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Introduction

Main purpose

The objective of this master thesis is to translate the OSI-instructions (see
chapter 3) used at the nuclear power plant of Barsebiick into an expert
system. Presently, the use of such a system would not be possible in a real
situation due to problems of guaranteeing totally error free performance. So
rather than this, the implementation should serve as a means to demonstrate
the expert system technique as a whole and also as a step in gaining
knowledge about equipment that is likely to be used in a near future.
Furthermore the system might find some use as a tool in the training of
operators for OSI. The expert system shell which will be used in this task is
G2 from Gensym corp.

The instructions of OSI are represented in the form of flow charts being by
nature deterministic, containing no uncertainty, in the sense that the action to
be performed next depends only on the result of the previous action and
nothing else. We might even go so far as to claim that the OSI-instructions,
at least in some respect, already represent an expert system, guiding an
operator, through the use of the total knowledge gained by the experience of
previous operators, contained in a tree-like structure. Bearing this in mind,
we understand that the implementation will not demonstrate G2 or for that
matter, the expert system technique itself, at its full power, if we by this
mean concepts such as the testing of hypothesises or reasoning about
uncertainties. Rather the emphasis should fall within finding a suitable
graphical representation of the charts, displaying and storing the reasoning in
an easy-to-follow animated fashion, and also within designing a
man-to-machine communication with the system which, in a logical and
compact form presents the operator with any requested information or
knowledge about the present state of the process or retrieves information
concerning actions previously performed.
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Expert systems

This chapter will give a brief introduction to the concept of expert systems
concentrating on systems using rule-based knowledge representation.

Introduction

Knowledge-based systems or expert systems is an area of AI that has
expanded rapidly over the last few years. It is not very easy to give a
definition that covers the term expert system but as a characterisation the
following might serve: An intelligent computer program that uses knowledge
and inference procedures to solve problems that are difficult enough to
require significant human expertise for their solution. As opposed to
conventional programming that relies on an algorithmic behaviour, expert
system in particular apply to problems that lack such analytic solutions due to
their being in some way too complex or ill-structured. The expert system
instead tries to imitate the reasoning strategy and knowledge representation
of a human expert. Another unique property of expert systems is that the
knowledge of the system is incorporated explicitly in a separate part of the
program, called the knowledge-base, being both readable and easy to modify
due to it being built incrementally, where as in every conventional high-level
language the knowledge is expressed in the ordinary program statements.
Different expert systems use different methods of encoding the facts and
relationships that constitute the knowledge of the system. Such approaches
to use are: semantic networks, frames, logical expressions, rules, and
object-attribute-value triplets. Of these only the last two will be examined in
this chapter.

O-A-V triplets

Objects may be used to represent parts of the knowledge of a system in many
ways: physical, conceptual, or abstract entities. The characteristic properties
of an object is represented by its attributes which may obtain values through
manipulations performed on them by other parts of the data base.

Objects are often structured into a hierarchy of classes and subclasses where
the subclasses inherit the properties of the superior classes as well as they
might include their own specific properties.






G2

This chapter contains an overview of G2, the expert system shell used in this
project, concentrating mainly on the facilities actually used in the
implementation.

Technical description

The main parts of G2 are: the knowledge-base, a real-time inference
engine, a procedure language, a simulator, the development environment,
the operator interface, and optional interfaces to external on-line data
servers.

Classes and objects

The above-all class in G2 is the item or to put it in other words: everything
in G2 including rules, objects, buttons, text boxes, graphs is an item! The
items are ordered into a hierarchy and do all have graphical representations
through which they can be manipulated in such ways as: cloning, changing
size or colour, displaying its attribute table and so on, by the user.

The major item of G2, apart from the rules themselves of course, is the
object. The object is the item over which the user has the largest control.
When defining an object the user specifies the properties of the object: i.e.,
its attributes and creates a graphical representation of the object using an
icon editor. The user also places the objects into a hierarchy of his own
choice in which single inheritance of attributes applies. The objects
themselves can be used to represent almost any concept of an application.
They can represent the physical entities of an application, carrying attributes
which match the properties of the real ones and having graphical
representations which at least in some respect resembles the real objects.



On the other hand objects might be used to represent abstract entities having
no graphical representation whatsoever.

The values of an attribute may be of the following kinds:
constants,
variables,
parameters,
lists,

other objects.

Constants may be numbers, symbolic values, logical values, or text
strings. Unlike, for instance variables, constants can only receive new
values by the user explicitly changing them in the attribute table of the
object.

Variables may receive new values during run-time and are defined from
four basic predefined classes:

quantitative variables, i.e., real-valued variables,
symbolic variables,
logical variables,

text variables.

