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ABSTRACT

A framework designed to contain and manage the use of knowledge in a real-time
knowledge based system for high level control of an industrial process is
presented.

A protetype of the framework is designed and implemented on a static object-
orientated shell. Knowledge is stored in objects and in forward chaining rules.
The knowledge has a well defined structure, making it easy to create and manage.

Rules are used fo recognize conditions and propose control objectives. The
framework uses the knowledge to determine variables that if altered will meet the
objectives. Control actions are then found to implement changes to these variables

The use of explicit control objectives makes it possible to determine if an action
worked as intended and if its use is suitabie for the present conditions. This
enables a learning mechanism to be applied in the expert system.,

'The prototype operated adequately, but the knowledge required to drive the
system was found to be very detailed and awkward o create.
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CHAPTER 1 INTRODUCTION

1.1 Introcuction

deitiona.lly control of industrial processes or plants has been carried cut by human
operators. The operators adjust various actuators that alter variables in the plant.
Many of these actuators are past of a closed feedback Ioop which provides local
control of a plant variable, for example, the flow rate from a tank, The overall
control strategy is determined by the operator, in the form of set-points which he
~ supplies for such feedback loops.

Although the operator cannot easily quantify the conditions in the plant, he is able
to recognize changes in the process and take suitable control actions in response. The
operator is abie to adapt the control decisions taken to changes in the plant structare.
For example, if a certain pump is being worked on, the gperator can coniro! ihe plant
without using that pump. '

Plant operators are not perfuct, Hart' describes some of man’s disadvantages as: the
lack of availability; poor consistency and poor comprehensiveness,

Lack of availability describes the fact that operators are not just found, they must
first be trained. During that training process mistakes are often made, These mistakes
are necessary for the operator’s training, but often fairly expensive.

Poor consistency describes that human operators don’t aiways take the same control
action under the same circumstances. Inconsistency arises when the shift changes, anu
a different operator takes over the conirol of the plant. The new operator has



different experiences to draw from in order to make a decision. The resuit i3 that
‘under similar circumstances, thc operators may behave differently. The same operator
may also act differently, depending on mood or general awareness.

Such changes in the control strategy affect the quality of the final product, as they
move the process towards or away from the optimum conditions. They also makes
it very difficult to find the optimum conditions for the plant,

In a process thete is often a conflict for example, between the design engineers who
impose limitations on what the plant can do, and the production managers, who wish
that the process iakes place under specific conditions. The operator has to operate
under the orders of different experts who sometimes have conflicting interests.

Ideally one would like to have one expert that takes both opiniofet into account, A
system that is able to do this is said to be comprehensive.

Artificial inteiligence may provide a means to help limit the weaknesses of the human
operators. The form of artificial intelligence that is to be used, is termed the expert
system or knowledge based system. The expert system observes variables in the
plant, recognizes conditions and suggests possible actions that shouid be taken in
respopse to these conditions. '

1.2 Expert systems
Expert systems are programs that exhibit high levels of intclligence. As to whether

they are actually clever is a mater of debate, but they are able to appear to be
intelligent®,



Traditionally expert systems are used in the consultancy environment, Instead of
commntunicating with an expert, one consulis with a computer. For process control,
real-time expert systems are required.

Real-time expert systems are different from consultancy or static expert systems as
they are event driven. They must continuously watch the process that is being
¢ uplled in order to determine events that should be reacted tof, The system must
respond to the plant conditions in a timely manner, Thig differs from consultancy
expert systems, which wait for the operator to initiate interaction.

All information about the state of the process being controlled must be gathered from
instrumentation in the plant and fed into the real-time expert systen.
Real-time expert systems need to be time based. The system must be able to make
decisions at a speed that enables suitable response to the plant’.

1.2.1 Advantages of expert systems

Expert systems can potenttally provide the decision making require:’ ‘9 implement an
automated control system for an industrial process.

Of interest in this project, the expert system is more consistent than the human
operator. Operators could miss conditions in the process being controlled. An
operator’s performance is affected by fatigue and the operatoi’s personal condition.
An expert system is unlikely be affected in the same way. The expert system will
ensure that plant conditions are reacted to and that they are reacied to in the available

time,



Additionally, to gather knowledge about the plant requires a better understanding of
the process, thus the procedure of entering knowledge into the system will require
process. study. By obtaining a better understanding of the process to be contrelled,
improvements could be made to the process.

1.2.2 Limitations of expert systcms

D.A Waterman® describes the following differences between the expert system and
the human expert:

HUMAN - o EXPERT SYSTEM
Creative Uninspired

Adaptive Needs to be told
Sensory experience Symbolic input !
Broad focus Narrow focus

Common sense knowledge Technical knowledge

The expert system is not creative’. It is ..ot known what makes people creative, and
this creativity -has not been captured and placed onto a computer, This limits the
performance -of the expert system. A system will not be able to come up with
dynamic new ways to do something, instead it can only do what it has been taught
to do. For the normal control of a plant, this will not present a problem.

The human operator is able to take account of a very broad range of sensory data that
the expert system cannot, The proposed expert system will be linked to a Distributed
Control System (DCS) which will act as the expert system’s eyes. But the expert
system can only observe what the DCS is wired up to. Extensive instrumentation is



required before suitable performance can be achicved by an expert system.

The expert system’s doruain of operation is very narrow, This Hmits the adaptability
of the system, The narrower the domain that the expert system is operating in, the
less likely it is to be adaptive to abnormal situations. If information describing as
many factors that can influence a domain is provided, the focus of the system would
be a broader allowing it to be more,adaptive.

1.? Backsround to expert systems
1.3.1 Introduction

Expert systems are systems that behave like an expert. They contaln expertise and
act intelligently in a narrow domain®, Over the years of develupment of artificial
intelligent systems, many various schemes have been tried, but it was only in the
1970°s that it was recognized that intelligence depencs on the knowledge that a
system contains. D.A Watcrman® writes:

To make ©. program intelligen::, provide it with lots of high-quality specific
knowledge about some prolilém area.

A type of expert system that is dealt with in this plant is the knowledge based system.
A Knowledge based sysiem is made up of a knowledge base that contains the domain
knowledge, and an inference engine that uses the knowledge to make decisions.
Through out this report, knowledge based system and expert system may be used
interchangeably, but strictly speaking an expert system is a particular type of
knowledge based system.



1.3.2 History of expert systems

Expert gystems started to be developed in the early 1970°s, The most famous of these
systems are DENDRIL, MYCIN and Prospector’, MYCIN was a diagnostic gystem
that was used fo diagnose bacterial infections. Prospector wes a system used to
deduce the presence of various minerals,

1.3.3 Inference Engine

Knowledge base systems are divided into two paris, the inference engine and the
knowledge base. The inference engine is some system that takes knowledge and uses
it to ded{um\‘_facts.

The inference engine is independent of the knowledge it contains, The inference
engine will define the structure of the knowledge used in the expert system.

1.3.4 Knowledge base
The knowledge base contains the knowledge that makes the expert system intelligent.
For an expert system to control a process, knowledge is required describing:

¢ The proce:s being controlied.

e The conditions in the plant the controller must wafch out for.

* The control actions that can be taken to control the process.

¢ The behaviour of the process.

There are various ways to represent the knowledge in the knowledge base. In the



system that i3 proposed frames and slots, as well as rules will be used.
Frmas and Slois

The knowledge is incorporated into a pre-defined framework, that containg

kmwledge arcas called slots. The frame contains a description of the form of the

infomﬁo% to bi: entered into the slots®,

Rules

" Rules are discussed in detailed in chapter 3. Basically rules are zplit into 2 condition

or antecedent and a response to that condition, or consequent, Knowledge that is not

~ stored in the frames, is stored in the rule structure'.

1.4 Project objective

Litfle information has been gathered describing the implementation of real-titne expert
systems in the metallurgical process industry. To evaluate the effectiveness of real-
time expert systems, an attempt will be made to implement a prototype system on 2
mefalluzgical process. '

It is recognized that a framework should be developed on which such systems could
be developed®. Such a framework would define the struciure of the system. This
disserfation describes a possible structure for such a framework.

A proposed expert system would have to deal the issues described below:



e Ease of knowledge managemeht. An expert system is based on large volumes of
information needed to determine the conditions that are o be reacted to, and the
actions that should be taken in response to those conditions.

The plant is modified occasionally. The expert system must be able to deal with
any of these modifications without a major re-working of the system®s knowledge
base.

o Adaptability. As the plant under goes modifications, soni control actions may not
work as well as they did in the past. There could also be errors in the knowledge
base. The system should be able to detect when knowledge fails to deduce a
correct control action and revise the acceptability of the knowledge that lead to the
incorrect solution.

» Consistency. The system should be s consistent as possible. The major advantage
of using expert systems, is that they are consistent.

* Self reliance. The expert system is a real-time system and should not need any one
to waich over it, or to prompf it.

The expert system must always be on line. Any proposed system must not crash
and must be self starting in the case of power failure.

The framework should provide:

¢ A defined structure for the knowledge to be entered. This makes knowledge
creation and management easier. The knowledge will be grouped according to it’s

function.



+ Management functions to control the use and implementation of the knowledge.
The framework will take the knowledge and apply it as it is required.

* Conilict resolution. The framework will provide mechanisms to deal with
conflicts between decisions made by the knowledge base.

» Management of decisions made by the system. The framework ensures that the
decisions faken by the system are carried ouf, and indeed have the predicted
effect. ' '

‘The project describes the design and development of a framework that will attempt
to meet the above-mentioned objectives. Knowledge will be added to this framework,
and it will be used to control the process.

For the initial system, the plant operator will be kept in the e5trol loop. The system
will provide messages fo the operator giving instogctions describiag a control action
to be carried out. The operator is free to carry out the control action if it is felt to
be suitable.

A description of the environment in which the expert system is to be tested in is
giver in appendix A.

1.5 Overview of dissertation
This dissertation describes a framework for an expert system that can be used to

control an industrial process, The framework is designed for, built and tested on a
metallurgical plant. It is created using an available expert system environment which



provides rule mechanisins and object-orientated design abilities.

Chapfer 2 provides a description of the proposed framework in a brief form. Chapter
3 then describes how the krowledge and inference engine s stored in the object-
orientated environment. The knowledge types used in the system are also described.

-Chapter 4 describes the elements - juired for the system io be able fo recopnize
conditions in the plant, and to propose changes to the plant, Chapter 5 gives a
overview of the search roufines and costing systems used to find a method to
implement these changes. Chapter 6 discusses the storage of the control actions
required to control the process. These controi actions are the final result of the
system, -

Chapter 7 contains one of the main contributions of the research, It discusses the use
of knowledge describing the interaction of the various plaat variables. This
knowledge is used to find a control action from the original condition.

Chapter 8 describes the process of implementing the discovered action. Chapter 9

describes the management of any decisions made by the expert system. Chapter 10
is an evaluation of the system, and chapter 11 draws final conclusions.

10



CHAPTER 2 PROPOSED KNOWLEDGE-BASED SYSTEM FRAMEWORK

2.1 Introduction

The objective of the expert system is to provide high level control of a process. The
system will use knowledge describing the process plant to determine how to control
it. -

The expert system is in two parts, The inference engine or framework and the
knowledge used by the framework. Together, the framework and the knowledge
conetitute the real-time expert system. The framework is rigid and independent of the
process it is to control, but the knowledge built on the framework will alter according
to the process it is being applied to.

The framework for the systemt will:

Define the knowledge structures required to contain the information required
to control 2 typical process. '
Define the interactions of the knowledge used.

Provide management of the kmowiedge.

Provide management of any decisions taken by the knowledge base.

L]

The knowledge used by the system provides information describing:
» The equipment the plant contains,
» The variables that describe the plant.

+ The interactions of these variables.

131



% .The control actions there are avaifable to control the plant.
» The conditions the controlier must react fo. '

'The framework requires the knowledge to be split into different groups. Bach group
of knowledge is used at & particular stage in the expert system, for example Control
Rules are used to define the possible conditions that can occur in the plant while the
It group is used to define the equipment used in the plant. Each group of
knowledge has a specific structure. The knowledge groups are described in chapier
3. )

By grouping the knowledge and defining how it should be used, each piece should
be easier to create and manage. Each piece of information is indenendent, and can
' be chated at any time without any need to alter much of the other kmowledge, Easy
" managemmt of the knowledge is important in a plant such as the one worked on,
where the process is subject fo modifications.

The inference engine uses the knowledge contained in the system to reason with, and
from this knowledge and dafa retrieved from the mefallurgical process, the inference
engine will determine suitable control actions to be taken on the plant.

The procedure to control the plant is split into five major tasks:

* Recognition of conditions in the plant that requires a reaction.

* The definition of a response to that condition. The response is defined as a
- variable change in the process called an Objective.

» The search for a variable, that if changed will cause the required response.

» The search and implementation of a control action that will change the variable

in question.

12
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* Observation of the results of the action to determine if it was suitable,

The framewor? :r inference engine not only manages the knowledge in the system,
but stores and manages decisions made using that knowledge. The framework will
take the knowledge groups and apply them at the appropriate times. The framework
ensuzss that deductions made by the knowledge is correctly stored and grouped. This
L. .iessary in order to manage the search for solutions, and the management of the
resultant conclusions of the search.

The expert system was built using an object-orientated approach where independent
objects are defined tha' have a particular behaviour. The behaviour of an object is
defined by a class definition. In this system the knowledge is contained in instances
of the class definitions while the classes contain the inference systzm or framework.

Object -orientated programming is discussed in the next chapter. K .owledge that is

not contained in the instances is defined in rules.

2.2 An overview of system behaviour

The control strategy is split up into a number of stages, each defined by the
framework. These stages consist of:

« A read cycle where dafa is read in from the process. _

» Condition recognition, when the data read in from the process is analyzed.

* The creation of objectives.

¢ The search for possible variables to alter in esponse to the objectives,

¢ ‘The search for control actions to implement the proposed variable changes and
hence meet the appropriate cbjectives.

13



* A managemy * stage.

During the control cycle the framewark reads data from the plant, and uses rules to
determine any conditions that need to be reacted {o0. These rules define an objective
that should be met in response to the determined condition, The ftamework then takes
the objectives created by control rules and tries to find secondary objectives or
actions in response to these initial objectives. The action or secondary objective, if
implemented will cause the initial objective to be met.

During the search for necessary responses, inference paths are created that describe
the changes the final action should cause to the process, These paths are used w
define the conclusions of each relevant decision made by the system., Any number of
these paths can exist at a time. These paths are then managed to ensure that the
changes that they describe are implemented and that the paths are removed when they
are no longer required,

Figure 2.1 shows a overview of the expert system,
2.2.1 Condition recognition

The first stage of the conirol procedure reguires the recognition of conditions in the
plant that need to be reacted to. In order to achieve this it is necessary to be able to

odscrve the process.

Instrumentation is used to obtain information describing various verizbles in the
process. The information is gathered by a distributed control system and transferred
to the expert system running on a PC, via a serial link.

14
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Figure 2.1 An overview of the expert system behaviour

’i‘hevaﬁzﬁ:levaluesareread from the plant via the serial link and stored in the expert

 system, Rules are applied to the varisbles to check if any conditions exist in the

precéss thiat must be reacted to. If the necessary variable pattern exists, and the rule
is vaid, the rule will define what should be done in response to that condition,

2.2.2 Defining chjectives

The obvious thing to do at this stage is to define the action that should be taken in
response to the condition. Instead the program requires the final objective of any
control action. The objective describes what a final control action should achieve. For
example if a tank is full, instead o. the objective being to shut a valve, the defined
objective is to stop the tank level from increasing.

15
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By defining the ultimate objective of a contro} action:

* One is able to find the best control action for a situation.

The knowledge required to do this contains less repettion as it is easier to
generalize.

The knowledge is more independent of the process.

It is possible to evaluate the effectiveness of an action.

L

®

In some cases the knowledge is easier to create,

‘Objectives

The objectives are varisble changes that should be made in msponsc to some
condition, These objectives are created by the rules that are used to recognize
conditions in the process. The objective will state:

* The variable to change,
» The amount it must be changed by.
¢ The time available to make the change.

The objectives are stored in a class called Nodes. The Nodes created in response o
conditions in the process are called root Nodes. The root Nodes are the start of
inference paths that are created during the search for control actions required to

implement the necessary changes to the process.

2.2.3 Inference

Once a condition has been recognized and an objective set, it is necessary to find a
variable that if changed will cause the objective to be realized, and a control action

17



to cause that variable to be altered. This assumes that ali the objectives generated in
response to conditions in the process will require some variable to change in the
process.

In order to determine which final variabie to change requires knowledge describing
the interaction of the rarious variables is: the process. This information is contained
in rules called Link rules. Deductions from these rules are stored in a class called
Links,

During the inference jJrocedure a path is created from the initial objective created by
the control rule, to some final control action. This is shown in figure 2.2 a. The

Links are used to create secondary objectives. These secondary objectives are
connected together to form the inference path which connects the root objective to
a control action. The information in the path is used during the management stage,

2.2.4 Control actions

'The control actions define some change that needs to be carried out on the plant As
_ stated in the introduction, the system is not designed to directly change the process
being controlled, Instead a message is presented to the plant operator. The message
contains an instruction that he is expected to carry out.

If the instruction is carried out, it is assumed that one variable in the process will

directly change. This
variable could effect other variables. Each action is defined to directly affect this one

variable, this makes the actions easier to create.

18



Actions are stored in a class called Actions. The action terminates an inference path.
2.2.5 General description of the inference path

The inference path describes the decisions that are made in order fo determine the
control action that should be taken in response to an chjective. Each objective is
contained in a Nodes and describes a variable that will change in the plant. The
objective describes haw much the variable will change, and when the change should
ocCur.

The path starts with a root Node which contains a description of the initial objective
set by rules. A search is made for actions that will cause the change defined by the
objective, If a control action is found to direcily affect the variable in the objective,
the path will end here,

If no action is found, Links are used to determine other objectives that could be met,
that would cause the initial objective to be realized. These other cbjectives are
created when a Link is expanded, The new objectives are attached to the inference
path, The new objectives are called secondary objectives. "

Each secondary objective is also contained in a Node. 'The Node is attached to the
Node containing the primary objective it effects thus building up the inference path.
The inference path continues from the initial Node through the secondary Nodes
down to a Node that finds an action to directly affect it.

'The framework initiates a search for an Action to meet the new secondary objective.

A secundary objective will efther find a control action or other objectives that could
solva it. Tiiz new secondary objectives will be added to the inference path, The

19



search for secondary objectives continues until an Action is found for one of them.

The framework can contain any number of these inference paths, It manages the
ereation and storage of the paths and ensures that no conflict exists between them.

2.2.6 Management

Once an action has been found for an inference path, and it’s message has been
presented {o the operators, the system will watch to ensure that the variable changes
specified by each objective in the path have indeed occurred,

« In order to manage the Action found, it is necessary to store information describing

" the conelusions of various parts of the inference system. The information stored
specifies the variables between the initial objective and the final action that should be
seen to change, by how much they will change and the times the changes should be
seen by.

The information required by the management stage is contained in the inference path
for the particular root objective. Figure 2.2 b shows the path that resulted from an
inference procedure, Note that because the rules can create any number of objectives,
there can be any number of inference paths that need to be managsd,

If the expected variable changes occur, the system presumes that the action was

successful,
If the action did not cause the variabies to change, the piece of information that is

thought to have failed is marked and will not be used for a specified antount of time.
By not using some piece of information, a different and possibly more suitable
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response will be found to meet the objective the next time a search is carried out.

2.3 Costing system

During the inference procedure it is necessary to compare the possible variables that
could be changed to meet an objective, and compare the actions that could be used
to change these variables.

A number between -1 and 1 is used. This number is called a vost element as it
represents how advantageous it is to make a cerfain decision. The decision that has
detrimental consequences, or is not directly suited to the plant conditions is said to
be expensive and have a cost of close to 1.

Costs are generated that take various factors that influence a decision into account
and are combined using the technique used in MYCING,

Because the actions are checked to ensure that they have met the objectives, it is
possible to evaluate the actions, During this evaluation, the success rate of an action
is derived.

A basis for comparison between Actions is provided using a costing system. Apart
of the costing system takes this success rate of an action into accouni. This enables
the system fo learn that some actions are more successful than others, which will lead
to consistency of the system, as the successful actions will be chosen in preference
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to jees successful actions,

2.5 Asgamptions

Varous simpiifications and assuriyptions were made to enable the work to be taciled.

. Bvery action is assumed to dinectly change only one variable. This can be seen in
. & typical exaraple; by changing a valve position one directly changes a flow rate

which may in turn change 2 number of other variables. The action has however
only changed one primary variable namely the flow rate.

There are some circumstances, as when switching from one pump to another, that
the aclion causes two states fo directly change. Under such circumstances it is
possible to define a variable that combines both states into a single value. The
action will be causing a change to this one primary variable even though in reality
two or more primary variables are changing,

» Tt is possible to link one variable lo many others, thus it is possible to describe
-that to change a variable, for example variable A, the variables B,C,D or E could
be changed. It is assumed that to meet an ohjective to change variable A, only one
of the other variables need to be altered. Again, if a combination of variables must
be altered to meet the desired objective, it is possible to create an abstract variable
that describes the combination of these various variables.

+ It is assumed that all the possible objectives can be met by & vasiable change.

Because any control action is assumed to be directed at the plasnt this is should not
be a2n issue. Any control action that is of any use will alter some of the plant
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variables.

Problems could be experienced when the variable that is to be altered cannot ba
measured. The system had to be adapted to take this situation intc account,

2.6 Conclosion

The proposed system is built in an object-orientated programming environment. It

contains a separate knowledge and inference system. The knowledge is incorporated
into instances of objects and into rulss, depending on the knowledge type.

Various types of knowledge are used during different parts of the infereace process.
By providing defined knowledge groups that are independent of one another the
system should be easier create and maintain.

The proposed system uses vules to detect conditions in the plant which propose
objectives that the control actions neced @ meet. The rule mechanism allows
generalities to be used, thus enabling one rule to cover numerous circumstances, Any
number of objectives can be created by the rules.

The objective defines the variable that must be changed, the amount it is to be
changed by and the time available for the change to be implemented.

A search is made for some control action that will meet the objective created by the
control rule. This search is called the inference phase, By defining an objective, the
solution to a specific probiem is not limited, The control action that is found, could
be any action that will meet the objective.
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During the inference phase paths are created linking Nodes to Nodes or Nodes to
Actions. The Nodes define objectives created by the control rules, or by Links. The
Links define the interactions of the plant variables, and are used to delermine if there
are other variables that if altered, will cause the original variable to change. These
variable changes are defined in the secondary objectives which are created by the
Links. An inference path is created linking the ront objective to these secondary
objectives and the secondary objectives to subsequent objectives or to a control
action.

A path will exist for each objective created by the control rules. These paths define
the changes that are to be made to the process and are used during the inference
phase and the management phase. The paths will end in a control action,

The control actions contain instructions that are presented to the plant operators
describing a change to be made to the process. Obviously an attempt is made to use
the best actiop found.

Cantrol actions are grouped according to the primary variable that it aiters, The
action is easier to define if one considers the variable it will directly alter.

Rules are used to create the links between various variables. The rules again allow
general pieces of knowledge to creafe specific deductions. These Links enable a
connection to be made between an original objective and the actions primary variable.

A management phase will watch to ensure that ti:e action has had the desired effect
and update a learning mechanism. The learning mechanism will update the costing
in the Actions and the Links which affects the use of the action in the future. Once
the management phase has completed, the inference path is destroyed aliowing the
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* objectives to be re-created if they are required,
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CEAPTER 3  KNOWLEDGE REPRESENTATION

[}

‘3.1 Estrodoction

Beféne explaining how conditions are detected and a how responses to the objectives

created by the rules are found, it is necessary to describe how the information for the

decision process is stored. This section will describe the knowledge representation
“used in the prototype. |

The expert system was created on a object-orientated shell. This shell provided a
platform for the rule base, and mechanisms for managing the rules. It also provided
mechanisms for-object creation and management,

3.2 Object-Oricntated Programming
3.2.1 Introduction

Object-orientated programming is a programming philosophy in which software
groups are created. These groups are given particular characteristics and are calied
objects. The characteristics of each object can be used to describe physical or absiract

entities,

"The object structure is in two parts, The first part is a class structure that defines the
characteristics of various entities. The class structure does not comtzin any
knowledge, but defines the {nformation required to describe some entity. It also
defines the reaction of the cbject to that information. The second part is made up of



instances,

Instances are data structures that result from the class description. Instances take on
the characteristics of the class, the class defines the structure of the instances. The
instances contain unique informution describing a particular entity.

3.2.2 Chasses and Instances

A general class is created that describes the standard characteristics of a particular
object. This is similar to a tvpe definition. Instances of the class are created to define
actual items that are to take on the behaviow of the class, such as a feed slurry tank
which is a type of tank i.e, the class tanks defines the structure of the specific object,
in this ¢z ~ the feed slurry tank. A class can have many instances, each fnstance has
the same behaviour but describes some different element of the same type.

For example if trying to describe birds, the class birds could define variables such
as colour and wingspan. The instance of the class birds could describe a particular
bird called an eagle and state a 2.5 m wingspan and a brown colour, The class

defined the information required. The instance provided the inf :mation about a
particular bird.

3.2.3 Slots

The information describing the object is contained in variables contained in the object
called stots. Tn the example about birds, the slots would be the wingspan and colour,

If good object-orientated programming is used, slots can only be accessed by the
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object itself i.¢ the slots -annot be directly altered by some externd’ entity. For a slot
to be altered a Method in the object should be called to make the change.

3.2.4 Methods

The functions that define how the cbjects behave are calied Methods, Strictly
speaking any communication to the object should be through its Methods. This forces
a fixed interface to the object, should modifications to the object be required it should
not be necessary to alter much of the external code using that object, as the Method
will be the only section of code that will require modification. This assumes that
information transfer to and from the Method will stay the same,

3.2.5 Inheritance

The properties of classes can be inherited. A class of storage tanks can be created
that is decedent from the class tanks. The class storage_tanks which is a decedent of
the class of tanks will have all the featuros of the class tanks. If the class tanks
contained a variable called Level, so would the class storage tanks. The class
storage tanks could contain some additiona! information such as a variable SG for

example.

The "family tree” describing the relation between objects can be used o store
 information describing some instance, and is used in the expert system to enable
general rules to be used. It is possible to say that for all tanks there is a variable
called level, and that for ali storage tanks the level should never be over 80%. The
fact that a particular tank is a storage tank instead of a leach tank can be ascertained
by looking at the family tree of the tank.
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Figure 3.1 shows a typical hierarchical structure used in the expert System,
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Figure 3.1 Hicrarchical structure of objects in the expert system

3.3 Classes in the expert systera
3.3.1 Introduction
Variovs classes define the different types of dala storage that is required in the experi

‘system, As in all expert systems, there is a clear distinction between the systems
inference engine, and its knowledge base. |
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"The inference engine for the system is incorporated in to the class definitions of the
system, but the knowledge appears as instances of the classes. Different classes are
created to contain and manipulate various parts of the knowledge and inference

process.

The system is made of the following classes: Nodes, Links, Items, Actions, Variables
as well as some auxiliary type classes for the user interfaces, and general system
management. A brief description the major classes will be given below,

3.3.2 Plant information: Items

The instances and decedents of the Htem class of knowledge ig user defined and is the
first part of the knowledge base created. It contains a description of all the physical
objects in the plant, although obvinusly abstract objects can also be used,

The class wﬂl not be discussed again, but it is critical in the system as it defiucy the
plant that is to be controlled and it defines the variables that describe the process.
These variables are used to define the objectives which result from control rules, and
the control actions used to confrol the plant, The interactions of these variables are
described in the Links,

The class is used extensively by the control rules as it stores the variable values that
describe the plant, When ever a variable is referred to, it is necessary to define the
Item that the variable belongs to and the variable name e.g. TKP23:Level refers to
the leve! in the leach tank TKP23,

This part of the knowleuge base can be created directly frore information on a
process a=d instrumentation diagram. The user specifies what each Item is, by using
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the class structure as shown in figure 3.1, The Jtems characteristics ars defined by
the variables that describe that it. The user also specifies the other Ytems that are
em%neched at the input side and output side of a particular Item.

‘This raw information has it's most use when general rules are used to describe some
knowledge, The more information that is provided at this level, the more general the
The Item class contains the methods that read information into the variables from the
distributed control system. The actual variable data is not contained in the Item class
but access to these variables is via the class.

3.3.3 Variables

This class is the object used to store information describing each variable of an Item.
Typical variables are pH, level, flow, temp and SG.

Some of the information required fo Jeseribe a variable includes:

The variable value.
e The tag name of the variable,

Dimensions.
Short text,
Long text.

For binary variables:
e Text for Jogic 1.
» Text for logic zero.
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When a variable is created for an Ttem, it is linked to the Ttem and created as a class
of Varizbles. The user never sees this class and it is used as if it were apart of the
Item class.

3.3.4 Storing conditions: Nodes

This class stores the objectives generated by the rules, It !mows how 10 search for a
solution to the objective it contains, and also contains the management functions
required to manage itself in case of success, failure and inability to find a solution,
or when it needs to find another objective to meet itself. The Node is able fo decide
what to do if it finds another Node that contains a similar ¢r opposite objective to
itself. A majority of the code for the system appears in the Methods for this class.

Because the number of objectives required depends on the rules which have been
activated, which in turn depends on the plant conditions, the instances to the Nodes

class are dynamic. They are created when required by a rule, and destroy themselves
when their task is finished.

The creation of objectives and hence the creation of Nodes is discussed in chapter 4.
3.3.5 Storing final soluticus: Actions

The Action class mutai:is knowledge describing how to change variable values in the
plant. The Actions class defines a control action that the operater should carry out,

It contains:

* A message describing what the operator should do.
¢ The variable that will be directly changed if the operator carries out the
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in weder to meet sope objective it is necessary to find the resuitant control action.
The search procedures defined in chapfer 5,7 describe how to finu an Action that will
cause an objeetive to be met, Aciions are discussed in detail in chapter 6.

3.5.6 Linking of variables: Links

During the inference procedure it is nccessary to find a variable that if alteved will

risuit in the original objective to be met,

From ¢ondition rules, an objective is created. This objective will define a variable
1o be altered, If no control action can be found to directly change this variable, a
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instruction defined in it.

¢ The amount the variable will be aitered by.

» The time delay between the operator carrying out action, and the variable
changing.

Each Action is assumed to alter one primary variable. The possibility that the
primary vasiable could alter many ofer variables is ignored. This makes the
definition of Actions much easier,

'The Actions are created directly by the user and are associated according to Item the
Action effects.

The Action contains information describing how it should be implemented, There are
two possibilities, the Action can either alter some internal varizble in the expert
system, or it can give a message that shou'd result in some external variable change
in the plan.

In order to meet some objective it is necessary to find the resultant control action.
The search procedures defined in chapter 5,7 describe how to find an Action that will
cause an objective to be met, Actions are discussed in detsil in chapter 6.

3.3.6 Linking of variables: Links

During the inference procedure it is necessary to find a variable that if altered will
result in the original objective tG be met.

From condition rules, an objective is created. This objective will define a variable
to be altered. If no control astion can be found fo directly change this variable, a
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secondary objective must be created defining another variable that if altered, will
cause the objective to be met. It is possible that there is a control action that could
alter this other variabie.

A typical example would be trying to meet an original objective to alter the level of
a tank, A secondary objective that would meet the primary objective, would be to
alter the flow rate from the tank.

Note that some confusion can arise from the use o1’ primary and secondary here, The
primary varizble is the variable that causes the secondtary variable to change. In the
case of a tank :vel, the flow rate out of the tank will be the primary variable, ag
changing this variable will cause the rate of change of the level, the secondary
vatisble, to be altered. Figure 3.2 should clear up this matter,

I/,.»- rogt

A Primary objectiva ta B

Node containing —>

an objective R A cohtains the sacondaty variable to B
1o alter var?. yar 1
var 2 B containg the primiary variable to A
Node defines tf Secondary obj pﬂ_ oA
a changs to B scondary objective
.,arzmg _ Prirnary objective to C
B contains the secondary variable to C
#‘T:rg;?g‘ngrthe var: The seoondaryvariabréag var2.
C contains the primary variableto B
var2 and vars. |_¢” The primary variable 1s var 3,
Node defines a e
change to var 3. Secondary objective to B

Figere 3.2 Diagram indicating primary and secondary nodes
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However the secondary objective is to get the primary variable to be altered. The
primary objective would be to alter the rate of change of the level. This can be met
by meeiing a secondary objective, namely teo alter the flow rate out of the iank.

"The class Links contains knowledge describing the interaction of the two variables
it is linking together. It contains functions describing how to create itself, and now
to manage itself. Rules called Link rules are used to create this class as they are
required. They are never destroyed unless by the knowledge engineer.

The knowledge contained in the Links is deduced from the rules, but once it is
created by a rule it is kept so that it can be wsed later. This makes it necessary for
very careful knowledge management. If any of the rules that create the Links are
changed the Links already created by that rule are not destroyed. The old Link may
still exist but an updated Link from the new rule would also be created.

The relevance of the Links is altered as they are used, by altering a cost estimate of
each Link, and by considering the percentage of times a successful action was found
when the Link was used.

Because rules are used to create the Links it is possible use general rules that will

create links between specific variables. To do this, information about the variables
must be stored in a class called Ttems which has been discussed.
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3.3.7 Conclusion
QObjects are used to contain the knowledge base and inference engine of the expert
system. Some of the objects are created by the user, such as the Items class, and
Actions class. Some of the instances of classes are created by rules, this includes
instances to the Links class and the Nodes class.
3.4 Rules
3.4.1 Intreduction
Much of the system’s knowledge is contained in IF THEN rules. The rules are used
to determine if a specific condition has occusred, and what to do if it does. They are
also used to direct the inference process.
IF THEN rules contain an Antecedent and a Conseguent’ and are of the form:
IF the Antecedent is TRUE THEN carry out the Consequent
A typical example is:

IF the LEVEL of Tank TKI01 is > §0%

THEN reduce the LEVEL of Tank TKP01 by 10%
Note that the Consequent part of the rule contains a reaction to the condition in the

Antecedent. The Antecedent must evaluate to TRUE or FALSE. In this expert
system, if the information in the antecedent is not available it will return FALSE,
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There are various types of rules that differ in siructure depending on their function,
Rule Sets

The rules are divided into rule se’- aocordmg to their function. Each set will have a
gmlﬂc ﬁmctwn and will be vsed . ﬁpeclfic umes in the mference process.

By deﬁmng the structure of these rules i wiil be attempted to constrain the type of
-kmwledge bum&mntamed in them. Thls will make the knowledge easier to create
' and mansye._ :

.;The aets are;

o Control rules whick: recognize conditions and create objectives in response to
these conditions. __

& Variable rules whici are wvsed to deduce further varizble values using
information from the plant, for example if a pump is off it can be deduced that

a particular flow rate is zero.
* Link rule: - les that define the relationship bctween various variables and

treate Links.

¢ Link Cost rules are rules that are used to manipulate the desirability of using
a particular link.

¢ Action Cost rules are used to alter the desirability of taking a particular action
to meet an objective.

» Default Rules define the default action that should be taken if ne solution can -

be found for an objective.
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3.4._3& Control rules

This rule set is Ql\;ivated tecond in the cycle of the expert system. The rules in the
set describe conditions thal need to be reacted to.

The rules also specify what should be done if the condition occurs. The control rules
specify the objectives that should be carried out when specitic conditions are

To create an objective the rule requests the Item that containg the variable to be
altered, to create a Node. The rule states:

¢ The variable name.
© o The time in seconds available to alter the variable.

¢ The amount the variable is to be altered by.
'+ The priority of the request.

* A message to be used for explanation purposes.

¢ A name and number describing the rule,

¢ The Node is toid if it should wait for a variable change, or wait a specifiad

period of time before ending, The time period is stipulated as well.
¢ A term is passed telling the Node it is created by a rule.

Example
IF

BAKindOr? (Itexn,Storage) And Item:Level < 20
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- THEN

Obj(item, Level, 4, 20 - Item:Level, 60,1000, FALSE, *The tank *#Item#*
is under 20% full",C_Levellw, 1);

This rule states that if the item of equipment being considered is a storage tank and
if the level of the tank is below 20% then ar. action must be found that will cause the
level of the tank to increase over 20% in 600 seconds, The priority of the rule is 4.
The Node must wait for the variable to change before 1000 seconds is up. If the
change does not occur within the this time the Node fails. The rules name is
C_LevelLw and its number is one.
3.4.4 Value rudes
¥alue rules are used to deduce further information about the variables in the plant.
They are the first rules to be activated in the expert system cycle. These rules take
any piece of information in the system, and can be used to cause a vasiable change,
Example
Ir

ftem:Variable #= TKPI8 And Jiem: Variable #= FTime;

THEN

SendMessage( TKP18, SeiVar, FTime, ( 80 - TKP18:Level) /TKP18:DLevel
);
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This rule states that if a value is required for the variable FTime of Item TKPI8,
then the value to be used is (80 - TKP18:Level)/ TKP18:DLavel.

* 3.4.5 Link rules

Link rules describe the relationships between various variables. The antecedent
deacribes when the rule can create a vew link.

The consequent describes:

¢ The prima'ry and secondary variables,

. The amount the primary variable is. to be changed by in-order to alter the
sccondary variable by a specific amount.

# The amount this change wil} effect the secondary variable, In some cases the
change made by the primary variable will not completely alter the secondary
variable by the requested amount. This expression defines how much the
secondary variable will actually change by. It has the most use when the
primary variable is & discrete variable,

¢ The time lag between the primary variable being changed by the specified
amount and the secondary variable changing by the specified amount.

* The range of secondary variation that the Link is valid for. The Link can only
be used to cause a secondary varjation within the range specified. This allows
non- Jinear relations to be handled. X
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Example

Nodezltem #= TKP33 And Node:Variable #= SG;

THEN

List(Node:Item, P33, Node:Variable, Flow, crt*0.5, v, sx*t*v/(18%60), -2,
2, LSGP33Flow);

'This rule states that if it is necessary to change the SG of the solution in tank TKP33
then the stream P33 should be changed by the amount:

TKP33:SG**v/(18%60)

where:
* TKP33:8G is the present value of the SG.
 { is a macro confaining the available time for the final action to effect the Node

created by the Link.
s v isa macro that contains the amount the SG is to he aliered by i.e. the requested

variation.

crt*0.5 defines the tinte it will take for the primary variable to alter the secondary
variable. crt is the maximum time available to muke the change and is apart of the

cbjective definition.

The second v is the expression defining the resultant secontury variation and states
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that if the flow of stream P33 can be altered by the specified amoun, the SG can be
-expected to alter by the amouni requesied. This may seem to be a waste of
information, but under some circumstances, a change in the secondary variable may
not be able to cause the primary variable to alter exactly as desired.

In the example the Link is valid for any SG change from -2 to 2. The name of the
rule is LSGP33Flow. The name is included in the rule for debugging purposes.

3.4.6 Action Cost rules
The Action Cost rule is used to specify which actions are more desirable under
cerfain circumstances, The antecedent will check for various situations and whether

the action that the consequent is to act on, is indeed being considered.

The consequent alters a cost value in that action. The cost Mue determines how
suitable the action being considered is. '

The rule is activated by the action being considered. This is done by the action
placing a reference to the Item and Varfable the action acts on. The rules antecedent
must look at that Item and Variable siot before it can be used.

Example

Ir
If Action:Item #= P41 And Acticn #= Unchoke And TKP33:Level > 95

THEN
SendMessage(Action, AltCost,~0.8);
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The rule siates that if the action being considered acts on stream P41, the action is
called Unchoke and the level of tank TKP33 is over 95%, then this action is 4 good
action to use. (Tank TKP33 will only reach 95% full if it’s overflow pipe at 80% of
the tank level is chocked).

3.4.7 Link Cost rules

Link Cost rules are very similar to Action Cost rules except that they direct the
choice of Links uses! when searching for a secondary ohjective. Note that the name

of the Link cannot be used in the rule as it is unlikely that the Link name is known,
'The Link could refer to the rule that created it.

- Example
IF

Link:Plten #= CVP01 And Link:PVariable #= Frequency And
Link:Variation > 0 And CVP01:ScrewCon #= QFF;

THEN
SendMessage(Link, AltCost, 0.5);

This rule states that if the link being considered is to change the frequency of the
screw conveyor, and the screw conveyor is off, then the link should not be usec.
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3.4.8 Defauit rules | |
. This set of rules are used in cases where no solution to an objective can be found.
They would normally generate alarm messages,

"' ‘Nodektem #= TKPIS And Node: Varlable#= Level;

3 .

 SendMessage(DAction_1, Activate, NULL);

If no action can be found fo alter the tank level of tank TKP18, the default action
DAction_1 must be used.

3.4.9% Ceaclusion : _ : __ ';;

The rule system used in this expert system is fairly clumsy and could be improved
in later prototypes. However the rules provide a mechanism of storing and using very
general information, Rules are versatile as they can be used to convey general truths
or very specific pieces of information.

Furiher improvements to the rule systern would include activating the Action and

Link Cost rules with the Control rules. The Actions and Links would know how
desirable they are for use, before they are called. The advantages of this would be
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time savings in the inference procedure and simplifications jn the rules, as each rule
worild heﬂ:umed at a specific Action or Link making it unnecessary to place a
direction exprmslon ir. the aniecedent, -

z_‘f

Lanks are more m:m as instances, instead of being defined by rules. A tauer

m for Link creation should be considered.

w sre used fo control the interu.tions of the objects and form part of the
inferonce system. As they are not part of the knowledge representation they will not
bo discussed in detail, but it is important to be aware that they are used in the expert

gysiean,

3.6 Conclusion

- An expert system must provide a iethiod to represent the knowledge used during the

inference process. This system uses an object-orientated approach where the classes
of the objects are used to detine the inference procedure, but instances of these class
form the knowledge base.

Various classes are used to separale various types of knowledge and inheritance is
used to make the management of this knowledge easier. Further information can be

deduced from the hierarchical structure used to define the inkeritance,

The instances of the class structure Items and Actions were found to be easy to « »atr:
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and manage, The knowledge was easy to obtair and describe, The shell provided
suitable management functions for this knowledge,

Knowledpe not suitable for storage in abjects, is stored in the form of IF THEN
rules, The antecedent describes when a piece of information can be deduced and the
consequent states what can be deduced.

- Contrul rules were found to be effective although improvements could be made to the
manumt by defining much of the consequent in instances, and using the rules to
trigger the instance. This would allow for easier debugging of the rules and a more

. general apjihcaﬁon of these rules. Originally this was noi done, as it was feit that

genersl cmtt-'ol rules could be used enabling one rule to cover a rumber of situations.

An instance could not provide this feature, but by using the rules to alter predefined

" glots in & standard instance, it is possible fo over come this.

Link rules provided a general mechanism to create specific pieces of information, but
were found fo be clumsy. The Link Cost rules and Action Cost rules were found to
be essential to direct the inference path.

"The creation of knowledge is critical for an expert system. Although this dissertation
concentrates of the structure used te deduce suitable control setiong from the
knowledge, the performance of the sysiem is very dependent on the knowledge it
requives to drive it, Some of this knowledge was found to be simple to obtain and
create. Knowledge contained in the Link rules proved to be highly complex and
wifficult to obtain and manage.
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CHAPTER 4 CONDITION RECOGNITION

4.1 Introduction

The subject of condition recognition has atready been mentioned. In this chapter the
issues involved with condition recognition will be discussed in detail, The control
rules have already bezn discussed, although more detail must be provided to describe
how the shell being used, handles them,

During condition recognition, objectives are formed. The chapter will discuss exactly
what objects are, what happens when an objective is proposed, and the behaviour of
the objectives in situations of gonflict.

4.2 Cr iitions

A coudition can be any pattern of prucess variable values, As conditions occur in the
plant, variables describing the plant form particular patterns. By watching these
variables it is possible to determine when a particular condition has occurred.

Variable values are measured using various pieces instrumentation. Values from the
plant are gathered by a distributed control system (DCS). The data is transferred
from the DCS to the PC via a serial link. The variable values are stoted in the class

Items.

The system looks at the plant variables as they are at the time of rexding in the
information, which is done cyclically when ever the inference from past conditions
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has been completed.

The control rules use the variable values to determine the conditions that need to be
reacted to and then create objectives in response to those conditions.

4.3 Control Rules

The control rule contains an antecedent that looks at various varisbles in the plant.
The tule can be general and could look at a range of situations. Typical example is
an antecedent that is true when any fank is over 80% ful. A general rule of this
nature would have to use specific data provided in the Items class in order to create
a specific objective in response to the condition detected. An example of a control
rules appears in chapter 3.

4.4 Application of control ruies

4.4.1 Activation of rules

The mechanism provided by the shell being used, requires that the rules can only be
used if the rule refers v an object:slot pair that has been placed on a rule stack.

During the read cycle of the expert system, all the variables are read in from the
DCS, and each variable is placed on the stack e.g when the level of tank TKP33 is

read from the DCS, the slot TKP33:Level will be placed on the stack,

If the control rule refers the variable, the system will try to apply the rule.
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Should time ever become critical, only variables that change need to be placed on the
stack, thus the system will only reason about new information. This mechanism has
__ nei been placed in the present system,

4.4.2 Objectives

An objective is some event that should take place in response to a condition.
Objectives define a variable change in the plant. It is unlikely that a condition should
“oceur that requires a reaction that does not result in a variable change to the process.

It is assumed that all the objective variable can be sensed directly, otherwise
indirﬁct!y using value rules. If the objective variabde cannot be sensed, a different
.management function must be defined.

An cbjective is defined as.

A variuble of a particular plant ifcmn that is to be altered by a particular amount
in 2 particular time,

Due to speed Iimitations of the system, objectives should not demand te be met under
five minutes. This should be suitable for most situations in a process plant,

The information describiig the objective is stored in the class Nodes, instances of
which are created when the rule forming the objective fires. The Node created in
response to a Conlrol rule is called the root Node. The behaviour of root Node
differs from Nodes that are created by Links,
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44.3 Information requh‘ed in rule consequent

The rule must provide t.hﬁg_".nfonnatidn required to create an objective. This
_ infe_rmatim oomsists of:

* The variable to be altered, referred by the Item that contains it, and the actual
variable name e.g. TKP18, Level.

® Th: amount the variable must be altered by.

¢ The available time to inake the change. The time available to make the change
is defined as the critical *"wme, and is the time after the applicable action has
been found, that the o Jeciv = yar~Yle should be seen to change,

* A priority given to the objective.

* The objective contains a time duration that it should stay activated for, If the
objective is waiting for a variable change it will presume to have failed if this
time period is exceeded.

¢ ‘The rule can also state whether the Node should watch for the variable change
it requires-or not. ‘This later feature enables one to deal with cases where the
variable change cannot be detected.

If the variable vhange is obscrved, the Node wiil ternm«. 2 after the change,
and will mark the appropriate Link or Action as a success. If the Wait variable
is TRURB, instead of the Node waiting for the variable change it will wait for
the Hold time, and then end without incrementing any Success or Failure slois.
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The Hold time is defined in the objective,

* For explanation purposes each rule is named, numbered and contains a message
describing the reason for activation i.e a reference to its antecedent, It also
contains a parameter used to indicate that the objective that it creates will te
a root objective i.e. the first objective in the chain.

4.4.4 Activation of consequent

When an objective » i0 be created by a Control rulg, a call is made to the function
Obj transferring the informiation described above. Obj calls the Ttem that contains the
variable to be changed. The call is to the Method Request which trizs fo creéate a
Node that will contain the cbjective. |

During the attempt to creaty the N . ‘e and define the objective, conflicts could occur.
The Node and the Request method in Items handle the conflicts. |

4.5 Conflict resclution

Various cases of conilicts can occur when the various rules propose objectives. A
conflict occurs whencver an attempt is made to alter the same variable in more than

one way.

Conflicts can occur between two objectives that are proposed during the same cycle,
or conflicts can occur between a new objective and an objective that is waiting for
an activated action fo have the desired effect i.e the object is in the management

phase.
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The following table 4.1 describes the behaviour under each circumstance. The table
states which Node will win, the old or new. The loosing Node is destroyed. If a path
exists thaf bnnta.ms &1oosing node, it is also destroyed.

Table 4.1 Behuaviour of root Nodes during conflict,

The two

The exisling

| Two conflicting | A new objective | A new objective | A new

q ohjectives conflicting with | conflicts with an | chjective

' created during an existing existing objective | conflicts with

b sss cycle objectivewitha | with a higher | an chjective
priority. that ¢ould not

The emstmg

objectives j with the highest | ohjective is ohbjective ig left objective in
~p==hange the } priority wins. terminated and  { slone. terminated and

vuiab)p in the the new objective the new

oppo;ﬁte is creatad. ohjective is

du:fbhou wieated,

qulh change The objective The existing The existing The existing

the varisble ip [} with the highsst | objectiveis left | objectiveisteR | objective is feR

the satne i priority wins. alone. alon... alone.

direction.

Note that the table only applies to objectives created from rules i.e root Nodes.
Objectives that arz created during a search for an action behave slightly differently

during conflict.
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4.6 Conclusion

This chapter describes the recognition of craditions that have occurred in the process.
Conditions are recognized by particular variable patterns and may indicate if a change -
needs to be made to the process.

The first step in the recognition procedure is to obtain variable values from the
process. This information is gathered by a DCS and transferred to the PC. Rules then
_use these variables and look for conditions in the plant that must be mcted to. If a
cmd,hon ig recognized an objective is formed.

The objective describes a change that needs to be made to one of the variables in the
plant. It states how much the variable is to change by, and the time available to make
the change. This is necessary in order to determine a control action.

Cnce an objective has been formed, and that objective has not conflicted with any
previous objectives that are still waiting for a certain response, it will be listed so that
it can be processed. This processing forms part of the response search. This search
is discussed in the next chapter.

The listed objectives are ordered according to their priority uvsing a Shell sort, The
objectives will then be processed starting with the highest priority. The most
important Node is processed first ensuring that ti.. most suitable action for it is
found. It also ensures that searches carried out for less important Nodes do not need
to be unnecessarily terminated when a conflict oceurs.

In the prototype the rules used to determine conditions were very simple. Because of
the structure of the shell being used, complex condition recognition can be used, as
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long as it results in an objective, Defining the rules for the condition recdgnition
proved to be fairly obvious provided the control strategy had been decided on.

Creating the objectives for each rule was instructive as it insured that the desired
- response to 2 control action had been thought of. If a particular control action is to
be taken in response to some condition it is because that control action can acaieve
a particular goal. By using this goal to find a control action ensures that the goal of
the coutrol action is defined. Any control action that meeis this objective can be used.

chuggmg the system is easier as it is possible to check the intention of using scme
cmatrnl action in response to a condition as the result of the control action is well

daﬁned
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CHAPTER 5 SEARCH FOR A RESPONSE

5.1 Intraduction

Once the Control rules have proposcg a list of objectives, a search is carried out to
find an action for each one. When the operators carry out fhe suggested action the
objective variable should vary by the desired amount. Figure 5.1 shows the sfate of
the system thus far.

Read varisbies 1. Valables read friin the plaet.
|

¥...then... 2 Rules aie applied to seasch for
I S | condtions in the plant.

. Didinfersnce paths that are
/ \ in the management phase
. . l |
[a] [e] [e] [e [E] E i : :
3. Nodes that have besn created by ies.
Actions st ba found for thase nodes.

Figure 5.1 Overtiew of cycle thus far

The search for a control action starts by looking for an action that directly acts on
the objective variable. If nio such actions are available other variables are searched
for, that when changed will cause the objective to be met. The information describing
these other variables is contained in the Links.
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Ulurn ately some action is found that will cause a variable in the plant to change, with
the result that the variable in the initial objective will change by the amount required.
The search for an aciion continues until a solution is found or all the options have
been explored. |

It is necessary to compare the various Actions or Links to determine which one
should be implemented. The chapter will discuss the costing system that is used to
form a basis of comparison between wbe var..us options.

It will first describe the basic procedure for finding a suitable action to meet an
objective.

Chapters 6 and 7 will describe the Actions and Links in more detail.

5.2 Search Overview
5.2.1 Intrdductiou

Up to this point the search for conditions in the plant has been described. Rules were
used fo recognize conditions in the plant, and objectives defined ir. regponse to those

conditions.

It is now necessary to determine the control action that should be taken in response
to the condition i.e. fo find a control action that will cause the objective {0 be met.
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3.2.2 Actions

| Finding the cotrect action o meet an objective is the purpose of the search. The

. correct sction i3 the actmn that will cause the objective variable to change by the
m mﬁnd wlthm the required time.

Actions are described in chapter 6 but it is necessary to briefly describe their purpose

" ‘and the information they contain.

i

‘The sction stipulates how to change a particular variable. It defines:

w

* The variable to change. This is done by labelling a Item - Variable pair as
discussed in chapter 3.

* The amount the action will change the variable by or to, depending on its
fanction.

¢ A message presentad to the plant operator indicating what to do.

* The time delay after the nessage has been pres-nted to the oberator, that the
change should be seen by,

Other information required will be discussed in chapter 6.
5.2.3 Search for an action

The search for an action starts at the root Node which is created during the condition
recognition stage. When an objective is created a Node s created describing that
objective.

The Node is able to manage the search for an action that will meet the objective it
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defines. It will firsi look at all the suitable actions. # cost value is determined for

H

. _ Node delining a change o a
&) actvation of plant vadabie,
[ 0°F
o @
WD Possible sctons Theae
“ LY \0 mem%m
| _ v definecin E ¥ thy ave found to
1 I ‘QJ tmuet the objecive,
@ &sﬁwmm‘ﬂ
aclions
| mpandod ‘When a nodo is prosessad, &
%, canit be userl, Jooks for sutabls actions. If nons
; e found links wa saached for. [f
no finks are found, fink nides ara
activatsd to cieate new inks.
8} Processing of 4 node |

I no actions are found, the
knks ave expanded, starting with
the cheapest

b] Creation of an inference path. .

Figure 5.2a & b A typical inference path
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each action and the cheapest is chosen,

K no Action is found that can be used the Node will ook for -~ Link it has found in
provious infersnce attempts. The Link contains knowledge describing a primary
wvariable that could be altered to cause the objective variable to change i.e. if no
Action is found that can directly alter the objective variable a search is made for
variables that if altered will affect the variable defined in the objective. A search is
.- thea carried out for an action that will alter the newly found varizble. This is shown
in figure 5.2,

"During the search for Links a list of suitable Links is created and cost values are
determined for each. The cheapest Link will be expanded.

During Link expansion the Link creates a Node with the objective of changing the
primary variable by 2 calculated amount. Each Node that is created during Link
expansion will look for a direct action, and if one is found the inference on the path
stops, but if no action is found the Node will then search for Links that act on it.
Each of these rwly found Links are added to a global list. After the new Node has
completed its search it will have either found a solution to the path or added new
Links to the global list.

The global list is then sorted according to the predicted costs of each Link and the
cheapest Link is expanded. This process continues until an Action is found or no
more Links are available in the list. 'The search is known as a best first search’, It
is not an cxhaustive search but still tries to fiud the best possible solution to the
problem. Figure 7.1 demonstrates this search procedure. The process will be
described in more defail in chapter 7.



Once a path has found an action, it is activated. Activation is described in chapter 8
and iz the process in which the inferer  th is prepared for management. Actions
are implemented at this point.

5.3 The custing system
5.3.1 Introduction

There are numerous paths that can be taken to meet a certain root objective, buf
normally there are only a few Actions or Links that are suitable for use under a
particular set of circumstances. In order o cdmpare these various options, a costing
system is used. ' '

The costing system determines a number between -1 and 1 and indicates how "costly"
it is to implement an Action.

An Action that reacts very slowly could cause further damage to the plant and is
therefore more costly than a more timely action. An Action that does not cause the
variable to alier by the correct amount, is also considered to be more costly.

A cost value of -1 indicates that the action is very "cheap” i.¢ it causes the objective
to be met without affecting many other variables and it causes the change within the
required fime. A cost of 1 indicates a control action that should not bz used.

The costing systemm must be able to take independent pieces of information, and

combine them in such a way that the total is snot dependent on the r.nount of
information available. The values returned must provide a common basis for
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comparison,

There are various costing strategies that could be used, these include using Bayesian
estimation, Dempster-Shafer theory of evidence and a method used by MYCIN®,

The method used by MYCIN was feli to be the best system as it allows new
information to be added without changing the cost values in the rest of the knowledge
base. The MYCIN system is based on deriving a certainty factor for a particular
hypothesis. In MYCIN, the system uses 2 Measure of Belief (MB) and a Measure of
Disbelief (MD) to derive the certainty factor’. The part that is of particular interest
to the project is how the certainty factors are combined.

5.3.2 Combination formula

Two certainty factors, X and 'Y, are combined to form a third certainty value using
Eq 5.1,

CRX,Y) =X+Y-XY  IfX&Y>0
= _X+Y If X/Y <0
1-Min(X,Y)
= .CF(X,Y) I X&Y<0 Eq 5.1

The certainty factors range between -1 and 1,
In this project the certainty factors are called cost elements as they represent slightly
different information. A cost of 1 means expensive i.e. the Action or Link should not

be used, -1 means a large profit is made i.e. the Action or Link should be used, and
zero is the break even point. :
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The formula always results in 2 number between -1 and 1 and should not be
dependent on the number of pieces of information.

