous cases. However, the rate
of convergence of the local decision problems were slower,
especially for the IBMLF. When stability of the 1local
decision problem was concerned, the IPMLF performed far
more better than the IBMLF. Stabilisation was required for
the asynchronous IBMLF.
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7.5 Graphical Output of the Simulation Results

The following figures are the graphical output of the
simulation results for synchronous and asynchronous local

decision iteration.

Synchronous Local Decision Iteration

Fig.7.2.1.1. IPMGF simulation result: with open-loop

solution as the starting point.

Fig.7.2.1.2. IPMGF simulation result: with 2zero as the

starting point.

Fig.7.2.1.3. IPMGF simulation result: modelling

disturbances in controls.

Fig.7.2.1.4. IPMGF simulation result: modelling LDUs

failure.

Fig.7.2.1.5. IPMGF simulation result: modelling

interconnections failure.
Fig.7.2.2.1. IPMLF simulation result: with open-1loop
solution and zero shift wvector 'as the

starting point.

Fig.7.2.3.1. IBMGF simulation result: with =zero as the
starting point.

Fig.7.2.3.2. IBMGF simulation result: modelling

disturbances in controls.

Fig.7.2.3.3. IBMGF simulation result: modelling

disturbances in LDUs.

Fig.7.2.3.4. IBMGF simulation result: modelling

interconnection failures - test 1.
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Fig.7.2.3.5.

Fig.7.2.4.1.

IBMGF simulation result: modelling

interconnection failures - test 2.

IBMLF simulation result: with open-loop

solution as the starting point.

Asychronous Local Decision Iteration

Fig.7.3.1.1.

Fig.7.3.1.2.

Fig.7.3.1.3

Fig.7.3.2.1.

Fig.7.3.2.2.

Asynchronous IPMLF simulation result: with
open-loop solution and zero shift vector as

the starting point.

Asynchronous IPMLF simulation result: with
open-loop solution and zero shift vector as
the starting point and LDU1l delayed by 5

seconds.

Asynchronous IPMLF simulation result: with
open-loop solution and zero shift vector as
the starting point and LDU2 delayed by 5

seconds.

Asynchronous IBMLF simulation result: with
T, = 9 sec, K = (0.65; 0.80) and open-loop

solution as the starting point.

Asynchronous IBMLF simulation result: new
local iteration updating scheme with T, = 5
sec, K = (0.65; 0.80) and open-loop solution
as the starting point.
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Fig.7.2.1.1. IPMGF simulation result: with open-loop solution as

the starting point.
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Fig.7.2.1.2. IPMGF simulation result: with zero as the starting

point.
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CHAPTER 8 CONCLUSIONS

Using the 1Interaction Balance coordination method,
two optimisation algorithms, namely, the Steepest Descent
and Constrained Simplex algorithms had been used to solve
the coordinator optimisation problem for global and local
feedback respectively. The fact that two different
optimisation algorithms had been used necessitates some
considerations to be taken when comparing the convergence
properties of the two mentioned feedback coordination
methods. Using local feedback scheme, the infimal level
required an average of eight iterations before converging
to its solution. This implied that local feedback, on
average, required eight times more on-line computation
time for the overall optimisation problem than using
global feedback. However, in this particular example,
better accuracy was obtained using local feedback. On the
other hand, local feedback was not as robust as global
feedback because of the stability problems occuring in the

local decision problems (Roberts,1983).

Constrained Simplex method had been used to solve the
IPM coordinator problem. The Interaction Prediction method
with global feedback gave the best performance (5.933)
among the simulation results obtained in this particular
example. With local feedback, the system performance
obtained was worse compared with the global feedback.
However, the coordinator required less iterations to
converge to 1its optimal solution. In general, this
coordination method required solvability and feasibility
analysis for constrained optimisation problems which might

be very difficult in many practical cases.

With global feedback, tests had been performed to
investigate the effects of disturbances, measurement
errors and the integrity of the overall system subjected
to subprocess and decision unit failures. Disturbances to
the real subprocesses were introduced to the controls and

outputs through function switches and potentiometers 1in
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the analogue computer. The magnitude of the controls and
outputs could be varied from a rated value to zero. Both
the IBMGF and IPMGF were quite indifferent to the
disturbances imposed on the controls. i.e. the presence of
such disturbances would move the performance index to a
new value but will return to its original undisturbed
value once the disturbances were removed. The system
remained stable during the presence of disturbances.
Measurement errors were introduced to the interconnection
variables using potentiometers with coefficient ranging
from unity to zero. When measurement errors of interaction
variables (i.e. u,) or interconnection failure were
concerned, IPMGF was quite indifferent. IBMGF was very
sensitive to the measurement error in the interconnection
inputs. For this particular example, with  the
potentiometer coefficient denoted by "alpha'" , the
system became unstable if alpha < 0.75, oscillated |if
0.75 < alpha < 0.94, and converged to the final solution
if alpha > 0.95.

The integrity of the overall system subjected to
subprocess and decision units failures had been
investigated. The subprocess and decision units (LDU)
failures were simulated by disconnecting the appropriate
controls within the analogue computer using function
switches. Both IBMGF and IPMLF were disturbed by switching
off the controls corresponding to (LDUl), (LDU2) and (LDU1l
& LDU2). The system (coordinator) managed to iterate to a
new solution and returned to its original solution once
the controls were re-connected. The response of the
overall system moved to a new solution and returned to its
original solution depending on the failure of which
decision unit. Simulation tests showed that the response
time of the disturbed system subjected to the failure of

the decision unit increased in the following order:

(LDU2), (LDU1), (LDUl & LDU2).

Convergency and stability of 1local decision units
operating asynchronously (i.e. the decision units were not

synchronised before applying controls to the real
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subprocess) at the infimal level had been 1investigated.
When coordinated by IPMLF, the decision units were stable
and converged to their optimal solution without
synchronisation. The rate of convergence was quite fast
and on an average required 29% more computation to
converge to the final solution than the synchronised
iterative scheme. However, the decision units became
unstable when the system was coordinated by IBMLF.
Stabilisation of the decision units under asynchronous
operation had been achieved by choosing a suitable 1loop
gain of the local decision problem and introducing a
waiting time in the decision units before sending the
cont;ols to the simulated subprocesses. Convergency 1in
the decision unit level was comparatively slow which
accounted for about 50% more computation than the system
with synchronisation. The instability of IBMLF under
asynchronous operation was understandable because
disturbances would be induced to the interconnection
variables. It had already been discovered during the
course of investigation of IBMGF that the IBM coordination
method was very sensitive to disturbances imposed on the

interconnection variables.

In this research, investigation of closed-loop
hierarchical control and optimisation of an interconnected
process simulated by an analogue computer had been
performed. Both on-line coordination methods, namely, the
Interaction Balance Method and the Interaction Prediction
Method with local or global feedback had been implemented
successfully using the distributed hierarchical computer -
system. The effect of asynchronised iteration of local
decision units upon the stability and convergency of local
decision units, and the coordinator had also been studied.
This research is mainly experimental in nature. In order
to guarantee stability in the coordinator and 1local
decision optimisation problems, future work needs to be
done on a theoretical basis to investigate local decilsion

non-synchronisation aspects and associated convergence

properties.
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Since the performance of the local decision making
process is greatly hindered by the lack of memory and
mathematical function supports provided by the I-MICs,
therefore, the microcomputers should be upgraded in order
to implement or develop advanced parameter estimation

techniques for asynchronised local decision iteration.

Furthermore, investigation of the application of
other on-line coordination methods, e.g. '"Mixed Method" -
a combination of Interaction Balance Method and
Interaction Prediction Method, for hierarchical control

and optimisation of 1large scale systems should be
performed.

Finally, the on-line coordination methods should be
applied to control real systems, e.g. plilot scale
industrial processes other than the simulated

interconnected process.
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Appendix A: Local Decision Feasibility Set under Constraints

Due to the lack of programming memory, mathematical
functions and subroutines available in the micro-computers
(local decision wunits), standard library numerical
optimisation algorithms could not be used to solve the
local decision problems which were constrained
optimisation problems with equality and inequality
constraints. Hence, each local optimisation problem had to
be solved analytically using the idea of ‘active set

method’ and the theory of extrema.

The ‘active set method’ is an algorithm for solving
optimisation problem with inequality constraints. The
concept underlying this method is to consider the
inequality constraints which consist of two parts: those
that are to be treated as active and those that are to be
treated as 1inactive. The 1inactive constraints are
essentially ignored during the optimisation procedure.
Therefore if the set of active constraints was known, the
original problem could be replaced by the corresponding
problem having equality constraints only.

The mechanism of the ‘active set method’ in solving
optimisation problem with inequality constraints 1is to
define, at each iteration step, a set of active
constraints, known as the ’‘working set’, which is a subset
of the constraint set of the original problem. The current
point is therefore feasible for the working set. The
algorithm then proceeds to move along the worked surface
defined by the active constraints to a new improved point.
At this new point, the working set may be changed. The
reason for doing so may be due to the addition of
constraint(s) to the working set when new constraint(s)
are encountered or the dropping of a constraint from the
working set to ensure the performance index is strictly

decreased.

The procedure of determining the feasible solution

region of local decision optimisation problem subjected to
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equality and inequality constraints is as follows:
Starting with the unconstrained solution, the performance
index of each local decision problem is differentiated
with respect to the manipulated inputs ( controls ) to
obtain the optimal controls in terms of interaction
variables. Then these control values are substituted in
the constraint sets of the decision unit to search for the
active constraints which bound the unconstrained solution.
Then the active constraints are plotted with the
interaction variables to indicate the bounded
unconstrained solution. Once the unconstrained solution
region has been found, the active constraints are
subsequently used as new constraint boundaries for the
generation of new solution regions next to the
unconstrained solution. Defining a new solution region by
one of the active constraint boundaries previously
obtained, the procedure is repeated and a new bounded
solution region is found. The complete procedure is then

repeated until no further new solution regions are formed.

This analytical approach is used to solve the 1local
decision optimisation problems for price coordination
strategy. Declision unit solution regions using the
interaction balance method with global feedback and local

feedback are shown in fig.Al and fig.A2 respectively.

The drawback of this analytical method for solving
the 1local decision optimisation problem 1is that it is
restricted to simple low dimensional problems because it
is impossible to visualise greater than two dimensional

solution regions.
Using the ’‘Active Set Method’, decision unit solution

regions for the IBMGF, IBMLF and IPMLF will be shown in
fig.Al, A2 and A3 respectively.
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Bl.

Coordinator Software Listing

Foreground Routines
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SUEROUTINE LNKSET
INTEGER¥2 SIZE(2)
LOGICALX¥1 MEFREE(
BYTE ERROR(2)
COMMON/FLAGS/RXFREE
COMMON/MEUFS/MEUFS » MEFREE » LAST1 s NEXT1,SIZE»SECS

’
2

SECS»MBUFS(1000:2)»LAST1(2)yNEXT1(2)
Y »RXFREE(2)

TO INITIALISE I-MIC LINKS,

OO0

SECS=1
00 1000 I=1,2
NEXTI1(I)=1
LAST1(I)=-1
SIZE(I)=S00
RXFREE(I)>=,.TRUE.,
ERROR(I)=0

10090 MBFREE(I)=.TRUE.

(Y
CALL INITID(2,3)
TYFE 7

7 FORMAT(1H »* Link ros.
CALL RK(O)
RETURN
END

2 & 3 initizlised.’)

SURROUTINE DATEO

THIS SUEROUTINE FRINTS THE CURRENT DATE
IN DAY rMONTH;YEAR

o N O NB RS

LOGICALX1 A(9)

CALL DATEC(A)
FRINT 1»A
1 FORMAT(’ DATE: ’,»2A1)
RETURN
END

SUBROUTINE TIME

C THIS SUBROUTINE FRINTS THE CURRENT TIME OF THE DAY
c IN HRS,MINS:SECS.

INTEGERX%2 ITIME,IHRS,IMIN,ISEC,ITCK

c

C
CALL GTIMCITIME) )
CALL CYTTIM(ITIME»IHRS,IMIN,ISEC,ITCK)
FRINT 1,IHRS,IMIN,ISEC

1 FORMAT(’/ TIME: ‘212,707 21257 3912947 /)
RETURN
END
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000 ono

DESRY

OO0

Oooc

30

C

SUBROUTINE INITDC(I»J)

THIS ROUTINE CALCULATES THE ADDRESSES & VECTORS FOR THE
SFECIFIED LINKS AND CONNECTS THE INTERRUFT HANDLERS ‘RXIHAZ2’
"RXIHA37, "TXIHAZ’» "TXIHAZ',

BYTE FLAGL(2),FLAGL11(2),FLAGR1(2)»FLAGI1{2)

INTEGERX2 IVEC(2)yRCSR(2),REUF(2),XBUF(2)»XCSR(2)»BINC2)»ROUT(2)
COMMON/FLAGS/FLAG1,FLAGL11,FLAG31,FLAG21

COMMON/COUNT/EIN,ROUT

COMMON/LCHAR/IVEC»RCSR»RRBUF » XRUF y XCSR

EXTERNAL TXIHA2,TXIHAZ s RXIHA2» RXIHAZ

CALCULATES VECTORE FOR SFPECIFIED

IF(IL.LE.2)IVEC(1)="350+"10%I
IF(I.GT.2)IVEC(1)="300+"10%I
IF(J.LE.2)IVEC(2)="350+"10%J
IF(J.GT.2)IVEC(2)="300+"10%xJ

ANIl THE ADDRESSES

RCSR(1)="176470+"10%I
RCSR(2)="1756470+"10%J
REUF (1)=RCSR(1)+2
RBUF (2)=RCSR(2)+2
XBUF (1)=RCSR(1)+6
XBUF (2)=RCSR(2)+6
XCSR(1)=RCSR(1)+4
XCSR(2)=RCSR(2) +4

CONNECT RX INTERRUFT HANDLERS

I=ICNINT(IVEC(1) »RXIHAZ,7)
IF(I.GE.0)GOTO 10
I=ICNINT(IVEC(2) »RXIHAS,»7)
IF(I.GE.Q0)GOTO 10

CONNECT TX INTERRUFT HANILERS

I=ICNINT(IVEC(1)+4,TXIHAR2,»7)
IF(I.GE.O0)GOTO 220
I=ICNINT(IVEC(2)+4yTXIHAZ,7)
IF(I.GE.O)GOTO 20

o 30 1=1,2

EIN(I)=0

EOUT(I)=-2

FLAG1(I)=1

FLAG11(I)=1

FLAG21(I)=0

FLAG31(I)=0

CONTINUE

122



00

Oas

10

100
1110

SO00000

OO0 Ooao

OO0

OO0

MAF THE I/0 FAGE INTO THE FROGRANM

CALL HMFIOFS
ENARLE RX INIERRUETS

I=IFEEK(RCSR (1))

CALL IFOKE(RCSR(1),"100.,0R.I)

I=IFEEK(RCSR(2))

CALL IFOKE(RCSR(2)»"100.0R.I)

RETURN :

WRITE(S,100)

STOF

WRITE(S,110)

STOF

FORMAT(1H » UNABLE TO CONNECT RX INTERRUFT VECTOR’)
FORMAT(1H » UNABLE TO CONNECT TX INTERRUFT VECTOR’)
END :

SUBROUTINE RXIFROCIID)

INTEGERX2 IVEC(2),RCSR(2)»RBUF(2)»XBUF(2) s XCSR(2) »BINCZ)»ROUT (2)
INTEGERX2 TEMF,EXFI

BRYTE FLAG1(2) »FLAG11(2) ,FLAGR1(2) »FLAGI1(2) yRXBUF (236,2) »TEMFE(Z)
COMMON/LCHAR/IVEC,RCSR»REUF » XBUF » XCSR

COMMON/FLAGS/FLAGL»FLAGL1,»FLAG31,FLAG21L
COMMON/COUNT/EIN,BOUT

COMMON/RX/RXEBUF
EQUIVALENCE (TEMF,TEMFE(1))
CANCEL ITIMER REQUEST (IF ANY)

CALL ICMKT(1,EXFI)

LOCK HANILER IN MEMORY

CALL LKANMY
CALL MFIOFS _

REALY A BYTE FROM THE LINK

TEMF=IFEEK(RERUF(IL))
IF(CTEMF,.LT.0) .0R.(FILAG3L(ID).NE.O)) GOTO 4
IF(FLAG21 (I .EQ.0)GOTO 3

ENAERLE TX INTERRUFTS EEFORE EXIT

I=IFEEK(XCSRC(ID))

CALL IFOKE(XCSR(ID)»*100.0R.I)

RETURN

IF((RINCID) WNE.O).,OR.(FLAGI(ID) .NE.0))GOTO 1
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LB EY; GO0

COoagoo

)
L.

S0o000

FLAG3L IS THE LINK ERROR FLAG

FLAG31(ID)=1

RETURN

RXBUF (BRINCIDY+1,I0)=TEMFER(1)
RINCID)=BINCID)+1

IF(RBRINCIDD JLE.RXBUF(1,ID)) GOTO 4
FLAGL(IIN=0

BINCIDD =0

FLAG21 SET AT END OF RECEIVE

FLAG21(IDN=1

-GOTAQ 4.

END

SUBROUTINE TXIFROCILD

INTEGERX2 IVEC(2),RCSER(2),RREUF(2),,XRUF(2),»XCSR(2)»BRIN(2),»EBOUT(2) » TENMF
BEYTE FLAG1(2),FLAG11(2)»FLAG21(2) »FLAG31(2) »TXRUF (256,2)» TEMFE(2)
COMMON/LCHAR/IVEC,»RCSR»REUF » XEUF » XCSR
COMMON/FLAGS/FLAG1FLAGL11,FLAGI1,FLAG21

COMMOM/COUNT/EIN,ROUT

COMMON/TX/TXEUF

EQUIVALENCE (TEMF,»TEMFE(L1))

CALL LKANMY

CALL MFIOFS

DISAEBLE TX INTERRUFTS

»

I=IFEERK(XCSRCIL)
CALL IFORE(XCSRCID)» 177677 .AND.I)

DELAY TO ALLOW I-MIC TO CATCH UF

0o 10 J=1,2%50

CONTINUE
IF(FLAG21 (I .EQ.0) GOTO S
IF(EOQUT (I .EQ.-2)G0OTO &
TEMFPE(2)=0

IF(ROUTCID) .LT.O)GOTO 4
GOTO 1

FIRST XMITTED BYTE IS FLAGL1(TAFREE)

TEMFR(1)=FLAGL11(ID)

CALL IFOKEC(XBUF (IL),»TEMF)
IF(FLAG11(ID).NE.O)GOTO 2
EOUT (I =BOUT(ID)+1

GOTO 3

TEMFE(1)=TXRUF (BOUT(IID+1,ID)
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OO0

H o000 NOOO

OO o

SRR NS RERS

10

oOaooaon

10

a4
[

AMIT A DATA ERYTE

CALL IFOKE(XBUF(ID),TEMF)
EOQUTC(ID) =ROUT(ID)+1

IF(BOUTC(ID) LLE.TXRUF(1,ID))G0OTO 3
FLAG11(ID)=1

RESET EBYTE COUNT 2% FLAGS

ROUT(ID)==-2
FLAG21(ID) =0

CALL COMFLETION ROUTINE (RK(O))

CALL RK(0)
RETURN
BOUT(ID)=-1

ECHO A ‘0’ WHEN I-MIC IS XMITTING

CALL IFOKE(XBUF(IL),0)
RETURN
ENID!

RXFORD & TXFORD ARE DATA FORMATTING FROGRAMS T0O CONVERT THE
BYTE ARRAY RXBUF TO INTEGER%2 AND THE INTEGERX¥2 ARRAY TX T0O EYTE

SUBROUTINE RXFORID(RX)
INTEGERX2 RX(128:2),TEMF
RYTE RXBUF(256,2) s TEMFR(2)
EQUIVALENCE (TEMF,TEMFE(1))
COMMON/RX/RXEUF

g 20 J=1,2
TEMFER(1)=RXEUF(1,J)
TEMFE(2)=0

RX(1,J)=TEMF

00 10 I=2,RXBUF(1,J),2
TEMFE(1)=RXEBUF(I,.))
TEMFR(2)=RXBUF(I+1,J)
RX(I/2+1,J)=TEMF

CONTINUE

RETURN

END

SURROUTINE TXFORD(TX)
INTEGERX2 TX(128,2), TEMF
RYTE TXEBUF(2S6»2) s TEMFE(2)
EQUIVALENCE (TEMF»TEMFE(1))
COMMON/TX/TXERUF

po 20 J=1,2

TEMF=TX(1,J)
TXRUF(1,»J)=TEMFE(1)

0 10 I=2,TXRUF(1,J),2
TEMF=TX(I/2+1,d)
TXEUF(I»J)=TEMFE(1)
TXRUF(I+1,J)=TEMFE(2)
CONTINUE

RETURN

END
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O0o000 0

SEON]

RSN e

DUMMY ROUTINES TO DIRECT I/0 TO CORRECT LINK

SUEROUTINE RXIHA2
CALL LKANMY

CALL RXIFRO(1)
RETURN

ENDI

SUERROUTINE RXIHAZ
CALL LKANMY

CAaLL RXIFRO(2)
RETURN

END

SUEBROUTINE TXIHAZ2
CALL LKANMY

CALL TXIFROC1L)
RETURN

END

SURROUTINE TXIHA3
CALLL LKANMY

CALL TXIFRO(2)
RETURN

END
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SUBROUTINE RK(IVAL)

INTEGERX2 SIZE(2),RXE(128:2)SHM2,LASTI1(2) sNEXT1(2) »MRUFS(1000»°
INTEGER%2 SECS

BYTE ERROR(2)

LOGICALX1 TXFREE(2) ,RXFREE(2) »MBRFREE(2)

COMMON/FLAGS/RXFREE» TXFREE,»ERROR
COMMON/MBUFS/MRUFS»MEFREE»LAST1»NEXTL1,5IZE»SECS

ASYNCHRONQUS COMFLETION ROUTINE TO MAINTAIN THE MAIN
BUFFER(S) FOR DATA RECEIVELD OVER THE I-MIC LINKS,

GOoO0O0a0o

00 1000 I=1,2

—
L

C ERROR FLAG DISARLES LINK

IF(ERROR(I) J+EQ. 0) GOTO 130
TYFE 3»IsERROR(I)D
50TO 1000

C

C CHECK FOR NEW IIATA
(S

1350 IF(RXFREE(I)) GOTO 1000
C
C HAVE NEW DIATA ON LINK I.

> MAIN BUFFER ACCESS IN FROGRESST?
C

’

IFC.NOT. MEFREE(I)) GOTO 1000
C
C

-
-~

NO. SO UFDATE MAIN RUFFER.

o

CALL RXFORD(RXE)

SM2=SIZE(I)-2

NEYTES=RXE(1,I)

NWORDS=NEYTES/2

IF (NWORDS .LE. SM2) GOTO 180

TYFE 2,I,NWORDS,SHM2

GOTO 190
180 IF (NWORDSX2 LEQ, NRYTES) GOTO 100

- TYFE 1,I»NEYTES

RXE(1,I)=2XNWORDS
C
C NEXT1(I) FOINTS TO THE NEXT SFARE WORD IN MEUFL1,.
C LWl WILL RE THE LAST WORD WRITTEN IN THIS UFIATE.

C

TYFE 200, (RXB(L,»I)»L=1,NWORDS)
200 FORMAT(1H ,10I4)
100 LW1=NEXT1(I)+NWORDS+1

C
C OFF END OF MAIN RUFFER?-
(

IF(LW1 .LE. SIZEC(I)) GOTO 110
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YES. SO MUST SHIFT OLDEST DIATA ELOCK OFF LEFT-HAND END
TO0 MAKE ROOM.

O00O0

Ki=MERUFS(1,I)

KR=K1-1
L=0
c
C K1_FOQINTS TO THE FIRST WORD OF THE NEXT .DATA BLOCK
C KR = THE NUMERER OF WORDS RELEASED KY THIS SHIFT.
C FINISHED THIS SHIFT?
¢
170 IF(K1 .EQ. NEXT1(I)) GOTO 160
C NOT YET.

K2=MBUFS(K1,I)-1
C K2 FOINTS TO THE LAST WORD OF THE NEXT DATA ELOCK.
C SHIFT IT LOWN.

Li=L+1
0 120 K=K1,K2
L=L+1
MEBUFS (L I)=MEUFS(K,I)
120 CONTINUE

C UFDATE CHAIN LINKS.
MBUFS(L1,I)=MBUFS(L1:I)-KR
Li=L1+1
MEUFS(L1,I)=MRBUFS(L1,I)-KR :
C UFDATE K1 AND SEE IF WE HAVE SHIFTED ALL CURRENT DATA EBELOCKS.
K1=K2+1
GOTO 170

C FINISHED THIS SHIFT, RELEASING KR WORIS,

> UFDATE NEXT1(I) AND LAST1(I) AND SEE IF WE NOW HAVE ROOM FOR
C THE NEW DATA.

160 NEXT1(I)=NEXT1(I)=-KR
LAST1(I)=LAST1(I)=-KR
GOTO 100 '

C -

C NOW HAVE ROOM FOR NEW DATA.

€ ENTER NEW CHAIN LINKS.

2

110 K1=NEXT1(I)
MEBUFS(K1,I)=LW1+1
Ki=K1+1
MBUFS(K1,I)=LAST1(I)+1
K1i=K1+1

G

C ENTER NEW DATA.

C

L=0

[0 130 K=K1.LW1I

L=L+1

MEUFS(Ky [)=RXE(L+1,1)
1.30 CONTINUE
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C
C UPDATE FOINTERS AND RELEASE RXRUF FOR NEW DATA.
C

LASTI1(I)=NEXTL1(I)
NEXT1(I)=LW1+1

1920 RXFREE(I)=,TRUE.
G

1000 CONTINUE

(

C

G

C ALL LINKS LONE,

C TIDY UF ANDI' RETURN
C

CALL IBLFFX
RETURN

. FORMAT(’0S/R CREUFS -~ I-MIC LINK #7,I1/

/ NRYTES QUU-VALUED AT ‘»,T2/ .