With each variable comes an attribute subtable which contains a set default
attributes, such as: the current value of the variable, the source of the
variable, e.g., the inference engine, the simulator, or an external data
server, the validity interval of the variable, e.g., how long the value should
remain valid, etc. All things said about variables also apply to parameters
with the difference being that parameters always have a current value.

Lists may contain arbitrary values belonging to a predefined class or
objects defined by the user. Basic operations on lists are, as one might
expect, the ability to insert or remove items on either side of the list and
referring to items in ways such as:"the second to last item in list-1",
etc.

An object also has the option of containing other objects as attributes. By
doing so the object being an attribute can have no iconic representation. To
give an example: having represented a car as an object with attributes such
as colour, brand, etc., we might choose to represent the wheels as
object-attributes of the car having their own attributes such as radius, etc.



Objects can be static, i.e., they are created explicitly by the developer,or
transient, i.e., they are created (or deleted) dynamically during
run-time.This in combination with G2 containing actions for moving,
rotating, and changing the colour of an object renders the user rather great
opportunities to create animations.

Connections

Connections form a way of representing relations between objects, perhaps
mainly physical ones such as wires and pipes, but occasionally also
abstract ones. Connections have graphical representations, attributes, are
defined in a connection hierarchy similar to objects and may be defined as
having a direction or not.

A connection may be attached anywhere onto an object or to a pre-defined
port on the object which may have a port-name. Using connections we
obtain a convenient way of referring to objects in rules and so on, for
instance an expression such as: "the water-tank connected to
water-tank-1". Unlike the case with objects there is no way in G2 to
create connections during run-time. For this purpose there exists another
predefined class: relations. Relations can only be created during run-time
and may not have any attributes or hierachial structure. Since these are not
used in the actual implementation I will not penetrate this further.

The rules

In G2 a rule is represented by a rule icon where the icon is the textual
representation of the rule.

The rules of G2 are of five types:

Initial rules

If rules

When rules

Unconditional rules

Whenever rules
The rules of G2 refer to objects, connections, and their attributes in natural
language style syntax and like other G2 items have attribute tables in which
to specify properties such as: scan-time, search strategy, under which

circumstances the rule should be evaluated (back or forward chaining),
focal categories, focal classes, focal objects, etc.



"Initial rules" are, as one might guess, used to set up the state of the system
and may look like: initially conclude that every water-tank is
empty, where empty is a symbolic value of an attribute of the class
water-tank.

"If rules" are fired through forward or backward chaining. As an example
we might consider the following slightly naive G2-rule: if weather is
raining and any person is outdoors then conclude that the
person is wet (1), where "weather” is a symbolic variable able to obtain
the values raining or not-raining and "person” is an object definition with
variable attributes matching the values "outdoors" and "wet". Suppose that
"weather" is raining and another rule is fired which concludes that John
is outdoors, where "John is an instance of the class "person”. In that
case (1) will fire for the item"John" through forward chaining and the
conclusion will be: John is wet 1i.e. the attribute of John which is able to
have the value "wet" will receive this value.

Another possibility is that for some reason the expression weather is
raining becomes true, in that case the inference engine will forward chain
once again and scan through all members of the class "person” changing
the adequate attribute of each one being "outdoors" to "wet".

Yet another possibility is that G2, evaluating another rule needs to find out
whether a person is wet or not, thus activating (1) through backward
chaining.

"When rules" may not be invoked through backward or forward chaining,
instead they are invoked repeatedly through a scan interval specified by the
developer. A typical "when rule" may look like: when tank-1 is empty
then inform the operator that "Tank-1 is empty!". This rule will
be evaluated in let us say 20 second intervals if so specified even if tank-1
should become empty" in between".

"Unconditional rules" are simply equivalent to "if rules" with the left hand
condition always being true. Example: unconditionally conclude that
every tank is empty. A rule of this format may only be invoked by a
scan interval or by an invoke action in another rule, which is something we
touch upon later.

"Whenever rules" rules allow asynchronous rule firing on events such that:
a variable receives/fails to receive a value, or an object is moved by G2/the
user. "Whenever rules" may not be fired through forward or backward
chaining and of course not by a scan interval.



As we have seen there are several reasons for a rule to be fired, three of
them are already familiar: forward and backward chaining and the fact that a
rule is an initial rule.

There are however more opportunities in G2:

invoke: this command tells G2 to invoke all rules of a particular category.
For instance: invoke safety rules tells G2 to
invoke all rules that have safety as a focal category.

focus: this command tells G2 to focus on a particular object,
referred to as the focal object. In order to do so G2
invokes all rules that have the object as a focal object
or one of the objects superior classes as a focal class.
Consider the following rules: initially focus on
tank-1 and if any tank is empty then inform
the operator that "A tank is empty" with the
latter having tank as a focal class of which tank-1
is an instance. When G2 focuses on tank-1 in
invokes the second rule just for this tank and not for
every tank in the application.