Tmpartial or uncertain information (cost of close to zero) has litile effect on the
overall conclusion, and conflicting costs ( a factor with an opposite sign to the
current total) resulfs in an uncertain value i.e. 2 value close to zero.

5.3.3 Cost elerzents
Cost elements are calzulated for each of the various factors that influence a decision,

These factors are then combined with the above formula, to form a single value
which forms a basis for comparison between the Links or Actions,

The final cost number will represent how suitable a particular Action or Link is,

under the current circumstances.

Both the Links and Actions derive a cost element to {ake into account;

Required variation of the specified variable. -

Number of failures of the Action or Link,

User specified infoimation in the form uf rules

The time delay between implementing {ae Link or Action, and observing the
defined variabie change.

Links also contain an:

¢ An estimate of what the rest of the path will cost
¢ A cost element passed down from the Node that called it deﬁnmg the cost of
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the path thus far.
Ezch of the cost elements are described .
Variation

The Action or Link chosen must produce the correct change in the objective variabie.
This cost element describes how closely the Action or Link will come to mieeting the
variation stipulated in the objective, The graph us=d to calculate the cost is shown in
figure 5.3. Negative values are not used as the value -1 returned when the variation
is exactly as requested, was found to saturate the costing system. The system is
impartial to an Action that produces the correct change, but is certain not to use an
action that does not cause the correct change.

[ T

"
]

.I

Atusl varistion

Lresired wvariation

Figure 5.3 Graph used to caleolate variational cost element

Time Delay

There is no point in using an Action that will not solve the problem in the allocated
time. The cost element that takes this delay into account is calculated using the graph
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| Critical time
Flghre 54  Graph osed t_d_.lzcalcnlnte delay cost element

The cost Is never below zero as there can never be & degative delay. Delay time is
ncrmally detrimental to a contrpt loop and hence the positive cost values.

The success rate of a particula} Action is taken into account in determining a cost

- value for an action. If a particular Action is used that never seems to work, it will

be Jess likely to be used in the future (depending on what other options are available).
The failure cost value is calculated using equation 5.2

No.Failures — G.5)-1.6
No.Failuregs + No.Successesg ' i

Cost = {



Failures cost will help enforce the consistency of a decision. If a decision is taken
that works often, it will be more likely to be used again. The failures cost forms a
simple learning mechanism that is updated whenever a node succesds or fails.

Heuristics

Heuristic rules take the form of Action Cost rules and Link Cost rules, which are
used fo direct the inference process. The rules have already been discussed in chapter
3. To revise, Link Cost rules allow the knowledge envineer to manipulate the search
for secondary variables so that the ‘most suitable variable is used for the existing
clreumstances. ) '

" Link Cost rules also allow the effect of changing a variable to be taken into arcount
e.g. if a possible solution to a problem is to increase the flow into a tank that is

already full, a Link Cost rule can be used to ensure that proposal is not used.

Action Cost miles allow the user to define which action is more suitable to act on a
variable when taking conditions in the plant into account.

The costs of the rules are combined fo the tozz! cost last. This is done incase the rule
contradicts the conclusion from the rest of the cost system. The rule will have the

power to over ride the rest of the cost value.

Node cost

The Node cost element takes into account, the cost of the path to get to the Node
being considered. Normally the cost of each Node in a path will become higher as
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one moves down the path, This is more realistic as there are more variables being
altered as the path becomes longer, thus there are more secondary effects to the
control action, The more secondary effects an actica has the more expmsive itisto
use as it is more likely to have detrimental consequences. ' i

The Node cost element combines the Delay cost of each Noae, and the cost value
resulting from the Link Cost rules applied to the path, Originally a cost element
describing the aitractiveness of changing a variable was built in. This cost element
v.suld be high if a variable was to be moved off a set-point for example. This
slement was removed a3 it over complicated the system.

5.3.4 Lack of associativity of the costing system
The MYCIN system is not associative. The table below shows the effect of
combining three arbitrary cost values in different orders. The final column is the total

of the three middle numbers using equation 5.1 to combine them.

Table 5.1 Lack of associativity in MYCIN system

1 | os 0.7 0.8 0.027
2 | os 0.8 01 0.416
3 | 08 0.5 07 | 0.416
Y 0.7 0.5 0.416
5 | 07 0.8 05 | cai6
6 Il 07 0.5 0.8 0.027
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The result is that one must be careful of the order the cost elements are combined.
Note that problems are only experienced if the two paris to be combined are of
opposite sign and thus contradict each other, This situation indicates uncertainty in
the final concl, |

In the system they are combined as follows:

Actions: CF(CF(CF(Variation, Failures), Rules} , Delay)
Links: CR(CF(CF(Bstimate, Failures), Node) , CF(CF(Delay, Variation),Rule))

The combination used could be improved but this combination was found o be
adequate. In the sequence for actions, the Delay cost is dominant. It wouid be better
to swap this cost element with Variation, making the variation dominant. For the

Links, the system used was the easiest to implement, but it - ‘ould be better to use a
system such as:

Link: CF(CF(CF(CF(CF(Estimate,Node),Failures), Delay), Variation),Rule)

By combing the rule cost element towards the end, if it has an opposite sign to the
total, it will have the most effect. This allows one to over ride decisions.

5.4 Conclusion

Once an objective has been created from the control - -iles, a search far an Action to
meet that objective is initiated. The Actions that can directly affect the variable being
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worked on are considered first.

If no suitable Actions can be found a best first search is canied out for new
objectives. If the new objectives are met they could cause the primary objective to
be realized. The new objectives are attached to the old objectives to create an
inference path which describes the propagation of variable changes through the

process.

The search continues until an Action can be found for any objective in the inference
path. The action will cause a variable change in the process which will propagate up
the variables described in the inference path,

A costing sys.sm based on the system used by MYCIN is used fo generate values fo
compare various Actions and Links. The system uses cost values derived from a
description of the Action or Link it is comparing. These cost values take variation,
time delay, success rate and directed cost (rules) elements into account. These cost
values are combined to create a value between 1 and -1, A cost of -1 i% more suitable
than a cost of 1. The costing system was found to work well and formed an adequate
basis for comparison between the various possibilities.

The next two chapters will discuss the search for a suitable Links and Actions in
more detail,
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CHAPTER 6 ACTIONS AND THE ACTION SEARCH

6.1 Introduction

This chapter will discuss the structure of the Action class and it’s bebaviour. It
‘describes the information contained in the action and how the action uses the
information,

- The Actions class def” s the possible control actions tixat can be taken on a plant.
e actions are created by the knowledge engineer.

When the action is used it will present a message to the plant operaior giving
. instryctions to be carried out. A typical instructivit would be to alter a valve position
by half a turn clockwise. The action could also cause some variable to be directly
. altered in the expert system.

6.2 Acticns purpose

The action is the final result of the inference process. It dufines the control action
that is taken to cause some change to the process being controlled. This controt
action is used to meet some objective which resulted from a condition found in the

process.
The action coatains specific instructions to the plant operator. These instructions

indicate exactly what control action needs to be taken. The instructions are displayed
to the operator from the PC. The operaior is expected to acknowledge the action
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mes. age. This is necessary (o ensure that the learning mechanism is not foolew by the
operator not executing the specific actions. |

The action does not need to give the operator a message. Instead it could alter a
variable in the expert system.

6.3 Action data

The action must contain particular pieces of information, to describe wisat it does and
how it can be expected to behave, This information is provided by the knowledge
engineer. The knowle  is contained in siofs with in the action. These slots are
listed below:

e Jtem:: The piece of equipment that the action should act on e.g. CVP0i which
i & screw conveyor. :

* Variable: The variable within the equipment that is changed by carrying out
the action e.g. Frequency.

* Variation: Either the amount the action will cause the variable to change to,
or the amount the variable will change by, depending on the action mode. E.g,
50 Hz. After the operator has carried out the instructions in the message, the
variable should change by/to the amount stipulated here.

¢ Mede: FIXED or DELTA, If the mode is FIXED the action will calculate the
difference between the present valve and the fixed value that the variable
should be set to. This calculated value will be used as the variation of the
variable. If the mnde is DELTA the action shouid alter the variable by the
specified amount.,

* Rule number: A rule number is writien to the DCS to enabje a station
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removed from the PC to determine which rule was activated. It is possible to
use this information to create user messages from within the DCS.

Tag: The tag name that the rule number is to be sent to.

Message: The message to be displayed when the action activates. E.g Increase
the screw conveyor speed t6 50 Hz, '

Time: The time delay after the action has been activated, that the variable
change will be seea. E.g. 300 sec.

Initial cost: An initia! cost value,

Action type: MANUAL or AUTO. When an action is activated it can either
display a specific message to the user or alter a specitied variable in the expert
system. This Iater feature can be used over vaiue rules, when a complicated
inference procedure is required.

This information i3 provided by the user to specify the control actions that can be

The control actions are fixed i.e. the expert system is not able to generate control
actions from general templates. Thiz was originally done so that the control action
could be displayed from the DCS, which is less flexible than the PC.

6.4 Action search

The search for an action is carried out from the Nodes. When a Node is searching
for an approptiate action, it forms a Lst of the actions that will affect the objective
variable.

The Node calls the method Precondition in each Action which returns a cost number
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back to the Node, If the cost is lower than the maximum allowable cost for an action
of that priority then the delay cost component is added by the Node. If the resultant
cost is the cheapest thus far, the cost and the action name is stored. The cheapest
Action is the name stored at the end of the search.

Once the Node has found an Action, it returns a message FOUND to the control
function. The message causes the main control loop to stop searching, to clear the
Links used, and to activate the path. Activation is described in chapte 4.
6.5 Cost criteria
The cost value returned by the action incorporates:

¢ Variational cost

® Failures cost

* Rule cost

* An initial cost.
Variational costs and Failures costs were discussed in chapter 5.
6.5.1 Initial costs
The initial cost i3 used to indicate whether an action is always the most suitabie
action available. A set of actions could act on the same variable, causing similar

effects. The user can use the initial cost values to indicate a preference,

It can also be used with actions that should only be used under specific
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circumstances. The action can be given a high initial cost and Action Cost rules will
be used to reduce this cost if the correct situation exists,

6.5.2 Rulke costs

Action Cost rules are activated when the rule refers to the Item slot in the Action.
The Action’s method Precondition places the Item on the stack, and activates the
 chaining process. When the antecedent is satisfied, the vonsequent causes a cost value
" 80 be combined with the fotal cost of the Action. The Action Cost rules are used to
_ indicate when a particular action should or should not be used and is very useful
_;I when dealing with exceptional circumstances,

A typical example of an exception is when an Action requests a particular stream line
to be un-choked. The Action is created with a very high initial cost, typically 1.
Normally the Action will be ignored because of it’s high cost. If particular condition
exists such as the feed tank to the chocked line is gelting fuller, an attempt will be
made to increase the flow through the choked line. The Action to unchoke the line
will be considered. Normally because of the Actions high cost it is ignored but
because the Action Cost rule can be used to reduce the overall cust of the Action
below the threshold value when symptoms of a choked line appear, and the Action
will be found and used,

6.6 Activation
Once a tule has been found, it must be implemented. This phase is called activation,

When a Node aclivates an Action it calls the method Activate. This method causes
the Action to List itself in an Action list and marks itself as Activated. The Node then
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nobes the amount the action should cause the variable to change by, and when the
change should occur.

The actions are removed from the Tist at periodic intervals, and the action message
is presented to the gperators.

. Whes the action is presented o the operato: « message describing the initial
~_candition, and the action to be carried ont in response to that condition, is displayexd.
“The operator is expecied to acknowledge that the action has been carried out,

Aeﬁms_ that have not been acknowledged ure assurmed not to have been implemented
and therefore do not fail.

.Shouid an action be found and an attempt made to activate it fails, the Nodes created
in the inference path must be destroyed and the inference started over. This is done
as it is difficult to return fo the inference path.

6.7 Actior failure

An Action is considered to have failed if it did not cause the specified variable fo
alfer in the specified time. The Action only incremients the Failure slot if the operator
acknowledged executing the action. When an Action fails, it is not avaiiable for a
period of time. By marking an Action as failed it will be unavailable for a period of
time enabling a different Action to be found later,
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6.8 Action suctess

Actions that are successful increment a Success slot. Actions that succeed are slso not
avaifable for a specified time, as there is often no point in carrying out an Action that
has just been implemented. If a situation occurs that requires the Action that has been
implemented, to be applied it will find some other action, as the action taken has
obviously failed to affect the condition being considered. Situations can occur where
the propagation of the effect of the action is still to be seen. This case was ignored.

6.9 Conclusion

The Actions class describes the individual control actions that can be taken to control
the process. Each Action will only affect one variable. When the Action is called it
will return a cost value indicating how suitable it is. This value is used by the Nodes
to pick the best Action. The Node will then activate the Action. During activation the
Action is listed and will be displayed to the operator,

Actions were found to be very easy to create and manage. The reason is that they are
assumed to affect only on primary variable. The creation of Actions tended to bea
bit tedious as every possible control action needs to be found. The Actions wetre
grouped according to the item of equipment they act on, making the management

easier.

Deciding on delay times and initial cost values required that the system had to be
"tuned”.

The Action mechanism could easily be adapted so that the message could be created
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depending of the Actions requirements. This would make the Actions easier to create,
and less repetition would be required. '

Actions are searched for before Links are considered. If a Node finds an Action first
it will be used before looking for suitable Links. Normally this works well, but
occasionally 2 better Action could be found if the Links were used first. To work
around this problem requires the use of Action Cost rules. In future systems the
search for an Action should be sizltaneous with the Link search, This issue will be
discussed in more detail in chapter 7.
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CHAPTER 7 LINKS AND THE SEARCH ¥YOR A SECONDARY
OBJECTIVE

7.1 Introduction

After 2 Node s searched for an action that could cause it's objective variable to
change, and none is found, the Node will search for a secondary otjective that if met
would result it the objective the Node defines being realized. Each of these
secondary objectives will in turn become a primary oijective, and search for a
suitable Action or another Link and nence another sconndary ohjective. During this
process inference paths are created describing changes to the process. |

As an example of a secondary objective consider two solutions that are mixed {1 a
tank to a constani pH. The primary objective is to change the pH. A sécnndary
objective would be to find an action that will effect the flow rate of either solution,
Thus the secondary objectives would change variahie;, that are found to affect the
primary variable. Tn order to find the secondary objectives it is necessary to know
the relationships between the pf . variables. .

This knowledge is contained in instances of the class Links. Links are created from
knowledge in Link rules. The knowledge in the Link rules can be general or specific,

but the Links themselves are always specific. The Link rules are ¢reated by the user.

Before discussing the search for secondary objectives the Links must be described,



7.2 Links

Links are critical pats of the search for a secondary objective, They contain
knowledge that describes how variables interact. This knowledge is created by Link
rules or directly by the user. An :'example of a Link rule appears in chapter 3.

Links coatain a'dcscﬁption of:

® The primary variable. This iz the variable that if changed, will cause the
secondary variable to change. The objective created by the Link will alter this
vaziable e.g. The primary variable for a tank ievel is the flow ont of the tank,

¢ The secondary variable. This is tle variable that is described in the primary
Node and is the variable that needs (o be changed by a specific amount.

s An expression used to calculate the desired variation of the primary variable.
This expression stipulates the amount the primary variable must be altered hy.
Normally this expression is a function of the required variation of the
secondary variable.

» An expression to calculate the resulting variation of the secundary variable if
the primnary variable alters by the correct amount. The expression returns a
number predicting the secondary variable’s variation. This value will be
compared te the amount the sccondary value should change by, and a
variationz] cost clement will be derived using these two values.

* The time after the primary variable has changed that the secondary vanable
will change by the amount specified.
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7.3 Link Rules and Link Creation

Links are specific, they link one variable to another with a specific relationship.
 However the knowledge used to create the Link could be more general.

A Link could state that in order to reduce the rate of change of the level of any tank
the flow out of the tank must be altered by -dl/dt*(Cross-sectional Area). This is
could be true for all tanks. However an unique Link is required to specify the
relationship between each specific tank. This is necessary as the use of each Link
depends on the specific circumstances surrounding the item it is to affect, also
information such as the Bstimate cost and Failures cost will be specific to each Link.

The Link rules provide a mechanism fo allow general knowledge to be used to link
~ variables together, When the Link rule is fired, it takes specific conditions and tests
to determine if these conditions can be applied to a general rule. If so0, a specific
Link is created.

The antecedent of the Link rule refers to a Item - Variable slot pair that is contained
in the Node for which the Link is to be used. The Mode:Ttem refers to some item

e.g. TKP18, and the Node;Variable is some variable e.g. Level, that the Node is
trying to alter,

The Ytem - Variable slot pair could be spéciﬁc in which case the antecedent of a Link

rule could refer to:
Node:Item# = TKPO1 And Node:Va.iable#= Level;

In this case the Link will only be created for a Node trying to change the level of
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TKPOL,
Or the antecedent could be general e.g.
IsAKindOr#{Node:Item)# = Storage And Node:Variable #= Level;

In which case the Link rule could be activated by any Node that describes a change
to the level of a storage tank,

When the antecedent of a Link rule is true the consequent will call a function called
List, The following information is passed during the call:

s The Primary variable.

» The Secondary variable.

* An expression to calculate time delay.

* An expression fo calculate the variation required of the Primary variable,

* An expression to calculate the resultant variation of the Secondary variable.

¢ The maximum variation of the secondary variable that the link can be used for,
¢ The minimum variation of the secondary variable, that the link can be

used for.
e The name of the Link rule,

List() takes this information and creates a new Link. The information passed to List()
-contains specific information, although the rule that created that information could

be general,

Note thas the Link is defined to be valid for a particular range of required variations.
This allows one to handle non-linear relationships between the primary and secondary
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variables. Approximate linear relations can be used over a small range of the
relation. Numerous Links are used to describe the complete variation range.

The Links are grouped accerding to the item of equipment that the secondary vasiable
belongs to. The name of the Link is derived from the secondary variable z~d a suffix
of the next free number of Links e.g. Flow_11,

7.4 The inference path

The connection between a initial objective and a final control action is defined by an
inference path. This path is created during the inference process. This process will
be discussed in this sertion.

The inference path describes the interactions of variables required in order for the
root objective to be met. It is built using Nodes, these Nodes are inter-connected
using Links.

As already described the Links define how variables interact. The Modes define
changes that need to be made to a process. Knowing how a variable needs to be
changed, and using the Links, it is possible to define sccondary objectives that if met
will cause the necessary change to the primary objective.

7.4.1 Creation of an inference path

The creation of ihe inference path is based on a best first search technique®, Objective
of the search would be to find and create the best path to a control action.
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To find the best solution to some situation requires an exhaustive search which could
take some time. The best first search is a compromise that uscs the path that looks
the best at the time. To ensure that the best solution is found during most
circumstances, an estimate of the total cost of taking some path iz made. A
description of this cost value is given later,

The search technique is best explained by means of an example.
Example

Let us consider an attempt to change a tank level in a tank called TKPO1. This tank
was full and a response to this condition requires that the tank Ievel is reduced by
20% in one hour. This objective forms the root objective and is shown in figure 7.1a.
The Node is called NTKPO1_Level.

The Node has looked for an action that will directly affect the level, and found none.
“The Node will find Links that list the Nodes variable as a secondary variable. Ir this
example three Links are found. L1.1 indicates that to decrease the tank level, it is
necessary increase the flow out of the tank. The other, L1.2 indicates that to alter the
level the flow into the tank should be altered.

The third link contains a heuristic connection; it stipulates that to aiter the tank level,
an unrelated flow rate called P12 must be altered some where in the plant. From
experience, the operators have found that under particular conditions, this helps.

A call is made to these Links, passing the required variation and the available time.

This results in a cost value indicating how suitable each Link is. The cost values are
discussed later. The Links are listed in a list called the Unexpanded list.
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Now move onto figure 7.1b. The cheapest Link in the Unexpandex list is found. This
Link is L1.1 which links the level to the output flow rate PQ.. If the estimate cost
in this path is accurate it should lead directly to the best action, This Link is
~ expanded. Expansion is described in detail later, but briefly the Link now creates a
new objective defining how to change the flow rate of POl, This Node is called
NPQ1_Fiow.

No direct action can be found to alter this flow rate, but the Node NPC1_Flow is able
to find two other Links that will effect the flow rate. These are links L2.1 and 1.2.2,
L2.1 describes the relation between the flow rate and a pump, L2.2 finds the relation
between the flow rate and a valve. The costs of these Links are calculated. It turns
out that this path may not be that cheap after all.

The Link 1.1.3 is predicted to provide a cheaper action than the other Links, it has
a cost value of 0.4 as apposed to 0.7 and 0.435. Thus the Link L1.3 will be expanded
next, as shown in figure 7.1 ¢. Switching to the cheapest Node is a part of the Best
First search mechanism. The Node NPi2_Flow which is generated as a result of this
Link is unable to find any Actions or Links,

The search has not yet ended so the next Link is expanded, this is Link L2.2 which
defines a change to a valve. The new Node NVPOI_Turns is able to find an action
which requires that a valve be opened by three revolutions. Remember that the action
defines how much it will effect the primary variable. The primary variable for the
action would be fo alter the valve position. Because an action has been found, the
search will end.
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' This example has described the process of finding an action that will ultimately effect
the primary NMode. By changing the valve position, the flow rate of stream P01 will
be altered, and hence the rate of change of the tank level, If the rate of change of the
tank level has been altered by the correct amount, the tank level should change within

the specified time,

The best first search uses 2 cost estimate that is derived from past experience, to
determine how suitable a Link is. This estimate would reflect the cost of the action
to be found,.and the time delay when implementing the action. The cost values
determined for each link is described in section 7.5,

The inference path predicts how each variable should change after the action is

executed as one moves back up the path, This information is used in the management
- stage which is described in chapter 9, thus the inference path must be cleaned up and

prepared. This will occur during activation which is described in chapter 8,

v

7.5 Cost Elements

Cost elements are calculated in order to compare the various Links which define the
form of the inference path,

The cost of a Link to be expi..ided depends on:

e The delay between the secondary variable changing, and the primary variable
being changed.
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* The amount the secondary variable will be changed by, if the link is used.

o .he success rate of the link.

¢ An estimation of what the total cost of using this path. This estimation will
depend on the cost of the final action found, and the cost of the Nodss between
the present Node and the Node that finds the action.

* The cost of the path thus far,

® User cost provided using Link Cost rules. The cost can be used to alter the
totat link cost and hence the inference path.

7.5.1 Estimate costs

The estimate cost is a critical part of the search technique. It is an estimate of what
it will cost to continue down the present path, thus it tries to predict what is up
ahead,

At each Link, the total cost to reached the current point is determined. The true cost
of the link should also indicate hiow many other variables need to be altered in order
for this variable to change, and how expensive the acﬁon that is ultimately found is.
Thig information is not definite but can be estimated from past experience. Once a
path has been used, and has resulted in an action being found, cost values are
returned up the inference path during activation. The cost of the path is determined
and the estimate is updated.

The updated cost value is calculated by taking a cost value from the secondary node.
"This value includes the final action cost and cost element of each Link used in the
path. The cost of the Link combines the values of the Link Cost rules, delay and

variation.
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7.5.2 The use of link cost rules

Link Cost rules allow factors that are not directly considered, to influence the use of
various Links. Under some situations certain Links are significantly better than others
aithough their standard cost values do not indicate this. A typical example, there are
two flows feeding into a tank but only one flow can be altered at a time, The Link
Cost rules will cause the flow being used at present to be altered.

The Cost rules allow external situations to be incorporated into the decisit 1. These
rules can become very important when trying to describe some situations,

7.5.3 Node Cost

The Node cost is a cost value passed in to the Link when each Link is fonnd. The
Node calculates the Node cost by using the cost passed down during expansion, and
the delay between it and the previous Node.

A description of the other cost elements have been discussed in chapter 5.

7.6 Link Expansion

When a Link is called using the method Call, it Jists itself in the Unexpanded list. If
the Link is the cheapest Link in the list, it will be expanded. During expansion the
Link creates a Node that contains the objective to alter the primary variable in the
Link by the variation calculated. The Link also calculates the critical time for the
Node i.e. the time available for the decision to have an effect,

If the Node tries to alter a variable that is being altered by some existing objective,
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a conflict will occur, The Node acts differently depending on the circumstances of
the conflict. 'if the Node is fiot able to expand the search continues as if £ 1t Link
were not there,

7.6.1 Conflict resolution

During the expansion of a Node several conflicts could occur. These are best
represented diagrammatical and are shown in figure 7.2.

These are':

. Looping back. The Link finds a Node in its own path, If this Node is used no
solution will ever be found.

* Conflict with an activated Node with opposite variation, If the new Node has
a higher priority a copy will be made of the existing node. The result is two
Nodes that act on the same variable at the same time. This will be discussed
Iater.

* Conflict with an activated Node with similar variation. In this case it is possible

for two paths to share a Node.

These conflicts are detected by the Node during creation. When the new Node has
a lower or equal priority compared to the conflicting Node, it will not be created and
if it is created it will not activate. Because all the Nodes in a path have the same

pricrity, no looping back will occur.
Normally if 2 conflict occurs and the new Node has a higher priority, a copy of the

Node will be made. If the new Node is activated, the lower priority Nodes will be
terminated. The old Node is only terminated when the n2w Node is definitely needed.
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7.6.2 Copies

In order to meet some primary objective, it may be necessary to consider an
secondary objective that has already been used. Because of the system architecture,
in order to consider changing a particiilar variable it is necessary to create a icw
Node,

Normally only one Node can be created for one variable as it is only possible to
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make one change io a variable at a time, However, if a high priosity condition is
searching for a secondary objective that has already been used, it may be necessary
to terminate that existing objective, and replace it with a objective more suitable for
the high priority condition. It is nof possiblc to terminate an existing objective if the
option of using that condition is merely being considered as that objective may not
be used. For this reason when ever a conflict occurs under these circumstances, a
copy of the objective is created.

A class called Copies contains a list of all the objectives that will alter the same
variable i.e they conflici. However only one activated objective can exist that will
alier a variable. Table 4.1 s applied during activation a..d the loser commiis suicide.
Note that two copies act on the same variable, but may alter the variables by totally
different amounts.

7.6.3 Using existing Nodes

In some situations paths may exist that contain Nodes that require similar changes to
a secondary variable. If this situation occurs, the new objective will register itself
with ‘e existing objective that causes a similar varistion, When the ~«isting
secondary objective ends, it will send the appropriate message to all the primary
objectives that use it.

This was done to ensure that the new Nods does not find a sub-optimal action when -
the most suitable action has already been used. It will also not reactivate an action
that has already been implemented. Figure 7.3 shows a path where the Node is using
a Node from another path.
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7.7 Clearing
Once a path that the Links were used in, has found an Action, the Links are cleared
so that they can be used for other objectives. This process is called Clearing, and is

initiated by the control function, Once cleared, the Link will have no record of how
it was usedd,

7.8 Percentage Failures

Like Actions, Links also contain a cost value indicating how successful they arc.
Every time a Link is expanded, it percentage failures decreases, Bvery time the Node
that the “.ink created failed to change the primary Node, the Link's percentage

failures increases.

This feature helps to ensure consistency in the decision process.

7.9 Conclusion
Links are critical for the search for relevant actions. Thiz Node and the Links specify
the few Actions that could provide a suitable control action for the plant. The use of

Links has several weaknesses which could be over come by improving the method
of Link creation and search,

7.9.1 Evaluation of Best first search

A best first search technique was used to find the best path to an action. Practically
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the best action for a particular situation was not always the cheapest. To solve this
problem Action Cost rules were introduced. These would be used to direct the choice

of an action.

Because of the best first search technique, in order to find this particular action, the
path to the action has to be the cheapest as well. Often this means the cost of a path
must be manipulated so that it always appears the cheapest. This can be done using
Link Cost rules but the knowledge base becomes more difficult to manage,

For other situations the best first search worked well. Normally in these situations,
the particular path chosen was the fastest or provided the closest variaiion.

The best first search is good in situations where there are many Maths to actions that
can be taken in response to some condition. It does not preform well when it is
necessary to keep the inference on a particular path as extensive Link Cost rules must
be used. This situation occurs when for a particular sitvation only one solution can
be used out of a number of choices.

Because of the % failure, once a decision has been made under particular
circumstances the same decision is normally taken again.

7.9.2 Action Link separation

The present system searches for an Action that will affect a variable. If no Action is
found it searches for a secondary variable to cause 2 variable change i.e. it searches
for a suitable Link. This was done rcause it was assumed that an action that directly
affects a variable will always be better than an action that could cause many other
variables to be affected before altering the objective.
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This is not always the case. An example, a particular flow rate is altered to keep a
pH constant, but under exceptional cases lime must be added. When implementing
such a systen: a Link is created between the pH and the flow rate and an action is
created describing how to alter that flow rale. An action describing the addition of
lime is associated directly with the pH. During the inference procedure under normal
conditions, the system finds a objective to alter the pH which is linked to the flow
and the action to alter the flow will be found. Unfortunat..y the system will iind the
action to directly alter the pH i.e add lime before finding the better action to alter the
flow rate. To solve this problems Action Cost rules are required to ensure the action
to add Jime remains undesirable unless needed.

This problem could be overcome if the Links and Actions were compared at the same
time, In this case the Link to the flow rate would appear to be the best option for the

gituation.

To implement this, both Actions and Links should be placed on the Unexpanded list
and the search should continue until an Action was the first in the list i.e cheaper
than any of the avail~ble Links,

By comparing the Actions and Links at the same time, the best solution to a problem
can be found with out the need for Action Cost rules o eliminate options. It alzo
allows further versatility to the sysiem.

7.9.3 Link creation

The Links were created from Link rules. The reason is that the rule mechanism is
well suited for generalities.



. For example: A Link rule covid state that if the level of any tank must be changed,
redice the flow rate of the input stream. The input stream is defined in the Item
cleaz. Thus this general rule can be applied to any tank.

| If & Node i3 searching for a Link that changes a particular tank level, aud none is
found, this rule will be activated, and from the general information #» the rule and
in the specific description of the fank, a new Link can be created specifically for the
tunk.

Two problems occur with this approach:

» When the rule changes, the information deduced by the rules becomes invalid. It
is necessary to revoke all the Links created by the rule,

¢ Knowledge used in the rules is difficult to create. It is often easier to create direct
Links, instead of general Link rules as Jarge amounts of information is required
to create the general Link rules. In the example mentioned above, the input
streams for each tank would have to be defined and the dimensions of the tank
wotlld be required for the variation expressions.

L]

7.9.4 Inadequacy of link search mechanism

If a rule bas created a Link, which may only be done under specific conditions, the
Link is always available. This Link will be looked at before new Links are created,
The Link will always be found if the secondary variable must be changed, even if the
Link is inadequate for the particular ¢ircumstance. To rectify the condition Link Cost
rules are used. Often information in the Link rule is repeated in the Link Cost rule.

The Link cost rules have been found to be easier to create if they are very specific.
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7.9.5 Gatheriug information for links

The information in the Links describes how the variables inferact. This information
is available from the process. From an understanding of the process belig controlled
it should be possible to obtain the necessary information to describe the variable
interactions. '

In the plant that the system was applied to, the information describing the pracess
was not available. A detailed process study would have to be done.

In order for the correct action to be found it is not necessary provide the correct
variabie changes so long as the knowledge creation is consistent, Problems occur
when the system expects the process to physically change by the amount specified.
This will be discussed further in the chapter discussing managenient.

7.9.6 Adaptive mechanisms

It was initially felt that because the plant structure that is being controlled changes,
the knowledge used should be adaptable. Actions used at present may not work as
well in the future, Knowledge claimed to be suitable by the knowledge engineer may
also present problems in practice.

A method to counter-act this is to measure how successful each Action is. If an
Action is found to fail often, it should not be used. In order to accomplish this, the
number of times the Link results in a Node that succeeds or fails, is recorded and this
information forms part of the total cost. '
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"1‘he effectiveness of this adaptive mechanism was never fully tesied and it could be
neglected in an initial prototype. It will only be useful when dealing with situations
where two possibilities could be used, that are very simitar, The system will tend to
use one itﬂ'stead of the other, enforcing the consistency of it’s decision,

7.9.7 Reéommended developments

Search

The search technigue should be improved. A better alternative is to place Actions
unto the global: Unexpanded list as well as the Links. The search continues until the
cheapest Action is found. If Links are cheaper, they will be expanded first, If an
Action is cheaper than the Links, it will be uscd and the search stopped. Actions that

act on a particuiar Node, could be excluded using general Action Cost rules. Link
Cost rules could be used fo exclude groups of Actiuns.

Link creation

Links, even general Links, should be created in objects. Links are easier to create,
edit and manage while they are stored in objects.

Links have been found to be easier to create if they are specific. General Links
should alsu be contained in the objects. These general Links could be used to create
more specific links. The general Links could be defined as ¢lasses.

7.9.8 Conclusion

The comments on the Links have been pessimistic at best but Links make the creation
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of actions and objectives much simpler as only the Actions primary vatiable need be
defined. By defining how the variables interact, Actions that are not suitable are
automatically excluded making the it unnecessary for extensive rules to be used to
discover particular actions.

The principie of using Links is important as it makes it possible to apply more
general knowledge to describe a situation. General knowledge is more fikely to be
portable to similar situations. Work must still be done to improve the method of Link
creation and management, and methods used in the search for the Links. The ideas
on this topic have already been discussed.

The search for Actions and Links can be done simultaneously, Enuabling a better
chance for the best Action to be found.
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CHAPTEX 8 ACTIVATION

8.1 Introduction

Once an action has been found that will affect the root Node it is necessary to check
that the path used by the action can be impiemenied. Delay times, costs and names
must be transferred to the relevant points in the path and the action must then be
implemented. This is done during the activation stage.

After a search has been completed a structure similar to the one shown in figure 8.1
could exist. After activation a structure shown in figure 8.3 should exist. Each Node
will find it's parent and descendent Nodes and will have found the delay time
between the lower Node changing and itself changing. Each MNode will find what
change fo expect after the delay.

8.2 Behavicur if unsolved

If no action could be found for a Node, it is unsolved. Under such circumstances
default rules are activated, and the Node is marked as unsolved and will not be used
for a period of time. This will ensure that process time is not wasted on a Nod¢ that
has no solution, and gives time for conditions to change in the plant. A solution may
be possible under the new conditions.
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8.3 Normal Activation

When a Node finds an action it refurns a message FOUND to the control routine.
The contro! routine will then call the method Activate of the root Node. The activated
Node will check that it can activate itself, This entails checking if any copies of that
Node exist.

A copy of a Node is a Node that will act on the same variable. If other copies exist
the chances are that the Node being activated is the most important one, otherwise
it would not have been created. However each of the copies are checked and if they
are less critical than the present Node ihey are prematurely terminated. If one of the
other Nodes are more important then the Node cannot be activated and the Node
fails, The behaviour under such conditions is described in section 8.5.

If the Node can be activated it will retrieve the name of the decedent Node from the
Link that created that descendent. The Nodes that are activated are in the path that
contains the action, The other decedent Nodes are destroyed.

The Node then refrieves the time delay between the decedent Node being solved and
the current Node changing. The decedent Link contains this information. The Node
will then activate the decedent Node which will in turn go through the same process.

Each Node in the path will call the Activate method of the next Node in the path,
until the Action iz reached and activated. The last Node in the path labelled as
ACTIVATED, all the others are labelled as HOLDING as they are waiting for the
decedent Node to succeed. This will be described in Jhe next chapter.
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Figure 8.2 shows the activation diagrammatically.

The messaga FOUND is gant up the infatence
path and to tha control function.

Figure 8.1 Inference path before activation.

[

L hctivatiun path _
data 31. 2 Reply to caling node
sransfar '> 2 Activate 3. Data kranster from called link

1

Aclivae
‘#-w T

Figure 8.2 Inference path during activation.
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Figure 8.3 Inference path after activation.

When the action is activated it marks itself as activaied, and places itseif on an action
stack. The actions are removed from the stack at a usér specified rate and the method
Action is called. '

The method Action will cause a message to be sent o the cperator, and rule number,
action number »ud variable numbers to be transferred to the DCS. This has been
described in chapter 6. '

8.4 Information transfer

During activation information required during the management phase is gathered.
This information include+ the delay between the Node and it’s decedent, and the
expected variation, This informarion is necessary in order to determine when a Node
has succeeded or failed,

Costs are gathered in order to calculate the estimated cost for the Link that created
the Node. The cost of the Inwer part of the path 13 retrieved and the cost of the Node
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it added. 'This cost is transferred to the Link that created the Node and is averaged
with the existing estimate cost for the Link.

8.5 Conflict resolution

During the search for actions for the various objectives, Nodes that act on the ..me
variable can be created, These Nodes are copies of each other and listed together in
the list Copies, '

As it ic oaly possible to alter a variable in one purticular way at a time i.e. only one
of the copies of the Nodes acting""on a particular variable can be used at a time, The
most important Node, or the first Node is always activated. Any other Nudes are
either terminated or they are not aciivated.

A Node is terminated if it has already been activated. When a Node is terminated a
termination message is passed down fo all the lower Nodes until the action is
reached. A termination method is called in the action which will aliow the action to
be 'terminated properly. Eachk Node then destroys itself,

This behaviour ensures that the most important action ander all circumstances is
used. A typical situation is when an action has been taken to full a tank, Should tf at
tank become overfull, it will be necessary to reduce that tank level. The path waiting
for the level to be increased wiil be terminated as the path *~ decrease the level is
activated.
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8.6 Conclusiva

Activation is a procedure where the Action found to cause a change to a Node is |
implemented, 1t forms the transition between the search and management sfages,

Mmsage passing necessary for the implementation of this section proved to be

-confusing but was found to work well, Activation is a necessary stage in the control
cycle, )
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CHAPTER 9 MANAGEMENT

9.1 Introduction

Once an action has begn implemented, the inference path used to find that action is
not destroyed. Instead a management phase is entered. The nanagement phase
determines when to destroy the path.

1t is important to ensure that on successive cycles of the expert system, conditions
that have already been responded to, do not reactivate the search procedure. This is
done by not erasing the inference path that was created from the condition.

‘When a condition is detected an objective is created. If a contro] rule tejes to create
an objective and the objective already exists which describes & similar simatidn, the
rule assumes that it has aiready been attended to and does nothing. '

If the original condition exists and the Node is destroyed, the Node will be recreated
and another search for a response implemented. Depending on the action, it mxy be
found again or another action could be found in response to the condition,

Because the inference path exists, i is necessary to determine when to erase it.
The inference path is made up of individual Nodes. Each Node governs itself but can

alter the behaviour of the complete path, The behaviour depends whether the Node
has succeed or failed to have its objective met.
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9.2 Node behaviour

Each Node in the path is cleared individually. To determine when to erase each Node
there are two possibilities:

» Chezk when the objectives described in each Node are physically realized, This

requires watching the variables described in the objective. If they changed by

the amouni specified, within the available time, the initial condition is assumed

to have been attended to, and the Node succeeds.

e It was found that it is not always possible to determine if the objective variable
has changed, This is due fo a lack of inst.umentation or noise in the plant.

Alzo, by solving the objective does not necessary mean the original condition
not longer exists. Feed forward control is a typical example,

In such circumstances the Node remains active for a particular amount of time.

It is assumed that after this period the condition should have been cleared and
if it has not, it must be reacted to again. '

9.3 Conditions for success

The Nodes are cleared after they succeed or fail. The behaviour of the rest of the
inference path depends on the Node.

As already mentioned there are two possible management systems for each Node,
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. Waiting for a variable change: On each cycle of the expert syster, the
variable change described in the activated Node is compared to what is actually
happening in the plant, If the variable change is within more than 7" »f the
predicted value, the Action or Link is assumed to have wotked. 75% is used
as it is recognized that the variable change may not occur as predicted.

¢ Waiting for a specified time: This management scheme is only applied if the
Node i the final Node in a path. If a Node is the final Node, it will wait for
a specified fime, and then succeed. Thus if a condition exists that tses the
Node as a response, it wiil be blocked for that time period,

9.4 Conditlons for failure
Node failure depends on two conditions

w The Node has existed longer t1 -\ the maxilnum time available. This does not
" apply if the Node is the final Node and managed by the second mauagement
" scheme.

* The Node is expecting a variable change i.e ACTIVATED but the defay time
between either the implemented action, or the¢ secondary objective, and the
Node has been exceeded.

The description below describes the process of clearing a particular inference path
depending on the success or failure of the Nodes.
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9.5 Conditions for clearing the path

The infecence path is collapsed slowly as long as each Node in the path succeeds. If
- sayof !!Ie Noades in the path fail, it is assumed that the objective required by the
. 'Wﬂ ou!ﬂitim will not be met. In this case the complete path must be destroyed,

oaebilag & new action to be found.

mﬁ.i indicates the various parts of the inference path and is used exiensively
for the description of the path management.

L4t s consider the Node at the end of the path. This Node is the Node that found

the implemented action, or its secondary Node has already been met. In figure 9.1

- & & is Node D. In figure 9.1 b it is Node C.

Status: Stntus
HOLOWE ract node HOLOING - [A ] oot
_ Howws  [B] O wowine 8] Pivssnode ot

' HOLDING €] Pmagnodemd,  AcTivaTED [C] Sacondsiy noda
or B

wrvates LBFCD

N (il node i palh

ard secondary node
{2

a) State after action is activated b) State sfter D changsd by
75% of tha requirad amount.

Figure 9.1 Management of an inference path,

109



Consider the Node that found the action, The action has been activated and the
operator has camed out the insty: rmns in the action message. The Node knows how
soon after the operator has read the message that it should expect a change ia the
plant. -
|

D@mdmx on the Nodes management, this Node will watch the variable it defines
- for the timo period defined by thiz delay, If it has not changed with in the specified
e the die fails. If the vaaabic changes by 75% of the objective it is considered
© Sivee mmede;l Or the Noder could wait a predetermined time before it succeeds
without an:r regard for the process variables,

‘ th the Node succeeds it will inform its primary Node, Node C in figure 9.1a.
. Node C will then become the final Node as shown in figure 9, 1b.

If the finad Nodc; Node D fails, the complete path is considered {0 have failed. When
a path faile it is destroyed, making it possible to find another response to the initial
condition if it stilf exists.

Consider Node C in figure 9.2 a after Node D succeeds. Node C knows that the
action has worked and has thus far altered the variables below it in the path, The
Node C knows fiom information obtained in the Links that after the secondary
objective, Node D, is met there is a time delay before the variable in Node C will
be seen to change.

Depending on the management of the Node C, it will either:

» Wait for the delay time pu.iod. If the variable nas changesd within the this time
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period, it will succeed. If the Node does not change within this time period it
will fail.

* Wait a predetermined time and succeed regardiess of what the plant does.

If Node C succeeds it will end and inform its primary Node of its success, in this
caze Node B. If the Node fails the complete path will be erased.

mm C succeeds, it will be destroyed causing Node B to be the final Node.

‘*&Iﬂi centinue until the root Node succesds or fails. If the initial condition still
# after the root has been destroyed the inference cycle will start again.

M on the nature of the actions, another action could be found.

The other Nodes in the path are also watched. Should one of the other Nodes

succeed, such as Node B is figure 9, 1a, the Nodes below it will be erased and Node
B will succeed cansing Node A to be the final Node. Note that a middle Node can
only succeed if it detects a variable change it is waiting for.

All the Nodes contain 2 time value that they should ultimately have changed by. The

action should cause the change before this time value, but if this ultimate time value
is exceeded the complete path will terminate.

9.6 Learning

Because variables are checked to ensure they do change, and because of the presence
of a costing sysiem, it is easy to implement a learning mechanism,
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Whenever & Node succeeds or fails, it will update the Action it called or the Link it
used, During the update, the percentage successes and percentage failures of each
action or link will be altered.

m m;wwnz phase of the expert system ensures that the system does not
“Yepbutadly find & solution that has already been atiended to. It determines when a
 controt setion has worked and when a condition should be reacted to again.

‘Hach Node in the path is checked to ensure that it has indeed changed as it predicted.
This i3 done so that the system is able to determine if an action was actually
implemented by the operator, and if it failed, to enable a better action to be searched
for, .

A problem that could be experienced with this stage occurs when an action is found
to solve a particular inference path. The system does not check that the final Action
will alter the root variable by the required amount, it only checks to ensure that it
will meet the final Nodes objective, which should in turn meet the obiective in the
root Node, However each Link and the final Action in the inference path may not
change the necessary variables exactly as required. This could eventually lead to
large ervors in the required change to the final variable . This problem could be
solved using the secondary relation in the Links and using this either during
Activation or during the Management phase {o propagating an expected variation
value back up the path. It can also be circumvented using Action Cost rules.

It was found that it is not adequate for the management phase to only watch the
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variables in each Node to check that they change as specified. Conditions occur
where:

* ‘The variable being considered is not measured.

¢ The variable value cannot be deduced using Value rules.

& ‘The variabie change is obscured by noise.

® Feed forward control is used where the initial condition could still occur after
& response has bzen implemented.

® The variable does not change as defined by the Node i.e, The inference path
used o find the correct action is not accurate,

" In these conditions a second management scheme was used, where the Node stayed
active for a specified period of time.

Using these two management schemes ensured searches carried out as a result of a

condition are only repeated when necessary. The management also provides a
mechanism to enable the system to learn.
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CHAPTER 10 SYSTEM EVALUATION

10.1 Introduction

In order to test the system, various control tests were carried out. The majority of
the tests were done by simulating conditions that were known fo occur in the plant.
Instead of reading instrument value from the process, the values are fed directly into
the system.

" In order fo est the complete system, the expert system was applied to a section of
plant, The scenario that the system was applied to will be described. The procedure
for entering knowledge will be presented and results of the testing will be then be
discussed.

10.2 Scepario

In the process being controlled, a tank feeds a selution into a mixing tank TKE. ™,
A calcine slurry, called siveam P41, is added to this solution. The ratio is altered to
keep the pH constant, at 3.5. The amount of calcine added is indirecfly altered by
altering the speed of two screws. A variable speed drive is connected to the two
screws, but only one screw can be on at a time. The pitch of thi: two screws are
different. Figure 10.1 shows the plant process diagram.

The pH of the control system is altered by regulating the flow out of storage tank.
This is done by a dedicated control loop. The controller conirolling this loop is fast.
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Figure 10.1 P&ID of process

The objective of the control was to keep the rate of change of the tank level of
TKP18 below 2.5%/hr while the tank Jevei is between 40 - 60%. The rate of change
will be limited to ~2.5%/hr - 0% /hr if over 60% full, and 0%/hr - 2.5%/hr if below

40%.

The control will be acéomplished by altering the calcine screw speed as this will
increase thy ' - in the tank. To compensate, the flow from the storage tank is

increased, thus altering thé tank Jevel.

The control action must alter the screw speed until the limit is reached, and then

switch over to the next serew.
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10.3 Knowledge implementation

" From figure 10.1 the following Items are created: TF P18, P22, P41, P38, P36, P37,
CVP01, CVPQ2. The appropriate variablesa - 2a éd for each. Note that the items
are: referred to by their tag names that are used jn process and instrumentation
diagrams. -

 To revie, the items describe the physical entities ? | the plant and provide access to
the variable values. Figure 10,2 shows the hierarch bal structure used to describe the
plant,

f
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Figure 10.2 Structure used to describe process ‘? be controlled
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Conditions that the plant must respond to are defined, These are in Control rules,
The riles rre shown in Appendix C. The control rules all start with the prefix C_.

Actions were defincd, The actions indicate the possible control actions that can be
taken, Some of the control action messages are shown below:

Actions on CVP01:

Increase the drive frequency of TVP01 by SHz.
* Decrease the drive ficquency of CVPOL by SHz.
Turn off CVPOI.

Turn on CVPO1.

Switch from CVP02 to CVPOIL.

Actions on CVPO2;

®» Increase the drive frequency of CVPQ2 by 5Hz,
e Decrease the drive frequency of CVP02 by SHz.
Turn off CVP02,

Turn on CVPOZ.

Switch from CVPQ] to CVPQL.

Link rules are then created. The Link rules will sink the necessary variables. Because
it is not possible to measure the flow rates of the streams P36, P37 and P38 Value
Rules are used to generate the values from the calcine screw rates. Appendix C
shows some Link rules and Value rules.

117



Because only one screw is on at a time, it i3 necessary to direct the inference path
to the crew that is on. Link Cost rules were used for this purpose. Further rules were
to handle the situation where crossover wss required,

Action Cost rules were wsed to ensure the correct action was used under the
necessary circumstances, A typical example is to use the action to switch from one
screw {0 the other, These rules are also shown in Appendix C,

10.4 Evalustion of the test

The system was implemeated and executed, Initial simulations were run in order to
debug the knowledge, From these simulations it was found that the cost values used
in the Actions, Action Cost rules and Link Cost rules had to be altered to ensure the
system worked corrsctly.

The system worked. It would determine *he correct action when required. The screw
frequency would be adjusted in 5Hz increments or more, depending on the amount
the'tank level had to be altered by. The screw was switched from one to the other as
requited.

The inference path used seven Nodes in the path. The Link Cost rules would direct
the choice of path to b taken.

Figure 10,3 shows a typical inference path generated during the execution of the
example.

118



Point wheis ok fules
(D ae appled.

incroass faquency by Sz
Sat fraquency 1o A0Hz
Set froquoncy to 25Hz

. Tueryon VPN
Swltch: frem LVPOR to CVPOT

Figure 10.3 Typical iaference path in the test example.

10.4.1 Expected plant response

From the simulations, it was ascertained that the system would behave as expected.
To ensure that the behaviour was adequate for process control, the system was

connected to the process. The requests made by the program were carried out and the

system would wait for the expected response from the process variables. Problems

were experienced at this point,

The problems related more to the control action than the behavicur of the expert
system, The plant did not respond to the action carried out on it, If the change
occurred, it was not reflected in the variables being monitored. This could be due to

high noise levels.
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Simulations of the variables being changed showed that the program did indeed work.

Ta implement the control system, the management method used for the Nodes was

altered, Instead of the Node waiting for a specific variable change, the Nodes would

exist for a predetermined time and then succeed regardless of the plants condition.
" “This constituted “open loop® control.

10.5 Conclusion

" Even though the system responded correctly under simulation, and when placed on

" ~ the process plant it responded with the correct control action for the existing

condition, it was nct possible to observe the variable change in the process,

The system recognizes condit.ons in the process. It creates objectives to alter the
objective. In this case the objectivi was to alter a tank level. The inference process
would be carrigd out correctly. In fuis scenario, to alter the tank level, flow P38
would have to be altered. ‘iae system could then try to alter the flow of streams P36
or P37, Link Cost rules would direct the process fo the correct Link, To alter the
flow rate the calcine screw could either be started or the frequency changed. Again
Link Cost rules were applied to direct the decision process. Once ascertaining the
variable to change, the most suitable contro! action would be found.

Once the system had found the correct action it would then watch the variables to
ensure that the change occurred. If a simulation was uscd, the change on the plant
was mimicked, the system would succeed, and the appropriate learning take place.
On the plant, the change was not always scen and the process would fail, The search
would be carried out again.
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~ 'The e¢xample shiowed that the knowledge structures are adequate to represent the
required knowledge to describe the control of a process.

The system is able to recognize conditions in the process. These conditions propose -
objectives, that are used to determine a suitable control action. During the search for
a2 mtml action, actions that do not case a suitable change to the process are ignored.

“ The management of the decisions was shown to be adequate under simulated
conditions, But issues such as variable noise, and poor process knowledge made it
" +*fficult to complete the control loop. The system was easily adapted to an “open
lpop' system where the Node did not wait for suitable variable changes by using the
alternative management strategy. |

The test indicated the complex nature of the knowledge to be entered and thie rived
for adequate process study io gather the nccessary information for the control
knowledge,

The test also indicated the need to be able to deal with inaccurate and noisy

measurement of variables in the control Joop, but it is flt that these issues are
outside the scope of this project to be investigated further.

121



CHAPTER 11 CONCLUSION

11.1 General

A real-time knowledge base for controlling an industrial process based on a object
orientated fechniques has been designed. The inference engine is defined in terms of
functions and classes of the objects. Knowledge is stored in the instances of the
classes, This interaction keeps the inference enginé separate from the knowledge but
allows a sitnple inter-connection of the two. Rules are used to contain knowledge that
is not suitable for the objects.

Rules are used to recognize conditions in the process. Conlitions are variable patierns
that occur in the process. These conditions are used to determine if any change needs
to be made to the process. If a change is reguired the rule creates an objective
describing that change. "

Ornice objectives have been defined, a search is made for a control action to canse the
req'ulred change to the plant. To find the control action, knowledge describing the
interactions of the various plant variables is required. The knowledge describing these
variable interactions is contained in rules. These rules create a class called Links,
which contain the specific deductions from the rules.

The knowledge in the Links describes how to change a primary variable in order to
obtain a desired response in the secondary variable. The knowledge must also define
the expected time lag between changing the primary variable and seeing the
secondary variable change.
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During the process of finding a control action, an inference path is created. The path
contains information describing variable changes that should occur in the process
when the #~tion works, This information is used to evaluate the action.

The plant is watched to ensure ihat the action does change the necessary variables as
specified. This is done to determine if an action worked. If the action failed, a more
suitable action will be sought. The success rate of an action can be used to influence

the use of the action in the future.

11.2 Assessment of the prototype
11.2.1 Conditions and objectives

The use of objectives instead of directly defining control actions, allowed the control
tules to remain simple. Fewer fvles are required to find a suitable action, as it is
possible to determine if an action can meet the desired objective from the information
defined by the objective, The creation of objectives makes it easier to adapt the
sysiem {o plant changes. By altering an objective, the _cbntml actions found could be
totally different bet the change to the knowledge base would be minimal.

The condition recogrition of the system was found to be adequate although the
control rules could be made easier to create by improving the use of the consequent,
This could be achieved by defining conditions in an object cfass instead of containing
all the information in the consequent is as is done at present,

Conflicts occur when rules create different objectives that act on the same variables,
Conflict resolution determines what to do in these situations. The conflict resolution
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works well. A variable can only be zltered in one way, *wr anly one objective on
& varisble can be sctivuted, “

Rt is often necessary to consider altering a particular variable in more than one way.

To ailow this copizs of objectives are made. A copy of an objective is an objective

WW on the same variable, but can specify a different variable change. The use

* olwapies is important in the search procedure. The copy mechanism was found to be

Xy, and in future work should he expanded to allow for copies describing
‘ pmdble changes to a variable within the same inference path.

Mﬂ of gotions proved to be simple although somewhat tedious. The actions are
well defined, and are easier to create when only the primary variable is considered.

The search for actions is carried out hefore the search for Links, In rome cases this
lead to sub-optimal actions being found, The search for Actions and Links should be
combined in future work.

11.2.3 Items

Items were found to be successful technique for are storing information describing
the physical layout of the process being controlied, The information required to
create the items is directly available on process and instrumentation diagrams,

11.2.4 Links

The information required is important, as it simplifies the description of the control
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actions:

The knowledge reqmred for the Linky i, 1ot easy to define, Detailed process study
is oflen roquired. Links do not have to be precise but there are repercussions in the
management phase if this information contring inaccuracies,

The infoemation describing time lags is equally important, as it describes if an action
mmmmmted objectives v "k in the available time period.

| _&w M that the mechamsm for creating and describing the Links used in the
'm aystem is not adequate, and a more versatile method should be devised.
 ¥.tyds syste expressions were used to desciibe the interactions of variables. It
would be better to use rules, fixed values as well as expressions for this purpose.
Rules acting on the Link object class would be particularty powerful as they
would allow for the Links fo be adapted to the current plant situation.

Mettiods for excluding Links, and for manipulating the choice of Links should
also be improved. This includes the use of initial costs, and further use of Link
Cost rules, -

11.2.5 Rules

Various rule groups have been used. These are:
s Control rules
* Link rules

s Valre rules

Default rules

Action Cost rules
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* Link Cost rules

- "These ngle gvgups eech define a different part of the knowledge base and are each

. applied st wpeciiic points in the inference procedure.

hm impleinentation, the Link and Action Cost rules are called from the

o m or:-Astion that they could influence and must refer to values in the Action or

%38k, % would be better if rules were called when variables in the plant change,
m sonditions are activated, Values could then be written directly to the
= s Action or Link. Thus these objects will have an indication of how
B 'm thay are, before they are used.

" $1,2.6 Management

The management stage determines when to terminate the inference path. Two
) management schemes were evaluated as discussed in chapter 9:

During the inference path creation the requi- .. variational values are passed down
the 'path during Link expansion, Because variation values are riot propagated back

up the path after an action has been found, errors in the variation expected by
each Node could accumulate. Minor problems were experienced in this regard.

11.2.7 Knowledge requirements

The knowledge the framework requires has been well defined. The objective is to
make the knowledge easier to create and manage.

The amount of detail of knowledge required to implement the system was found to
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be surprisingly large, The knowledge in the actions is acceptable, as is the
knowledge in the Control rules. However the knowledge in the Links is too
detailed and difficult to obtain in a typical metallurgical industry for practical
implementation of the present system to be feasible.

11.3 Puture work

m simrtoonungs were discovered during the development of and the

I._' erpechn on with the system. This section describes suggestions for future
.--Mapm&nt. Some possible improvements stem from practical limitations of the
development platform. Others from awkwardness of the proposed system.