* LAST DATA RYTE WILL EE DISCARDED.’//)

2 - FORMAT(70S/R CREUFS - I-MIC LINK #’,I1/

1X»I16,” WORDS RECEIVEDN. BUFFER ALLOWS ONLY ‘,I4/
* IIATA THEREFORE DISCARDELD.,’//)

FORMAT(’0S/R CRRUFS - I-MIC LINK #‘/»I1/

‘ ERROR FLAG SET TO .12/

‘ LINK IS DOISARLED.’//)

END

+ +

Ui

+ 4+  + +
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B2.1

Coordinator Software Listing

Background Routines for IBMLF
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Fo LINK

DR TEMLFB=DK$ IBMLFE,GET2,ATEDO, TIME/C
IBMF23, LINKXD,RK,LKSET2/C
TSXLIE,SDIC»ICSUE,GRAFLE,TIDY//
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GO0 G 0

O0O0G o

~—
L4

1009
>
1007

r

l-l
C

C

3

804

FROGRAM IBMLFE

INTERACTION EALANCE METHOD - LOCAL FEEDRACK

CO-ORDINATOR OFTIMISATION USING SIMFLEX ALGORITHM

INTEGERX2 RUF(17),RECBF(3)»REFLY»STOFFG

INTEGER*2 IEBGEF(2),TEMEUF(17))NyIC,ICOUNT »LsH»N1
REAL%4 A(S)»F(4,4)yRGEF(2)ySTEFsALFHASRBRETA»GAMMA»FUN
REAL%X4 SS,T»VL,VH,»SIZE,Ds01,[1X(17)»TOL»X»EB(4)
LOGICAL%1 START:CR

BYTE DATAX>DATAR
COMMON/TRANSF/RBUF » IBEGEBF » START »DATAX» DATAR

COMMON DX»RU11s,RY11,RU21,RY21,RY22
COMMON/ICFG/ICFG»STOFFG

DISARLE CONTROL ‘C’ TO AVOID CRASHING THE SYSTEH

CalLL SCCACO)

ICFG=0
GOTO 1007

CALL FRINT(’ INTECOLOR LOISFLAY? KEY IN: 1(YEé) 3 O(NO) ")

ACCEFT 1009,ICFG
FORMAT(I2)

CALL ASSIGN(Z, IBMLF1.,0AT’»OyNEWINC,1)
CALL ASSIGN(4,’'GRAFH.DAT’ »0sNEW,NC»1)
CALL ASSIGN(&»  IEMLFR.DAT ,0»NEW,NC»1)
CALL ASSIGN(?s CUGRA.LIAT’»0»NEWNC»1)

INITIALISATION OF I-MIC LINKS
CALL DATED -
CALL TIME

CALL LNKSET

CALL TRMASC(20,85)
CALL IFDKE(®*44,IFEEK(®*44),0R."100)

AC1)=0.0
N=2
5TEF=0.1
IC=N+2 .
ALFHA=1.,
RETA=0.3
GAMMA=2.0
TOL=0.0002
ICOUNT=1
DATAR=0
DATAX=0
S5TOFFG=0
WRITE(698)

3

FORMAT (- ICOUNT L1 L2 F.MIN F1C F2C F1H

WRITE(3,804)

FORMAT (- ICOUNT FMAX FMID FMIN (FMAX=-FMIN)

FIRST ESTIMATE OF SIMFILLEX VERTICE AND ITS FUNCTION VALUE
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1.6

1.3

18
10

P

200

CALL GET1(TEMEUF »FUNsEGEF)
IF (STOFFG.EQ.1) GOTO 140
IF (FUN.LT.Z22.76) GOTO 15

CALL FRINT(’ ENTER ESTIMATE FRICE VARARLES,

ACCEFT 16,RGEF(1),RGRF(2)
FORMAT(2F8.4)

L0 17 L=1,N

L=EGEF(L)>%1000.0

IEGEF(L)=INT (D)

CONTINUE

CALL SYNCH

CALL GET1(TEMRBUF ,FUN)EGEF)

IF (STOFFG.EQ.1) GOTO 140
F(N+1:1)=FUN

00 10 I=1,N

FC(I»1)=BEGEF(I)

CONTINUE

WRITE(6,99) ICOUNT,EGEF(1),EGEF(2),FUN
FORMAT(I3»2F7.3,F8,4,32X,y "’ {GEN")
COUNT=FLOAT(ICOUNT)

[Y1=0.05

Ly2=0.2

LAMODASIL1,L2: -

WRITE(4,%10) COUNT»EGEF (1) »EGRF(2),FUN,DY1,0Y2
WRITE(?»2T)COUNT»IX(S)»IX(A) »OX(11)»DX(12) s DIX(13)»RYLL RY21

FORMAT(FS.1y8F7.3)
L=1

GENERATE REST OF SIMFLEX VERTICES AND THEIR FUNCTION VALUES

SIZE=0.0

00 20 J=2,N+1

10 25 I=1,N

F (I, J)=EGEF(I)

CONTINUE

T=STEF :

IF (J.NE.2) GOTD 400
D=3,0-T

IF (BGEF(1).LT.D) GOTO 27
F(J-15J)=BGEF (J-1)-T

GOTO 26

D=1.,846-T

IF (EGEF(2).G6T.0) GOTO 601
F(J=1sJ)=BGEF(J-1)4T

IF (F(J=1,J) \NE,EGEF(J-1)) GOTO 21
T=T%10.0

GOTO 27

SIZE=SIZE+AES(T)

CONTINUE

SS=SIZE

N0 30 J=1,N+1

IF (J.EQ.L) GOTO 30

00 35 I=1,N

EGEF (I)=F(I,J)

CONTINUE

[0 200 I=1,N

[=EGEF (1)%1000.0

IEGEF (I)=INT(IN

CONTINUE

CALL SYNCH

CALL GET1(TEMEUF »FUNyEGEF)
IF (STOFFG.EQR.1) GOTO 140
ICOUNT=ICOUNT+1
COUNT=COUNT+1.0
F(N+1vJ)=FUN

TF. (ICQUNT .GT. 3) GOTO 198
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Q40

an

1

3457

3460

WRITE(6:99) ICOUNT »BGEF (1) » BEGEF (2) ,FUN

WRITE(4,910) COUNT» BGEF (1) yEGEF(2) »FUN, DY 1, 0Y2
URITE(?;?S)COUNT;DX(S)yDX(é);UX(ll)yDX(lQ)rUX(lE)yRYllvRYQl;RYQQ
GOTO0 30
URITE(é»Q)ICOUNTrBGBF(l)rBGBF(Q)vFUNpP(1,4)yP(274)yP(1;H),P(21H)
FORHAT(I3r2F7.3yF8.4;4F7.3;4X;’2GEN’)

WRITE(3,1234) ICOUNT»VH»F(N+1yN1),VUL,»X,»S3

WRITE(4,910) COUNT »BGEF (1) y EGEF (2)»FUN» XsSS
FORMAT(FS5.1,2F7.3,F8.4,2F10.5)

WRITE(9,95)COUNT»IIX(S)»DX(6) »IX(11),0X(12) ,IX(13)»RY11,RY21,RY22
CONTINUE

FERFORM TESTS AND' RE-ORDER FUNCTION VALUES

CONTINUE

[0 40 I=1,N+1

BCI)=F(N+1,1)

[0 41 I=1,N

IJ=I+1

00 42 J=IJ,N+1

IF (R(I),.LE.E(J)) GOTO 42
T=R(I)

BC(IY=R(J)

B(J)Y=T

CONTINUE

CONTINUE

[0 42 I=1,N+1

[0 44 J=1,N+1

IF (F(N+1,J).NE.E(I)) GOTO 44
IF (I,EQ.1) GOTO 45

IF (I.EQ.N) GOTO 46

H=J

GOTO A3

L=J

GOTO 43

Nl=J

CONTINUE

CONTINUE

VL=F(N+1:L)

VH=F (N+1,H)

X=UH=-UL

TYFE 1234, ICOUNT»VUH,F(N+1sN1)»VL,X»SS
WRITE(3Z»1234) ICOUNT,,»VHsF(N+1sN1)»VUL:¥XsES
FORMAT(IS»SF10.5)
WRITE(4y910) COUNT,HBGEF(1),EGRF(2)sFUN,»X:SS
IF (X,LE.TOL) GOTO 150

IF (ICOUNT .LT. 30) GOTO 2456
CALL TIME )
TYFE 34357

FORMAT(’ TYFE O (STOF) OR 1 (CONTINUE) ‘)
ACCEFT 3460:REFLY

FORMAT(IZ)

IF (REFLY JEQ. 1) GOTO 34546
GOTO 1350

01=0.,6KVH

IF (VL.GT.D1) GQOTOD 49
F(3»1)=F(3yL)

- BGEF (L)=F(1,L)

BGRF (2)=F(2,L)
GOTO 18

DO S0 I=1/sN
T==F(IsH)

D0 55 J=1,(N+1)
T=T+F(I»J)
CONTINUE
FCT»ICHY=T/FLOAT(N)
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GO oo

60

ro
<
rJ

LS I O

OO

P2
90
446

3434

CUNT INUE
REFLECTION

0 60 I=1,N
BGBF(I)=(1oO+ALPHA)*P(IrIC)-QLPHA*P(I:H)
CONTINUE

00 201 I=1,N

[=RGEF(I)%X1000.0

IBEGRF (I=INT(I)

CONTINUE

CALL SYNCH

CALL GET1(TEMBUF yFUN,»EGEF)

IF (STOFFG.EQ.1) GOTO 140

ICOUNT=ICOUNT+1

COUNT=COUNT+1.,0

WRITE(3,1224) ICOUNT»VH»F(N+1,N1)»VUL»X,sSS
WRITE(4,910) COUNT»RBGRF (1) »EGRF(2)»FUN,X»S5S
WRITE(653) ICDUNT;BGBF(I)}BGBF(Q)7FUN)P(1;4)9?(274)rP(1rH)rP(2yH)
FORMAT(I3»2F7.3,FB.,4,4F7.,.2,4%X,’ IREF’)
NRITE(999S)COUNT!UX(5)7DX(6)rUX(ll)rDX(lQ)7DX(13);RY111R7217RY2:
IF (FUNLLT.VUL)Y GOTO 100

IF (FUNLJLT.F(N+1,N1)) GOTO 1320

IF (FUNL.GE.VH)Y GOTO 80

0g 70 I1=1,N

FCIsH)=BGRF (1)

CONTINUE

F{N+1,H)=FUN

REDUCTION

0o 82 I=1,N

BGEF(I)=(1,0-BETAIXF (I H)+RETAXF(I,IC)

CONTINUE

g 202 I=1:N

D=BGEF(I)*1000.0

IRGEF (I)=INT (D)

CONTINUE

CALL SYNCH

CALL GETI(TEMEUF,»FUN,EGEF)

IF (STOFFG.EQ.1) GOTO 140

ICOUNT=ICOUNT+1.0

COUNT=COUNT+1.,0

WRITE(3,1224) ICOUNT UH:sF(N+1:N1) VL,X»38

WRITE(4,910) COUNTRBGEBF (1)sRBGEF(2)FUN,» X35

WRITE(S,S) ICOUNT»RGEF (1) yRBGEF(2)yFUNIF(1,4),F(2+4)sF(1yHY»F(2yH)
FORMAT(IZ»2F7.3sFB.4,4F7.3,4X, 7 IRED’)
WRITE(?»Q3ICOUNT»DX(3)» DX (S »DX(11) »DX(12)»IX(13)»RYLIL1H>RY21,RY22
IF (FUNJLT.F(N+1-H)) GOTO 120

CONTRACTION

SIZE=0.,0

00 90 J=1,N+1

IF (J.EQ.L) GOTO 90

D0 92 I=1»N
FCIy)=BETAX(F(I,»J)-F(IyL))+F(IsL)
SIZE=SIZE+ARS(F (I, -FCI,L))
CONTINUE

CONTINUE

IF (SIZE.GE.0.0001) GOTO 445

GOTO 130

IF (SIZE.LT.SS) GOTO 23

CALL FRINT(’ SIMFLEX FAILS 70 CONTRACT")

WRITE(&6r444) SIZE,SS
FORMAT(//2F 12, Sy /L7 SIMFLEX FAILS TQ CONTRACT'7.///)
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100

102

g
O
ol

,_.
o
H

(=
TN Y

GOT0 22
EXTENSION

00 102 I=1,N

T=GAMMAXEGEF (IY+(1.0-GAMMA)XF (I, IC)
F(IyIC)=BGRF(I)

BGRF(I)=T

CONT INUE

F(N+1,IC)=FUN

00 203 I=1,N

I=KGEF(I)%1000.0

IEGRF(I)=INT(D)

CONTINUE

CALL SYNCH

CALL GET1(TEMBUF »FUUN, EGEF)

IF (STOFFG.EQ.,1) GOTO 140

ICOUNT=ICOUNT+1

COUNT=COUNT+1.0

WRITE(3,1234) ICOUNT,»VH,F(N+1,N1)sUL,»Xs»SS
WRITE(4,910) COUNT,EGEF(1),EGEF(2),FUNsXsSS
WRITE(&54) ICOUNTHEGEF(1),BGEF(2)yFUNIF(1,d4) sF (2540 3F(L1yH)-F(2sH)
FORMAT(IZ»2F7.32,F8.,454F7.3,4X, " 1EXT’)
WRITE(?:925)COUNT»DX(S)»IX(6) s DX(11),IX(12)»OX(13)sRY11sRY21,RYDD
IF (FUN.LT.F(N+1,IC)) GOTO 130

00 110 I=1,N

BEGEF (I)=F(I,IC)

CONTINUE

FUN=F(N+1,IC)

D0 112 I=1,N

F(I>H)=BGERF(I)

CONTINUE

FON+1yH) =FUN

GOTO 33

00 151 J=1,N

BGEF (J)=F(JrL)

D=BEGEF (J)X1000,0

IRGEF (J)Y=INTCD)

CaLL SYNCH .

CALL GET1(TEMRBUF sFUN,EGEF)

IF (STOFFG.EQ.,1) GOTO 140

ICOUNT=ICOUNT+1

COUNT=CQUNT+1.,0

WRITEC(Z»1234) ICOUNT,UH»F(N+1,N1),ULsX>»55
WRITE(4,910) COUNT,»EGEF(1)+EGEF(2),FUN»X,S3
WRITE(654) ICOUNTEGEF (1) »RORF(2)sFUNSF(14),F(2Z:4)yF (1 +H)»F(2-H)
FORMAT(IZ,»2F7.3+F8,4+4F7.3)
WRITE(D+s9S)COUNT »IX(S)»OX (&) »IX(11)»DIX(12)»IX(1Z)»RYL1,RY21,RY 2D

SOLUTION QUTFUT

CWRITE(S,134) ICOUNT

FORMAT(//+»7 AFTER’>I4,2X,» FUNCTION CALLE"»/)
WRITEZ(62153) BGERF(1),RBGRF(2)

FORMAT (! LAMIDAL="»F7 .39 7Xs "LAMIAZ="»F7 .3+ /)
WRITE(S,301) DX(S)»IX(6)

FORMAT(’ Cll= ’+.F7.3,5X»’C12= 7»F7,3)

WRITE(6,502) RUL11,RY11

FORMAT(’ RUL11=’yF7.3»3Xy'RY11="»F7.3+/)

WRITE(6»S503) DX(11),0X(12),DX(13)

FORMAT (Y C21= “,F7.3:5X,7C22= "»F7.3»3X»’C23= “:F7.3)
WRITE(6,504) RU21,RY21,RY22

FORMAT(’ RU21=/,F7.3+SXs"RY21="F7.3+s5X»"RY22="»F7.32+/)
WRITE(6,505) FUN

FORMAT (* FINAL REAL FUNCTIONAL VALUE IS ‘2FB.4-//)
TRARF (1)Y="027AA
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ITBGEF(2)=327¢¢

CALL SYNCH
1.40 CALL TIME
TYFE 4678
678 FORMAT(1H »’ FLEASE STOF I-MICS AND THEN TYFE <CRX>7)
ACCEFT 679:CR
679 FORMAT (A1)
' CALL TInY2
STOF
ENI
C
C
C
SUBRROUTINE SYNCH
C
C THIS SUBROUTINE SYNCHRONISES THE DATA TRANSFER BETWEEN
C THE F/G & RB/G FROGRAM
C
("
INTEGERX2 BUF(17)»IRBGEF(2)
LOGICALXk1 START
RYTE DATAX»DATAR
COMMON/TRANSF/RUF » IEGEF »START»IATAX s DATAR
(o
C
IDATAR=1
20 IF(DATARL.EQ.2)6G0T0 10
GOTO 20
10 DATAR=0
RETURN
ENT
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C FROGRAM GET2

les ]
N

SUBROUTINE GET1(TEME,FUM1,GEF)

THIS SUEROUTINE GETS DATA FROM F/G FROGRAM (DECISION UNITS) 70 THE
E/G FROGRAM (COORDINATOR) AND OUTFUT THE DATA ON INTECOLOR DISFLAT

o000

INTEGERX2 TEMER(17),»IBGRBF(2)RUF(17),STOFFG,SHUT
REAL%X4 A1(2)»DX(17)sFUN1,GRF(2),0U(2),

1 RU11,RU21yRY11,RY21,RY22,XY(20)
LOGICALX1 START
EYTE DATAX»DATAR
COHMMON/TRANSF/RUF » IEGEF »START»DATAX » DATAR
COMMON/ICF/ICFLAG, XY
COMMON/ICFG/ICFG,»STOFFG
COMMON DX>RU11,>RY11,RU21,RY21,RY22
DATA YES/1HY/

A1(1)=0.0
& CONTINUE

G CHECK IF INTECOLOR DISFLAY FLAG IS SET

IF (ICFG.EQ.0) GOTO 200
G OUTFUT DATA 7O INTECOLOR

IF (ICFLAG.ER.0) GOTO 200
CALL SDICOXY)
ICFLAG=0

G CHECK IF WANT TO SHUT DOWN THE SYSTEM

L
200 IVAL=ITTINRCO)
IF (IVAL.LT.O) GOTO 210
REAL(S» 60) AVAL
50 FORMAT (A1)
IF (IVAL.NE.RZ) G0TO 210
CALL CLEAR

TYFE 70
70 FORMAT(’ SYSTEM SHUT DOWNT’»/)
TYFE 80
BGO FORMAT(’ O ¢ NO’»/»7 1 ¢ IMMEDIATELY’»/+’ 2 t AFTER NEXT DATA7)
ACCEFT <90:SHUT
?Q FORMAT(// TYFE IN ¢ 7»I2)
IF (SHUT.EQ.0) GOTO 210
STOFFG=1

IF (SHUT.EQR.2) GOTO 210
CALL TIDY2
RETURN

210 IF(LATAX.EQR.0)GOTO 4

SENDI DATA TO B/G FROGRAM

o 05

DATAX=2

0 5 J=11:16
TEMEB(J+1)=RUF (J)

0 2 K=1,16
IX(K)=FLOAT(TEME(K))
NY(KY=NX(K)Y/1000.0

Y]]
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3

CONTINUL

RU11=0X(8)

RU21=0X(16)

RY11=RU21

RY21=RU11
RY22=2,3XDX(12)-0.,7%XDIX(13)-1,1%xRU21
DUCL)=(RY11-1,0)KRX2+DX(S)IXKX2+DX(6) kX2
DUC2)=2,0%k(RY21 -2, 0)XX2+ (RY22-3.,0)kX2+ DX (1 1) k%2+DX (12) X¥2
ODUC2)=DU2Y+DX (13 ) %x%k2
FUN1I=TWUC(1>+0UC2)

GBF(1)=DX(3)

GRF (2)=DX(9?)

RETURN

END
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SUEBROQUTINE IEMF23

o000 G

INTEGER%2 RBUF(17)>BUF1(17,3)yRECEF(3),NEXT1(2)»ICOUNT(2)

INTEGERX2 IRGEF(2),ULF(2)

INTEGERX2 LAST1(2),MEUFS(1000,2),YES,REFLY,»TXE(128,2),»DATIU(Z)

REALX4 XY (17)
BYTE DATAX»DATAR»TFLAG

LOGICAL%1 TXFREE(2),MBFREE(2) »START,»RXFREEZ(2)

COMMON/FLAGS/RXFREE» TXFREE
COMHMON/MBUFS/MRUFS yMBFREE, LAST1 »NEXT1
COMMON/TRANSF/RUF » IBRGEF » START »ATAX»DATAR

COMMON/ICF/ICFLAG:XY
COMMON/ICFG/ICFG

DATA YES/1HY/

(‘l
c
C INITIALISATION
( .

IFC.NOTL.START)IGOTD 235

G

CevsI ——— THE LOCAL DECISION UNIT NUMEER

C
ICFLAG=0
ICC=1
Inu=1
DATOUCL) =4
ODATDU(2)=3

200 N0 111 K=1,2
UDF (K)>=0

111 ICOUNT (K)=0
KOo=0
I=1
TFLAG=0
START=.FALSE,

233 IF(TFLAG.EQ.1)G0TO 2080
IF(TFLAG.EQ.2)G0OTO 2090
UDF(1)>=0
ULF (2)>=0
o 201 K=

201 RUF1 (K, I)

{2

C...TEST IF ANY DATA RECEIVED FROM IMIC
IF(LAST1(¢(IY .LT. ©) GOTQ 9295
JC=LAST1(I)+2

146

1,
=0

...TEST IF NEW RLOCK OF DATA RECEIVEL
A4S A NEW EBLOCK NUMEBER IS TRANSFERRED
FROM THE IMIC WHEN TRANSFER TAKES FLACE
IF(MEUFS(JC,»I).GT,ICOUNT(I))GO TO 240
50TO0 9295

GO0

G
C.., .MBFREE(I) FLAG IS TO CONTROL THE UFDATING
G OF THE MASTER RUFFER

240 MEFREE(I)=.FALSE.

£

C..,SELECTS LATEST DATA ELOCK FROM MASTER RUFFER
K1l=1

110 K2=MRLIFS(K1,T)-1

140

THIS SUBROUTINE IS THE TIME CRITICAL F/G FROGRAM WHICH USED
TO COMMUNICATE SYNCHRONISELY WITH THE I-MIC’S THROUGH THE LI:K

c
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KNi=K2+1

IF(R1 JLE, LAST1(I)) GOTO 110
150 J=LAST1(I)

RKO=K0+1

' BUF1(1,1)=K0

JC=J+2

JS=J+4

JF=JS+DATIUCI)

Kd=1
C .
C...SETS LATEST DATA VALUES INTO TEMFORARY EUFFER
L WHICH IS USED TO SEND DATA TO THE EBACKGROUND
C FROGRAM

0 50 K=JS,JF

Kd=KJ+1

BUF1(KJ>I)=MBUFS(K,I)
a0 CONTINUE
o

IF (ICFG.EQR.1) GOTO 196

IF (I.EQ.2) GOTO 2001

TYFE 20001 (BUF1(K,»I)»K=2,4)

2000 FORMAT(I2,SI6)
GOTO 154
~001 TYFE 2002,I,(BUF1(K»I)sK=2,8)
2002 FORMAT(IZ»?714)
«
13 L0 157 K=1,2
157 BUF1 (K> I)=MBUFS(JC+K,I)

MEBEFREE(I)=,TRUE.
ICOUNT(I)=MBUFS(JC,I)
IF (I JEQ. 2) GOTO 2020
I=2

GOTO 235

{

c STORE DIATA IN A TEMFORARY ARRAY WHICH WILL ERE QUTFUT
C ON THE INTECOLOR DISFLAY
C

2

l

20 [0 10 K=1,16
XY(R)=0
XY(1)=FLOAT(ICC)
XY (2)=FLOATC(IDUW)
Lo 20 K=3,8

20 XY(R)=FLOAT(BUF1(K-1+1))/1000.,0
[0 30 K=%,146
30 XY(RK)=FLOAT(BUF1(K-7,2)3>/1000.,0
IDU=IDU+1
2
C CHECK IF THE DATA RECEIVED FROM THE DECISION UNITS
C ARE CONVERGED SOLUTION

IF(RUF1(1,1).EQ.1 AND. RUF1(1,2).EQ.1) GOTO 2030
IF(RUF1(1,1).EQ.0) GOTO 479

UDF(2)=1
n79 IF(RUF1(1,2).EQ.0) GOTO 480
UbokF(1)=1
LI
C NOT CONVERGED SOLUTION» SEND THE DATA RACK TO
[ CORRESFONDING DECISION UNITS
cC
480 NWORD=S5

BRUF1(4,2)=RUF1(3,1)
BUF1(3,1)=RUF1(2,2)
EUF1(4,1)=RBUF1(3,2)
BUF1(3,2)=RUF1(2,2)
BUF1(2,2)=RUF1(Z,1)
BUF 1 (5«13 =UDF (1)
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BEUF1(3»2)=UDF(2)
0 2010 I=1,2
0O 2015 K=1,NWORD

2015 TXB(R+1, IY=RUF1(K+1,1I)

270 IF (TXFREE(I)) GOTO 229
CALL FRINT(’ TXEUF NOT FREE’)
GOTO 995

225 TXE(1,I)=2%NWORD

CALL TXFORD(TXE)

TXFREE(I)=,FALSE.
2010 CONTINUE

ICFLAG=1

I=1

UDF(1)=0

UDF(2)=0

GOTO 995

C STORE THE DATA OF THE CONVERGEDl DECISION UNIT SOLUTIONS INTO A

C TEMFORARY BUFFER READY TO TRANSFER TO THE E/G FROGRAM
c
2030 Il=1
UDF (1) =1
UDF (2)=1
[0 1500 K=1,16
1500 EUF (K)=0

BUF (1)=ICC
[0 1501 K=2,7

1801 BUF (K)=RUF1(K,y1)
00 1502 K=8,15
1502 BUF (K)=RBUF1 (K-6,2)

IF (ICFG.EQ.1) GOTO 9997
TYFE 9999 (BUF(K)»K=1,13)

V999 FORMAT(1516)
C
C SET ALL THE NECESSARILY FLAGS TO SYNCHRONISE THE F/G & B/G FROGRAI
C
997 TFLAG=1
=080 IF(DATAX.EQ.2)G0TO 2070
DATAX=1
GOTO 995

2070 LATAX=0
C
e+ . SETS--UF TEMFORARY EBUFFER TO RECEIVE

[ FARAMETER DATA FROHM THE BACKGROUND FROGRAM
0 100 KM=1,3

RECEF (KM)=0

100 . CONTINUE
TFLAG=?