There are two further ways to invoke rules in G2: by "wakeup" and by
activating an object, but since they are not used in the application, they will
not be described here.

Procedures

The "tricky" part in programming using rules compared to conventional
programming is to make sure that a given set of actions are performed in the
right order when so needed.

For this purpose procedures have been introduced in the recent versions of
G2. The procedures of G2 are rather Pascal-like in their programming style
and are allowed to have attributes, just like any other G2 item. The allowed
procedure statements include all the rule actions, assignment of values to
local variables, if-then-else statements, case statements, repeat
statements, exit if statements to exit loops, and go to statements. It is also
possible to temporarily halt a procedure using a wait statement. A wait
statement causes G2 to stop processing the procedure until either a specified
time has elapsed or a condition is met. Procedures are executed by G2's
procedure interpreter. The procedure interpreter cannot be interrupted by
other G2 processing, i.e., the inference engine or the simulator.



Experiences of G2

Working with G2 has indeed been a both pleasant and instructive
introduction to the concept of knowledge based programming. For my
application G2 has proven to be an in every sense ideal tool. The more
obvious advantages of G2 would include items such as:

Generic rules: Making it easy to add or subtract new items, when
needed without having to change the background structure.

Connections: Giving the possibility to create a structure in which
objects are referred to through physical and visible connections.

Graphic based development environment: Giving great
possibilities to create, copy and move parts of the knowledge
base through simple mouse interaction.

The user interface: Through the use of buttons and workspaces
it is easy to design a suitable way for an intended user to
communicate with the system.

From my point of view it proves to be rather difficult to find any real
disadvantages of G2. But none the less a very mild form of criticism would
be to say that G2, at least in the later versions, contains too much, i.e., to
many ways of referring to objects through a variety of rule categories,
making it virtually impossible to be well acquainted with every aspect of it.
This sometimes makes it very tempting to start with the design of a system
without first analysing the problem properly in order to find the simplest and
perhaps most appropriate solution.
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The structure of OSI and
criteria for its conversion into
an expert system

This chapter will give a description of the OSI-plans and in connection with
that, demands and constraints that should be imposed upon the conversion of
the plans into an expert system.

Description of OSI

OSI stands for (in Swedish): "De Overgripande stérningsinstruktionerna",
which in english litterature normally translates into something like:
"Emergency Operational Procedures (EOP)".These plans contain the
instructions for how the operators at the nuclear power station should cope
with the different sorts of disturbances that might occur.

OSl is divided into eight categories of disturbances:

REAKTIVITET
(reactivity)

ONORMAL VATTENNIVA I REAKTORTANKEN
(abnormal water level in the reactor-tank)

ONORMALT TRYCK I REAKTORTANKEN
(abnormal pressure in the reactor-tank)

ONORMALT TRYCK I REAKTORINNESLUTNINGEN
(abnormal pressure in the reactor-containment)

11



ONORMAL TEMPERATUR I
KONDENSATIONSBASSANGEN
(abnormal temperature in the condensation-pool)

ONORMALT LAG VATTENNIVA I
KONDENSATIONSBASSANGEN
(abnormally low water-level in the condensation-pool)

ONORMALT HOG VATTENNIVA I
KONDENSATIONSBASSANGEN
(abnormally high water-level in the condensation-pool)

DIFFUST LACKAGE
(diffuse leakage)

Each one of those is represented in the form of a flow chart, consisting of
one up to three A4-pages (see appendix B).
The nodes upon the flow charts fall into three categories:
questions (labelled: KONTROLL) concerning the present state of the
reactor environment, such as "Is the water level in the reactor tank
sinking?" which are always to be answered simply by "yes" or "no" by
the operators or .
actions (labelled: ATGARD) to be performed by the operator such as:
"Activate FILTRA !" or simply pieces of useful
information (labelled: INFO) such as: "The reactor is probably not
shut down!",

To each of the eight OSI-plans there exists an entrance value, i.e, a condition
under which the activities of the particular plan apply. For instance to plan
nr. 4 (irregular temperature in the condensation pool) the condition is: "The
temperature of the condensation pool is more than 28° C." In the case of
some of the plans this gives the operator a possibility to enter the plan at a
node different from the actual starting node, that is, if the operator already
knows that the temperature of the condensation pool is more than, let us say
150° C, he does not have to answer a number of questions whose sole
purpose would be to find out that this is true. This possibility does however
not apply to all of the plans. The way in which the operator uses the
OSlI-plans is of course rather straight forward, answering the questions
posed, performing the actions supplied while marking his route with a pen.
To his aid there is to each page an opposite page providing information on
parameters to that plan in the form of diagrams, curves, sketches, and so on.