The design of a new system should;

13 Be timer based. This will solve some practical problems with the shell. It will
also ensure that decisions can be made timeously. No problems were ever
experienced with slow decisicns, but they could occur,

2) Provide a class for condition definitions. Instead of Control rules containing a

condition message and objective, provide this in a class of conditions. The
advantages are :

¢ Basier management. Objectives can be destroyed when they are met.
Conditions will ensure rules are not fired again,

e The Conditions can be used as an alarm system. Objectives need not be
proposed with every condition. The system could be used as an
intelligent alarm system. As the need arises, conditions can be expanded
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into objectives.

© The control rule’s Consequent would be simpler. Various rules can be
used to defir an objective and the control rules would be easier to
debug.

¢ Complex decisions processes are possible with the use of a Condition
class.

3) Link Cost rules and Action Cost rules applied wiih Conirol rules. At present
these rules are called when they are required, The rules would be easier to
write if they refer directly to the plant variables as the Control rules do and are
applied when the Control rules are applied.

4) Value cost rules should be introduced, Link cost rules provide two functions.
They indicate which Link should be used, i.e., how the variable should be
altered, and ulso watch the proposed variable change and indicate if the chanse
is suitable for the present plant conditions, Value rules that are activated during
the Node search should take over this second function.

5) Link rules used to create Links, should not be used us they are difficult to
create and manage even though they provide a mechanism to use general
knowledge. Specific Links would have to be built to contain the information in
the Link rules. It has been found that in many cases the knowledge required by
the Links had to be fairly specific as each situation in a plant has its own
peculiarities. The Link rules tended to be specific and are not the best way to
represent the knowledge.

A knowledge system such as predicate logic could be much more suitable for
creating Links. If this ig the case the search for new Links should occur before

128



existing ones are use:! uniike the present system where Links are creates if no
existing Links can be found. This is necessary 0 enable new knowledge to be
used in the system. :
. \
6) (ﬁmﬂm are associated with Items at present. Instead the management of the
&&m should be dwctw through the Variables class. Objectives would
- mm the variable that ii is to aiter for the change, instead of making the
i ﬁmmgh the Item chss. "Fhis would make the management of conflicts

7). Semrchs for Links ahd Actionz simultaneously. This was discussed in chapter 7.
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- GLOSSARY

Action: A class that describes the control Qctinn that is to be executed on the plant

A‘;cﬂmmn“ : The process “where an jnferenice path is prepared for the management
pm\\

Critical Time: A time value in a Node indicating time that is available for the
action to effect the Node.

Expert System: A form of artifical intelligence that mimics the behaviour of a
plant operator.

Yorward Chainlng: A chaining technique where rules are checked to ensure that
the antscedent is true, If it is the consequent is applied.

Liuk: A class of knowledge that defines the interactions between variables in the
plant.

Link rule: A rule used to create Links.

Hold Time: The time that a Node should stay active for, after the descendent
Noda has succeeded.

Inference engine: A mechanism that takes knowledge in a particular format, and
uses this knowledge to make deductions.

Inference path: A path made up of Links and Nodes, that describes a sequence of
variable changes.

Ttem: A class of knowledge that describe the items of squipment (real or abstract)
that make up a process plant,

Knowledge base: A collection of knowledge, This knowledge is usually in a well
defined format.

Kunowledge base system: A system that contains knowledge. Because of this
knowledge the system is able to appear to be intelligen..

Nodr* A class of knowledge that defines the objectives of some control action,

Obj :exive: A description of a variable change to the process. It defines the
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amount the variable is to be altered by and the time available for the change.

Primary node: The node that is searching for a link.

Primary varinble: The variable in the secondary node.

Priority: A number between 0 and 10 indicating the relative importance of
various pieces of knowledgé.

Ro  The start of an inference path.

Root node: The node created by the control rule.

Secondary node: The node that if solved, will eventually change the primary
node.

Secondary variable: The variable in the primary node.

Shell: A basis on which a expert system can be created.

Variable: A value describing a property of the process.

Variation: The amount 1 variable is to be altered by,
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APPENDIX A BACKGROUND TO PROJECT ENVIRONMENT
A1 Introduction

The Knowledge based system is to be implemented in a section of plant at the
Zinc Corporation of §.A. This plant produces zinc from a zinc oxide ore. The
section of interest forms part of the leaching process where zine is leached from a
slurry under high temperature and acid levels. The system is being developed as a
prototype to show that expert systems can work in process control, and is
restricted to the Residue Treatment Section,

The project has been restricted in order to reduce complexity and size of the
prototype and because of the availability of process information, Unlike the rest of
the plant, a Distributed Contvol Systemn (DCS) is being used to monitor the
Residue Treatment Section and thus information required by the knowledge base
can be directly retrieved from this DCS,

An important agpect to any reasoning systc.a is its reaction to various inputs. A
sys'tems intelligence is measured by its reaction to its environment or its input.
Before any intelligent sysiem can react in a suitable manner to its environment, it
must be able to determine what state that environment is in. A highly "Intelligent®
system may be used to control a particular environment but if it is not supplied
with enough knowledge about the environment that it is controlling its reactions
will appear to be unsuitable,

A.2 Interface to a DCS

The expert system will use the data obtained from the distributed control system
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to drive itself. The DCS will be linked by a serial link to the expert system which
will be running on an IBM compatible PC,

Tha operators will be using the DCS to monitor, and eventnally control the b!ant.
‘The only m&m for the expert system is via the DCS, The DCS provides
information describing the plant, and messages to the operators are displayed by
the DCS.

As the DCS does not provide a dvnamic interface, all the possible messages must
be pre<co.. gured, The expert systen must find the suitable message for the
condition in the plant.

A.3 Plant experts

| During the development of any expert system it is crilical to be able to identify
the sources of expert knowledge. In real-titne expert systems this information is
available from plant operators, plant foreman and metallurgists,

Ad Hardware and software environmenis
A.4.1 Shells

The dissertation describes a proposed structurs: for a real-time expert system, A
critical part of the project is to find a platform on which to build this structure. A
static expert shell was found for this purpose. The shell provided an object-
orientated programming envircnment and forward and backward chaining
mechanisms. The sheil is 1nore suitable for interactive expert system building but
it was felt that a real-time expert systerm could be created on it.
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The proposed structure of the expert system would attempt to provide a
constrained environment in which knowledge about a process could be placed that
would be easy to create and manage, but still provide suitable control of the
process. The framework would also control the decision process and manage
decisions taken by the system.

The dissertation describes a framework that is created using the tools providad by
the shell. The shell itself is not suitable for real-time process control.

A.4.2 Hardware Platform

The hardw.. platform is defined by the shell being used, as well as speed
requirements of the system. Cost is a major factor.

The structure being proposed would form a prototype to investigate some of the
issues involved in creaﬁng an expert system. The speed performance did not need
to be very fast, especially as the process being controlled was fairly siow, The
fastest decision would have to be made in five minutes.

For these reasons a PC based system was adequate.
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APPENDIX B PRINT OUT OF A TYPICAL EXPLANATION

This explanation was generated during test work described in chapter 10. The
conditions during the test:

» Rate of change of TKP18:Level = 4.72
- CVP01:Screwcon = OFF

¢ CVP02:Screwcon = ON

s CVP0l & CVP02:Frequency = 45Hz

'The explanation describes the process of finding an action to switch over from a
slow screw conveyor to a faster screw conveyor.

12:55:57 AM  01/23/93
Initializing HAL Expert

12:56:38 AM  01/23/93
Rule C_DLevelHi has initiated a change to Flow of P41
by 2.38. The original value is 51,50 units,
Working on NP41_Flow
Action not available.
- Considering action Unchoke to change the Flow of P41,
The delay cest is 0.200 cost of the action is 1.000.
- The Flow of P41 may be changed by changing the Flow of
P33 by 2.38. Original value: 29.00. Link: Flow_l .
Node 0.000, Estimated 0.000 , Var 0.000, Delay 0.007,
Fail 0.600, Ruies 0.000, Total Cost 0.007
- The Flow of P41 may be changed by changing the Flow of
P38 by 2.38. Original value: 22,50, Link: Flow 2.
Node 0.000, Bstimated -0.653 , Var 0,000, Delay 0.007,
Faii -0.635, Rules 0.000, Total Cost -0.861
- The Flow of P38 may be changed by changing the Flow of
P36 by 2.38 . Original value: 0.00. Link: Flow 3 .
Node 0,007, Estimated -0.305 , Var 0.000, Delay 0.007,
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Pail <0.004, Rules -1.000, Total Cost -0.991
- The Flow of P38 may be changed by changing the Flow of
P37 by 2.38 . Original value: 22.50. Link: Flow_4 .
Node 0.007, Bstimated 0.155 , Var 0,000, Delay 0.041,
Fail -0.004, Rules 0.111, Tcrtal Cost 0.280
- 'The Flow of P38 may be changed by changing the Flow of
P37 by 12.62 . Original value: 22.50. Link: Flow_38 .
Node 0.007, Estimated 0.4232 , Var 0.000, Delay 0.041,
Fail 0.000, Rules 0.111, 'I'otal Cost 0.512
- The Flow of P36 may be changed by changing the Fus. Jency of
CVPO1 by 2,38 . Original value: 45.00. Link: Flow _J ,
Node -0.973, Estimated 0.373 , Var 0.000, Delay 0,041,
Fail 0.540, Rules 0,000, Total Cost -0.108 _
- The Flow of P36 may be changed by changing the ScrewCon of
CVPOI by 1.00 , Original value: 0.00, Link: Flow_6 .
Node -0.973, Estimated 0.347 , Var 0.000, Delay 0.041,
Fail 0.004, Rules -1.000, Total Cost -0.958
Rule: 0.000, Var: 0,000, Fail: 0.000, Total Cost 0.000
Requested Variation 1.00 :
- Congidering action CVP010n to change the ScrewCon of CVP0L.
The delay cost is 0.432 cost of the agtion is 0.432.
Action not available,
~ Considering action CVPO10if fo change the ScrewCon of CVPOL.
The delay cost is 0.432 cost of the action is 1.000.
Rule: -0.200, Var: 0.000, Fail: 0,000, Total Cost -0.200
Requested Variation 1.00
¢ = Considering action CVP0O1Switch to change the ScrewCon of CVPO1.
The delay cost is 0.432 cost of the action is 0,193.
12:57:41 AM 01/23/93
- 'The action CVPO1Switch was found, which will cause the ScrewCon of
CVP0l to change by 1.00. The original value is 0,00 units.

The critical time is 1320.00

Node NCVP01_ScrewCon to be solved after 600.00 sec
{ritical time for NP36_Flow is 1460.00

Critical time for NP38_Flow is 1480.00

Critical time for NP41_Flow is 1500.00

12;57:55 AM  01/23/93 ACTION: CVP(1iSwitch
The rate of change of TKP18 is over 0%/hr
Please swiich over to CVP0O1. Set the frequency to 15Hz slower than it is now.
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APPENDIX C RULES USED IN FINAL EXAMPLE

" Appendix C shows & list of the rules that are used in the example described in
chapier 10,

. The rules.are ¢reated with the function MakeRule, The syntax for MakeRule is:

MakeRule(Rule Name, General variables, if expression, then expression);

LINK RULES

"'*"'* RULE. L P37Scraw10n
...... —
MakeRule( L_P3_?Screwlt‘)n. [Node[Nodas],
Node:Item = F37 And Node:Variable #= Flow,
List({ Node:Ttem, CVP0O2, Node: Vasiable, ScrewCon, 60, v, 1,
0, 20, FALSE, LP36Screw1On ) );

*”'** RULE L P37Scraw10ff
MakeRule{ L_P37Screw1Off, [NodelNodes],
Node:liem #=« P37 And Node;Variable #= Flow,
List( Node:Item, CVP02, Node:Variable, ScrewCon, 60,
-1 * P37:Flow, 0, -100, 0, FALSE, LP36ScrewlOn ) );

'8
¥

**** RULB L P36$crew10ff

MakeRule( L__P36$crew10ff, {Node] Nodes],
Node:Item #= P36 And Node:Variable #= Flow,
Lis{ Node:Item, CVPO1, Node:Variable, ScrewCon, 60, " -1 * sx",
0, -100, 0, FALSE, LP36ScrewlOn ) )

MakaRu!e( L_LevchLe\'el_l, [Nodel Nodes],
Node:Item #= TEKP18 And Node:Variable #= Level,
List( Nods:Item, TKP18, Node:Variable, DUevel, *Max( 60, crt * 0,25- 1800 )",
v, "1 * TEP18:DLevel + v /{ t-+1800)¥%60", -100. 100, FALSE,
LlevelDlavell } );

!
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MakeRule( L._DlsvelFiow1, [Node| Nodes],
Nodo:Item #= TKP18 Aod Node:Variable #:= DLovel,

{
BunumList( Node:Item:Joputs, PT, Lis( Nude:llcm, PI, Node: Variable,
Flow, 2400, v, "v ", -100,
100, FASLE, LDlevelFlowl ) );
Bunlest( Node:Itemn: Outputs, PE, List( Node:Item, PI, Node; Variable,
Flow, 2400, v, "-1* v",
-100, 100, FALSE, LDLevelFlow1 ) );

Mﬂmﬁula( L , pHP221, [Node]Nndes],
Node:ltem #= TKP23 And Node: Variable #= pH,
List{ Node:Ttem, P22, Node:Variable, Flow, crt, v, "60MW*(TKP18: Acid -
TEP23: Acid)/(TKP23: Acid*{(P22: Flow + P4 1:Flow) + 58-TKP18; Acid *P22:Flow)",
~100, 100, FALSE, LpHP221});

T

MakeRule( L_pHP411, {Node| Nodes],
Node:ltem #= TKF23 And Node:Variable #= pH,
List( Node:Item, P41, Node: Varisble, Flow, crt, v, "t/60%/(P41:Flow)",
-100, 100, FALSE, LpHP241 ) )3

**"‘"‘ RULB. L P41P33F!ow

f-

MakeRule( L P4IP33Flow, [‘NadelNodes],
Mode:Item #= P41 And Node:Varisble #= Flow,
List{ Node:Item, P33, Node: Variable, Flow, 10, v, v, -100,
100, FALSE, LLP41P33Flow } );

Machule( L, _P41P3 BFiow, [Node[ Nodes],
Node:Item #= P41 And Node:Variable #== Flow,
List{ Node:ltem, P38, Node: Variable, Flow, 10, v, v, -100,
100, FALSE, LP41P38Flow ) );

#ik% RULE: 1, P38P36Flow

MakeRule( I, P38P36Flow, [Node| Nodes],
Node:ltem #== P38 And Node:Variable #= Flow,

139



List{ Node:ltem, ¥36, Fiow, Flow, 10, v, v, -100, 100, FALSE,
LP38P36Flow ) );

RN ok
em+ RULE: L,_P38P37Flow

) fe jotcioRoRick ]
MakeRuls( L_P38P37Flow, [Node| Nodes],
Node:1tem #= P38 And Node:Variablo #= Flow,

{

List{ Node:item, P37, Flow, Flow, 60, v, v, ~20, 20, FALSRE,
LP3sP37Flowl );

List( Node:item, P37, Flow, Flow, 60, v, “15 - v", -20, 20, FALSE,

LP38P37Flhow );

| 35

........ N e ode Ml

L
MakeRule{ L._P36Screwl, [Nods| Nodes],
Node:Ttem #= P36 And Node:Variable #= Flow,
Ligt( Nede:Ttem, CVPO1, Node; Variable, Frequency, 60, v, v,
-100, 100, BALSE, LP36Screw! ) );

MakeRule{ L_P37Screw2, [Node] Nodes],
Node:tens #2= P37 And Node:Variable #= Flow,
List{ Node:Item, CVP02, Node: Variable, Frequency, 60, v, "2 * v",
~100, 160, FALSE, LP37Screw? ) );

]
[

*ddor RULE: 1, SGP33Flow

MakeRule( I,_SGP33Flow, [Node| Nodes],
Node:Item #= TKP33 And Node: Varishle #= $G,
List({ Node:ltem, P33, Node:Varisble, Flow, crt * 0.5, v, sx**/18/60,
-100, 100, FALSE, LSGP33Flow ) );

wiw RULE: L, PUP18P22

!
¥y

MakeRule{ L_PUP18P22, [Nods| Nodes],
I{\Iode:ltem #= P22 And Node; Varisble #= PFlow,
List{ Node:Items, FUP18, Node:Variabls, PumpAOsB, 60, 40, 1,
0, 100, FALSE, LPUP18P22 );
ist( Node:ltem, PUP18, Node: Variable, PumpAQrE, 60, "-1%sx",
¢, <100, 0, FALSE, LPUP18P22 );
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ik f
L}

Node:Item #= P22 And Node:Variable #= Flow,
Lisi{ Node:Item, P41, Node:Variable, Fiow, 2900, v, *v#5/8",
-100, 100, FALSE, LP22P41 ) );

MakeRule( L_P365crew1On, it{ode] Nodes],
Node:Jtspm #= P36 And Node:Variable #= Flow,
List{ Node:Item, CVPO1, Node;Variable, ScrawCon, 60, v, 1,
0, 20, FALSE, LP36ScrewlOn ) );

CONTROL RULES

.
J ARy

'“'""" RULE. C I..evel

MakeRule( C_Lavel, [ltaml Items],
1sAKindOR( ltem, Storage } And Itsm:Level > 80,
Ob_]( Ttem, Level, 3, 70 - llem:Level, 6000, 6000, FALSE, * The tank "#llem#" is over B0%

Clevel, 35 X

!

ey

MakeRuIe{ C Lavele [Itemlltems},
TsAKindOP( tem, Storage ) Aud Itern:Level < 20 And TKP18:DLevel
< 0,
Obj( Item, Lovel, 3, 20 - Itom:Level, 6000, 6000, FALSE, "The tank "#ltem#" is under 20%
full",
Clevellaw, 1) );

vk RULE C, DI.zvelI-Il

;

sy

MakeRule( c DLovelHi, [ItemIItems].
ltem #= TKP18 And Item:DLevel > Ttem:DLevMax And TKP18:Level
> 40,
Obj( P41, Flow, 5,

0.5 * TKP18:DLavel;
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}» 1500, 2000, TRUE, *The rate of change of * # ltem # * is over ”
_ # ften:DLevMax # Y %/hr*, C_DLevelli,
2)%

Makal'mlo( C_LeveiHi2, [ltem|items],
dter Fwm TKP33 And Item:Level > 95,
e fItem. Lavel, 3, 85 - TKP33:Level, 600, 560, FALSE, * The calcine storsge tank is over
93 mﬂ’
CLaveltiZ 4) );

ll._‘m ................

ponn RULE C DLavale

oy
MakeRule( C_DLevellw, Ilb:milteun],
Ttem #= TKP18 And Iten:DLevei < Iter:DLevMin And TKP18:Level
< 80,
Obj{ P41, Flow, §, 1 * ltem:DLevel, 6000, 5000, TRUE,
“The rzte of change of tavk " # ltem # ¥ is lesa than - #
Item:DLevMax # *%/hr", CDLevelLw, 5 ));

........................

Sk RUI..E C TKPSSLevel

MakeRule( C ‘I'K.PSSLeveI, [ftem | Ttems],
TKP33:Level > 95,
Obj{ TKP33, Request, Level, S, 90 - TKP33:Luvel, 1800, 1800,
FALSE, " The calcine slurry tank is too full®, CTKP33Level,
19) %

1

J I A R R N R R ORI Ry

o RULB. C ! DLevMaxl
Holok

MakeRule{ C_DIevMaxl, [Ttem]Items],
TKP18:Level > 65 ,ind TKP18:DLevMax > §,
Obj{ TKP18, DLevMax;, 5, -1 * TKP18:DLevMax, 120, 120, FALSE,
*Changing the maximum allowsble rate of level change®, CDLevMaxi,
7% .
SetRuleComment{ C_DLavMax1, " " );

Fale kel sbe-sde b ale ik PP U EER S SR R AP WY

"
ek RULE‘ C DchMaxz

MnkeRule( C_DLGVMaxZ, [Item[iiems],
TKP18-Level < 60 And TKPi18:DLevMux < 2.5,
Obj{ TKP18, DLevMax, 5, 2.5 - TKP18:DLevMar, 120, 120, FALSE,
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"Chaziging the maximoem ai-  able rais of level change”, CDLevMax2,
8%

! '
i RULB: C_DLevMur3
R T
MakaRuh( C_DLavMax3, {Ttem | Ttems],
"TEP1%:Level < 60 And TKP18:DEevMax > 2.5,
Ob_:( TRPIZ, DiavMax, 5, 2.5 - TKPI8:DhovMax, 120, 120, FALSE,
* Chauging the mximum allowabls rate of level change”, CDLevMax3,

9y "

s RUI..B. . DIAVMml

MnkaRuh{ C DLevMint, mean] ltanu].
TKP18:Lavel < 35 And TKPI3:DLevMin < 0,
Obj( TKP18, DLevMin, 3. -1 * TKP18:DLevMin, 120, 120, FALSE,
“Changing the mwxioum allowsble rate of levei change”, CDLavMint,
1)

;mmm‘ e beagecfeafesfels e feooiealo)
i RULE* c . _DLevMia2

s
e |

Y

MakeRuls{ C_DLovMin?, {Item| Itama],
TKP18:Lavel > 3§ And TKP1&:DLovMin > -2.5,
%}’ TKP13, DLavMin, 3, 2.5 - TKPL8:DLevMin, 120, 120, PALSE,
* Changing the muximum allowable rats of level chuuga CDLevMin2,

12)%

{akeRule{ C DI.avaﬂ. [Itemlltems],
TKP18:Level > 35 And TEP1%:DLevMin < -2.5,
SendMessage( TKP1E, Request, DLevMin, 5, -2.5 - TKP18:DLevMin,
120, 120, PALSE, "Changing tho masimuom aliowsble rate of level change®,
CDLevMin3, 13 ) );

YALUE RULES

U PR S P AeoloboRa bk 2

MakeRule({ V_rTime, [Item|Ttems],
Item:Viriable #= TKP18 And Item:Variable #= FTime,
SendMessage({ TEP18, SatVar, FTime, { 30 - TKP13:Level ) /
TKP8:DLevel ) );

Y
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[kl ok iy
Ao RULB v PAOrPB
ajcaprlesiede e e el ok ol X ek
MakeRule{ ¥_PAOPB, [itam| ltems],
( PUPLE;:PumpA #= Oc ) Or { PUP18:PumpB #= ON )},
SendMessage( Item, SatVar, PumpAOrB, 1} );

v RULB: V_P36

‘MakeRule( V_P36, [Item| Items],
CVPO1:ScrawCon #= ON,
SendMusasage{ P36, SeiVar, Flow, CVPOL:Froqueacy } )i

{ e ofaoinadonleajobedeateaonjeod
sokiok RULE: V_P36_1

MakeRule( V_P35_1, [Itam]|Ttems],
CVPOL:ScrewCon #= OFF,
SendMessago{ P36, Se{Var, 1w, Q) )

Mak=Rule( V_P37_1, [item[Ttems],
CVP02:ScrewCon #w ON,
SendMegsage{ P37, SetVar, Flow, 0.5 * CVP02:F requency ) )i

e

MakeRuIe( ’V_PS?_Z. [Iternl Ttema],
CVPO2:ScrewCon #= OFF,
SendMeszege( F37, SetVar, Fiow, 0 ) )

MaukeRule( V_P38, [liem| ltems},
Liems:Fiow > -1 And Itein #= P36,
SendMessage{ P38, SetVar, Flow, P36:Flow -+ P37:Flow } );

***"‘ RULE: V_P4t
'l"l"“* Land b *‘ . take bas & Lok 2 bl b ’
MaLaRula( V_P41, [Itemlltems],
P38:Flow > -1,
SendMessage( P41, SetVar, Plow, F38:Flow + P33:Flow ) );
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MakeRulo( v CVP{IZFraq, [lteml!tems},
CVPOL:Frequency < 55,
SendMessage( CVPO2, SetVar, Froquency, CYPOL:Frequency ) %;

.

MakeRule( AC PZZStop. {ActmnIActlons],
Action:ltem #= P22 And Action: Varinble #= Flow And Action: Variation
< 0 And TEP13:Level < 10,
SendMessage( Action, AltCost, -f ) );

MakeRu!e( AC P22FIowStrt {AchoulActmns],
Action:Item #= P22 And Action: Variable #= Flow And Action: Variation
> 0 And P22:Flow < 35,
SendMeasage( Action, AliCost, ~1 ) );

..... ) —
MakeRule{ AC_ P41Unchoku [Action | Actiuns],
Action:Ttem #= P41 And Action #= Unchoke And TKP33:Level >
! 95'
SendMessuge( Action, AltCost, 0.8} );

MakeRule( AC CVP(}ISWch, [AchonlActmns},
Action:jtems #«= CVPOI And Action #= CVPO]Switch And CVP02:ScrewCon
#= ON,
SendMessage( Action, AltCost, -0.8 } );

MakoKule{ AC_.CVPMchh, [Action i Aclions].
Action:Item #= CVP02 And Action #= CVPOZSwiich And CVPOL:ScrewCon
l"“ ON)
SendMessage{ Aciion, AltCost, -0.8) i

S
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MakeRule{ AC_ScmwFreq, {Action | Actions},
{ Action;Item #= CVPOL Ot Action:ltem #= CVP02)
_And { Action:Variable #.= Frequency ) And { Action:Vasistion
<0)
And ( CYPOL:Frequency < 26 ),
SendMestage{ Action, AltCost, 1) );

o RULE: AC Scvarqu
MahRule( AC ScmwFrqu, [Acilon[Actmns],
{ ( Action:liem #= CYPO1 And CVPOL:Frequency > 35 )
Or ( Action:Iten #w= CVPO2 And CVPO2;Frequency > 45))
And Action:Variable #= Frequency And Action: Variation
>0
SaudMe;sasu( Action, AliCost, 1) );

MakeRule{ LCMPSBPS’!_“I s [Lmk]hnka],
Link:Pltem #= P37 And Link:PVariable #= Flow And Liok:SItem
#= P38 And Link:SVariable #= Flow And Link:SVariation
< 0 And Link:Variation > 0 And CVPO1:ScrewCon #= ON And
CVPD1:Frequency < 30,
SendMessage( Link, AltCost, -1 ) )

MakeRule{ L.C_P38P36_1, [Lmklhnks},
Link:Pltem #= P36 And Link:PVariable #= Flow Aod Link:STtem:
#= P38 And Link:SVarisble #~= Flow And Link:SVariation
> 0 And CVP02:SceewCon #= ON And CVPOZ:Frequency > 44,
SendMesesge( Link, AltCost, -1} );

fa

Mﬂ: RULE. LC CVPOI

MakeRule( LC_CVPOR, [Lmlemks],
Link:Pltem #x= CVPOI And Link:PVarisble #= SctewCon And CVP02:8crewCon
#= ON,
SepdMessage( Link, AltCost, «1) );

T
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............ PRV RN ATV SRy X p
L

MnkeRule( LC CVPO2, [Lmlemks],
Link:Pitems #== CVPO2 And Link:PVariable #= ScrewCon And CVP01:ScrewCon
#= ON,
SendMessage( Link, AltCost, -1 } );

***"' RULB' I.C P38P37 3

)

MakeRule( I.C PSBPS'F 3, [Lmk]Lmks],
Link:Pltem #= P37 And Link:PVariable #== Flow And Link:Sltem
#= P38 And Link:SVatiable #= Flow And Liok:3Variation
< 0 And Link:Variation > 0 And Not( CVPCOL:ScrewCon #=
QN And CVPO1:Frequency
< 30),
SendMessage( Link, AltCost, 1) );

,... PR

MakeRule( LC“_P38P37._2, [LinkILia:ks],
Link:Pltem #= P37 And Link:PVarisble #= Flow And CVP02:ScrewCon
#= ON,
SendMessage{ Link, AltCost, -0.8 ) );

MalEeRula( LC_P3 8P36_2, [Link)Links],
Link:Pltem #-- P36 And Link:PVariable #= Flow And CVPOL:ScrewCon
#== ON,
SendMessagc( Link, AltCost, -0,8) };

lll... g

ok RULE‘ LC P38P37 4

MakeRule( LC Pa’p37_4, [Lmk!Lmks],
Link:Pltem #w= ¥37 And Link:PVariable #= Flow And Link:Variation
> 0 And CVP0O2:Freqguency > 44,
SandMessage! Link, AltCost, 1) );

MakeRule( LC P38P37 5, [Lmkll.mks],
Link:Pltemn #= P37 "And Link.%ariation > 0 And Link:SVariation
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> 0 And CVPOL:BcrowCon #e= ON,
SeaslMeseage( Link, AltCost, 1) );
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APPENDIX D PARTIAL CODE LISTING

'This code is written in KAL, an interperator language for the shell being used,
The shell provided an object-orientated platform on which the work described in
the thesis was built, '
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...............

[k ALL FUNCI‘IONS ARE SAVED BELO‘W o Hokf

-~
iy

S

Jletcitokiolpipidie oI AR e
**"*FUNC.TION‘SM
Atk This ﬁmcuonucnlledloslmt the knowledgebasa.

...... ‘

MakeFunction Stast, [}

{
If { Null( Globsl:RunState ) Or Not{ Global:RunStute #= Running ) )
Thes {
NULL;
Init( )
Control{ 3

H
|3
SetFunctionComment( Start, *This function is culled to start the knowledge base.” );

#wik RUNCTTON: Init
"""“* This ﬁmctlon mhll:aes the system

MakeFuaction Init, [J,

{

Global:State =« INITIAL;

HideWindow( KTOOLS });

HideWindow({ KAL );

IconifyWindow( KAPPA );

SetMenuBar{ SESSION, HaiEdit );
ShowWindi«+{ SESSION };
MaximizeWindow( SESSION );
SetMenuBar{ BROWSER, BrowserMenu };
Explanation:Explain = TRUE;
EHxplanation:Error = TRUE;
SendMessage( Explanation, Clear );
SendMessage( Explanation, Add, FormatValue{ ™ Initilizing HAL Expert
ResetClock( );

Textl:Title = Date{ );

Text2:Titls = Time( );
Global: Temp Action = NULL;
SetPorwardChaicMode{ DEPTHFIRST );
Global:StactTime = 0;

Global:StartTime = GelTims( );
SetTimer( 1, 30, ¢ );

SefTimer{ 2, 1, 0 );

SetTimen, 3, Global:BackUpRate, 0 ):
SetTimer{ 4, 0, Globat: ActionSpaciag );
SetTimer( 5, Global:SimulationSpacing, 0 );
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If Not{ Instance?{ Rule ) )
Thea §

MakeInstance{ Ruls, Root );
MakeSiot{ Rule, ControlRules );
SetSlotOption( Rule:ControlRules, MULTIPLE ¥
MakeSlot{ Rule, DefaultRules );
SetSiotOption( Ruls:DefaultRules, MULTIPLE );
MakeSlot{ Rule, CosiRules );
SetSlotOption{ Rule:CostRules, MULTIPLE );
MakeSlot{ Rufe, LinkRutes );
SetSiotOption{ Rule; LinkRules, MULTIPLE };
MakeSlot{ Rule, ActionRules );
SetSlotOption{ Rule; ActionRules, MULTIPLE );
MakeSlot( Rule, ValusRules );
SetSlotOption{ Ruje; ValueRules, MULTIPLE );

5
ClsarList( Global:NewSeiNodes );
ClearList{ Global:SetNodes );
ClearList{ Globai:NewLinks );
ClearList{ Globai:item_List );
ClearList( Global:Init List);
CleacLiat{ Global:Temp List );
ClearList( Global: Activated Nodes };
ClearList( iobal: ActionList ¥
GetInstanceList( Nodes, Global:Init List );
EnumList{ Global:Init_¥ist, x, Deletelnstance( x } );
ClearList{ Global:Init List };
GellastanceList{ Copiea, Global:Init_List);
EnumList({ Global:Init List, x, Deletelnstance( x ) );
ClearList( Global:Init_List);
EnumSubClasses{ Actions, XAction,

{
Getlnstancelist{ XAction, Global:Init List );
EoumList( Global:Init List, X,

{
SeadMessage{ X, Init );
%

Y
ClearList( GlobalInit List); .
EnumSutClasses( Lioks, XLink,

{
GetlostanceList( XLink, Global:Init_List );
EnumList{ Global:Init List, X,

{
SendMessage( X, Init, CLEAR );
B -
3
SendMessage{ ActionDisp, Init );
Global:ItemNo = CountAlllnstances{ Items ) + 1;
Global: VarNo = CountAllSubClasses( Variables ) < 1;

CatchError( HBOpen( Global:StationiD ), Brror( 20, NULL, NULL ) %

ShowWindow( Session3 );
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- MaximizeWindow( Seexiond );
Ciobal:Contiye = Yos;
Globak:RuaS..;a = NULL;
1P
SetPunctionComment{ Init, "This function initilizes the systetn,” );

etk R R oA
*t FUNCTION: Control
Heleak 'I'iuu ﬁmchonfmm!hammmtmlloopmwhwhthupmgmmcyclasthmugh.

l\ilkol’unchon( Contyol, TJ,

{
Global:RunState == Running;
If Not{ Membar?{ HatBEdit:Dissbled, Run ) )
Then AppendToList{ HalBdit:Disabled, Run ); *
SetMeauBar( SBSSION, HalEdit );
While ({ Global:Continue #= Yes ))

{
Global:State = WAITING;
While (WaitForlaput! ))

{ -
Giobal:Busy = NULL;

)
Globai:any = BUSY;
MapBacapeKey({ Menan );
Global:State = READING;
Get_Date( );
Global;State = CHAIN;
ForwardChain{ NULL, Rule:ValueRujes, Rule:ControlRulss );
While (WsilForlnpm( »

Global*smo = RESET;
‘1€ { LengthList{ Global: Activated_Nodes )
>0)
Thea {
EnumList{ Global: Activated_Nodes, Node,
If Tostance?( Node )
Then SendMessage{ Node, Reset ) );

k
While (( Not( LengthList( Global:NewSeiNodes )
w = 0 ) And ( Global:Continuo #= Yes ) ))

{
While (WhaitForInput{ )}

Global:State = SORTING;
SendMessage{ Quicksort, Shell, Global:NewSetNodes,
Priority );
ClearList{ Global:SetNodes );
AppendToList{ Global:SetNodes, Quicksort:Item );
If { LengthList{ Globai:SetNodes ) > 0 )
Then BrumList{ Global:SetNodes, Ex,
{
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If Momber?{ Global;NewSeiNodes, Ex )
Then {
Qlebal: AVTimeS = Getlime( );
While (WaitForInput( ))

[ ]
Glcbal:Stale = SEARCHING;
Global: Active » TRUE;
ClearList( Global:UnexpasdedList );
ClearLisi({ Global:ExpandedList );
SsndMessags( Explanation, Display,
" — Working on *
#Ex " "%
Global:Temp = SendMessage( Hx,
Seek, 0 );

While ({ Global:Active And

{ Global:Continuo

#= Yoz ) )

{
White (( { Not{ Global:Tsmp
H=
FOUND )
And { Lengtht ist{ Global:UrexpaudedList )
-

9))
And ( Globsl:Continue
-
Yes)))

{
While} {WaitForlnput{ ))
{}s
SendMessage( Quicksort,
Shell, Global:UnexpandedList,
ECost );
ClearList( Global:UnexpandedList );
AppendToList{ Global:UsexpandedList,
Quicksort:Item );
Global:Temp = SendMessags( GetlNthElem(

1),
Expead );
h

Global:State = ACTIVATING:
If { Global:Temp #= FOUND )
Then {
If SendMessage{ Ex,
Activate,
Ex)
Ther {
Global:State
= CLEARING;
EnumList{ Globsl: UnexpandedList,
UNEX,

Global:UnexpandedList,
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{

SendMestage{ UNEX,
nit,

NORMAL );

|35

BnumList{ Global:ExpandedList,
UNEX,

{
SendMessage{ UNEX,
Init,
NORMAL );
s
Globsal: Active
= FALSE;

Blse Global:Temp
= TRUE;

}
Else {
If Instance™ Ex )
Then { )
If Null?{ Ex:Copies )
Then SsndMessage( Ex,
NoSolution )
Elge SendMessage( Ex,
End,
Ex,
NORMAL. )%
% '
Global: Active =
FALSE;
‘ 5

b
Global: AVTimeF = GetTime( %
SendMessagel Explanation, Display,

"\n
*%
i

: |97

|5
Globs}ti:smte «= READ";
Terminate{ );
s

SetFunctionComament{ Control, “This function forms the main control loop in which the program cycles
through.” );

*iviok RUUNMCTION: Get_Data
*dik This function calls each jtem getting them to get the necessar, data,

[

MakeFunction{ Get_Data, [],
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{ .
ClearList{ Global:Item_List );
EnumSubClasses( Items, ftem,

{

GetlnstanceList( Ites1, Global:ftem List);

Eruml ist{ Global:Item List, An_Item,

{

SendMesssge{ An_Tiem, Get Value );

1)
) )} )7

i

SetFunctionCommeni( Get_Data, “This function calls each item getting them to get the necessary data.” );

MakeFuoction( Read_ Dats, [Tegl, ' |
{
‘While (WaitForlnput{ ))
{}¢

Global: ReadState = READ;
If Global:Simulation
Thea {
If Slot?( Stamlation, Tag }
Then {
Global: Value = Simmlation:Vag;
}
Blse {
Glabal:Valus = NULL;
%
)
Blse { :
Glgbal: Valus «= CatchError{ {
HBRead( {
Tag;
}r 1 );

{

Global:ReadState = NULL;
Error( 20, Read_Data, Tag );
Olobal:ReadState = CLOSE;
CatchError{ HBClose{ },

Error( 20) );
Global:ReadState = QPEN;:
CatchError{ HBOpen{ Global:StationlD ),

Brror{ 20, NULL, NULL) );
NULL;

i

B
Global:ReadStats = NULL;
IF ( Not( Nuli?{ Giobal:Value } ) And Number?( Global:Value ) )
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Thea Global:Value
Else NULL;
1Y
SetFunetionComment( Read_Data, "This function provides the interface betwsen the KB and the H&B."

L]

MukeFunction({ Clear KB, [],

{
ClearList{ Global:Init_List );
EnumSubClasses( Actions, Inst,

{
GetinstanceList( Inst, Global:lnit List);
EnumList{ Global:Init_List, Element,

{
If Instance™ Element )
Then Deletelostance{ Blement );
1)
If ( Not( Yost #= Actions ) And CountSubCiasses( Tnst )
== 0 And Not( Jost #= Default ) )
Then DelcteClazs( Inst );
)
Clear]‘.’.ist( Global:Init_List };
EaumSubClasses{ Liaks, Inst,

{
GetinstanceList( Inst, Global:Ini¢ List );
EnumList{ Global:Init _List, Element,

If Instance( Element )
Then Deletelnstance{ Element );

i
1f ( Not( Inst #= Links ) And CountSubClasses( nst )
===0)
Then DeletoClass( Inst );

3%
ClearList{ Global:Init List);
GetinstanceList{ Nodes, Global:Init_List );
EnumList{ Global:Inif_List, Instance,

{
Delctelnstance( Instance );

s
ClearList{ Global:Init List);
EtiumSubClasses( Items, Inst,

{
GeilnstanceList{ Inst, Global:Injt List);
Bouml.ist( Global:Tnit_List, Flement,

{
If Instence?( Element *
Then Deletelnstance{ E'meunt );
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R
If ( Noi( Inst #= Ttems ) And CountSubClasses( nst )
wm () :
Then DeleteClass( Inst );
3
Whilz (Not{ CountSubClasses( Items ) m = 0 ))

EnuraSubClasses{ Ttems, Item,

{
+ I ( Mot{ Ttem, #= Tterms ) And CouvntSubClasses( Item )
=)
Then DeleteClass( Item };
h

ClerrList( Global:Init_List );
EnumSubLlasses( Variables, Inst,

{
GetlnstanceList Ynst, Global:Init List);
Enumist{ Global:Init_List, Element,

{
If Instance? Element )
Then DelsteInstance( Element );
D]
if Not{ Inst ¥#== Vsriables )
Then DeleteClass( Inst );

)i
if It}xstanue?( Rule )
Thea {
If Slot?( Rule:ControlRules )
Then {
EnumList{ Rule:ControlRules, Rule,
If Rule?( Ruls )
Then DelsteRule( Rule } );
Clea List( Rule:ControlRules );

T Slot?( Rule:LiokRules )
Then {
EmunList{ Rule: LinkRules, Rule, If Rule{ Rule )
Then DeleteRule( Ruie } );
ClearList{ Rule:l.inkRulss );

b
If Sloe2( Rule:DefaultRules )
Then {
EnumLixt( Rule:DefaultRules, Rule,
if Rule?( Rule)
Then DeleteRule{ Rule ) °3
ClearList{ Ruls:DefaultRules );

If Stot?( Rule:CostRules )
Then {
Enumfist{ Ruje:CostRules, ke, If Ruls}{ Rule }
Toen DeleteRule( Ruls ) );
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 ClearList( Rule:CostRules );

b
If Slot?( Rule: ActionRules )
Then {
Boumlist{ Rule; ActionRules, Rule,
If Rule#{ Rule )
Thea DelsteRule{ Rule } );
ClearList( RulesActionRules );

B
If Slot?( Rule: ValusRules )
‘Then {
EoumnList( Ruls: VelueRyles, Rule,
If Rule’™ Rule )
Thea DeleteRuls( Rule ) 3
ClemList{ Rufe:ValueRules );

b
Delstelnstancel Rule );
" 5
SetFu;;ctionCommenl( Clear, KB, "This function will ciear any links created during initilization,” );

**** FUNC'!'ION Opposnte?

MnkeFunchoﬂ( Op; Jslta?, [Va!ua! Valus2],
Aby{ Valuel + Value2 ) < ( Abs( Valuel } 4 Abs{ Value2 ) ) );

MukeFunction( C‘~ +Ad, [X Y],

.

{
If((X)-U)hnd(Y >0))
Then
;{+Y-X*Y;
Blea If {(X <« 0)And{Y < 0))
Then {
Negative{ Negative{ X)) - Y« (X *Y ) );
}

Else {
(X + Y3/ (1l +Minl Abs{ X}, Abs{(Y)) %;

MakeRunction{ CustVar. {AV DV],

{
If Not{ Nulf?( AV ) Or Null?}{ DV ))
Then {
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H ( Number{ AV ) And Numbes?2{ DV ) )
Then {
IfF(AV =m= )
Then { Global:Cost = 1)
Else {
IF(DV/AV > 1)
Then §
Global:Cost = 0.5 * DV / AV -
0.5:

}
Else {
Global:Cost = -3 /2 * DV / AV
+ 312

h
If { Global:Cost > 1)
Then Global:Cost = 13
If { Globsl:Cost < ~1 )
Then Global:Cost = ~i;
h
}
Else {
Brror( 8 );
Global:Cost = 1;
h
}
Fiss {
Global;Cost = §;

GlohaI;Cost;
¥y

MakeFunction( CostPail, [Suc Fail],

.

§f(($uc+Fail)=--r0)
Then 0
Else ( Fail / ( Suc -+ Fail ) - 0,5 ) % 1.6;
|37
[tk e koot
Nl FUIINCTION: CostTime

—

MakeFunction( CostTime, [CritT Time],

{
IF(CHT == ()
Then { Global:Cost == 1)
Hlse Global:Cost = 1 / CritT * Time;
If { Global:Cost > 1)
Then Global:Cost = 1;
If { Giobal:Cost < -1 )
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oF

Then Global:Cogt = -1;
Global:Cost;
|35

sk HUNCTION: .CostSif
"""*"' Tlns flmctlon uged CostSlf o store it's data It determines the cost of alering the effect.

MakeFunction( CostSIf, [Cates],

{
Let [I Catlersitem]

{
Let [V Caller: Variabie]

{

AL

If Not( SendMessage( I, GetVal, V, Type)

#s= Analog )
Thea §
CosiSH: Cost == 0;

}

Blse {
CogtSIE:X we Caller: GngmalValue 4 Caller: Variation;
Lat {[x Coat5}f: X}

{
If Null?{ x )
Then {
CostSIf:Cost = 1;

H
Elsa {
1f { £ > = SepdMessage{ I, GetVal,
V. 5P}))
Then {
If( > SendMessage( I, GetVal,
V,UL))
Then {
CostSIfiTemp = SendMessuge( I,
CetVal,
v,
MAX)
« SendMuossage( 1,
GetVal, V,
UL );
If { CostSIfTemp
me )
Then ( CostS1%Cost
= )
Else CostSIf:Cost
w 1/ CostSIf:Temp
L] ( X -
SendMessage( 1,
GetVal,
v,
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UL));

}
Elsa {
CoatSIf: Temp = SeadMesesge( I,
GetVal,
v,
UL)
- SendMessage( I,
Gatval, v,
SP )
If ( CostSifiTemp
m )
Then ( CostSif:Cost
Else CostSi:Cost
LA §
SendMessage( I,
GetVal,
v,
UL))
{ CostSif: Temp;

}
Eise {
IF{ x < SendMassage{ I, GetVal,
V,LL))
Then {
CostSIHf: Temp == SendMessagef I,
GetVel,
v,
MIN )
= SeadMessage( 1,
GetVal, V,
LL)
I { CostSlf:Temp
Then { CostSif: Cost
=17
Else CostSifiCost
= [ { CostSifiTemp
wlx-
Sendiviessage( I,
GeiVal,
v,
LL});

-}
Fiso {
CostSIf; Temp = SendMessage( I,
GetVal,
v,
SP )
« SendMessage( I,
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GetVal, v,
LY,
1f { CostSIE:Temp
e f}‘)
Then { CoslSif:Cost
Eise CostSt(:Cost
= { SendMessagef{ I,
GetVal,
v,
LL)

x)
I CostSIf: Temp;

h
If { CostSlf:Cost > 1)
Then CostSIf:Cost = 1;
1f { CostSIf:Cost < -1)
Then CostSIf:Cost = -1;
}(E!ostSlf:Cost;
%
SetFunctionComment( CostSIf, “Thiz function uses CostSIf to store it's data, Kt determines the cost of
alering the effect " ); '

T PUNCTION: List

r r w . -’.
Maketfunction{ List, [ASE API ASV APV ATREL AVSREL AVPREL MIN MAX WAIT Cailer),

{
If Not{ Clase}( 1, # ASI))

'Then MakeClass( L_ # AST, Links );
ClearList( Global:NLinkList );
GetlnsianceList( L_ # AS], Global:NLinkList);
Global:ListFemp = TRUE;
EnumList( Global:NLinkList, NL,

{
If { { NE:Creator #w Caller ) And ( NL:Pltem #= API)
And ( NL:FVatiable #== APV ) And { NL:SItem #==
ASI)
And { NL:SVariable #= ASYV ) And ( NL:MaxVas #=
MAX)
And ( NL:MinVar ¥= MIN ) )
Then {
Global:ListTemp = FALSE;
If Not( ( NL:VPRelation #= AVPREL } And ( NL:TRelation
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ATREL )
And ( NL:VSRelation #== AVSREL})
Then {
SendMessage( NL, Set, ASI, API, ASV, APY,
ATREL, AVSREL, AVPREL, MIN, MAX, WAIT,

Caller );
%
5
P
If Global:ListTemp
Then {

Global: Counter = 0
While (Instance?( ASV # _ # Global:Counter ))

{
Global:Counter += 1;

|

Makelnstance( ASV # _ # Global:Counter,
L_# ASI);

SendMessage( ASY # _ # Global:Counter, Set, AS1, API,
ASV, APV, ATREL, AVSREL, AVPREL, MIN, MAX, WAIT,
Caller );

h

|95

o FUNCT ION. C!eaerks

MakeFunction( C!wLmks, [],
{
EnumSubClagses( Links, L,
{
GetlnstanceList( L., Global:Init List );

BaumList{ Global:Init List, IL, SendMessage{ IL, Init,
L))

MakeFuncnon( TnmorFunc, [TimurNumber],

{
If ( TimerNumbar == 1)
Then {
Clean( );
KillTimer( 1 );
SetTimer( 1, 30, 0 ;

b
If ( TimerNuwber === 2 )
Then {
Text2:Title = Time({ );
ResetImage( Text2 );
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If(Ti}marNumbet s 3)
Then
SendMessage( File, BackUp );
ClearTranscriptimagel Ervor );
KillTiroer( 3 );
SetTimer( 3, Global:BackUpRate, 0 );

If { TimerMNumber == 4 )
Then {
ActionHandler{ );
KillTimer( 4 );
SetTimer( 4, 0, Global: ActionSpacing );

b
If { TimerNumber == 5 )

Then {
SendMeseage{ Simulation, Evaluatc );

MakeFunction( Quit, [i,

HideWindow( Sessionl );
Global:Quit = TRUE;
3%

wire FUNCTION: Update

MakeFunction( Update, ],
{
EgumSubClasses{ Imago, I,

ClearList( Global:Tnit_List);

GetlustanceList( I, Globak:nit List);

EnumList( Global:Init_List, G, ResetImage( G ) );
35

)i

Makefunction{ ActionHaadler, [},

{
If { { LenpthLisi( Global: ActionList ) > 0 ) Or Not({ Null?{ Global: TsmpAction } 3 )
Then {
If ( LengtbList( Global: ActionList) > 0)
Then {
SendMessage{ Quicksort, Shell, Giobal: ActionList,
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Priority );
ClearLizt{ Global: ActiusList );
AppendToList( Global: ActionList, Quirksort:Item );

%
Tf Not( Null?( Global:TempAction ) And Not{ Member?( Global: ActionList,
Global: TempAction } ) )
Thea AppendToList( Global: AdtionList, Global: TempAction );
If { Noi{ MemberX SingleListBox1: AliowableValues, GetNthElem( Global: ActionList,
1)))
And Not! GetValue{ GatNthElem{ Global: ActionList,
1), Ackoowledge) ))
Thes {
AppendToList( SingleListBox1: AllowableValues,
GotNthElen( Global: ActionList, 1) );
Resetlmagre( SingleLiztBox] );

If Not{ Member?( ActicnDisp: Actions, GetNthElem{ Global: ActionList,

. 1))
Then {
AppendToList( ActionDisp; Actions,
GetNthElem{ Global: ActionList, 1) &
ActionDisp: CurrentCheice = GetNthElem{ Global: Actioniist,
1)

If { Le;glhl..ist( Global: ActionList ) > 0)
Then {
¥f ( SendMessage( GetNthElem( Global: Actionlist,
1), Action )
#= FALSE)
Then {
Global: TempAction = GetNthElem{ Global: ActionlList,
1)
If ( LengthList{ Global: ActionList )
>0)
Then RempveMihElem( Global: ActionList,
1%
}
Elss {
If { LeagthList({ Global: ActionList )
>0)
Then RemoveNthElem{ Global: ActionList,
)
Giobak: TempaAction = NULL;
[H

woiok RUNCTION: Memu

ki bk b ke o o Ardeideiyabssbiabinl daddask ol §

MakeFunction({ Menu, [],



{

Globsl:RunState = Pause;
Global:Busy = PFAUSE;
Jobal:PavseTims = GetTimey );

While (¢ Not( Null?( Globai:RunState ) ) And ( Global:RunState

#= Pause ) ))

{
While (WaitForlnput{ )}

&
If { GetTime{ ) - Global:PauseTime > 10)
Thken Global:PamState = Running;

¢
Global:Busy = BUSY;
i

sk FUNCTION: GetTime

MakoFunction{ GelTime, [,

{
Times:Time w GetClock( );
IF ( GetClock( ) < 0)
Then ResetClock{ );
If ( Tinw:iTime > = Times:CyclePeriod )
Then {
ResstClock({ )
Times:CyeleNo += 1;
If ( Times:CycleNo > = Times:Max )
Then Times:CycleNn = 1;

Times;Time + ( Times:CycleNo - 1 ) * Times:CyclePeriod;
| D

PP PPP—
Sk RUNCTION: CompTime

-

{
;wrime( T1} > AdjTime{ T2 };
b4

prow "
sk FUNCTION: Terminate

——

MakeFunction( Terminate, {1,
{

DisplayTexi{ HalEx, FormatValue( “\n Ended HAL Expert.

KillTimer{ £ );
KifTimer( 2 );
KillTirer{ 3 );
KillTimer( 4 );
CaichError( HBClose( ), Error{ 20 } );
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Global:RunSiate = NUJLL; : -
| DK

PP
wtkd FUNCTION: Eiror

MekeFunction{ Error, [Num Caller Parameter],
{
IF(Nom w=aw 1)
Then SendMessage{ Explanation, Error, FormatVelue{ “‘u ERROR" ) };
If( Num == 2)
Then SendMessage( Explanation, Error. FormatVelue{ ~.. File Error - Conld not open filef* ) );
I ( Num == 3 )
Then SendMessage( Explanation, Frror, FormatValue{ "\ File Error ~ Ervor in interpreting
knowledge hase 1" ) );
I€ ( Num == 4 )
Thea SendMessage( Explanation, Error, FormatValue( "\n Read Error - Can’t read data filel” ) );
If (Num == §) - .
Then SendMessage{ Explamatior, Error, FormatValue( "\0 Fils Error - Can’t Retrieve Filet” ) );
If (Nom ==6)
Thea SendMessage( Explanation, Srror, FoomntValue{ "\u File Error - Can’t Save Explanaticn]” )

L)
H{Num ==17)
Thea SendMessags{ Explanation, Error, FormatValus{ "\n File Esror ~ Can’t Rad Cell” ) );
If{ Num == §)
Thent SendMessage( Explanation, Breor, FormatValue{ *\n Discrets variable being considered as 8
continuous variable” ) );
If ( Numg === 11 )
‘Then SendMessage({ Bxplasstion, Error, FormaValue( “\a Fils Error - could not record explanation
data" ) );
H { Num == 20 )
Then SendMessage{ Bxplunation, Error, FormatValue( " HB Error -
¥
HBErrorMsg( )
¥
n’ \n K og "
#
Paramcler
i

"))
If { Num === 21)
Then SendMessage( Explanation, Error, “Ag action has been lost" );
If ( Num === 22 )

Then SendMessage{ Explasation, Brror, "Vacisble “ # Paramster
# " listed but does not exist’in "
¥ Caller );

If { Mum == 24 )

Then SendMessage( Explavation, Error, "Error writing to file *

# Pararmeter ); '
P




*kk FIINCTION: InterWrite

MakeFuaction( InterWrite, {1,

{
Write_Datu( Inter: TagNsane, Infer:Valus );
7

[k i R Rl
tophk BUNCTION: InterRead
ot AR k]

MukeFunction{ InterRead, [],

{ .
Inter:Value »« Resd Dafa{ Inter:TagName );
) :

""q.

MakeFuncnom( Write_Data, IVelue Tag Number].