2090 IF(DATAR.EQ.,0)GOTO 995
DATAR=2
00 2060 IJK=1,2

2060 RECRF (IJK)=IRBGEF (IJK)

|-J

Coe+ TXFREE(I) FLAG IS USED TO CONTROL
e THE TRANSMISSION OF DATA TO THE IMIC
G AS D[ATA MAY ONLY ERE TRANSFERREL AFTER
C THE IMIC HAS COMFLETED A TRANSFER

00 9998 I=1,2

170 IF(TXFREE(I)) GOTO 125
CALL FRINT(’ TXRUF NOT FREE 7D
GOTO 2235

123 CONTINUE

C
C...NWORLS....NUMRER OF FARAMETER DATA VALUES
NWORDS=5

142



9998
e

PPS
140

00 126 K=1,2

TXB(K+1,I)=RECEF (K)

00 127 K=4,6
TAB(K»I)=UDF(I)
TAXB(1,I)=2%XNWORLS
CALL TXFORD(TXE)
TXFREE(I)=,FALSE.
CONTINUE

ICC=ICC+1
UDF(1)=0
UDF(2)=0
I=1
TFLAG=0
RETURN
END
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SUBROUTINE SDIC(DX)

THIS SURROUTINE OUTFUT DATA FOR INTECOLOR DISFLAY

INTEGERX2 IOF(17)
REALX%4 DX(17),0F(17)»TY11,TY21

TY21=(0,66X%XIX(63-1,T4%XDX(S)-1.IKDX(11)+1.1%DK(12))/0.98
TY11=1,4XDX(T)-0.,6XDX(46)+1.8%TY21
IOFCL)=INT(DX(2))

OF(2)=D0X(3)

OF(3)=D0X(4)

ODF(4)=0X(3)

OF(9)=IX(6)

OF(6)=TY11
OF(7=(TY11-1,0)XX2+DX (S KR2+DX(H) K*2
OF(8)=1X(?)

OF(?2)=0X(10)

OF(10)=0X(11)

OF(11)=D0X(12)

OF(12)=0X{13)

OF(12)=TY21
DF(14)=2,2ZXDIX(12)-0.7XDX(13)-1.1%TY11
DF(1S)=2,0%(TY21-2,0) k%24 (0F(14)-2,0) kX2
OF(19)=0F(15)+DX (1 1) XXk2+DX(12)k%k2+DX (13 ) RKX2
OF(16)=0F(7)+0F(13)

IOFC1I7)=INT(DX (1))

6 10 J=2,16
IOF(J)=INT(QF(J)%X1000.0)
caLlL ICSURCIQF»17)
RETURN

END
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SUBROUTINE ICSUERC(OF»NN)

THIS SURROUTINE SENIS DATA FROM EB/G FROGRAM TO THE INTECOLOR

oo o

REAL%8 SENDYER(17)

INTEGERX2 OF(17)

EYTE BUFFX(17)

EQUIVALENCE (RUFFX(1),SENID

o

N=8

[0 S0 I=1,NN

ENCOLE(S,992,E(I)) OF(I)
3 CONTINUE
P FORMAT(171I8)

00 200 I=1,NN

SEND=R(I)

CAaLL ARRAYX (N EBUFFX)
200 CONTINUE

RETURN

END
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SUERQUTINE TIDY2.FOR ETC.

oGO

SUEROUTINE TRMASC(I,Jd)
BYTE I,J
WRITEC(Z7,1)I,4

1 FORMAT(1H+,72A1)
RETURN
END

SUBROUTINE CLEAR
COMMON/CLEAR/ICLEAR
IFC(ICLEAR.EQ.1) GOTO 10

ICLEAR=1 FOR ADMS

oG o

IFCITSLINCGYWNE,O) GOTO 20
CaLL TRHASC(27,12)
CALL ISLEEF(0:0:+0:10)
RETURN
10 CALL TRMASC(26507
RETURN
20 CALL TKERAS
RETURN
END

= TIIY2 DISABLE THE RX AND TX INTERRUFTS SET BY LINK OFERATIM
C ROUTINES

SUERDUTIMNE TIDY2

INTEGERK2 IVEC(2)»RCESR(2)»REUF (2) s XBUF (2)» XCSR(2)
COMMON/LCHAR/IVEC s RCSR» REUF s XEUF » XC3R

CALL MFIOFS

CALL IFORE(XCSR(1),0)

CAaLL IFORKE(XCSR(2),0)

CaLll TFORKE(RCSR(1)»G)

CALL IFORE(RCSR(2),0)

RETURN

END -

o

SUBROUTINE TKERAS
INTEGER*®2 TEMF s XRUF » XC2R
BYTE TEMFE(2)
EQUIVALENCE (TEMF» TEMFE(L))
CALL MFIOFS
ILIN=ITSLING)
IFLAG=0
IF(ILINJEQ.4) GOTO 10
XCSR="176520+"10XILIN+4
GOTO 20

1.G XCSER="177364

20 KPRUF=XCSR+2
TEMF=IFEEK(XCSR)
IF(TEMFR(L) LLT.128) 60OTD 20
IF(IFLAG.EQ.,1) GOTO 20
CALL IFORE(XEUF.27)
IFLAG=1
GOTO 20

30 CALL IFOKE(XEUF»12)
RETURN
ENID
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B2.2

Coordinator Software Listing

Background Routines for IBMGF
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R LINK
K IBMGFE=0K?!IEMGFE, IBRGGET »IATEO, TIME/C

IBMGFF » LINKXDyRK»LKEET2/C
TSXLIE,ICIEBGF »GRAFLE,TILY//



FROGRAM IEMGFE

INTERACTION EALANCE METHOD' - GLOBAL FEEDRACK

CO-ORDINATOR OFTIMISATION USING STEEFEST DESCENT ALGORITHM

o000 O000

OO 0con

o)

INTEGERX2 N»IGRD,IC,»ILAST»ITsCLF>»IQ»RECBF(3)sREFLY
INTEGERX2 IEBGEF(2):STOFFGsEUF(17)

REALX4 A(Z)»ITN(2),LAC2),>,TOL,»E(4,4),FUN,C11,C12,UL1,711
REAL¥4 C21,C22,C23,U21,Y21,Y22,X(2),C(2),S»T(2)»Q»SLEN»D1
REALX4 D2,E(S),RUL11,RY11,RU21,RY21,RY22,RFUN,H(4y4)
LOGICAL%X1 START,CR

RYTE DATAX>DIATAR
COMMON/TRANSF/EUF» IBRGEF »START» IATAX» ATAR
COMMON/ICFG/ICFG,STOFFG
COMMON/CONTOL/C11,C12,C21,C22,C23
COMMON/INTER/U11,Y11,U21,Y21,722,RUL11,RY11,RU21,RY21,RY22
COMMON/OUT/FUNyRFUN>CLF»IC

DISAELE CONTROL ‘C’ TO AVOILD CRASHING THE SYSTEM
CALL SCCA(O)

CALL FPRINT(’ INTECOLOR DISFLAY? KEY IN: 1(YES) ;7 OCNO) )
ACCEFT 1009,ICFG -
FORMAT(I2)

Call ASSIGN(Sy  IEMGFE.DAT 0 NEW,NC»1)
CALL ASSIGN{L{Z» ' GRAFH.OAT s 0> NEWINC»1)
CALL ASSIGN(?2»  CYGRA.DAT’»0>NEW,NCT>1)

INITIALISATION OF I-MIC LINKS

WRITE(6,928)

FORMAT(’ INTERACTION EALANCE METHOL WITH GILLOBAL FEEDRACK (SY)7y»//
CALL DATEOC :

CALL TIME

START=,TRUE.

CALL LNKSET

CALL TRMASC(30:83)

CALL IFOKE(*44,IFEEK("44).,0R,"100)

AC1)>=0.0

IQ=1

CLF=1

IC=1
COUNT=FLOAT(IC)
N=2

IGRD=0

SLEN=1.0
TOL=0.002
BE(1,1)=2.0

B(1,2)=0.5
B(2,1)=0.6
B(2,2)=1.5

NATAR=0
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1005

o0

1000

1100

1200

C

30

W O

30
C
88

S00

IATAX=0

STOFFG=0 ,

WRITE(46,10095)

FORMAT(’ CAL LAl LA2
Y21 Y22 RY11 RY21

CALL IBGGET(ITN:,LA)
IF (STOFFG.EQ.1) GOTO 20

STORE DATA IN OQUTFUT FILES

ITN1 ITN2 Uil Yil
RY22 MFI RFI)

WRITE(6:1000) IC,LACL)LAC2)»ITNC(L)»ITN(2)UL1>Y11,
U21,Y21,Y22,RY11,RY21,RY22,FUN>»RFUN

FORMAT(IZ»4FB8.3510F7.3)

WRITE(3,1100) COUNT>LACI)sLAC2)>ITNC(L)»ITN(2) FUNRFUN

FORMAT(FS.1,6F8.3)

WRITE(9,1200) COUNT»C11,C12,C21,C22,C23sRY11,RY21,RY22

FORMAT(FS.1,8F8.3)

IC=1C+1
COUNT=COUNT+1.0

EC3)=SART(ITNC(LI)XKk2+ITN(2IX¥2)

IGRD=IGRI+1

IT=0

ILAST=IGRID
H(IQ:1)=LAC(1)
H(IQ,»2)=LA(2)
H(IQ,2)=E(3)

IR=IQ+1

IF (IQ.EQ.4> GOTO 300

00 40 I=1,N
X(I)=LA(I)
CCId=ITN(I)
CONTINUE

1=0.0

0D0- 50 I=1-N

S=0.0

Do S2 J=1»N
S=S+R(IyJIXRITNCI)D
T(I)=S
O1=D01+SXITNCI)

IF (D1.GT.0.0) GOTO 8
IF (ILAST.EQ.IGRD) GOTO 18
GOTO 3

[0 80 I=1»N
LACI)=X(I)+SLENKT(I)

IF (LACI).NE.X(I)) GOTO 80
IT=IT+1

CONTINUE

TYFE 88,X(1)sX(2)»C(1)»C(2),TCL)»T(2)»LALL) »LACZ)

FORMAT(8FB.3)

IF (IT.LT.N) GOTO 10

IF (ILAST.EQ.IGRD) GOTO 18
GOTO 3

Q=AKS(H(1,3)-H(3+»3))

IF (SLEN.LE.0.00S) GOTO 600
IF (Q.GT.TOL) GOTO 600
LACL)=(H(3,1)+H(2,1))/2.0
LA(2)=(H(3»2)+H(2,2))/2.0

-
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I0=3
GOTO 10
600 [0 401 K3=1,2
H(KZ»1)=H(K3+1,1)
H(K3,2)=H(K3+1,2)
H(K3,3)=H(K3+1,3)
601 . CONTINUE
IQ=3
GOTO 4

10 [0 100 I=1,N
E(I)=LA(I)%1000.0
IBGEF(I)=INT(E(I))
100 CONTIMUE
CALL SYNCH
CALL IEGGET(ITN»LA)
IF (STOFFG.EQ.1) GOTO 20
WRITE(621000) ICsLACL)>LAC2Y,ITNC(L) »ITNC2)ULLy Y11,
X U21,Y21,Y22,RY11,RY21,RY22,FUN»RFUN
WRITE(3,1100) COUNTILACL)»LAC2),ITN(L1)»ITN(2) sFUN»RFUN
WRITE(?,1200) COUNT»C11,C12,C21,C22,C23>RY11,RY21,RY22
IC=IC+1
COUNT=COUNT+1.0
C
11 E(3)=8QRTC(ITNCL)XX2+ITN(2) %x%k2)
IF (E(3).LE.TOL) GOTO 18
SLEN=1,1%XE(3Z)
IF (SLEN.GT.0.005) GOTQ &0
SLEN=0,005
60 ITRCI)=ITNC(L)/E(Z)
ITN(2)=ITN(2)/E(3)
G TYFE S1oEC3)» ITNCLY»ITH(2) »SLEN
b1 FORMAT(4F10.3)
GOT0 2

18 IF (CLF,.EQ.2) GOTO 220
CLF=2
Iq=1
IT=0
SLEN=0.5
CaLl TIME
TOL=0.0
GOTO 3

C SOLUTION QUTFUT

20 IC=IC-1
WRITE(S,4500) I

4500 FORMAT(//»* AFTER’,1593Xs  ITERATIONS’ /)
WRITE(Sy4700) LACL) sLACR)

4700 FORMAT (Y LAMDAL1='3F7.2,8X, "LaMiA2=’3F7.3,/)
WRITE(S6yS000) C11,C12

5000 FORMAT(’ C11=‘3F7.3:5%X»’C12=",F7.3

‘ WRITE(4,5001) Ull,Y11l

5001 FORMAT(’ Ul1l='3F7.2:5Xs ' Y11="3F7.3+/)
CWRITE(6,5200) C21,C22,C23

3200 FORMAT(’ C21=/»F7.3+5X»’C22="F7.3,5X,'C23=',F7.3)
WRITE(6>5201) U21,Y21,Y22

5201 FORMAT(’ UR1=":F7.3s5Xy ' Y21="-F7.3+5%;: Y22="42F7.,3y./)
WRITE(6:,6000) FUN

$000 FORMAT(’ FIMNAL FUNCTIONAL VALUE IS ‘" yF8.4:+/77)
WRITE(656001) RU11,»RY11

%001 FORMAT(’ RU11='3F7.3:SX»'RY11='3F7.3,/)
WRITE(6»6002) RU21,RY21yRY22

6002 FORMAT(’ RU21=‘+F7.3,5Xs "RY21="3F7.3,5%Xs "RY22="»F7.2+/)
WRITE(6»6002) RFUN
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6003

140

678

o579

&

O

1.0

FORMAT(’ REAL FINAL FUNCTIONAL VALUE IS ‘yFB.42 /70
SEND TERMIMATION SIGNAL TO COOORDINATOR

IRGEF (1)=32766
IBGRF (2)=32766
CALL SYNCH
CALL TIME

TYFE 678
FORMAT(1H »* FLEASE STOF I-MICS AND THEN TYFE <CRX>‘)
ACCEFT 6792:CR
FORMAT (A1)
CaLl. TIDvYZ2
STOF

END

SUBROUTINE SYNCH

THIS SUEBROUTINE SYNCHRONISES THE DATA TRAMSFER ERETWEEN
THE F/G & EB/G FROGRAM

INTEGERX2 ERUF(17)»IEGEF(2)

LOGICALX1 START

EYTE DATAX,DATAR
COMMON/TRANSF/EUF » IBEGEF»START»IATAX » AT AR

DATAR=1
IF(OATAR.EQ,2)60TO 10
GOTO 290

[ATAR=0

RETURN

END
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OO0 o

C

C

o006 T

90

()
210
C

SUBROUTINE IEGGET(ITMsLA)

THIS SUEBROUTINE GETS DATA FROM F/G FROGRAM (DECISION UNITS) TO THE
B/G FROGRAM (COORDINATOR) AND OUTFUT THE IATA OM INTECOLOR DISFLATY

USING INTERACTION BALANCE METHOD WITH GLORBAL FEEDEACK

' INTEGER*2 BUF(17),IKGEF(2),STOFFG,»CLF,»SHUT, INU(2) »ERROR(2)

INTEGERX2 BUF1(21),IRFUN

REALX4 AL(Z)yRFUNSFUNSLAC2)Y,TIUC2)»ROUCD),
RUL11,RU21,RY11,RY21yRY22,BUFX(17), ITN(D)

LOGICALX1 START

BYTE DATAX»DATAR

COMMON/TRANSF/BUF » IBRGEF »START»DATAX » IATAR

COMMON/ICF/ICFLAG

COMMON/ICFG/ICFGySTOFFG

COMMON/CONTOL/C11,C12,C21,C22,C232

COMMON/INTER/U11,Y11,U21,Y21,Y22,RUL1RY112RU21,RY21,RY22

COMMON/OUT/FUN»RFUNSCLF,IC

DATA YES/1HY/

A1(1)=0.0
CONTINUE

CHECK IF INTECOLOR DISFLAY FLAG IS5 SET
IF (ICFG.EQ.D) GOTO 200
OQUTFUT DATA TO INTECOLOR

IF (ICFLAG.EQ.O) GOTO 200

TYPE 8y (BUFL(K)K=1,18&3»ERROR(L1)ERRORC(2)»IDUCL) » IDUC2) » IRFUN
FORMAT(2114)

CALL ICIERGF(RUF1ERROR, I, TRFUN)

ICFLAG=0)

CHECK IF WANT 70 SHUT [DOWN THE SYSTEM

IVAL=ITTINRCO)

IF (IVAL.LT.0) GOTO 210
CALL CLEAR

CALL FRINTC® )

CALL FRINTC(’

CALL FPRINTC(’ TYFE INI’
CALL FRINTC('

CaLL FRINT(”

CAaLL FRINTC(Y

ACCEFT 90,S5HUT
FORMAT(IZy»/)

IF (SHUT.EQ.O0’ (GOTO 219
STOFFG=1

IF (SHUT.EQ.2) GOTO 210
CALL TIDY2

STOF

YSTEM SHUT NIOWNT ‘)

NO ‘)
IMMEDIATELY )
aFTER NEXT DATA SET)

o= O ~ 1]

*e 20 o

IF(DATAX.EQ.O0)GDTO 4

SEND DATA TO R/G FROGRAM
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e
)

1602

1001

o0

y 19
(FLOAT(BUF(L))»)>/1000.0

LACL)=RUFX(2)
LAC2)=RUFX(8)
C11=RUFX(4)
C12=BUFX(S)
UL1=BUFX(3)
Y11=RUFX (&)
C21=EUFX(10)
C22=RUFX(11)
C23=EUFX(12)
U21=BUFX(9)
Y21=RUFX(13)
Y22=RUFX(14)
RUL1=RUFX(7)
RU21=EUFX(15)
RY11=RU21
RY21=RU11.
RY22=2,3%C22-0,7%C23~1 ., L kRU21

IF (CLF.EQ.2) GOTO 999
OFEN LOOF INTERCONNECTIOM ¥RROR

ITN(1L)=U11~-Y21
ITN(2)=U21-Y11
GOTO 1000

CLOSED L OOF INTERCONNECTION ERROR

ITNC(L)=U11-U21-RY21+RY 11
ITHNC(2)=U21-2,0%U11-RY11+2.,0%RY21

DETERMINATION OF MOLDEL FERFORMANCE

DUCL)=(Y 111,002+ CL1RR24CI2%K2+LACL I RkULI1I-LAC2) %11
DUCZ2)=2,0K{Y21-2.0)KK2+H(Y22-3 . Q) RK2IC21LRKDH+C22KR2HC2T k%2
U =0U(2)+LA(2)XURL-LAC(L)XY21

FUN=DUC(1)+DUC2)

DETERMINATION OF REAL FERFORMANCE

ROUCLI)=(RY11-1,0)KKR2+CI Lk 2+CL2¥K2HL ALY RRULL-LAT2)KR(11
ROUC2)=2, 0% (RY21-2,0)KK2+(RY22-3,0)KX2+C21KK24+C22¥x2
ROUC2)=ROU(2)+C2TXKK2+LA(2 2 XkRUZ21-LA(L)KRRY21

RFEUN=RIUC(1) +RDVCD)

SET UF A BUFFER OF DATA TO RE DISFLAY ON INTECQLOR

0 1002 K=1,135

RUF 1 (K} =RUF (K) :
BUF1(16)=INT(RY22%1000.0)
[0 1001 K=1,2
ERROR(K)=INT(ITN(K)X1000.,0?
IDUCK)=INT(DU(K)*X1000.0)
IRFUN=INT (RFUN%1000.0)

DISFLAY OF DATA FROM I-MICS

TYFE 1sIC»ITN(1)»ITN(Z) - ) .
FORMAT(I3y’ ITERATION El1="»F7.3y° E2='»F7.32
TYFE 2y (BUFX(K) yK=2,7)

FORMAT(’ DU1: ‘y6F7.3)

TYFE 3» (RUFX(K)K=8,135),R722
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FORMAT (7 U2 ‘9 9F7.3)

TYFE &62FUN>RFUN

FORMAT(’ MRI=’+F7.35" RFI=‘F7,3+/)
RETURN

END
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SUBROUTINE IEMGFF

S
N e

C
9 THIS SUBROUTINE IS THE TIME CRITICAL F/G FROGRAM WHICH USED
E TO COMMUNICATE SYNCHRONISELY WITH THE I-MIC’S THROUGH THE LIt
g USING INTERACTION ERALANCE METHOD WITH GL.OEAL FEEDERACK
c
INTEGERX2 BUF (17), IBGRF (2)RECEF(32) yNEXT1(2)» ICOUNT(2)
INTEGERX%2 LAST1(2),MBUFS(1000,2),YES,REFLY»TXR(128,2),DATIU (D)
BYTE DATAXsDATAR:TFLAG
LOGICALX1 TXFREE(2),yMBFREE(2):START »RXFREE(2)
COMMON/FLAGS/RXFREE s TXFREE
COMMON/MBUFS/MEBUFS y MEFREE s LAST1:NEXT1
COMMOM/TRANSF /BUF » IRGEF » START »DATAX y IAT AR
COMMON/ICF/ICFLAG
COMMON/ICFG/ICFG»STOFFG
LIATA YES/1HY/
C
C
g INITIALISATION
IFC,NOT,.START)IGOTD 225
C
CsesI === THE LOCAL DECISION UNIT NUMEER
C
ICFLAG=0
ICC=1
DATIU(1 ) =4
DATIW(Z)Y =8
Do 111 K=1,2
IBEGEF (K)=0
L1d ICOUNT(K)=0
D0 201 K=1,14
201 BUF (K) =0
KO=0
LA=90
I=1
TFLAG=C
START=,FALSE.,
235 IF(TFLAG.EQ, L)GOT(Q 2080

IF(TFLAG.EQ.2)GOTO 2090

G

C.. . TEST IF ANY DATA RECEIVED FROM IMIC
IF(LASTLC(IY LT, O) GOTO 995
SJC=LASTL(TIN+2

C

C...TEST IF NEW BLOCK OF DATA RECEIVED

{ AS A NEW EBLOCK NUMRBRER IS TRANSFERRED

o FROM THE IMIC WHEN TRANSFER TAKES FLACE
IF(MRBUFS(JC» 1) WGT ICOUNT (T)H GO TH 240
GOTO 295

L

Cse MBFREE(I) FLLAG IS TO CONTROL THE UFIATING

c OF THE MASTER RUFFER

240 MEFREE(I)=.,FALSE.

C

C...SELECTS LATEST DATA ELOCK FROM MASTER EUFFER
K1=1

110 K2=MBUFS(K1,I)-1
K1=K2+1 :
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IF(K1 LLE. LAST1(I)) GOTO 110

J=LAST1(1)

KO=KO+1

JC=J42

JS=J+4

JF=JS+IATIU(T )
»
C...SETS LATEST DATA VALUES INTO TEMFORARY RUFFEF
C  WHICH IS USED TO SEND DATA TO THE EACKGROUND
C  FROGRAM

BUF (1)=ICC

IF (I.ER.2) GOTO SO01i1

KJ=2
GOTO S012
5011 KJ=8
5012 [0 50 K=JS,JF
BUF (KJ)=MBUF S (K, 1)
KJ=KJ+1
50 CONT INUE
C
MEFREE(I) =, TRUE.
ICOUNT(I)Y=MEBUFS(JC,» 1)
IF (I JEQ., 2) GOTO 2020
I=2
GOTO 235
C
2020 IF (LQR.,EQ.1) GOTO 2020
C
g SEND SYNCHROMNISATION FLAG TO COORDINATOR
NWORL=2
TXE(2,1)=EUF(10)
TXE(3»13=RUF (11}
TXE(2,2)=EUF (4)
TXE(3:2)=RUF (5)
[0 2010 I=1,NWORD
IF (TXFREE(I)) GOTO $025
CALL FRINT(’ TXE NOT FREE’)
GOTO 995 , |
5025 TXECLs I)=2%NWORD .
CALL TXFORICTXE)
TXFREE(I)=,FALSE,
2010 CONT INUE
I=1
Le=1
GOTO 995
u
2030 LA=0
» TYFE 9999, CEUF (K) rK=1,15)
0G99 FORMAT(15I%)
W . -
» SET ALL THE NECESSARILY FLAGS TO SYNCHRONISE THE F/G & E/G FROGRA:
C
TFLAG=1
2080 IF(DATAX.EQ.2)B0T0 2070
DATAX=1
GOTO 995
2070 - DATAX=0

C

Cs+.SETS-UF TEMFORARY RUFFER TO RECEIVE

2 FPARAMETER DATA FROM THE BACKGROUND FROGRAM
0 100 KM=1,3
RECBF (KM)=0

1.00 CONTINUE
: TFLAG=2
2090 IF(DATAR.EQ.0)GOTO $95
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DATAR=2
[0 2060 IJK=1,2
2060 RECEF (IJK)=JBGEF (TJK)

(D

C...TXFREE(I) FLAG IS USEI TO CONTROL
1 THE TRANSHMISSION OF DATA 1O THE IMIC
U AS DATA MAY ONLY BE TRANSFERRED AFTER

{: THE IMIC HAS COMFLETED A TRANSFER
[0 92998 I=1,2

IFCTXFREE(I)) GOTO 1295

CALL FRINT(’ TXERUF NOT FREE 7))
GOTO 995

125 CONTINUE
C
C..+NWORLS, .. .NUMBER OF FARAMETER DIATA VALULS
NWORDIS=2
00 126 K=1,MNWORDS
126 TXB(K+1, I)=RECEF (K)
TXR(1,I)=2%kNWOKDS
C TYFE 109y (TXE(J21)»J=252)
109 FORMAT(217)
CALL TXFORDC(TXED
TXFREE(I)=.,FALSE.
9998 CONTINUE
L
ICFLAG=1
ICC=ICC+1
I=1
TFLAG=0
RIS RETURN
ENI
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SUEBROUTINE ICIERGF(OF,ERROR,IDU,IRFUN)

THIS SUBROUTINE SENDS DATA FROM E/G FROGRAM TO THE INTECGCLOK

OOoaon

REALXB SEND,E(21)

INTEGER%2 0OF(Z1),IDU(2),ERROR(2), IRFUN
BYTE RUFFX(21)

EQUIVALENCE (RBUFFX(1)SEND)

N=8

NN=21

OFC17)=I0UCL)

OF(1E=I0UC2)

OF (1?2)=IRFUN

OF(20)=ERROR (1)

OF (21)=ERROR(2)

g 0 I=1,HN

ENCOLE(S,99yR (I OFC(ID
oo CONTINUE
Y9 FORMAT(2118)

o 200 I=1sNN

SEMD=EK(I)

CALL ARRAYX{N:BUFFX)
200 CONTINUE

RETURN

END
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B2.3

Coordinator Software Listing

Background Routines for IPMLF
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R LINK

DK IPMLFEBE=DK! IFMLFE, IFLGETUATEQ» TIME/C
LFMLFF» LINKXDyRKy CONL»LKSET2/C
IFPLFUN, TSXLIRYICIFLF »GRAFLE,TINDY//
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QC oo

—
e
L/

1009
C

C

GG

P28

FROGRAM IFMLFE

INTERACTION FREDICTION METHOD - l.OCAL FEEDRACK

CO-ORDINATOR OFTIMISATION USING COMFLEX ALGORTTHH

INTEGERX2 RUF(17),RECEF(3)yREFLY,»STOFFG
INTEGERX2 IEBGEF(2),NyIC»ICOUNT L H N1
REALX4 A(5)»F(454),BGRF(2)»STEF»ALFHA» BETA» GAMMA » FUN

REALX4 SS,yTsVUL>VUH>,SIZEsDs01, TOL, Xy R(a) y MFUN
LOGICALXk1 START.,CR

BYTE DATAX,DATAR
COMMON/TRANSF /BUF » IRGEF » START s DATAX» DATAR
COMMON/OUT/C11,C125C21,C22,C235RY11,RY21,R Y22, ICOUNT » MFUN
COMMON/ICFG/ICFG»STOFFG

DISARLE COMTROL ‘C’ TO AVOID CRASHING THE SYSTEM
CaLL SCCa<0)

CALL PRINT(’ IMTECOLOR DISFLAY? KEY IN: L1(YES) 3 O(NO)’)
ACCEFT 1009, ICFG
FORMAT(I2)

CALL ASSIGM(3I, IFMLFL.LAT »0>NEW>NCy1)
CALL ASSIGN(4, "GRAFH.DAT/»0 ) NEWINCs1)
CALL ASSIGN(&» “IFMILFR.DAT  y0:NEW>NC»1)
CALL. ASSIGNC(?, 'CYGRAVUAT ;0> MNEWINC 1)
CALL ASSIGMN(10, "FRINT.OUT >0 NEW-NC, 17

INITIALISATION OF I-MIC LINKS

WRITE(629228)
FORMAT (7 INTERACTION FREDICTION METHOD WITH LOCAL FEEDEACK (SY)‘,
e

CaLlL I'ATEOC  °

CALL TIME.