Each of the nodes also contains information in coded form telling the
operator where in the control room to retrieve the information required or
where to perform the necessary action. Furthermore to each plan as well as
to each node there exists, if so needed, additional more detailed explanatory
information which is represented in separate documents and not on the plans
themselves.

12



Demands on the implementation.

From our knowledge of the structure of the OSI-plans we can at this stage
make some reflections on how the implementation should be done. As we
have seen the plans simply pose questions and suggest actions in a totally
well-defined and deterministic manner, i.e. it does not leave any of the
reasoning to the operator. As a consequence of that, the implementation as an
expert system needs not contain the knowledge, confined in the plans, as a
de facto knowledge base and the rules will not have to perform any
reasoning from the state of parameters of the real process. Rather the system
should be based on rules responding to instructions from the operator, i.c.,
mainly based on forward chaining, displaying an animated graphical version
of the paper version and providing the operator with requested information in
an interactive, self-explaining, and user friendly manner.

The minimum set of demands that should be imposed on the implementation
is, in my opinion, the following:

It should display a neat and fairly realistic version of the paper plans
marking the question or action which is under consideration at the
moment by changing the colour of the node and also marking nodes
already dealt with, thus making the operator "feel at home" and making
him able to follow the reasoning. When or if necessary the plan should be
moved by the system since all of the plans are too large to be contained
within the boundaries of the screen and having the text upon the nodes
visible at the same time.

The system should provide the operator with a large version of the text of
the node being considered at the moment and of course at the same time
provide him with a means of answering the question or confirming that
the action has been successfully performed.

The operator should have the option to obtain further explanatory
information regarding the question or action displayed. The operator
should also be able to get a computer version of the pages opposite to the
pages containing the plans.

The system should contain a facility to keep history on each plan,
enabling the operator to replay all the previous steps on each plan in the
same animated manner as otherwise. While moving back or forth at his
own choice he should be given information as to at what time these nodes
were visited and what the answer was in case of a question, still having a
large version of the text of the node displayed to him and still being able
to retrieve further information.

When choosing a plan the operator should be provided with the entrance
values of that particular plan and asked to confirm as to whether it applies
or not. If there, as I have mentioned earlier exists a possibility to choose
between different "levels of entrance”, he should be able to do so.

13



And last, but by no means not least, since there is a distinct possibility
that more than one plan applies at the same time, the operator should have
the ability to switch between different plans in whatever manner he
pleases and while his doing so the system should keep track for him,
making sure that he returns at the same position where he left.

How these conditions are met and implemented into G2 will be examined in
the next chapter.

14



5

Description of the _
implementation of OSI

This chapter will the describe the over-all structure of the expert system and
in particular closely examine the object definitions and rules used in the
implementation.

Class definitions

The fundamental object of the system is an item which I, in a stroke of vivid
imagination, chose to call a box. The icon of a box is a rather naturalistic
copy of the real alternative and action boxes of the OSI-plans (picture 5.1).

AB.1
; 4 Initiera kontroll enl. «—_____ﬁ._TQLl

ONORMALT HoG —
VATTENNIVA | 316. area?

picture 5.1
The icon consists of two layers: areal and area2.

Areal has the ability to change from white to green and does so when
the box is reached through a previous action or question thus indicating
that the question or the action of the box is the one currently to be
considered.

Area2 changes from white to red indicating that the question of the box
has been answered or that the action has been undertaken.

The text posing the question or describing the action is simply placed above
the boxes in the form of G2 text boxes and has no real connection with the
boxes (in the form of being an attribute or otherwise). Each box has a
subworkspace which contains a large version of the text upon it. During
run-time this subworkspace will be displayed at bottom centre of the screen,
the instant its box is under consideration.

15



The attributes of a box are the following:

state: a symbolic variable with values active or
non-active

process-state: a symbolic variable with values
in-process or not-in-process

type: a symbolic variable with values alternative,
action or end

The state attribute of a box being active indicates that the question or the
action of the box is the one presently under consideration on that particular
plan. Since the user can shift from one plan to another without finishing the
latest one, due to circumstances, there might be several boxes active at the
same time, at the most eight (the total number of plans).

A box that is not active is non-active.

The process-state attribute of a box being in-process indicates that the box
is on the plan currently being worked upon, which means that all boxes on
that plan is in-process and all other not-in-process.

An important observation to make is that, although there might be several
boxes active and certainly are several boxes in-process at the same time,
there is always exactly one both in-process and active.

This gives us a handy way of referring to this, the most important box, in
rules etc. for instance through the expression: "if any box is active and
the box is in-process..."

The type attribute indicates whether the box poses a question, suggests an
action or is a terminal node of the plan.