{
If Nol({ Velue_Tag #= NONE )
Then {
Globgl:ReadState = WRITE;
Global: Temp = CatchBrros( {
HBWrite{ Value_Tag, Number );

}s

érror( 20, Write Datn, Valie_Tag );

Catcis Zrror{ HBClose( ),
Error{ 20 )} );

Global;:ReadStste = CLOSE;

Catchlirros{ HBOpen( Global:StationID ),
EBuror( 20, NULL, NULL ) );

Global:ReadState = QPEN:

FALSE;

\ ¥
Else Global: Value = NULL,
Global:Read$fate = NULL;

Global: Temp;
1

eseofoteide ook

w e /i

MakeFuaetion( BarDraw, [Title Mum Mnx Mm],

{

SetLineStyla( 1, 1, 0%
MoveTo{ 59, 20 );
Rectangle( 25, 56 3
SellineStyle( 1, 1, 73
Sor x From 81 To 81
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Do {

SetlineStyle{ 1, 1,4 };

MoveTu{ x, 75 )

LineTof x, 75 ~ 55 * Num / Max );
ScilineStylef1, 1,2 );

LinoTo( x, 20 );

¥
Mov}e'l‘u( 30, 85 );
DeawTexi( FormatVajue( " %3.2f*, Num ) );
MoveTa( 0, 20 );
DzawTent( FornutValue( " %3.2P, Max ) );
MoveTo( 0, 60 );
DrawText{ FormatVatue( * %$3.26*, Min ) J;
MoveTof{ 15, 0 );
DrawTexi( Title );
}i

L

sk RUNCTION: I_‘lill_)ﬂl\_-v

MakeFunction{ FailDraw, [],

{
BarDraw( *% Failures®, Global:Percent, 100, 0 J;
B

!‘ . r : 3 3 :. oy " s T T PO PN R TR T 1
wehioe BUNCTION: AVDraw

MakeFunction{ AVDnw, [},

{

SetLineStyle{ 1, 1, 1);

Moeyelof 0, 10);

DrawTsxt( “Average Process Time" );

MoveTc( 20, 60 );

DrawText( FormatValue( " %3.2f See", Global:AVTime ) );
IBT

wokks BUNCTION: Clean

*#iok This function is used to stop tho expianation window becoming too large,

sk It wil! save the explanation window every two houss. It does not append et the end of the
file, yet.

o S obsR R R kR

MakeFunction{ Clean, {1,

Fi
1

{
PostBusy{ ON, "Cleaning up* );
SendMessage{ Times, Date );
File:BFileName = File:Path # Hal # Times:Month # Times:Day
# Exps
If CatchError{ OpenWritoFile{ File:EFiloName, APPEND ), FALSE )
Then {
SaveTranseriptimape{ Hallx );
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ClossWriteFile( );

}
Else Error( 11, NULL, NULL );

SendMessage{ Explanation, Clear };

ReclaimStringSpuce( )

MapEscapeKey( Menu );

SetMenuBar( SESSION, Halfdit );

SondMessage( Explanation, Add, * Cleaned Explanation Window - daia siored in "

# File:BFileMame );

Text1:Titlo = Date{ );

PostBusy{ OFF );

} i
SetFunctionComment{ Clean, "This function is used to stop the explanation window becoming too large.
It will save the explanation window every two bours, It does not sppend at the end of the fils, yet." );

Mukm.Function( Convert, [Itcm Vasiabls Value],

Ty

{
IF { Not{ Null?( Valus ) ) Aud Not{ Number?{ Value ) ) )
Then SendMestage( GetValue( Item, N # {
Variable;
} ), Convert, Value )
) Else Valus;
%

MakeFunchon( Ad|Tlme, ['l‘lme],

{
Times:TCNo = Floor{ Time / Times:CyclePeriod ) « { Tames:CycleNo
~ Floor{ Times:Max
i
2%
I ¢ Times'TCNo > Times:Max )
Then Times;TCNo = Times:TCNu ~ Times:Max;
IF { Timea:TCNn < 0)
Then Times:TCNo = Times;TCNe + Times:Max;
Time - { Floor( Time / Times:CyclePeriod ) - Times:TCNo )
* Times: CyclePeriod;
135

MakeFlmchun( UpdnteVll‘. 1l
SendMessage( ItemVars, Update ) );

st FUNCTION: GetDate
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MakeFunction{ GetData, {],
SendMessage( HemVars, GetData ) );

**"‘* FUNCTION RunApphcatlon
-

MakeFunction{ RunApplicatiun, {1,
{
Clear KB{ )
CatehBrror( InlerpretFile{ Filo:BackUpFile ), SendMessape{ Explanation,
Error, *Cannot interpred file "

#

File:BackUpFile ) );
Global:RunState = NULL;
Start{ 3;
}

Mm FUNCTION. Acknowledge

R

MakeFunt.nnn( Acknowledge, 0,

{
If ¢ Not{ Null?{ ActionDisp: CurrentChoice ) ) And IsAKindOf?( ActionDisp: CurrentChoice,
Actions ) }
Thea {
SetValue{ { .
ActionDisp: CurrentChoice;
}, Acknowledge, TRUE );
If Member?( SingleListBox 1: AlfowableValues, ActiunDisp: CurrentChoics )
Then RemoveRromList{ SinglelisiBox i:AllowsbleValues,
ActionDisp;CurreatChoice );
Resetlmage{ SingleListBox1);
Resetimsye( StateBox1 3

h
Mexi( );
|3 H

o FUNC’I‘ION. ClossAWin
Fdok Thiy funct:on is called by the cancnl button in the action window,

p

MakeFunction( CloseAWm, {],

HideWindow{ Session3 ) };
SetFunctionCosmrent( CloseAWin, "This function is calied by the cance! button in the action window.* );

"‘**"‘ FUNCTION. Naxt

Make.Funcuon( Next, i1
{
ActionDisp:ChoicePos = GetBlemPos( ActionDisp; Actions, ActionDisp: CurrentChoics );
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If  ( ActionDisp:ChoicePos + 1) > LenpthList( ActionDisp:Actions ) )
Then ActionDisp:ChoicePos = 0;
If Not{ LengthList{ ActionDlisp: Actions ) === 0)
Then ActionDisp:CurrentChoics = GefNithEiom{ ActioaDisp:Actions,
ActionDisp.ChoicePos
+1)
s

[tttk . .
ik FUNCTION: Prev

MakeFunction( Prev, [1,

{
ActionDisp:ChoicePos = GetElemPos( ActionDisp; Actions, ActionDisp: CurrentChoice );
If ( { ActionDisp:ChoicePos-1) < 1)
"Thea ActionDisp:ChoicePos = LengthList( ActionDisp:Actions )
+ 5
ActionDisp: CarrentChoice = GetNthElem{ ActionDisp: Acticns,
ActionDisp; ChoicelPos < 1 );
x

"'""""' FIHNTCTI_(_JN. Oh_]

MakaFuncllon( Oy, [Ttam Vmabla Prinnly Vamtmn Critical_Time Repeat_Time Wait Message
Rulenams RuleNo],
SendMessuge( Item, Request, Variable, Priority, Variation,
Critical_Time, Repeat Time, Wait, 0, Rulename, ACTIVE,
Mesasage, RuleNo ) )i

{n

..........................

MakeFunction{ HBWtiis, 'Tag Num},
{t)

-

0%

e

L
MakePFunction( HBEn‘or, {],
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MakeFunction{ HRClose, i]’,
{BH

i FUNCTION: HBOpeu

MakeFunetion( HBOpen, [Num],
0%

*"“"’" FUNE‘.TION. ShmvlnstanceMenu

e

MnkeFuncuon( ShowInstunceMsuu, [ob_]],
PopupMenu( ItamEdit, obj, BROWSER ) %

*""""‘ FUNCI‘ION. ShowClassMenu
Aok ko jedeeksduiotulone )
MakeFunchon( ShanlassMeuu, [obil,
PopupMeiiu( ItemBdit3, obj, BROWSER } );

Holkek FUNC’I‘ION I-I'B'I‘ype

I'.

MakeFunctlon( HBT'vpa, 1A
Anslog ); :

Jhek ALL CLASSES ARE SAVBD BELOW

okt

"""" b elosefod

Mmu:x N‘ULI.,

Mepu:Y = NULL;

SetSloiOption( Menu:Choices, MULTIPLE );
ClearList{ Menu:Cheices );

SetSlotOplion{ Meanu:CholosNames, MULTIPLE );
CleasList{ Menr:ChoiceNames );
SetSlotOptica( Menu: Checked, MULTIPLE );
ClearList( Menu:Checked );

SeiSlotOption{ Menu: Disabled, MULTIPLE );
ClearList{ MemuDisabled )3
Meaw:DefaultMethod = DisplayCall;

T
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##kk This object finks actions to nodes. The Links contain
sk the knowlegde that links the actons to & pariicular node,
DU ok

MakeClass( Links, Root );
SeiCiasstComment{ Links, *1lis object links actions to nodes, The Links contain
the knowlegdo that links the actons to a paricular nude.” );

Jroebsoiiiokiobtakisk METHOD: Set #tdiobinkickioiii)
MakeMethod( Links, Set, [ASI APE ASV APV ATREL AVSREL AVPREL MIN MAX AWAIT ACaller

1

{

Self:Wait = AWAIT;
Self:Plism = API;
Self:PVariable = APV;
Self:Sltem == ASI;
Self:SVariabls = ASV;
Self;VPRelation = AVPREL;
Self:VSRelation = AVSREL;
Self: TRelution = ATREL;
Self:Creator = ACaller;
Seif:-MinVar = MIN;
Self:MaxVar = MAX;

}x

Promkioniokpisiiok METHOD: Reply  Mwonivbiioloolobd 4/
MakeMethod( Liiks, Reply, [State ],

{
If ( Stats #= FAIL Or State #= SUCCESS )
. Then §
If { State #= FAIL)
Then {
Self:Failures 4= 13
If ( Self:Faituves > 1000 )
Then {
Self:Successes = SelfiSuccesses / 100;
Self:Fallures = Seff:Failures / 100;
N
Gluba{:Failnres +=1;
If ( Globud:Failures > 1900 )
Then {
Global:Successes = Giobal:Successay /
16G9;
Global:Failures = Globaf:Failures / 107

}l
SelfiStatus = FAILED;
Self:Called_Time = GetTime( );

b
If { State #= SUCCESS)
Then {
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Self:Successes + = 1;
I { Self:Successes > 1000)
Th-n {
Self:Successes = Self:Successes / 1000;
Self:Failures = Self:Failures / 1000;
¥
Global:Successes ++= 13
1€ { Global:Successes > 1000 )
Then {
Global:Successes = Clobal:Successes /
10040;
Global: Failurey = Global:Failures / 1000;

|
Setf:Stxius = READY;
SelfiCalled Time = GetTime{ );
b

}
Else {
IF ¢ State #= FOUND )
Then {
SendMesssge( Self:Caller, Reply, Self, FOUND );
Salf:Successes + = 1;
}
Else {
If ( State #= NOUSE )
Thes: {
SendMessage( Self, Init, NORM*~
Self:Failwes += 1;
Self:Status = FATLED;
Self:Called Time = GetTime{ %

3
Eise PostErrer( *Incorrect state in * # Self
# ":Reply" );
bE

|5
i

Jrvisiisiodaiiok METHOD: Resat  #itolkikdiopion
MakeMethod{ Einks, Reset, [],

{

If CompTime( GetTime( ), SclfiCalled_Time + Self:Delay )
‘Then SendMessage( Self, Init );

3

Jokcmivioiolarioid METHOD: Expand  Avsiomeksotiololo/
H¥ *This function is called from the control loop when the link
must expand itself,” ¥/

MakeMethod( Links, Expand, {},
{ .
RemoveFromList{ Gicbal:Unexpandedlist, Self );
If Xustance?( Sclf:Pltesn )
Then ( Self:Node = SendMessage( Self:Pltem, Request, Self:PVariable,
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GetValue( GolValue( Self:Caller ), -
Priority ), Self:Variation, Self:Critical_Time

10,
Self:Hold_Titus, Self:Whait, Selfi Timel 3P,
- Self, LOOK, NULL, 0))
Else {
Self:Nodo = Duramy;
SendMessage( Explanation, Esror, “llem " # Self:Pliem
# * no longer existst" );
¥
If { Seif:Node #= USE )
Then { :
AppendToList( Global:ExpandedList, Self );
Self:Node = GetValue{ {
Self:Pltem;
}» NodeName );
SendMessage( Self:Caller, Reply, Self, USE );
SelfiTemp = FOUND;

}
Elgs {
IF Instance?( Self;Node )
Then {
AppendToList{ Global: ExpandedList, 8eIf );
Self:Temp = SendMessage( Self:Nods, Seek, Self:NodeCostE );
If { SelfiTetmp Ot SelfiTemp #= FOUND )
Then {}
Hlge {
SendMessage( Self, Reply, NOUSKE );
Self;Temp = FALSE;
¥
}
Elss {
SendMessage( Self, Reply, NOUSE );
Self:Temp = FALSE;
b

b
Self:Temp;
} %
SetMethodComment{Links, Expand, "This function is called from the control loop when the liak
must expand itself.” );

K] vtk METHOD: Call  Htbradoniskiiie]
MakeMethod( Links, Call, {ACaller Altem AVagiable AVariation Crt_Time Cost ],

{
If { CompTime{ GetTime{ }, Self:Called Time + Global:StdDelay )
And ( Self:Status #= FAILED })
Then SelfStalus = READY;
If ( { Altem #= Self:Sltem } And { AVariable #= Self;SVariable )
And ( Sell:Status #= READY )} And { AVaristion > Self:MinVar
Amd AVariation
< Self:MaxVar } )
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Then {
Self:Critical_Time = Crt_Time;
SendMessage( Self, Eval, AVasiation );
Seif:Caller == ACaller;
Self:CostS = 0
Assext{ Seif:Pltem );
ForwardChain( NULL, Rule:CostRules );
Seli:CostDelay = CostTime( Crt_Time, Self:TimeLSP );
Scif:CostVar == CostVar( Self:SVariation, AVariation );
Self:CostFail = CostFail( Self:Successes, Self;Failures );
Self:CostP = CostAdd( CostAdd( Seif;CostDelay, Self:CostVar ),
Self:CostS );
Self;NodeCostE = CoslAdd{ Self:CostP, Cost );
SelfiECost = CostAdd( Seli:CostFail, Self:EstimatedCost );
Self:BCost = CostAdd{ CostAdd( CostAdd( CostAdd( Self:BCost,
Cost ),
Self:CostDelay ),
SelfiCostVar ), Self:CostS );
Self:Critical_Time = Crt_Time - Self:TimeLSP;
Self:Hold_Time == Self:Critical_Time;
If { Self:Costs < 1)
Then { .'
Self:Status = UNEXPANDEND;
AppendToList( Globzl, UnexpandedList, Self );
SendMessage{ Bxplanation, Display,
FormatValue{ * ~ The " # Self:SVariuble #
* of " ¥ Self:Sliem # * rony be changed by changing the ”
# Self:PVarisble ¥ * ofn "
#f Self:Pltem # ¥ by %3.2f . Orginal value: %3.2f. Link; %s.",
Self:Variation, GetValue( {
Self:Pliem;

)

."{zelf:PVm'able;
}), Seif) );
SendMessage( Explanation, Display,
FormatVajue( *  Node %1.3F, Estimaled %1.3f, Var %1.3%, Delty %1.3f, \n
Fail %1.3f, Rules %1.3f, Total Cost %1.3F,
Cost, Seif:EstimutedCost, Seif;CostVar,
Self:CostDelay, Self:CostFail, Self:CostS,
Self:ECost ) );
TRUE;

}
Else FALSE;
}
Else {
FALSE;

b
|31

mﬁmmmm METI—_[OD: Bval *tmﬂnwm,‘
/% *This function uses the formula provided in ths Link Rule o
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determine the delay between two variables and the variation
required of the primary variable to cause the desired change.” */
MakeMethod( Links, Eval, {Val 1,

{
Self:V == Val;
Self:PX = SendMessage( Self:Pltem, GetVal, Seif:PVariable,
VAR );
Selfi8X = SendMessage( Self:Sltem, GetVal, Self:SVariable,
VAR );
Self: TimeLSP = Abs({ EvaluateKAL{ EvaluateKAL( "Let [v " # Self
# "V
fox
# Self &
*PX]
[sx
# Self ¥
mSX)
fort
# Seif #

*:Critical_Time] {"
# Self:TRelation

#%5")
# n; » } );
If ( SelR:TimeLSP == 0)
Then Self:TimelSP = N.1;
Self: Variation = EvaluatelAL( “Let [v * # Self # ":V]
{pz "
# Self # ":PX]
fsx " #
Self # *15X]
L™ ¥ Self
¥ ':'l.;imeLSPj {" # Self:VPRelation
#F5h")
Seif.$Variation = EvaluateKAL( *Let [v * ¥ Self # ":V]
[px "
¥ Seif # *:;PX}
[sx "
# Self # “:SX]
[t #
Self ¥ *:TimeLSP] {* # Self:VSRelation
S HA
135

SetMethodComment{Links, Eval, "This function uses the formula provided in the Link Rule io
determine the delay between iwo variables and the variation
required of the primary variable to cause the desired change.” );

Jotioriscoriokiiciok MITTHOD: Tnit kbbbl
/* "This fanction initilizes the link, It will also clear any expanded
nodes linked to it." */ '

MakeMethod( Links, Init, [AStstus ],

{
Xf { AStatas #= CLEAR Or Aliatus #= NORMAL Or AStatus #= CLEARDOWN )
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"Then {
If ( ( AStatus #= NORMAL ) And Not( Nell?( Self:Cailer ) ) )
Then SendMessage( Self:Caller, Reply, Self, NOLINK });
If ( AStatus = CLEARDCWN )
Then If Not{ Null( Self:Nods ) )
Then SendMessage( Seif:Mods, Ead, Self, CLEARDOWN );
If Metiber?{ Global; UnexpandedList, Self )
Their RemoveFromLisi( Global: UnexpandedList, Self );
If Liember?( Global:ExpandedList, Self )
Then RemoveFromList( Global:ExpandedList, Self );
Self:Status = READY;
Self:Node == NULL;
Seif:Caller = NULL;
ResetValue({ Self:Called_Time );
ResetValue{ Self:ECost );
ResetValue( Self:NodeCostE );
ResetValue( Self: TimeLSP );
ResetValue( Self:Critical_Time );
ResetValue( Self: Variation );

}
Else PostBrror{ "Inconvect statis call to * # Self # ":Init" );
1)
SetMethodComment(Links, Init, "This function initilizes the liok. It will also clear any capanded
nodes linked to it.™ );

Jtdaioiiaoidoiclolks MIETHOLD: Tialate  Setodobkomombdoolof
MakeMsthod( Links, Update, {aCost ],

{

SelfiHstimatedCost = ( Self:EstimatedCost + ACpst )
f2;

| 37

Holoiistaisoiotiomkik METHOD: AltCost  Woimkiotiaioblokk
MakeMethod( Links, AltCost, [Cost ],

{

Self:CostS = CostAdd{ Seif:CostS, Cost );

1
MakeSlot( Links: TimeLSP );
SetStolOption( Lioks: Timel SP, NO_AUTO_ASK, TRUE );
SetSlotOption{ Links:TimelSP, VALUE TYPE, NUMBER );
SetSlotOption{ Links: TimeLSP, MINIMUM_VALUE, 0 );
Links:TimeLSP = 0;
SetSlotOption( Links: TimeL 5P, IF_ NEEDED, NULL );
SetSlotOplion( Links:TimeLSP, WHEN ACCESS, NULL );
SetSlotOption{ Links:TimeLSP, BEFORE_CHANGE, NULL );
SetSlotOption( Links: TimeLSP, AFTER_CHANGE, NULL );
MakeSlot( Links: Variation );
SetSlotOption{ Links: Variation, NO_AUTO_ASK, TRUE );
SetSiotOption( Links: Variation, VALUE_TYPE, NUMBER );
Links:Variation = 0;
SetSlotOption( Links: Varistion, JF_NEEDED, NULL );
SetSiotOption( Links: Variation, WHEN_ACCESS, NULL );

180



* SetSlotOption{ Links: Variation, BEFORE_CHANGE, NULL );
SetSlotOption{ Links: Variation, AFTER_CHANGE, NULL );
MukeSlot( Links:Plem );

SetSlotOption( Links:Pitem, NO_AUTO_ASX, TRUZ );
SetSiotOption( Links:Pltemn, VALULE TYPE, QBJECT );
SetSloiOption{ Links:Pltem, ALLOWABLE_CLASSES, Hems );
SetSlotOption{ Linka:Pltem, IF_NEEDED, NULL );
SetSlotOpiion{ Links: Pitem, WHEN_ACCESS, NULL );
SetSlotOptivy Links:Pltem, BEFORE CHANGE, NULL );
SetSletOption{ Links:Pltem, AFTER_CHANGE, NULL );
MakeSlot( Links:FVariable };

SetSlotOption( Lioks:PVariable, NO_AUTO_ASK, TRUE )
SetSlotOption{ Links:PVarinble, IF_NEEDED, NULL );
SetSlotOption( Links:PVariable, WHEN_ACCESS, NULL );
SetSlotOption( Links:PVatiable, BEFORE_CHANGE, NULL );
SetSlotOption( Links:FVarisble, AFTER CHANGE, NULL );
MakeSlot( Links:Successes );

SetSlotOptica( Links:Successes, NO_AUTO_ASK, TRUE );
SetSlotOption( Links:Successez, VALUE_TYPE, NUMBER );
SetSlotOption{ Links:Successes, MINIM?*M_VALUE, 0 );
Links:Successes = 100;

MakeSiof( Links:Failures }:

SetSlotOptien( Links:Pailures, NO_AUTC _ -SK, TJE );
SetSiotOption( Links:Failures, VALUE_TYpr, NUMBER )
SetSlotOption( Links: Faifures, MINIMUM_VALUE, 0 );
Links:Failures = 100;

HMakeSlot{ Links: EstimatedCost );

SetSlotComment( Links: EstimatedCost, "This contains the lntest estimate of the cost of w:ing the link.
SetSlotOption( Links: EstimatedCost, NO_AUTO_ASK, TRUE );
SetSlotOption( Links:EstimatedCost, VALUE_TYPE, NUMBER );
SetSiotOption( Links: EstimatedCost, MINIMUM_VALUE, -« );
SetSlotOption( Links: EstimatedCost, MAXIMUM_VALUE, 1 );
Links: EstimatedCost = 0;

MekeSlot{ Links: VPRelation };

SetSloiOption{ Links: VPRelation, NO_AUTO_ASK, TRUE };
Links: VPRelation = *;

SetSlotOption{ Links: VPRelations, [F_NEEDED, NULL );
SetSlotOption{ Links: VPRelation, WHEN_ACCESS, NULL );
SotSlotOption( Links: VPRelation, BEFORE_CHANGE, NULL );
SstSlotOption{ Links: VPaielation, AFTER_CHANGE, NULL );
MakeSiot{ Links:STtem );

SetSlotOption( Links:Sitem, NO_AUTO_ASK, TRUE };
SetSlotOption( Links:Sltem, VALUE_TYPE, OBJECT ¥;
SetSiotOptio: ( Links:Sltem, ALLOWABLE CLASSES, Items );
SetSlotOption( Links:SItem, IF_NEEDED, NULL );
SetSlotOption( Links:STtern, WHEN_ACCESS, NULL );
SetSlotOption( Links:STtem, BEFORE_CHANGE, NULL );
SetSlotOption{ Links:SItem, AFTER_CHANGE, NULL );
MakeSlot( Links:SVariable );

SeiSlotOption( Links:SVariabie, NO_AUTO_ASK, TRUE );
SetSlotOption{ Links:$Variable, IF_NEEDED, NULL
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SetSiotOption( Links:5Variable, WHEN_ACCESS, NULL );
SetSlotOption{ Links:SVariable, BEFORE_CHANGE. NULL );
SetSlotOption{ Links:SVarisble, AFTER_CHANGE, NULL );

¥ lakoSIot( Links: Status );

. SetSlotOption( Links:Statns, NO_AUTO_ASK, TRUE );
SetSlotOption( L inks:Statns, ALLOWABLE_VALUES, READY, ACTIVE, UNEXPANDED,
EXPANDED, FAILED )

Links:Statug = READY;

Migesion Links:Catled_Time );

SetSlatOption( Links:Called |_Time, NO_AUTO_ASK, TRUE );
SstSlotOption( I..inks:CaIIed_:{'im, VALUE TYPE, NUMBER );
SeSlotOption{ Links:Called Time, MINIMUM_VALUE, 0 };
Links:Called_Time = 0;

SeSlotOption{ Linky: Called Time, IF_NEEDED, NULL );
SetSlotCption( Links:Called Time, WHEN_ACCESS, NULL j;
SeiSlotOption( Links:€allr Time, BEFORE CHANGE, NULL );

" SaSlotOption( Links:Called Time, AFTER_CHANGE, NULL };

. Mako8lot( Links:TRelation };

SetSlotOption( Links: TRelation, NO_AUTO_ASK, TRUE );
Links: TRelstion = 1;
SetSlotOption( Links: TRelation, IF_NEEDED, NULL );

: SotSlotOpticn{ Links:TRelation, WHEN_ACCESS, NULL );

. BotSlotOption{ Links:TRelation, BEFORE CHANGE, ISULL );
SeiSlotOption( Links: TRelation, AFTER_CHANGE, F'ULL );
MakeSlot{ Links:Caller ); '

AdakeSlol{ Links:ECest );

SetSlotComment{ Links:ECost, *This is a2 combination of the cost fo get to the link
and the estimatc  gost to carry on further. This cost will

indicate if (e link is good to use or not," );

SetSlotOption( Links:ECos, NO_AUTG_ASK, TRUE );
SetSlotQption{ Links:HCost, VALUE_TYPE, NUMBER )%
SetSlotOption( Links: ECost, MINIMUM_VALUE, -1 )
LatSlotOption( Links: ECost, MAXIMUM_VALUE, 1 );
Links:ECost = 0;

MakeSlot( Links:NodeCostE );

SetSlotComment( Links:NodeCostB, "This cost element is the combipation of the coet of the node
that called if, thus far and success rate, It also contsins the -

cost of the varistion and time as well as link cost rules. This

cost” )3

SetSlotOption{ Links:NodeCostE, NO_AUTG_ASK, TRUE );
SetSlotOption( Links:NodeCostE, VALUE_TYPE, NUMBER );
SetSlotOption{ Links:NodeCostE, MINiMUM VALUE, -1 3;
SetSlotOption{ Links:NodeCostE, MAXIMUM _VALUE, 1 ];
Links:NodeCoslE = 0;

MakeSlo*( Links:Critical_Time );

SetSlotOptiva( Links: Critical _Time, NO_AUTO_ASK, TRUE %
SetSlotOption( Links:Critical | Time, YALUE_TYPE, NUME. t);
SetSiotOption{ Links:Critical Time, MINIMUM VALUL, 0);
Links: Critical Time = 0;

SetSlotOption( Links: Critical Time, IF_NEEDED, NULL );
SetSlotOption( Links:Critical_Time, WHEN_ACCESS, NULL };
SutSlotOption({ Links; Critical_Time, BEFORE_CHANCE, NULL );
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SetSlotOption( Links:Critical_Time, AFTER_CHANGE, NULL );

 MskeSlot( Linka:Node ); .

SetSlotOption{ Links:Node, NO . AUTO ASK, TRUE )
SatSlotOption{ Linke:Nods, VALUE TYPE, OBIECT );

- Selt fotOption{ Links:Node, ALLOWABLE CLASSES, Nodes );
SetSlotOption( Linkx:Node, IF_NEEDED, NULL %
SeiSlotOption( Links:Node, WHEN_ACCESS, NULL );
SetSlotOption( Links:Node, BEFORE_CHANGE, NULL );
SeiSlotOption( Links:Node, AFTER_CHANGE, NULL };
MakeSloi( Links: Temp };

MakeSlot( Links:Creator );

MakeSlot( Linds:X );

SetSlotOption{ Links:), I' NEEDEL, NULL );
SatSlotOption( Links:X, WHEN_ACCESS, NULL );
SsiSlotOption( Links:X, BEFORE _CHANGE, NULL };
SatSlotOption( Links: X, AFTER_CHANGE, NULL );
MzkeSlot( Links:T );

SetSloiOption{ Lisks:T, VALUE _TYPE, NUMBER };
Links:T «= 0;

SetSlotOption{ Links:'T, IF_NEEDED, NULL )
SetSletOption{ Links: T, WHEN_ACCHSS, NULL };
SetSlotOption( Links:T, BEFORE_CHANGE, NULL ;
SetSlotOption{ Links:T, AFTER_CHANGE, NULL );
MakeSlot( Links: DV );

SetSlotOptioa( Links:DV, VALUE_TYPE, NUMEER );
SetSlotOption( Links:DV, IF_MEEDED, NULL );
SetSiotOption{ Links:DV, WHEN_ACCESS, GetDV );
SetSiotOption( Links:DV, BEFORE_CHANGE, NULL )
SetSlotOption( Links:DV, AFTER_CHANGE, NULL );
MakeSlot{ Links: TempString );

MakeSlot{ Links:V );

SeiSlotOption( Links:V, VALUE_TYPE, NUMBER )
Linka:V = 0;

SetSlotOption( Links:V, JF_NEEDED, NULL );
SetSlotOption( Links:V, WHEN_ACCESS, NULL );
SetSlotOption( Links:V, BEFORE_CHANGE, NULL );
SetSlotOption( Lioks: Y, AFTER CHANGE, NULL);
MakeSiot{ Links:MaxVar );

SetSlotCption( Links:MaxVar, NO_AUTO_iSK, TRUE );
SetSlatOption{ Licks:MaxVar, VALUE_TYPE, NUMBER );
Links:MaxVar = 100;

SetSlotCption( Links:MaxVar, IF_ NEEDED, NULL %
SeiSlotOption{ Links:MaxVar, WHEN_ACCESS, NULL );
SetSlotOption( Links:MaxVar, BEFORE_CHANGE, NULL );
SetStotOption( Links:MaxVar, AFTER_CHANGE, NULL );
MakeSloH{ Links:MinVar );

SeiSlotCGption( Links:MinVar, NO_AUTD ASK, TRUE );
SetSlotOption( Links:MinVur, VALUE_TYPE, NUMBER );
Links:MinVar = -100;

SetSlotOption( Links:MinVar, IF_NEEDED, NULL );
SetSlotOption( Links:MinVar, WHEN_ACCESS, NULL );
SetSlotOption( Links:MinVar, BEFORE_CHANGE, NULL );
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SetSlotOption{ Links:MinVar, AFTER_CHANGE, NULL };

MakeSlot{ Links:PX );

SetSlotOption{ Links:PX, VALUE_TYFE, NUMBER };

SetSlotOption( Links:PX, IF_NEEDED, NULL };

SmiSiotOption( Links:PX, WHEN_ACCESS, NULL )

SatSlolOption{ Links:PX, BEFORE_CHANGE, NULL %

SeiSlotOption{ Links:PX, AFTER_CHAME, NULL );

MakeSlot{ Links:SX );

SetSlotOption{ Links:SX, VALUE_TYPE, NUMBER );

SetSloiOption( Links:SX, IF NEEDED, NULL );

SetSlotOption( Links:SX, WHEN_ACCESS, NULL );

SetSlotOption( Links:SX, BEFORE_CHANGE, NULL );

SetStotOption{ Links:SX, AFTER_ CHANGE, NULL );

MaukeSlot{ Links; VSRelation );

Links:VSReiation = v;

MukaSlot{ Links:SVariation );

SetSlotOption( Links:SVariation, VALUE_TYPE, NUMBER );
MakeSlot{ Links:CostS );

SetSlotComment{ Links:CostS, "This is the cost from the link cost rules” };

SetSiotOption{ Links:CostS, VALUE_TYPi, NUMBER );
SetSjotOption{ Links:CostS, MI'N'IMU"VI VALUE, -1 );

SetSlotOption{ Links:CosiS, MAXIMUM_VALUB, { )

Links:CosptS = 0;

MakeSlot( Links:CostP %

SaiSIotComment{ Links:CostP, "This cost element describes how closely the node fits w

desired varigble variation and how fast it is, It also contains

a cost elemens from the link cost rules.” );

SetSlotOption( Links: CostP, VALUE_TYPE, NUMBER );
SetSlotOption( Links: CostP, MINIMUM_VALUE, -t };

SetSlotOption{ Links:CostP, MAXIMUM_VALUE, 1 );

Links: Cost? = (;

MakeSlot{ Links:CostFail );

SetSiotComment{ Links:CostFail, “This is a cost element derived form the success rate of the
link.* );

SetSlotOption( Links:CostFail, VALUE_TYPE, NUMBER );

SetSlotOption{ Links: CostFail, MINIMUM_VALUE, -1 );
SetStolOption( Links; CostFail, MAXIMUM_VALUE, 1 );

Links: CostPFnil = 0;

MakeSlot{ Links:CosiDelay );

SeiSlotComment( Links:CostDelay, "This is the cost due to the time lag of the link." );

SetStotOption{ Links: CostDelay, VALUBE_TYPE, ' JMBER );

SetSlotOption{ Links:CostDelay, MINIMUM_VALUE, -1 );

SetSlotQption{ Links: CostDelay, MAXIMUM_VALUE, 1);

Links:CostDelay = 0;

MakeSlol( L iuks:CostVar );

SeiSiolOption{ Links:CostVar, VALUE_TYPE, NUMBER );

SetSictOption( Links:CostVar, MINIMUM_VALUE, -1 );

SetSiotOption( Links: CostVar, MAXIMUM_VALUE, 1 };

Links:CostVar = 0;

MakeStot{ Links:Hold Time );

SetSlotOption{ Links:Hold_Time, VALUE_TYPE, NUMBER );

SetSlotOption{ Links:Hold_Time, MINIMUM_VALUE, 0 };
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Links:Hold_Time = 0;

MakeSlot( Einks:Wait );
SetSlotOption( Links:Wait, VALUE_TYPE, BOOLEAN )
Links:Wait = WALSE;

o CLAES; Copm:
e 'I‘lus ob_;ect handles my duplmiion of lhe mdes.

MakeClam( Copuas, Root %
SetClassComment( Copies, “Thiz object bundler any duplication of the nodes.” );

Jiideridiokbdon: METHOD: Insert Aokl
MakeMathod({ Copies, Insert, [Node ,

{
If Not{ Member?( Self;Copies, Node ) )
- Then AppendToList{ Sclf:Copics, Node 33
SendMessage( Explanation, Display, Node # * has been copied” );
|7

f*‘#**“'*m*MmIOD: Remove Aodeoieestbseke il f
izkeMethod( Copies, Remove, [MNode ],

{
It Member?( Self:Copies, Node )
Then RemoveProaiLisi{ Self; Copies, Node );
If { Lengibbist( Self:Copies ) == 0} )
Then Deletelnstatce( Self );
B

eatiolbkduiokiokd METHOD: Ok? Aeojesteatesieseskadok dololofolt
MakeMethod( Copies, OK?, [Node ],

{
Seif:Temp = TRUE;
EnumLisi( Self:Copies, N,

{
If ( Tnstance?( N ) And Not( N #= Node ) )
Then { .
If ( ( N:Status #= ACTIVATED ) Or ( N:Status §=
HOLDING }
Or ( N:Status #= LOOKING } )
Then §{
If ( Node:Priority <= N:Priority )
Then {
SendMassage( N, End, N, TERMINATE )%

}

Else {
SelfiTemp = FALSE;
b

}
Else {};
}
Eise {};
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1)

Self:Tewp;

13
MakeSiot{ Copics:Copies );
SetSloiOption{ Copiss:Copies, NO_AUTO_ASK, TRUE );
SetSlotOption{ Copies:Copies, MULTIPLE );
SetSIotOption( Copies:Copies, VALUE_TYPE, OBJECT );
SetSlotOption{ Copies:Copies, ALLOWABLE CLASSES, Nodes );
ClearList( Copies:Copies );
SetSiotOption{ Copies:Copies, IF_NEEDED, NULL );
SetSlotOption{ Copies:Copies, WHEN_ACCESS, NULL );
SetSlotQption( Capies:Copies, BEFORE_CHANGE, NULL );
SetSlotOption{ Copies:Copies, AFTER_CBANGE, NULL ¥
MakeSlot{ Copies:Temp );
SetSlotOption( Copies:Temp, VALUE TYPE, BOOLEAN Y;
Copies:Trmp = FALSE;
SetSiotOption{ Copies: Temp, IF_NEEDED, NULL );
SeiSlotOption{ Copies: Teunp, WHEN_ACCESS, NULL );
SetSlotOption{ Copies:Temp, BEFORE_CHANGE, NULL )
SeiSlotOption( Copies: Temp, AFTER_CIHANGE, NULL );

Fiotuiokioiio ol dobolloiosk ok

sk CLASS: Actions

®#44 The class contains all the actions that can be iakun,
##ik This class contains user defined knowledge,

MakeClass( Actions, Root );
SetClassComunent( Ac . s, "The class contains all the actions that can be taken.
This class contains user defined knowledpe.” );

Hetomimoiciioionk METHOD: Injt  deiobtiikdsiokdoliok
/% *This meibod is called during initilization. " */
MakeMethod{ Actions, Init, [,

{
If Member?( Global: ActioaList, Seif )
Then RemoveFromLisi( Global: ActionList, Self );
If Member?( SingleListBox 1: AliowableValues, Self')
Then RemoveFromList{ SinglelistBox1: AllowableValuss, Self );
If Member?( ActionDisp: Actions, Self )
Then RemoveFromList{ ActionDisp: Actions, Self );
Besetlmage{ SingleLisiBox1);
ResetValoe( Self:Caller );
ResetValue( Self:Calied_Time );
ReselValue( Self:Priority );
ResetValue( Self:Cost );
ResetValne{ Self: ActivatesTims );
ResetValue{ Scif: ActivatedDate };
Self: Activated = FALSE;
Self:Status = READY;
Self: Acknowiedge = FALSE;
I
SetMethodComment{Actions, Init, “This method is called during initilization." );
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Jmckolokdotiiiol METEEOD: St Aomioliioiokimio/
F* "This slot sats Status slot tv READY." ¥/
MakeMethed( Actions, Set, {1,

{
If ( Self:Stntus #= ACTIVATED )
Taen [
SendMessage{ Self, Termrinate );
Self:Status = RBADY;

¥
If Member?( Global: ActionList, Self )
Then RemoveFromList{ Global: ActionList, Self );
" If Membes?( Singlel.istBox 1: AllowsblaVatues, Self )
Then RemoveFromList{ SingleListRox ! AllowableVaiues, Self );
If Mewber?( ActionDisp:Actions, Self )
Then RemoveFromList{ ActionDisp: Actions, Seif );
X { Not{ Nuli?{ Global: TempAction ) } And ( Global; TempAction
§== Self))
Then Global:TempAction = NULL;
SeM:Activated = FALSE:
Resetlunge{ SingleListBox1 );
h '
SefMethodConment(Actions, Set, *This slet sets Status siot to READY." );

[m**m*ll*m METHOD: Activate sesfeskecieskeofeioledesfolifeolok f
MakeMethod( Actions, Activate, [ ACaller APrinrity ARoot ],

{
Jf  Self:Status #= READY )
Then {
S:f:Calles = ACaller;
Self:Priority = APriority;
Self: ActivatedTime = Time{ );
Self: ActivatedDatz = Batef };
Self:Stetus = ACTIVATED;
Self:Root = ARoot;
Self: Acknowledge = FALSE;
If Not( Membei?{ Global: ActionList, Self) )
Then ApvendToList( Global: ActionList, S=if );
‘}I‘RUE;
Self:Status #= ACTIVATED Or Self:Status #= READY;
}

Poekpbpiskkiok METHOD: Action  olooioorolok i)
MukeMethod( Actions, Action, [],

{
If ( SelftActionType #= MANUAL )
Then {
Global:Responsa = FALSE;
If ( Not( Null?¢ Self:Root ) ) Asd Instance?( Self:Root ) )
Then {
If Write_Data( Setf:Tag, Self:ActioaNo )
Then If Write_Data{ RULES.X, Self:Root:RuleNo )
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Then If Write_Data( ITEMS.X, 0.1 #

Self:Root: Item:TtamNo

+

10
™

SendMessage( Self:Root:Item,

GetVal,

Self:Root: Variable,

NG }))
Then {
Self: Activated = TRI™;
SendMessage{ Explanation,
~ Action, Self, Sel*:Root );
B

}

Elge {
SendMessage{ Self, Init );
b

Eles {
Self: Acknowledge = TRUE;
If { Self:Mode #= FIXED )
Then {
SendMessage{ Self:Jtem, SetVal, Self:Varisble,
Self: AcVariation, VAR );

}
Else {
SeruiMossage( Seifiltem, SutVal, SelfsV ariable,
GetValue( {

Self:ltem;
b

Self:Variable;
} ) + Self: AcVariation, VAR );

"
»

TRUE;
|5
1

Jaskciciosoioniaol \ETHOD: Terminate  #entoliopidokto
MakeMethod( Actions, Terminate, [,

{
SendMessage{ Explanation, Add, * Action ™ # Self # ™ has been termivated” );

B

Jetosiakiosionk METHOD: Reply  stobbbiliuionk/
MakeMethod( Actions, Reply, (Message 1,

{
If { Self:Status = ACTIVATED )
Then {
If ( Message #= SUCCESS )
Then {
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If Self:Acknowledge
Then {
Self;:Successes += 1;
1f ( Solf:Succesges > 1000)
Then {
Self:Successes = Self:Successes
.1 100;
Self:Frilures = Self:Failures
1 100;
1B
- Clobal:Sucousses += 13
If { Global:Failures > 180Q)

Then §
Global;Successes = Global:Successes
{ 100;
Global:Failures = Global:Failures
1 100;
b

H
Self:Called_Time = GetTime{ )
Self:Status == READY;
SendMessage( Self, Set );

]
If { Message #= FAIL)
Thea {
If Self: Acknowledge
Then {
Self:Failures += I3
If ( Self:Frilures > 1000)

Then {
Self:8uccesses = SelfiSuecesres
1 100;
Self:Failures = SelfiFailuva
{ 100;

b
Global:Failures += 1;
If { Globak:Successes > 1000 )

Thea {
Globul:Successes = Globaj;Successes
1100
Global:Failures = Global:Failures
! 100;
|5

h
Self:Status = FAILED;
Self:Called Time = GetTime( );
SendMessage( Self, Set );

}
If ( Message #= ACKNOWLEDGE )
Then {
Self: Acknowledge = TRUE;
%
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B 7

Haviebioriacank METHOD: Precondition  #bkeibkisiorin/
MakeMethod{ Actions, Precondition, [AVariation ],

I{f ( CompTime{ GetTime{ ), Self:Called Time + SolfiDelay )
Aud ( Self:Status #= FAILED )
Then SendMessage( Self, Init );
If { Self:Status #= FAILED )
Then {
Salf:iCost = 1;

H
Elge SelfiCost = CosiVar( Self: Variation, AVariation );
1If Not{ Self:Cost === 1)
Thea {
Selfi:BreCost = Self:InitCost;
Assert{ Self:Ttem );
Asgert{ SelfVariable );
ForwardChain{ NULL, Ruls:ActionRufes );
Self:Cost = CostAdd( SelfiCost, CosiFail{ Self:Successes,
Seif:Failures ) );
Self:Cost = CostAdd( Self:Cost, Selt:PreCost );
SendMessuge{ Explanation, Display, FormatVatue{ *  Rule: %L.3f, ¥ar: %1.3f, Fail:
%1.3f, Total Cost %1.3F\n Requested Variation %3.2{",

Self:PrsCost,
CoutVar( Self: Variation,
AVarization ),
CostFail( Self:Successes,
Self:Failures ),
Self:Cost, AVariation ) );
}
Blse {
SendMessage{ Explanation, Display, "Actios not avaliable,” );
%
Self;Cost;
|31

Pkttt METHOD: Variation Siorieliodlf
MukeMethod( Actions, Variation, [],

{
If ( SelMods #= FIXED )
Then {
Convert{ Self:ltem, SelftVariable, Self:AcVaristion )
~ Converi{ Seif:ltem, Self:Variable,
GetValue( {
Self*ltem;

2

Self: Variable;
%
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FElso Converi( SelfiItem, Self;V e, Self:AcVariation );
W
Padcioichiaduidc METHOD: VafType  ttloibiokibdion/
MekeMethod{ Actions, VarType, {lI,

{
Self: VarisbleType = CatchError( SendMessage{ Self:Item, GetVal,
Self:Variable, TYPB ),

{
SendMessage{ Explanation, Error, * Error determining variable type in action *
#

Self };
Analog;
1%
|35

Pomkkiskicl METHOD: AflCast  #hifhktbionksons
MakeMethod({ Actions, AltCost, [Cost ],

{
Self:PreCost = CostAdd( SelfiPreCost, Cost );
|37

MakeSlot{ Actions:Caller };

SetSlotOption{ Actions:Caller, NO_AUTO_ASK, TRUE );
SetSlotOption( Actions:Caller, VALUE TYPE, OBIECT );
SetSlotOptiop( Actions:Caller, ALLOWARLE CLASSES, Nodus );
SetSlotOption( Actions:Caller, IFf_NEEDED, NULL )
SetSlotOption( Actions:Calter, WHEN_ACCESS, NULL );
SetSlatOption( Actions:Caller, BEFORE_CHANGE, NULL );
SetSloiOption{ Actions:Caller, AFTER CHANGE, NULL );
MiakeSlot{ Actions:Cost );

SetSlotComment( Actions:Cost, "Tolal cost of using an action excluding any tims considerations
")

SetSlotOption( Actons:Cost, NG_AUTO_ASK, TRUE );
SetSlotOption{ Actions:Cost, VALUE_TYPE, NUMBER };
SetSlotOption( Actions:Cost, MINIMUM_VALUE, -1 )
SetSlotOption( Actions:Cost, MAXIMUM _VALUE, 1 );
Actions:Cost = 0;

MakeSlof( Actions:Failures };

SetSlotOption( Actions:Failures, NO_AUTO_ASK, TRUE );
SetSlotOption{ Actions:[Failures, VALUE TYPE, NUMBER };
SetSiolOption{ Actions:Fatlures, MINIMUM_VALUE o)
Actions: Failures = 100;

MakeSlot{ Actions:InitCost };

SetSlotOption( Actions:InitCost, NO_AUTO_ASK, TRUE );
SetSlotOption( Actions:InitCost, VALUE_TYPE, NUMBER );
SetSlotOption{ Actions:InitCost, MINIMUM_VALUE -1}
SetSiotOption( Actions:InitCost, MAXIMUM_VALUE, 1 )};
Actions:InitCost = 0;

SeiSlotOption( Actions:InitCost, [F_NEEDED, NULL };
SetSlotOplion{ Actions:InitCost, WHEN_ACCESS, NULL );
SetSlotOption( Actions:InitCost, BEFORE_CHANGE, NULL );
SetSlotOption( Actions:InitCost, AFTER_CHANGE, NULL });
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MakeStol{ Actions:Item ¥;

SeiSlotOption{ Actions:Item, NO_AUTO_ASK, TRUE );
SetSlotOption( Actions:Item, VALUE_TYPE, ORIECT );
SetSlotOption{ Actions:tiem, ALLOWABLE_CLASSES, ltems );
SetSlotOption( Actions:Item, IF_NEEDED, NULL );
SetSlotOption{ Actions:Item, WHEN_ACCESS, NULL );
SetSiotQption( Actions:Item, BEFORE_CHANGE, NULL );
SetSlotOption{ Actions:Tiem, AFTER_CHANGE, NULL );
MakeSlot{ Actions:Priority );

SetSlotOption( Actions:Priority, NO_AUTO_ASK, TRUE );
SetSlotOption{ Actions:Priority, VALUE TYPE, NUMBER );
SetSlotOption( Actions: Priority, MINIMUM VALUE, 0 );
SetSlotOption( Actions:Priotity, MAXIMUM VALUE, 10 );
Actions:Priority = 10,

SetSlotQOption( Actions:Pricrity, IF_NEEDED, NULL );
SetSlotOption{ Actions:Priority, WHEN_ACCESS, NULL );
SetSlotOption( Actions:Priority, BEFORE_CHANGE, NULL );
SetSloiOption( Actions: Priority, AFTER_CHANGE, NULL );
MakeStol{ Actions:Status ); _

SetSlotOption({ Actions:Siatus, NO_AUTO_ASK, TRUE );
SetSlotOption( Actions:Status, ALLOWABLE VALUES, READY, ACTIVATED, FAILED );
Actions:Status = READY;

MakeSlot{ Actions:Successes );

Se:SlaiOption{ Actions: Successes, NO_AUTG_ASK, TRUE };
S=iSlotOption( Actions:Successes, VALUE_TYPE, NUMEER );
SeiSlotOption{ Actions:Successes, MINIMUM_VALUE, € );
Actions:Successes = 100;

MakeSlat( Actions;TimeLSP );

SetSlotOption( Actions:TtmeLSP, NO_AUT _ASK, TRUE j;
SetSlotOption{ Actions:TimeLSP, VALUE . YPE, NUMBER };
SetSlotOption( Actions: TimeLSP, MINIMUM_VALUE, 0 );
Actions: TimelSP = £0;

MakeSlot{ Actions: Variable );

SetSloiOption( Actions:Variable, IF_ NEEDED, NULL );
SetSlotOption( Actions; Variable, WHEN _ACCESS, NULL );
SetSlotOption{ Actions:Variabls, BEFORE CHANGE, NULL );
SetSlotOption{ Aclions: Variable, AFTER_CHANGE, VarType );
MakeSlot{ Aclions:Variation );

SetSlotOption{ Actions: Variation, NO_AUTO_ASK, TRUE );
SetSlotOption{ Actiors: Variation, WHEN_ACCESS, Varistion );
MakeSlot( Actions:Delay );

SeiSlotOption{ Actions:Delay, NO_AUTO ASK, TRUE );
SetSlotOption( Actions:Delay, VALUUE TYPE, NUMBER );
SetSlotOption({ Actions:Delay, MINiMUM_VALUE, 0 );
Actions:Delay = 0;

Makeiiot! Actions;Called Time };

SeiSiotOption{ Actions:Called_Time, NO_AUTO_ASK, TRUE )
SetSlotOption( Actions:Calfled_Time, VALUE TYPE, NUMBER );
SetSlotOption{ Actions:Cailed Time, MINIMUM VALUE, ¢ );
Actions:Called_Time = 0;

SetSlotDption( Actions:Called Time, IF_NEEDED, NULL );
SetSlotOption{ Actions:Called_Time, WHEN_ACCESS, NULL );
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SetSiotOption( Actions:Called_Time, BEFORE_CHANGE, NULL );
SeiSIotOption{ Actions:Catled_Time, AFTER_CHANGE, NULL );
MakeSlot{ ActionstActionMesg ); )

SetSlotOption( Actions: ActionMasg, IF NEEDED, NULL );
SenSlotOption{ Actions: ActionMesg, WHEN_ACCESS, NULL );
SetSlotOption{ Actions: AclionMesg, BEFORE CHANGE, NULL )
SetSIetOption{ Actions:ActionMesg. AFTER_CHANGE, NULL );
MukoSlot{ Actions:Mode );

SetSlotOption{ Actions:Maode, ALLOWABLE VALUES, DELTA, FIXED );
Actions:Mode = DELTA;

SetSotOption{ Actions:Mode, IF_NEEDED, NULL );
SatSlotOption{ Actions:Mode, WHEN ACCESS, NULL );
SetSlotOption( Actions:Mode, BEFORE CHANC'E, NULL );
SetSlotOption{ Actions:Mode, AFTER CHANGE. NULL )
MakeSlot{ Actions: AcVariation );

SetSlotOption{ Actions: AcVariation, VALUE TYPE, NUMEER );
Actions:AcVariation = 0;

SetSlotOption( Actions:AcVariation, IF_NEEDED, NULL j;
SetSiotOption{ Actions:AcYariation, WHEN_ACCESS, NULL );
SutSlotOption{ Actions:AcVariation, BEFORE CHANGE, NULL );
SetSlotOption{ Actions: AcVariation, AFTER_CHANGE, NULL )
MakeSlot{ Actions: ActivatedTime };

SetSIotOption( Actions: ActivatedTime, IF_NEEDED, NULL );
SetSlotOption( Actions: Activated Time, WHEN_ACCESS, NULL )
SetSlotOption( Actions: ActivatedTime, BEFORE . CHANGE, NULL );
SetSlotOption( Actions: ActivatedTime, AFTER_CHANGE, NULL );
MakeSlot( Actions: ActivatedDate );

MakeSlot( Actions: VariableType }:

SetSlotOption{ Actions: Variable¥ype, ALLOWABLE_VALUES, Analog, Discrets );
Actions:VarisbleType = Analog;

SetSlotOption( Actions: VariableType, IF_NEEDED, NULL );
SetSlotQption( Actions:VariableType, WHEN_ACCESS, NULL )
SetSlotOption( Actions: VariahleType, BERFORE CHANGE, NULL );
SetSlotOption( Actions: VariableType, AFTER_CHANGE, NULL );
MakeStot( Actions:PreCost );

SetSlotOption{ Actions; PreCost, VALUE_TYPE, NUMBER );
SetSiotOption( Actions:PreCost, MINIMUM_VALUE, -1 );
SetSlotOption( Actions:PreCost, MAXIMUM_VALUE, 1 };
Actions:PreCost = 0;

SetSlotOption( Aclions:PreCost, [F_NEEDED, NULL. );
SetSlotOption( Actions:PreCost, WHEN ACCESS, NULL.);
SetSlotOption( Actions:PreCost, BEFORE . CHANGE, NULL );
SetSlotOption( Activns;PreCost, AFTER_CHANGE, NULL )%
MakeSlot( Acticns:Tag );

Actions:Tag = NONBE;

SetSiotOption{ Actions:Tag, IF_NEEDED, NULL );

SetSlotOption( Actions:Tag, WHEN_ACCESS, NULL };
SetSlotOption( Actions:Tag, BEFORE_CHANGE, NULL );
SetSlotOption{ Actions:Tag, AFTER CHANGI3, NULL );
MakeSiot{ Actions: ActionNo );

SetSlotOption( Actions: ActionNo, VALUE_TYF .., NUMBER );
SetSiotOption{ Actions: ActionNo, MINIMUM _ VALUE, 0 };
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Actions: ActionNe == 0
SeASiotOption( Actions: ActionNo, IF_NEEDED, NUL.L );
SetSlotption( Ac:ms.AcnonNo, WHEN_ACCESS, NULL )
WN opstActionNo, BEFOKE _CHANGE, NULL )
“SlotOption{ A bns:ActionNo, AFTER_CHANGE, NULL );
Hﬂkeslot( Actions: Acknowledge ),
lotOptiont Actions: Acknowledge, VALUE_TYPE, BOOLEAN );
[Actions: Acknowledge = FALSE;
IotOption( Actions: Acknowledge, IF_NEEDED, NULL );
bSlotOption( Actions: Acknowledge, WHEN_ACCESS, NULL );
lotOption( Actions:Acknowledge, BEFOKE_CHANGE, NULL ¥;
lotOption( Astions:Acknowledge, AFTER_CHANGE, NULL );
MakeSlot{ Actions:Root );
SetSlotOption( Actions:Root, IF_NEEDED, NULL );
SetSiotOption{ Actions: Root, WHEN_ACCESS, NULL );
SeiSlotOption{ Actions:Root, BEFORE_CHANGE, NULL );
SetSlotOption( Actions:Root, AFTER_CHANGE, NULL );
MakeSlo#( Actions: Activated );
SeiStotOption( Actions: Activated, VALUE_TYPE, BOOLEAN );
SetSlotOption{ Actions: Activated, IF_NEEDED, NULL );
SetSlptOption{ Actions: Activated, WHEN_ACCESS, NULL );
SeiSlotOption{ Actions: Activated, BEFORE CHANGE, NULL );
SetSlotOption( Actions: Activated, AFTER_CHANGE, NULL );
MiakeSlot{ Actions: ActionType );
SetSlotOption( Actions: ActionType, ALLOWABLE_VALUES, AUTO, MANUAL };
Actionst ActionType = MANUAL;

; Lt h £l ey d
#hkk CLASS: Default

MakeClass( Default, Actions );
Wik CLASS: Nodes
#¥k¥ Thig clags is an internal object that is used ¢ find
bk the beat action for a parucular s;tuahon.
MakeZiass( Nodes Root )
SetClassComment( Nodes, *This class is an iaternpl object that is used to find
the best action for a pasticuiar situation.” );

Perkdiceiobidois METHOD: Tnit ookl
1* "Initilization routine that calls clear and then finds the increasing_Actions and decreasing Actions,” */
MakeMethod( Nodes, Init, [AStatus ],

{
If { AStatus #= NORMAL )
Then £
If Not( Null?( Self:Calling Link ) )
Then SendMessage( Self:Cailing_Lick, Reply, NOUSE );

}
Else {
If { AStatus #= CLEARDOWN )
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1f Inatance?( Self: Activated Nods )
~ Then SendMessage( Self: Activated_Node, End,
Salf, CLEARDOWN );

}
Elss {
If { AStatug #=~ TERMINATE )
Then {
EnumList( Self:Caller, Call,
If ¢ Instance’ Call } And IsAKindOPY Call,
Nodes ))
Then SendMessage{ Call, End, Self,
TERMINATE ) );
Elze { .
PostError{ “Incorrect call to  # Self
# ":Init" );
.
5

by o
If Not{ NullX{ Self: Appiicd_Action ) }
© Then SendMessage( Seif:Applied_Action, Set );
" EngsmlList{ Self:NoewLinks, NL,

{
Af Iﬂﬁﬂﬂcﬂ?( NL }
' Then SeadMessage( NL, Init, CLEARDOWN });
P

Seif:Applied Actio -« NULL;
Self: Applied Link = NULL;
SelftActivated_Node = NULL;
If Meimber{ Global:NewSetNoaes, Self )

Then RemoveFromList( Global:NewSetNodes, Self j;
If Member){ Global:SetNodes, Self )

‘Then RemoveFromList{ Global:SetNods., Self );
I Member?( Global:NewLinks, Self )

Then RemoveFromList( Global:NewLinks, Self );
If Member?( Global: Activated_Nodes, Self )

Then RemoveFromList( Global: Activaied Nodes, Self );
ResetValue( Self:Copies );
Self:Status = READY;
SelfiBesiType = ACTIONS;
1

SefMethodConmunent{Nodes, Init, "Initilization routine thet calls clear gnd then findy tho
increasing_Actions and decreasing_Actions.” );

Jlomoisobiolrink METHOD: Set  okbikokiokiobolf

/* "See notes, Main procedure for seiting up = affect.” */

MakeMethod( Nodes, Set, {Altem AVariable APriority AVariation ACritical Time ARepeatTime Wait
ATimel 5T ACaller AMessage Explanation RuleNo ],

{
If ( Self:Status #= UNSOLVED )
Then {
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If CompTime( GetTime( ), Self:Called_Time + Seif Rapeat Time )
Then Self:Status = READY;

If Opposite}( AVariation, Self:Variation )
Then Self:Statug = READY;

b
Self:Ttem = Alier;
Seif:Variable = AVariable;
If { Scif:Status #= READY Or Self:Priority > APriority )}
Thens { -
I { ( Self:Status #= READY ) Or { Self>Status #= SET
And AMessage
#= ACTIVE)}
Then { :
SendMessage{ Self, Store, APriority, AVaration,
ACritical Time, ARepeatTime, Wait, ATimeLSC,
ACaller, AMessage, Explanation, RuleNo );

Elge {
If ( Self:Status #= UNSOLVED )
Then §
FALSE;

}
Elss COPY:
b
}
Else {
If ( { APrioiity === Self:Priorily } And Not( Member?({ Seif:Calier,
ACaller } ) )
Then { '
If ( Self:Status #== ACTIVATED Or Self:Statug
#= HOLDING)
Then {
USE;

Else {
If { Self:Status #= SET )

Thea SendMessage( Self, Store, APriority,
AVaciation, ACritiv.. _Time,
ARepeatTime, Wait, ATimelSC,
ACaller, AMessage, Explanation,
RuleNo )