START=.TRUE,

Call LNKSET

CALL TRMASC(30,83)

CALL IFORKE(*®*44,IFEEK("44).,0R,"100)

A(1)=0.0

N=2

STEF=0.1
IC=N+2
ALFHA=1.3
RETA=0.3
GAaMMA=2.0
TOL=0.,0002
ICOUNT=1
DATAR=0
DATAX=0
STOFFG=0
WRITE(6:8)
FORMAT (2 ICOUNT V1 V2 F.MIN FiC F2C F1iH F2H"» /)
WRITE(3-804)
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804 FORMAT(/ ICOUNT  FMa) FHID FMIN (FMAX-FMIN) SSIZE’)

c FIRST ESTIMATE OF SIMFLEX VERTICE AN ITS FUNCTION VALUE

CALL IFPLGET(FUN,RGKF)
IF (STOFFG.EQ.1) GOTO 1432
IF (FUN.LT.32.76) GOTO 15
CALL FRINT(’ ENTER ESTIMATE SET FOINTS: V1,v2:i- )
ACCEFT 16yEBGRF (1) yKGERF (2)
16 - FORMAT(2F8.4)
CALL CON1(EBGEF,F)
0 17 L=1»N
L=RGEF(L)%X1000.,0
IRGEF(LY=INT (L)
17 CONTINUE
CALL SYHNCH
CALL IFLGET(FUM,REGEF)
- IF (STOFFG.EQ.1) GOTO 1432
135 FON-+1y1)=FUN
18 IO 10 I=1»N
FCI»1)=RBOGRF(I)
10 CONTINUE
WRITE(6,99) ICOUNT»BGEF(1),RGEF(2):FUN
1 FORMATC(IZSy2F7.3,FC. 4,32/ 1GENY)
COUNT=FLOAT(ICOUNT)
0DY1=0.,05
Dy2=0,2
WRITE(4,210) COUNT>»EGEF(1))EGEF(2),FUNDYL1,DY2
WRITEC(?y?25)COUNTC115C12,C21,C22,C23»RY1LIRY2LIRY22

an

CAYI FORMAT(FS.1,8F7.3)
L=1
™
(» GENERATE REST OF SIMFLEX VERTICES aND THEIR FUNCTION WALUES
C
SIZE=C.0

N0 20 J=2,N+1
L0 25 I=1,N
FCI»J)=BGRF (L)
CONTIMNUE
T=STEF
IF (J.NE.2) GOTD 40C
[=2.,0-T
IF (BGRF(1).LT.DI) GOTO 27
601 F(J-1,J)=BGRF (J-1)-T
GOTO 26
H00 I=1,846-T
IF (BGEBF(2).06T.D) GOTO 601
27 FOJ-1,Jd)=RGERF(J-1)+T
26 IF (FP(J-1,J).NE.BGEF(J-1)) GOTO 21
T=T%10.0
GOTO 27
21 SIZE=SIZE+ABS(T)
20 CONTINUE
23 8S=SIZE
D0 30 J=1,NM+1
IF (J.EQ.L)Y GOTO 30
N0 35 I=1»N
BGRF(IX=F(I,J)
39 CONTINUE
IF (ICOUNT +LT. 3) GOTO 4606
CALL CON1(RGEF,F)
606 [0 200 I=1,N
I=RGEBF(I)>¥%1000.0
IBGRF (IN=INTC(I)

200 CONTINUE
CALL SYNCH

&
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42

al

34
44
43

CALL IPLGET(FUN,EGEF)

IF (STOFFG.EQ, 5 <

ICOUNT=ICOUNT+%) SPTO 143

COUNT=COUNT+1.0

FIN+1sJ)=FUN

IF (ICOUNT .GT., 3) GOTOD 158

WRITE(6,99) ICOUNT,»BGERF (1) BGRF (2),FUN

WRITE(4,910) COUNT,BGEF (1) yEBGEF(2) yFUN,DY1,0Y2
NRITE(9v9S)COUNT7011yClZ;CQl;CQQrCQZ;RYllrRYBl;RYZQ
GOTO 30
NRITE(é;Q)ICDUNT;BGBF(l)yBGBF(Q)vFUN;P(1;4)rP(294);P(1’H)7P(2’H)
FORMAT(I3,2F7.3,F8,494F7,2,4X»’ {GEN’)

WRITE(3,1234) ICOUNT sUH»F(N+1sN1) VUL, XSS
WRITE(4,910) COUNT,RGEF(1),RGEF(2),FUN,X»5S
FORMAT(FS.1,2F7,3,F8,4y2F10,5)
WRITE(9,9S)COUNT>C11,C12,C21,C22,C23,RY11,RY21,RY22
CONTINUE

FERFORM TESTS AND RE-ORDER FUNCTION VALUES

CONTINUE

D0 40 I=1,N+1

BCI)=F(N+1,1)

[0 41 I=1,M

IJ=I+1

IO 42 J=IJ,N+1

IF (B(I).LE.E(J)) GOTO 42
T=E(I)

BE(I)=E{J)

E(J)=T

CONTINUE

CONTINUE

D0 43 I=1,N+1

[0 44 J=1,M+1

IF (F(N+1,J).NE,E(I}) GOTO a4
IF (I.EG.1) GOTO 45

IF (I.EQ.N) GOTO 4

H=J

GOTO 43

L=J

GOTO 43

N1=J

CONTINUE

CONTINUE

VL=F (N+1sL)

UH=F (N+1sH)

X=UH-YL

TYFE 1234, ICOUNT »UHs» F(N+1sN1)sUL» X5 SS
WRITE(3,1234) ICOUNT»UHsF(N+1sN1)sVUL»X»SS
FORMAT(IS»SF10.5)

WRITE(4,910) COUNT,KGEF(1)yEGEF(2)»FUN)»X,SS
IF (X,LE.TOL) GOTO 150

IF (ICOUNT .LT. 100) GOTO 2456
CALL TIME

TYFE 3457

FORMAT(’ TYFE O (STOF) OR 1 (CONTINUE)’)
ACCEFT 3460,REFLY

FORMAT(I3) ,

IF (REFLY .EQ. 1) GOTO 3456
GOTO 150

[11=0,6%VH

IF (VL.GT.D1) GOTO 49
F(311)=F(3,L)

EGEF (1)=F(1,L)

EGEF (2)=F(2sL)

GNTO 18
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r-J
O
tJ

w

DO S0 I=1,N
T==F(IsH)

[0 S5 J=1,(HN+1)
T=T+F (I J)
CONTINUE
FCI»IC)=T/FLOAT (N
CONTINUE

REFLECTION

0 60 I=1,N
BGBF(I)=(1.O+ALPHA)*P(I71C)"ALPHQ*P(I;H)
CONTINUE

CALL CON1(RGEF,F)

IO 201 I=1,N

D=RGEF(I)%X1000.0

IBGEF (IV)=INT (I

CONTINUE

CALL SYNCH

CALL IFPLGET(FUM,EGEF)

IF (STOFFG.EQ.1) GOTO 143

ICOUNT=TCOUNT+1

COUNT=COUNT+1.0

WRITE(3I,12245% ICOUMTyUH»F(N+1,M1) VL »Xs5S
WRITE(4,210) COUMT»EGRF(1);EBGRF(2%sFUN»X»SS
WRITEC(SH»3) JCOUNT EBGRF (1 yBGEF(2)sFUNSF(114) P (253) 3F{1sH) sF (2 H)
FORMATC(IZ»2F7.3sF8.454F7.3»4Xs’ tREF ‘)
WRITE(?»92S)COUNT»C11,C125C21,C225C23RY11»RY21:RY22
IF (FUN.LT.UL) GOTO 100

IF (FUMJLTL.F(N+1oN1)Y) GOTO 139

IF (FUNL.GE.VH) GOTO 80

00 70 I=1,N

FCLyH)=RBGRF(I)

CONTINUE

FON+L1,H)=FUN

REDUCTION

0 32 I=1,nN -

BEGEF (1)=(1.0~-BETAYXF{(IH)+BETAXF{(I,IC)

CONTINUE

CALL CONY1(RGEFF)

OO 202 I=1,N

D=BGEF(I)x1000.9

IBGEF (L) =INT (I

CONTINUE

CALL SYNCH

CALL IFLGET(FUN,RGEF)

IF (STOFFG.EQ.1) GOTO 143

ICOUNT=ICOUNT+1.0

COUNT=COUNT+1.0

WRITE(Z»1234) ICOUMNMT»VH,F(N+1»N13,UL»X,3S
WRITE(4,910) COUNT,EGRF(1)+EGEBF(2),FUMN»X,SS
WRITE(6:S) ICOUNTHBGRF (1) sBGEF(2) »FUNSF(123)+F(294)3F (1sHI»FI{2sH)
FORMAT(IZ,2F7.3,F8.4»4F7.3y4X»  IRED’)
WRITE(2:»99)COUNT»C11,C12,C21,C22,C23»RY11,RY21,RY22
IF (FUNLLT.F(N+1,H)) GOTO 130

CONTRACTION

SI1ZE=0.0

L0 90 J=1,N+1

IF (J.EQ.L) GOTO 90
Do 92 I=1,N

F(I,J)=RETAX

(F(IsJ)-F
STZE=SIZE+AEBS(F (I, -

LIXHFCIL)
I )

(I
FCIrL
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P2 CONTINUE

Y0 CONTIMUE
IF (SIZE.GE.0.0001) GOTO 446
GOTO 1350

N44 IF (SIZE.LT.SS) GOTO 23

CALL FRINT(’ SIMFLEX FAILS TO CONTRACT’)
WRITE(65444) SIZE,SS

444 FORMATC(//2»2F12.5s///y " SIMFLEX FAILS TO CONTRACT!“s///)
- GOTO 23

G

C EXTENSION

¢ '

100 DO 102 I=1,N

T=CGAMMAXEGEF (I)+(1,0~-GAMMA)XF(I,IC)
FCI»IC)=RBGEF(I)
BGERF (I)=T
102 CONTINUE
FIN+1,IC)=FUN
CALL CONI1(EBGEF,F)
D0 203 I=1,N
[=RGEF(I)%1000.,0
IBGBF(IDX=INT (L)
203 CONTINUE
CAaLL SYNCH
CALL IFLGET(FUN,EKGEF)
IF (STOFFG.EQ.1) GOTOD 1432
ICOUNT=ICOUNT+1
COUNT=COUNT+1.0
> WRITE(3,1234) ICOUNT:VH»F(N+1,N1),VUL»X»53S
WRITE(4,210) COUNT,»EGRF(1),EGEF(2)»FUMyX»SS
WRITE(6>4) ICOUNTHRGRF (1) sBGRF(2)H>FUNIF(1,4)2F(25,4),F(1:H)H»F(2,H)
4 FORMAT(IZ 2F7,.39F8.4,4F7.3,4Xs " LEXT )
WRITE(?,?S)COUNT»C11,C12,C21,C22,C23,RY11,RY21,RY22
IF (FUNJLT.F(N+1,IC)) GOTO 130
00 110 I=14MN
EGEF(I)=F(I,IC)

110 CONTINUE
) FUN=F(N+1,10C)
130 [0 112 I=1,N
FOI»H)=BEGERF{I)
112 CONTINUE
FON+LsHY=FUN
GOT0 323
1.30 L0 151 U=1,»N

EGRF(J)=F(JrL.)
I=RGEF (1) X1000.0
131 IBGEF (J)=INT (I}
CALL SYNCH
CALL IFLGET(FUNM»EGEF)
IF (STOFFG.EQ.1) GOTO 143
ICOUNT=ICOUNT+1
COUNT=COUNT+1.0
L WRITE(321234) ICOUNT VH»F(M+1:N1)»VL»X»ES
WRITE(4,210) COUNT»EBGRF (1) ,BGRF(2),FUN»X»55
WRITE(S696) ICOUNTHEGRF (1) »ROGRBF(Z)sFUNSF1,4)»F(253)-F(1sH)sF(ZsH)
& FORMAT(I3»2F7.3»F8.4,4F7 .3
WRITE(?,95)COUNT,C11,C12,C21,C22,C23»RY11,RY21,RY22

C

C SOLUTION OUTFUT

C

143 WRITE(6,154) ICOUNT

154 FORHMAT(//:’ AFTER’»I4,2X,» FUNCTION CALLS’:/)
WRITE(6,153) RGEF (1)yEBGBF(2)

133 FORMAT(’ SET FOINTS: V1=',F7.397X»'V2="F7.22/)
WRITE(69301) C11,C12

=N FORMAT(’ Cli= 7,F7.3,5Xy/C12= /,F7.3)
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WRITE(&,503) C21,022,C23

FORMAT(’ C21= “,F7.3,5X%,’C22= "9F7.395X,’C23= ' »F7.3)
WRITE(6,504) RY11,RY21,RY22

FORMAT (¢~ RY11=',F7¢3+3SXy "RY21="yF7.2,5%, ‘RY22="3F7.3+/)
WRITE(6:,506) MFUN

FORMAT(’ FINAL MODEL FUNCTIONAL YALUE IS “9F8.45/)
WRITE(6:,505) FUN

FORMAT(’ FINAL REAL FUNCTIONAL VALUE IS ‘,FB8.4,//)
SUBOFT=(FUN-5.92407)/0.0592407

WRITE(6,507) SUROFT

FORMAT(’ SUBOFTIMALITY IS ‘,F8.4,///)

SEND TERMINATION SIGNAL TO COORDINATOR

IBGRF (1)=32746
IBGBF (2)=32746
CALL SYNCH
CALL TIME

TYFE 678
FORMAT(1H »’ FLEASE STOF I-MICS AND THEMNM TYFE <CR:‘)
ACCEFT 6792,CR
FORMAT(AL)
CAaLL TInvy2
STOF

ENID

SUEBROUTINE SYNCH

THIS SUBROUTINE SYNCHRONISES THE DATA TRANSFER EBETWEEN
THE F/G % E/G FROGRAM

INTEGERX2 RUF(17),IBGEF(Z)

LOGICALXL START

BYTE DATAX:DATAR
COMMON/TRANSF/RUF, IBGERF»START 2 IATAX» DATAR

DATAR=1
IF(DATAR.EQ.23G0OTO 10
GOTO 20
DATAR=0
RETURN
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SUBROUTINE IFLGCET(RFUN)GEF)

THIS SUBROUTINE GETS [IATA FROM F/G FROGRAM (DECISION UNITS) TO THE
E/G FROGRAM (COORDINATOR) aNLIl OUTHUT THE DATA O INTECOLOR DISFLA

INTEGERX2 BUF1(20), IEGEF(2),EUF(17),S5TOFFG,SHUT

REALX4 A1(3)»BUFX(20) yRFUNyGEF(2) »ROU(2Y »RY11,HY21,8Y22, HFUY
REAL¥4 DAIMIC(20)

LOGICALX1l START

BYTE DATAX,DATAR

COMMON/TRANSF /RUF » TEGEF » START »DATAX» DATAR
COMMON/ICF/ICFLAG,DAIMIC

COMMON/ICFG/ICFG»STOFFG
COMMON/OUT/C11,C12,C215C22,C22-RY-11,RY21,RY22, ICOUNT » HFUN
LATA YES/L1HY/

Al(1)=0.0

IF (WNOT.START) GOTO 4

[0 234 K=1,16
DATMIC(K)=FLOAT(RUF(KY)/1300,0
CALL IFLFUNCDAIMIC, BUF1,RFUN:GEF)
CONTINUE

IF (ICFG.EQ.0) GOTO 209
QUTHFUT DAaTA TO INTECOLOR

IF (ICFLAG.EQ.0) (GOTO 200
CALL ICIFLF(RUFL)
ICFLAG=0

CHECK IF WANT TO S5HUT DOWN THE SYSTEM

IVAL=ITTINR(D)

IF CIVALL.LT.O) GOTO 210

CALL CLEAR

CALL FRINTCY 75 -
CaLL FRINTC(” SYSTEM SHUT UTOWHNT )

CALL FRINT(Y TYFE INI’

CALL FRINTC(”
CALL FRINTC(”
CALL FRINTC(
ACCEFT 90»SHUT
FORMATC(IZ2»/)
IF (SHUT.EQ.O) GOTO 210

-

v NO7S
v IMHMEDIATELY )
O AFTER NEXAT DaTa SET )

S N

STOFFG=1

IF (SHUT.EQ.2) GOTO 210
CALL TIDY2

STOF

IF(DATAX.EQ.0)GOTO 4

SEND' IATA TO EB/G FROGRAM
DATAX=2

0 S K=1»,16
BUFX(K)=(FLOAT(RBUF(K)))>/1000.0

CALL IFLFUNC(HBUFX«BUF1.RFUN.GEF)
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SUEBROUTINE IFMLFF

oOoOOoG U

THIS SUEBRQUTINE IS THE TIME CRITICAL F/G FROGRAM WHICH USED
TO COMMUNICATE SYNCHRONISELY WITH THE I-MIC’S THROUGH THE LIMNKS

USING INTERACTION FREDICTION METHOI WITH LOCAL FEEDRACK,

INTEGERX2 RUF(17),RECERF(Z)NEXT1(2) ICOUNT(2)
INTEGERX2 IEGRF(2),UDF(2)

INTEGERX2 LAST1(2)yMEUFS(1000+2)YES)REFLY»TXEB(123,2) ,DATIULCZ?
REALX4 XY (20)

BEYTE DATAX,»DIATAR » TFLAG

LOGICALXL TXFREE(2)yMBFREE(2)»STARTyRXFREEZ(2)
COMMON/FLAGS /RXFREE TXFREE
COMMON/MBUFS/MBUF Sy MEFREE»LASTL»NEXT1
COMMON/TRANSF/BUF s IBGRF »STARTy DATAHX » DATAR
COMMON/ICF/ICFLAG

COMMON/ICFG/ICFG.STOFFG

DATA YES/LIHY/

C

C INITIALISATION
c
IFC.NOT.ESTARTIGOTO 235

GG

Sev eI === THE LOCAL DECISIONMN UNIT NUMEER

—
I

ICFLAG=0
ICC=1
Inu=1
DATIUC(L ) =6
DATIUC2) =E
o 111 K=1-2
IBGEF (K) =0
UDF(K)=0

111 ICOUNT (K) =0
0 201 K=1-16

. 201 RUF (R =0

TFLAG=0
I=1
START=.FALSE .,

235 IF(TFLAG.EQ.1)GOTO 2080
IF(TFLAG.EQ.,2YG0T0 2070

c

C..,.TEST IF ANY LATA RECEIVED FROM INIC
IF(LAST1(¢(I) LT, C) (GOTQ 995
JC=LAST1(I)+2

2

C...TEST IF NEW ELOCK 0OF DATA RECEIVED

(. AS A NEW BLOCK WUMEER IS TRANSFERRED

L FROM THE IMIC WHEN TRANSFER TAKES FLACE
IF(MEUFS(JC,I).GT.ICOUNT(I))GO TO 240
GOTO 999

(-

C.., .MEFREE(I) FLAG IS TO CONTROL THE UFDATING

C OF THE MASTER ERUFFER

240 MEFREE(CI)=.FALSE.

C

C...SELECTS LATEST IIATA KLOCK FROM MASTER EUFFER
Ki=1
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NSV Ne=MoauUr (N1 L)—.
K1=K2+1
IF(RK1 JLE, LAST1(I)) 6OTD 110
J=LASTI1(I)
JS=J+4
JF=JS+DATIUC(CI)
UDF (I)=MRUFS(JC+1,1I)

C...SETS LATEST DI'ATA VALUES INTO TEMFORARY BUFFER
C WHICH IS USEDl TO SENI DI&A4TA TO THE BACKGROUND
C FROGRAM

L BUF (1)=ICC
IF (I.EQ.2) GOTO 5011
Kd=2
GOTO S012

uo1lt KJ=8

012 0 S0 K=JS»JF
BUF (KJ)=MBUFS(K» 1)
Rd=KJ+1

WY CONTINUE

(2 IF (I.EQ.1) GOTO 54678
TYFE 1515 (BUF(K)»K=2,13)

151 FORMAT(141I5)

BUF (18)=1IDU

»

5678 MEFREECI)=.TRUE.
ICOUNT(I)=MRUF3(JC»1)
IF (I. EQ. 2) GOTO 2020
I=2
GOTO 235

2020 ITU=TTU+1

OO 5

CHECK IF THE DIATA RECEIVED FROM THE DECISIOH UNITS
ARE CONVERGEID' SOLUTIOM

IF (UDF (1) EQ.1 JAND., UDF(2).,EQ.1) GOTO 2030

NOT CONVERGELD SOLUTION, SEND SYNCHROMNISATION FILAG TO COORDINATOR

o0

NWORD=3
TXE(2:1)=RUF (%)
TXBE(3Z,1)=RUF (10)
TXE(4,1)=U0F(2)
TXR(2,2)=RUF (3)
TXR(3,2)=RUF (4)
TXER(4,2)=UDF (1)

C TYFE 2101, TXE(2:1)» TXE(Z,1)» TAXB(A51)» THR(2,2) TXR(Z2)» TXE(4,2)

2101 FORMAT(6I8)

o 2010 I=1,2

IF (TXFREE(I)) GOTO S02S

CALL FRINT(’ TXR NOT FREE")

GOTO 995

TXR(L1,I)=2%¥NUWORD

CALL TXFORL(TXE)

TXFREE(I)=,FALSE.

2010 CONTINUE

O
rJ
a

STORE THE LATA OF THE CONVERGED DECISION UMIT SOLUTIONS INTO A
TEMFORARY BUFFER REALDY TO TRANSFER 7O THE E/G FROGRAM

TO0O00
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2020  LQ@=0
TYFE 9999, (RUF(K)»K=1,16)

VYYY FORMAT(1616)
C
C SET ALL THE MNECESSARILY FLAGS TO SYMCHRONISE THE
c .
 TFLAG=1

2080 IF(DATAX.EQ.2)GOTO 2070

[DATAX=1

GOTO 995
2070 IATAX=0
C

C...SETS-UF TEMFORARY RUFFER TO RECEIVE

C  FARAMETER DATA FROM THE KACKGROUND FROGRAM
[0 100 KM=1,3
RECEF (KM)=0

100 CONTINUE
TFLAG=2
2090 IF(OATARVEQ.O)GOTOD 995
DATAR=2
00 2046C IJUK=1,2
2060 RECERF(IJK)=IEGERF (IJK)
C

Cseo o TAKFREEC(I) FLLAG 1E& USED TO CONTROL

2 THE TRANSMISSION OF DATA TO THE IMIC
€ AS DATA MAY ONLY RE TRANSFERRED AFTER
G THE IMIC HAS COMFLETED A TRANSFER

[0 9998 I=1,2

23090 IF(TXFREEC(I)) GOTO 1295
CALL FRINT(’ TXRUF NOT FREE )
GOTO 993
23 CONTINUE

S JNWORDS, .. .NUMBER OF FARAMETER LATA YALUES
NWORLDS=3
DO 1286 K=1,2
126 TXRIK41L s I)=RECREE (K)
TXE(4,yTo=UDF (L)
TXR(1yI)=2%NWORIS
TYFE 109 (TKXE(Ir1)»Jd=2,4)
1.09 FORMAT(2ZIL7)
CALL TXFORDC(TXE)
TXFREE(L) =, FFALLSE .
998 CONTINUE
>
ICFLAG=1
ICC=ICC+1
I=1
IDU=1
TFLAG=0
ULDIF(1)=0
UUF(22=O
P95 RETURN
140 END
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SUBROUTINE IFLFUNCDAIMIC,EBUF1,RFUN,GEF)

THIS SUEROUTINE IDEMTIFIES AND DISFLAY THE DATA FROM THE IMICS ANL
CALCULATES THE FERFORMANCE INDEX

INTEGERXZ2 PBUF1(20)
REALX4 AL(I)»IAIMIC(20) »RFUNGEF(2)>RIUC2)yRY11,RY21,RY22yMFUN
COMMON/OUT/C11,C12,C21,C22»C22sRYL1yRY21,RY22, ICOUNT » MFUN

GEBF(1)=DAIMIC(Z)
GEBF(2)=DAIMIC(8)
S1=0AIMIC(?7)
S2=0AINIC(13)
CL1=DAIMIC(Z)
Ci2=DAIHMIC(4)
C221=DAIMIC ()
C22=DAIMIC(LO)
C23I=DAIMIC(11)
RY11=INATHIC (&)
RY21=0AIMIC(14)
RY22=2,3%C22-0,7%C22-1,1kRY11
MEUN=DAIMICC(SY+DATHIC(13)

DETERMINATION OF REaAL FERFORMANCE

ROUCI)=(RY11-1,0)%k2+CL11Rk¥2+C12%K2
ROUC2)Y =2, 0% (RY21-=-2,0)KK2+ (RYQ22-2, 02+ CELk2CRRTHCT I UKD
REUN=RIUCL)+RIUC)

SET UF A RBUFFER OF IIATA TO BE DISFLAY ON INTECOLOR

00 1000 K=1,16
BUFL(RK)=INT(DAIMIC(KY*X1000.0)
BUFL(17)=INT(RY22%X100Q.0Q)
EUFL(18)=INT(RFUNKX1000.0)

DISFLAY DIATA FROM I-MICS

TYFE 1, ICOUNT>GEF (1),GEF(2)
WRITE(10,1) ICOUNT,GERF(1),GEF(Z)
FORMAT(IZ,’ GLOEBAL ITERATION 1
TYFE 7-RUF1(16)-1,S1:52
WRITE(10,7) RUFL1(16)-1,81,82
FORMAT(I3,’ 1LOCAL ITERATION S1
TYFE 2 (DAIMIC(K)»K=3y5)

WRITE(10,2) (DAIMIC(R) »K=1:6)
FORMAT (" TLUL1: 72 4F7.3)

TYFE 3»(DAIMIC(K) sK=9,14),RY22
WRITE(10,3) (DAIMIC(K) »K=9,14)»RY22
FORMAT (7 LU2: "2 7F7.3)

TYFE &»MFUNy RFUN

WRITE(10:s46) MFUNsRFUN

FORMAT(” MFI='»F7.2,’ RFEFI=72F7.3+/)
RETURN

END

1=/F70357 VA=7"3F7.39/)

<

‘WF7 .37 S2='HF7.3)
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B2.4

Coordinator Software Listing

Background Routines for IPMGF
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R LINK
DKL IFMGFR=IK{IFMGFE, IFGGET » DATEO» TIME/C

IFMGFF» LINKXD»RK»CON1 LKSET2/C
TSXLIB»ICIFGF »GRAFLE»TIDY//
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FROGRAM IFMGFER

INTERACTION FREDICTION METHOD - GLOEAL FEELEBACK

CO-ORDINATOR OFTIMISATION USING COMFLEX ALGORITHM

INTEGERX2 RBUF(17),RECEF(2Z),REFLY,»STOFFG
INTEGER®X2 IEGEBF(Z)yNy»IC,ICOUNT»LsHyN1
REAL¥4 A(S)»F(4,4),RGRF(2)»STEF»ALFHA»EETA»GAMMA FUN

REALKX4 SS»yTHrVL,VH,SIZE»D,D1»TOLsXsEB(4)y MFUN
LOGICAL%X1 START:CR

BYTE DATAX»DATAR
COMMON/TRANSF/RUF » IRGEBF s START»DATAX» DATAR
COMHMON/OUT/C11,C12,C21,C22,C223yRY11,RY21,RY22, ICOUNT» MFUN
COMMON/ICFG/ICFG,STOFFG

LDISAEBLE CONTROL “C7 TO AVOID CRASHING THE SYSTEM

CALL SCCACO0)

CalL FRINT( INTECOLOR DISFLAYT KEY INI 1(YES) 5 O(ND)Y’)
ACCEFT 100%:ICFG
FORMAT(I2)

CALL ASSIGN(I,y IFMGF1.DAT »0»NEW,NC»1) -
CALL ASSIGN(4, GRAFH.DAT »O0»NEWINC,1)
CALL ASSIGN(AHs "IFMGFE.DAT »O0yNEW,NC»1)
CALL ASSIGN(?, CUGRA.LAT »0yNEW,NC»1)
INITIALISATION OF I-MIC LINKS

WRITE(6,228)

FORMAT (7 INTERACTION FREDICTION METHOD WITH GLOEBAL FEEDEACK (SYJ7»

/7)

CaLl DATEO

CALL TIME

START=, TRUE.