Each box has six named out-ports, representing the real connections of the
OSI-plans, two named: yes-out, two named: no-out, and two named:
uncond-out.

To each of these there exists a corresponding in-port. The reason for
having doublets of every port is just practical, making it easier to imitate the
connections of the real plans.

Corresponding to the ports we have three connection classes: yes-conn,
no-conn and uncond-conn.

These classes have no attributes and each one is made up of three black
stripes, i.e., they are in fact identical. The reason for this is once again
practical, giving the opportunity to use different colours during the
construction of the plans to avoid mix-ups.

16



At this stage we can already guess that the basic rules for graphically moving
through the "knowledge trees" should read something like: "if answer is
yes and any box B is active and B is in-process then conclude
that the box connected at the yes-out of B is active..." where

answer is a symbolic variable which receives values "yes", "no" or, "check".
This is indeed quite simple and not very far from the truth.

The second object definition we describe is the dot.

Dots are used for moving the plans in order to keep the active box visible
because, unfortunately, as every plan originally consists of up to three
A4-pages it is not possible for the screen to contain the whole plan and keep
the text readable at the same time. The mechanism for this will be described
more thoroughly later. The icon of a dot is simple enough: it is represented
merely by a geometrical point.

Every plan contains exactly one dot which makes a total of eight dots,
labelled: central-point-a, central-point-b, ..., central-point-h.
Since the dots are the only objects that are unique on each plan and also
carry names, it is quite convenient to use the dots for carrying and storing the
necessary information of the whole plan through their attributes.
The attributes of a dot are the following:

process-state: a symbolic variable with values in-process or
not-in-process

entrance-name: a symbolic constant
step-list: a list of boxes
time-list: a list of time-keepers

The process-state attribute indicates whether the dot is on the plan
currently being worked with or not, in total analogy with the process-state
attribute of a box.

The entrance-name attribute is simply the name of one of the
entrance-boxes that applies to that particular plan (see the definition of an
entrance-box). This attribute is necessary since the entrance-boxes are
located on separate workspaces without names.

The step-list and time-list of each dot are G2-lists used for storing the
history of each plan.

Each dot, just as every box has a subworkspace which in this case is
designed like and serves as a "control board" for the plan. During run-time,
this subworkspace will be displayed at the lower part of the screen whenever
a particular plan is entered (see picture 5.2).

These boards each contain four buttons labelled:

17



meny (menu): displays a menu containing buttons for each of the plans
enabling the operator to shift to a new one.

terstill (reset): resets the plan to same state it was before it was worked
on, ridding it of all memory of previous steps.

bild (picture): displays a computer version of the opposite page in the
paper version of OSL

steg (step): sets the system to a mode in which it is possible to reproduce
the history of the plan.

JA

NEJ

OHDRMAL VATTENHIVA | REAKTORTANKEN B2.1.4 Trycket i RT hogre an
e | [ mea | [wormu] [0 | KONTROLL PA10 || 22 bar? (jaine))
| |
picture 5.2
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The third object definition we describe is the entrance-box (picture 5.3).

SS eller

overskridet +

gransvarde.

picture 5.3

These items are iconical representations of the different levels of entrance
mentioned in chapter 4. When choosing a plan which has not been entered
before, the system will display a workspace containing entrance-boxes
labelled by the entrance values that apply to this plan and by clicking on an
entrance-box the operator will be able to choose where to start.

Each instance of this class only has one attribute: box-name, which is the
name of the box it refers to (only boxes that correspond to a level of entrance
have names). To this class I have defined a user-menu-choice which is a
facility in G2 that allows the user to define an action that should be
performed on the object when clicking on it (the object). In our case this
action reads: conclude that the box named by the box-name of the
item is active and hide the workspace of the item, where item
refers to the entrance-box.

The fourth object definition is an item called: add-inf (additional
information). The icon is, as in the case of a dot merely a geometrical point.
Members of this class carry no attributes, instead their sole purpose is to
hold a subworkspace containing the explanatory text associated with every
question/action. An instance of this class is placed on the subworkspace of
each box. When the operator clicks on the text of the question/action
proposed to him the subworkspace of the add-inf containing the
explanatory text is displayed. This is again achieved through a
user-menu-choise for free-text. The action performed when clicking on
a free-text is the following: show the subworkspace of the add-inf
nearest to the item. This facility is only available for a small fraction of
the questions/actions since implementing it fully would be more of a job for a
full time secretary.