}
Eisa {
FALSE; '
1
1 H
SetMethodComment{Nodes, Set, "See notes. Main procedure for setting up a effect.” );

Joiiiolokionkione METHOD: Activats it/
% "Called to activate the ruls finding procedurcs.” */
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MakeMethod( Nodes, Activate, [Root J,

{
If Not{ Null?{ Self:Copies ) )
Thes {
Self:Temp = SendMessege( Seif:Copies, Ok7, Self );
}
Elwe {
Self:Temp = TRUE;

Ir Salg'l’emp
Then, {
I { Self:BestType #== LINK And SelfiStatus #= USE )
Thea {
If SendMessage( SelfiActivated_Node, Use, Self)
Then {
Self:Status = HOLDING;
Seli:Timel.BS = Self:Applied Link:TimeLSP;
Self:Vadiation = GetValue( GetValue{ Self:Applied Link),
SVariation );
Self:CostP = Self:Applied_Link:CostP;
SelfiCostPT = Self: Activated Node:CostST;
Self:CostST = CostAdd( Self:CostP, Self;:CostPT });
If Not{ Nult?( Seif:Calling_Link ) )
Then {
SeadMessage( Self:Calling Link,
Update, Self:CosiST ¥;

If Noi{ Memberl{ Global: Activates) Nodes,
Self ))
Then AppendToLisi{ Global: Activated_Nodes,
Self );
TRUE;
b
}
Else { :
1f { Self:BestFype #= ACTION And SelfiStatus
#= FOUND )
Then {
SelftApplied_Action = Sell:Rest;
Self. Applied_ Link = NULL;
Selfi Activated_Node = NULL;
If Instance?( Self: Applied_Action )
Then {
1f Not( SendMessage( Self:Applied_Action,
Activate, Seif, S=1f:Priority,
Root ) )
Then { -
SendMessage{ Explanaticn,
Add, FormatValue( * Could not activate the action "
: ]
Self: Applied_Action ) );
SendMessage! Self, Eud,
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units. \n

Self, NORMAL );
FALSE;

}
Blse {
Self:Status = ACTIVATED;
Self:Varistion = GetValue{ GetValue( Sclf:Applied Action ),
Variationt );
Seif:Calling_Time = GetTime( );
AppeadToList{ Global: Activated_Nodes,

The critical time is %3.2f",

Self );
SendMessage( Explanation,
Add, FormatValue( " - The action *
¥
Self:Applied_Action
#
* was found, which will cause the *
#
Self:Variable
¥
*of\n .
¥
Self:Item
p .
* to change by %3.2f. The original value is %3.2f
Self:Variation,
Self:OriginaiValue,
Self:Critical_Time ) );
SendMessage{ Explanation,
Display, FormatValue{ " Node *
' #
Self
#
* to be solved after %3.2f sec”,
Self:TimeLBS ) );
1f Not{ Null?( Seif:Calling_Link ) )
Then {
SendMessage( Self:Calling Link,
Update, Self:CostST )3
)
TRUE;
b
g
}
Elss {
1§ ( Self:BestType #= LINK And Self:Status
#= FOUND )
Then {

If SendMessage( SelftActivated_Node,
Activate, Root )
Then {
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If Not( Member?( Global: Activated_Nodes,
Self))
Then AppendToList{ Global: Activated_Nodes,
Self ;
Seif:Statuz = HOLDING;
Self. Timel BS = Seif:Applied Link:Timel.SP;
_ SelfsVariation = GetValue( GutValue{ Self: Applied Link ),
SVariation ); -
Self;CostP = Selif:Applied_Link:CostP;
Self:CostPT = Sell:Activated_Node:CostST;
Self:CostST = CostAdd( Seif:CoutP,
Self:CostPT );
SendMessage{ Explanation,
Display, FormatValue{ " Crilical time for *
#
Self
F
" is %3.2f",
Self:Critical_Time ) };
1F Not{ Nuli?( Self:Cailing_Link ) )
Thea {
SendMessage{ Self:Calling_Link,
Update, Self:CostST );
¥
b
Else {
SendMessage( Explasation,
Display, "Could not activate *
' # Self:Activated Mode

#.);
SendMessage( Self, NoLinks );
FALSE;
IH
1§
i
5
B
Else {

SendMeszage{ Explanation, Display, "Could aot activate "
¥ Seif # ¥ . Mote important copies exist.” };
SendMessage( Self, End, Self, NORMAL );
FALSE; '
} b
SctMJethodOomment(Nodas, Activate, *Called to activats the sule finding procedures.” );

loteiirimioniir METHOD: GetAction  Sekioiidoidolk/
I* "See noles for functional deseription.” */
MakeMethod( Nodes, GelAction, [],

{

Self:Best = NULL;
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Self:BestCost = Self:MaxCost;
Self:BestTyps = ACTICN;
ClearList{ Self:Valid_Actions );
If Class?( A_ # Self:lItem )
Then GeilnstanceList{ A_ # Self:Itam, Self:Valid Actions );
EnumList{ Self:Valid_Actions, VA,

{
If ( VA:liem #== Seiftltem And VA:Variable #== Self:Variable )
Then {
Self:TempCost = Sendhlessage{ VA, Precondition, Seif: Varistion );
If ( { Setf:TempCost < Self:MaxCost )
And ( Seif:TempCost < 1))
Thea {
Self:TempCosl = CostAdd( Self:TempCost, Cu~tTime( Self:Critical_Time,
YA:TimelSP Y );
If * SelfiTempCost < 1.1)
Then ¥ JMessage({ Explanation, Display,
FormatValue( " - Conridering action "
# VA # " to change the *
i} SelfiVariable # * of "
# Self:ltem # ". \n The delay cost is %1.3f cost of the action is
%1.31.",
CostTime( Self;Critical_Time, VA:Timel 5P 4,
Self:TempCost ) );
IF ( Seif: TempCost < Scif:BestCost )
Then {
Self:Best = VA;
Self:BestCost = Self; TempCost;
Self:CostP = VA:Cosi;
Self:CostST = Self:TernpCost;
SelfiTimel.BS = VA:TimeLSF;
¢
5
1)
Not{ Null?( Self:Rest ) );

135
SetM:zthodCommeni(Nodes, GetAclion, "See notes for functional description.” );

Popokokpdooiok MITTFIOD;: Fajl  #otiasiiotios
MakeMethad( Nades, Fail, [],

{
SendMeswape( Explanation, Add, * - The " # Self:Variable #
* of * # Self:ltem # " has not changed satisfactorilyf" };
If Not( Self:Wait )
Then {
1f Not{ Null?{ Self: Applied_Link j )
Then {
SendMessage( Self:Applied_Link, Reply, FAIL );

by .
If Not( Nuli?( Seif: Applied_Action ) )
Then {
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b

SendMuossage( Self: Applied_Action, Reply, FAIL );
b :

If Member?( Glabal: Activated Nodes, Self)
Thea RemoveFromList{ Global: Activated Nodes, Seif );
SendMessage( Self, End, Sclf, TERMINATE );

| 3 H '
Jrtioiiolictx METHOD: Resel  domiktsobiaiiniob)
MakeMethod{ Nodes, Reset, {J,

{
If { CompTime{ GetTime( ), Self:Repeat Time + Self:Called_Tims )
And ( Seif:Wait #= FAILSE ))
Then {
SendMessage( Self, Fail );
) )
Else {
if € ( Self;Status = ACTIVATED ) Or ( SelfStatug
#= HOLDING })

‘Then {
If { SelfWait #== TRUE )
Then: E
St ..onlesn = CompTime( GetTima{ ),
Sejf:Repeat Time +
Self:Called_Time );

}
Eiss Self:Boolean = ( ( ( Self:Vagiation <
0 ) And SendMessape( Self:Item,

GetVal,
Self: Variabls,
VAR)
< = Setf:OriginalValue
+ Self:Varialion
* 0,75 ) Or ( { SelfiVariation
>
0)
And
SendMessage({ Setf:ltem,
CetVal,
Seif: Variable,
VAR)
=3 )
SelfiQiiginal Value
.1.
Selft Variation
W
0.75) )

If { Noty Null?( Self:Boolean } }
And Salf:Boolean )
Thesn |
SendMeussage{ Self, Success );

}
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Else {
If { CompTime{ GetTime({ ),
Self:Calling_Time + Self:TimelBS )
And ( Self:Stasus = ACTIVATED )
And Not( Self:Wait ) )
Then {
SendMessage( Self, Faii );

Else {};
|5

})

Jrick prbichiokision METEIOD: End  fotiokioohgiodon]
MakeMathed( Nodes, End, [ACaller AStatus J,

{
If { AStatus ¥= CLEARDOWN )
Then If Member?( Self:Caller, ACatler )

Then RemoveFromList{ Sei€:Cailer, ACaller );

IF { LeagthList( Self:Caller } == 0 Or $ot{ AStatus #= CLEARDOWN )

Or ACaller #== Seif )

Then {
If Not{ Null?( Self:Copies ) )

Then SendMessage( Self:Copies, Remove, Self );
SendMessage( Self, Init, AStatus );
Deletelustance{ Self );

b
i

;mum*“n* MB’I‘HOD: Reply ***“MM***M}
MakeMethod( Nodes, Reply, [ACaller AStatus 1,

{
If ( AStatus = NOLINK }
Then {
If Member?( Self:NewLinks, ACuiler )
Then RemoveFromList( Self:NewLinks, ACaller };
if ¢ Self:Status #= PENDING Or Self:Status #= LOOKING )
Then SendMessage{ Self, NoLinks );

Else {
If ( AStatas #== FOUND )
Then {
Self:Status = FOUND;
Self:Applied_Link = ACaller;
Self: Activated_Node = ACaller;Node;
Self; Timel.BS = ACaller:Timel5P;
If ( Instance?{ GetNthElem{ Self:Caller, i })
And IsAKindOfN GetNihElem{ Self:Caller,
1), Nedes ) )
Then SendMessage( Self:Cailing_Link, Reply,
FOUND );
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}
Else {
If ( AStatus #= SUCCHESS )
Then {
Self:Calling Time = GetTime( );
Self:Status = ACTIVATED;
If Not( Member({ Global:Activated Modes,
Seli))
Then AppendToList( Globul; Activated_Nodes,
Self );

}
Else If { AStatus #= USE )
Thes {
Self:Status = USE;
Selfs Applied_Link =s ACailer;
Self:Activated_Node = ACsller:Node;
Self;TimeLBS = ACaller:Timel 3P;
1f ( Instance?{ GetNthEfem( Seif:Caller,
1)) And
IsAKindOf? GetNthElem( Self:Cailler,
1), Nodes ) )
Then SendMessage{ Self:Calling Link,
Reply, FOUND );

}
Else PostBrror{ *Incorrect call to "
# Self # ":Repiy" );

%
|37

Jiotskiciaaooldolobkk METHOD: NoSolulipn  hkbkkdaaekdeiofdicf
MakeMeibod({ Nodes, NoSclution, {],

éendMessage( Bxplanation, Add, "Neo method could be found to alter the *
# Seif-Variable # " of *
# Self:ltem # *

or it did not change with in the avatiable time" );

Assert( Self:Item );

ForwardChain({ NULL, Rule:DefaultRules );

SendMessage( Seff, Init, CLEARDOWN };

Self:Called_Time = GetTime( );

Self:Status = UNSOLVED;

Px

Jetslopidodsioiook METHOD: CetLink  #ebitotsoiioioknf
/% " This tries to find the best avaliable AE.” ¥/
MakeMethod( Nodes, GetLink, [1,

{

Seif:BestType = LINK;

ClearList( Self:Valid_Links );

CleasList( Self;NewLinks );

If Class?¢ L._ # SelfiTiem )
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Y

Then GetlnstanceList, L, # Self:ltem, Self:Valid_Links );
If ( LeagthList( Self:Valid Links) > 0)
Then {
EpumList{ Self:Valid Links, VA,

{
If SendMessage{ VA, Csll, Self, Self:ltem, Self: Variable,
Self:Variation, Seif:Critical Time, Self:CostT )
Then AppendToList( Self:NewLinks, VA );

,}'

Not( LongthList( Self:NewLioks ) == 0 );

1)
SetMethodComment{Nodes, GetLink, *This tries to find the best avalisble AE." );

[Aertmiidoioiddol METHOD: GetPath  #detoiakdstidokdoiief
MakeMothod( Nodes, GatPath, 1],

{

Assert( SelfiJtem );

Assert({ Self:Varizabie );

ForwardChain( NULL, Rule.LmkRules )
SendMessage( Setf, GetLink );

B

Jiowseioliomiasiik METHOD; Search  dotdokiikakkioiotor)

#* *This method is called by Seck to search for a solution to the
node,” #/
MakeMethod( Nodes, Search, [J,

{
ResetVajue( Self:Best );
ResetValue( Self:BestType );
Tf Not( SeadMessage( Self, GetAction))
Then {
If { Global:LinkChain #= ALWAYS)
Thea {
If Not( SendMessape( Self, GetPuth ) )
Then {
FALSE;

}
Else {
TRUE;
|5
}
Else {
If Not( SenIMessage( Self, GetLink ) )
Then {
If Not( SendMesssge( Self, GetPath ) )
Then {
FALSE;
}
Hise {
TRUE;
H

204



Blse: {
TRUE;

b

}
Else {
Zelf:Status = FOUND;
Self:TimelSP = Self:TimeLBS + Self:Timel.5C;
If InstanceX{ GetNthElem( Self:Cafler, 1 )} )
Then ¢
If IsAKindOf( GeiNthElem( Self:Caller, 1),
Nodes ) '
Then SendMessape( Self:Caliing_Link, Keply,
FOUND );

SotMethodComment(Modes, Search, "This nr~thod is called by Seek to search for & solution to the
node.” );

Jiekkdikdek ool METHOD: Insert wmmm#mw
MakeMethod( Nodes, Insest, [Copie ],

{
SelfiCopies = Copie;
)

Jikmtdtickidoek METHOD: Store  iistokicoioiomiobk

MakeMethod( Nodes, Store, {APriority AVaristion ACtt_Time ARepaaﬂ"nne AWait ATimeL.SC ACaller
AMessage Explain RuleNum |,

{
Self:Priority = APriority;
Seif: Variation = AVariation;
Self:Wait = AWait;
Self:Repeat Time = ARepextTime;
ClearList( Seff:Caller );
Tf { Instance?( ACaller ) And IsAKindOF?( ACaller, Links ) }
Then {
Self:Calling_Link = ACaller;
1f Not( Member?( Seif:Catler, ACaller:Caller ) )
Then AppendToList( Self:Caller, ACaller:Caller );

}
Else {
If Nol{ Member?( Seif:Caller, ACaller } )
Then AppendTolist{ Self:Caller, ACaller );
Self:Calling_Link = NULL;
Self:Original Value = Coaverl{ Selfiltem, Self;Variable,

GetValue( {
Self:liem;
b
{



Self:Vaiiable;
Nk
Self:Message = Explain;
SendMessage( Explanation, Add, FormatValue( * Rule "
# ACaller
# " has initiated a change 1o "
# Self:Variable
# n of ”
# Setfiltem
#"\n by %3.2f, The original value ig %3.2f units.”,
Self: Variation, Self:OriginafValue ) );

5
Self:OriginalValue == SendMessage{ Self:Item, GetVal, Seif: Varigble,
VAR );
Self:VariableType = SendMessage( Self:Item, GetVal, Self:Variable,
TYPE )
SelfiCailed_Time = GetTime{ )%
Self:Critival_Time = ACrt_Time;
Self:TimelSC = ATimel.SC;
Self:MaxCost = Min( 1 - { Self:Priority /20) + 0.5, 1 );
Self:Mode = AMessage;
Belf:Status = SET;
Self:RuleNo = RuleNnm;
If { AMessage #= LOOK)
Then {
If Member?{ Global:NewSetMades, Self )
Then KemoveFromList( Global: NewSetNodes, Self );

Else {
If { Not{ Member?( Global:NewSetNodes, Self ) )
And { AMessage #= ACTIVE ) )

Then {
AppeadToList{ Global:NewSetNodes, Self );
b
H
TRUE;

1)

Jreiikioicnianiook METHOD: Sek  *tbsdokioiiolioio)
MakeMethod{ Nodes, Seek, [Cost ],

{
Self:Statns = LOOKING;
If Member?( Global:SetNodes, Self )

Thea RemoveFromList{ Global:SetNodes, Seif );
If Member?{ Global:NewSetNodes, Self) -

Then RemoveFromlist{ Global:NewSetNodes, Self );
Self:CostT = Cost;
Scif:Temp = SendMessage{ Self, Search );
If ( Self:Temp #= FALSE )

Then {

If Not( SendMessage( Sclf, Root? ) )
Then SendMessage( Seif, Fad, Self, CLEARDOWN );
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FALSE;
}

Else {
If ( Self:Tewmp #= TRUE )

Theq Self:Siatus = PENDING;
Self:Temp;
o
1)

petcepkprkaiics METHOD: NoLinks  fovosiblkiololok/
MakeMethod( Nodes, NoLinks, [J,

{
If ( LengthList( SelftNewLinks ) == ()

Then {
* SendMessage( Self, GeiPath );
If ( LengthList( Self:NewLinks ) == 0 )
Then {
If Not( SendMessage( Self, Root? ) }
Then {
SendMessage( Self, End, SeIf, NORMAL );
Eise { -
Self: Activated Node = NULL;
Seli.Status = PENDING;
5
|5
jH
13 .

JArEicoivoil METHOD: Success  ®hstdikimiok]
MukeMethod( Nodes, Success, [},

{
SeadMessage( Explanation, Add, * - The " # Self:Variable #
* of ¥ # Self:Itom # " was changed satisfactorily.” };
If Not( Self:Wait )
Then §
If Not{ Null?( Self:Applied_Link ) }
Then SendMessage( Self: Applied Link, Reply, SUCCESS );
1f Not{ Nulf?( Self: Applied_Action) )
Then SendMessage( Self:Applied_Action, Reply, SUCCESS );
EnumList{ Self:Caller, Call, If { Instance?( Call }
And IsAKindOf?( Call,
Nodes ) )
Then SendMessage{ Call,
Reply, Self,
SUCCESS ) );

|5
SendMessage{ Self, End, Seif, CLEARDOWN );
|31

fdciveloprimiick METHOD: Root] kit
MakeMethod( Nodes, Root?, [1,
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{
Enumi ist{ Szlf:Caller, Cail,

{
Self:Root = TRUE;
If Instance?( Call )
Then If IsAKindOf?( 7all, Nodes }
Then Self:Rool = FALSE:
|31

-LelfiRoof,
| 31

 Poichdaioiokmkd METHOD: Use  febivkivksiokoiololtokol]
" MakeMethe. ™ - iles, Use, [ACaller ],

S |
_ If Noi{ Member#( Seif:Caller, ACaller ) )
Then AppendToList( Self:Caller, ACatler );
SendMessage({ Explanation, Display, * " ¥ ACaller # * using *
# Self # * as welll* J;
TRUE;
Y
MakeSloi{ Nodes:Psiority );

- SetSlotOption{ Nodes:Priority, NO_AUTO_ASK, TRUE );
SetSlotOption( Nodes:Priority, VALUE TYPE, NUMBER );
SetSlotOption{ Nodes: Priority, MINIMUM_VALUE, 0 );
SetSlotOption( Nades:Priority, MAXIMUM_VALUE, 10 );
Nodes: Priority = il;
SetSlotOption{ Nodes:Priority, IF NEEDED, NULL );
SetSlotOption{ Nodes:Priority, WHEN_ACCESS, NULL );
SetSlotOption( Nodes:Priority, BEFORE_CHANGE, NULL );
SetSiotOption{ Nodes;Priority, AFTER_CHANGE, NULL );
MakeSlot{ Modes: Vasiation };
Nodes: Variation = ();
SeiSlotOptiun{ Nodes: Variation, IF_NEEDED, NULL )
SetSlotOption( Nodes: Variation, ¥+ "EN_ACCESS, NULL );
SetSlotOption{ Nodes: Variction, L. ...ORE_CHANGE, NULL };
SetSlatOption( Nodes: Variation, AFTER CHANGE, NULL Y
MakeSlot{ Nodes:Valid Actions );
SetSlotOption{ Nodes: Valid_Actions, MULTIPLE )
SetSlotOption( Nodes: Vatid_Actions, VALUE_TYPE, OBJECT );
SetSiotOption{ Nodes: Valid_Actions, ALLOWABLE_CILASSES, Actions );
CleasList{ Nodes: Valid_Actions );
SetSlotOption{ Nodes:Valid_Actions, IF_NEEDED, NULL );
SetSlotOption{ Nodes: Valid_Actions, WHEN_ACCESS, NULL );
SetSlotOption( Nodes: Valid_Actions, BEFORE_CHANGE, NULL j;
SetSfotOpiion( Nodes: Valid_Actions, AFTER_CHANGE, NULL )
MzkeSiot{ Nodes:Status };
SetSlatOption{ Nodes:Status, NO_AUTO_ASK, TRUE );
SetSlotQption{ Nodes: Status, ALLOWABLE VALULES, READY, SET, LOOKING, FOUND,
PENDING, HOLDING, ACTIVATED, UNSOLVED, USE );
MNodes:Status = READY;
SetSlotOption{ Nodes:Status, IF_NEEDED, NULL );
SetSiotOption{ Nodes:Status, WHBN ACCESS, HULL);
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SatStotOption{ Nodes:Siatus, BEFORE,_CHANGE, NULL );
SetSlotOption{ Nodes:Status, AFTER_CHANGE, NULL );
MakeSlogl No*~:Applied_Action ;
SetSlotOption( Nodes:Applied_Action, VALUE_TYPE, OBJECT );
SetSlotOption( Notdea: Applied_Action, ALLOWABLE_CLASSES, Actions );
SetSlotOption( Nodes:Applied_Action, IF_NEEDED, NULL );
SetSlotOption( Nodes:Applied_Action, WHEN_ACCESS, NULL );
SetSlottytion( Nodes: 1Applied_Action, BEFORE_CHANGE, NULL );
SetSlotOption( Nodes: Applied_Action, AFTER_CHANGE, NULL )
MakeSiot( Nodeg:Caller );
SetSiatOption( Nodes: Caller, NO_AUTO_ASK, TRUE )
SetSlotOption{ Nodes:Catler, MULTIPLE };
SetStotOption( Nodes: Caller, VALUE_TYPE, OBIECT );
SeiSlotOption( Nodes:Caller, ALLOWABLE_CLASSES, Links, Nodes );
ClearList{ Nodes:Caller };
SeiSlotOption( Modes:Caller, IF_NEEDED, NULL );
SetSlotOption( Nodes: Cafler, WHEN_ACCESS, NULL );
SetSlotOption( Nodes:Caller, BEFORE . CHANGE, NULL );
SetSlotOption{ Noxles:Calier, AFTER_CHANGE, NULL );
MakeSloX Nodes:itom );
SetSlotOption{ Nodes:liers, VALUE_TYPE, OBIECT };
SetSlotOption{ Nodes:Iiem, ALLOWABLE CLASSES, Ilems );
SetSiotOption{ Nodes:Item, IF_NEEDED, NULL );
SeiSlotOption{ Nodes:Item, WHEN_ACCESS, NULL );
SetSlotOption{ Nodes:Item, BEFORE_CHANGE, NULL. );
SeiSlotOption( Nodes:Item, AFTER_CHANGE, NULL );
MakeSlot( Nodes: Variable );
SetSlotOption{ Nodes: Variabls, IF_NEEDED, NULL );
SetSlotOption{ Nodes: Variable, WHEN_ACCESS, NULL );
SetSlotOption{ Nodes: Variable, BEFORE_CHANGE, NULL );
SetSlotOption( Nodes: Variable, AFTER_CHANGE, NULL );
MakeSlot{ Nodes:OriginalValue );
SetSlotOption{ Nodes: GriginaiValue, NO_AUTO_ASK, TRUE );
SetSlotOption{ Nodes. OriginatValee, VALUE TYPE, NUMBER );
Nodes;Original Value = 0;
SetSlotOption{ Nodes:OriginalValue, JF_NEEDED, NULL )
SetSlotOption{ Nodes:Original Value, WHEN_ACCESS, NULL );
SetSiotOption{ Nodes:Original Value, BEFORE_CHANGE, NULL. );
SetSlotOptions Nodes: QriginalValue, AFTER_CHANGE, NULL };
MakeSlot( Nodes:Critical_Tirme );
SetSlotOption( Nodes: Critical_Time, VALUE_TYPE, NUMBER );
SetSlotOption{ Nodes:Critical _Titas, MENIMUM_VALUE, 0 );
Nodes: Critical_Time = 0;
SeiSlotOption( Nodes: Critical_Time, IF_NEEDED, NULL );
SetSloiOption( Nodes:Critical_Time, WHEN_ACCESS, NULL );
SetSlotOption( Nodes:Critical_Time, BEFORE_CHANGE, NULL );
SetSlotOption( Nodes: Critical_Time, AFTER CHANGE, NULL );
MukeSlot( Modes:Called_Time )
SetSlotOption( Nodcs:(hlled_’l‘ime, NO_AUTOQ_ASK, TRUE );
SetSlotOption( Nodes:Called Time, VALUE_TYPE, NUMBER );
SetSiotOption( Nodes: Called_Time, MINIMUM_VALURE, 0 );
Nodes:Called_Time = 0;
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SetSlotOption( Nodes: Called "Time, IF_NEEDED, NULL );

SetSiotOption( Node :Called_Time, WHEN_ACCESS, NULL );

SetStotOption{ Nodes:Celled_Tims, BEFORE_CHANGE, NULL );

SetSlotOption( Nodes: Called_Time, AFTER_CHANGE, NULL 4

MakoSlot( Nodes: Calling_Tims );

SetSlotOption( Nodes:Calling_Tirne, VALUE_TYPE, NUMBER );

SeiSlotOption( Nodeé:Cnlling_'l’inle, MIMIMUM_VALUE, 0 );

Nodes:Calling_Time = 0;

SetSIntOption( Nodes:Calling_Time, IF_NEEDED, NULL };

SeiSiotOption( Nodes:Catling_Time, WHEN_ACCESS, NULL );
tion{ I _Jey:Calling Time, BEFORE CHANGE, NULL );

SetSlotOption{ Nodes:Calling_Time, AFTER CHANGE, NULL };

MakeSlol( Nodes: Valid_Links );

SsiSlotOption( Nodes: Valid_Links, MULTIPLE );

SetSlotOption{ Nodes: Valid_Links, VALUE_TYPE, NUMBER );

ClemrList{ Nodes: Valid_Links );

MxkeSlot( Nodes: Applied_Link };

SeiSlotOption{ Nodes: Applied_Link, NO_AUTO_ASK, TRUE };

SetSiotOption{ Nodes: Applied_Link, VALUE_TYPE, OBJECT );

SetSlotOption( Nodes: Applied_Link, ALLOWABLE CLASSES, Action_Effect j;

. SuSlotOption( Nodes: Applied_Link, IF_NEEDED, NULL );

SuSlotOption. | Nodes: Applied_Link, WHEN_ACCESS, NULL )

SetSlotOption{ Nodes: Applied Link, BEFORB CHANGE, NULL );

SetStotOption{ Nodes: Applied_Liak, AFTER_ CHANGE, NULL );

MakeStol({ Nodes:Best );

SetSlotOption( Modes:Best, VALUE_TYPE, OBJECT };

* SetSiotOption( Nodes:Best, ALLOWABLE CLASSES, Actions };

MakeSlot( Nodes:BestType );

SetSlotQption( Nodes:BestType, NO_AUTO_ASK, TRUE );

SetSlotOption( Nodes:BestType, ALLOWABLE_VALUES, ACTION, PATH, LINK );

MakeSlot( Nodes:BestCost );

SetSictOption{ Nodes:BestCost, WALUE_TYPE, NUMBER %

SetSlotOption{ Hodes: BestCout, MINIMUM _VALUE, -1 )%

SetStotOption( Nodes:BestCost, MAXIMUM_VALUE, 1 );

Nodes:BestCost = 0;

SetSlotOption( Nodes: BestCost, IF_NEEDED, NULL );

SetSlotOption( Nodes:BestCost, WHEN_ACCESS, NULL );

SetSlotOption({ Nodes:BestCost, BEFORE_CHANGE, NULL )

SetSlotOption( Nodes:BestCost, AFTER_CHANGE, NULL ¥

MakeSiot{ Nodes:CostS );

SetSlotComment( Nodos:CostS, *No longer used. It contained the cost of moving the variable

from it’s sct point. It was found to bo confusing.” );

SetStotOption( Nodes: CostS, VALUER_TYPE, NUMBER );

SeiSiotOption( Nodes: CostS, MINIMUM_VALUE, -1 }

SetSlotOption( Nodes; CostS, MAXIMUM_VALUE, 1 );

Nodes:CostS = 0;

MakeSlot{ Modes:CostST );

SetSloiComment({ Nodes:CostST, "Total cost for seif {0 ba chunped {valus passed back)” );

SetSlotOption{ Nades: CostST, VALUE_TYPE, NUMBER };

SetSlotOption{ Nodes: CostST, MINIMUM_VALUE, -1 );

SetStotOption( Nodes: CostST, MAXIMUM_VALUE, 1 );

Nodes: CostST = 0;
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MakeSlot( Nodes:FinaiCost );
SetSlotOption( Nodes:FinalCost, VALUE_TYPE, NUMBER );
SeiSlotOption( Nodes:FinalCost, MINIMUM YALUE, -1 };
SetSiotOption( Nodes:FinalCost, MAXIMUM_VALUE, 1 );
Nodes:FinalCost = {;

SetSlotOption( Nodes:FinalCost, IF_ NEEDED, NULL );
SetSlotOption( Nodes:FinalCost, WHEN _ACCESS, NULL );
SetSlotOption({ Nodes:FinalCost, BEFORE CHANGE, NULL );
SetSlatOption( Nodes:FinalCost, AFTER_ CHANGE NULL };
MakeSlot( Nodes:Made };

SetSlotOpiion( Nodes:Mods, ALLOWABLE_VALUES, ACTIVE, LOOK )
Nodes:Mods = LOOK;

SetSlotOption( Nodes:Mode, IF_NEEDED, NULL J;
SetSiotOplion{ Nodes:Mode, WHEN_ACCESS, NULL %
SetSlotOption{ Nodes:Mode, BEFORE_CHANGE, NULL );
SetSiotOption{ Nodes:Mode, AFTER_ CHANGL‘ NULL );
MakeSlot{ Nodes:TempCost );

SetSlotOption( Nodes: TempCost, VALUE_TYPE, NUMBER );
SetSintOption( Nodes: TempCost, MINIMUM_VALUE, -1 );
SetSlutOption{ Nodes:TempCost, MAXIMUM_VALUE, 1 );
Nodes:TempCost ==

SetSlotOption( Nodes:TempCost, IF_NEEDED, NULL );
SetSlotOption{ Nodes: TempCost, WHEN_ACCESS, NULL );
SetSlotOption( Nodes: TempCost, BEFORE_CHANGE, NULL );
SetSlotOption{ Nodes: TempCost, AFTER CHANGE, NULL );
MakeSlot{ Nodes:TimeLSC );

SetStoiComment{ Nodes: TinweLSC, "Time lag between self and caller.” );
SetSlotOption{ Nodes: TimeLSC, VALUE_TYPE, NUMBER )
SetSloiOption{ Nodes; TimeLSC, MINIMUM_VALUE, -1 )
SetSlotOption( Nodes: TimelLSC, MAXIMUM_VALUE, 1 );
Nodes: TimelL.SC = §;

MakeSlot( Nodes: TimeLSP );

SetSlotComment({ Nodes: TimeLSP, "The time for seif to change pareat, " );
Nodes: TimelSP = 0;

MakeSlot( Nodes:Copies );

SetSloiOption( Nodes:Copies, VALUE_TYPE, OBJECT };
SetSlotOption{ Nodes: Copies, ALLOWABLE_CLASSES, Copies );
MakeSlot{ Nodes;MaxCost );

SetSiotOption{ Nudes:MaxCost, NO_AUTO_ASK, TRUE };
SetSlotOption( Nodes:MaxCost, VALUE_TYPE, NMUMBER );
SetSlotOption( Nodes:MaxCost, MKNIMUM“VALUE, -1 )
SetSlotOption( Nodes:MaxCost, MAXIMUM_VALUE, 1 );
Nodes:Maxlost = 13

SetSlotOption{ Nodes:MaxCost, IF_NEEDED, NULL );
SeiSlolOption( Nodes:MaxCost, WHEN_ACCESS, NULL };
SeiSlutOption( Nodes:MaxCost, BERORE . CHANOE, NULL );
SetSictOption( Nodes:MaxCost, ARTER_CHANGE, NULL };
MakeSlot( Nodes:NewLinks );

SetSlotOption{ Nodes:NewLinks, NO_AUTO_ASE, TRUE );
SetSlutOpticn{ Nodos: NewLinks, MULTIPLE );

SetSlotOption{ Nodes:NewLinks, VALUE TYPE, OBIECT );
SetSlotOption( Nodes:NewLinks, ALLOWABLE CLASSES, Links );
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ClearList{ Nodes:NewLinks );

SatSlotOption{ Nodes:NewLinks, IR NEEDED, NULL );
SetSlotOption{ Nodes:NewLinks, WHEN_ACCESS, NULL );
SetSlotOption( Nodes:NewLinks, BEFORE_CHANGE, NULL );
SetSlotOption{ Nodes:NewLinks, AFTER_CHANGE, NULL );
MakeSlot( Nodes: TirnelLBS );

SetSlotQption{ Nodes: TimelBS, NO_AUTO_ASK, TRUE };
SatSlotOption( Nodes; TimelBS, VALUE TYPE, NUMBER );
SetSlotOption( Nodes: TirneLBS, MIN"IMUM VALUE, 0y

Modes: Timel.LBS = 0;

SetSloiOption( Nodes:TimeLBS, IF_NEEDED, NULL );
SetSlotOption( Nodes: TimeLBS, WHEN_ACCESS, NULL );
SetSlotOption( Nodes: TimeLBS, BEFORE_CHANGE, NULL );
SeiSlctOption( Nodes: TimeLBS, AFTER_CHANGE, NULL });
MakeSloi{ Nodes: Activated Node );

SetSlotOption( Nodes: Activated_Node, IF_NEEDED, NULL );
SetSlotOption( Nodes: Activated_Node, WHEN_ACCESS, NULL );
SetSlotOption{ Nodes: Activated Node, BEFORE_CHANGE, NULL );
SetSlotOpticn( Nodes: Activated Mode, AFTER_CHANGE, NULL );
MuakeStot{ Nodes:Temp ); -

MakeZiot{ Nodes: Calling_Link );

SetSlotOption( Nodes:Calling_Link, NO_AUTO_ASK, TRUE );
SetSiotOption{ Nodes:Calling Link, VALUE_TYPE, OBIECT );
SetSlotOption{ Nodes:Calling_Link, ALLOWABLE CLASSES, Links };
SetSlotOption{ Nodes: Calling_Lick, IF_ MEEDED, NULL );
SetSictOption( Nodes:Calling Link, WHEN_ACCESS, NULL );
SetSlotCption{ Nodes:Calting_Link, BEFORE_CHANGE, NULL %
SetSlotOption( Nodes:Calling Link, AFTER_CHANGE, NULL
MakeSlot{ Nodes:CostP );

SetSlotComment( Nodes:CostP, “This is the cost of using the primary node excluding
the cost of actually implementing that node." );

SetSlotOption( Nodes:CostP, NO_AUTO_ASK, TRUE )
SetSlotOption( Nodes:CostP, VALUE_TYFE, NUMBER );
SetSlotOption( Nodes: CostP, MINIMUM_VALUE, -1 );
SeiSlotOption( Nodes: CostP, MAXIMUM_VALUE, 1 };
Nodes:CostP = 0; .

MakeSlot{ Nodes: VariableType );

SetSlotOption{ Nodes: VariableType, ALLOWABLE_VALUES, Analogue, Discrele );
Nodes:VarisbleType = Analogue;

SetSlotOption{ Nodes: VariableType, IF_NEEDED, NULL );
SuiSiotOption( Nodes: VariableType, WHEN_ACCESS, NULL );
SetSlotOption{ Nodes: VariabieType, BEFORE CHANGE, NULL );
SetSlolOption{ Nodes: VarizbleType, AFTER_CHANGE, NULL );
MakeStot( Nodes:Boolean };

SetSlotOption{ Nodes:Boolean, VALUE_TYPE, BOOLEAN }
SutStotOption{ Nodes:Boolean, IF_NEEDED, NULL );
SetSlotOption{ Nedes:Boolean, WHEN_ACCESS, NULL );
SetSlotOption{ Nodes:Boolean, BEFORE_CHAMGE, NULL );
SetSlotQption( Nodes:Baolean, AFTER_CHANGE, NULL );
MakeStot{ Nodes:Roet );

SetSlotOption( Nodes:Root, VALUE_TYPE, BOOLEAN };
Nodes:Rogt = TRUE;
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SetSlotOption{ Nodes:Root, IF_NEEDED, NULL );
-SetSiotOption( Nodes: Root, WHEN_ACCESS, NULL );
SetSlotOption( Nodes:Root, BEFORE_CHANGE, NULL );
SetSlotOption{ Nodes:Root, AFTER_CHANGE, NULL );
MukeSlot{ Nodes:Message );

MakeSlot{ Nodes:RuleNo );

SetSlotOption{ Nodes:RuleNo, VALUB_TYPE, NUMBER );
Nodes:RuleNo = 0;

SetSlotOption( Nodes:RuleNo, I#f_NEEDED, NULL )
SetSlotOption( Nodes:RuleNa, WHEN_ACCESS, NULL %
SetSlotOption( Nor* ss:RuleNo, BEFORE_CHANGE, NULL );
SetSiotOption( Nodes:RuieNo, AFTER_CHANGE, NULL );
MakeSiot{ Nodes: CostPT )

SetSlotComment{ Nodes; CostPT, "The cost of the secondary node that will cause this node
fo change." );

SetSlotOption{ Nodes:CostPT, VALUE_TYPE, NUMBER );
SetSlotOption{ Nodes:CostPT, MINIMUM_VALUE, -1 )
SetSlotOption( Nodes: CostPT), MAXIMUM_VALUE 1y
Nodes:CostPT = 0;

MakeSlot{ Nodes:CostT );

SetSlotComment( Nodes:CostT, “Cost of path thus far,” );
SetSloiOption( Nodes;CostT, VAL TYPE, NUMBER );
SeiSlotOption( Nodes: CostT, MINIMUM VALUE, -1 );
SetSlotOption{ Nodes: CostT, MAXIMUM_VALUE, 1)
Nedes:CostT = 0;

MuakeSlot( Nodes: Wait );

SetSlotOption{ Nodes:Wait, VALUE_TYPE, BOOLBAN );
Nodes: Wait = FALSE;

MakeSlot( Nodes:Repeat_Time );

SetSlotOption{ Nodes:Repeat_Time, VALUE TYPE, NUMBER };
SetSIotOption( Nodes:Repeat_Time, MINIMUM_VALUR, 0 );
Nodes:Repeat_Time = 0;

wek CLASS: Items
*iid This class contains all tha knowledge about the physical
ol layuut of the plant.

MakeCIass( Items, Root %
SetClassComment( Items, "This class contains all the knowledge about the physical
layowt of the plant.” );

eanidoiscin I ETHOD: Get Valug  teotokiohiodotiontol/
I* *This function calls the value list, finds all the values required.™ */
MakeMethod( Items, Got_Value, [1,

{
GetSlotList( Self, Self:Value List };
EnumList( Seif:Value List, Value,

{
If Meml.or?{ Self:ValidVars, Value }
Then {
Assert{ SelftValue );
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If Sict!( Self,

{
N # Valus;
)
.Then {
g If Not{ CGetValue( GetValue( Self, N # Vale ),
Tag ) #= NONE )
Then {
SendMessage( Self, SetVar, Value,
Read_Data( GetValuef GetValue{ Self,

N#
Value ),
Tag)) )
b

}
Else {

Erron( 22, Setf, Value );

%

[
¥

. 1%
SetMethodComment(Items, Get Vaive, "This function cails the value list, finds all the values required.”

%

Jraioioriicioons METHOD: Request oot
MakeMethod( Items, Request, {Variable Priority Variation Crt_Time RepentTlme AWait Timel 5C
Caller Message Bxplanaticn RuleNo ],

{
Self:Counter = 0;
Self:NiodeName = N # Self # _ # Variable;
If Not{ Instance?{ Self:NodeName )} -
Then Makelnstance( Self:NodeName, Hodes );
While ({
Global:Temp = SendMessage( Self:NodeName, Set, Self,.
Variable, Priority, Variation, Crt_Tims,
RepeatTime, AWait, TimeL.SC, Caller,
Message, Explanation, RuleNo );
Global:Temp #= COPY;

D

{
If Not{ Instunce?({ C_ # SclF # _ # Variable })
Then Makelnstance{ C_ # Sclf # _ # Variablo, Copics );
SendMessage( C_ # Self # _ # Variable, Insert, Self:NodelName );
SendMessage! Self:NodeNawme, Insert, C_# Self # _ #
Variuble ):

Al

Self:Counter += 1;
Self:NodeName = Seif # _ # Vaciable # _ # Self:Counter;
1 Not( Instance?( Self:NodeNams ) }
Then Makelnstance( Seif:NodeName, Nodes );
If Instance?( C_ # Self # _ & Variable )
Then {
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e
m* METEOQD: GetVar ®whdsobiikvokif

. BeodMenssgel C_ # Self # _ ¥ Varisble, Insert, Self:NodeName );
SeadMessuge( Self:NodeName, fnsert, C_#Belf¥_#
Variable ) % :

%
3 { otal: Teop #= TRUE )
* Blse (Bobal: Temp;

Maksideothod( Tioms, ?etVar, [Name ],

g
OutValio{ GotValue( Seif, N # Name }, Varizble );
)

| potssmanbniaink METHOD: SetVar Aiokibbhsiiolkf
. W Tteans, SetVar, [Name Parameter ],

{
- SeadMlessuge({ GetValue( Self, N # Name ), SetVal, Peramater );

Salf:Nasws = GefValue{ GetValue{ Seif, N # Name ), Variable );
I

Wﬂ METHOD: GetVa] sl
MakeMothod{ Items, GetVal, [Name Porameter ],

{ .
If ( Prremeter #= SP )
Thea {
" GotValue{ GotValue{ Sell, N # Mame ), SetPoint );

}
Elge {
If { Parametor = UL )
Then {
GetValue( GetValue{ Self, N # Nawe ), Upperfevel );
}
Blse {
If { Parameter #= L1,)
Then {
GetValus{ GetValue( Sclf, N # Name ),
LowerLevel );
Else {
If { Parameter #= VAR }
Then {
Converi( Self, Name, GetValue{ GetValue{ Self,
N
¥
Name ),
Variuble ) );
}
Eise {
If ( Parameter #= TAG )
Then {
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GetValuef GetValue( Self,
N # Name ),
Tag )i

Else {
If { Parameter #= MAX )
Then {
GetSlotOption( Self,
Mame, MAXIMUM_VALUE);
}
Else {
If { Parameter #=
MIN )
Then {
GetSlotOption( Self,
Name,
MAXIMUM_VALUE };

}
Else {
If { Parameter
-
TYPE)
Then {
GetValue{ GetValue( Self,
N
#
Name ),
Type );

Blse {
If { Pargmeter
-
DIM )
Then {
GetValue( GetValue{ Self,
N
#
MName ),
Units );

}
Elge {

If ( Parameter
F-
NO)

‘Then {
GetValue( GatValue( Seif,
N



h
&

}H
Y

Ploklpopiosiaclk METHOD: SetVal  Aekiclbiorliokiont
MekeMethod( Items, SetVal, [Name Value Parameter 1,

{ :
If ( Parameler #= SP )
Thea {
SetValue( GetValue( Self, N # Name ), SetPoint, Valuc 3;

Elss {
If  Parameter #== UL )
Thea {
SetValue{ GetValue( Self, N # Name ), Upperlevel,
Value )

}
Else {
If { Parameter §= L1 )
Then {
SetValue{ GetValue( Self, N # Name },
LowerLevel, Value );

}
Else {
If ( Parameter #= VAR )
Then {
SetValue{ GetVatue( Self, N #
Name ),
Variable, Value );

}
Else {
If ( Paramneter #i= TAG )
Then { .
SetValue( GetValue( Self,
N # Name ),
Tag, Value );

}
Else {
If  Parameter #= MAX )
Then {
SetSlotOptina( Self,
Name, MAXIMUM_VALUE,
Value )

}
Else {
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If { Parmeter #=
MIN)
Then {

SetSlotOption{ Self,
Name,
MAXIMUM_VALUE,
Value );

}
Efse {
If { Parameter
#=
TYPE)
Then {
SetValue( GetValue{ Self,
N
#
Name ),

Type,
Value );

}
Else {}s

¥

1
MakeSlot{ Items:Inputs );
SetSlotOption( Items:Inputs, MULTIPLE });
SetSlotOption( Items:Inputs, VALUE_TYPE, OBJECT )%
SetSlotOption{ lems:Inputs, ALLOWABLE_CLASSES, Items );
ClearList( Items:Inputs );
SetS{otOption{ tems:Inputs, IF_NEEDED, NULL );
SetSlotOption{ lems;nputs, WHEN_ACCESS, NULL };
SetSlotOption( Items:Inputs, BEFORE_CHANGE, NULL };
SetSlotOQption{ Items:Tuputs, AFTER_CHANGE, NULL );
MakeSlot{ Iems:Outputs 3
SetSlotOption( Items:OQutputs, MULTIPLE );
SelSlotOption( Items:Outputs, VALUE_TYPE, OBJECT );
SetSlotOplion{ Items: Ouiputs, ALLOWABLE CLASSES, Items };
ClearList( Items:Outputs );
SetSlotOption( Items: Ontputs, IF_ NEEDED, NULL )
SetSlotOption( ltems; Outputs, WHEN_ACCESS, NULL );
SetSlotOption( Items: Outputs, BEFORE_CHANGE, NULL );
SetSlotOption{ ltems:Outputs, AFTER_CHANGE, NiJLL )
MakeSlot( Items: ValidVars );
SetSiotOption( Items: ValidVars, MULTIPLE )
SetValue( oms: ValidVars, Level, Temp, Acid, Flow, Settling, SLevel, Zn, Status, Flow, Basicity,
Speed, Screwl, Screw2, Screwl2, Running, PumpAB, PunpAB, PumpAGsB, PumpA, PumpB,
PumpAB, PumpAO:B, PumpAB, PumpAQrB, PunpAB, PumpAOrB, PuapAB, PumpAC:B, PumpAB,
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BumpAOeE, Screwllon, ScrewConv, DLevel, Frequency, FTime, DLevSetpoint, DLavMax, DLevMin,
ch );

SotSiotDption( ltems: ValidVars, IF_NEEDED, NULL );

SoSlotQption( Items: ValidVars, WHEN ACCESS, NULL %

SeiSlotOption{ ltems: ValidVars, BEFORE CHANGE, NULL );

SeiSlotOption( Items: ValidVars, AFTER_ CHANGE, NULL );

MakeSiot( Items: Valus_List );

SeiSlotOption( liems: Value_List, MULTIPLE )

SatValuel Items:Valus List, Inputs, Outputs, Vatham, Value List, NodeName, Counter, ValidSiots,
TtemNo );

MukeSlot( Iems: NodeName );

SetSlotOption( Ittms:NodeMame, NO_AUTC ASK. TRUE );

SetSlotOption( Items: NodeName, 1F_NEEDED, NULL );

SetSlotOption( Items:NodeName, WHEN_ACCESS, NULL );

SatSlotOption( Memns: NodeNams, BEFORE_CHANGE, NULL );

SatSlotOption( Items:NodeNams, AFTER_CHANGE, NULL );

MakeSlot( Items:Counter );

SetSlotComment( Ttems:Counter, "A counter used by request.” );

‘SetSlotOption( Items: Counter, VAILUE_TYPE, NUMBER };

SetSlotOption( Yiems: Counter, MIMIMUM_VALUE, 0);
MaukeSlot( Items: ValidSlots );

SetSlotQption{ Items: ValidSlots, NO_AUTO_ASK, TRUE );
SetSlotOption( Items: ValidSleis, MULTIPLE );

SotVelue{ Items: ValidSlots, Hi );

SetStotOplion( Ttems: ValidSlots, JF_ NEEDED, NULL );
SetSlotOption( Items: ValidSlots, WHEN_ACCESS, NULL );
SeiSlotOption{ Tbems: ValidSiols, BEFORE __CHANGE, NULL );
SetSlotOption{ Items: ValidSlots, AFTER_CHANGE, NULL );
MakeSlot{ lems:ItemNo );

Pl i et e ae b bentcbe ke i
stk CLASS: Variables
#i# This class contsing alf the variables in the plant.

MakeCluss{ Variables, Root };
SetClassComment{ Variables, "This class contains all the variables in the plant.” );

Jreidvisoidolortorioik METHOD: Set  deiobiitiiobiopkickf
MakeMethod( Variables, Set, {slof §,

{

SetSloiOption{ Self, slot, MAXIMUM_VALUE, GeiSlotOption( Owner,
GetParent( Self ),
MAXT™™MUM_VALUE) );

SetElotOption( Self, slot, MINIMUM_VALUR, GetSintOption( Owner,
GelParent( Self ),
MINIMUM_VALUE));

)

ootk METHOD: Convert  #otiohistisolorioioe
MakeMethod( Variables, Convert, [Value },

{
If Member?( Self:StateList, Vaive )
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Then {
GetNthElem( Self:Stat>Values, GetElumPos{ Self:StateList,
© Value) );

Else}N ULL:
¥y

[iskilolaiortbk METHOD: SetVal  fetowiviomidsiouiog)
MakeMethod{ Variables, SetVal, [Value ],

{
If { Null?{ Value ) Or { No#( Scif:Type #= Discrete )
Or Not( Number?{ Value ) }))
Then ( Self:Varigble = Value )
Elsa {
IF { GetBlemPos{ Self:StateValues, Value }
= {)
Then { Self:Variable = NULL )
Eise Self:Variable = GetNthiElem( Self:StateList, GetElen:Pos{ Self:StxtaValues,
Value ) %
B

%
MukeSlot( Variables: Variable );
SetSlotOption( Variables: Variable, NO_AUTO_ASK, TRUE )
Variables: Variable = (;
MakeSiot{ Variables:SetPoint );
SetSlotOption( Variables:SetFoint, NO_AUTG_ASK, TRUE );
SetSlotOption( Varizbles:SetPaint, VALUE_TYPE, NUMBER );
Variables:SetPoint = 50;
SetSlotOption( Variables;SetPoint, IF_NEEDED, NULL };
SetSlotOption{ Variables:SetPoint, WHEN_ACCESS, NULL );
SetSlotOption( Variables:SetPoint, BEFORE CHANGE, NULL );
SetSiotOption( Variables:SetPoint, AFTER_CHANGE, NULL );
MzkeSlot( Variables:UpperLevel );
SetSlotOption( Variables:UpperLevel, NO_AUTO_ASK, TRUE };
SetSlotOption( Variables;UpperLevel, VALUE_TYPE, NUMBER );
Variables:UpperLevel = 100;
SetSlotOption( Varisbles: UpperLavel, IF_NEEDED, NULL );
SetSlotUption{ Variables:UpperLavel, WHEN ACCESS, NULL });
SetSlotOption( Variables;UpperLevel, BEFORE_CHANGE, NULL )%
SetSlotOption( Variables:UpperLevel, AFTER_CHANGE, NULL );
MakeSIot{ Variables:LowerLevel );
SetSlotOption( Variables:LowesLevel, NO_AUTO_ASK, TRUE };
SetSlotOption( Varizbles:LowerLevz]l, VALUF_TYPE, NUMBER );
Variables:LowerLevel = (;
SetSlotOption( Variables:LowerLevel, IE NEEDED, NULL )
SetSlotOption( Variables:LowerLevel, WHEN_ACCESS, NULL );
SetSlotOption{ Vatiables;LowerLevel, BEFORE CHANGE, NULL );
SetSictOption{ Variables:LowerLevei, AFTER_CHANGE, NULL );
MakeSiot({ Variables:Qumer );
SetSlotOption( Variables:Owner, NO_AUTO _ASK, TRUE };
SetSlotOption( Variables:Owaer, IR NEEDED, NULL %
SetSlotOption( Variables:Owner, WHEN_ACCESS, NULL });
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SetSlotOptios( Variables:Owner, BEFORE  CHANGE, NULL );
SatSlotOption{ Variables:Owner, AFTER _CHANGCE, NULL );
MakaSlot{ Varinbles:Condition );

MakeSlot{ Variables:Tag );

SetSlotOption( Variables:Tag, NO_AUTO_ASK. TRUE );

* Vuiisbles: Tag = NONE;

SetSlotOption( Variables:Tayg, IF__NEEDED, NULL )
SetSlotOption( Variables:Tag, WHEN_ACCESS, NULL );
SetSlotOption( Variables:Tag, BEFORE_CHANGE, NULL };
SetSlotOption( Variables;Tag, AFTER_CHANGE, NULL );
MakeSlot{ Varisbles:Units );

Variables:Units = FormatValue ( "\%" ); :

_ SetSlotOption{ Variabies:Units, IF NEEDED, NULL )
SetSlotOption( Variables:Units, WHEN_ACCESS, NULL );
SetSlotOption( Variables:Units, BEFORE_CHANGE, NULL );
SetSlotOption( Vasieblea:Units, AFTER CHANGE, NULL );
MakeSlot( Varisbles:Type );

SetSlotOption{ Variables:Type, ALLOWABLE_VALUES, Discrete, Analog );
Variables:Type = Analog;

SetSlotOption{ Variables:ype, IF_NEEDED, NULL );
SetSlotOption( Variables:Type, WHEN_ACCHSS, NULL )
SetSlotOption( Variables:Type, BEFORE_CHANGE, NULL )
SetS8lotOption{ Varizbles:Type, AFTER CIIANGE, NULL );
MakeSlot( Variables:SiateList );

SetSlotOption( Variables:Statelist, MULTIPLE );

ClearList{ Variables:StateList };

SetSlotOption( Variables:StateList, IF_NEEDED, NULL );
SetSlotOption{ Variables:StateList, WHEN_ACCESS, NULL )
SetSlotOption( Varigbles:StateList, BEFORE_CHANGE, NULL )
SetSlotOption{ Variables:StateList, AFTER_CHANGE, NULL };
MakeSlot( Variables:StateValues );

SetSiotOption{ Variables:StateValues, MULTIPLE );
SutSlotOption( Variables:StateValues, VALUE_TYPHE, NUMBER };
ClearList{ Variables:StateValues );

SetSlolOption{ Variablus:StateValues, IF_NEEDED, NULL );
SeiStolOption( Variables:StateValues, WHEN_ACCESS, NULL );
SetSlotOption( Variables:StateValues, BEFORE_CHANGE, NULL )
SetSlotOption( Variables:StateValues, AFTER_CHANGHE, NULL );
MakeSlot( Varisbles:LongText );

MakeSlot{ Variables:ShortText );

MakeSlol( Variablrs:PlantArea };

Vatiables:PlantArea = P;

SetSlotOption( Variables:PlantArea, IF_ NEEDED, NULL );
SetSictOption( Vuriables:PlantArea, WHEN_ACCESS, NULL );
SetSlotOption( Varigbles:PlantArea, BEFORE _CHANGE, NULL );
SetSiotOption( Variables:PlantArea, AFTER_CHANGE, NULL );
MakeSlot{ Variables:MesType );

SetSlotOption{ Variables:MesType, ALLOWABLE VALUES, ANALOG, COUNTER, BINARY };
Variables:MesType = ANALCG,;

SetSlotOption( Variables:MesType, IF_NEEDED, NULL ¥
SetSlotOption( Variables:MesType, WHEN_ACCE®S, NULL );
SetSlotOption{ Variables:MesType, BEFORE_CHANGE, NULL. );
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 SetSlotOptioni Variabis:MesType, AFTER_CHANGE, NULL %
MakoSlot{ Variables:Number );
SciSlotOption( Varisbles:Number, VALUE_TYPE, NUMBER )
Vardables:Number = O
SatSlotOption{ Variables:Number, IF ' NEEDED, NULL );
SoiSlotOption( Variables:Number, WHEN_ACCESS, NULL );

.- SetSiotOption( Variables:Nutaber, BEFORE , CHANGE, NULL );

SotSlotOpt:ou( Varisbles:Number, AFTER CHANGE. NULL );

jer ALL INSTANCES ARE SAVI:D BELOW e

B ST TPU WA T R TR WY WO ST SRR WS T N WP DY PO ST S Y

Jroviamentnsioinn METHOD: Update  Sebmimibiniobolosf
MakeMathod( Global, Update, ],

{

Update{ );

P
Jhessiocloiakkior METHOD: Porcent  Fediioiorkodoor/
MakeMethod( Globa, Percent, [],

{ By
If { Gioba® Successes + Global:Failures === ()
‘Then ( Clobal: 2ercent = 100 )
Else {
Global:Percent = Global:Failures / ( Global:Failures
+ Global:Successes )
* 1005

b
37

Plodciork Jovoriox METHOD: AViime  "eksidonoi]
MakeMeihod{ Global, AVtime, [New Oid ],

{
Average( Self:New, Oid );
1)
fetmiceeuikioei METHOD: CalcAY  ®horiidiodobsob/

MakeMethod{ Global, CalcAY, [J,
Self: AVTime = Self;AVTimeF - Self:AVTimeS5 );