CALL LNKSET

CALL TRMASC(30:8%5)

CALL IFOKE(*44,IFEEK(*44),0R.*100)

A(1)=0.,0

N=2

STEF=0.1
IC=N+2
ALFHA=1.3
BRETA=0.,5
GAMMA=2.0
TOL=0.0002
ICOUNT=1
IATAR=0
DATAX=0
STOFFG=0
WRITE(6:,8)
FORMAT(/ICOUNT V1 V2 F.MIN FiC F2C F1H F2H » /)
WRITE(3,804)

. FORMAT(” ICOWUNT FMaX .. . FMID FMTN (FHAX=-FMIN)Y. SST7F )
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FIRST ESTIMATE OF SIMFLEX VERTICE AND ITS FUNCTION VALUZ

000

CALL IFGGET(FUNyEGEF)
IF (STOFFG.EQ.1) GOTO 143
IF (FUN,LT.32.76) GOTO 1S
CALL FRINT(’ ENTER ESTIMATE SET FOINTS: V1,V2i- ’)
ACCEFT 16+BGEF(1),»EGEF(2)
16 FORMAT(2F8.4)
CALL CON1(ERGEF,F)
L0 17 L=1»N
I=RGEF (L)%X1000.0
IBGEBF(L)Y=INT(I)
17 CONTINUE
CALL SYNCH
CALL IFGGET(FUN,RBGERF)
IF (STOFFG.EQ.1) GOTO 143
13 FON+1,1)=FUN
18 00 10 I=1sN
F(I»1)=RBGRF(I)
10 CONTINUE
WRITE(6:,99) ICOUNT»EGEF(1)»RGEF(2),»FUN
99 FORMAT(IZS»2F7.2,FB.4,32X, " IGEN")
COUNT=FLOAT(ICOUNT)
DY1=06.,05
Dy2=0.2
WRITE(4,910) COUNT,>EBGEF(1):BGRF(2),FUN,DY1,0Y2
WRITE(?,95)COUNT,C11,C12,C21,C22,C23»RY11,RY21,RY22

?3 FORMAT(FS.1,8F7.3)
L=1
C
C GEMERATE REST OF SIMFLEX VERTICES AND THEIR FUNCTION VALUES
C

SIZE=0.0
00 20 J=2)»N+1
00 25 I=1,N
F(I»J)=KGEF(I)
CONTINUE
T=STEF
IF (J.NE.2) GOTO 600
0=3,0-T
IF (BGEF(1).LT.DJ) GOTO 27
501 F(J=-1»J)=RGEF(J-1)-T
GOTO 26
600 [i=1.846-T
IF (EGEF(2).GT.0) GOTO &01
27 F(J-1,J)=EGRF (J-1)+T
s IF (F¢(J-1,J) .NE.EBGEF(J-1)) GOTO 21
T=T%10.0
GOTO 27
21 SIZE=SIZE+ARS(T)
20 CONTINUE
23 SS=S1ZE
00 30 J=1,N+1
IF (J.EQ.L) GOTO 20
D0 35 I=1,N
EGERF (I)=F(I,J)
35 CONTINUE
IF (ICOUNT .LT. 3) GOTO 406
CALL CON1(EBGEFF)
606 0 200 I=1:N
D=RGEF (I1)%1000.0
IRGRF (I)=INT (I
200 CONTINUE

CaALL SYNCH
CALL IFGGET(FUN»EBGEF)

J
&}
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IF (STOFFG.EQ.1) GOTO 143
ICOUNT=ICOUNT+1
COUNT=COUNT+1.,0
FIN+1,J)=FUN
IF (ICOUNT .GT. 3) GOTO 198
WRITE(6,99) ICOUNT»RGEF(1),EGEF(2))FUN
WRITE(4,910) COUNT»BGEF(1)yEGEF(2),FUN»DY1,0Y2
WRITE(9,95)COUNT,C11,C12,C21,C22,C23,RY11,RY21,RY22
. GOTO 30
198 WRITE(6,2)ICOUNT s EGEF (1) »BGEF(2) sFUNSF(114) yF(214)yF(L1sH) sF(2:H)
2 FORMAT(I3»2F7.3sF8.4,4F7.32,4X, " {GEN’)
WRITE(3,1234% ICOUNT »VHI»F(N+1,N1)sULsX»SS
WRITE(4,210) COUNT»EGEF(1),EGEF(2),FUN»X»SS
?10 FORMAT(FS.1,2F7.3,F8,4,2F10.5)
WRITE(?,95)COUNT»C11,C12,C21,C22,C23,RY11RY21,RY22
30 CONTINUE

C FERFORM TESTS AND RE-ORDER FUNCTION VALUES

33 CONTINUE
[0 40 I=1,N+1
40 B(I)=F(N+1,1)
[0 41 I=1,N
IJ=I+1
D0 42 J=TJ,N+1
IF (E(ID.LE.E(J)Y) GOTO 42
T=R(I)
BCIdY=R(D)
ECI)=T
42 CONTINUE
41 CONTINUE
0 43 I=1,N+1
D0 44 J=1,N+1
IF (F(N+1»J) ,NELE(I)) GOTO 44
IF {I.EQ.1) GOTO 45 -
IF (I.EQ.N) GOTO 454 :
H=J
GO0TO 43
45 L=J
GOTO 43
446 Ni=J
<} 4 CONTIMUE
N3 CONTINUE
VL=F(N+1,L)
VH=F (N+1,H)
X=VH-VL .
TYFE 1224, ICOUNTsUH»F(N+1,N1),VUL.»X»SS
WRITE(S,1234) ICOUNT»YH»F(N+1,N1),»VL,»X»SS
1234 FORMAT(IS,»SF10.3)
WRITE(4,910) COUNT»BGBF(1)»BGEBF(2),FUN»X»SS
IF (X.LE.TOL) GOTO 150
IF (ICOUNT .LT. 100) GOTO 34%S6
CALL TIHE
TYFE J457
34357 FORMAT(” TYFE O (STOF) OR 1 (CONTINUE) )
ACCEFT 32460,REFLY
3460 FORMAT(I3)
IF (REFLY .EQ. 1) GOTO 34356
GOTO 150
3456 [11=0,6%VH
IF (VL.GT.D1) GOTO 49
F(3»1)=F(3,L)
RGEF (1)=F(1,L)
RGEF (2)=F(2,L)
GOTO 18
N [0.30 I=1,N



T==F(IsH)
DO S5 J=1s5(N+1)

T=T+F (I,
35S CONTINUE
FCI,IC)=T/FLOAT(N)
SO CONTINUE
C
C REFLECTION
(-

[0 60 I=1,N
BGEF (I)=(1,04+ALFHA)YXF(I»IC)-ALFHAXF (I, H)
60 CONTINUE
CALL CON1(BGEKF,F)
00 201 I=1,N
I=BGEF(IX>%X1000.,0
IBGERF (ID=INT (L)
201 CONTINUE
CALL SYNCH
CALL IFGGET(FUN,EGEF)
IF (STOFFG.EQR.1) GOTO 1432
ICOUNT=ICOUNT+1
COUNT=COUNT+1.0
WRITE(3,1234) ICOUNT,»UHF(N+1N1)Y,ULs»X,585
WRITEC4,210) COUNT/BGEF (1) +BGEF(2)FUN,yXsSS
WRITE(652) ICOUNT»EGEF(1)>BGEF(2)yFUNSF(154),F(2+4) sFC(LaH) yF (2, H)
3 FORMAT(IZ»2F7.3+F8.4,4F7,3,4X,’ {REF*)
WRITE(?,9S)COUNT>C11,C12,C215C225C22»RY11,RY21,RY22
IF (FUN.LT.VL) GOTO 100

IF (FUNJLLT F(N+15,N1)) GOTO 130
IF (FUN.GE.VH) GOTO 80

0 70 I=1,N

FCI»H)Y=BGRF(I)
70 CONTINUE

FON+1,H)=FUN

c REIIUCTION

80 0 82 I=1,N .
C BGEF(I)=(1.,0-BETA)XF(IsH)+EETAXFP(I,IC)
82 CONTINUE
CALL CON1(EGEF,F)
00 202 I=1:N
I=BGEF(I)>*1000.,0
IBGEF (I)=INT (D)
CONTINUE
CALL SYNCH
CALL IFGGET(FUN»EGEF)
IF (STOFFG.EQ.1) GOTO 143
ICOUNT=ICOUNT+1.0
COUNT=COUNT+1.0
WRITE(3,1234) ICOUNT,»VUH,FI{N+1»N1)sVL,»X,S8S
WRITE(4,210) COUNT,»EBGEBF(1),BGEBF(2)»FUN»X»SS
WRITE(SH9S) ICOUNT»EGEBF (1) sRGRF(2)FUNSF(1+4)F(254)yF(1,H)F(2H)
FORMAT(IZ»2F7,3,F8.44,4F7.324Xy " IRED )
WRITE(?:,9S)COUNT»C11,C12,C21,C22,C23yRY11,RY21,RY22
IF (FUNL.LT.F(N+1,H)) GOTO 130

[-J
e
rJ

w

CONTRACTION

OO0

SIZE=C.O
[0 90 J=1,N+1
IF (J.EQ.L) GOTO 90
[0 92 I=1,N
FCI» D) =BETAX(F(I»J)-F(I,LI))+F (I, L)
SIZE=SIZE+AKS(F(I»J)=-FC(I»L))
Y2 CONTINUE
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?0 CONTINUE

IF (SIZE.GE.0.0001) GOTO 446
GOTO 1590

446 IF (SIZE.LT.SS) GOTO 23

CALL FRINT(’ SIMFLEX FAILS TO CONTRACT’)
WRITE(6r444) SIZE,SS

444 FORMAT(//32F12.,5,///+" SIMFLEX FAILS TO CONTRACT!’,///)
GOTO 23

» .

c EXTENSION

»

100 [0 102 I=1,N

T=GAMMAXEBGEF (I)+(1,0-GAMMA)YXF(I,IC)

F(I»IC)=RBGERF(I)
BGEF(I)=T

102 CONTINUE

FIN+1>IC)=FUN

CALL CON1(RGEF,F)

[0 203 I=1,N

[I=RGEBF(I)%X1000.0

IBRGRF (I)=INT (L)

CONTINUE

CALL SYNCH

CaLL IFGGET(FUN»EGEF)

IF (STOFFG.EQ.1) GOTO 143

ICOUNT=ICOUNT+1

COUNT=COUNT+1.0

WRITE(Z,1234) ICOUNT,»VH»FP(N+1»N1)»UL»X»SS

WRITE(4,910) COUNT»EGEF(1),EGEF(2)FUN>X»SS

WRITEC(S6,4) ICOUNT,EBGEF (1) sBGEF(2),FUNIF(1y4)»F(2,4)yF(1sH)»F(2,H)

4 FORMAT(I322F7.3sF84454F7.,.324X " 1EXT")
WRITE(?,?3)COUNT»C11,C125,C21,C22,C235RY11,RY21,RY22
IF (FUNLLT.F(N+1,IC)) GOTO 130
N0 110 I=1,N
BEGEF (I)=F(I,IC)

rd
O
-

110 CONTINUE
FUN=F(N+1,IC)

130 00 112 I=1,N
FCIsH)=BEGEF(I)

112 CONTINUE
FON+LyH)=FUN
GOTO 33

130 L0 151 J=1,N

BEGEF (J)=F(J»L)
I=RGREF (J)X1000.0
151 TEGEF (J)=INT(ID
CALL STYNCH
CALL IFGGET(FUN:,EGEF)
IF (STOFFG.EQ.1) GOTO 143
ICOUNT=ICOUNT+1
COUNT=COUNT+1.,0
WRITE(Z,1224) ICOUNT»VUH»F(N+1sN1),VUL»X,»ES
WRITE(4,9210) COUNT»RGEF(1),EBGEF(2),FUN,X,SS
WRITE(SE»HY ICOQUNTHRGBF (1) »RGRF(2) s FUNSF(L1+4)sF(243)sF (L H)H»F(ZWH
6 FORMAT(IZ»2F7.2:,FB.4,4F7.3)
WRITE(Q.,95)COUNTC11-C12,C21,C22,C22,RY11:RY21,RY22

C

C SOLUTION QUTFUT

c

143 WRITE(Sr154) ICOUNT

154 FORMATC(//»’ AFTER’,I4,2X, FUNCTION CALLS’»/)
WRITE(6:,153) ERGEF(1)sERGRF(2)

153 FORMAT(’ SET FOINTS: VU1=',F7.2,7X»’V2="F7.3+/)
WRITE(6,3501) C11,C12

301 FORMAT(’ Cl1= “»F7.,3»5X»’C12= "»F7.3)

WRITE(6,503) C21,C224.C23.
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FORMAT(’ C21= ",F7.315%,’C22= ’47F7.3:5%X»"C
WRITE(6,504) RY11,RY21,RY22

FORMAT(’ RY11=',F7.3:5Xs RY21="3F7.3,5Xs "RY22="+F7.3+/)
WRITE(62506) MFUN

FORMAT(’ FINAL MODEL FUNCTIONAL VALUE IS ‘,F8.4)
WRITE(65,305) FUN

FORMAT(’ FINAL REAL FUNCTIONAL VALUE IS ‘»F8.45//)
SEND TERMINATION SIGNAL TO COORDINATOR

IBGEBF(1)=32766

IBGEF (2)=327466

CALL. SYNCH

CALL TIME

TYFE 678

FORMAT(1H »’ FLEASE STOF I-MICS AND THEN TYFE <CR=‘)
ACCEFT 679,CR

FORMAT (A1)

CaLL TIDY2
STOF
END

SUBROUTINE SYNCH

THIS SUBROUTINE SYNCHRONISES THE DATA TRANSFER BETUWEEN
THE F/G & R/G FROGRAM

INTEGERX2 RUF (177 »IEGEF (2)

LOGICALX1 START

BEYTE DATAX,IATAR
COMMON/TRANSF/BUF » IRGEF»START»DATAX» DIATAR

DATAR=1
IF(DATAR.EQ.2)GOTO 10
GOTO 20

DATAR=0

RETURN

END
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SUEROUTINE IFGGET(RFUN,GEF)

THIS SUBROUTINE GETS DATA FROM F/G FROGRAM (DECISION UNITS) T0 THE
E/G FROGRAM (COORDIMATOR) AND QUTFUT THE DATA OM INTECOLCR DISFLAY

INTEGERX2 BUF1(20),IKGEF(2),EUF(17),STOFFG,SHUT

REALX4 A1(3)yBUFX(17),RFUN,GEF(2),ROIUC2) »RY11yRY21 RY22, SFUN
LOGTCALX1 START

BYTE DATAX»DATAR

COMMON/TRANSF /RUF » IRGEF »START»DIATAX » DATAR
COMMON/ICF/ICFLAG
COMMON/ICFG/ICFG,»STOFFG

COMMON/OUT/C11,C12,C21,C22,C23»RY11,RY21,RY22, ICOUNT » MFUN
DATA YES/1HY/

Al1(1)=0.0
CONTINUE

IF (ICFG.EQR.0) GOTO 200 .
OUTFUT DATA TO INTECOLOR

IF (ICFLAG.ER.O0) GOTO 200

CALL ICIFGF(ERUF1)

ICFLAG=0

CHECK IF WANT TO SHUT LOWN THE SYSTEM

IVAL=ITTINRC(Q)
IF (IVAL.LT.O) GOTQ 210

- CALL CLEAR

CALL FRINTC(Z 7))

CaLL FRINT(” SYSTEM SHUT DOWNT‘)
CALL FRINTC(Z TYFE IN:I’7)

CALL FRINTC(”
CALL FRINTCC
CAaLL FPRINTC(/
ACCEFT 20»SHUT
FORMAT(I2,/)
IF (SHUT.EQ.O0) GOTO 210
STOFFG=1

IF (SHUT.EQ.2) GOTO 210
CaLL TIDY2

STOF

TNO
IMMEDIATELY )
AFTER MNEXT IATAH SET )

I = O

IF(DATAX,EQ.O0)GOTO 4
SENII 'ATA TO EB/G FROGRAM

DATAX=2
N0 S K=1,12
BUFX(K)Y=(FLOAT (BUF(K)>)>)>/1000.0

GEF (1)=RBUFX(2)
GERF (2)=BUFX(7)
Cl1i=RUFX(3)
C12=RUFX(4)
C21=RUFX(8)
CA2=RIFX (91X
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1000

C2Z=RUFX(10)
RY11=RUFX(6)
RY21=RBUFX(12)

RY22=2,3%C22-0,7%C23-1.,1%RY11

MFEUN=RUFX(S)+RUFX(11)

DETERMINATION OF REAL FERFORMANCE

ROIVUCL)=(RY11-1.0)%%2+C11%X%k2+C12X%2

ROUC2)=2, 0% (RY21-2,0)%X2+ (RY22-3.0)X*¥2+C21%*2+C22%X2+C23Xk2

REUN=ROUC1)+RIUC2)

SET UF A RBUFFER OF DATA TO RE LDISFLAY ON

[0 1000 K=1,12
BUF 1 (K)=BUF (K)
EUFL1(13)=INT(RY22%X1000.0)
BUF1(14)=INT(RFUN%X1000.0)

DISFLAY ODATA FROM I-MICS

TYFE 1,ICOUNT»GEF(1),GRBF(2)

FORMAT(IZ,’ ITERATION ¢ Ul='3F7.3’

TYFE 27 (RUFX(K) »K=Z56)
FORMATC( DULS “2A4F7.3)

TYFE 3» (BUFX(K) »K=B8,12) »RY21
FORMAT (7 DUZ2: Trb6FT7 403D

TYFE 6»MFUN>RFUN

FORMAT(’ MFI="»F7.3»7 REI="sF7.3+/)

RETURN
ENI '
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SUEROUTINE IFMGFF

C
? THIS SUBROUTINE IS THE TIME CRITICAL F/G FROGRAM WHICH USELD
& TO COMMUNICATE SYNCHRONISELY WITH THE I-MIC’S THROUGH THE LINKS
% USING INTERACTION FREDICTION METHOD WITH GLOEAL FEEDEACK.
C
INTEGER%2 RUF (17),RECEF(Z)yNEXT1(2),ICOUNT(2)
INTESERX2 IBGEF(2)
INTEGERX2 LAST1(2)yMBUFS(1000,2)YESsREFLY»TXE(128,2) »DATIU(R)
BYTE DATAX»TIATARY TFLAG
LOGICAL%1 TXFREE(2)sMEFREE(2)»START»RXFREE(2)
COMMON/FLAGE/RXFREE » TXFREE
COMMON/MEBUFS/MBUFS»MBFREE, LAST1»NEXT1
COMMON/TRANSF /BUF » IEGEF »START»DATAX» DATAR
COMMON/ICF/ICFLAG
COMMON/ICFG/ICFG,»STOFFG
DATA YES/1HY/
[
G
C INITIALISATION
©
IFC.NDT.START)YGOTO 235
C
CveeI —=-- THE LOCAL DECISION UNIT NUMBER
C
ICFLAG=0
ICC=1
DATDUCL) =5
DATIW(2) =6
o 111 K=1,2
IBGERF (K)=0
L1l ICOUNT (K)>=0
g 201 K=1,12
201 EUF (K)=0
KO=0 .
LQ@=0
TFLAG=0
I=1
START=.FALSE., o
233 IF(TFLAG.EQ.1)GOTO 2080

IF(TFLAG.EQ.2)G0OTO 2090

Ces oTEST IF ANY DATA RECEIVED FROM IMIC
IF(LAST1(I) ,LT. 0) GOTO 995
JC=LAST1(I)+2

C

C...TEST IF NEW ELOCK OF DATA RECEIVED

i AS A NEW EBLOCK NUMEBER IS TRANSFERRET

G FROM THE IMIC WHEN TRANSFER TAKES FLACE
IF(MRUFS(JC,»I).GT,ICOUNT(I))GO TO 240
GOTO 9935

C

C.. . MBFREE(I) FLAG IS TO CONTROL THE UFDATING

C OF THE MASTER RUFFER

240 MBFREE(I)=.FALSE.

C

C.,.SELECTS LATEST DATA ELOCK FROM MASTER RUFFER
Ki=1
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L10 K2=MEUFS(K1,I)~-1
R1=K2+1
IF(K1T JLE. LAST1(I)) GOTO 110
J=LAST1(I)
KO=KO+1
JC=J+2
JS=J+4
JF=JS+DATIUCT)
©
Cse+SETS LATEST DATA VALUES INTO TEMFORARY EUFFER
C WHICH IS USED TO SEND IATA TO THE RACKGROUND
C FROGRAM
EUF (1)=ICC
IF (I.EQ.2) GOTO 5011
Kd=2
GOTO 5012
5011 KJ=7
5012 00 S0 K=JS,JF
BUF (KJ)=MRBRUFS(K,I)
RJ=KJ+1
50 CONTINUE
C
MEFREE(I)=, TRUE.
ICOUNT(IY=MRUFS(JC,I)
IF (I. EQ. 2) GOTO 2020

I=2
GOTO 235
¥
2020 IF (LQ.EQ.1) GOTO 2030
C
C SENIN SYNCHRONISATION FLAG TO COORDINATOR
C
NWORDI=2
TXE(251)=BUF (8)
TXE(3,1)=EUF(9)
TXE(2,2)=BUF (3)
TXE(Z»2)=BUF (4)
[0 2010 I=1,NWORD
IF (TXFREE(I)) GOTO 5025
CALL FRINT(’ TXE NOT FREE’)
GOTO 995
5025 TXE(1y1)=2%NWORD
CALL TXFORD(TXE)
TXFREE(I)=,FALSE.
2010 CONTINUE
I=1
LR=1
GOTO 995
C
C
® STORE THE DATA OF THE CONVERGED DECISION UNIT SOLUTIONS IMNTO A
C TEMFORARY EUFFER READY TO TRANSFER TO THE E/G FROGRAM
C
2030 LQ=0
o TYFE 9999 (BUF (K)»K=1,12)
0999 FORMAT(1216)
C
C SET ALL THE NECESSARILY FLAGS TO SYNCHRONISE THE F/G 2 /G FROGRf
C
TFLAG=1
2080 IF(DATAX.EQ.2)GOTO 2070
DATAX=1
GOTO 995
2070 DATAX=0
~
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C...SETS-UF TEMFORARY RUFFER TO RECEIVE

= FARAMETER DATA FROM THE EBACKGROUND FROGRAM
00 100 KH=1,3

RECEF (KM)=0

100 CONTINUE
TFLAG=2

2090 IF(DATARJVEQ.O0)GOTO 995
DATAR=2
[0 2060 IJUK=1,2

2060 RECBF (IJK)=IEGEF (IJK)

C
C...TXFREE(I) FLAG IS USED TO CONTROL

[ THE TRANSMISSION OF DATA TO THE IMIC
G AS DATA MAY ONLY BE TRANSFERRED AFTER
C THE IMIC HAS COMFLETED A TRANSFER

0 2998 I=1,2

23100 IF(TXFREEC(IY)> GOTO 125
CALL FRINT(’ TXRUF NOT FREE ‘)
GOTO 995
125 CONTINUE
C
C.. .NWORDS,.. ., .NUMBER OF FARAMETER DATA VALUES
NWORDS=2
D0 126 K=1,NWORDS
126 TXBE(K+1,I)=RECEF (K)

TXEBE(1,I)=2XNWORDS
» TYFE 1092y (TXRB(J»I1)>J=252)
109 FORMAT(21I7)
CALL TXFORDC(TXE)
TXFREE(I)=.FALSE.
998 CONTINUE
C

[

ICFLAG=1
ICC=ICC+1
I=1
TFLAG=0

T 995 RETURN
1440 END
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SUBROUTINE CON1(XGEF»F)

C
REALX4 A2(3), 0102, XGEBF(2)sF(4,4),E1,E2HE3

Cc

780 IF (XGRF(1)..LE,Z,0.AND.XGEF(1).GE.0.0) GOTO 800
GOTO 1000

800 D1=XGRF(1)-2.0

D2=(XGRF(1)+1.8)/2.
IF (XGEF(2),GE.0,0.AND.XGEF(2).GE.D1.AND.XGEBF(2).LE,D2) GOTO E2&0
1000 XGEF(1)=(F(1,4)+XGERF(1))/2.
XGRF (2)=(F(2,4)+XGERF(2)) /2.
CALL FRINTC(’ CONSTRAIN VIOLATION!!’)
E1=F(1,4)-XGEF (1)
E2=F(2,4)-XGEF (2)
IF (ABS(E1)Y.LE.0.001 .OR. AEKS(ER).LE.0.001) GOTO <00
GOTO 780
200 E3=0.1
IF (F(1,4).EQG.0.0) GOTO %10
IF (F(1,4),EQ.Z.0) GOTO 220
XGEF (1)=F(1:4)
XGEF(2)=F(2,4)
GOTO 880
210 AGRF (1)=F(1,4)+EJ
XGEF(2)=F(2,4)+E3
G0TO 280
P20 E3=-E3
GOTO 210
880 RETURN
ENII

~
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SUBROUTINE ICIFGF(OF)

THIS SUEBROUTINE SENDS DIIATA FROM B/G FROGRAM TO THE INTECOLOR

o000

REALX8 SENDyR(20)

INTEGERX2 OF(20)

RYTE RUFFX(20)

EQUIVALENCE (RBUFFX(1),SENID

N=8

NN=14

[0 S0 I=1,NN

ENCODE(S»92sR(I)) OF(I)
30 CONTINUE
22 FORMAT(141I8)

[0 200 I=1,NN

SENL=R(I)

CAaLL ARRAYX(N»RUFFX)
200 CONTINUE

RETURN

ENTI
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Cl. Local Decision Units (I-MICs) Software Listing

for

Interaction Prediction Method with Global Feedback
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400 ;PROGRAM 071283
405 P.’INTERACTTON PREDICATICON METHOD WITH CLORAL FEEDBACK’
410 P.