The fifth and last class definition described is the time-keeper. This class
has no iconic representation and no permanent instances. It carries three
attributes: proc-hour, proc-minute, and proc-answer. During run-time
instances of this class are created transiently and inserted into the time-list
of the dot of the of each plan. Through actions of the rules base their
attributes are supplied with information on when each box was dealt with
and what the answer was.
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These five object definitions are really the only ones in the system apart from
two or three of which the icons are merely used as pictures holding no
attributes. Neglecting these, we will instead describe a number of additional
item definitions necessary to understand the next part of this documentation.

Answer is a symbolical variable which is used to retrieve the response from
the operator on the questions posed by the system. Answer gets the
symbolic values: yes, no, or check where check confirms that the
operator has undertaken the action proposed by system. The operator makes
his response by clicking on buttons labelled "JA", "NEJ", or "OK" located at
two different workspaces named: optionl and option2 (picture 5.2),
which pop up during run-time. Through the rule base the system guarantees
that in the case of an alternative box, the operator is given only a yes/no
option and in the case of an action box only the check option.

Show-step is a logical variable, being false indicating that the system is in
the normal operative mode in which it responds to the answers and actions of
the operator as described earlier. The situation of show-step being true
represents a functional mode in which the previous historical events of plan
may be reproduced by the operator. The variable is used in the left hand side
as a condition separating the rules that apply to each of these two modes. The
variable is initially false and becomes true only by the operator pressing the
steg-button.

The next item is a list named track which due to actions of the rule base
always contains the box, considered by the operator at the moment, as its
sole element. This may seem strange, considering what has been said earlier,
since the proper way to address this box should be through its unique
property of being both active and in-process. This is still true for most of
the rules but in the case of a rule with a left hand side like: if answer is
true and any box B is active and B is in-process... , which
normally will be triggered by answer obtaining a value and not by a box
becoming either active or in-process, this would be rather slow since G2
would scan this rule for each and every instance of the class box. Therefore
track in some cases gives a fast and convenient way of reference.

Before we drown in any more definitions I would like to summarise what we
already know by presenting the rules I consider being the fundamental ones,
describe them and explain in what order and for what reasons they are
invoked and thereby, hopefully, give an insight as to how the system works
in the operative mode.
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The basic rules

The rules we will consider, in this section, are the following:

@)

if any box B is active and B is in-process then
in order

remove the first box from track and

insert B at the beginning of the box list track

The first of these rules: (1), ensures us that the box in track always is the
box currently being considered. This rule could be fired in two ways, either
by a box that is in-process becoming active by the operator responding to a
question/action or by the operator swiiching to a plan where there is an active
box thus making it in-process.

@)

if any box B is active and B is in-process then
invoke moving rules

Rule (2) fires as the same time as the previous rule and invokes a rule
category moving rules. These rules decide whether or not the plan has to
be moved in order to keep the current box visible and in that case how much
(moving rules are described in the next section).

3)

if any box B is active then
change the areal icon-color of B to green

“)

if any box B is non-active then
change the areal icon-color of B to white

These two rules (3) and (4) are simple enough: when the operator has
responded to a question/action from the system, the colour of the new box
that comes into consideration changes to green thus marking it, while the
previous box changes back to its original white colour.

Note that these two rules for marking boxes apply in both modes.
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®

if any box B is active and show-step is false then
insert B at end of the box list the step-list of the dot
upon the workspace of B

Rule (5) is used for keeping history and it simply states that if a box becomes
active in the operative mode (show-step is false), i.e., as a consequence of
rule (7), this box is saved in the step-list of the dot on that particular plan
(the dot upon the workspace of B) to be used in the previous step
mode.

(6)

if any box B is active and show-step is false then
in order

create a time-keeper TK and

insert TK at the end of the item list the time-list of
the dot upon the workspace of B

Rule (6) fires at the same time and for the same reason as the previous rule.
It creates a transient time-keeper and adds this to the time-list of the dot
on the plan.

This transient time-keeper is used for preserving the time the box was
dealt with and the answer. This might seem a bit strange since one might
think that we could use the boxes in step-list for this purpose, provided
they be supplied with the proper attributes. We can not however and the
reason for this is that the same box can appear at several places in the
step-lists and assigning a proc-hour, proc-minute, or proc-answer to
one of these would change these attributes of the box at other places in the
list.

)

if answer is yes then

in order

conclude that answer has no value and

conclude that the box in track is non-active and

change the area2 icon-color of the box in track to red and
conclude that the proc-answer of the last time-keeper in
the time-list of the dot upon the workspace of the first
box in track = "JA" and

conclude that the proc-hour of the last time-keeper in the
time-list of the dot upon the workspace of the box in
track = the current hour and

conclude that the proc-min of the last time-keeper in the
time-list of the dot upon the workspace of the box in
track = the current minute and

conclude that the box connected at the yes-out of the box
in track is active
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Rule (7) is the response from the system to a yes-answer. It exists in two
more almost identical versions corresponding to the no- or check-answers.