Petotolisisioriions METHOD: BackUpSet  #bkimiorbdkiokis/
MakeMethod( Global, BackUpSet, [},

{

KillTimer{ 3 );

SetTimer( 3, Giobal:BackUpRale, 0 );

P
MakeStot{ Global:SetNodes );
SetSlotOption{ Globak:SetNodes, INHERIT, FALSE );
SetSlotOption{ Global:SeiNodes, NO_AUTO_ASK, TRUE );
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SetSiotOption{ Global:SetNodes, MULTIPLE );

SetSlotOption( Global:SetNodes, VALUE_TYPE, OBJECT );
SetSlotOption{ Giobal:SetNodes, ALLOWABLE_CLASSES, Nodes );
ClearList{ Global:SeiNodes );

SetSlotOption( Global:SsiNodes, IF_MNEEDED, NULL 3;
SetSlotOption{ Global:SetNodes, WHEN_ACCESS, NULL, );
YetSlotOption( Globat:SetNodes, BEFORE_CHANGE, NULL );
SetSilotOption{ Global:SetNodes, AFTER_CHANGE, NULL );
MakeSlot( Global:Init_List );

SetSlotOption( Global:Init_List, INHERIT, FALSE %
SetSlotOption( Giobal:Ini¢_List, MULTIPLE );

SetSlotOption( Global:Init_List, VALUE_TYPE, OBJECT );
SetSlotQption{ Global:Init_List, ALLOWABLE CLASSES, Action_Effects );
SetValue( Global:Init_List, TKPO1_ Level );

SetSlotOption{ Global:uit_List, IR NEEDED, NULL );
SetSlotOption{ Global:Init_List, WHEN_ACCESS, NULL );
SetSlotOption({ Globul:Init_List, BEFORE_CHANGE, NULL );
SetSlotOption( Global:Init_List, AFTER_CHANGE, NULL );
MakeSiot( Global:Item_List );

SetSlotOption{ Global:Ttem_List, INHERIT, FALSE );
SetSlotOption( Global:Item_List, MULTIPLE );

SetSlotOption( Global:Item_List, VALUE TYPE, OBJECT );
SetSlotOptien( Global:Item_List, ALLOWABLE _CLASSES, Items );
SetValue( Global:Itein_List, P01, P02 );

SetSlotOption( Global:ltem_List, IF_NEEDED, NULL )
SetSlotOption( Global:Item_List, WHEN_ACCESS, NULL );
SetSlolOption{ Global:Item_List, BEFORE_CHANGE, NULL );
SetSiotOption{ Globai:Item_List, AFTER_CHANGE, NULL )
MakeSiot{ Global:Temp );

SetSlotOption( Global:Temp, INHERIT, FALSE );
SetSiotOption Global:Temp, NO_AUTO_ASK, TRUE );
Global;Temp = FALSE;

SetSlotOption( Global: Temp, IF_ NEEDED, NULL );
SetSlotOption( Global: Temp, WHEN_ACCESS, NULL );
SetSlotOption( Globul: Temp, BEFORE_CHAMGE, NULL )
SetSlotOption( Global: Temp, AFTER_CHANGE, NULL );
MakeStoi( Globul:Continue ;

SetSlotOption{ Globsl: Continue, INERIT, FALSE );
SetSlotOption( Global:Continue, NO_AUTO_ASK, TRUE );
SetSlotOption{ Globat:Continue, ALLOWABLE_VALUES, Yes, No);
Global:Continue = Yes;

MakeSlot{ Global:Time -

SetStotOption{ Global:T:- -+, VALUE_TYPE, NUMBER );
Global;Time = 505,.910000;

SetSlotOption( Global: Time, IMAGE, Edit3 );

MakeSlot{ Global: Value };

SetSlotConanent{ Global: Value, "This slot is used by Read Data and is a temporaty affair.* );
SetSlotOption( Global: Value, VALUE_TYPE, NUMBER );
SetSlotOption{ Globul: Value, MINIMUM_VALUE, -100 };
SetSlotOption( Globak Value, MAXIMUM_VALUE, 160 );
Global:Value = 13,7306694674992;

MakeSlot{ Global:State );
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SSlotOption{ Global:State, INHERIT, FALSE );

SatSiotOption{ CGlobal:State, NO_AUTO_ASK, TRUE );

SetStotOpiion( Global:State, ALLOWABLE_VALUES, READY, INITIAL, READING, WAITING,
CHAIN, RESET, SORTING, SEARCHING, ACTIVATING, CLEARING );
Global:Stais = READING;

" SetSlotOpliva{ Global:State, IF_NEEDED, NULL );

SatSlotOption{ Global:State, WHEN_ACCESS, NULL );
SeiSlotOption( Global:State, BEFORE_CHANGE, NULL );
SetSlotOption{ Global:State, AFTER_CHANGE, NULL );
SetSlotOption( Global:Stats, IMAGE, StateBox 14, ComboBox1 );
MukeStot( Global: Temp_List );

SetSlotOption( Global: Temp_List, INHERIT, FALSE );

SetSlotOption{ Global: Temp_List, MULTIPLE );

SetSiolOption{ Globa}:Temp_List, VALUE_TYPE, OBIECT );
SstSlotOption{ Glcbal:Temp,_List, ALLOWABLE_CLASSES, Actions );
ClearList{ Global:Temp List );

SetSlotOption( Global:Temp_List, JF_NEEDED, NULL );
SeaSlotOption( Global:Temp List, WHEN_ACCESS, NULL );
SetSlutOption( Global: Temp_List, BEFORE_CHANGE, NULL };
SetSlotOption( Global: Temp_List, AFTER_CHANGE, NULL );
MakeSlot{ Global:NewSetNodes );

SetSlotOption{ Globul: NewSeiNodes, INHERIT, FALSE );
SetSloiOption( Global:NewSetNodes, NO_AUTO_ASK, TRUE );
SetSlotOption( Global:NewSetNodes, MULTIPLE );

{ aSlotOption{ Global:NewSetNodes, VALUE_TYPE, OBIECT );
SetSlotOption{ Global:NewSetNodes, ALLOWABLE_CLASESES, Nodes };
ClearList{ Globol:NswSetNodes };

SetSlotOption( Global:NewSetNodes, IF_NEEDED, NULL );
SetSiotOntion{ Global: NewSetNodss, WHEN _ACCESS, NULL );
SetSiotOption( Global:NewSetNodes, BEFORE_CHANGE, NULL );
"ot$.otOption( Global:NewSetNodes, AFTER_CHANGE, NULL. );
MakeSlot{ Global: Activated Nodes );

SetSlotOption( Global: Activated _Nodes, INHERIT, FALSE );
SetSlotOption{ Global; Activated Nodes, NO_AUTO_ASK, TRUE );
SetSlotOption{ Global: Activated Nodes, MULTIPLE )

SetSlotOption( Global: Activated Nedes, VALUE TYPE, OBJECT );
SetSlotOption( Global: Activated Nodes, ALLOWABLE CLASSES, Nodes );
ClearList({ Global: Activated_ Nodes %

SetSlotOption( Global: Activated |_Nodes, IF_NEEDED, NULL );
SetSlotOption{ Giobal: Activated_Nodes, WHEN_ACCESS, NULL );
SetSlotOption{ Global: Activate_Nodes, BEFORE . CHANGE, NULL );
SetSlotOption( Global: Activated_Nodes, AFTER_CHANGE, NULL );
MaukeSlot( Global:Cost );

SetStatComment{ Global:Cost, "Cost used by cost functions

"%

SetSlotOption( Global:Cost, VALUE_TYPE, NUMBER );
SetSlotOption( Global:Cost, MINIMUM_VALUE, -1 )

SetSlotOption{ Global:Cost, MAXIMUM_VALUE, 1 );

Global:Cost = 0.4316546762.72993;

MakeSlot( Global: UnexpandedList );

SetSiotOption{ Global: UnexpandedList, INHERIT, FALSE );
SetSlotOption({ Global: UnexpandedList, NO_AUTQ_ASK, TRUE );
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SetSlotOption( Global:UnexpandedList, MULTIPLE );
SetSlotOption( Global:UpexpandedList, VALUE_TYPE, OBJECT );
Set3lotOption( Global; UnexpandedList, ALLOWABLE_CLASSES, Links );
ClonrList{ {llobul: UnsxpandedList );

SetSiotOption{ Globul:UnexpandedList, IF_NEEDED, NULL );

SeiSictOption{ Global: UnexpandedList, WHEN_ACCESS, NULL );

SstSlotOption{ Global: UnexpandedList, BEFORE_CHANGE, NULL });

SeiSlotOption{ Global:UnexpandedList, AFTER_CHANGE, NULL );

MakaSlot( Global: ExpandedList );

SetSlotOption( Global:ExpandedList, INHERIT, FALSE );
SetSlotOption{ Globat:ExpandedList, NO_AUTO_ASK, TRUE );
SetSlotOption( Global: ExpandedList, MULTIPLE );

SetSlotOption( Global:ExpandedList, VALUE_TYPE, OBJECT );

SetSlotOption( Globel:ExpandedList, ALLOWABLE_CLASSES, Links );

ClearLisi( Giobal:ExpandedEist );

SetSlotOption{ Global:ExpandeiList, [F_NEEDED, NULL );

JutSlotOption{ Global:ExpandedList, WHEN_ACCESS, NULL

SeifloiOption{ Globsal:ExpandedList, BEFORE_CHANGE, NULL };

SeiSlotOption( Global:ExpandedList, AFTER_CHANGE, NULL );

MakeSiot{ Global: X );

SetSlotQption( Global: X, INHERIT, FALSE );

SeiSiotOption( Global: X, NQ_AUTO_ASK, TRIE );

SetSiotOption{ Global: X, VALUE_TYPE, NUMBER );

Global:X = -10;

MakeSiot{ Global: NLinkList );

SetSlotOption{ Global:NLinkList, INHERIT, FALSE ),
SatSlotOption( Global:NLinkList, NO_AUTO_ASK, TRUE );

SetSiotOption( Glebal; NLinkList, MULTIPLE );

SetValoe{ Globsl:NLinkList, Flow_3, Flow_§, Flow_7 );

SetSlotOption( Global:NLinkList, IF_NEEDED, NULL );

SetSlotOption( GlobaisNLinkList, WHEN_ACCESS, NULL );

SetSlotOption( Global:NLinkList, BEFORE_CHANGE, NULL ¥
SetSlotOption{ Global:NLink]ist, AFTER_CHANGE, NULL );
MakeSlct( Global: Active );

SetSlotOption{ Global: Activs, INHERIT, FALSE };

SetSlotOption( Global: Active, NO_AUTO_ASK, TRUE );
SetSlotOption{ Global: Active, VALUE_TYPE, BOOLEAN );

Global:Active = FALSE;

SetStotOptien( Globai: Active, IF_NEEDED, NULL );

SetSlotOption( Glabal: Active, WHEN _ACCESS. NULL );

SetSlotOption( Global: Active, BEFORE_CHANGE, NULL );

SctSlotOption{ Global: Active, AFTER_CHANGE, NULL );

MakeSlot{ Global:CTime );

SetSlotOption({ Giobal:CTime, INHERIT, FALSE );

SetStotOption( Global:CTime, NO AUTO_ASK, TRUE };

SetStotOption{ Global:CTime, MULTIPLE );

SetSlotUption( Global:Clime, * ALUE_TYPE, NUMBER );

SetSiotOption( Giobal: CTime, MINIMUM_VALUE, 0 );

ClearList( C'abal:CTime );

MakeSlot( Global;SidDelay );

SetSlotOption( Global:StdDelay, INHERIT, FALSE );

SetSlotOption{ Global:StdDeiny, NO_AUTO_ASK, TRUE );
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SetloiOption( Global:StdDelay, VALUE_TYPE, NUMBER );
SetSlotOption( Global:StdDelsy, MINIMUM_VALUE, 0 );
Giobd:StdDelay = 300;

SetSlotOption{ Gllobal:StdDelay, IF_ NEEDED, NULL );
SetStotOption{ Giobal:StdDelxy, WHEN_ACCESS, NULL );
SeiStptOption{ Global:StdDelay, BEFORE_CHANGE, NULL );
SeiSlotOption( Global:StdDelay, AFTER_CHANGE, NULL ),
MakaBlot( Global:ListTemp );

PetSiotOption( Global:ListTemp, INHERIT, FALSE );

- Sat@latOption( Global:ListTemp, NO_AUTO_ASK, TRUE );

_ BetsiotOption( Globsl:ListTemp, VALUE_TYPE, BOOLEAN );
* Global:LisTemp = FALSE;

SuiSietOption{ Global:ListTemp, If NEEDED, NUJLL );
BatSictOption{ Global:ListTemp, WHEN_ACCESS, NULL );
SatlotOption( Giobal:ListTemp, BEFORE_CHANGE, NULL );
BatSlotOption( Global:ListTemp, AFTER_CHANGE, NULL );
IdskeSiot( Global:Counter );

SetllotOption({ Global: Counter, INHERIT, FALSE );
SuiSlotOption{ Globat:Counter, NO_AUTO_ASK, TRUE )
SoiSlotOption( Global:Crunter, VALUE_TYPE, NUMBER )%

. (Hobal:Counfer = 8;

s SatSlotOption{ Global:Counter, IF_NEEDED, NULL );
SetSlotOption( Ciobal:Counter, WHEN_ACCESS, NULL )
SetSlotOption! Global: Counter, BEFORE CHANGE, NULL );
SetSlotOption( Globsl:Couater, AFTER CHANGE, NULL );
MakeSlot{ Global: Quit );

SeiSlotOption( Global: Quit, INHERIT, FALSE );
SetSloiOption( Global:Quit, NO_AUTO_ASK, TRUE };
SetSlotOption( Global:Quit, VALUE_TYPE, BOOLEAN );
Global:Quit = TRUE;

SetSlotOption{ Giobal: Quit, IF_NEEDED, NULL );
SetstotOption( Glebal: Quit, WHEN_ACCESS, NULL );
SetSlotOption,  jiobal:Quit, BEFORE_CHANGE, NULL );
SetSlotOption( Global:Quit, AFTER_CHANGE, NULL );
MakeSlot{ Global:Iten );

Global:Item 2= PO2:

MakeSlot( Global: ActionList );

SeiStotOption{ Global: ActionList, INHERIT, FALSE );
SetSlotOption{ Global: ActionList, NO_AUTQ_ASK, TRUE );
SetSlotOption{ Global: ActionList, MULTIPLE );
SetSloiCption( Global: ActionList, VALUE_TYPE, OBJECT };
ClearList( Global: ActionlList );

SetSlotOption( Global: ActionList, IMAGE, MultipleLisiHox1 );
MakeSlot( Global: ActionSpacing );

SeiSlotOption{ Global: ActionSpacing, INHERIT, FALSE );

SetSlotOption{ Globai: ActionSpacing, VALUE_TYPE, NUMBER );
SatSlotOption( Global; ActionSpacing, MINMIMUM_VALUE, 0 );
Global: ActionSpacing = 30;

SetSlotOption{ Global: ActionSpasivg, IF_NEEDED, NULL );
SetSiotOption( Global: ActionSpacing, WHEN ACCESS, NULL );
SetSlotOption( Giobal: ActionSpacing, BEFORE_CHANGE, NULL );
SetSlotOption( Global: ActionSpacing, AFTER_CHANGE, NULL );
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MaukaSlot{ Global:PauseTime );

SeiSTotOption{ Global:PausTime, INHERIT FALSE ¥

SetSlotOptien{ Global:PauseTinw, VALUE_TYPE, NUMBER );

Globel: PauseTime w» 334938.091209;

SetSlotOption( Global:PauseTime, IF_NEEDED, NULL );
Global: PauzsTime, WHEN_ACCESS, NULL );

SatStoiOption( Global:PauzeTime, BEFORE . CHAMGE, NULL );

SetSiotOption( Global: PanseTime, AFTER_CHANGE, NULL );

MukeSlot{ Global:ReadList );

SeiSlotOption( Global: ReadList, INHERIT, FALSE };

SetSlotCption{ Global:ResdList, NO_AUTO_ASK, TRUE );

SetSlotOption( Global:ReadList, MULTIFLE );

SetValus{ Global:ReadList, LIPCOI, FIPOO6, TIPO1S, TIPOLT, TIPO1S, TIP‘?”J, FIP010, FIPO30,

FIPOI2 );

SatSiotCption( Globe):Readlist, IF_NEEDED, NULL );

SetSlotOption( Globat:ReadList, WHEN_ACCESS, NULL );

SatfiotOption( Global:ReadLisi, BEFORE_CHANGE, NULL );

SeiSlotOption( Global:Rewdiist, AFTER_CHANGE, NULL. );

MakeSlot Global:StartTioe );

" SeiSlotOption{ Global:Star{Time, INHERIT, FALSE };
SaiSlotOption{ Global:StartTime, VALUE TYPE, NUMEER )
SetSlotOption{ Globei:StartTime, MINIMUM_VALUE, 0 );
Global:StarfTime = 338410.114286;

SetSlotOption{ Global:S1artTime, IF_NEEDED, NULL. );
SetSlotOption( Global:StartTime, WHEN_ACCESS, NULL );
SeiSlotOption( Global:StariTime, BEFORE CHANGE, NULL );
SeiSlotOption( Global: Star{Time, AFTER._ CHANGE, NULL );
MakeSlot{ Glubal: Faitures );

- SetSiotOption{ Global:Pailures, INHERIT, FALSE )

SaiSlotQption( Giobal:Pailures, VALUE_TYPE, NUMBER );

SetSlotOption({ Global:Faiturss, MINIMUM_VAILUE, 0 );

Globel:Failures = 115;

SetSlotQption( Global:Failume, IF_NEEDED, NULL );

Sef5iotOption( Clobsd:Failarms, WIHEN_ACCESS, NULL );

SetslotOption( Global: Failures, BEFORE CHANGE, MULL );

SatSlotOption{ Globsd: Pailures, AFTER_CHANGE, Porcent };

MakeSlot{ Global: Successes );

SetSlotOption( Globsi:Successes, INHERIT, FALSE )

SetSlotOption{ Global:Successes, VALUE_TYPE, NUMBEK );

Qiohei:Successes = 178;

SetSlotOption( Global:Successas, IF_ NEEDED, NULL );

SelSlolOption( Global:Snccesses. WITHN_ACCESS, NULL );

SetSlotOption{ Global:Sucersyes, BRFORE, CHANGE, NULL );

SetSiatOption{ Global:Successes, AFTER_CHANGE, Percent );

MakeSlot{ Global:Percent );

SetSlotOption{ Global:Percent, INDERIT, FALSE ); )

SetSlotOpiion( Global:Percent, NO_AUTO_ASK, TRUE );

SetSlotOption( Global:Percent, VALUB TYPE, NUMBER )%

SaiSlotOption( Globsl: Percent, MINIMUM _YALUE, 0 )

SntSlotOption( Globak:Fercont, MAXIMUM _VALUE, to) );

QGlobal:Percent = 39.2491467576792;

SctSlotOption( Gichal:Percent, IF_NEEDED, NULL 3%
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SetSlotOption{ Global:Percent, WIIEN_ACCESS, NULL );
SstSlatOption{ Global:Percent, BEFORE_CHANGE, NULL )
SetSlotOption( Global:Percent, ARTER_CHANGE, NULL );
MskaSlol{ Global: AVTime );

SetSlotOption( Globul: AVTime, INHERIT, FALSE );
SetSiotOption( Globat:AVTime, VALUE_TYPE, NUMBER };
Gighal: AVTime = 34,4251162506422;

SetSlotOption! Global: AVTine, IF_NEEDED, NULL );
SeiStotOption{ Global: AVTims, WHEN_ACCESS, NULL );
SetSiotOption( Globsl: AVTime, BEFORE_CHANGE, AViime );
SetStotOption( Global:AVTime, AFTER_CHANGE, NULL );
MzkeSlot{ Global: AVTineS );

SetSloiOption] Globsl: AVTimeS, INHERIT, FALSE 3
SeiSlolCption( Global:AVTimeS, VALUS_TYPE, NUMBER );
SetStotOption( Global: AVTimes, MINIMUM_VALUE, 0 );
Global: AVTimeS = 324R56.278022;

SetSlotOption( Global: AVTimeS, IF_NEEDED, NULL );
SelSlotOption{ Global; AVTimeS, WHEN_ACCESS, NULL %
SatStotOption( Globel:AVTimeS, BEFORE CHANGE, NULL X
SetSlotOption{ Global: AVTimeS, AFTER_CHANGE, NULL );
MakeSlot( Global: AV TimeF };

SeiSlotOption{ Global: AVTimeF, INHERIT, FALSE );
SetSlotOption( Global: AVTimeF, VALUE_TYPE, NUMBER )%
SetSlotCption( Global: AVTimeF, MINIMUM_VALUE, 0 );
Global: AVTimeF = 3340920,280011;

SetSIntOption( Global:AVTimeR, IF_NEEDED, NULL %
SetSlotOption{ Global: AVTimeF, WHEN_ACCESS, NULL );
SetSlolOption( Globel: AVTimeF, BEFORE_CHANGE, NULL );
SetSlotOption( Global: AVTimeF, AFTER_CHANGE, CalcAY );
MakeSlot{ Global:StationlD );

SetSlotOption{ Globxl:StationID, INHERIT, FALSE );

Global; Stationl> = 00;

SetSlolOption( Global:StationlD, I¥_NEEDED, NULL );
SeiSlotOptiont Global:StationlD, WHEN_ACCESS, NULL )
SetSlotOption{ Global:Station]DD, BEFORE_CHANGE, NULL );
SetSlolOption( Global:StationID, ARTER_CHANGE, NULL %
MuakeSiot( Globa}iRead );

SetSiotOption{ Globat:Read, INHERIT, FALSE );
SetSlotOption( Global:Read, VALUB_TYPE, BOOLEAN %
Global:Read = FALSE;

SetSlotCption( Global:Read, IF_NEEDED, NULL )
SetSlotOption{ Global:Read, WHEN_ACCESS, NULL );
SeiSlotOption{ (Hlobal:Rexd, BEFORE CHANGE, NULL );
SetSlotOption{ Global:Read, AFTER_CHANGE, NULL );
SetSlotOption( Global:Read, IMAGE, CheckBox5, CheckBoxl );
MakeSlot{ Globel: Writa );

SetSlotOplion( Global:Writs, INHERIT, FALSE ); .
SetSlotOption{ Global:Write, VALUE_TYPE, BOOLEAN };
Global:Wiite = FALSE;

SetSlotOption( Qlobsl;Write, IF NEEDED, NULL );
SetSlotOption( Global:Writs, WIEN_ACCESS, NULL );
SeiSlotOption( Cllobsl:Wiits, BEFORE_CHANGE, NULL );
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SetSlotOption( Gluk= Write, AFTER_CHANGE, NULL )
SetSlotOption{ Global: Writs, IMAGE, CheckBox6 );

. MakeSiot{ Global: Read3txts 3;

SetSiotOption( Global:RdvadState, INHERIT, FALSE )%

SetSlotOption( Global:ReadState, ALLOWABLE VALUES, READ, WRITE, OPEN, CLOSE );
Ginbal:ReadSiate = READ;

SetSlotOption( Global:RendState, IF_NEEDED, NULL )
SeiSlotOption( Global:RedState, WHEN_ACCESS, NULL )%
SetSlotOption( Global:ReidStats, BEFORE_CHANGE, NULL );
SetSlotOptiva( Global:RemiStats, AFTER_CHANGE, NULL );
SetSlotOption( Globel:ReaiState, IMAGE, RadioButtonGroup2, RadioButioaGroupd );
MakeSlot{ Global:RunState: ¥; _
SetSlotOplice( Ciobal:Runttate, INHERIT, FALSE );

SetSiotOption{ Globsi:Runiste, ALLOWABLE_YALUES, Running, Pense )
Global:RunState » Runaing;

SetSlotOption{ Global:RunSiate, IF_NEEDED, NULL )
SeiSlotOption( Global:RunSints, WHEN_ACCESS, NULL );
SetSlotOption{ Olobal:RunState, BEFORE CHANGE, NULL );
SetSiotOption( (llobal:RunStete, AFTER_CHANGE, NULL );
SetSlotOption{ Globsl:RunState, IMAGH, RadioButtonGroup3 );
MskeSlol{ Giobal:BackUpRate };

SetSiciOption{ Global:BackUpRate, INHERIT, FALSE );
SetSlotOption( Global:BackUpRate, VALUE_TYPE, NUMBER );
SeiSiotOption{ Global:BackUpRate, MINIMUM_VALUE, 0 );
Global:BackUpRate = 20;

SetSiotOption( Global:BackUpRate, IF_NEEDED, NULL );
SetSlotOption( Global:BackUpRats, WHEN_ACCESS, NULL );
SetSlotOption{ Globsi:BackUpRats, BEFORE. CHANGE, NULL };
SetSlotOption{ Global:PackUpRate, AFTER_CHANGE, BackUpSat );
‘MakeSlot{ 4 nbal:Response );

SetSlotOptun( Global:Respoags, INHERIT, HALSE );

SeiSlotOption( Gilobsl:Respanse, VALUE_TYPE, BOOLEAN );
Globei:Responss =~ YALSE;

SetSlotOption( Global:Response, IF, NEEDED, NULL );
SetSlotOpiion( Qlobal:Response, WHEN  ACCESS, NULL);
SetSlotOption( Global:Respoase, BEFORE_CHANGE, NULL );
SetSlotOption{ Globsl:Responss, AFTER_CHANGE, NULL %
MakeSlot{ Giobal:Busy );

SetSlotOption( Global:Busy, INHERIT, FALSE );

SciStotOption{ Global;Busy, ALLOWABLE_VALUES, BUSY, PAUSE );
Global:Buay = BUSY;

SetSlotOplion( Global: Busy, IF_NEEDED, NULL );

BetSlotOption{ Giobsl:Busy, WHEN_ACCESS, NULL );
$utSlotOption( Global:Busy, BERORE_CHANGE, NULL );
SetSlotOptinn{ Globak: Busy, AFTER_CHANGE, NULL j;
SetSlotOption{ Global:Busy, IMACE, StateBox2 );

MakeSlot( Global: ActionFlag %;

Set$lotOption( Global: ActionFleg, INHERIT, FALSE )
SetSlotOption( Global: ActionFlag, VALUE_TYPE, BOOLEAN
Global: AutionFlag = FALSE;

MiakoSlol{ Giobal; TempAction );

Global: TempAction = NULL;
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MekeSlot{ Global:ltemNo );

SstSiotOption! Global:ItamNo, INHERIT, FALSE );

Global:ItamNo = 4;

SatSiotOption{ Global:ltsmNo, IF_NEEDED, NULL );

SstSiotOption( Global:HemNo, Wi JN_ACCESS, NULL );
SetSlotOption( Global:ItemNo, BEFORE, . CHANGE, NULL );
SetStotOption{ Globel:IteaMNo, AFTER_CHANGE, NULL );
MakeSlot{ Globel:VarNo );

SetSlotOptioa( Globel: VarNo, INHERIT, FALSE );

Global: VarNo = 3;

MakeStot{ Global:LinkChain );

SeiSlotOpiion( Olobwl:LinkChain, ALLOWABLE VALUES, ALWAYS, NEEDED );
Ulobal:LinkChain = ALWAYS;

MikoeSiot{ Global:MewLinks );

SetSiotOption( Glotml:NewLinks, MULTIPLE );

SetSlotOption{ Global:NewLivks, VALUE_TYPE, OBIECT );
SetSlotOption( Global:NewLinks, ALLOWABLE_CJLASSES, Links );
ClonrList( Global:NewLinks );

MakeSlot{ Global:Change );

SuiSiotOption( Global:Changs, VALUB_TYPE, BOOLEAN };
Global:Cheange = 'ALSE;

MakeSlot{ Global:simulationSpacing );

SetSlotOption( Globai: BimulstionSpacing, INHERIT, FALSE );
SetSlotOption( Global: SimulationSpacing, VALUE TYPE, NUMBER );
Givbel:SiomulationSpacing = 13

SetlilotOption{ Global: SimulstionSpacing, IF_ NEHDED, NULL };
SeiSlotOption( Global:SirulationSpacing, WHEN ACCESS, NULL };
SeiSilotOption( Global:SimulationSpacing, REFORE ., CHANGE, NULL ),
SotSlotOption{ Global:SimulationSpscing, AFTER_CHANGE, NULL );
MakeSlol{ Globel;Simulation ;

SatSlotOption{ Global: Simulstion, INFERIT, FALSE );

SetSlotOption( Global:Simulation, VALYUE TYPE, BOOLEAN )
Clobel:Simulsiton = TRUE;

SetSlotOption{ Global:Simulstion, IF_NEEDED, NULL )
SetSlotOption( Globs!:Simulation, WHEN ACCESS, NULL };
SetSiotOption{ Global:Simulation, BEFORE_CHANGE, NULL );
SetSlatOption( Slobsl: Simulation, AFTER_{THANGE, NULL };

*"'** INSTANCE. SESSION

SESSION:X = 2;

SESSION:Y = 2;
SHESSTON:Title » “HAL EXPERT Ver 1.4";
SESSION:SessionNusmiber = 0;
SESSION:Width = 532;
SESSION:Height = 485;
SESSION:Visihle == FALSE;
SESSION:Stats = HIDDEN;
SESSION:Menn »= TRUE;
SESSION:Titlcbar = TRUE;
SESSION:Sizebox = FALSE;
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SetValue( SESSION:BackgroundColor, 0, 128, 255 );
SHSSION:Freeze = FALSE:
BeatWindow { SESSION );

ok INSTANCE: Choice
Makelnstance{ Choicz, Menu );

fmw* MEI‘}IOD. Dlsplﬂyc‘" M**ﬁ***mﬁ*m}
MakaMethbd( Cholce, DisplayCall, [owner window choice ],
{
choica;
| 95
Choiom X = 4215
TholeeY = 238;
SetValue{ Cholce:Choices, Edit, Delete, Rename );
SetValue{ Choice;ChoiceNames, &Edit, &Delats, &Rename };

s INSTANCE: Quicksort
el Sortrmlinu. Ilumchesbellshoﬂ

Mzkelnmnua( Quicksort, Root );
SuilnstapceComment{ Quickeott, *Sort routine. It uses the shell short.™ 3;

JHticrriniesiions MIETHOD: Shel]  Sshtokihsotobosi
MskeMathod( Quicksort, Sheli, [Liut Slot ],

{

ClearLisi{ Self:Item );

AppeodTolist( Self:lfem, List );
Self:Count = LangthList( Selfiltem };

EnumList( Seif:a, gap,
A
If ( gap < Self:Count )
Then {
For i From gap To Self:Count By I
Do{
Selfzx = GetNthEfem{ Scif:llem, i );
Selfej = i - gaj;
While ({ ( Sclfyj - pap > = 0} And { GetValne({ GetVaiue( Sclf:x ),
Slot)
<
GetValue{ GetNthElem( Seif:ltem,
Selfij ),
Slot) )M

{
SeiNthEtem( Self:Item, Selfsf + gap,
GetNthElem( Self:ltem, Seifj ) );
SetNthElem( Self:Item,
{
Selftj;
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}, Selfx );
Self'.! = Selfif - gap;

13
MakoSioi{ Quicksortsj );
SetSlotOption{ Quicksort:j, VALUE TYPE, NUMEBER );
Quicksotisj = 4;
MakeSlot{ Quickmort:x J;
SetSlotOption( Quicksort:x, INHERIT, FALSE );
Quicksori:x = Flow_8;
SetSlotOption{ Quickeort:x, IF_NEEDED, NULL %
SetSlotOptioa( Quicksort:x, WHEN_ACCESS, NULL )
SetSlotOption( Quicksort:n, BEFORE_CHANGE, NULL );
SetSiotOption( Quicksortix, AFTER, ¢ CHANGE, NULL );
MakeSlot{ Quicksort:k );
MakeSlol{ Quicksort:a );
SetStotOption{ Quicksort:a, INHERIT, FALSE );
SetSlotOption{ Quicksort:a, NC: ATITO_ASK, TRUE );
SetSlotOption( Quicksort:e, MULTIPLE 5
SstSlotOption( Quicksort:a, VALUE TYPE, NUMBER );
SetS{otOption( Quickeori:a, MINIMIIM_VALUE, 1 )
SetValue{ Quicksort:4, 9, 5,3, 2, 1 );
SatStotOption( Quickeort:n, IF_NEEDED, NULL );
SetSlatOption{ Quicksortia, WHEN _ACCESS, NULL )
SetSlotOption( Quicksort:a, BEFORE CHANGE, NULL );
SeiSlotOption{ Quicksort:a, AFTER_CHANGE, NULL );
MiskeSIot( Quicksort: Count );
SetslotOption{ Quicksort:Count, INHERIT, FALSE );
SetSlolOption{ Quicksort:Count, NO_AUTO_ASK, TRUE );
SetSlatOption( Quickeort:Conat, VALUE_TYPE, NUMRER );
Quickron:Count = 13
SotSloiOption( Quicksort: Comnt, IF_NEEDED, NULL.
SetSlotOption{ Quickeort:Count, WHEN_ACCESS, NULL );
SetSloiOption( Quicksost:Count, BEFORE_CHANGE, WULL. );
SetSiotOption( Quicksori:Count, AFTER_CHANGE, NULL );
MekeSlot¢ Quicksort:Ttem };
SetSlotOpticn( Quicksort:Ttem, INHERIT, FALSE );
SetSlolOption{ Quicksort:liem, NO_AUTO_ASK, TRUE });
SetSlotOption{ Quicksort:Ttemn, MULTIPLE };
SetSlotOptien{ Cuicksorl:Item, VALUE_TYPE, OBJECT );
SetSlotOption( Quicksori:ltem, ALLOWABLE CLASSES, Links, Nudes );
SetValue( Quicksort:tem, CYP01Swilch );
SetSloiOption( Quicksort:Ttem, IF_NBEDED, NULL )%
SetSlotOption, Quicksort:Iiem, WHEN_ACCESS, NULL );
SetSlotOplion( Quicksort:Item, BEFORE_CHANGE, NULL )
SetSlolOption{ Quicksorl:Iiem, AFTER_CHANGE, NULL );

L
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*+t INSTANCE: ContSIf
st Dt vwed by fimction CosiSIf.

Makelnstance( Coet5IF, Root );
SefInstanceConunent{ CostSIf, *Data usad by function CostSIE™ 3;
MakeSlot{ CostSIf:Cost );

SetSlotOption{ CostSif:Cost, INHERIT, FALSE }
SaiSlotOption TostSif:Cost, NO_AUTO_ASK, TRUE %;.
SetStotQption( CostSH:Cost, VALUE_TYPE, NUMBER );
SexSlotOption{ CostSIf:Cost, MINIMUM_VALUE, -1 );
SeiZlotOption{ CustSIf:Cost, MAXIM"M VALUE, 1)
CostSIECost = 0;-

SetSlotQption( CostSIf: Cost, I NEE:. ‘\, NULL %
SeiSlotOption( Cost3lECost, WHEN Al \SS, NULY 3
SetSlotOption( CostSIECoat, BEFORE . CHANGE, NULL. %
SetSiotOption{ CostSIf: Coss, AFTER_ CHANGE NULL );
MukeSlot{ CostSIEX )2

SetSiniComment{ CostSifiX, "OrignalValue + vanation® );
SatSlotOption( YpstSif X, VALUE TYPE, NUMBER );
CDGISH'X - -I

Make&\w.;g r'ASlf'Temp %

Mlo{()ptiou( CoatSi: Temp, INHERIT, FALSE );
SeiSlotOption{ CostSif: Temp, NO_AUTO _ASK, TRUE );
SztSlotQption{ CogtSIf; Temp, VALUE_TYPE, NUMBER );
CostSlf: Temp = NULL;

SetSlotOption( CostSIf: Temp, 1¥_NEEDED, NULL )

. SetSlotOption( CostSiF:Temp, WHEN_ACCESS, NULL );
SattiotOption{ CostSif Temy, BEFORE . CHANGE, NULL );
SeiSlotOption( CostSif:Temp, AFTER_THANGE, NULL );

1. M S

o INS'I‘ANCE' RuleEdit

e sk Bt by bk

Makelnstance{ RuleEdit, Menu );

vk METEHOD: Ruls  Soweidiciiobiohior)
MakeMeibod( RuleEdit, Rule, Jowner window choice },

{ i
SelliChoice = .+, . .denuf RuleChe’ . %
If ( Self:Choice #= Delete Or Seif:C. .. 2 #= Rennme )
Then {
If { Lengthlist( Rule:choice ) == {1 )
Then §
PostMessage{ "No Rules were found" };
Seif:Selection = NULIL;
}
Blee {
Seif:8election = PostMenu{ *Select Rule”, Rule:choics );
h

IF(( S’alf:Chuice #= Delete § And Not( Nuli?( Self:Sefoction ) ) )
Then {
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SendMessage( Salf, Delote, owner, windaw, choice );

b :
1#{ { Self:Choice #= Rename:) And Not( Null?{ Seif:Selection 3 ) }
+ 'Then SendMeossaps( Self, Renams, cwner, window, cholce);

1f ( Self:Choice #m New )

Then SendMessage( Solf, New, owner, window, choice );
If { Self:Choice ¥= Edit ) - '

Then SerdMessngel Seif, Edit );
1h

Jrortsviotsriobins METHOD: New  Foitrdidmmioo
MakeMothod{ RuleEdit, New, [owner window choice |,

{

Giobal:Change = TRUE;
Self:Check = TRUE;
While {Self:Check)

Selfiname = NULL;
PostinputForm{ " Neme Rule *, Self, nxme, Name );
If ( Not{ Mall?{ Self.amunc ) } And Not{ Rule?{ Self:nams ) ) )
Self:Check = FALSE;
AppendToList{ Rule:chaice, Sel&name );
If ( choics #= ControlRules ) .
Then MakeRule( Seifivame, [ llem } Ttems 3,
Itesr: Variable < 2, Obj( Uem?, Variable?,
Priority?, Variation?,
Critical Time?,
cht:lfrimﬁ?,
FALSE, Message?,
Name?, Nom? ) );
If ( choico #= LinkRules )
Then MakeRuole( Seif:name, [ Node | Nodes 1,
Node:Ttem #= 7, List{ Node:lem, Primary

Iten?,
Node:Variabla,
Primary_Var?, TREL?,
VSREL?, VPREL?,
FALSE, -1007, 1007,
Ly
If { choice #e= DefunitRuies )
Then MakeRule( Selfiname, { Node | Nodes 1,
Node;Item ¥= 7 And Node: Veriable #=
?, SeadMessage{ D_ActionName ,
Activate, Control, 10) );
1f ( choice fi= CostRules )
Then MakaRule{ Selfiname, [ Link | Links },
Link:Pltem #== 7 And Link:PVariable
#= 7 And Link:Varition > 0, SendMessage{ Link,
AltCost,
%
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IF { choive #= VaucRules )
Then MakeRulef SelEname, [ Tem | Dewms 1,
Ttesn?: Variuble? #= 7, SendMessage{ Item,
" SutVar, Variable?,
. Value? .3
1F { chwice #= ActionRules )
Then MuekeRulef Sult:namy, | Action | Astions 1,
Action:Hem #= 7 And Action:Varieble
#H= T Amd Action: Variation < >,
SendMessage( Action, AliCost, 2) );

I¥ Null?( Selttuame )
Then {
Self:Check = FALSYE;

b
§f SelfiCheck
Then PastMessuge{ "EREOR - Fule afready  exists® )
|5

HideWindow( RULERELATIONS 3
ShowWindow{ RULERELATIONS );
1

Sotpobe pbioirekk METHOD: Giit  # kb
MakeMicthod{ RuleEdit, Edit, [],

{

Global:Change = ‘TRUE;
HideWindow{ RULERELATIONS )
ShowWindow{ RULERELATIONS };

ik

Jrihemiinadion METHOD: Renaine  ebkdihdbtiioid)
MakeMethod{ RulcEdit, Renanw, {owner window chioice ],

{

Globul;Change = TRUE;
SelfiCheck = TRUE:
While (SulE:Chech}

{

Selfiname -+ SelFSelection;

PostInputPorm( * Rename Ruls * # Self:Sclection, Selfiname,

"New pame™ );
IF { Not{ Bule?{ Self:iname } } And Not{ Null?({ Selfioame } }
And ResameRulef Self:Selection, Selfiname ) }
Then {

Self:Check = FALSE;
RemoveFromEist{ Ruleichoics, Self:Selection );
AppeadToList( Rule:choice, Selfiname );

]
If { Noll%( Selfiname ) Or Selfmame #= Self:Selection )
Then Sclf:Check = FALSE;
1f Self: Check.
Then PostMessnge( *BERROR ~ Ruls already exists™ )3
5
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770

b
Jiktiiovikiciiiior METHOD: Dalsts  htsrbssmtssioon
Max sMethod{ RuleEdit, Dele!e, [owner window cheice J,
{
Jlobal: Chinnges = TRUB
If { PostMenu{ "Delnte rule * # Self:Seluction # 7, YES, NO )
¥ YES )
Toen {
If Ruile?{ Seif:Seloction )
Then DeloieRuie{ Soif:Selection );
IF Meambes?{ Rule:choics, Setf:Selection )
Then RemoveFromList( Rule:choice, Self:Selection );

¢

13
RuleBdit:X = 157;
RuleEdit:Y = 26;
SetValue{ RuleEdit:Choices, Cculrolkuiel, WeilueRulea, LinkRutes, Dat-ulﬂtules ActionRulos,
€ostRules );
Settalue! RulcEdit CholcaMames, &Caontrol, &Value, &Link, &Deofault, "Ac&iicn Cost”, "Liink Caoat”

%

RuleEdit:DefaultMethod = Rule;

MakeSlol{ RulsEdit:Selection );

RuleEdit:Selection » L, LevelDLuve! 13

MurkeSlot({ RuleEdii:Choics )

- RuleBdit:Choico = News;

MekeSiot( RuleBdi::nnnwe );

Ruletditzunms = L_FlowOui;

MakeSlot{ RuleEdit; Check );

SetSlotOptian{ RuleEdil;Check, INKERIT, FALSE )
SutSlotOption( RuleEdit:Check, VALUE TYI-‘E. BDOLBI\.N %
RulaEdit: Chiack = FALSE;

SetSlotOpion{ RuleBdit; Check, TP NEEDBD. NULL %
SetSluiOpiion{ RuleEdit:Check, WHEN_ACCESS, NULL )
SetSlotOption{ RuleEdit: Check, BEFORE . CHANGE, NULL };
SetSlotOption( RuleEdit:Check, AFTER_("HANGE, NULL )%

P & i ek i e

] X
#abx INSTANCE: ‘Ru!ec:hai{:e .

o L W
Makelnstance{ RuleChojce, Menu )
Jardobipdotrtiion METHOD: InitMonpu  ovteiolooiobsshiokk/

MakeMethod( RuleChoice, InitMesu, {1,
1R

)'WW* ME‘]‘;{OD Prepanmu . *****‘@m“**’
MakeMethod( RuleChoics, PrepareMen, {1
NULL }; .

Pramerickins METHIOD: Cafl | i astis]
MakeMethod({ RuleChoice, Call, [owner window choies ],
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{
shoice;
| 31
RuleCloice: X = 234;
RuleChoice: Y = 61;
SetValue( RulaChoico:Chojces, New, Edit, Dalete, Renume );
SetValue({ RuleChoice:ChoiceNamey, &Naw, &Edit, &Delete, SRegams );
ClearList{ RufeChoice:Choecked };
RuleChoice: DafaultMethod = Cill;

Ak INSTANCE: TtomEdit

MakeInstance( ItemEdit, Meou };

Jliknrriokitiors METHOD: Delote  #ttoprdkdohion]
MakeMethod! TtemnEdit, Delete, [owner window choice },

{
IF ( Postienu( "Delets * # owner # " 2%, YEBS, NO ) #= YES)
Thea {
If Class?{ A_ # ownes }
Then {
ClearList( Self:Templist );
© GotinslanceList( A_ # owner, SelliTempList );
EoumLisl{ Self;TeinpList, A,

{
Deletsinstance{ A );
} )i
DoletaClass( A_ # owper );

h
If Class?( L _ # owner )
Then {
ClearList( SelfTemplist );
GetInstanceList( L _ # owner, Sef::TemplList );
Enumlisi{ SelfiTemplist, A,

Deletelnstance( A );
133
" DeleteClass{ L,_ # owner };

5
EnvinList{ owner; ValidVass, VD,

{
i Slot? owmer, W# VD }
Then {
I ( Not{ Nall?{ GetValoe{ owner, N# VD }} )
And ( GetValue( owner, N # VD)
: #m owner ¥ _#VDY))
Then {
if Instance?( owner # _ ¥ VD }
Then Deletolnstance( awner # _
#VDy
If { Class™ VD ) And { Countlostances( YD }
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Bt

“m0))

Then {
DeleteClass{ VD );
RemoveFromList{ ltems: ValidVars,
v )
b
HH
b
3
DeletcInstance! owner );
k

mm METHQD: Edit *w*mwm{
MakeMethod( ItemBdit, Bdit, {1,
NULL %

Jirtickidciihnbin METHOD: Move  #bveiskkiohilobi
MakeMethod( Itembidic, Movs, [owner window cheics ],

{
SoifCheck = 'TRUE;
While (Self:Check)

B

{
PostInputForm{ "Move " # owner, Selfiname, "New parent® );
If { Class?( Selfiname ) And Not{ Nuli?( Seifinaaie § )
And Movelnstance{ owrer, Solfiname } )
Thes Self:Check = FALSE;
If ( Null?%( Selfiname } Or Selfiname #= GetPavent( owner ) ¥
Thea SelfiCheck = FALSH;
If Self:Check
Then PustMesszge( "BRROR - Clasy doeg not exists” );

Y

Photoloakiobiionk METHOD: Rename  *dviokiiiskivbbig
MakeMethod( llemEdit!_ Koname, Jowner window choics ],

{ :
Self:Check: = TRUE;
Whils (Self:Check)

Selfiname = owner;
PosfinputForm{ * Rename Instance * # owner, Selfiname,
*New nams”" );
If { Noi{ Tnstance?( Selfiname ) ) And Not( Null?( Selftname ) )
And Rensmelnstance{ owner, Selfiname ) )
Then {
- Self:Check = FALSE;
IF Class?( A_ # awner )
Then RenamaClass{ A_ # owner, A_ # Selfoime );
If Clnss?( L., # owner )
Then RenameClazs{ L # owoer, L_ # Self:nams );
EnumList( Selfiname:ValidVars, VD,
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{

If SiotT{ GetVaive{ Sell:nxmes ),
N#VD)

Then {
If ( Not( Nult{ GetValue( GetValuy( Selfzname ),
# NAVD)IY)
And ( GelValue( GetValue( Setfinamoe ),
N ¥ VD ) #= owner

#_EVD))
Then {
SetValue{ GetValve{ Selfnasme ),
N # VD, Renamelnstance{ owner
¥
#
vD,
Selfname #
YD)y
1A
4

| B2

b
If { Nl Sclfiname ) Or Seifinsme #e owner )
Then SelfiCheck = FALSE;
If Self: Chisirk
Thea Platifessage!{ "ERROR « Instance already exists" );

| 35

Jietsiseeomiokic METHOD: ActionlSd  #aksaniuideuhiionf
MakeMethod( ItemEdit, ActionEd, [owner window choics ],

{
If Not{ Cless?{ A # dwner } )
Then MakeClass( A_ ¥ awner, Actians );
HideWindow{ BROWSER )
IF Henction?{ ShowlnstanceMeny }
Then DelewFunction{ ShowlnstanceMenn );
MakeFuaction{ ShowlnstanceMeny, { obj ], PopupMenu( ActionEdit,
obj, BROWSER ) );
ShowlrstanceMenu; 8
If Function?( ShowClasshMenu )
Then DeletePunction( ShowClassMenu ¥
MakeFunction{ ShowClassMenu, [ obj ], PopupMenu( ActionEdit2,
' obj, BROWSER ) );
ShowClagsMeny;
PositionWindow{ BROWSER, 70, 70, 500, 300 );
Global:Item = owner;
SetBrowserPocus( A_ ¥ owner );
SetWindowTitle{ BROWSER, "Aclion Browser* );
ShowWindow{ BROWSER };

1
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W METHOD: Linkfd skttt
mdnd{ TtemaBdit, LinkEd, fowner window choice 1,

4
EML ¥ owoer ¥

maaw_indow( BROWSER J;
if Fuaction?( ShowInstanceMenn )
" 'Thea DelsteFunction{ ShowlnstanceMenn ); -
MaksPunrtion{ ShowInstanceMenu, [ obj 1,
PapupMenu( LinkEdit, obj, BROWSER } )
ShownstanceMenu;
If Panction?{ ShowClassMuenu )
Then DelefeFumction{ ShowCTlassMenu );
MakeFunction{ ShowClassMenu, [ obj ], PopupMenu( LinkEdit2,
obj, BROWSER } );
ShowClassMenu;
PositipnWindow{ BROWSFR, 70, 70, 500, 300 );
SetMenuBar{ BROWSER, BrowserMem1 };
SetBrowserFocus{ L # vwnw );
SetWindowTitle{ BROWSER, Lick Browsar" );
ShowWindow( BROWSER );

}
Else {
PostMessege! "HERROR - Tb;nre are oo Haks avaliable™ ¥
N
P%
Frisinkrobpbiraie METHOD: DefaultEd  sokkiiskibbih il
MaksMothod( ItemEdit, DefaultBd, fowner window choice ],

{
1f Not( Cless? Detaalt } )
Then MakeClass{ Default, Actions );
HideWindow({ BROWSER );
If Feection?( Shov InstanceMenu )
Thea DeleteFunction{ Showlnstance}anu );
MakeFunction( ShowlnstanceMoen, | obj 1, PopupMenu( ActionEdit,
ohj, BROWSER } %
ShowinstanceMents;
If Function?{ ShowClassMenu )
Then DeleteFunction{ ThowClassMenu );
MakeFunction{ ShowClsssMenu, [ obj I, PepupMenn( ActionEdit2,
obj, BROWSER )
ShowClessMean;
PositivnWindow( BROWSER, 70, 70, 500, 300 );
Global:Ttern = owner;
SetBrowserFocns( Default );
SetWindowTitie{ BROWSER, "Default Actions” );
ShowWindow( BROWSER );

|30
SetStotOption! ItlemEdit: X, NO_AUTO_ASK, TRUE }
HemEdit:X = 296;
TtemEdit:Y = 106;
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SeiVakus{ HemBdit:Choicos, IemBdit2, Rename, Delpte, Move, -, ActionBd, LinkBd, DafaultBd );
SetSkOption( ItsiBdit: ChoiceMames, NO_AUTO_ASK, TRUE };

BotVialme( I fidit: ChoicoNames, &Edit, &Rename, &Delete, &Move, -, &Actions, &Links, &Default

b = L

MaksSiot{ HwaBdit: Check );

HetBtotDytiont [snBdit:Check, INHERIT, FALSE );
SoterOpsicn] itmBdit:Check, NO_AUTO_ASK, TRUE);
SwShRQption( IiemBdit:Check, VALUE TYPE, BOOLEAN );
BmBit:Check +r FALSE;

SetSioCOption( ItemBdit:Check, 1¥_NEEDED, NULL )
BetitiotCiptionl ItemBdit:Check, WHEN_ACCESS, NULL );
Sseiiaiption! TtomEdit:Check, BEIORE_CHANGE, NULL );
BiMoiOptica( HemEdit:Check, AFTER,_CHANGE, NULL );
Makellol ItemEdit:nsme );

WaknBios( ItsmHdit; TempLiat );

SetSotlption! HemEdit TempLisl, INHERIT, FALSE );
SetSorOption{ ltemEdit: TempList, MULTIPLY .

Bsr¥adee{ iemEdit: TempList, PUPSOST);

SatiiceGption( itemEdit: TempList, IF_NEEDED, NULL );
SetSintOotion( JtamEdit: Templist, Wk °  VOCESS, NULL );
SotBietOption( MsmEdit: TempList, BEF - - HANGE, NULL )
SailStol Option{ ItemEdit: TempList, AFTER_CHANGE, NULL );

Mal:n;unnm( l"h‘lEdil, Meau );

bbb METHOD: Run ikt stobaokiook/
MakeMothod! HalEdit, Run, {],

{

If { Nofl?( Globul:RunStaie) Or Not, ° .RuaState #= Rupning) )
Thea Start{ );

| 91

Proteiciciskibkeik METHOD: Notma  Frebksbiimbivkig

- MakeMethod( FalEdit, Normai, {],

{
HideWindow( BROWSER )
1f Function?( ShowlnstanceMenu )

Then DeleteFunction( ShowlnslanceMenu );
1f Functior?{ ShowClassMenu )

Then DeleteFunction ShowClassMenu )3
ShowWindow{ BROWSER )
SetBrowserForus( Root );

SetMenuBar{ SESSION ¥
SetMenuBar{ BROWSER };
ShowWindow( KTOOLS );
 BF

Prictoiomionhicniooios METHOD: InitMenu  #ikkkldskiokiok]
MakeMethod{ HalBdit, InitMeats, [owaer 1,
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gx

[ sttt \ETHOD: Stap Mo tadbrih]
WH&IB«M » Stop, {1,

i Continus = PosiMenu( “Continue? °, Yes, No );
{m&nﬂm #= No)

¢ .
“implay Taxt( MalEx, FormatValue{ "\ Ending.... \6* )%
I Muerber){ HalEdit:Disabled, Run )

. T RemoveFrombist( HalEdit:Disabled, Run );

:RasnStaie = Running;
SESSION, HalEdit);

: WMETHOD Interface  Fhetokibkgbiichs]
MeskmMethod( HalBdit, Intestacs, [},
4

. - StMeauBar{ Seasion], InterfaceMenn );
© ShowWindow! Sassion] );
n

Wmt METHOIY: Node  Aokdekdiukdolehobopocf
. MokeMothod( HalBdit, Node, T3,

{

HideWindow{ BROWSER );

PositicaWindow( BROWSER, 70, 70, 500, 300 );
ST Y R SotBrowserFocus( Nodes %
N '- ;;howwmdow(nnowssn),

ey o . ¥%

[tttk METHOD: Action  #Hkibkikiricke/
MakeMethod( HatEdit, Action, [],

gﬁnimimW‘mdow( Sessiond );
ShowWindow( Sesaion3 );
%
SetSlotGption{ HalBdit:Choices, NG AUTO ASK, TRUR );
SetValus{ HalEdit:Choices, Files, Run, Stop, HaiEdit], Explain, Interface, Nomoal, Nude, Action );
SetSloiQption{ HalEdit: ChoiceMames, NO_AUTO_ASK, TRUE );
SetValue( HalEdit:ChoiceNames, &File, &Run, &Stop, &Edit, &Explain, &lnterface, N&ormal,
o &Nodes, &Action, Win );
SetValue{ HulEdit: Disahled, Run );

I

dhbsk INSTANCE: Halliditl

.