415 P."LOCAL DECTSION UNIT 1°
420 P.

425 INP.’DATE’A

430 IKP.’TIME’,B

435 P.

460 P,

445 P, N \'Al \ C11 Cl2 Pl Y11’
L P. *hkkkkkkkkkhhhhhhhkhkhhkhkrhkhhhAhhkkrAkhkAkk ’
500 p.(3,2,4,4,5,3,15,21,21,21,7,1,10,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,20,10)
501 ;

506 ;INITIALISATION

508 ;INP’VI‘X,’V2’Y

510 E=] : O=1

512 F.I=1 TO 3

513 A(T)=C,F(I)=0 : N.I

515 F.I=1 TC 4

516 C(I1)=0,D(T)=0 : M.T

518 B(1)=0,R(2)=0

519 7(0)=0,7(1)=0,2(2)=0

521 ;

522 ;DECISTON UNIT 1 OPTIMISATION ROUTINE

525 ; DETERMINE Cl1 MAX(B(1)) & CI11 MIN(B(2))
530 A(1)=¥-2*Y+1000

540 A(2)=800+X-26%*Y/10

550 A(3)=X-2*Y-1000

560 IF A(1)<1000 G.590

570 B(1)=1000

580 GOTO 600

590 B(1)=A(1)

600 IF A(2)>B(1) GOTO 630

610 B(1)=A(2)

630 IF A(3)<-1000 GOTO 660

640 B(2)=A(3)

650 G.700

660 B(2)=-1000

670 G.1500

675 ;

700 ; NEW CPTIMISATION ROUTINE (2-FEB-84)

705 C(1)=X/2-Y

710 TF C(1)>B(1) G.725

715 IF C(1)<B(2) G.730

720 G.750

725 C(1)=B(1l) : G.750

730 C(1)=R(2)

750 C(2)=C(1)+2*Y-X

760 C(3)=(X-1000)*(X- 1000)/]000+C(1)*C(l)/1000+C(2)*C(2)/1000
770 G.1720

780 ;

1500 G(1)=-1000, G(2)=1000, G(3)=A(2)
1510 FOR I=1 TO 3

1520 TF G(I)>B(1) G.1580
1530 TF G(T)<B(2) C.1580
1540 D(1)=(X-1000)*(X-1000)/1000
1550 D(2)=(C(I)+2*Y=-X)*(G(T)+2*Y-X)/1000

1560 FC(I)=D(1)+D(2)+C(I)*G(1)/1000+]
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1570 COTO 1590

1580 F(T1)=32767,G(I)=F(1)
1590 N.I

1597 F(0)=32767, G(0)=F(0)
1600 F.I=1 TO 3

1610 IF F(I-1)>F(I) GOTO 1640
1620 F(1)=F(1-1),6(I)=G(I-1)
1630 GOTO 1650

1640 F(I)=F(T),C(I)=C(T1)

1650 NEXT I

1660 C(1)=G(3)

1662 IF C(1)=32767 G.1672
1670 C(2)=C(1)+2*Y-X

1671 G.1675

1672 C(2)=32767

1675 C(3)=F(3)

1685 G.1720

1700 P.

1705 P.’Cl11 =",C(1)," Cl2 =",C(2)
1710 P.°Pl =,C(3)

1715 P.

1717 ,

1718 ;SYNCHRONISATION RCUTINE
1720 EI

1721 W.(50)

1725 G0S.5000

1730 IF 7(0)>0 C.1745

1735 W.(10)

1740 C.1725

1745 TF Z(1)#32766 C¢.1755
1750 S.

1755 Q=0+1

1760 Z(0)=0

1765 W=(6*C(2)/10-14*C(1)/10+198%2(2)/100-234%2(1)/100)*100/98
1780 ;

1790 ;SEND CONTROLS TO TR4& AND TAKE REAL MEASURFMENTS
1800 APQ.(H.3F04,C(1))

1805 APC.(H.3EQ6,C(2))

1810 PO.(H.3200,0)

1815 W.(500)

1820 PO.(H.3E20,0)

1825 W.(5)

1830 B(0)=APE.(H.3F20)

1831 DI

1832 P.#3,F,#6,X,Y,C(1),C(2),C(3),R(0),W
1835 E=E+1

1840 C(4)=1

1845 2(0)=0

2000 ;

2005 ;SEND DATA TO COORDINATOR
4000 T=3

4005 P=6

4010 M=Pp

4012 EI

4013 SC.(100,4055)

4015 IF M>0 G.4030

4020 M=P

4025 GOS.5000
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4030 IF Z2(0)>0 C.4036
4035 G.4015

4036 DI

4037 IF 7(1)#32766 G.4040
4038 §S.

4040 ;

4043 GOS.6000

4045 0=0+1

4048 C(4)=0

4050 G.520

4055 M=M-T

4060 RTI

4070 S.

4100 ;

4105 ;DATA TO COORDINATOR
5000 Y(0)=7

5005 Y(1)=0

5010 Y(2)=C(4)

5015 Y(3)=X

5020 Y(4)=C(1)

5025 Y(5)=C(2)

5030 Y(6)=C(3)

5035 Y(7)=R(0)

5050 GOS.30000

5055 R.

5900 ;

5910 :DATA FROM COORDINATOR
6000 X=7(1)

6005 Y=Z(2)

6010 R.

9000 ; -

9005 ;I-MIC - LST LINK POUTINE
30000 TF Y(0)<=0 G.30020
30010 IF Y(0)<=127 C.30040
30020 P.’S/RE@30000-INVALID WORD COUNT SUPPLIFD AS’,Y(0), HENCE STOP’
30030 S.

30040 U=Y(0)*2

30060 G0S.32000

30070 F.J=1 TO Y(0)

30080 U=Y(J)

30090 GOS.32000

30100 U.H.2400(U)

30110 €0S.32000

30120 N.J

30125 U=0

30130 G0S.31000

30140 IF U=0 G.30170
30150 Z2(0)=0

30160 R.

30170 U=0

30175 G0OS.31000

30180 z(0)=U/2

30190 IF U#2*Z(0) G.30210
30200 IF U<254 G.30230
30210 P.’S/RE30000-INVALID BYTE COUNT RECEIVED AS”,U, HENCE STCP’
30220 S.

30230 F.K=1 TO 7(0)

30235 U=0
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30240
30250
30260
30270
30280
30290
30300
31000
31010
31020
31030
31040
32000
32010
32015
32020
32030

G0S. 31000
U.H.2400(1)
C0S.31000 -
U.H.2400(U)
Z(K)=U

N.¥

R.
U.H.240A()
U.H.CR(U)
U.1.2412(U)
U.1.240E()
R.
U.H.240A()
U.H.CE(U)
U.H.2412(K)
U.H.240E()
R.
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400 ;PROGRAM 071283

203 P.”INTERACTION PREDICTION METHOD WITH GI.OBAL FEEDBABCK’
10 P.

415 P.°LOCAL DECISION UNIT 2°

420 P.

425 INP.’DATE’A

430 INP.'TIMLE'R

435 P.

440 P,

445 P.’ N Vi V2 2] C22 €23 P2 Y21*’
4[,6 P, kkhkkbhhkkkhhdkhhhkhkhkkrAhhhhhkhkhkhkkhkhhkhhhkhhkhkhkkhAkhkhkkk’
500 D.(3,2,4,4,5,3,15,21,21,21,7,1,10,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,20,10)
2000 ;

2005 ;INITTALTISATION

2006 0O=1 : E=]

2008 INP.'VI‘X,‘V2'Y

2010 F.I=1 TO 10

2012 M(T)=0 : N.JI

2015 F.I=1 TO 7

2017 K(I)=0 : N.I

2020 F.I1=1 TO 21

2022 H(I)=0,T(I)=0,J(1)=0 : N.I

2025 F.I=1 TO 5

2027 FE(I)=0 : N.I

2028 C(4)=0

2029 7(0)=0

2030 ;

2031 :;DECISION UNIT 2 OPTIMISATION ROUTINE

2033 ; DETERMINE C22 MAX(M(7));C22 MIN(M(8));C23 MAX(M(9));C23 MIN(M(10))
2035 M(1)=X-Y+1000

2040 D=3*(X+1000)

2042 D=MOD(D,6)

2043 IF D>=3 COTO 2047 —
2044 IF D<=-3 G.2049

2045 D=0

2046 G.2051

2047 D=1

2048 COTO 205!

2049 D=-1]

2051 M(2)=(X+1000)/2+4D

2055 M(3)=M(2)-1000

2060 M(4)=X-Y-1000

2070 M(5)=X-2*Y+2000

2080 M(6)=X-2*Y-2000

2090 IF M(1)<=M(2) G.2120

2100 M(7)=M(2)

2110 GOTO 2130

2120 M(7)=M(1)

2130 IF M(7)<=1000 G.2150

2140 M(7)=1000

2150 IF M(3)<=M(4) G.2180

2160 M(8)=M(3)

2170 GOTO 2200

2180 M(8)=M(4)

2200 IF M(5)<=1000 G.2230

2210 M(9)=1000

2220 G.2250

2230 M(9)=M(5)
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2250
2260
2270
2280
2298
2299
2300
2301
2302
2303
2304
2305
2306
2307
2308
2309
2310
2311
2312
2313
2314
2316
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2565
2570
2580
2590
2600
2610
2620
2630
2645
2650
2660

IF M(6)<=-1000 COTO 2280

M(10)=M(6)
G.2298
M(10)=-1000

K(0)=-2*Y, K(1)=3*X-Y
K(2)=3*(X-2*%Y-5000)

K(3)=3*(-X-5000)

K(4)=MOD(K(1),6)

¥.(5)=MOD(K(0),6)

K(6)=MOD(K(2),6)

K(7)=MOD(K(3),6)

FOR T=4 TO 7

IF K(I)>=3 GOTO 2310

IF K(I)<=-3 G.2312

K(1I)=0

G.2313

K(I)=1

G.2313

K(T)=-1

NEXT 1

H(1)=K(1)/6+K(4), T(1)=-Y/3+K(5)
H(2)=X-Y-1000, I(2)=(X-2*Y-5000)/2+¥(6)
H(3)=X-Y+1000, I(3)=T1(2)+2000
H(4)=-1000, I(4)=(-X-5000)/2+K(7)
H(5)=1000, T1(5)=T(4)+2000
H(6)=H(1)+667, I(6)=-1000
H(7)=RH(1)+1333, I(7)=1000

H(8)=H(2), T(8)=X-2*%Y-2000

H(9)=H(3), T(9)=X-2*Y+2000

H(10)=H(4), I(10)=-2000-X

HC11)=H(5), T(11)=2000-X
H(12)=-1(4)-3000, T(12)=1(6)
N(13)=-T(5), T(13)=1(7)
N(14)=H(&), T(14)=T(12)
H(15)=11(14), 1(15)=T1(13)
H(16)=11(9), I(16)=T(14)
H(17)=R0(16), I(17)=T1(15)
H(18)=H(10), I(18)=I1(16)
H(19)=1(18), T(19)=T1(17)
H(20)=H(11), T(20)=1(18)
H(21)=1000, I(21)=1000
F.T=1 TO 21

IF H(I)>M(7) G.2590

IF H(I)<KM(8) G.2590

IF T(I)>M(9) C.2590

IF 1(I)<XM(10) GOTO 2590
E(3)=(1(T)=-X+Y)*(H(T)-X+Y)/1000
D=F(3)+H(I)*H(I)/1000+I(I)*T(I)/1000
E(4)=D-(1050%X/1000)*X/1000-2040

IF F(4)<=0 G.2610

J(1)=32767, B(1)=J(T), I(I)=H(T)
G.2645

E(1)=2%(Y-2000)*(Y-2000)/1000

)

E(2)=(2*H(I)-T(I)-X-3000)*(2*H(T)-I(I1)-X-3000)/1000
J(I)=E(1)+E(2)+E(3)+H(I)*H(I1)/1000+I(T)*I(T1)/1000+2

N.T
J(0)=32766
FOR I=1 TO 21
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2670
2680
2690
2700
2710
2720
2723
2725
2730
2731
2732
2735
2740
2745
2750
2755
2760
2765
2767
2768
2770
2772
2774
2776
2778
2780
2785
2787
2789
2790
2795
2800
2805
2810
2815
2820
2825
2830
2835
2840
2845
2890
2895
3000
3005
3010
3015
3020
3025
3030
3032
3035
3040
3045
3050
3060
3065

4000

IF J(I-1)>J(1) GOTO 2700

J(I)=3(I-1), I(I)=T(T-1), M(I)=F(I-1)
COTO 2710

J(I)=J(1), I(I)=I(I), B(I)=H(I)

NEXT T

E(5)=1H(21)-X+Y

G.2800

P.

PRINT C21 =",E(S),” €22 =",1n(21)," €23 =’,1(21)
P. P2*°,J3(21)

P.

;NEW OPTIMISATION ROUTINFE (2-FEB-84)
H(21)=(2*X-Y+3000)/4

1(21)=-(Y+3000)/4

IF H(21)>M(7) G.2767

IF H(21)<M(8) G.2768

G.2770

H(21)=M(7) : G.2770

H(21)=M(8)

IF I(21)>M(9) G.2776

TF I(21)<M(10) G.2778

G.2780

T(21)=M(9) : G.2780

1(21)=M(10)

E(5)=H(21)-X+Y
J(21)=E(5)*E(5)/1000+2*(Y-2000)*(Y-2000)/1000
J(21)=J(21)+(2*H(21)-T(21)-X-3000)*(2*H(21)-1(21)-X-3000)/1000.
J(21)=J(21)+H(21)*H(21)/10004+I(21)*1(21)/1000+2

; SYNCHRONISATION ROUTINFE
EI .

C0S. 5000

IF 2(0)>0C G.2825

V. (10)

C.2805

IF 7(1)#32766 G.2835

S.

Q=0+1

2(0)=0
W=(11%H(21)/10-13%E(5)/10+66%2(2)/100-154*Z(1)/100)*100/98

:SEND CONTROLS TO TR4& AND TAYE REAL MEASUREMENTS
APO.(H.3E08,E(5))

APO.(H.3E0A,1(21))

PO.(H.3200,0)

W.(500)

PO.(N.3E22,0)

W.(5)

B(0)=APF.(H.3E22)

DI
P.#3,E,#6,X,Y,E(5),H(21),1(21),J(21),B(0),V
L=E+!

c(4)=1

7.(0)=0

:SEND DATA TO COORDINATOR
T=3
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4005
4010
4012
4013
4015
4020
4025
4030
4035
4036
4037
4038

4040 ;

4043
4045
4048
4050
4055
4060
4070
4900
4904
5000
5005
5010
5015
5020
5025
5030
5035
5040
5050
5055

P=6
M=P

LI

SC.(100,4055)

IF M>0 G.4030

M=P

GOS. 5000

IF 7(0)>0 €.4036
G.4015

DI

IF 7(1)#32766 G.4040
S.

GOS. 6000

0=0+1

C(4)=0

G.2029

M=M-T

RTI

S.

:DATA TO COORDINATOR
Y(0)=8

Y(1)=0

Y(2)=C(4)

Y(3)=Y

Y(4)=F(5)
Y(5)=H(21)
Y(6)=1(21)
Y(7)=J(21)
Y(8)=R(0)

G0S.30000 .
R.

5900 ;

5910
6000
6005
6010

:DATA FROM COORDINATOR
X=Z(1)

Y=2(2)

R.

9000 ;

9005
30000
30010
30020
30030
30040
30060
- 30070
30080
30090
30100
30110
30120
30125
30130
30140
30150
30160
30170

:T-MIC - LST LINK ROUTINFE

IF Y(0)<=0 G.30020

IF Y(0)<=127 C.30040

P.’S/@30000-INVALID WORD COUNT SUPPLIED AS’,Y(0), HENCE STOP’
S.

U=Y(0)*2

G0S.32000

F.J=1 TO Y(0)

U=Y(J)

C0S.32000

U.11.2400(U)

G0S.32000

N.J

U=0

G0S.31000

IF U=0 ¢.30170

7(0)=0

R.
U=0
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30175 G0S.31000

30180 Z(0)=U/2

30190 IF U#2*Z(0) G.30210
30200 IF U254 G.30230
30210 P.’S/@30000-INVALID BYTFE COUNT RECEIVED AS’,U, HENCE STOP’
30220 S.

30230 F.k=1 TO 2(0)
30235 U=0

30240 GOS.31000

30250 U.H.2400(U)
30260 G0S.31000

30270 U.N.2400(U)
30280 Z(K)=U

30290 N.K

30300 R.

31000 U.H.240A()

31010 U.H.C8(U)

31020 U.H.2412(U)
31030 U.N.240E()

31040 R.

32000 U.H.240A()

32010 U.H.C8(U)

32015 U.H.2412(K)
32020 U.H.240E()

32030 R.
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c2. Local Decision Units (I-MICs) Software Listing

for

Interaction Prediction Method with Local Feedback
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400
405
410
415
420
425
430
43]
435
440
445
450
500
501
506
510
520
530
540
550
560
570
580
600
605
610
615
800
805
900
1000
1005
1010
1015
1020
1025
1027
1030
1035
1040
1045
1050
1060
1065
1070
1075
1080
1100
1105
1110
1115
1120
1123
1125
1130
1135
1700
1705

; PROGRAM 190384

P.”INTERACTION PREDICTION METHOD WITH LOCAL FEEDBACK (SY)’
P.

P. LOCAL DECISION UNIT 1°
P.
INP. ‘DATE’ A

INP.’TIME’,B

X=1171, Y=965, S=0

P.

P.

G.500

INP.'UIL’Y,’Y11’X, SHIFT’S
D.(3,2,4,4,5,3,15,21,21,21,7,1,10,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,20,10)

s INITTALISATION
E=0, C(0)=0, 0=l

F.I=1 TO 10

M(I)=0, Y(I)=0, 2(I)=0 : N.I

F.I=1 TO 3

A(I)=0, C(I)=0, F(I)=0, B(I-1)=0 : N.I
F.I=1 TO 5

H(I)=0, I(I)=0, J(I)=0 : N.I

INP.‘K1°M(1), K2°M(2)

P.#3,0,° TITERATION : Ull=",Y,’ Yil=",X," SHIFT=",S
P.

P.

P.” N Cll Cl2 S1 Pl Ull* Y11*
2.¢(0)=0, C(4)=0

E=E+1, C(0)=C(0)+]

; LOCAL DECISION UNIT 1 - OPTIMISATION ROUTINE
H(1)=-2%Y/3+S/3+333, I(1)=-H(}1)
H(2)=-13*Y/10+S/24900, T(2)=800-3*Y/5
H(3)=1000, T(3)=-1000 )
H(4)=-1000, I(4)=1000

H(5)=-1000, T(5)=1(2)

A(1)=X-1000

F.I=1 'TO 5

IF ABS(H(TI))>1000 CG.1075

IF ABS(I(I))>1000 G.1075

A(3)=T(I)+3*Y/5

IF A(3)>800 G.1075
A(2)=B(I)*H(TI)/1000+I(T)*I1(I)/1000
J(I)=A(1)*A(1)/1000+A(2)+]

G.1080

J(I)=32766

N.T

J(0)=32766

F.I=1 TO 5

IF J(I-1)>J(1) G.1120

J(1)=J(I-1), H(I)=H(I-1), I(1)=I(1I-1)

N.I

G.1700

P.’Cll=",H(5)," C12=",1(5)

P.’UllI=",Y,’ Y1l=",X

P. PI(X1000)=",J(5)

: SYNCHRONISATION ROUTTNE
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1075
1080
1160
1105
1110
1115
1120
1123
1125
1130
1135
1700
1720
1725
1730
1735
1740
1743
1745
1747
1748
1750
1755
1765
1799
1800
1805
1810
1815
1820
1824
1826
1828
1831
1832
1840
1850
18460
1870
180
1890
2000
=010
2020
2030
2040
3900
4000
4005
4010
4012
4013
4015
4020
4025
4030
4035
4036
4037
4038

J(I1)=32766

N T
J(0)=32766
F.I=1 TO 5

IF J(I-1)>J(1) 6.1120
JID)=J(I-1), H(I)=H(I-1), I(I)=I(I-1)

NI

G. 1700

P. ‘C11=",H(3), ’ Ci2=',1(5)

P. ‘Ult=",Y, " Yit=", X

P. 'P1(X1000)=", J(5}

i MODEL % REAL PROCESS INTERFACE
EI

G0S. 5000

IF Z(0)>0 G. 1745

W. (20)

G. 1725

Z(0)=0

IF Z(1)#32766 €.1755

P.

P. ‘TOTAL ITERATIONS REQUIRED : ’/,C(0O)
S.

G=Q+1

W=(&#I(5)710-14#H(S) /10+99%Z(2)/50~-4,17%Z(1}/52)#50/49
i SEND DATA TO ANALOGUE COMPUTER

4P0. (H. 3E04, H(5))

4PO. (H. 3E06, 1(5))

PO. (H. 3200, 0)

W. (500)

PO. (H. 3E20,0) : W. (5)
B(O)=APE. (H. 3E20)

PO. (H. 3E22,0) : W. (5)

B(1)=APE. (H. 3E22

oI

P. #3, E, #6, H(5), 1(5),S,J(5),B(1),B{0), W
E(1)=X-B(0)

IF ABS(E(1))>3 6.2000

P. ‘/AFTER ’/,#3,E, * ITERATIONS’
P.H(5), I(5),5,J(5),B(1),B(0),W

c(4)=1, Z(0)=0

G. 3900

i UPDATING ROUTINE

E(2)=Y-B(1)
C(1)=S+M(1)¥E(1)71000+M(2)*E(2)71000
S=C(1)

G. 800 _

SEND CONVERGED SOLUTION TO COORDINATOR

— Iy
VoW

om0 A~

C. (100, 405%5)

IF M>0 G. 4030

M=P

G0S. 5000

IF Z(0)2>0 G. 403

G. 4015 :

DI

IF Z(1)#32766 G. 4040
P.
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4039 P. ‘TOTAL ITERATIONS REQUIRED : ‘yC(0O)
4040

4043 GOS. 6000

4045 G=Q+1

4048 C(4)=0

4050 G. &05

4055 M=M-T

4040 RTI

4070 €.

5000 Y(0)=8

5005 Y(1)=Q

5010 Y(2)=C(4)

5015 Y(3)=X

5020 Y(4)=H(5)

5025 Y(S5)=I(5)

5030 Y(6)=J(5)

5035 Y(7)=B(0O)

5040 Y(8)=S

5050 G0S. 230000

5055 R.

6000 X=Z(1)

6005 Y=Z(2)

5010 R.

30000 IF Y(0)<=0 G. 30020
30010 IF Y(0)<=127 G. 30040
20020 P. ‘S/RE@30000—-INVALID WORD COUNT SUPPLIED aS‘, Y(0O), 'HENCE STOP
30030 S.