If we examine the actions one by one, what it does is the following: It
concludes that answer is no longer yes which is crucial because otherwise
this rule would not respond to a second yes-answer from the operator since
answer would already be yes. It changes the area2 colour of the current
box to red, thus marking it as having been "visited" and concludes that it is
no longer active. It saves the answer of the operator and the time in the last
time-keeper in the time-list of the dot upon that plan. Finally it concludes
that the box at the yes-out of the box in track is now active.

@®

whenever the process-state of any dot D receives a
value and when the process-state is in-process and
not(there exists a box B such that B is active and B is
in-process) then

show the workspace of the entrance-box named by the
entrance-name of D with its bottom center at the
bottom center of the screen

Rule (8) might be somewhat difficult to interpret, but in short what it says is
the following: if the operator has chosen a plan (any dot D is in-
process) and there does not exist a box both active and in-process, i.e., the
plan has not been worked on before, then G2 should display the workspace
containing the corresponding entrance-values for that plan (the workspace
of the entrance-box named by the entrance-name of D).

&)

if any box B is active and B is in-process and
B is alternative and show-step is false then
show optionl

Rule (9) fires when the operator has responded to a question/action and
thereby made a box active or when he has switched to a plan on which there
exists an active box, thereby making it in-process. The action of the rule is to
show a workspace named optionl which contains two buttons labelled JA
and NEJ of which the action is to conclude that answer is yes respectively
no.

This is in the case of the box being alternative which is a left hand side
condition. There two more similar rules for the case of the box being action
or end. The first of these has: show option2, as the right hand side,
where this workspace of course contains a button for concluding that
answer is check. In the case of the box being end the response of the
system is to hide both optionl and option2 and to display a message
telling the operator to choose a new plan.
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(10)

for any box B if there exists a box connected at the
yes-out of B then
conclude that B is alternative

Rule (10) concludes that if a box has got another box connected at the
yes-out of it then the type of the box is alternative. There are to more
versions of this rule, one stating that if a box has another box connected at its
uncond-out then its type is of action, and one stating that if a box has no
other box connected at its out-ports then it is of type end. These three rules
are invoked through backward chaining when other rules refer to the type of
a box in their left hand conditions, such as the previous rule (9). As a matter
of fact this is the only situation throughout the whole system where
backward chaining actually occurs, which is quite in line with what has been
pointed out earlier about the system being mainly data driven, responding to
the actions of the operator through forward chaining.

For the simplicity of the run time example that will follow we may consider
one more rule which in fact does not exist:

11

if any box B is active and B is in-process then
show the subworkspace of B at the bottom center of
the screen

This rule (11) is quite simple. It merely states that when a box comes under
consideration either as a consequence of rule (7) or by the operator switching
plans G2 should display the subworkspace of this box at the bottom of the
screen i.e. the large version of the question/action. The reason that this rule
does not exist is, although it might seem logical enough, is that it would
display the subworkspace at random time and in the case of the plan having
to be moved it might even end up behind the plan. Because of this, I have
found it easier to have this rule embedded as actions in rules and procedures
that move the plan.

Having these eleven rules in mind it should be quite easy to understand the
basics of how the system works in a short run time example.
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We consider a situation where the operator is working on a plan and decides
to shift to a plan which has not been previously worked on. To shift plans
the operator first presses the menu button on the control board of the plan he
is currently working with. The action performed by this button is simply:
show menu with its bottom center at the center of the screen.
Located on this workspace, now displayed, are eight buttons each one
referring to one of the eight plans of OSI.

Let us assume the operator chooses the first plan (reactivity). The action
performed when pressing this button is:

in order

conclude that every box is not-in-process and
conclude that every dot is not-in-process and

show central-point-a 100 units above the center of the
screen and

conclude that every box upon the workspace of
central-point-a is in-process and

conclude that central-point-a is in-process and

show the subworkspace of central-point-a

The conclude actions of this button assures us that the boxes and the dot of
the first plan are in-process and that none other are.