MakeInstance({ HalEditl, Menu 3

Jnrpci b METHOD: Frame  'eonkkdeicib]
MakeMethod( HalEdit1, Frame, [},
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{
Global.Claage w TRUE;
KillTimes( 2 J;
HidaWindow({ BROWSER ],
If Punction?( ShowlnstenceMenn )
‘Ther: DeleteFonction{ ShownstanceMenu );
MukeFunction( Shwlnszu, [ obj 1, PopupMetn( ltemEdit,
obi, BROWSER ) );
ShowlustenceMenu;
If Function?{ ShowClassMenu )
Theny DeleteFunction( ShowClussMenu );
MakePraction( ShowClassMenu, { okj 1, PopupMenu( ItemEdit3,

. obj, BROWSER ) J;
ShowClassMenu;
PositionWindow({ BROWSER, 70, 70, 500, 300 );
- 3olBrowserlFocus{ Itema );
- SetWindowTitls{ BROWSER, *lem Browser" );
-.fhuwWindw( BROWSER );
1%

reakici otk METHOD: InitMemu  obtbsoksnioninit)
Makeldetizod( HaiBEdit1, InitMean, [owner ],
{3

If"‘“"""‘""‘*””"“ METHOD: PrepareMenn  Stwbickiokasiiig
MakeMeihiod( HulBditl, prep&reMmu, i,

{%
SutValus( HalBditI:Choicos, }nme, Rulefdit );
SetSlotOption{ HalEditl :ChoicsNames, NO_AUTO_ASK, TRUE )%
SetValue( Ha.!Edlﬂ ChoiceNames, &Frame, R&ulo ) »

Makelostance( TlemEditz, Mene )

ekl METHOD: Tnput  Sefiokibhiriy
MakeMeihod( ItemBit2, Input, [owner window choice },

{ _
Self:Check = TRUE;
While (Self:Chack)

{

PostIupuiFarm( * Edit * # owner # * Inputs *, owner:Inputs,
Inputs );

Self:Check = FALSE;

EnumList{ owner:inputs, 1,

{
If No¥{ Instance?( I } And Is. Kind O 1, Jtems ) )
Then Seif:Check = TRUE;

1%
If { LengthList( ownenlnputs ) == 0)
Then Self;Check = FALSE;
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|3

If Seif:Check
Then PostMessage{ "ERROR - Tnput Item does tiot exist " );

|5

Joetugiinkohaiook MB’[‘HQD: oulpllt St gopaiofol e f
- MakeMethod( ltsmEdit2, Quiput, [owner window choice ],
r

SelfiCheck = TRUE;
Whils {Self:Check)

|35

{

PosiInputForm( " Edit * # owner # * Qutpuis”, owner, Cuiputs,
Quipuls );

SelfiCheck = FALSE;

EnumList{ owner:Inputs, I,

{
If Not( Instance?( I ) And IsAKindOf2( 1, ltemsz ) }
Then Self:Check = TRUE;
})
If ( LengthLisi{ owner:Ouiputs ) == 0 )
Then SclfiCheck = FALSE;
If Salf:Check
Then PostMessage{ "ERROR - Qutput Iizm does not exist * );

}H

Prtokcbicirkeniik METHOD: AddVar  skiohidoslokiok]
MakeMclhnd( ItemBit?, AddVaz, [owaer window choics J,

{
Self:Check = TRUE;
While (Self:Check)

{

Seff:Chock = FALSE:

Selfiname = NULL;

PostInputFormaf ¥ Add Variable - * # owner, Stifiname, "Variable Name" )
EoumList{ SelfiVarList, V

{
1£ { Not{ Null?( Self:name ) } And { V #= Seifiname ) )
Then {
Seif:Chack = TRUE;
Self:Error = 1;
5
)
IF Member?( owner: ValidSlots,
Selfiname;
|3
Then {
Self:Check = TRUE;
Self:Error = 2;
b
If ( Not{ Null?( Sclf:nzme ) ) And Self:Check #= FALSE )
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Then
1If Mot{ Class?( Selfiname } )
Then {

MakeClass( Seifiname, Variables );

Global: Varle += §;

SetValuef {
Selfspame; :
}; Number, Global:VarNo );

1T Nol( Member?( Rems: ValidVars, Self:name ) )

‘Then AppeadToList( Items: ValidVars, Self:nsme );

b
If IsAKindOf( Self:name, Variubies )
Then {
If Not( Instance?{ owner # _ # Self:nams ) )
Then Makelnstence{ owner # _ # Selfrname,
Selfiname );
If IsAKIndOf( owner # __ ¥ Selfnzme, Selfiname )
Then {
MaukeSiol( owner, Selfiname );
SelSlotOption{ owner, Self:name,
VALUE_TYPE, NUMBER )%
SetFiotOption( owner, Self:nume,
WHEN_ACCESS, GetVar );
Makes lot( owner, N # SefFname );
SetVatue{ owner, N # Sellinawe,
ovmer # _ # Selfoame );
SetValue{ owner # _ ¥ Selfiname,
Cwmer, ownoer )
SetValue{ GetValue{ ownar, N #

{
Selfinzme;

ik
Type, Anglog );
SendMessagel Self, EditVar, owner,
window, Self:peme ¥,

}

Alsa {
Self:Error = 2;
SelfiChesk = TRUE;

H

}

Else {
Self:Check = TRUY;
Sell:Breor = 2

3
1f Noll?{ Self:name )
Then Self:Check = FALSE;
If Self:Check
Then {
If { Self:EBrior == 1)
Then PostMessage( "ERROR - Variable aiready exists * );
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' If@é;!{;f:'Em )
Thea PoxtMessage{ "ERROR - Reserved name” );
.. h )
1
¥y

Pttt METHOD: EditVar  Hewikidkitivioik]
Makeidatbod( ltemBdit2, EditVa, [owner window choico ],

Sdf:NVar = GetValue( owner, N # choice );
If { No#{ Noll?( Self:NVar ) ) And ( Seli:NVar #= owner #
. _#choice ) )
Then {
?endMessage( HemVars, Init, owner, choics, Self.NVar );
Blse {
IF { PostMenu{ * Make Locsl?", YES, NO } #= YES)
Then {
If Not( Instance?{ owner ¥ _ # choics ) )
Then {
MakeInstance! owner # _ ¥ choics, choios );

5
MakeSlot{ owne -chojes );
SetSlotOptions <+ wer. choice, VALUE TYPE, NUMEER )
SeiSlolOptic [owne . loiv WHEN_ACCESS, GetVar );
MakeSlol{ owner,, . 7 chaits.
If Not{ Member?( [o.as; ValidVars, Selfinams } )

Then AppendToList( Items: ValidVars, cholcs );
SetSlotOption( owrer, choice, VALUE_TYPE, NUMBER );
SetValue{ owmer # _ # choice, Owner, owner );

SetValue{ owner, N ¥ choice, owner ¥ _ # choice );
SetVadue( GetValue{ owner,

{
N ¥ choice;
} ) Typs, Analog );
PostMessagel * Meking focal” );
}SendMessagc{ Self, BditVar, owner, wisdiow, cholce );
HH
e

[Rraiacriiorieid METHOD: DisplayCall - #ickiokbict bt/
MakeMethod( TtemEdit2, DisplayCall, Jowner window choics ,

{
PostMessape( FormatValue( “Menu:  %s
Owner; %3
Choice: %a", Self,
nwner, choice ) );
choice;

35

Pk akiri METHOD: InitMenn % dobtiolkgoon]
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MaksMethiod( ItemBdicd, InitMieny, [owner 1,

{

ClearLisi( Self: ChoicelNames );

ClearList{ Self:Cholces );

AppeadToList( Self:ChoisaNames, Self: I‘ampCho:eeNnm %
AppendToList( SelF:Choicss, Sclf"'!‘empChulm %

ClearList( Sclf:Varlist };

TefSlotList( aweer, owner; Value List )

EnumList{ owner:Valus List, Value,

{ _ '
Tf Member?{ owner; ValidVars, Valus )’
Thea {
AppeadToList{ SelfVarList, Vafue );
AppeadToList( Self:ChoiceNamee, Value );
AppendTol.ist({ Self:Choices, Valus );
} 34
|9

[rasinihipibieton METHOD: Vars  whbbkdoidolokf
MakeMethod{ «tmPdit2, Varg, Jowner window choise Y,

{ :
Self:Function = PopupMenu{ Choice );
If { Self:Function #= Edit )

Then SendMessage{ Self, EditVar, owner, window, choice };
If { Seif:Function #= Deleis )

Then ScnidMessage( Self, Delew\‘ar, owvzr, window, choice );
If ( Self:Funclion #s Renano

Thea SendMensngn( Seif, FonameVar, owner, window, choice };

})I

Jrskekiominarid METHOD: RenarmeVar  Mhstonsokiondobink
MnkoMelhud( TtemBdit2, RepameVYar, Iowner wmdnw choice ],

ualf‘Cbeck = TRUE;
1f { GetOwner{ awner, choice ) #= owner )
Then {
Whils (Self:Check)

Seifiname = choice;
PostInputForm{ * Rent ns Variable * # owner, Selfiname,
"New pame” );
IF { Not{ Slot?( ovmer, Sclfipame ) )
And Not( Mull?¢ Seif:name ) ))
Then {
If Nol( Class™{ Selfipame ) )
Then {
MnkeClass{ Selfiname, Varinbles );
If Not{ Member!{ Iiems: ValidVar,
Scif:nume ) )
‘Thek AppendToList{ Iems: Validyars,
Selframe };
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- HH
RenameSlot{ owner, choice, Selfingme );
RenemeSioll owner, N ¥ choice,
N # Solforame ): 3
Movelinstance( GetVaulue{ owwer, N # Selfinams ),
Selfiname ); .
Self:Check w FALSE;
1F { Countlnstances{ choics )
- )
Thea {
EinleteClusst choice 3
RemoveFPromList( Hems: ValidVars,
choics );

b
SctVahw{ owper, N # Selfiname,
Renamelnstance! SetValue owner, N
: ]

Self:nams ),
~wner ¥ _ K Self:name ) );

b _
iF ¢ Null¥( Selfinams ) Op Selfinams F= owner )
Then Self:Check = FALSE:
i SelfiCheck
Then PostMessage{ "ERROR « Vaclable alreudy exists” );
DU ¢
'}
Bl {
. Self;Check = FALSE;
- PostMessage( "ERROR - Varinble is inhsrited” J;

b
by

Fiiokiaisoialaabind LIETITOT): DaletaVnr  Alokimohhsiold b/
MakeMethod{ ItemEdit2, DelstsVar, [owner window choics ],

{
If ( SelftNVar #= owner # _ # choijes )
Than {
Selfiname = PostMenn( *
Delels varinbls * & choice #
: " 1", YES, NO );
If ( Selfibame #= YES)
Then {
Duletelnstancel GetValue{ owner, N # choice } );
DeeleteSlot! owner, choice );
DeletaSiot{ owner, N ¥ choics );
If ( CountInstances{ choie ) m= Q)
Thea {
DeleteClass( choice );
RemoveFromList{ ltems: ValidVars, choice );
7
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Eilse PostMessage( choice § " Mot Local” );
35

f%###tmﬂ# MUTHOD: TtemNum  Hokitauisobdiokiy
MakeMethod{ FemBdit2, TterNwa, fowner window choice ], &

{ . .
;'od.lnputan( * ftexa Nucober for * ¥ owner, owner, JiemNo, "Nember:® ); i
) 3
ItemBdit2: Y = 160;
SetValue{ RemEdit2:Choices, Faput, Oulput, -, AklVar, », EditDevice, RemNum, -, Level )
ZotValus( ItemBdii2:CholcaNames, "Edit &Inputs”, “Edit &Outpuls®, -, *Add &Variable®, -, "&Edit
Device", "&ltem Number®, -, Level );
MaksSlotf emBdit?:Check );
SetSlotOption{ TemBdit2:Check, INHERIT, FALSE )
SetSlotOption( ItemEdit2: Chwek, VALUE_TYPE, BOOLEAN )
NemEdit2: Chock = FALSE;
SatSiotOption{ TlemBdil2:Chack, IF_NEEDED, NULL );
SetSlotOption( IteeaBdit2:Chack, WHEN_ACCESS, NULL );
SetSlotOption{ ItemEdit2: Chack, BEFORE ,_CHANGE, NULL );
SetSkatOption( ItsmEdii2: Check, AFTER_THANGE, NULL );
MakeSiot{ ltamBdit2: Variist 3
Sei5lotOption( TtemBdit2: VarList, INHBRIT, FALSE %
SeiSlotOption( MemEdit2: VarList, NO_AUTO _ASK, TRUE );
SetSlolOption( HemBdit: VarLiat, MULTIPLE );
SetValue{ TtemBdit2:VarList, Lovel );
SetSiptOption{ HemBEdit2-VarList, IF_ NEEDED, NULL );
SetSlotOption] TeeamBdit2: VarList, WHEN_ACCESS, NULL );
SetSlotOption{ ItsmBAit2: VarList, BEFORE CHANGE, NULL };
SetSlotOption( temiidit2: VarList, AFTER_CHANGE, NULL );
MakeSloi{ HemBdit2: TempChoicaNames };
SetSlotOption{ itemEdit2: TempChoiceNames, INHERIT, FALSE )
SetSlotOptiont ItemBdit2: TampChoiceNames, MULTIPLE );
SetValue{ TtareBdil2: TompChoicelNames, "Edit &nputs®, "Edit 0ntpuis”, -, "Add &Variable®, -,
*Z:Edit Diavice”, "&llem Number”, - );
#atSlotOption{ HemEdit2; TampChoiceNames, IF_NEEDED, NULL %
SatSlotOption{ RemEBdit2: TempChoiceNames, WHEN_ACCESS, NULL )
SetSiotOption{ HemBEdit2: TampChuicsMNames, BEFORE_CHANGE, NULL );
SetSlotOption{ [emEdit2: TempChoiceManws, AFTER_CHANGE, NULL );
MakeShol( ItemBEdit2: TempChoices );
SoislotOption( emEBdit2; TempCThoices, INHERIT, FALSE )
SeiSlotOption{ TemBdu2: TempChoices, MULTIPLE );
SstValue{ temEdit2: TempChoices, Input, Ouitput, ~, AddVar, -, EditDevice, ItemNum, - );
SetSlotDption( llemEdit2: TempChoices, IF NBEDED, NULL );
SutSlotOption{ ltemBdii2: TempChoices, WHI * ACCESS, NULL );
SetSiotOption{ TtemEdit2: TempChoices, BEFGRE CHANGE, NULL )
SetSlotOption( IlemEdil2: TempChoices, AFTER_ CHANGE, NULL );
MukeSlot( ltemEdit2:NVar );
SetSlotOption( HemEBdit2:NVar, INHERIT, FALSE );
HemBdit2:NVar = TKPO1_Level;
SetSlotOption! lemBdit2:NVar, IF_NEEDED, NULL )
SetSiotOption( temBEdit2:NVar, WHEN_ACCESS, NULL );
SetSlotOption{ ItemBdit2:NVar, BEFORE_CHANGE, NULL };
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SetStotOption| ItemBdit2:NVar, AFTER_CHANGE, NULL )
MiukeSlot{ HemBEdit2:name );

HemEdit2:name = Lavel;

MakeSiot{ emBdit2:Error );

ItemEdit2:Error = 2;

MakeSiol( itemBdit2:Max );

SetSlotOption( lemBEdit2:Max, INHERH“, FALSE );
SeiSIotOptioa( ItemEdit2:Max, VALUE _TYPE, NUMBER );
ItemBdii2:Maxz = 100;

SetSlotOption( TtemEdit2:Max, IF_ NEEDED, NULL );
SetSlotQption( IemBdit2:Max, WHEN ACCESS, NULL );
SatSlotOption{ ltemEdit2:Max, BERORE_CHANGE, NULL %
SetStotOption( KemEdlt2:Max, AFTER_CHANGE, MULL );
MakeSlot{ ItemEdit2:Min ); _

SetSiotOption( lamEdit2: Min, INHERIT, FALSE };
SetSlotOption{ HemEdii2:Min, VALUE_TYPE, NUMBER );
TItemnBEdit2: Min = 0;

SetSlotOption( Itemidit2:Mix, IF_ NEEDED, NULL );
SeiSlotOption( ItemEdit2: Min, WHEN __ACCESS, NULL );
SatSlotOption{ ItemEdit2:Min, BEFORE CHANGE, NULL );
SetSlotOption( itemEdii2:Min, AFTER_CHANGE, NULL );
MakeSlot{ lemEdit2:Function ¥;

TtemEdit2: Funcliot = Rename;

TiemEdii2:DefaultMethod = Vars;

JtemPdit2:X = 43;

Mukelnatance( ItamEdll‘l Menu ),

Jaritokioirinhiik METHOD: Instance  ##tiislsiokioiok]
MakeMeothod{ ItamEdit3, Instance, [owner windsw choice ],

{
SeifiCheck = TRUE;
Whils (Self:Check)

Self:Instance = NULL;
PostInnutForm( " New Instsnice - " # awner, SolfiInstanec,
"lustance nams* J;
If ( Not( Nult?{ Self:Instance } } And { Not( Instance?( Self:Instance ) }
And Mekelnatance{ Selfinstance,
owner ) ) )
Then {
Self;Check == FALSE;
Global:ItemaNo += 1;
SetValue( {
Self:Instonce;
}, ItemaNo, Globul:ItemNo );

B
If Null?( Self:Instancs )
"Then SelfiCheck = FALSE;
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I Self:Check
- Then Posthessage( "ERROR - Instanca already exists x
H
’ ] ,}l 3

Ptttk METHOD: SubClass  oshbdicukmef
MakeMethod( ltemEdit3, SubClass, [owner window choice ],

{ .
 SeliChick = TRUE;
" Wh:lo (Self:Chack)

Selr.SubCinn w NULL;
_ Postinpuiform(” Now SubClass * # owner, Seif:SubClass,

- "SubClasa naow® );
e Nut( Null?( Self:SubClass ) } And { Not{ Class?{ Sulf:SubClass ) )
And MakeClasz({ Seli:SubClass,
_ owper) ) )
Then Saif:Chick »= FALSE;
I Null?{ Self:SubCixss )
‘Then Self:Check = FALSE:
If Self:Check
Then Pusthessage{ "ERROR - Clasx already exiats® );
o

¥

FLE T METHQb: AddVgs  eksbiitdononf
MakeMothod( IlemEdit3, AddVar, [owner ,

{ .
Sell:Check = TRUE;
While (Self:Chack)

{

Stk - FALSE;

Self: .cac = NULL;

PostInputForm( ¥ Add Vardebls - * # owner, Selfiname, "Vasinbie Name" );
BnumList( Self:VarList, V,

{
If { Not( Nuli2( Selftname ) ) And { V #= Selfiname ) )
Thea §
BelfiChack = TRUE;
SolfiEror = 13
k

1%
If Membe?( owner, ValidSlats,

Self:nzme;

1)

Than {
Self:Check =« TRUE;
Self:Brror = 2;

b
If ( Not( Nall?( Selfinune ) ) Aad Self:Check #= FALSE }
Then {
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If Not( Ciass?{ S«lf:name ) )
Then {

MazkaClags{ Selfinnme, Varisbles );

Globsl:VarNo += 1;

SetValuo( {
Selfiname;
}» Number, Global; VarNo );

If Not{ Member?{ Hems: ValidVars, Selfiname 1)

Thea AppendToList( Iters: ValidVars, Selfiname );

bH
If IsAKind O Self:name, Varisbies )
Then {
If Not( Instance?{ owner # _ # Selfmame } )
‘Then {
Makeinstance{ owner # __# Selfiname,
Self:nxme );

ol
If IsARIndOf?( owner # _ # Selfiname, Selfiname )
Then {

MakeSlot{ owner, Sell:nams );

SetSiotOption{ owaer, Self:name,
VALUE_TYPE, NUMBER };

SetSlotOption{ owner, Selfinume,
WHEN_ACCESS, GetVar );

MakeStot! owner, N # Self:name );

SetValus{ owner, N # Selfiname,
owner # _ & Selftnamo };

SetValus( owner # _ # Sellioamo,
Ownerx, awner );

SetValoe({ GetValue( owner, N #
{
Sell:oame;
P
Type, Anslog );

SendMeseage( Seif, EditVar, owner, -
wind sw, Selfiname )3

}
Elss {
SelfiCheck = TRUE;
Self:Brror = 2;
k
}
Elso {
Self:Check = TRUE;
Self:Broror = 23
h

1
1f NullX Self:name )
Then Self:Check = FALSE;
IF Self:Check
Then {
I1f ( Self:Error s ] )
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'lthostMmge( "ERROR - Variable slready oxists " )

I ( SolF:Emor =m 2)
‘Then PostMeaeage( "ERROR - Resarvedmme")
}:

3
+ ettty METHOD: Delafn ikl
- Malwidorbod( BenBdit3, Delets, [ownes window choice ],

{
E(Ww) wa ()
¢ T ( PostMesu( " Delels " ¥ owner # * 77, YES, N0 )
#= YES)
Thea {
BonmlList( ownes:ValidVars, YD,

S { _ _
If Skt owner, N ¥ VD )
Thea {
I { Not({ Nuli?® GetValus{ owasr,
N#VD)))
And ( GetCwner( owner, N
]
¥D)
¥= owner})
Then {
If Instance?( owner ¥ _ #
VD)
Then Deletelnstance{ owner
#
#
VD );
If ( CountInstances{ VD )
== 0)
Then §
DeletsClass{ VD )3
RemoveFromList{ Items: ValidVers,
Yoy
k
b
}%
DeleteClass{ vwrer );

}
Eise PostMersage! "ERROR - Erase instances of clasa first" );
|9
PRiclokiiokrtinionk METHOD: Renamea  kkikiikivkiukecr]

MakeMothod{ temBdit3, Rename, [owner window choies ],
{
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A
.

w:m - ..'i'R.UE;
- OWRe

w«n{ " Rm C!m # owyer; Scifingpe, "Now pams* ),
«:MMufmnmmwn{saf-mn

itk METHOD: InitMenm b bodivibor/
d( DemBdit3, Inithfond, [owner §,

e e Tierag )
% AppendTol isf( Self:Dimmblud, Delete, Rename, Move, Hdit )
Hn ClomrLint{ Self:Dlimbled );
Clonek oK. SadF:ChciceNamen J;
{wirlioe! Self:Chiolons );
AgpamdTal i Belf:ChoicoNaines, Self: TempChoicoNsmes );
AppwalToLisk( Self:Choices, Selft TempChoices );
CherLin Self:VarList);
SitiflotLisl owner, owner: Value List };
-+ HemaLiet{ ownoc Valus_List, Value,

A
If Mombes?( owner: ValidVim, Vatus )
Thas { . .
AppeadToList( Seif: VarList, Value );
. AppendToLisi( Soif:ChoicoNames, Value );
Appénd’l‘ohat( SelfiChoices, Value },

Friiiettonicis METHOD: BditVar mwm;
_ MakaMetbud( TiomEdit3, BditVar, lowner window choies ],

{
SEIf:NVar = GetValue{ owner, N # choica );
If { Self:NVar #w owner # _ 4 choice )
Thea { '
SendMessape{ liemVars, Init, owaer, choice, Self:NVar );
Blse {
IF ¢ PostMenu( " Make Locai?™, YIS, NO ) #= YES }
Thea {
If Not{ Instance?{ owner & _ # choice } )
Then {
Mukelnstance| owner # _ # choice, choies J;
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n

15

MakeSlot( owner, choice );
SetSlotOption] owner, choice, VALUE TYPE, NUMBER });
SetSlotOpiion{ owner, choics, WHEN_ACCESS, GetVar );
MakeSlot( owner, N # choics ); :
If Noi{ Metnber?( Femu:ValidVars, Selfipams ) }

Then AppendToLisk Itewms:; ValidVara, choice );
SetSlotOplion( owner, choice, YALUE TYPE, NUMBER );

- SetValue{ owner, N # choice, owner # _ # choice );

PostMessage( * Making local” };
SctValue{ GetValue{ owner, N # {

choice;

¥ ), Type, Analog };
SendMessage( Seif, EditVar, owner, window, choice );
o

Jediinintaoickrs METHOD: Vary  Sinbionmhag
WitkeMethod( ItemEdit3, Vars, [owner wirdow choics ],

{
Self:Function = PopupMenu( Choice );
If ( Self:Function #= Edit )
Then SendMessage( Self, BditVar, owner, window, choics );
If { Self:Function #=+ Dejete )
Then SendMessage{ Sell, DeletoVar, owner, window, choics );
If ( Self:Function #= Rename )
Then SendMessage{ Self, RenameVar, owner, window, cholcs );

I

Jiendomiiolsionionion METHOD: RenameVur  iolcsbiinkisiomiiof
MakeMethod{ llemEBdit3, RenameVar, [owner window chaice ],

{
Self:Check = TRUE;
If { GetOvwner{ owner, choice ) #= owner )

Then {

While (Self:Check)

{
Selfiname w choice}
PostlnpuiForm( ® Reaamw Variable * # owner, Selfinam,
"New nams® );
I¥ { Noi{ Stot?{ owner, Self:name } }
And Not( Nult?( Self:onme ) ) }
Thea {
If Not{ Class?{ Self:name } }
Then {
MakeClass( Selfiname, Varisbles )i
If Nott Member?({ Items: ValidVars,
Selfiname } )
Then AppendToList( Ituns: ValidVars,
Self:pame };
b
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HenumeSIeH cwner, choics, SelEnanis );
RenameS: wer. N ¥ choice,
NEs. )
Movelpstaief CietVaiue{ owner, N # Selfiname ),
Selfinzme );
SelF:Check = FALSE;
If { Counilnstances( choice )

= ()
Then {
DeleteClass( choice );
RemwveFromiist( Itens: ValidVars,
choice };
%
Sei" due{ owner, N # Selfinzme,
mcnamelnstance{ GetValue{ owner, N
¥

Sell:name ),
aowner # _ # Selfiname ) );

6
If { Nutl¥ Selfipames ) Or Selfingme #= owger )
Then Seif:Check = FALSE;
If Self:Chisck
‘Then PostMessage( “ERROR - Varialls already exists” );
L
}
Elae {
SelF:Check = FALSE;
PostMeasage( "ERROR - Variable is inherited” );
| T
Y%

Jhodsediomhisbtonion MITTHOD: DeletoVar bl
MuakeMethod( ZiamEditd, DeleteVar, [owner window choics ],

{
If { Sel:MVar #s= owner # _ # choice )
"Then {
Selfinames = PostMenv{ "
Delete varinble * ¥ choics #
* 7", YES, NO )
If { Ssifinams #= YES )
Then {
Deletelnstance{ GetValue{ owner, N # choics ) };
DeleteSlot( owner, cholce };
DeletsSlot{ owner, N ¥ chuice J;
If { Coontinstances( choice } == 0)

Then {
DsleteClass( choice );
RemoveFromLisl( Items: ValidVars, choice J;
B
JE

}
Else PosiMessage( choice # * Not Local 1* );
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BenBdit: X = 166;
PonBdirt:Y - 128;
Sl alne! HanBdit3:Choices, Instance, SubClass, -, AddVar, EdifDevice, -, Reasme, Delels, ~ );
SaBiottiptinnl RemPdit3:ChoiceNames, NO_AUTO_ASK, FALSE );

 S¥alos! RemBiit3:ChoicsNames, "Add &instancs”, "Add &Subcluss”, «, "Add &Variable”, *Edit
e M" . &Renama, HDelote, - );

IlemEdlB Disabled };
sDefnultMethod = Vars;
TtewnBdit3:Check );
Kption( ItemBdit3:Check, INHERIT, FALSE );
tption( [temBdit3:Check, NO_AUTO_ASK, TRUE );
piGption IhmEdlt‘.‘i Chack, VALUB TYPE BOOLEAN );
ma +Check = FALSE;

. StMo(Option ItsmBdit3:Check, TF_NEEDED, NULL );
SetMiotOption{ ltsmBaitd: Check, WHEN ACCESS, NULL );

mﬂphmﬂmﬁdlﬂ.(:hack BEFORE_CHANGH, NULL );
TtemTiit3: Chock, AFTER ! CHANGE, NULL );

- MiskeSiot{ loonBdit3:Inatemos )

HmllotOntion ItemBdit3:Instance, INHERIT, FALSH );

BouSEdit3:Instance = PO2;

SetSlotOption( itewBdit3:instance, [F_NEEDED, NULL );

SuiSlotption{ lemBdit3:Instance, WHEN_ACCESS, NULL );

SotSiotOptinn( IbymEditd:Iustance, BEFORR L CHANGE, NULL );

SetSlotOption( IemBdit3;Instance, AFTER_CHANGE, NULL )

MakeSiol ItamBdiy3:SubClass );

TtomBdit3:SubClags = Stream;

MakoSlot( JtemEdii3:name );

Ttemkdit3:paome = Leach;

MakaStot{ TksmTdit3: VarList );

SetSlotOption( ftemEditd: Varlist, INHERIT, FALSE );

SetSlotOption( MemBdit3; VarList, MULTIPLE );

ClearList{ itemHEditd; VarList };

SeatSlotOption( TtemBdit3; VerList, IF, WSEDED, NULL );

BelSlctOption( TiemEdit3: VarList, Wi W_ACCHSS, NULL )%

SatSlotOpticn( ItemEdit3: VarList, BEFORE CHANGE, NULL );
SetSlotOplion( ItemEdit3: VarList, AFTER CHANGB. NULL };

MakeSlot{ RemEdi3:Frror );

TtemBdit3:Ecror = 13

MakeSlot{ HtemBEdit3: TempChoiees );

SetSlotOption{ BemEdit3: TempChoices, INHERIT, FALSE );

SetSlotOption{ RemEdit3: TempChoices, MULTIPLE );

SetValue{ ItemEdit3: TempChoices, Instance, SubClass, -, AddVar, EdiiDevice, -, Rename, Deleto, - );

SetSlotOption{ ItemEdii3: TempChoices, [F_NEEDED, NULL. );

SetSlotOption( ItemBEditd: TempChoices, WHEN_ACCESS, NULL )%

SeiSlotOption( itemBdit3: TempChoices, BEFORE_CHANGE, NULL );

SetSlotOption{ ItemEdit3: TempChoices, AFTER_CHANGE, NULL );

MnkeSiot{ Itembidit?: TempChoiceNanes );

SetSlotOption( TlemEdit3; TempChoiceNames, INHERIT, FALSE );

SetSlotOption( TtemBEdit3: TempChoiceNames, MULTIPLE );

SetValue{ TtemEdit3: TempChoicelNamas, *Add &Instance®, "Add &Subclass®, -, "Add &Varisbls",

"Bdit &Device”, -, &Repame, &Delets, - );
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SeASI0t0ption] TsmBdit3: TempChoiceNames, IF_NEEDED, NULL );
SetSlotCption] Iaplidi3: TempChoicoNames, WHEN_ACCESS, NULL )
Mﬂ( HromiEdit3: TempChoiceNames, BBFORE CHANGE, NULL )%
SerSlotOptionl Wembdit3: TempCliokcoNsmes, AFTER CHANGE, NULL )
BEakniion{ MaalacitS N Var 3;

Thonkfdi3:NVar = Halloach Lovel;

Slabadol’ Meenlidii: Mia ); _

SetSlotOpiion( RemEdit:Min, INHERIT, FALSE )

Setiiokpiion! lenBdi3:Mia, VALUE_YYPE, NUMBER );

- VBRI M - O

. Set¥katOpiioal IeesBdits:Min, IF_NEEDED, NULL };

SatoeOption] MeaBidits; Min, WHEN_ACCESS, NULL );

SotSlctDption] HemEdit3:Min, BEFORE_CHANGE, NULL );

. BuiSlotOutien lieanEdit3:Min, AFTER_CHANGE, NULL );

© MakeRot{ BermBdit3:Max }:

. SeiSloiOption( ItamBdit3:Max, INHERIT, i ALSE )

- BoStotOption{ lisnBdit3:Max, VALUE_TYFE, NUMBER );

ToomBdit3: Max w 100;

PuiSlotOption{ IemBdit3:Max, IF_NEEDED, NULL );
SutloeOpticn( HewBdics:Mex, WHEN_ACCESS, NULL );
SeiSIotOptice! TtenBili3:Max, BEFORE_CHANGE, NULL ):
 BalSiotOption( TtemBdity:Max, AFTER_CHANGE, MIJLL );
MskeSlol{ ItemBidit3:Fuaction );

TouslGit3: Function = Edit;

f"" -

mem( ActiopBEdit, Mexu ¥;

Jiotiiciioisbiaoniol METHOD: Hdit et sdiolbdoiopboif
MakaMethod( ActionBdit, Edit, [cwner window choice ],

f:mr:!hm = Global:Ttsm;

PosilnpwiFormal "Edit Action ® # owner, owner, Yariable, "Variable:",
owper, ActionMesg, * Acfion Mesgage:®, ownes, Tag, "Frg Name:*,
owaer, ActionMo, "Action Number®, owner, AcVeriation, "Variation:",
owner, Mods, “Variation type”, owner, TimeLSP, "Time Lag(sec):",
owner, InitCost, "lnitisl Cosi:*, owaer, Delay, *Repeat Delay(sec):”,
owner, ActicnTyps, "MANUAL/AUTG" );

PostlnputPore{ ™ Edit Action * # owner # * coniinued”, owner, VariableType,

"Analog/Discrets®, ownsr, Failures, Failures, owner, Successes,
*Successes:” };

[kttt METHOD: Delote  totdotmioshpabopionf
MzkeMethod({ ActionEdit, Delets, Jowner window choice ],

{

If ( PosthMenu{ "Delete " # owner # " 2", YES, NO ) #= YES )

Then DeloteInstancef owner );
| 35
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rtrrrrarbobit METHOD: Reqame  Hiiub bt/
MakeMethod{ ActionEdit, Rename, [owner window choice ],

{
Seif:Check ~ TRUB:
W™ (Self:Check)

"Selfiname = owner;
PostinputForm{ " Fename Instauce * ¥ owner, Sclfiname,
"New name” );

Tf { Not( Instance?( Self:name 3 ) And Not{ Null?( Scifiname ) )

And RenameInstance( owoer, Seiftname J )
Then Self:Check = FALSE;
If ¢ Null®{ Self:name ) Or Selfipame #»= owaer )
‘Theg Self:Check = FALSE;
If Self:Check
Then PostMessage{ "ERROR « Instance already exists" );
% :

s

Jremnikadikpiic METHOD: Move  oksokokskolok
MakeMethod( ActionEdit, Move, [owner window choice ],

{
Selfi:Check = TRUE;
‘While (Self:Check)

{
PostlnputForm( "Move " # owaer, Selftname, “New parent” };
1 { Cless?( Selfiname } And Not{ Null?( Self:nama ) )
And Movelnstapce{ ownper, Selfioame ) )
Then Self:Check = FALSE;
if ( Null’X Selfiname ) Or Selfinams #= GetPasent{ owner ) )
Thea Self:Check = FALSE;
If Self:Check
Then PostMeagsage{ “ERROR - Ciass does not exisis" );
b

|34
ActionEdit:X »= 160;
ActionBdit:Y = 158;
SetValae( ActionEdit:Choioss, Edit, Delete, Rename );
SetValue{ ActionEdit:ChoiceNames, &Edit, &Delste, &Renamo J;
MakeSlot{ ActionEdit:Check );
SeiSlotOption{ ActionBdii:Check, INHERIT, FALSE );
SutSlotCption{ ActionEdit:Check, VALUE_TYPE, BOOLEAN );
ActiopEdit:Check = FALSE;
BetSlotOption{ ActionEdit:Check, IF_NEEDED, NULL )
SeiSlotOption( ActionEdit:Check, WHEN_ACCESS, NULL );
SeiSlotOption( ActionEdit:Check, BEFORE CHANGE, NULL );
SetSlotOption( ActionEdit:Check, AFTER_CHANGE, NULL );
MiukeStoi( ActicnEditinamr );
ActicnBdit:name = Tnchoke;

wohik INSTANCE: ActionEdit2
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ol P

. T_ > ’ " e ‘l
m-wﬂ: ActicoBdit?, Meas );
PABs witwts METHOD: Instincs  deshiorinbiastinnt]

. Whulbleock, ActionBdit?, Tastwmcs, [owner window choics ],

PaativpwtFocra " New lostance * ¥ owner, Self:instancs,
" “r:stance nane” )5 ’
L R Hall'?( Self:Ingtance ) )
Thes'{ +

3£ { Not( Instance¥( Self:Instancs ) )

- And iMakeingtancel Self:Instance, owner ) }
“Tisats ¢ Self:Check = FALSE )
Else PostMossegel Seif:instance # * already exists!® );

© Bleel®
B

§i:Check w FALSE;

i

by AETHOD: SUbClass #e% Wobonbn]
- Wiakakdathod( ActionBdit2, SubClase, {owner window choice ],
. { 3 I~ .
8afCheck = {RUE;
‘Wile (Self:Check)
L { )
~ PostinputForm( * Now SubClass * # ownes, Sclf:SubClass,
5ohClees prme” )
€ ( No'* Slasel Self:SubClass } } And MakeClass( Self:SubClass,
owner } }
‘Thes Salf:Check = FALSE;
If Null?( Seli*SubClass )
Then Soif:Check = FALSE;
B
%

Jristkidadness METHOD: Defete  #teohisonickichb i/
MakoMsthod( ActionEdil2, Delets, [owner window choice ],

{ -
If { CountInstances{ owner J wim )
Then {
If ( PostiMenu( * Delete ™ # owner # * 7", YES, NO )

fi= YES)
Then DeleteClass( owner );

}
Else PostMessags{ "ERROR - Erase instances of class first” );
i

prikkamkaasatii METHOD: Rengige  "Wrekistobakikiick)
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MakeMsthod( ActionEdit2, Renams, [owner window choice J,

{
Self:Check = TRUE;
While (Self:Check)

Self:name = owoer;
PostInputForm({ ® Rename Class * # owner, Selfiname, "New Class nums” );
IF { Not{ Clans?( Selfinnme ) ) And Not{ Null?( Seifinsme ) )
And KepsmeClass{ owner, Selfmaame ) )

Then Self:Chack = FALSE;
If ( Nult?( Self:aame } Or Scifiname #= owner )

Then Self:Check = FALSE;
If SelfiCheck
Thea PostMessuge( "ERROR « Instance already exists” %
b
1%

Jrookiobkdok ik METHODG: Initenu  Aovokiolokiouor]
MakeMethod( ActionEdit2, InitMenu, [owner ],

I€ { owner $= Actions )
Then AppendTolList( Self:Disabled, Rename, Delete, Edit, Mrve )
Else ClearList( Self*Disabled j;

Ik
ActionEdit2: X = 59;
ActionBdil2:Y = 125;
SetValue{ ActionBditZ: Choices, fnstancs );
SetSlotOption( ActionEdit2:ChoicaNames, NO_AUTO_ASK, FALSH );
SetValus{ ActicnEdt2:ChoiceNames, *Add &instance® );
ClearList{ ActionBdit2;Disabled );
MakeSioi( ActionEdit2: Check );
SotSlotOption! ActionBHdit2:Check, INHERIT, FALSE );
SetSlotOption{ ActionEdit2:Chekk, NO_AUTO_ASK, TRUR );
SetSiotOption{ ActionEdit2:Chesk, VALUE_TYPE, BOOLEAN );
ActionEdii2:Check = FALSE;
SetSlotQption{ ActionEdit2:Check, IF_NEEDED, NULL %
SesSlatOption{ ActicaBdit2:Check, WHEN_ACCESS, NULL )
SetSlotOption( ActionBdit2:Check, BEFORE_CHANGE, NULL );
SetSlotOption( ActionEdit2:Check, AFTER_CHANGE, NULL );
MikeSlot{ ActionEdit2:Instsnce );
SetSlotOption( ActionEditZ:Instance, INHERIT, FALSE );
ActionBdit2:Instanco = P02_DO01; .
SeiSlotOption{ ActionBdit2:Instance, IF_NEEDED, 1" "L )
SetSlotCption( ActionEdit2:Instancs, WHEN_ACCESS, NULL );
SetSlotOption{ ActionEdit2:In*~nce, BEFORE_CHANGE, NULL );
SetSlotOption{ ActionEdit2:Instance, AFTER_CHANGE, NULL );
MakeSioft{ ActionEdit2:SubClass );
ActionEdit2:5ubClass = Hello;
MakeSlot{ ActionBdit2:name );
ActionEdit2ioums = A_TKPO1:
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deeh INSTANCE: LiokEdit

Makefnatance! LinkEdit, Meon };

Jrrbhttimnmid METHOD: Bdit  iokhktotioniiobbn]
~ MakeMethod( LinkEdit, Edit, [owner window choics ],

{ . . -
PostInputform/ "Bdit Link * # owner # * - Creator: * # owner:Cresor,
owner, SVariable, * Socondary Variable:”, owner, Pltem, “Primary Hem:®,
owner, PVariable, "Primary Varislle®, owner, MaxVar, "Max relation range®,
owner, MiaVer, “Min relation randye”, owner, TRelation, "Time Relation:*,
ownsr, VERelation, * Secondacy Variation Relation®, ownar,
VPRalation, * Primary Veristion Relation:*, ovmer, EstimutedCost,
*Estimated Cost:® );
PostloputPoroy *Edit Link * & owner # ™ - Creator! " # owner;Creator,
owner, Pailures, "Fuitares:®, owner, Successes, "Successes:”,
owner, Wait, "Wait:", owner, Hold_Time, "ijold Time:" );

%

Jretkichicokta METHQD: Delels  Sobsmioikibgdoiin]
MakeMethod({ LinkBdit, Delats, [ownse window choics ],

{

If { Pogthlenn "Delute * # owner # * 7%, YES, NO )} #= YES)
Then Deletelnstance{ owner );

| 3 H

Jeatierpaibtik METHOD: Rensma Akt ionkf
MakeMelhod( LinkEdit, Rensme, fowner window choics J,

{
Seif:Check = TRUE;
While {Seif:Check)
{
Selfinams = pwner;
PostinputForm( * Rooame Instance * # owner, Self:nams,
*New nams” );
If ¢ Not{ fustanca?( Selfiname ) 3 And Nok{ Null?( Selfname ) )
And Renamainstance{ owner, Sciftnams ) )
Then SelfiCheck = FALSH;
If { Null?{ Selfinamne ) Or Selfiname #= owner )
Then Seif:Check = FALSE;
If Seif:Check
Then PostMeezage{ "ERROR « Instance already exists” );
5
%

Jramigoceriokatk METHOD: Move  #iokisioomioons
MakeMethod( LinkEdit. Move, {ownar window choics ],

{
Self:Check = TRUE;
Whils (Self:Check)

{
PostinputForm{ "Move " § owner, Selfiname, “Nevs parent” );
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If { Class?( Self:name } And Not{ Null2( Self:name ) )
And Movelpstance{ owner, Self:nams })
‘Then Self:Check = FALSE;

If { Null?¢ Self:name ) Or Selfinrme #= GelPaceat{ owner ) )

‘Then Self:Check =~ FALSE;
If Self:Check
Then PostMessage{ "ERROR « Cluass does not exista” );
b

)

LinkBdit:X = 178;
LinkEdit:Y = 104;
SefValue! LinkEdit:Choices, Edit, Delste, Rename );
SetValae{ Lir¥Edit: ChoiceNames, &Edit, &Delete, &Renams };
MakeSlot(L  Jit:Check );
SeiSiotOptioa( LinkEdit:Chack, INHERIT, FALSE )%
SetSlatOption( LinkEdil:Check, VALUB_TYPE, BOOLEAN );
LiekEdit:Check = FALSE;
SetSlotOption( LinkBait:Cireck, IF_NEEDED, NULL );
SatSlotOption{ LinkEdit:Check, WHEN_ACCESS, NULL )
SeiSlotOption{ LinkBdit:Check, BEFORE_CHANGE, NULL );
SelSlotOption( LinkEdit:Check, AFTER_CHANGE, NULL %
MukeStol{ LinkEdit:naeme };
LinkEditioame = A_TKPO4;

F b o # ll".‘ . ..v—-.
Wbk INSTANCE: Sessionl,

Mskelnstunce{ Sessionl, KSeasion };
Session1:X = 8%

Sousion];Y = 142;

Sessionl:Tifle = Interfaces;
Sessionl:SessionMNumber w 1;
Seestonl:Width = 464;
Sessionl:Height = 251;
Sassionl:Menn = FALSE;
Sension§: Visible = PALSE;
Sessioni:Stats = HIDDEN; .
SetValue! Sessionl:BackgroundColor, 192, 192, 192 );
Sessioni:Titlebsr = TRUE;

Sessionl:Sizbox = TRUE;

ResetWindow ( Sessioni );

Pk .
soiik INSTANTE: Explanation

o *f

Waukelnstance( Explsnation, Root §;

Jreikteaomicmkiont BIETHOD: Add  obbokion oo
MakeMetbod({ Explanation, A2d, fi=xt 1,

{
If Self:Explain
Then {
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DisplayText( HaiEx, FormutValue( "o " # Time( ) #
" % # Date( )
DisplayTexi( Hxilx, FormatValue{ * " # text # NULL ) );
H
|31
Pemokieridoooi METHOD: Display bbb |
MakeMethod{ Explenation, Display, [text 1,

It Sclf:Explain
Then DisplayText( HaiEx, FormatValue{ "\n " ¥ iext) );
135

Rt METHOD: Clear  *$stbiiminets]
MakeMethod{ Explanation, Clear, [T,

{

ClearTrazwcriptimage{ HalBx );
ClearTranseriptimage{ Error J;
|37

_ Pioiiiciiokioinrikl METHOD: Error  kiohkickiskbioik]
* MakeMethdd( Explanation, Error, [text ,

IF Self:Breor
Then DisplayText( Error, FormatValue{ *\n * # Time( ) #* "
#text) );
135

Jiiorkprer METHOD: Action Skl ook ivkokf
MakeMothod( Explanation, Action, [Actiou Root ],

i
If Self:Explzin
Then {
DisplayText( Hallx, FormatValue( *\n * ¥ Time( ) #
9§ Date( )
#" ACTION: " #
Action ¥ "m "} )
If Instance?( Rool )

Then DisplayText{ HalEx, Root:Massage );
DisplayText{ HulBx, FormatVafue{ "n  *});
DisplayText( HalEx, Astion:ActionMesg );

h

13
MakeSlot{ Explanation:Explain );
SetSlotOption( Explanation:Explain, INHERIT, FALSE %
SatSlotOption{ Explanstion:Explain, VALUE_TYPE, BOOLEAN )
Explanation:Explain = TRUE;
SetSlotOption( Explanation: Explain, iF_NEEDED, NIUJLL )
Se1SintOption( Explanation;Explain, WHEN_ACCESS, NULL );
SeiSlotOption{ Explanation:Explain, BEFORE_CHANGE, NULL %
SetSlolOption( Explanation:Explain, AFTER_CHANGE, NULL )
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SetSlotOption{ Bxpisnation:Explain, IMAGE, CheckBox3 );
MakeStol( Explanation:Ersor };

SetSlotOption( Explanation: Error, INHERIT, HALSH );
SetSlotOption( kxplenation:Brror, VALUE _TYPE, BOOLEAN );
Hxplenation:Hrror == TRUE;

SatSlotOption{ Explanation:Error, IF_NEEDED, NULL )
SetSloiCption( Explanation:Brror, WHEN, ACCESS, NULL);
SetSlotOpiioa( Explanation:Error, BEFORE CHANGE, NULL );
SetSlotOption( Explanation: Error, AFTER_CHANGE, NULL );
SetSiotOption( Explanation:Brror, IMAGE, CheckBox2 j;

o ANSTANCE: Files

Makelnstance{ Filee, Menu );

Jobmiimirionatnt METHOD: Load  "iekiinthiubioki]
MskeMethod( Files, Load, [],

{

SendMessuge( File, Losd );
Global:Runotate = 2TIILL;
|3 H

Jleichiidiic bkl METHOD: Save  #ioioiriotoiiokiotobsf
MskeMethod( Files, Save, [],
SendMussage({ Fils, Save ) );

frrcknkiieeben WETHOD: New kol
Makebicthnd( Flles, New, ],

{
If Giubal:Change
Then {
PosiMessagz{ " Chauges have not been Saved!™ );
If { PostMenu( "Chmoges not Saved! Evnee Rnowledge Bzse?®,
Yes, No) #= Yes )
Then §
Clear KB( );

|5

Elss {
IF { PostMenu( "Erass Knowledpe Bass?", Yes, No)
F= Yes)
Then §
Clear XB( 3
h

%
Pile:BackTjpFile = "C:AKAPPAVHALABACKUP.KNB*;
%

Powwincbskonioos METHOD: Quit %ttt/
MakeMethod( Files, Quit, {l,
{
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if Global:(Change
Thea {
PostMesszge{ " Changes have not been Saved!™ );
If { PostMenul * Changes not Saved! QUIT?", Yes, No )
= You } .
Thea {
Clear KB( )
Exit{ NOPROMPT %;
}H
}
Elss {
If ( PostMenu( QUIT?, Yes, No ) #= Yes)
Then {
Clear KB{ %
;izit( NOPROMPT )
h
|3

Proickiiisotionre METHOD: Settings  wbtbtdokiolokf
MakeMethod( Files, Settings, [3,

{ .
PottlnputForm( * HAL EXPERT SETTINGS®, Global, ActionSpacing,
"Action Refeaze Ruts {sec]:”, Globai, SidDelay, "Stantard Delay Time {s2c]:",
Global, LinkChai~ - *Link Rules®, Globsl, Station]D, *HE Station 1D munber”,
Global, BackU; " Buck up mate {Min]:*, File, BackUpFile,
* Backup Fife R " );
|31
{rierenumionor METHOD: Dirsctory  #4obioksshmiie]
MakeMethod{ Files, Directory, I1, .
{
PostinputForm( "Set Directory®, File, Path, "Path:* )

3
BetSloiOption{ Files:Cl oiceMames, NO_AUTO_ASK, TRUE );
SetValuse{ Files:ChoiceMNames, &New, -, "ScLoad Knowledge", "&Save Knowledge®, -, &Directory,
*"SeSoltings ... "y -, SQuit )
SetValue{ Files:Choices, New, ~, Load, Save, -, Directory, Settings, -, Quit );

ik INSTAMCE: Times

)
L)

Makelnstance{ Timwes, Root );

etk METINND: Date  #obtioohiialoig

MakeMathod( Times, Date, [I,
{ : \
Self:Month = NULL;

Sejf:Day = NULL;

Self:Dats = Date{ );

Self:TLen = StringLsogth( Seif:Date );

For x From { SelfiTLen ~ 4 ) To ( SelfiTlen-3)
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Da{ : .
Self:Char = SubString{ Self:Date, x, 1 );
If Number?{ Self:Char }
Thea Seil:Day = Self:Day # Self:Char;
}l
For x From 1 Te 2
Do {
Self:Char »= SubString{ Self:Dste, x, x %
If Number?( SelfiChar )
Then Seli:Month = Self:Montb # Self:Char;

|1
I¥ { StringLength( Sslf:Month ) == 1)
Than SelE:Month = 0 ¥ Seif:Month;
If { StingLength( Self:Day ) mw 1)
Thon Self:Day = 0 # Telf:Day;

i
MakeSiot( Timee: TimeNum J;
SetSlotOption( Times; TimeNum, INHERIT, FALSE );
SetSloOption( Times: TimeNum, VALLIE TYPE, NUMBER );
Timos: TimeNum = 0;
SeiSlotOption( Times: TimeNure, IF_NEEDED, NULL );
SetSlotOption{ Times: TimeNum, WHEN_ACCESS, NULL )%
SatSiotOption( Times: TimeNum, BERORE_(HANGE, NULL );
SetSloiOption( Times: TimeNuny, AFTER_ CHANGE, NULL );
MakeSlot{ Times:Char );
Times;Char = /;
MakeSiol( Timea:Time ¥
SetSlotOption{ Timex: Time, INHERIT, FALSE );
SatSlotOptiond Timee: Time, VALUE_TYFE, NUMBER };
SutSlotOpfion( Times: Tims, MINBMUM _VALUE, 0 );
Thoes: Tims = 301.208791;
SetSlotOption{ Times: Time, JF_NEEDED, NULL )
SatSlotOption{ Titmes; Time, WHEN_ACCESS, NULL);
S%5lotOption( Times: Time, BEFORE_CHANGE, NULL ¥
SetSlotOption( Timen: Time, AFTER_CHANGE. NULL );
MakeSlot{ Times:Date };
SetSloiOption( Times:Date, INHERIT, FALSE );
Timwes:Dats = "4/4/93%;
SutSlotOption( Times: Dats, IF_NEEDED, NULL );
SetSlotOption{ Timss:Date, WHEN ACCESS, NULL );
SutSlotOption{ Times:Date, BEFORE_CHANGE, NULL );
SeiSlotOption( Times:Date, AFTHR_CHANGE, NULL };
MakeSlol{ Times:Hr );
SelSintOption{ Times:H1, INHERIT, FALSE j;
SetSlotOption{ Ti.nes:Hr, VALUE_TYPE, NUMBER };
Tirmes:Hr = 09;
SetSlotOption( Times:Hr, IF_NEEDED, NULL )%
SetSloiCption( Times:Hr, WHEN_ACCESS, NULL )
SetSlotOption{ Times:Hr, BEFORE_CHANGE, NULL );
SetSlotOption{ Times:Hr, ARTER_CHANGE, NULL );
MaicoSlot{ Times:Day );
SelSlotOption( Times:Day, INHERIT, FALSE j;
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SeiSloiOption( Times:Day, VALUE_TYPE, NUMBER };
Times:Day = 04;

SetSlotOption( Times:Day, IF_NEEDED, NULL };
SeiStotOption( Times:Day, WHEN_ACCESS, NULL );
S2iStotOption( Times:Day, BEFORE_CHANGE, NULL )
Set$lotOption( Times:Day, AFTER_CHANGE, NULL );
MakeSloi{ Times:TLen 3; -

SetSlotOption( Times:TLoa, INHERIT, FALSE );
SetSlotOption( Times:TLen, VALUE_TYPE, NUMBER )
Timea:TLeg = 6;

SeiSlotOption( Timen:TLen, TF_ NEEDED, MULL );
SetSlotOption( Times:TLen, WHEN_ACCESS, NULL );
SetSlotOption{ Times:TLen, BEFORE_CHANGE, NULL );
SetSlotOption{ Times: TLen, AFTER_CHANGE, NULL )%
MakeSlof( Times:Sec );

SetSiotOption( Times:Sec, INHERIT, FALSE );
SetSlotOption( Times:Sec, VALUE_TYPH, NUMBER );
Timex:Sec m 04;

SetSlotOption( Timee:Sec, IF_NEEDED, NULL );
SetSlotOption( Times:Sec, WHEN_ACCESS, NULL %
SetSlotOption{ Times:Sec, BEFORE,_CHANGE, NULL )
SetSlotOption{ Timwee:Se¢, AFTER_CHANGE, NULL )
MakeSlot{ Times:Min ); _

SetSictOption( Times:Min, INHERIT, FALSE );
SutSlotOption( Times:Min, VALUE_TYPE, NUMBER };
Times:Min =~ 48;

SelSlotOption{ Times:Min, IF_NEEDED, NULL );
SetSlotOption{ Times:Min, WHEN_ACCESS, NULL );
SetSlotOption( Times:Min, BEFORE_CHANGE, NULL )
SetSIotOption( Times:Min, AFTER_CHANGE, NULL );
MakeSlot{ Times:Month );

SetSlotOption{ Thmes:Month, INHERIT, FALSE
Times:Month = 04; _

SetSloiOption{ Times:Month, IF_NEEDED, NULL )
SetSlotOplion( Times:Moath, WHEN_ACCESS, NULL )%
SeiSlotCption( Times:Month, BEFORE_CHANGE, NULL %
SetSlotOption( Times:Month, AFTER_CHANGE, NULL };
MakeSlot{ Times:TCNo );

SsiSlotOption{ Times:TCNo, INHERIT, FALSE };
SeiSlotOption{ Times: TCNo, VALUE_TYPE, NUMBER )
Times:TCNo = 74;

SetSlotQption{ Times: TCNo, IF_NEEDED, NULL );
SeiSlotOption( Times: TCNo, WHEN_ACCESS, NULL );
SetSlotOption( Times: TCNo, BEFORE_CHANGE, NULL )
SetSiotOption{ Times:TCNo, AFTER_CHANGE, NULL };
MakeSlot{ Tines:CycleNo );

SetSlotOption( Times:CycleNo, INHERIT, FALSE );
SetSlotOption( Times:CycleMo, VALUE_TYPE, NUMBER )
Times: CycleNo = 95;

SetSlotOption( Times:CycleNo, IF_ NEEDED, NULL %
SetSlotOption{ Times:CycleNo, WHEN_ACCESS, NULL )%
SetSlutOption{ Times: CycleNo, BEFORE_CHANGE, NULL, );
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SetSlotOption{ Times:CycieMNo, AFTER_CHANGE, NULL );
MakeSlot{ Times;Max );

SetSlatOption( Times:Max, INHERIT, FALSE J);

SetSlotOption{ Timme:Max, YALUE_TYPE, NUMBER );
Tinwa:Max = 336;

SetSlotOption( Times:Max, IF_ NEEDED, NULL )
SetSlotOption( Tiraes:Max, WHEN_ACCESS, NULL 3
SetSlotOption( Times:Mux, BFFORE_CHANGE, NULL );
SetSlotOption{ Times:Max, AFTER CHANGE, NULL )%
MakeSlot{ Times:CyclsPeriod );

SeiSlotOption( Times: CyciePeriod, INHERIT, FALSE );
SetSloiOption( Times:CyelePariod, VALUE_TYPE, NUMBER );
SeSloiOption{ Times: CyclePeriod, MINIMUM_YALUE, 0);
Times:CyclePeriod = 3606G.1;

SetSlotOption( Times: CyclePeriod, IF_ NEEDED, NULL );
SetSlatOption( Timee:CyclePeriod, WHEN_ACCESS, NULL );
SeiSlotOption{ Times: CyclePeriod, BEFORE_CHANGE, NULL )
SotSiotOption( Times: CyclePeriod, AFTER_CHANGE, NULL );

IR, - "
i INSTAHCE. Explam

thelnslnme( Explain, Memw );

Jrioreclansaers METHOD: Clear  #ioivioldotloiobkatnf
MakeMethod( Explain, Cleat, (1,

{
SendMessage{ Explanation, Clear );
|3

Jariomicticedoniaik METHOD: Load  #Sttsibkiacionf
MukeMethod{ Explain, Loud, [,

{
File:EFileName = SelectFile{ " Load Explanation File®,
File:Path # "*.Exp" };
If Not{ Nuli?{ File:EFiloName } )
Then {
PostBusy{ ON, “Losding ...
CatchBrror( DisplayFile( HalEx, File:EFileNams ),

Brror{ 5, NULL, NULL )

Y
PosiBusy( OFF };

b3 '

JHovhscbibieriEn METHOD: Save  dviobisioiaknmk
MakoMethod{ Explain, Save, {1,
File:EFiloName m SelectFile( "Save Explanation Window",
File:Path # "%.Exp"* );
If Not{ Null)({ File:EFileNames } }

269

.
o



Then {
If CatchErton( OpenWiitelile{ File:EFileName ), FALSE )
Then { :
PostBusy( OM, "Saving ..." );
SaveTrunscriptinage{ Hallx );
ClosaWriteFilel )
Pos(Buny( OFF %
}

Blse {
Error( 5, NULL, NULL );
b :
HH
}_ 5

fltiiokdaciscte MITTHOD: Bxp sk edeeesdesieiiedetole f
MakaMethod( Expisin, Exp, [owner window choice }, -