30040 U=Y(0)#2

300460 GOS. 32000

300670 F.J=1 TO Y(0)
30080 U=Y(J)

30090 GOS. 32000

30100 U. H. 2400(U)

30110 GOS. 32000

30120 N. J

30125 U=0

30130 GOS. 31000

30140 IF uU=0 G.30170
30150 Z(0)=0

301460 R.

30170 U=0

30175 GOS. 31000

30180 Z(0)=U/2

30190 IF uU#2#Z(0) G.30210
30200 IF u<254 G. 30230
30210 P. ‘S/RE@30000-INVALID BYTE COUNT RECEIVeD AS’, U, ‘HENCE STOP '’
30220 S. '
30230 F.K=1 TO Z(0)
30235 U=0

30240 G0S. 31000

30250 U. H. 2400(U)

30260 GOS. 31000

30270 U. H. 2400(U)

30280 Z(K)=U

30290 N. K

30300 R.

31000 U. H 240A()
31010 U. H C8(U)
31020 U. H 2412((U)
31030 U. H 240E()
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31040
32000
32010
32015
32020
32030

pCCcCcex

LI L

240A ()
c8 )
2412 ((K)
240E()
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400 ;PROCPAM 1903R4
405 P.”INTERACTION PREDICTION METHOD WITH LOCAL FFEDBACK (SY)’
410 P.
415 P.’LOCAL DECISION UNIT 2°
420 P.
425 INP.’DATE’A
430 INP.’TIME'B
432 X=1171, ¥=965, S=0
435 P,
440 P.
445 G.500
450 INP.’U21°X,’Y21°Y,’SHIFT’S
500 p.(3,2,4,4,5,3,15,21,21,21,21,21,10,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,20,10
501 ;
505 ;INITIALISATION
510 E=0, C(0)=0, Q=1
530 F.I=1 TO 18
540 H(I)=0, T(I)=0, J(I)=0, X(I)=0, L(I)=0 : N.T
550 F.1=1 TO 10
560 M(T)=0, Y(I)=0, 7(I)=0 : N.J
570 F.I=1 TC 4
580 C(I)=0, F(I)=0 : N.I
590 A(1)=0,A(2)=0,A(3)=0
595 INP. ¥K1°M(1), K2°M(2)
600 P.#3,0,” ITERATION : U2l=’,X,” Y21=',Y,’ SHIFT=",¢
605 P.
610 P.
615 P.” N C2] €22 €23 Y22 S2 P2 U2l*  Y21%
800 Z(0)=0, C(4)=0 |
805 E=F+1, C(0)=C(0)+]
900 ; .
1000 ;LOCAL DECISION UNIT 2 - OPTIMISATION ROUTINE
1005 H(1)=-4*X/114+6*%S/11+1636, T(1)=5%X/11-2%S/11+455
1010 J(1)=-X/22-2*%%/11-1046, ¥(1)=-X/22-2*S/11+41955
1015 H(2)=1000, I(2)=3*X/5-2*S/5+200
1020 J(2)=X/10-2*S/5+1300, K(2)=X/10-2*S/5+1700
1025 H(3)=-2*X/34+2%S/3+2000, I(3)=1000
1030 J(3)=-X/2-500, ¥(3)=-X/2+25C0
1035 H(4)=-1000, T(4)=3*%X/5-2*%/5-600
1040 J(4)=X/10-2%S/5-2100, V.(4)=X/10-2*S/5+900
1045 H(5)==-2*X/3+2*S/3+667, 1(5)=-1000
1050 J(5)=-X/2-2500, K(5)=-%/2+500
1055 H(6)=1000, I(6)=-1000, J(6)=J(5), K(6)=K(5)
1060 H(7)=1000, T(7)=4*X/7-2*S/7+286
1065 J(7)=-1000, K(7)=X/7-4*S/7+1571
1070 H(8)=H(3), I(8)=1000, J(8)=-1000, K(8)=3000-X
1075 H(9)=-10C0, I(9)=1000, J(9)=J(3), ¥(9)=¥(3)
1080 1+(1M=-1000, I(10)=1(7), J(10)=1000, ¥ (10)=X/7-4*5/7-429
1085 H(11)=1(5), I(11)=-1000, J(11)=1000, ¥(11)=-3000-X
1090 H(12)=1000, I(12)=-1000, J(12)=-1C00, ¥(12)=-X-1000
1095 H(13)=1000, I(13)=-K(5), J(13)=-1000, K(13)=0
1100 H(14)=1000, J(14)=1000, J(14)=-1000, ¥(14)=K(R)
1105 H(15)=-1000, T(15)=1000, J(15)=-1000, ¥(15)=¥(&)
1110 1(16)=-1000, T(16)=1000, J(16)=10C0, K(16)=-X+10C0
1115 H(17)=-1000, I(17)=-1000, J(17)=1000, K(17)=K(11)
1120 H(18)=1000, 1(18)=-1000, J(18)=1000, K(18)=K(11)
1125 A(1)=Y-2000
1200 F.I=] TO 18

203



1205 TF ABS(H(I))>1000 C.1245

1210 IF ABS(I(I))>1000 C.1245

1215 IF ABS(J(I))>1000 C.1245

1220 IF K(I)<0 G.1245

1225 A(2)=K(T1)-3000, A(2)=A(2)*A(2)/1000

1230 A(3)=H(I)*H(I)/IOOO+I(I)*I(I)/]OOO+J(I)*J(I)/1000
1235 L(I)=2*(A(1)*A(1)/1000)+A(2)+A(3)+2

1240 GC.1250

1245 1.(1)=32766

1250 N.7J

1260 L(0)=32766

1265 F.I=] TO 18

1270 IF L(I-1)>L(TI) G.1280

1275 L(I)=L(I-1), H(I)=H(I-1), I(I)=1(I-1), J(I)=J(I-1), K(I)=K(I-1)
1280 N.T

1283 C.2800

1285 P.’C21=",1(18)," €22=",1(18)," C23=",J(18)
1290 P.°U21=",%," Y21=',Y,° Y22=" ¥ (1R)

1295 P.’P2(X1000)=",1.(18)

2800 ;

2801 ;SYNCHRONISATION ROUTINE

2802 EI

2805 C0S.5000

2810 IF 7Z(0)>0Q C.2825

2815 W.(20)

2820 G.2805

2825 IF z(1)#32766 C.2835

2827 P. ' ‘

2828 P. TOTAL ITERATIONS REQUIRED : ’,C(0)

2830 S.

2835 0=Q+1

2840 Z2(0)=0

2845 W=(11*T(18)/10-13*H(18)/10+66*7(2)/100-154*7(1)/100)*100/98
2952 ;

2953 ;SEND CONTROLS TO TR48 AND TAKE REAL MFASUREMENTS
3000 APO.(H.3E08,11(18))

3005 APO.(H.3E0A,1(18))

3010 PO.(H.3200,0)

3015 wW.(500)

3020 PO.(H.3E20,0) : W.(5)

3025 B(0)=APE.(N.3E20)

3027 PO.(H.3E22,0) : W.(5)

3030 B(1)=APF.(H.3E22)

3032 NI

3035 P.#3,F,#6,11(18),1(18),J(18),K(18),5,L(18),B(0),B(1),V
3037 ;

3038 ;CHECK CONVERGENCE

3040 E(1)=Y-B(1)

3050 IF ABS(E(1))>3 G.3500

3060 P. AFTER ' ,#3,FE,” TITERATIONS’

3070 P.H(18),I()18),J(18),K(18),S,L(18),B(0),B(1),V
3080 C(4)=1, 2(0)=0

3090 €¢.3900

3490 ;

3500 ;UPDATINC ROUTIKE

3510 E(2)=X-R(0)

3520 C(1)=S+M(1)*E(1)/1000+M(2)*F(2)/1000

3530 S=C(1)

T dd 02
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3540
3890
3900
4000
4005
4010
4012
4013
4015
4020
4025
4030
4035
4036
4037
4038
4039
4040
4043
4045
4050
4055
4060
4070

4900 ;

4905
5000
5005
5010
5015
5020
5025
5030
5035
5040
5045
5047
5050
5055

5900 ;

5910
6000
6005
6010

G. 800

b
; SEND CONVERGED SOLUTION TO COORDINATOR

T=3

P=6

M=p

ET

SC.(100,4055)

IF M>0 G.4030
M=P

C0S. 5000

IF 72(0)>0 G.4036
C.4015

DI

IF Z(1)#32766 G.4043
P.

P.”TOTAL TTERATIONS REQUIRED :

S.
GOS. 6000
Q=0+1
G.605
M=M-T

RTI

S.

:DATA TO COORDINATOR
Y(0)=10
Y(1)=0
Y(2)=C(4)
Y(3)=Y
Y(4)=1(18)
Y(5)=1(18)
Y(6)=J(18)
Y(7)=¥(18)
Y(8)=L(18)
Y(9)=B(1)
Y(10)=S
GOS. 30000
R.

:DATA FROM CCORDINATOR
X=Z(1)

Y=7(2)

R.

9000 ;

9005

30000
30010
30020
30030
30040
30060
30070
30080
30090
30100
30110
30120

; I-MIC - 1.SI LINK ROUTINE
IF Y(0)<=0 G.30020
IF Y(0)<=127 G.30040

*S/R@30000-INVALID WORD COUNT SUPPLIED AS’

s
U=Y(0)*2
G0S.32000
F.J=1 TO Y(0)
U=Y(J)
G0S.32000
U.11.2400(U)
G0S. 32000

NLJ
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30125 U=0

30130 G0S.31000

30140 IF U=0 G.30170
30150 z2(0)=0

30160 R.

30170 U=0

30175 GOS.31000

30180 Z(0)=U/2

30190 IF U#2*Z(0) €.30210
30200 IF U<254 G.30230
30210 P.’S/R@30000-INVALID BYTE COUNT RECEIVED AS’,U, HENCE STOP’
30220 S. :
30230 F.K=] TO Z(0)
30235 U=0

30240 G0OS.31000

30250 U.H.2400(U)
30260 G0S.31000

30270 U.H.2400(U)
30280 Z(X)=U

30290 N.X

30300 R.

31000 U.H.240A()

31010 U.H.C8(U)

31020 U.KH.2412(U0)
31030 U.H.240F()

31040 R.

32000 U.H.240A()

32010 U.H.CB(U)

32015 U.H.2412(K)
32020 U.H.240FE()

32030 R.
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C3. Local Decision Units (I-MICs) Software Listing

for

Interaction Balance Method with Global Feedback
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1000 ;PRCGRAM 160284

1005 P.”INTERACTION BALANCE METHOD WITH GLOBAL FEEDRACY’
1010 P.

1015 P.”LOCAL DECISTON UNIT 1°

1020 P.

1025 INP.’DATF’A

1030 INP.’TIME’B

1035 X=-2538,Y=-740

1036 C.1043

1040 P.

1042 INP.’L1°X, L2°Y

1043 P.

1044 P.

1045 P.” N L] L2  Cl] Cl2 Pl Y11%*’
1050 P. ThhkARkARAR Ak Ak hkkh ok kkk kkk A kRS A Ak Ak h kA A Ak khkk sk kkkkkhkkkk ’
4002 D.(4,-1,-1,-1,-1,-1,-1,11,11,11,11,11,2¢,20,20,20,20,20,20,-1,-1,-1,-1,-1,11
4010 ;

4011 ;INITIALTSATION

4012 0=]

4015 E=]

4020 AC0)=0, A(1)=0, A(2)=0, A(3)=0, A(4)=0
4035 F.I=1 TO 1]

4040 H(T)=0, I(I)=0, J(I)=0, K(I)=0, L(I)=0
4045 N.I

4059 M(1)=0

4070 7(0)=0

4998 ;

4999 ;DFECISION UNIT 1 OPTIMISATION ROUTINFE
5000 H(1)=X/4, T(1)=-H(1)

5002 J(1)=500-375*X/1000+Y/4

5003 K(1)=1000-X/4+Y/2

5005 H(2)=1000, T(2)=-1000

5007 J(2)=-500-X/8+Y/4

5008 K(2)=1000-X/4+Y/2

5010 N(3)=-80+520*X/2992+72*Y/2992

5011 T1(3)=347+240%X/2992-312%Y/2992

5012 J(3)=754-400%X/2992+520%Y/2992

5013 K(3)=1080-520*X/2992+1424%Y/2992

5015 H(4)=-1000, I(&4)=146+60*X/1424-156%Y/1424
5017 J(4)=1089-100*X/14244+260%Y /1424

5018 X(4)=1033-260*X/1424+676%Y/1424

5020 H(5)=-3000+Y/4, I(5)=-1000

5022 J(5)=3000, K(5)=4000+Y/4

5025 H(6)=1000, I(6)=-1000

5027 J(6)=3000, K(6)=8000

5030 H(7)=-1000, I(7)=-1000

5032 J(7)=3000, K(7)=6000

5035 H(8)=-134+260*X/1424

5036 I1(8)=584+60*X/1424

5037 J(8)=359-100%X/1424

5038 K(8)=0

5040 H(9)=-1000, I1(9)=385

5042 J(9)=692, ¥(9)=0

5045 H(10)=X/4, I(10)=-H(10)

5047 J(10)=1(10), ¥(10)=0

5050 H(11)=1000, I(11)=-1000

5052 J(11)=-1000, ¥(11)=0

5070 F.I=1 TC 11
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5075 IF ABS(H(I))>1000 G.5125

5077 IF ABS(I(I))>1000 G.5125

5079 A(4)=T(I)+6*J(T1)/10

5080 IF A(4)>800 G.5]125

5085 IF K(I)<O0 G.5125

5105 A(1)=(¥(I)-1000)*(K(I)-1000)/10000
5110 A(2)=B(T)*H(I)/10000+I(I)*I1(I)/10000
SIS A(3)=X*J(1)/10000-Y*K¥(I)/10000

5120 L(T)=A(1)+A(2)+A(3)+2
5121 G.5135

5125 L(I)=32766

5135 N.T

5200 L(0)=32766

5205 F.I=1 TO 11

5210 TF L(T-1)>L(T) G.5240
5215 L(I)=L(I-1), B(I)=H(I-1), I(I)=I(I-1)
5220 J(I)=J(1I-1), K(I)=K(I-1)

5240 NFXT 1T

5300 A(1)=(K(11)-1000)*(K(11)-1000)/1000
5305 A(2)=F(11)*H(1]1)/10004+I(11)*I1(11)/1000
5310 A(3)=X*J(11)/1000-Y*K(11)/1000

5315 L(11)=A(1)+A(2)+A(3)+2

5320 G.7000

6500 P.’Cll=",1(11)," C12=",1(11)
6505 P.UlI=",J(11)," Y1l=",K(11)
6510 P.’P1=",1L(11)

6520 S.

6900 ;

6905 ; SYNCHRONTISATION ROUTINE

7000 EI

7005 W.(100)

7010 GOS.8500

7015 IF 2(0)>0 G.7030

7020 W.(10)

7025 G.7010

7030 -IF Z(1)#32766 G.7040

7035 S.

7040 Q=0+1

7045 2(0)=0

7050 W=(33*I(11)/50-77*H(11)/50-13*Z(1)/10+11*Z(2)/10)*50/49
7052

7053 ;SEND CONTROLS TO TR48 AND TAKE REAL MEASUREMENTS
7055 APO.(R.3E04,H(11))

7060 APO.(H.3E06,T7(11))

7065 PO.(H.3200,0)

7070 W.(500)

7075 PO.(H.3E20,0)

7080 W.(5)

7085 M(0)=APE.(H.3E20)

7090 DI

7095 P.#3,F,#6,X,Y,1(11),7(11),L(11),M(0),V,"
7100 L=F+]

7105 M(1)=1

7110 2(0)=0

8000 ;

8005 ;SEND DATA TC COCRDINATOR

8010 T=3

en1s P=t
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8020
8025
8030
8035
8040
8045
8050
8055
8056
8057
8058
8060
8065
8070
8071
8072
8075
8080
8085
8090

M=P

FI

SC.(100,8080)

IF M>0 C.8050
M=p

GOS. 8500

IF 7(0)>0 G.8056
G.8035

DI

IF 7(1)#32766 G.8060
S.

CCS.8700
0=0+1
Z(0)=0
M(1)=0
G.4999
M=M-T
RTI

S.

8400 ;

8405
8500
8505
8510
8515
8520
8525
8530
8535
8540
8560
8570
8600
8605
8700
8705
8710

:DATA TO COORDINATOR
Y(0)=8 ~
Y(1)=0
Y(2)=M(1)
Y(3)=¥X
Y(4)=J(11)
Y(5)=H(11)
Y(6)=I(11)
Y(7)=K(11)
Y(8)=M(0)

G0S. 30000

R.

?

;DATA FROM COORDINATOR
X=Z(1)

Y=2(2)

R.

9000 ;

9005

30000
30010
30020
30030
30040
30060
30070
30080
30090
30100
30110
30120
30125
30130
30140
30150
30160
30170

s I-MIC - LSI LINK ROUTINE

IF Y(0)<=0 G.30020

IF Y(0)<=127 G.30040

P.’S/R@30000-INVALID WORD COUNT SUPPLIED AS’,Y(0), HENCE STOP’
S.
U=Y(0)*2
G0S.32000
F.J=1 TO Y(0)
U=Y(J)
G0S.32000
U.H.2400(U)
G0S.32000

N.J

U=0

G0S. 31000

IF U=0 G.30170
2(0)=0

R.

U=0
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30175 COS.31000

30180 Z(0)=U/2

30190 TF U#2*7(0) G.30210
30200 TF U<254 G.30230
30210 P.’S/RE@30000-INVALID BYTE COUNT RECETVED AS‘U,’HENCE STOP’
30220 S.

30230 F.¥=1 TO 7(0)
30235 U=0

30240 GOS.31000

30250 U.H.2400(U)
30260 G0OS.31000

30270 U.H.2400(U)
30280 Z(¥.)=U

30290 N.K

30300 R.

31000 U.H.240A()

31010 U.H.C8(U)

31020 U.1.2412(U)
31030 U.H.240E()

31040 R.

32000 U.H.240A()

32010 U.H.C8(U)

32015 U.H.2412(K)
32020 U.H.240E()

32030 R.
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1000
1005
1010
1015
1020
1025
1030
1035
1036
1040
1042
1043
1044
1045
1050
4002
4010
4011
4012
4015
4020
4035
4040
4045
4070
5000
5005
6100
6101
6102
6103
6105
6106
6107
6108
6109
6110
6112
6113
6115
6117
6118
6120
6122
6123
6125
6127
6128
6130
6132
6133
6135
6137
6138
6140
6142
6143

6145

; PROCRAM 160284

P."INTERACTION BALANCE METHOD WITH GCLOBAL FEEDRBACK’
P.

P."LOCAL DECISICN UNIT 2°

P.
INP. DATE A
INP. TIME'B
=-2538,Y=-740
G.1043

P.
INP.'L1'X,’12°Y

P.

P.

P.” N 1.1 1.2 C21 €22 C23 P2 Y21%*°

P/ kkkkkkkdhkkhkhhkhh kR AR AR AR AR AR KRR AR Rk k kA kAR AR Ak kA kkkhkh kKKK 7

D.(4,-1,-1,-1,-1,-1,-1,11,11,11,11,11,20,20,20,20,20,20,20,-1,-1,-1,-1,-1,11

s INITTALTSATION

H(1)=0

0=1, E=l

AC0)=0,A(1)=0,A(2)=0,A(3)=0,A(4)=0

F.I=1 TO 20

M(I)=0, N(I)=0, 0(I)=0, P(I)=0, 0(T)=0, R(I)=0, S(I)=0
N.T

7(0)=0 R

sDECISTON UNIT 2 OPTIMTISATION ROUTINE
M(1)=11114+X/18+8%Y/18, N(1)=M(1)-Y

0(1)==-1111+(Y-X)/18
P(1)=1444+4*X/18-22%Y/18

0(1)=P(1)+Y, R(1)=1888+(Y-¥)/18
M(2)=1142+X/1444%Y /14

N(2)=1000, 0(2)=-1142-X/14+3*Y/14
P(2)=1285+¥/7-6*Y/14 -
0(2)=1428+3*X/14-Y/7
R(2)=1857-X/1443*%Y/14

M(3)=750+Y/2, N(3)=750-Y/2

0(3)=-750, P(3)=-Y

0(3)=0, R(3)=2250

M(4)=1000, N(&4)=11424X/14-6%Y/14
0(4)==1142-(X+Y) /14, P(4)=15714+4*X/14-10*Y/14
O(4)=14628+3*%X/14-4%Y /14, R(4)=1857-(X+Y)/14
M(5)=666+Y/3, N(5)=1000

0(5)=-666+Y/6, P(5)=333-Y/3

0(5)=0, R(5)=2333+Y/6

M(6)=1200+X/10+Y/5, N(6)=1000

0(6)=-1000, P(6)=1200+X/10-3*Y/10
0(6)=1400+X/5-Y/10, R(6)=1800-X/10+3*Y/10
M(7)=1000, N(7)=667-Y/3

0(7)=-666-Y/6, P(7)=N(7)-1000

Q(7)=0, R(7)=2333-Y/6

M(8)=1000, N(8)=12004X/10-4*Y/10
0(8)=-1000, P(8)=1600-7*Y/10+3*X/10
Q(8)=1400-3*Y/10+X/5, R(8)=1800-(X+Y)/10
M(9)=500+Y/4, N(9)=1000

0(9)=-1000, P(9)=500-Y/4

0(9)=0, R(9)=2500+Y/4

M(10)=-1000, N(10)=1000
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6147
6148
6150
6152
6153
6155
6157
6158
6160
6162
6163
6165
6167
6168
6170
6172
6173
6175
6177
6178
6180
6182
6183
6185
6187
6188
6190
6192
6193
6195
6197
6198
6250
6260
6270
6280
6285
6290
6305
6310
6315
6320
6321
6322
6323
6324
6325
6330
6400
6405
6410
6415
6420
6440
6450
6455
6460
6465

0(10)=-1000, P(10)=2666+(X-Y)/6
Q(10)=P(10)-2000, R(10)=2000/6+(Y-X)/6
M(11)=-1000, N(11)=1000

0(11)=-1000, P(11)=-Y/2

0(11)=0, R(11)=3000+Y/2

M(12)=X/6, N(12)=1000

0(12)=-1000, P(12)=3000
Q(12)=2000+M(12), R(12)=0

M(13)=-1000, N(13)=1000

0(13)=-1000, P(13)=4000+(X-Y)/4
0(13)=P(13)-2000, R(13)=0

M(14)=1000, N(14)=1000

0(14)=-1000, P(14)=1333+(X-Y)/6
0(14)=P(14), R(14)=1666+(Y-X)/6
M(15)=1000, N(15)=X/6-Y/3

0(15)=-1000, P(15)=1000+X/3-4%Y/6
Q(15)=2000+N(15), R(15)=0

M(16)=1000, N(16)=1000

0(16)=-1000, P(16)=3000
0(16)=2000+(X~-Y)/4, R(16)=0
M(17)=1000, N(17)=-1000

0(17)=-1000, P(17)=-1333+(X-Y)/6
0(17)=P(17)+2000, R(17)=333+(Y-X)/6
M(18)=1000, N(18)=-1000

0(18)=-1000, P(18)=(X-Y)/4
0(18)=2000+P(18), R(18)=0

M(19)=1000, N(19)=500-Y/4

0(19)=-1000, P(19)=-500-Y/4

0(19)=0, R(19)=10000

M(20)=1000, N(20)=-1000

0(20)=-1000, P(20)=-1000

0(20)=0, R(20)=3000+Y/2

F.I=1 TO 20

IF ABS(M(I))>1000 C.6323

IF ABS(N(I))>1000 C.6323

IF ABS(O(TI))>1000 G.6323

IF 0(I)<0 G.6323

IF R(I)<0 G.6323
A(1)=((0(TI)-2000)*(0(T)-2000)/10000)*2
A(2)=(R(T)-3000)*(R(I)-3000)/10000
A(3)=M(I)*M(I)/10000+N(I)*N(I)/10000+0(T1)*0(T1)/10000
A(4)=Y*P(1)/10000-X*Q(1)/10000
A(0)=A(3)-(105*P(T)/1000)*P(I)/1000-204
IF A(0)<=0 G.6325

S(1)=32766

G.6330

S(I)=A(1)+A(2)+A(3)+A(4)+2

N.T

S(0)=32766

F.I=1 TO 20

IF S(I-1)>S(I) C.6440

S(T)=S(T-1), M(T)=M(I-1), N(T)=N(T-1), 0(I)=0(I-1)
P(T)=P(I-1), 0(T)=0(I-1), R(I)=R(1-1)
NEXT 1
A(1)=((0(20)-2000)*(Q(20)-2000)/1000)*2
A(2)=(R(20)-3000)*(R(20)-3000)/1000
A(3)=M(20)*M(20)/1000+N(20)*X(20)/1000+0(20)*0(20)/1000
A(L)=Y*P(20)/1000-¥*0(20) /1000
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6470
6500
6505
6510
6515
6520
6570

S(20)=AC1)+A(2)+A(3)+A(4L)+2

G.7000

P.’C21=",M(20)," C22=",N(20),"’ C23=",0(20)
P.’U21°,P(20)," Y21=",Q(20)," Y22=",R(20)
P. P2=",5(20)

S.

P.

6900 ;

6905
7000
7010
7015
7020
7025
7030
7035
7040
7045
7047
7048
7050
7055
7060
7065
7070
7075
7080
7085
7090
7095
7100
7105
7110
8000
8005
8010
8015
8020
8025
8030
8035
8040
8045
8050
8055
8056
8057
8058
8060
8065
8070
8072
8075
8080
8085
8090

8400 ;

8405

; SYNCHRONISATION ROUTINE
EI

G0S.8500

IF 2(0)>0 G.7030

W.(10)

¢.7010

IF Z(1)#32766 G.7040

S.

(=0+1

Z(0)=0

; SEND CONTROLS TO TR4& AND TAKE REAL MEASUREMENTS
W=(99*N(20)/50-117*M(20)/50-7*7(1)/5+3*Z(2)/5)*50/49
APO.(H.3F08,M(20))

APO. (H.3E0A,N(20))

PO.(H.3200,0)

W.(500)

PO.(H1.3E22,0)

W.(5)

1(0)=APE.(H.3E22)

DI

P.#3,F,#6,X,Y,M(20),N(20),0(20),S(20),H(0),u
E=E+]

H(1)=1

Z(0)=0

. SEND DATA TO COORDINATOR
T=3

P=6

M=P

EI

SC.(300,8080)

IF M>0 C.8050

M=P

G0S. 8500

IF 2(0)>0 G.8056
G.8035

DI

IF 7(1)#32766 G.8060
S.

G0S.8700
Q=Q+1, 2(0)=0
H(1)=1

G.5005

M=M-T

RTI

S.

;DATA TO COORDINATOR
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8500 Y(0)=10

8505 Y(1)=0

8510 Y(2)=H(1)

8515 Y(3)=Y

8520 Y(4)=P(20)

8525 Y(5)=M(20)

8530 Y(6)=N(20)

8535 Y(7)=0(20)

8540 Y(8)=0(20)

8545 Y(9)=R(20)

8550 Y(10)=H(0)

8560 GOS.30000

8570 R.

8600 ;

8605 ;DATA FROM COORDINATOR
8700 X=z(1)

8705 Y=7(2)

8710 R.

9000 ;

9005 ;I-MIC - LSI LINK ROUTINE
30000 IF Y(0)<=0 G.30020
30010 IF Y(0)<=127 .30040
30020 P.’S/R@30Q000-TNVALID WORD COUNT SUPPLIED AS’,Y(0Q), HENCE STOP’
30030 S.

30040 U=Y(0)*2

30060 G0OS.32000

30070 F.J=1 TO Y(0)

30080 U=Y(J)

30090 G0S.32000

30100 UL.H.2400(U)

30110 G0S.32000

30120 N.J

30125 U=0

30130 €0S.31000

30140 IF U=0 G.30170
30150 Z(0)=0

30160 R.

30170 U=0

30175 GOS.31000

30180 Z(0)=U/2

30190 IF U#2*Z(0) G.30210
30200 IF U<254 G.30230
30210 P.’S/RE@30000-INVALID BYTE COUNT RECEIVED AS’,U, HENCE STOP’
30220 S.

30230 F.k=1 TO Z(0)

30235 U=0

30240 €0S.31000

30250 U.H.2400(U)

30260 G0OS.31000

30270 U.H.2400(U)

30280 Z(K)=U

30290 N.K

30300 R.

31000 U.H.240A()

31010 U.H.C8(U)

31020 U.1.2412(U)

31030 U.N.240F()

31040 R.
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32000 U.H.240A()
32010 U.H.C8(U)
32015 U.H.2412(K)
32020 U.H.240E()
32030 R.
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C4. Local Decision Units (I-MICs) Software Listing

for

Interaction Balance Method with Local Feedback
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S5C G. 4000

Q9 {TRA3 SETTING UP - ATTRIUATPS :DJUSTIFIT
100 ¥I

101 P==610, =143, P=3 24, S=1000

104 G. 106

105 TNP.'C11'Py "C172'0, 'C21'Ry 'C22'S

106 F.I1=1 ™M 10

110 APD.(4.3F04, P)

120 AP.(H. 2F0R, O)

10 PO.(H.3200, )

1RS PO(H.3F20, 0): WAI TX 5)

170 A=APF.(4.3F20)

175 PO (9.3F22, D) : WAL T( &)

1390 ®=APF.(H. 3F?22)

185 P. Ay P

200 VAT TX 200)

250 N. I

270 G. 10R

300 S.
4000 3 PPOGRAM 3Q0F™M
4001 STIYTFRPACTINN RALANCTY MFDINOD I T4 LOCAL FrrnmarX
4002 SLNCAL DFCISINON NIT 1
4003 5
4004 5
400"\ T‘-( 4, 4, 109 5’ F"‘lv"]’ 7’ 7) 7)‘]7 7 14’ 14) ]4"17 14! 141 14"1v'11']v'l"‘1v 15, 5)
4007 V=365 {==284FK {==-744
40M G.401?
4010 TMP. "UI1'7 'LAYMDAT ', 'LAYDA2'Y
4011 STMTTLALT SATINON
4¢1? 0O=1
4015 F=0
an1? =20
4020 F.I=0 T 4
4022 AMT)=0,XT1)=0
an>3 M.l
40?25 F.I=1 ™M &
4027 NT1)=0 U T)=0,7(1)=0
40 N.1
4020 F.[=1 ™M 10
4032 (1=0
a0R3 V.1
4075 F.[=1 TO 7
4040 H(T)=0, T(T)=0y J(1)=0s LIT)I=0,
4045 N.1
4083 P.
4087 P. '
A0RN P. 'INTTRAQRTINY RALANCF YFTHOD WITH TLOYCAL FRFnPacy
4NR? P.
40R/e P. 'LOCAL DFCISINN INIT 1°
4 0FRF P. . .
4047 P "DATE: 25-JITL-9 7"
48’ INP. '"TIMF'B
40/ P. ,
4070 P. 'U11=7F5 [ M DAl==254A~A LAMDAP=-"744
40?71 P.
ap7? P.
4073 N 1)=3P7FA
4075 P. N LAY DAt U11 N1 .
a077 3 GAIN COFFFICIWTS MR CONSTANT GALY
40 ct1N)=300
4079 cl /=100

218



40 zt o)1=y -

4?2 F=F+1

4999 SLNCAL DNFCISINON WIIT '1°

SO000 HI I=333+(/ A~ 22V/ 23 1(1)==3(1)
5002 JU1I=REP+Y/2+ P2 V/ 3

5005 H( 21=1000, I( 2)=-1000

5007 J{ 2)=2000+ 22V

S010 H( 31=Y/4+300-12% /10

5011 I{ 3)1=8300-6*V/10.

50172 JI X =1/4+100+123*V/10 .

5015 H{ ==V, Il )=V, J( 4)=0

5020 HI 85)=10000 I( 5)=-1000, J( 5)=0

5025 H{ A1 =3 00~ 26& V710, T AI=TL 3y JL&)=0
5020 U 7)==1000, T ?)=I( 3), J{7)==1300+26*V/ 10
5070 F.I=1 T0 7

5075 IF ARSIH(I))>1000 G.5125

5077 1% ARSCTI(I))>1000 G. 5175

507 MA)=T(1)+&V/10.

S5MOIF A 4)>800 CG. 5175

SM®S TP HIN<0 (.5125

S105 A N=(T(I)I=-10Q0)* J(T)=1000)/10000
5110 M 2)=H{TI)*H(T1)/10000+T{I)*T( 1) /10000
5115 A 2)=X2V/10000-Y=J(1)1/10000

5120 LITI=AL D+ 2)+ A )+ 2

51721 6. 5135

5125 LIT)=32766

5175 V.1

5200 L{ Q)=327€6

5205 F.I1=1 O 7

5210 I T (T-1)>0L(T) f.5240

5215 LIII=L(I-1)y, HOT)=H(I-1)

5220 UD)=I(I-1) JLTI=JLI-1)

5240 V.1

5250 M D)=(T7)=-10000%(.TJ(7=100M./1000
5251 Al 2)=H( V*H({ 7Y 71000+1( 7y#T( 7y/10Q0
5252 M Zy=C*Y/1000-Y27( 771000

SP83 LIy =A 1Y+ M 2V+ AL 3+ 2

8200 G. 6F02

5390 P. 'C11="H( 7))y ' c12=" 107
5731 2. 'U1l="» Y, ' Y11=" 070 7)

3932 P. 'L X100 ="0L07)

593 P.

6600 sMNNYL £ RFAL PRICFSS INTFIFACT
80?7 FI

68058 N <S.83500

6E07 VATTI1O)

AF1I0 T F 72{ 0)>0 G.FRLFR
fE15 G. RRNAH

E6R1A [T 7L 1) #3276A G. FR20
FRI1] S.

ER20 X=71 1)

BEP2 w=72( X)

ERP3 Y O)=7( 1)1y N OY=2( 2)
6625 (=0+1

E750 AP).(H.ZF04,5( 7))
6755 AR).(H.ZF0E 1L 7))
787 WM. {H.3200, O)

6763 WAL T( £00)

F7E PNAH.3IF20, 0)

£770 VWAL T( 5)

6775 W 1)=APF.(H.3F20)
6777 B.(H.3F22 0)

6730 WALTLS)
£ 5 N 2)=APF.(H.3F22)
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6730 Pa¥B%H ™' 'y #6701V, R 1)
71 T

6300 ™ 3)=7 1)-V

6305 P 4)=H 2) =Y

350 I F T#2 G. MES

355 M 1)=ARY A ) ), X )=V
6356 T 4)=TX 1)

6380 G.7000

"6R65 T 4)=ADS M 3))

A70 IF N4> 1) G.7000
6375 M 2)=", M 1)=TX 4)

7000 IF =30 G.7400

7010 IF ® 2)<=1 G. 7014
7012 G. 7020

7014 T¥ ARS( ™ 4))>4 G. 7600
701F f 3)=3

7020 TF ARSI ™ 3))>2 6. 7600
7023 1F ARSI ™ 4))>3 G. 7600
7030 P. 'AFTFR 'y #3, F, ' ITFATIONS®
7031 P. VY, ™ 1),L(7)

7032 G.7380

7076 P.

7100 S.

7400 V=T ?)

7405 G.4080

7539 sUPDATING R UTIN =
7600 O 1)=V+C =™ 3) /1000
7605 C{ 7)=0

7610 IF 00 1)>3000 0f 11=3000
7300, IF O3 # G717

7105 =00 1)1+1

7306 0 3)=0

MM\ 6.7M15

712 V=0l 1)

7315 I ¥ F=N G. 7365

7920 G.24030

7965 V=0l 1)+

76 =N+18

7170 6.4080

7380 Cl 7)=1

7388 7( 0)=0

7190 3 NATA TRPAN SMISSINY FPY [-MIC ™ LS111/23
3000 ;

3010 T=7

QnN1s P=h

3020 4="D

3025 ¥I

Q020 SG.( AL A1 ,3030)

302" IF Y>0 (.30”0

3040 4=P

g na5 GNS.3500

9050 I ¥ 2( 0)>0 G.3058F

30585 (.3035

an&as DI

q087 IF 7( 1) #2766 .3 0RO
Q053 S.

3 0RO _P.

30E% P. 'LAMDAL=", 70 1)y LMo, 7 2)
q 065 ()S.3700

8070 Q=01

Q072 P.'U11=" V' U2l="y o
8073 IF (Z011=M(0)) 2 (20 21=2101) G. 4030
g7 F=0,Ct7M=0

8077 G+ 2030
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3030 =M~
35S RTI

3090 S.

3500 Y( 0)="7
3505 Y(1)=0
3810 7{ 2)=0l 7)
85158 7( 3)=X
8520 Y{ 4)=V
8825 Y{ 5)=H( 7)
3 530 Y( 8)=1( 7)
3 835 { 7)=J{ 7)
3 575 (1S. 30000
3830 7.
3700 (=%
87058 Y=7
3710 % :

30000 IF Y( 0)<=0 G.30020

30010 TF Y({ 0)<=127 G.30040

30020 P. 'S/300Q0-TNVALID WIPD COINT SUPPLIFN A4S, {( 0, MFICF STP’
200320 S.

30040 T=Y( 0)* 7

INNE0 GDS. 32000

30070 F.J=1 ™ Y(0)

300 U=Y(T)

30090 6)S. 32000 .

30100 U.H. 2400( U)

20110 .67S. 32000

30120 N.J

(1N
( 2)

30125 =0

2013x0 AOS. 21000

30140 I F =0 G.30170 .
20180.72(0)=0

30160 =.

30170 =0

30175 NS 31000

30180 Z( )=/ 2 .
30190 I F U#2=7( 0) G.30210
30200 I F U<>P54 G. 30230
30210 P. 'S/A0000-IVVALID RITE COINT R¥CFLVED AS N 1L, WRICF STOF!
30220 S.

3020 F.X=1 T Z(0)
IN235 U=0

30240 M S. 31000

30250 M.H.2400( U)
30260 (D S.31000

‘20270 U.H.2400(.1)
200 2=

30290 N.X

3NN R.

31000 U.H.2404()

31010 U.H.C3( N

31020 1.H.2412% 1)
21030 L. 2407 )

21040 R.

32000 T.H. 2404()

32010 U.He AW

22015 UeH. 241 2AK)

2020 U.d. 24070 )

22030 .
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SA 5 .4009

99 $TR4R SETTING 1J2 - ATTAENIATORS ADJUYSTMENT

122 F 1

121 P=-£A12,2=142,R=824,S=17%2m

122 L. 12A

TAS INP.'C11'P,'C12°0,'C21 'R, 'M22 'S

1A F.l=1 TO 1@

119 AP0 (H.3FEA2,R)

192 APQOQ.(H.RF25,8)

1A PO.(H.3227,0)

1AS PO(HIE22,A) 28 1TC(S)

17% A=APE (H.3F23)

175 PO.(HJIED22,3) WA T(S)

1972 R=APF . (H.3F22)

1295 P.A,R

2273 WAIT(239)

254 N. |

277 GL.1AA

AR S.

A2 3 PROGRANV Y2429
4] LOCAL DECISION UNIT 2

4AM2  JINTRRACTION SALANCE METHND WITH LOCAL FEFZRACK

4737 ;

EAN 4L

/-l”-f’*S n-(/l;é)‘q.vs::):‘!)‘]:7:7;7)‘];7;]41141141"1’]/J)IAJl‘JJ'Il'IJ‘lJ"""5
AT W11 ARAQ, X==23 4k, Y=="140n8n

NAARADT LA O
4ATA INP,, DY T, TLamMDa) T X, tLaMpaR!ty

4?11 S INITTALTSATION

412 N=)

aAA1 S F=2

4A1T N=27
LAPN F.l=A TN &

47992 a(])=A,R ()=
“aa97 N. |
aAA2s Foi=1 TO S
40T NDC[I=AL,E (T )=A,/7C])=iA
4722 N.J|
A2 F.l=1 TG 1A
a2 C(1)=2
472373 N
4ARS F.l=1 0 1o
A4 M 1) =ALNCII=A, 00T =A,2C[)=A,S([)=2,001)=2
4245 N. T
4N8 =
ANSQ
LNEND
2 AD
ARG
42 « =
47 P L.NDATE :25- L -=273"!
ANAQ NP TIVE'R
LAA AT D
AATA P21 =114,9, Laxidal==254¢f, Layib2a2=-T4a4'
anti P.
an1o P.
4773 NDC1I=R2TFRA
4ar7s P! N LaMDaf j21 U1 ="'
4an77 iGAIN NOEFFICIENTS FOR CONSTANT G2 IN
A7 17 )=-2527
A079 C(L)=120
4ARD L (N =4

Y

LVINTER2ACTINN SQILANCE METHAD WITH 1LOCAL FFEDSACY!

T U0

LLOnalL DFESISTON INIT 2°

*

v T

222



LARD F=FE+|

AFAAA LOCAL NECISION UJNTT o

AlAD M1 )=1ARIFA+3XX/22-4%xW /) |

171 NC1)Y=4S55+5*%W /11 =Xx/22

A1A2 Q(1)==-1R45-X/22=-4 /2D

A1A3 RQU1DI=11R2+24X /11 +2%iy /11

AlA4 R(1DI=195S=-X/22-w /20

AIAS M(D)=20RA+X/,A=-2%W /7, N(D)=) AR
A1RAA N(2)==SAR~ /D

A1AT (21 AAN+ K/ A+vi/7

AlAR R(2)=25AA=~3 /9 .

ALLA M(RI=TSA=-W /2, N(3)=TSA+L/D

Al12 G(AI==T7S4, N(3)=R

A113 R(3)»=22957 :
A1LS M(ad)Y=1A2A, N(4)I=2AA+3I*W/S5-A/17
Al1T QCA)=(W=K-13AA2) /14

ALIR RCA)=RAA+X/1A+O% /S, R(AI=|TARA+R/1A=-X/10
A12A M(S)I=1AAA=-L, NC(S)I=]AN

A122 D(S)I==SA2-Y/2, R(5)=1

£123 R(S)Y=2502~i /2

A12S MURISPAAA+ X 7FA=-D %l /T, N(A)Y=]|2AN
A12T7 OC(AY=-1AAALQ(ARIS | AANN+X/E+W /T
A28 RAY=IAANAN =1 .

Al M(T7)Y=1AAA, N(T)I=I1AQN+W

ATA2 O(T7)Y==SAA+4 /2, Q(T7 )=

A1 R(T7)=25A0+u /2

A112S Me2)Y=|ARAA,N(RI=DRA+4*W /T =X/ 4 .
A17 NERY==12AAR,0(GY=T | 4+ A/ Va+E%xW /] 4
A2 RI(KI=ISTI+d /T =LA77

AlARA M(Q)Y=1A20-W, N(9)I=1000

Ala2 Q(9)==-12272, 2(93)=9

Al4 R(Q)=RUAA =1

AL AS MOIAY==1A, NC(IR)Y=tA0RY

Al a7 DC1A)Y==-1227, 0O(173)=0

A1AR RCIA)I=IDAA =" .

A1AR MCI1)=1922, N(11)=1027

A1A2 CC11D)=-1+A22, 2011 )=

A1AT RC11)=1001 =4

A1 AS M(12)=1 A2, N(]2)==SAL+u /2

A1AT OCIP)==120A, 2(12)=]5AA+W/2
Al1AR R(12)=A

A1TS MC1)=17228, N(13)=-17242

A177 0DC1)==1AR2A,0 (1 R)I=2A0 +i

A1TR ROIAI==-1A0D ="

A1LRA M(12)=12AA, N(14)=|AAA+Y

ALR? NC14)Y==-1A0R, N(la)=2

AlRT R(12)=1A0A+Y

£2SA Fol=1 TO 1a

4088 IF ARS(M([))I>|AMA (.A323

£DES TF AaRS(N([))>12N0 (.4A7273

£07S IF ARS(NCIII>IARG G.A327 -
£ [F N(I)Y<A [ .FA21R

AP90 [F R(I)<A G.A127

£7MG A(II=((QC[)I=-PAAR)I* (A ([)=2ANA) /1 ARAN ) %2
£R1A AC2)=(RC[I=FAAAI*(R([)=308Q) /13320
A315 A(?):Mcl)*M(l)/Iwmma+N(I)*N(I>/1Mﬂmﬂ+0<l)*O(l)/lﬂmmm
£107 ACAYSYHU/1AAAN-X*Q (1) /10277
£321 ACAI=A(R) - (1ASHW/1AAN) *W/172AA=20A4
A290 [(.AR2S

A32737 S(1)=32T7ThRF

A2 4 [ .ARN

£195 S(I):A(l)+A(9)*Q(3)*A(A)*o

AI3A Nl
LA S(@A)Y=127 FE
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6445 F.l=1 TO 14

AA1A ITF SCI=-1)3>SCT) Gokaan

6415 SCTIHY=S(T-1), MCIY=MCT=-1), NCIY=NCL=1), 0¢1)Y=0CI-1)
427 DCTIY=RCI-1), RCIY=R([-1)

64847 NEXT |

A4S0 AC1I=((2(14)=-2002)% (R (] 8)=2RAAR) /1 AAN ) <D
AaS] A(P)=(R(1&)-3DANI*(R(14)-ANR) /1A0R
A4S2 A(RI=MO1AYAMOLA) /IQOA+NCL4)YANCL4)/10AA+0C] 4)=0C ] £) /] AR
A4S A(L)YYXU /1A -X%xQ (1 4)/1A0A

454 SC14)=ACII+A(2)+A(3)+A(a)+D

ASAD (. AAA2

ASAAS P.'C21=",M(14)," C22=",N(14),"' £o23="',0C1 4)
ASTA Potijo1=",u," Y21=',2(14)," Yoo2="',r¢(14)
FSTE P'L2C1AAAI=",S(] 4a)

AEAR 3 MODEL 2 REAL PROCESS INTFARFACE

A2 FE 1

FAAS G0S.RS599

REZAT WATTCIA)

FALO TF 2(P)>0 GLEELA

AARLS (L LAERS

AALA TF Z2(2)2ADTAE (.HEDD

AA1R S, '

FR2D Y=Z(2)

ARP2 \=7(3)

AA2F HOAY=Z (1), 1(AY=Z(2)

AR?S 0=N+1

ATSE APOQ (H.IEAR, M1 4))

ATSS APNJ(H.AFEAA, N 4))

ATAT PR(H.320A4,1)

AT F»R LATT(SAR)

AT69 POJ(H.IE20,9)

ATT7% o ITCS)

ATTS R(1)Y=aPF.(H.3E2R)

ATTT PO(H.AIE22,0)

AT RA A TT(S)

A7Q29 Q(2)=apPF . (H.3F22)

AT PJ¥3,F," '"LHA,Z(2),%,3(2)

A7Q1 DI ‘ .
ARG 3(3)=[(01 )=~V

£RGS R(a)Y=2(2) -0

ARSHD [F F#2 G.ARAS

ARS5 D1 Y=ARI(R(4)),NE) =i

ARSA DCAY=DC1)

AREAA G .TAAR

LGES NC(A)Y=A3S(R(4))

ARTA [F NDC&I>NCT) GTARR

AQT7S D)=L ,DC1)=NC4)

TAMR TF F =13 G ,7A477A

712 F R(AaY<=1l G.7A1 4

T7AN12 G.7227

TA1 A ITF A=S(RR)I>S (.7,92

TAYA () =G

T007 [F ARS(R(4))>2 (G.7A3

74927 |F AQS(2(3))>1 N7 ANA

TAYRA 2 L.AFTER 'L EdLES ! [TEXSTIONS'

7431 P.WL,R(2),5(14)

T2 [.79897

71334 S.

T4 W=N(3)

7405 6.2027

7599 ;UJPRATING ROUTINE

TEAN C(Q):w+C(IG)*Q(A)/1M%ﬂ

TANS (7)) =A

7415 [F C(2)>3008 £ (2)=37209
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Te2ATIFC(2)r<<2anma "cc2ry="2000 -
7990 [F C(3)#9 G.7912

T972S W=C(2)+]

796 £(3)=2

7922 .7919S

7912 W=r(2)

79185 IF E=N G.794AS5

TO2A .47 QA .

T9AS UW=C(2)+]

7968 N=N+1§

7972 G .47

79270 C(7)y=)

7988 Z(2)=9H

7999 ;DATA [RANSMISSION FROM [-MIC TO LSI1) /27
RAAD

RA1IA T=73
215 P=A
A2%A M=pP
&«n25 E1

RMAAA SC.(C(A),RARM)
23S [F M>3 5.8150
{ALA M=P

eR4s (0S5 .83570

QASA [F Z(G)>A G .RASA
2RSS .8A135

AS4A NI

2AST [F 7(2)#3274AA (.3AAN

RS S, .

amam D,

PAATY P.'LAMDNAT=",72(1)," LamMpaos="',7((2)

RALS G0S.R7AN

ZATA =N+

RAT2 P.'"1J11=",V," 21 =",u
AT TF (ZC1)=H(AY) & (Z(2)=N(A)) G.4AKD
QATS E=AA,0(7)=A

2ATT [.a0RA

QARA M=Vv-T

2AlkS RTI

272972 S .

297N Y (A )=9 -

289 Y (1 )=

{12 Y(2)=C(T)

Q319 Y((3)=Y

Q2N Y(&)=W

2928 Y(5)=M(14)

2577 Y(A)=N(14)

eSS Y(7)HY=n(1]4)

s Y(R)=N(] 4a)

84S Y(Q)=R(} )

X]S7S A0S .33

QS KRA R

k7M. X=Z(1)

R7AS Y=7(?)

RT1D <.

AARAA JF Y(A)<=A (. 3AA2Q
9AM1A IF Y(A)<=|2T7 §.3A0144
AANoA P .'S/30AARA - [NVALITD WO COUNT SUPPLIED as',Y (W), "HENCE sTorP’
AAAYA S .

AAM LR =Y (D) %D

10040 GOS.32092

AAATA F.Jd=1 TO YD)

g7 =Y (J)

097" A0S .120A47 .
2Q).808 JMaH 24722012
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12112 G0S.32099
371122 N.J

39125 =2

7132 GRS .1 200

AV 42 IF U=2 G.3%1 72
RAISA Z(A)Y=@A

A1 A R,

IV T7TA =2

IA1T7S GOS.319929

AAV 8N Z(A)=i)/2

BA1LIN IF 1JA2*7(RA) .3A2 |
AA2AA IF J<254 .30922%
12210 P.'S/@833AAA-INVALIN QYTE COUNT RECEIVED AS', U, "HENCE >iur
32227 S.

IA23IA F =1 TO Z(A)
IN21S =2

IA240 GOS..31222
AAPSA i H.24R3 (1))
IA2AA 0SS .3172A
I3A2TA JH2477 1))
IAD2LA 7 (K)=i)

322290 N.XK

3N3YAA [,

RNAAN ). H.24R0()
V1A 1 H ORI
INADA ] H.2412(1))
1A . H.22AF ()
VA4 2,

P2AMA {J.H . 2200 (0)
U2ATA J.H.CR(1))
Y2218 ij.H.2412(K)
APA2A J.H.24AF ()

1972 3A 2.,

226



	254951_0000
	254951_0000a
	254951_0001
	254951_0002
	254951_0003
	254951_0004
	254951_0005
	254951_0006
	254951_0007
	254951_0008
	254951_0009
	254951_0010
	254951_0011
	254951_0012
	254951_0013
	254951_0014
	254951_0015
	254951_0016
	254951_0017
	254951_0018
	254951_0019
	254951_0020
	254951_0021
	254951_0022
	254951_0023
	254951_0024
	254951_0025
	254951_0026
	254951_0027
	254951_0028
	254951_0029
	254951_0030
	254951_0031
	254951_0032
	254951_0033
	254951_0034
	254951_0035
	254951_0036
	254951_0037
	254951_0038
	254951_0039
	254951_0040
	254951_0041
	254951_0042
	254951_0043
	254951_0044
	254951_0045
	254951_0046
	254951_0047
	254951_0048
	254951_0049
	254951_0050
	254951_0051
	254951_0052
	254951_0053
	254951_0054
	254951_0055
	254951_0056
	254951_0057
	254951_0058
	254951_0059
	254951_0060
	254951_0061
	254951_0062
	254951_0063
	254951_0064
	254951_0065
	254951_0066
	254951_0067
	254951_0068
	254951_0069
	254951_0070
	254951_0071
	254951_0072
	254951_0073
	254951_0074
	254951_0075
	254951_0076
	254951_0077
	254951_0078
	254951_0079
	254951_0080
	254951_0081
	254951_0082
	254951_0083
	254951_0084
	254951_0085
	254951_0086
	254951_0087
	254951_0088
	254951_0089
	254951_0090
	254951_0091
	254951_0092
	254951_0093
	254951_0094
	254951_0095
	254951_0096
	254951_0097
	254951_0098
	254951_0099
	254951_0100
	254951_0101
	254951_0102
	254951_0103
	254951_0104
	254951_0105
	254951_0106
	254951_0107
	254951_0108
	254951_0109
	254951_0110
	254951_0111
	254951_0112
	254951_0113
	254951_0114
	254951_0115
	254951_0116
	254951_0117
	254951_0118
	254951_0119
	254951_0120
	254951_0121
	254951_0122
	254951_0123
	254951_0124
	254951_0125
	254951_0126
	254951_0127
	254951_0128
	254951_0129
	254951_0130
	254951_0131
	254951_0132
	254951_0133
	254951_0134
	254951_0135
	254951_0136
	254951_0137
	254951_0138
	254951_0139
	254951_0140
	254951_0141
	254951_0142
	254951_0143
	254951_0144
	254951_0145
	254951_0146
	254951_0147
	254951_0148
	254951_0149
	254951_0150
	254951_0151
	254951_0152
	254951_0153
	254951_0154
	254951_0155
	254951_0156
	254951_0157
	254951_0158
	254951_0159
	254951_0160
	254951_0161
	254951_0162
	254951_0163
	254951_0164
	254951_0165
	254951_0166
	254951_0167
	254951_0168
	254951_0169
	254951_0170
	254951_0171
	254951_0172
	254951_0173
	254951_0174
	254951_0175
	254951_0176
	254951_0177
	254951_0178
	254951_0179
	254951_0180
	254951_0181
	254951_0182
	254951_0183
	254951_0184
	254951_0185
	254951_0186
	254951_0187
	254951_0188
	254951_0189
	254951_0190
	254951_0191
	254951_0192
	254951_0193
	254951_0194
	254951_0195
	254951_0196
	254951_0197
	254951_0198
	254951_0199
	254951_0200
	254951_0201
	254951_0202
	254951_0203
	254951_0204
	254951_0205
	254951_0206
	254951_0207
	254951_0208
	254951_0209
	254951_0210
	254951_0211
	254951_0212
	254951_0213
	254951_0214
	254951_0215
	254951_0216
	254951_0217
	254951_0218
	254951_0219
	254951_0220
	254951_0221
	254951_0222
	254951_0223
	254951_0224
	254951_0225