{ .
H { choics = Eosbls )
-~ Than {
Baplapstion: Bxplain = TRUE;
AppadToList{ Self:Disabled, Enable }:
If Momboe?( Self;Digabled, Dissble )
‘Then ResoveFromList{ Self:Disabled’ Disable );

b
" H { choics #= Dissbls )
" Thea {
. Bxplanation:Bxplain = FALSE;
AppecdToList{ Self:Digabled, Dirablo );
If MemberX Self:Disabled, Enable )
Thea RemoveFromList{ Seif: Disabled, Enuble );
b _
1%
SustValue( Bxplain:Choices, Save, Load, -, Clear );
SeiVeiue( Explain: ChoiceMNames, &Save, &Load, -, &Clear );
SutValuo{ Expluin: Dissbled, Disable, Disuble, Disable, Enable );
 Bxphaln:DefanttMethod <« BExp;

wkkk INSTANCE: InterfaceMenu

MakeInstance( InterfaceMenu, Memz J;

Jeriiowkickekied METHOD; Clogse  ettikiohikiiiof
MakeMethod( InterfaceMenu, Closs, ],

{

HideWindow({ Seszionl );

1%
SetValue{ IntsrfaceMenu:Choices, Closa );
SetValue( Interfacellenu:ChoiceNames, &Close );

waokk INSTANCE: Inter
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Makelnstance( Inler, Root );
Frotmisttamion METHOD: Updale #iukidbiontchkicr/
MakeMetliod( Inist, Update, [1,

ilesetlmage( ComboBoxs );
I

Aokssirprretk METHOD: Type  fhbnbtttnibute/
MMM Inter, Type, [,

{
If ( Self: VariableType #= Anslog }
Thea {
Showlmaga( Sliderl );
Hidelmage( Bdit2 };

If ( Self; VanableType #= Discrete )
Then {
Showlmapge{ Edit2 );
Hidelmage( Stider! )
JH
A

n

Jtiiomessianiis METHOD: Changs  #ettbbbibieitnf
MakeMeothod( Inter, Change, {1,

{
If ¢ Not( Null?( Self:Item ) ) And Not¢ Null?( Self:Variable } } )
Then {
1 instance?( Self:Item )
Then {
Self:VariableType = SendMessage( Seifillem, GetVal,
Self:Variable, TYPE );
Self:TagName = SendMessage{ Scifiliem, GetVal,
Selft Variable, TAG ); :
Self:Value = GutValue( GetValue( {
Selfiltam;

}l

{
N # Self:Variable;
} )+ Variable );
If { Self:Value ¥= ERROR)
: Then Beep{ )
Elss {
}Beep( }H

-
¥

i
MakeStot( Inter: Valus };
SetslotOption( Inter:Valye, INHERIT, FALSE );
SetSlotOption( Inter: Value, NO_AUTG_ASK, TRUE );
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Inter: Value = 51.3;

SetSlotOption( Inter:Value, [P NEEDED, NULL );

SetSlotOptiond *ater: Valus, WHEN_ACCESS, NULL )%
SetSlotOption( Iuter: Value, BEFORE CTHANGE, NULL %
SetsictOption( Intet:Value, AFTER_CHANGE, NULL );
SetSlotOptica( Tnter: Valus, IMAGE, ComboBox2, Slidert, Edi2 );
MakeSjot{ Inter; TegNune );

SetSlotOptica( Inter: TagName, INHERIT, FALSE );
Intsc:TagName = FIPOZZ;

SetSlotOption{ Inter: TagName, IF_NEEDED, NULL );
SetSlolOption( Inter:TagName, WHEN_ACCESS, NULL )
SetSloiOption( Inter: TapName, BEFORE_CHANGE, NULL );
SetSlotDption( Inter: TagName, AFTER,_CHANGE, NULL )%
SetSlotOption( Inter: TagName, IMAGE, ComboBox7, Editl );
MakeSini{ Inter: VariableType );

SetSiotOption( Inter: VariableType, INHERIT, FALSE );
SetEloiOption( Inter:VariableType, ALLOWABLE _VALUES, Analog, Discrets );
Inter:VariableTyps = Analog;

SeiSlotOption( TotersVariableType, IF_NSEDED, NULL )%
SetSlotOption{ Inter: VariableType, WHEN_ACCESS, NULL )
SetSlotOption{ Inter: VarisbleType, BEFORE CHANGE, NULL };
SetSlotOption{ futer: VarisbleType, AFTER CHANGE, Typs );
SetSlotOption( nter: VarisbleType, IMAGE, RadicButtonGroupl Y
MakeSiol{ Inter:Item ;

SatSlotOption( Inter:1tem, INHERIT, FALSE );

Intersltem w P22;

SatSlotOption{ Inter: T, IF ' NEEDED, NULL ¥

SeiSlotOption( Inter:Itew, WHEN_ACCESS, NULL );
SatSlotOption{ Inter:item, BEFORE _CHANGE, NULL };
SetSloiOption( Inter:Item, AFTER_CHANGE, Change );
SetSlotOption( Iiter;Tiem, [MAGE ComboBoxd );

MakeSiot{ Tnters Variable );

SetSlotCption( Infer; Varinble, INHERIT, FALSE );

Intey:Variabis = Flow;

SetSloiOption( Inier: Varisble, IR_NEEDED, NULL );
SetSlolOption{ Inter: Varishle, WHEN_ACCESS, NULL };
SetSlotOptivaf Infer: Varisbln, BEFORE CHANGE, NULL );
SetSiotOption( Inter: Veriable, AFTER_ CHANCE, Change );
SetSlotOption( Inter: Varisble, IMAGE, ComboBox5, ComboBox2 );

kit INSTAMCE: Fils
Mzkelustance{ Fils, Root );

Jierionherkieeks METHOD: Save  etbblivchiokddon/
MskeMethod( File, Save, [}

{
Self:FileName = SelectFile{ "Save Kpowledge Base”, Seff:FileName J1;
1§ Noi{ Null?( Self:FifeName ) )
Then {
Pos(Busy{ ON, "Saving Knowledye ..." J;
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SendMessapel Self, Write, S2IfiFileName };
Global:Change = FALSE;
PostBusy{ OFF );

Elss {
Brrar( 2, NULL, NULL ):
b -
|31

ik METHOD: Load umm*w#;
MakeMethad( File, Load, {J,

{
Self:Backi? yFils = "CAFAPPAVHAL\BACKUPR KNB™;
Selg™ e = SelectFile( " Load Knowledge Buse®,
T Self:Path # "+ XNB" );
If Not( Nuli?{ SelF:FileName ) )
Ther {
PostBusy{ ON, "Loxding ..." %
Clear KB( );
Catchi¥rron{ {
InterpretFile( Sell:FileName );
Self:BackUpFile = SelfiFileName:
}

{
Error( 3, NULL, NULL );
132

PostBusy({ OFF 3;

| 31

ﬁ#ﬂmﬂmé METHOD; Writs  "hichbtiiohmk]
MikeMothod( File, Write, [FilsName ],

{
If CutchError{ UpeaWritoFile( FileName ), Error{ 24, NJLL,
. FileName ) }
"Then {
EnuprSubClasses{ Hems., Iiom,

{

WriteClass{ Hem );

GetinstanceList( Item, Self:Instance] ist )
EntmLisi( Self:Instancelist, Inst,

{
Writelpstancef Inst );
b3 1
%
EcumSubClasses( Actions, Action,
{
If Not( Action #= Default )
Then WriteClass{ Action );
GetlnstaaceListy Action, Seff:InstanceList );

Enumist{ Self:InstanceList, Lost,
{
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EnumSub(lusses{ Links, Link,

{

WriteClras{ Link );

etlnstancolist{ Link, Sell:InstanceList );
 YnumList{ Self:Tnstancel.ist, Insl,

{
WhitoInetene:( last );
| 3]
Ph
EnumSubClaseea{ Variables, Vae,

.
© WriteClass{ Var );
GetlnstanceList] Var, Self:lastencelist )}
BowmList{ Selfiturtancelist, Inst,

{
WriteInstance( Inst );
%

1
Writc AllRulea( );
WriteInstence{ Ruls );
CloseWriteFile{ );
}’ostBusy( OFF);
I3 '

Plesipspobintooik METHOD: BackUp  Soiommshiomioks]
MakeMethod( File, BackUp, [1,

{

PostBusy( ON, *Timed backup ..." 2

SendMesenge( Self, Writs, Self:BackUpFile );

PostBusy( OFF );

)
MakeSlot( File: FileNane );
SetSlutOptian( File:FileNamwe, INHERIT, FALSE );
File:FileNamo » *“CAKAPFA\HALNTESTL.KNBY;
MukeSiol( FilerinstanceList );
SerSiotOption{ File:InstanceList, INUERIT, FALSE );
SetSlotOptiont File:lnstanceList, MULTIPLE );
SetVelue{ Fils:TnstanceList, TKPOL_Level )
SetSlotOption{ File:InstanceList, IF._NEEDED, NULL };
SetSiolOption{ Pile:InstanceList, WHEN_ACCESS, NULL );
SetSlatQption( File:InstanceList, BEFORE CHANGE, NULL. )%
SetSlotOption{ ¥ile:InstanceList, AFTER_CHANGE, NULL );
MakeSlot{ File:EFileNoaus ¥;
Filo:EFileNama = “CAKAPPAPCAHATLASaI0404, Exp";
MakeSlot( File:Path };
SetStotOption( File:Path, INHERIT, FALSE );
File:Path = FormatVatue { "C:WKAPPAPCWHALW );
GetSlotOption( Pile:Path, IF_ NEEDED, NULL }
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Sstafotciptien{ Fle:Psih, WHEN_ACCESS, NULL );
SetShedpiSonl File: Patl, BEFORE_CHANGE, NULL );
Soutesiyisnt FileiPath, AFTER_CHANGE, NULL );
Makalllol Fie:BaekUpFile 3;

SaiSiotOntivel Pile:BackUpFils, INHERIT, FALSE );
Pinc Dok Uplile = "C:\KAPPA\HAL\BACKUPKNEB";

Bmw:erenu

ok B e e nde e e 0

M Brows:.-Menn, Menu );

: ME'mOD‘ m ‘W******’
. mﬂ( BrowserMenu, Closs, {],
_&M BROWSBR)); -

- METHOD: Retuarn  $hotinkbtmic s/
w BmmerMma, Retwim, 1],

BROWSER »

B M?( ShowinstanceMenn )

. Ty DelebsFuaction{ SkowlnstznceMenu );

L .: .' - m sm!mmm’ [ ohj 1, PopupMenu{ JtemEdit,

. obj, BROWSER ) );
SuowinstanceMeny;
U Prvetion?( ShowCisscMent )
Thea DeleteFunction( ShowClassMenn );

MukaFunetion{ ShowClagaMenu, | obj |, PopupMenu{ ItewBidie3,

obj, BROWSER } );
ShowClasgMenn;
PositioaWindow( BROWSER, 70, 70, 500, 300 )
SatMoanBar{ BROWSER, Browse:Menu );
SetBrowsesFocus( Tlems );
SetWindowTitle{ BROWSER, *ltetm Browser” );
ShowWindow( BROWSEK );
I
SetValue! BrowserMenu:Choiver, Cloge, Raturm )
SatValue{ BrowserMonu:ChoicaNames, &Close, SReturn );

ook
ek INSTANCE: EditDevice

Makelnstance( EditDevice, Mean );

Prowkswiiicokiiob METHOD: InitMenu  foisioiohiohdsdookig
MakeMethod( EditDovics, InitMenn, {owner ],

{

ClearList! Self:ChoiceNanwes );

ClearList{ Self:Choices );

AppendToList{ Seif:ChoiceNames, Self:iTempChoiceNames );
AppendToList{ SelfiChoices, Self:TempChotces );
ClearList{ Sell:VarList 33
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CloncList{ Ssif:SlotList );
QotSlotList{ owner, Self:Slotiist );
Bauml ist{ Seif:SlolList, Valus,

{
It MesaberZ{ Items: VaiidSiots, Value )
Then { :

AppendToL.ist{ Selft VarList, Value );
AppendToList( Self:ChoiceNames, Vatue );
AppendToLisi{ Sel®:Choices, Value );
| A

by

b

[rvengpikstidt METHOD: Ronome  Hobmiohkasohinin]
MakoMethod( BditDevice, Rename, [owner window choice ],

{
Self:Check = TRUE;
1f ( GetOwner( owner, choice } #+= owner )
Thea {
While (SclftCheck)
1

Selfinszme = ownor;
PaostinpitForm{ * Renams Varinble " ¥ owner, Selfname,
*New name” J;
1E { Not( Slot? owner, Self:name ) )
And Notf Null?{ Selfiname ) ) )
Then {
If Not( Mamber'N{ ownes: ValinSlots, Selfipame ) )
Thet AppendToList{ owner: ValidSlots,
Selfiname );
RenameSlot{ owner, choice, Selftname );
RemoveFromList{ owoer: ValidSlats, choics );
Self:Check = FPALSE;

|5
IF ¢ Muil?( Seif:orme ) Or Setfiname #= owner }
Then SelfiCheck = FAILSE;
I SeifiCheck
‘Then PoxiMessage{ "ERROR - Variable already exists” );

%
}
Elge {

Seif:Check = FALSE;
PosiMessage( "ERROR ~ Variable is inherited® );

Y
|31
rieskipiokk sl METHOD: Edit  #vediidopbiiiosf
MakeMethod( EditDevice, Bdit. {owner window choice |,

{
PostinpuiPorml "Edit Slot”, ownerichoice, * Slot" )
|1
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JHeeilitaions M ETHOD: Micﬁ L
MakeMothod( BditDrevice, Davices, [owner window choiea ],

{
Self:Punction = PapupMent Chrrice };
If { Self:Function #= Exdii )

Thon SendMeseryef Self, Edit, owner, window, choice );
If { Self:Function ¥« Delele )

Then SendMaasage( Seif, Dalate, owner, window, choics };
If { Self:Funclion #= Rename )

Thea SendMessape( Self, Resame, owner, window, choice };
31

fodrioreensipbek METHOD: Delote  Hobkttdipickibr)
MekeMethod{ EditDevies, Delete, [owner window choice ],

Self:name =+ PostMenu( *
Delete vasizhle * # cholce # * 77, YES,
NO);
If { Seffinams #= YES )
Thea {
DeloteSlot{ owner, choice };
I¥ Membor?( Ieras: ValidSlots, choice §
Then RemoveFromLisi{ ltems: ValidSiots, choice %
5
iy

m***** METHOD: AddDWiCﬂ *****Mﬂ**lﬁ*lﬁ‘f
MakeMethod{ EditDevice, AddDevice, [owner window chivice ],

{
Self:Chack = TRUE;
While {Self:Check)

SelliCheck = FAILSE;

Selfiname w NULL;

PastloputForm{ " Add Varisble - * # owner, Selfiname, *Varishle Name” );
BpumList{ Seif; VerList, V.,

{
If ( Not{ Nulf?( Self:name ) ) Aad ( ¥V #= Seifiname ) )
Then {

Self:Check = TRUE;
Self:Error m 1;
b

|35

If Member?( Items: ValidVars,

Self:uame;
})
Then §
Self: Check = TRUE;
SelBFrror = 23

b
If { Not{ Mull?( Selfiname ) ) And SelfiCheck #= FALSE )
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T {
*11f Not( Slot?{ owner, Selfiname ) )
Then §

MakeSlot{ owner, Self:nane );

¥
1f Not{ Memboer?( Items: ValidSlots, Selfiname } )
Then AppendToList( liems; ValidSlols, Self:names );
SendMessage{ Self, Edit, ownes, window, Selfimame };

Etss {
Belf:Brror = 2;

B
H Nall?2{ Seifin e )
Then Self:Chek » FALSE;
If Solf:Check
Then {
If ¢ Self:Error mw 1)
Then PostMossuge{ "ERROR - Device alrendy axists * )%
1If { Self:Brroy m= 2}
Then PostMessage{ "ERROR - Reserved nama” );
£
h
1}
SatVaine! EditDevica:Choices, AddDevics, - 3
SetValue{ BditDevice:ChoiceNames, "&Audd Device”, - );
- BditDevice:Defaulitethod wm Devices;
MszkeSlotf EditDevica:Sloilist );
SetSlolOption{ EditDevice:SlotList, INHERIT, FALSE );
SeiSlotCption{ EditDevice:SlotList, NO_AUTO_ASK, TRUE };
SetSiotOption( EditDevice:SlutList, MULTIPLE );
SefValoe{ EditDevice:SlotList, Inpuls, Outputs, ValidVars, Value List, NodeName, Counter, ValidSiots,
ItemNp, Lavel, NLovel );
SetSlotOption( EditDevice:SiotList, I1E_NEEDED, NULL, )
SetSletOption{ EditDavice:SiotList, WHEN_ACCESS, NULL );
SotSlotOption( EdiiDevice:SlolList, BEFORE_CHANGE, NULL )
SeiSlotOption( EditDevice:SlotList, AFTER_CHANGE, NULL );
MakeSlot( EditDevice: VarList );
SetSlotOption{ EditDevice: VarList, INI-IERI’I‘ FALSE );
SctSlotOption{ EditDavice:VarList, MULTIPLE );
¢ jearList{ EditDovicesVarList )
MakeSlol{ EditDevice: TempThoiceNames )
S-tSlotOption( BditDevice: TerapCholceNames, INHERIT, FALSE );
' 18iotOption( EditDevice: TempChoieeNames, MULTIPLE );
i» A¥nlee{ EditDevice: TempChoicelNames, "&Add Deviee”, - );
BetSlotOption( EditDevice: TempiihoiceNames, IF_NEEDED, NULL );
SetSlalOpfion{ BditDevice: TempChoiceNamey, WHEN_ACCESS, NULL );
SetSlotOption( RditDevice: TempChoiceNases, BEFORE_CHANGE, NULL );
SetSlotOption( EditDevice: TempChoiceMNames, AFTER_CHANGE, NULL );
MukeSlot( EditDevice: TempChoices ;.
SetSlotOptica( EditDevica:TempChoices, INHERIT, FALSE )
SetSlotOption( EditDevice: TempChoices, MULTIPLE };
SetValue{ EditDes ice: TempChoices, AddDevice, = )3
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SeiSictOption{ EditDevice: TempChoices, IF_NEEDED, NULL );
SstSiotOptioa{ EditDevice: TempChoices, WHEN_ACCESS, NULL %
SetSlotOption{ EditDevice: TempChoices, BEFORE_CHANGE, NULL
SetSlotOption{ EditDevice: TempChoices, AFTER_CHANGE, NULL );
MakeSloi( EditDevics:Chack );

SetSiotOption{ BditDevics:Chack, INHERIT, FALSE %
SetStotOption( EditDevice;Check, VALUE TYRE. BOOLEAN );
EditDevics:Check = FALSE;

SetSlotOption{ EditDevice:Check, IF NEEDED, NULL };
SeiSloiOption({ EditDevice: Check, WHEN ACCESS, NULL);
SetSlotOption( EditDevice; Check, BEFORE . CHANGE, NULL );
SetSlotOption( BdiiDevice:Check, AFTER_CHANGE, NULL )
MakeSlot( EditDevice.Error );

SetSlotOption{ EditDevice: Brror, INHERIT, FALSE X;
SetSlotOption{ EditDevice:Brror, YVALUE_TYPE, NUMBER );
EditDevica:Error = 2;

SetSlotOption{ EditDevice:Error, IF_NEEDED, NULL );
Se:SlotOption( EditDevice:Hrror, WHEN_ACCESS, NULL );
SetSiotOption( EditDevice:Error, BEFORE CHANGE, NULL );
SetSlotOption{ EditDevice;Error, AFTER_CHANGE, NULL );
MakeSlot{ EditDevice:name );

SetslotOption( EditDevice:name, INHERIT, FALSE );
SetSloiOption( EdiiDevicarname, IF_NEEDED, NULL );
SetSlotOption{ EditDevice:nume, WHEN ACCESS, NULL );
SefStotOption{ EditDevice:name, BEFORE _CHANGE, NULL )
SetSlotOption( BditDevice:nnms, AFTER_CHANGE, NULL });
MakeSlot( BditDevice: Function );

BditDevice: Function = Delete;

**** INSTANCE ItemVars

Malr.elnslance( ItemVam, Root );

)‘************M MBT}IOD: Init **M****MM"
MaksMethod{ ItemiVars, Tnit, [owner choice VariabisName ],

{
Textd:Title = "Variable * ¥ owner # * - * # choice;
Sclf:Owner = owner;
Seif:Choice = choice;
Self:VarName = VarizbleNzms;
Self:Ok = TRUE;
Self:UpperLimit = GetValue{ {
Salf:VarName;
}. UpperLevel );
Self:LowerLimit « GetValue( {
Self: VarName;
}, LowerLevel );
SelfiSetPoint = GetValue( {
Self:VarName;
}» SetPoint );
Self:LongText « GetValus( {
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Self: VarName;
}» LongText );
Self:ZhoriText = GefValoel {
Seff; VarName;
}» ShortText );
Self:PlantArea w GetValus( {
Self:VarNams;
}; PlantAres );
Seif:Dimengion == GetValue( {
Self:VarName;
3> Units );
SelfiType = GetValue{ {
Salf:Vadlame:
}» MesType );
Selfi Value = GetValue{ {
Self: YurName;
b Vasiatile );
Self:VarNo = GeiValue{ {
SolfiVasName;
}, Number );
If { Self:Type #= ANALOG)
Then {
Sendbossage{ Seif, Analog );

}
Elso { :
If { Self:Type #= BINARY )
Then {

SendMessagef Self, Binsry );

} .
Else SendMoessage( Self:Counter };

b
SelfiTag = CetValue( {
Self:VarName;

}: Tag );
ShowWindow( Session2 );

s

Jtiiiiorbink METHOD: GetDalz 4o smoibolikhf
MakeMethod( ItomVars, GeiDala, {],

{
If Not( Seli:Tag #= NONE }

Then {
If Not{ CatchBrror{ {
HBRead( SelfiTag, 1 );
}, HBError{ )} #= 40)
Then {
Self:Dimension = CatehBrroe( {
HBRead( Sell:Tag,
2%

{
SendMessage{ Self, Error };
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13
Self:PlantArea = CatchBrror( {
HBRead( Self:Tog,
5x
b

{
SendMessage( Self, Brror );
%
Self:ShortText = CatchError{ {
HBRead{ Self:Tag, -
6);
b

{
SendMessage( Self, Error );

)
Self:LongText = CatchErsor{ {
HERead( Self:Tag,
B H
b

{
SendMessape({ Self, Error );

1%
Self:Type = HBType( );
Setf:Condition = CatchError{ HECond( ), NULL )
If { SelfiType #= COUNTER )
Then {}
Efse If { Scli:Type #= BINARY )
"Then §
SendMessage{ Seif, Binary );
Self:Statel = CatchBrroi{ {
HBRead( Self:Tag,
2);
b

{
SendMessage( Self,
Emvor );
13
Scif:State0 = CatchBrror( {
HBRead( Self:Tag,
3%

{

SendMessage( Seif,
Error );

%

}
Else {
SendMessage( Self, Analog )i
Self:Min = CatchBrror{ {
HBRoad( SeiftTag,
4y
h
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‘\r'.

{.
SendMepsage! Sulf,
Error 3;

I H
SelfiMax = CatchError( {
HBRead( Self:Tag,
3%
|5

{
SendMessape( Self,
Error );
| B
- %

.:WMETHOD':  IPR————
T doiiebod( listVars, Ervor, [1,

{
Beep( )
 SaoadMassege( Explanation, Error, HBBrrorMsg( ) )}
" BendMessagel Bxplanation, Error, SelfiTag );
CaichBrroc{ HBCIose( ), FALSE );
CatchBrroe{ HBOpen( Global:StationlD> ), FALSE ); |
Belf:Ok = FALSE;
NULL;
}

| ettt METHOD: Analog  Aoiiolhsdoikmion]

MakeMethod{ temVars, Analog, {1,

{
Showlmmpe( Slider2 );
Sipwimage( Stider3 );
Showlimage( Sliderd );
Hidelmnge( Edit3 );
Hidelmage( Edits );
Hidelmaga{ Textil });
Hidelrozgef Text13 );
Hidelmage( Text16 %
Showlmagel Bdits );
Showlmage( Edil7 );
Showlmzge{ Editd };
Showinsge{ Textd );
Showimage( Texts );
Showlmage{ Text? J;
I ( Not( Null?( Self:Max J ) And Not( Nul?( Self:Min } } )
Thea {
SetSlotOption{ Self, SetPoint, MAXIMUM_VALUE, Self:Max );
SetSiniOption( Self, SctPoint, MINIMUM_VALUE, Self:Min );
SetSlotOption{ Self, UppetLimit, MAXIMUM _ VALUE, Self:Msx );
SetSlotOption( Seit, UpperLimit, MINIMUM_VALUE, Self:Min );
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SetSlotOptioa( Seif, LowesLimit, MAXIMUM_VALUE, Self:Max );
SetStotOption( Self, LowesLimit, MINIMUM_VALUE, Seif:Min );

' b
i

Prtoknssiatoins METHOD: Binary  owstoiiobios]
MakeMethod( ItemVars, Binary, [,

{

HideImage( Text4 );
Hidelmage{ Texls J;
Hidelnge! Text7 );
Hidelmage( Edit4 );
HideImage( Edit6 );
Hideltaage( E<i7 );
Showlmage{ Edit3 );
Showlmige( Edit5 );
Showlmage{ Text11 };
Showlmage( Text13 %
Showlmage{ Textib ¥
Hidelmage{ Slides2 );
Hidelmage( Sliderd );
Hidelmage{ Sliderd );
i

Pbichtshnmitis METHOD: Updaty  Sssisitiokbiobbobny
MzkeMelhod( ItemVars, Update, {],

{
If { Ok And Instance?( Self: VarName )} )
Then {
Self: VarName: Tag = SelfiTag;
Self: VarNams:SetPoint = Self:SetPoint;
Self: VarName: UpperLovel = Self:UpperLimit;
Self: VarName:LowerLevel = Self:LowerLimit;
Self; VarName:Units = Self:Donension;
Self:VarName:FlantArez = Self:PleatArex;
Self: VarName:LongText = SelfiLongTexi;
Self:VarNume:ShoriText = Self:ShoriText;
Self: VarName:MesType = SelliType;
Self: VarName: Viriable = Self:Value;
Self: VerName:Number = Self-VarMo;
If ( Self:Type #= ANALOG )
Then {
Self: VerName:Typs = Anrlog;

b
If ( Self:Type #= COUNTER }
Then {
Self:VarName:Type = Analog;

h
IF ( Selfi Type #= BINARY )
Then {
Self: VarMamei Type = Discrete;
ClesrList{ Self: VarName:StateList );
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i CloarList( Self:VarNume:StateValues );

- AppeadTolisi( Seif: VarNume:SiateList, SelfiState] );

. AppendToLint{ Self: VarName:StxteValuss, 1 );

" AppondToLisl( SelF: VarNnme:State] ist, Self:Stated );
AppendTolist{ Self: VarName:SiateValues, 0 ;

1€ No%g NulI7( Seif:Max ) ) And Noi{ Nult?{ Self:Mitr ) ))
Thea i
SelSotOption( {
Seif:Owoer;
3

{ .
Self:Chuioe;
¥, MAXIMUM_VALUE, Scif:Max );

SetSlotOption( {
Self:Owner;

{ .
Self:Choice;
}, MINIMUM_VALUE, Sel&:Min );

SeiSlatOption{ GetValue({ Self;VarName ), SetPoint,
MAXIMUM_VALUE, Self:Max );

SetSiotOption{ GetValue{ Self:VarName ), SctPoiat,
MINIMUM_VALUE, Sel&:Min };

SetSlotOption{ GetValus{ Self:VarNanie }, LowerLevel,
MAXIMUM_VALUE, Self:Msx );

SetSlotOption( GerValue{ Self: VarNume ), LowerLevel,
MINIMUM_VAILUE, Sell:Min );

SelSlotOption{ GetValue( Self: VarName ), UppesLevel,
MAXIMUM_VALUE, Sclf:Max %

SetSlotOption{ GotValue{ Self: VarName }, UpperLevel,

" MINIMUM_VALUE, Self:Min };
e :

4
HideWindow( Sessioa? );
ShowWindow{ BROWSER ;
1B H

Probsoisomioldonit BIETHOD; Countep  foketiotoiidorikf

MakeMethod( IRemVaurs, Counter, [},

{

Showlmsge! Slides? );
ShowImage( Slider3 )
Showhnage{ Slidced ;
Hidelmage{ Edit3 };
Hidelmage( Edit5 );
Showlmage Edits );
Showlmage( Bdit7 );
Showlmage( Editd );
Showlmage( Text4 );
Showlmage( Text6 );
Showlmage( Text7 );
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SetSlotOption( Self, SetPoint, MAXIMUM_VALUE, Self:Mux };
BatSlotOption{ Self, SetPoint, MINIMUM_ VALUE, Self:Min );
SetSle-Option( Self, UpperT.imit, MAXIMUM _VALUE, SeiftMaz );
SetSiotOption( Self, UpperLimit, MINIMUM_ VAUJE SelfiMin )
SetSlotOption( Sels; LowesrLimit, MAXIMUM _VALUE, Self:Max J;
2stSlotOption( Self, LowerLimit, MIN!MUM__VALUE, Self:Min );
¥

Iniidcianriirs METHOD: Type SWtbiniasts/
MakeMethod( ftemVars, Type, [,

{
I ( Self:Type #= ANALOG)
Then SendMessage( Self, Acsiog );
If ( Sclf:Type #= COUNTER }
Then SendMessage{ Self, Counter );
If { Self:Type #= BINARY )
Then SendMessage{ Self, Binary );
|3
MakeSkot{ ltemaVars:Max );
SetSluiOption( ltemVars:Max, INHERIT, FALSE };
SetSloiOption( ItenVars: Max, YALUE_TYPE, NUMBER );
HemVars:Max = 100;

. SetSiotOption( ItemVars:Max, IF_NEEDED, NULL );
" SatSlotOption( HemVars:Max, WHEN_ACCESS, NULL );

SetSlotOption{ HepaVars:Max, BEFORE_CHANGE, NULL };
SefSlotOption{ ItasmVara:Max, AFTER CHANGE, NULL );
SetSlotOption( [temVars:Max, IMAGE, Edits );

MakeSlol{ IlemVars:Min );

SetSlotOption( HtemVats:Min, INHERIT, FALSE );
SetSlotOption( MemVars:Min, VALUE_TYPE, NUMBER );
IiemVars;Min = 0;

SctSlotOplion( ItemVars: Min, IF_NEEDED, NULL %
SetSlctOplioal ItemVars:Min, WHEN_ACCESS, NULL )
SetSlotOption( lemVars:Min, BEFORE_CHANGE, NULL };
SeiSlotOption( ItemVars:Min, AFTER_CHANGE, NULL );
SetSiaiOption( NemVars:Min, IMAGE, Bdit7 );

MukeSlot( HtemVars: Condition );

TtemVars: Condition = NULL;

MakeStot( temVars:Tag );

SetSlatOption( HemVars: Tag, INITERIT, FALSE );
IternVars;Tay - LIPOOZ;

SetSlotOption( ItemVars:Tag, AFTER_CHANGE, GetData };
SetSlotOption( ItemVars:Tag, IMAGE, Editi2 );

MakeSlot{ liamVars: VarName );

SetSlotOptiont ItemVare: VarMName, INHERIT, FALSE );
TtemVacs: VayName = TKPO1_Level;

SutSlotOption( temVars: VarName, IF_NEEDED, NULL );
SetSlot0Option( ltemVars: VarName, WHEN_ACCESS, NULL );
SetSlotOption( temaVars: VurName, BEFORE_CHANGE, NULL );
SetSlotOption( NemVars: VarlNams, AFTER_CHANGE, NULL );
MakeSlot( ItemVars:ShoiText );

HemVars:ShortText = Level;
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SetSiotOption{ ItemVars:ShoriText, IMAGE, Edit8 );

MakeSlot{ TtensVars:LongText );

SelSlotOption{ ItemVars:LongText, INHERIT, FALSE )
ItemVars:LongText = NULL;

SetSlotOptan( RtewyWars:LongText, IF_NEEDED, NULF. :,
SatSlotOption{ temVars:LongText, WHEN_ACCESS, NULL );
SetSlotOption( ItemVasn:LongText, BEFORE_CHANGE, NULL };
SetSlotOption{ temVars:LongText, AFTER_CHANGE, NULL );
SetSlotOption{ emVars:LongTert, IMAGE, Bdit9 );

MakeSlot( ItemVars:Type );

SetSlotOpdon( llemVars: Type, INHERIT, FALSE );
TemVars:Type = ANALOG;

SetSlotOption{ temVars: Type, I¥ NEEDEDR, NULL );
SetSlotOption( ItemVars: Type, WHEN_ACCESS, NULL );
SetSlotOption( IlemVacs:Types, BEFORE_CHANGE, NULL );
SeiSlotOption( itermVars: Type, AFTER_CHANGE, Type );
SetSlolOptioal ItemVars: Type, IMAGE, RadioButtonGroup3 );
MakeSlot( ltemVars: Dimension );

SetSlolOption{ ItemVars: Dimension, INHERIT, FALSE );
H{emVars:Dimensicn = FormatValue { "“W%" 3

SetSlotOption( IlemVars: Dimension, "F_NEEDED, NULL );
SciSlotOption( e Vars: Dimension, WHEN_ACCESS, NULL );
SetSlotOptica( TlemVars:Dimension, BEFORE_CHANGE, NULL };
SetSlotOption{ HemVars:Dimension, AFTER_CHANGE, NULL );
SuSiotOption{ ltemVars:Dimension, IMAGE, Editd );

MakeSloi{ ItemVars:PlantArea );

SetSiotOption( ItemVars:PlantAres, INHERIT, FALSE );
IiemVars:PlantAres o= P;

SetSlotOption( Item Vars: PlantArea, IF_NEEDED, NULL };
SetSlotOption( ItemVare:PlantArea, WHEN_ACCESS, NULL );
SetSlotOption{ lten™ ers:PlantArex, BEFORE _CHANGE, NULL );
SetSlotQption{ TlemVars:PlantArea, AFTER_CHANGE, NULL );
ZetSlotOption( HemVars; PlantArea, IMAGE, Editii );

MakeSlot( TtemVara: Statel );

HemVars:Statel = ON;

SetSlotOpson{ ItemVars: Siatel, IMAGE, Edit3 };

MakeSlol{ IterVara: State0 );

SetSlotOption{ BemVars: StateD, INHERIT, FALSE );
ItemVars:SiateG = OFF;

SetSiotOption( ItemVars:Slated, ITF_NEEDED, NULL );
SeiSlotOption( ItemVars: State0, WHEN_ACCESS, NULL );
FetSlotOption( IemVars:Stated, BEFORE_CHANGE, NULL )%
SetSlotOption( ltemVars:Statef, AFTER_CHANGE, NULL );
S«tSlotOption( JlemVars:Siate0, IMAGE, Bdit5 );

MakeSlot{ IternVars: UpperLimit );

Sa181olOption{ HemVars: UpperLimit, INHERIT, FALSE );
SetSloiOption lemVare: UpperLimit, VALUE TYPE, NUMBER );
Set3lotOption{ HemVass:Uppertimit, MINIMUM_VALUE, 0 );
SetS] Gption{ MemVars:UpperLimit, MAXIMUM_VALUE, 20 );
TtemVars:UpperLimit » 100;

SetSletCption( TtemVars; UpperLiroit, IF_NEEDED, NULL );
SctSlotOption{ HemVars:UpperLimit, WHEN_ACCESS, NULL )
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SeiStolOption{ lemVars: UpperLimit, BEFORE_CHANGE, NULL )%
EniStotOption( ItemVaraiUpperLimit, AFTER_CHANGE, NULL )
SetSletOption{ FiemVars: UpperLimit, IMAGE, Sliderd };
MakeSlot{ HemVers:SatPaint J;

SeitSlotOption{ HomVare:SetPoint, INHERIT, FALSE );
SotSlotOption({ TtemVars:SetPoint, VALUE_TYPE, NUMBER );
SetSlotUption( HemVars:SetPoint, MINIMUM_VALUE, G );
SeiSletOption( TemYars: SetPoint, MAXIMUM_VALUE, 20 %;
ItemVars:SetPoint = 50;

SatSTotOptiotl eV SetPoint, IF_NEEDED, NULL )
SetSlotOption( RemVars: SetPoint, WHEN_ACCESS, NJLL );
SetBlotOption( ItemVars:SetPoint, BEFGRE_CIIANGE, NULL )
SeiSlotOption{ itemVars:SetPoin, AFTER,_CHANGE, NULL );
SetSlotOption{ IteraVars:SciPoint, IMAGE, Slid=3 );

MakeSlot{ ItemVars:LowerLimit );

SeiflolOption{ HemVars: LowerLimit, INHERIT, FALSE );
SetSiotOption( ltemVars:LowerLimit, YALUE_TYPE, NUMBER );
SetSlolOption{ ItemVrs:LowerLimit, MINIMUM_VALUE, 0 );

" SeiSlotOption( HemVass:LowerLimit, MAXIMUM_VALURE, 20 );
IsmVaurs:LowerLimit = Q;

SetslotOntion( ItemVers:LowsrLimit, IF_NEEDED, NULL );
SetSlotOption{ IteraVars: LowerLimit, WHEN_ACCESS, NULL y
SetSletOption( JtemVars:LowerLimit, BEFORE_CHANGE, NULL );
SetSlotOption{ ItemVars: Loweslimit, AFTER_ CHANGE, NULL )
SetStotOption( ItemVara:LowerLimit, IMAGE, Slider2 %

* o Yot! temVarsOk );
- Dp;innl_' ItemVare:Ck, INHERIT, FALSE );

SetagrOption( tomVarz. Ok, VALUE_TYPE, BOOLEAN );
[tamVass:Ok = TRUE;

SelSlotOption( IiemVare: Ok, IR, NEEDED, NULL );
S=1SiotOption( MemYam: Ok, WHEN_ACCESS, NULL };
SetSlotOption{ TtemVars: Ok, BEFORE_CHANGE, NULL )
SeiSloiOption( BemVars:Ok, AFTER CHANGE, NULL )
SetSlotOption{ ItemYars: 0k, IMAGE, CheckBoxd J;

MaukeSlot( It Vars: Owner );

ItemVars:Owner = TKP01;

MakoaSiot( IlemVars:Cloice );

DomVas:Choice = Level;

MakeSlot{ ItemVars:Value };

SelSlotOpticn( IemVare: Value, INHERIT, FALSE );

TtemVara: Vales = 0;

SetSlotOption{ ltemVars: Value, IF_NBEDED, NULL )
SetSlolOption( TtemVars: Vatue, WHEN_ACCESS, NULL };
SetSlotOption( JiemVars: Value, BI:FORE CHANGE, NULL );
BetSlotOption( tensVars: Value, AFTER CHANGE, NULL )
ZetSlotOption( IlemVars: Value, lMAGE, Editld ;

MakeSIot{ temVars:VType );

MekeSlol( ItemVars; VarlNo );

ItemVars: VarNo e= 3;

SetSlotOption( IteraVars: VarNo, IMAGE, Editl5 );

i
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e++ INSTANCE: ActonDisp

Makelnstancel ActionDinp, Rent J;
Frptscptactinkins METHOD: Display —#ticdobidoniwios]
MaksMethod({ ActionDisp, Display, [],

{
If Not( Hull?( Self:CarrentChoice } )
| R {
Clexs Transeriptinmage( Action );
DisplayTexi{ Actina, FormarValue{ "\n " # Time( ) ¥
- - [ ] # Datq )
" ACTION *
¥ Self:CurrentChoice
# ") Y

DisplayText( Action, FormatValue{ "\u ") );
DisplayText{ Action, Self:CurrentChoics:Root:Message );
DisplayTaxi{ Acticn, FormatValue{ " It is recommended that you-\n ") );
DisplayText{ Action, FormatValue{ "\n ")}
DispinyText{ Action, Seli.CunrentChoice: ActionMesy );
DispleyTexi( Action, FormatValue] "n" ) );
If GetValve{ {
Self: CurrentChotce;
}+ Acknowledge )
Then { Self:Acknowledged == ACKNOWLEDGED )
Else Self: Acknowledged ra NULL;
5
1)

[kt METHOD: Init bkl f
MakeMethod{ ActionDisp, Init, [},

CleatTrarseriptimape( Action );

ClearLisl{ SigleListBox1, AllowableValges );
ClesrList{ SeiftActions )

SelfsAcknowledged a NULL;
Self:CurrentChoice = NULL;

SelfiChoicePos =

¥

Jickdkndiciokliik METIIOD; Ragot  dokakotoiobookskohor
MaskeMethodt ActionDisp, Reset, [1,

{
If { LengthList( Self: Actions ) == 0)
Then §{
Self:CurrentChoice = NULL;
ClearTranscriptmage( Action );
|6
13
MakeSiol{ ActionDisp:CurreniChoice );
SeiSlotOption{ ActionDisp: CrrentChoics, INHERIT, FALSE );
ActionDisp:CurreatChoice = NULL;
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SetSlutOption{ ActionDisp: CurrentChoics, IF_NEEDED, NULL )
SatSlotOption{ ActionDisp: CurrentChoice, WHEN_ACCESS, NULL %
SetSiotOption{ ActionDisp: CurrontCholes, BEFORE CHANGE, NULL );
SetSlotOntion{ ActionDisp:CurrentChoics, AFTER_CHANGE, Display );
SstSiotOption{ ActlonDisp:CorrentChoice, IMAGE, SingleListBoxi )
MaksSlol{ ActionDisp: Ackaowladged );

SaiSlolCption( ActionDisp; Acknowledged, INHERIT, FALSE );
ActionD¥isp: Ackaowladged = NULL;

SeiSlotOption( ActionDisp: Acknowledged, IF_ NEEDED, NULL )
SetSlotCption{ ActivnDisp: Acknowledged, WHEN ACCESS, NULL )
SetSlotOption{ ActionDisp: Acknowledged, BEFORE_CHANGE, NULL );
SetSlotOption( ActionDisp:Acknowlzdged, AFTER_CHANGE, NULL )
SetSiotOption( ActionDigp:Acknowledged, IMAGE, StxteBox1 };
MakeSlot( ActionDisp:Actions );

SetSlotOption{ ActionDisp: Actions, INHERIT, FALSE );

SetStotOptiva( ActionDisp: Actions, MULTIPLE };

SetSlotOption{ ActionDisp: Actions, VALUE_TYPE, OBJECT };
SetSlolOption( ActionDisp: Actions, ALLOWAELE_CLASSES, Actions );
ClesrList{ ActionDisp; Aclions );

SetSlotOption{ ActionDisp:Actions, IF_NEEDED, NULL );
SetSiotOption( ActionD¥isp: Actions, WHEN_ACCESS, NULL );
SetSlotOption{ ActionDisp: Actions, BEFORE_CHANGE, NULL )
SetSlotOption( ActionDisp; Actions, AFTER_CHANGE, Reset );
MakeSlot{ ActionDisp:ChoicaPos );

SetsiotOption{ ActionDisp:ChoicePos, INHERIT, FALSE ¥
SetSlotOptina( ActionDisp:ChoicePos, V4 i.UE TYPE. NUMBER )
ActionDisp:ChofcePos = 0

SetSlotOption{ ActionDiggr:ChoicePos, IF_NEEDED, NULL );
SetSlotOption{ ActionDisp:ChoicePos, WHEN_ACCESS, NULL );
SetSlotOption( ActionDisp:ChoicePos, BEFORE_CHANGE, NULL );
BetslotOption{ ActionDisp; CheicePos, AFTER_CHANGE, NULL );
SetSlotOption{ ActionDisp;ChoicePos, IMAGE, Editl0);

et INS'I'ANCE LmkEdltZ

Lk

Muke[nsmnue( LinkEd:tZ Menu §;

Jrideaibdciok METHOD: Instance ks
MakeMethod( LinkEdit2, Instance, [owner window choics ],

{
Self:Check = TRUE;
Whils (Self:Check)

PostinpuitForm{ * Ne » Instancs * # owner, Self:Instance,
*Instance name" );
If ( Noi{ Null?( Self:Instages } ) And { Not{ Irstance?( Self:Instance ) )
And MakelInstance{ SelfiInsluuce,
owner ) ) )
Then ( Self:Check = FALSE )
Elve If Not{ Nuli?{ Self:Instance ) )
Then PostMessage{ Seif:instance ¥ " already exists!™ 3
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1F Null?( SeM:Instance )

"fhen Self:Check = FALSE;
b
| 7

Jadviokkddorkddoiik METHOD: SubClags  fovkiioknkiohio)
MakeMethod{ LinkEdit2, SubClass, [owner window choice ],

{
Self;Check = TRUE;
While (SelfiCheck)

{

PostInputForm{ * New SuhClass ¥ ¥ owner, SelfiSubClass,

*Subllass name” %;
If { Not{ Class?{ Self:SubCilass ) ) And MakeClass( SelF:SubClnss,
owaer ) )
Thea Self:iCheck = FALSE;

If Nuli?( Self:SubClass )
Then SelfiCheck = FALSE;
b
j 31

Flokmprsthok METHOD: Delete  Akiokiokdakdokmk)
MukeMethod( Linki$1#2, Delele, [owner window choice ],

If { CountInstances! owner) == 0)
Then {
If  PostMenu( " Delete * ¥ owner # " 77, YES, NO)
f= YES Y}
Then DeleteClass( owner );

}
Elso PogtMessage{ "ERROR - Frase fustances of class frst™ );
BT

Pioeickiiolopiohiciiod MMETHOD: Repame  tolobttiaiohioikif
MskeMethod{ LickEdit2, Rename, [owner window choica ],

{

Self: Check = TRUH:

While {SelfiCheck)
{

Selfioame = owper;
PostinputForm{ * Rename Class " # owner, Self:name, "Now Class name® );
If { Not{ Class™{ Self:raime ) ) And Not({ Null?( Self:name ) )
And RenameClass{ ownet, Selfiname ) }
Then SelfiCheck = FALSE:
IF { NullT Selfinames ) Or Selfiname #= owner )
Then Self:Check = FALSE;
If Selft Check
Then PostMessage( "ERROR, - Inst2nce already exisis” );
h
3+

Fokotorioloikiddk M ETIIOD: 'ImlMenu Hudesuse ok diedeokedal f
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MakeMethod( LinkEdit2, InitMenu, [owner ],

{
IF { ovner #= Links }
Then AppendTeList{ Self;Dissbled, Rename, Delete, Bdit, Move )
}Blsa ClearList{ Self:Disabled };
%

LinkEdit2:X = 46;
LinkEdit2:Y = 120;
SetValuz( LinkBdit2: Choices, Instance );
SetSiolOption( LinkEdit2:ChoiceNames, NO_AUTO _ASK, FALSE );
SetValue{ LinkEditZ;ChoiceNames, "Add &Insiance” );
ClearList{ LinkEdit2:Disabled };
MakeSlot{ LinkEdit2:Check );
SetSlotOption{ LinkEdi2:Check, IMHERIT, FALSE );
SetSlotOption( LinkEdit2: Check, NO_AUTO_ASK, TRUE );
SetSlotOption( LinkBdit2:Check, VALUB_TYPE, BOOLEAN );
LinkHdit2:Check = FALSE;
SatSlotOption( LinkBdi2: Check, IF_NEEDED, NULL X%
SetSlotOption{ LinkEdit2:Check, WHEN_ACCESS, NULL );
SeiS10i0ption( LinkBdit2:Check, BEFORE_CHANGE, NULL );
SelSlotOption( LinkBdit2:Check, AFTER_CHANGE, NULL );
MakeSlot{ LinkEditZ:Instance };
SeiSlotOption{ LinkEdit2:Instance, INHERIT, FALSE )
SetSlotOption( LinkBdit2:Instance, If_NEEDED, NULL );
SeiSiotOption( LinkEdit2:Inslunce, WHEN_ACCESS, NULL );
SeiSlotOption( LinkEdil2:Instance, BEFORE_CHANGE, NULL )
SetSlotOption( LinkEdit2:Instance, AFTER_CHANGE, NULL );
MakeSloi{ LinkEdit2:8ubClass );
Li=kEdit2:SubClass = Hello;
MakeSlot( LinkEdit2:name );
LinkBditZ:nams == A _TKPOI;

P "
[

ek INSTANCE: Simulation

e

MakaInstance{ Simulation, Root );

Jovionbnicchink METHOD: Dvaluale  $teiktaoiiiin)
MakeMethod{ Stmulalion, Evaluats, [1,

{

BelfiD_Tinae = GatTime{ ) - SelfiLast_Time;

SelfiLagt Time = GefTime( )

EnumList{ Sclf:Evaluate, X, SetValue( Self, X, Seli:X ) );

|3

Jrokriickesoink 3 ETHOD: LIPOO2 u‘m*mmmnu{
MakeMethod( Simulation, LIPOO2, [Slot Level 1,

{
{ Levit 7 100 * 12000 + ( Self:D_Timo * ( PO3:Flow - PO2:Flow ) ) )
{120
¥h
MakeSloi{ Simulation: Evaluate );
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SetSiotOpiont Simulation: Evajuate, INIIERIT, FALSE )
SetStotOption] Sitmlation:Evaluate, MULTIPLE );

SetValue( Sinwlation:Evaloate, LIPDO2 );

SetflotOption( Simulation;Evaluate, IF_NEEDED, NULL );
SetSlotGption{ Simulation:Evaluate, WHEN_ACCESS, NULL )
SetSlotDption{ Simulation: Bvaluate, BEFORE_CHANGE, NULL
SetSlotOption{ Simulation:Evaluate, AFTER_CHANGE, NULL )
MakeSlot( Simulation:1LIP002 )

SetSTotOption{ Simulation; LIPO02, INHERIT, FALSE );
SctSlutCplion( Simufation: LIPOD2, VALUE_TYPE, NUMBER );
Simolation:LIPO0Z = {3.7306694674992;

SetSlotOption! Simulation: L1002, I¥ NEEDED, NULL )
SetSlotOptivn{ Stmulation:LIPO02, WHEN_ACCESS, NULL );
SciSlotOption( Simulation:LIP002, BEFORE CHANGE, LIP002 );
SetSlotOption( Sinmulatton:LIP002, AFTER_CHANGE, NULL );
MakeSiot Siamlation:Last Time );

SutSletOption{ Simulation:Last_Time, INHERIT, FALSE )
SatStotOption{ Simulation;Last_Time, VALUE_TYPE, iWUMBER );
Simulation:Last_Time = 338710.608791;

SetSlotOption( Simulation;Last_Time, IF_NEEDED, NULL );
SetSlotOption( Simutation:Last_Time, WHEN_ACCESS, NULL };
SutSIoiOption( Simulation: Last_Time, BEFORE_CHANGE, NULL );
SctSlotCption{ Simuation:Last Time, AFTER_CHANGE, NULL );
MakeSiot{ Simulation:D_Time );

SetSlotOption( Simulation:D_Time, INHERIT, FALSE );
SetSfotOption{ Simulation:D_Time, VALUE_TYPE, NUMBER );
Simulation:D_Thine = 60;

SetSiotOption( Simulation;D_Time, IF_NEEDED, NULL )
SetSlotOption( Simulation:D_Time, WHEN_ACQCESS, NULL );
SutSloiOption( Stmulotion:D_Time, BEFORE_CHANGE, NULL j;
SetSlotOption{ Simulation:D. Time, AFTER_CHANGE, NULL );

i

Makelnstance({ HalEx, Traoscript );
HalEx:SessionNumber = 0;

HaiBx;Title = "HAL Expert - Explanation Window™;
SetValue( HulEx:ForegroundColor, 0, 0, 0 };
SetValue{ HalEx:BackgroundColor, 0, 253, 255 );
SetValue{ HalEx:ForegroundCaolas2, 0, 0, 0 );
SatValoe! HalEx:BackproundColor2, 255, 255, 255 );
HalEx:Widih = 462;

HalBEx:Height = 247;

HalEx:Visible = TRUE;

HalEx:X = 70;

HalBx:Y = 14

HalEx:VertScroll = TRUE;

HalBx:Horaf ol = TRUS;

HalEx:Font = Helv;

HalEx:TexiSize = §;

Hailin:Bold = FALSH;
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SetSlotOption( Sinmlation:Bvaluate, INHERIT, FALSE );
SetSlotOption( Simulation:Evaluate, MULTIPLE );

SetValue{ Simuletion:Bvaluate, LIP002 );

SetSiotOption{ Simulation:Evaiuats, IF_WEEDED, NULL )
SetSlotOption( Simulation: Evalvats, WHEN_ACCESS, NULL );
SutSlotOption{ Sialation:Evaluats, BEFORE_CHANGE, NULL );
SeiSiotOption{ Simulation: Evaluats, AFTER_CHANGE, NULL );
MakeStol{ Simulation.LIP0O02 );

SeiSlctOption{ Simulaiion: LIP00Z, INFIERIT, FALSE );
SeiSlotOption{ Simulation:LIPDO2, VALUE_TYPE, NUMBER ),
Simnlation:LIPO0Z = 13.7306654674992;

SetSlotOption{ Simulation: LIPQ02, IF_NEEDED, NULL )
SetSlotOption{ Simulation: LIPO0Z, WHEN_ACCESS, NULL );
SetSlotOption( Simnfation: LIP002, BEFORE_CHANGE, LIPO0Z );
SetSlotOption{ Simulatirm: L1POO2, AFTER_CHANGE, NULL ):
MakeSlot{ Simaulation:Last_Time );

SatSlotOpiton( SimalationsLast Tine, INHERIT, FALSE );
SetSlotOption( Simulation:Last_Time, VALUE_TYPE, NUMBER );
Sinwifation:Last_Time = 338710.608791;

SetSlotOption( Simpiation:Lest Time, IF_NEEDED, NULL );
SutSlotOption{ Simulation:Last_Time, WHEN_ACCESS, NULL );
SetSlotOption( Simulation:Last_Time, BEFORE_CHAMGE, NULL );
SeaSlotOption( Simulation:iast_Time, AFTER_CHANGE, NULL );
MakeSlot( Simulation:D_Time );

SetSiotQption{ Simulation:D_Timy, INHERIT, FALSE };
SetSlotOption{ Simuation:D_Time, VALUB_TYPE, NUMBER );
Simulation:D_Time = 60;

SatSlotOptinn{ Simuiaticn:D_Time, IF_NEEDED, NULL )
SeiSlutOption( Stmulation:D_Time, WHEN_ACCESS, NULL )
SetSlottption( Sinmlation:D_Time, BEFORE_CHANGE, NULL );
SetSlotOption], Simulation:D_Timwe, AFTER_ CHANGE, NULL );

o INSTANCE: HalEx

dissavks
L

Muk:.lnsmuoe( HalEx, Tmmnpi B
HulEx:SessionNumber = 0;

HalEx:Title = *HAL Expert - Explanstion Window™;
SetValue( HalEx:ForegroundColor, 0, 0, 0 );
SetValue{ HalEx:BackproundColor, 8, 255, 265 );
SetVatue{ HuiBx:ForegroundColocz, 0, ¢, 0 );

Set Vafue{ HulBx:BackgroundColos2, 253, 255, 255 );
HelBx:Width = 462;

HalEx:Height == 247;

HulEx:Visible « TRUE;

HalEx:X = 70;

HelBx:Y w 113

HalEx: VertScroll = TRUE;

Heitix:HorzScroll = TRUE;

HalBx:Font = IHelv;

HalBx:TextSize = 8;

HalBx:Boldt = FALSE;
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HalBx:Underline = FALSE;
HalEx:Italic =« RALSE;
HalEx:StrikeOut = FALSE;

HalHEx: VectorFont == CVP02_ScrewCon;
HalHx:Font? = Helv;

Hallix:TextSizel = 3;

Hallin:Bold2 = TRUE;
HalEx:Uaderline2 = FALSE;
HalEx:Itslic2 = FALSE;
HalEx:StrikeQn2 = FALSE;
HaEx:TextVeciorZ = CVPO2_ScrewCon;
Resetlmage { HalEx );

*eer INSTANCE: Error

Makelustance{ Error, Transcript );
Error:SessionNumber = 0;

Error:Title = ERRORS;

SetValue( Error:ForegroundColor, 0, 6, 0 );
SetVaitue{ Error:BackgroundColor, 255, 0, 0 );
SetValue{ Error:ForegronndColor2, 0, 0, 0 )%
SetValue( Error:BackgroundColoer2, 255, 255, 255 );
Error: Widih = 431;

Error:Helght = 94;

Error:Visible = TRUE;

ErsonX = 96;

Error:Y = 336;

Error;:Font = Helv;

Error:TextSize = 8;

Eryor:Bold » TRUE;

Btroe;Undeding = FALSE;

Ercor:Italic = FALSE;

Error:StrikeOut = FALSE;

Error:VeclorFont = CVP0O2_Screw(Con;
Error; VertScroll «»= AUTO;

Error:Horz8croll w» AUTO;

Error:Font? = Helv;

Error:TextSize2 = B;

FrroriBold2 = TRUE;

Brior:Underline? = FALSE;

Lusonitalic? = FALSE;

Error:StikeOut2 = FALSE;

Error: TextVector2 = CVPO2_ScrewCon;
Resetlmage { Error );

skt INSTANCE: Action

Lok ol Labi e ) L £ |-"
Makelnstance( Action, Transcript );
Action:SessioniNizmber »= 3;
Action:Title = "Action description™;
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