The button also displays the plan (show central-point-a) and thereafter
displays the control board of the plan (...the subworkspace of
central-point-a).The actions of the seven other buttons are identical except
that they of course refer to other dots (central-point-b and so on). The
fact that central-point-a becomes in-process and that there are no boxes
both active and in-process causes rule (8) to fire, displaying the
workspace of the entrance-box named by central-point-a which is this
case contains only one level of entrance (picture 5.4). When clicking on
this entrance-box the following action is performed, as we have seen earlier:
conclude that the box named by the box-name of the item is
active and hide the workspace of the item. Or to put it in other
words one, previously determined box on the plan, becomes active and the
workspace of the entrance-box disappears. The fact that a box which is
already in-process becomes active causes the following things to happen.
Rule (1) fires placing the box as the single element in track. Rule (2) fires
and invokes the rule category moving rules. Rule (3) fires changing the
colour of the box to green. Rules (5) and (6) fire, adding the box to the
step-list of central-point-a and creating a transient time-keeper which
is placed in the time-list of the same dot for future use. If we assume that
the active box is of type alternative, rule (9) will also fire, backward
chaining to rule (10), and after that displaying the workspace named
optionl thus presenting the operator with a yes/no alternative. Finally the
non-existing rule (11) will fire, displaying the question of the box (picture
5.5). At this stage the operator will preferably try to answer the question by
pressing either the JA or NEJ button. If we assume that the answer is yes
rule (7) will fire.
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Through this, the box will become non-active while its area2 icon-colour
changes to red thereby marking it as a member of the group of boxes already
having been dealt with at least once, the answer and the time of the answer
will be stored in the step- and time-lists of central-point-a. Finally a
new box located at the yes-out of the previous box will become active. The
previous box becoming non-active will cause rule (4) to fire, changing its
colour back to white. Apart from this, the fact that a new box has become
active will start the chain of rule firing all over again.

Let us now assume that the operator decides to change back to the plan he
was working with earlier. When pressing the button for that plan on the
menu, the operator will cause all boxes on that plan to become in-process.
Since there exists a box that is active on this plan this box will now be
placed in track while all the relevant rules will fire presenting him the with
the question/action for this box and with an option to respond to it. Apart
from the capability to shift plans and responding to question/actions
presented to him the operator, all the time, while working with a plan, has
four more options: to press the dterstéll-button which resets the plan by
concluding that all boxes on it are non-active and emptying the history
keeping lists of the plan, to press the button labelled bild which shows the
opposite page of the paper version (picture 5.6), to press the steg button
which enables the operator to replay the history of the plan or to click on the
text of the question/action to retrieve more information if necessary (picture
5.7).
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Moving the plans

As I have pointed out several times earlier, one problem of the
implementation is the fact that the plans are simply too large to be displayed
within the borders of the screen. There two ways of solving this. One is to
change pages as in the paper version and the other is to move the plans when
the box currently under consideration disappears out of sight thus making it
reappear. In the implementation I have chosen the latter possibility. The
reason for this is that this solution makes it easier for the operator to orientate
himself since he will all the time be able to see the neighbouring boxes that
have been previously visited, being marked by their colour. The mechanism
for moving a plan is indeed quite simple: we continuously keep track of the x
and y distances between the dot (central point) of the plan and the box
currently under consideration. When either of these becomes larger than a
couple of pre-defined values we move the dot, in some pre-defined manner,
through a move action and after that through a show action, we make the
dot reappear at a given position of the screen. This will give the impression
of the plan having moved. However the plan will now cover all other
workspaces so we must keep in mind to make these reappear in a correct
order.

To implement this idea I use the following items:

x-dist and y-dist: quantitative variables for storing the coordinate distances
mentioned above,

move-plan: a g2-procedure that handles the actual moving and reappearing
of other workspaces (see appendix A for a full description),

and three rules:

if any dot D is in-process then

conclude that x-dist = ( the icon-x-position of the box
in track - the icon-x-position of D) and

conclude that y-dist = ( the icon-y-position of the box
in track - the icon-y-position of D )

whenever x-dist receives a value and when
max(abs(x-dist/1500), abs(y-dist/1100)) < 1 then
show the subworkspace of the box in track with its
bottom center at the bottom center of the screen
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whenever x-dist receives a value and

when any dot D is in-process

and max(abs(x-dist/1500),abs(y-dist/1100)) >=1 then
start move-plan (x-dist, y-dist, D, show-step).

The first one of these is of category moving and is invoked by rule (2)
whenever a new box comes under consideration. The reason for invoking
this rule rather than constructing it as a rule that would forward chain itself
when a new box becomes active is that we need to be certain that rule (1) has
completed otherwise the reference the box in track might not be updated.
The action of the rule is to provide x-dist and y-dist with their proper
values.

The second rule states that if neither x-dist is larger than 1500 units nor
y-dist is larger than 1100 units, we need not move the plan and the only
action is to display the subworkspace containing the large version of the
current question/action. It would have been nicer to be able to construct this
rule with a left hand side simply as: if max(abs(x-dist/1500 ... < 1,
rather than as a whenever rule but unfortunately G2 does not forward
chain to expressions of this complexity. The exact numbers: 1500 and 1100,
used as constraints are simply found by trial and error and possess no deeper
meaning.

The last one of the rules handles the case where either x-dist or y-dist
exceed their boundary values (1500,1100), i.e., the plan has to be moved
and does so by starting move-plan (see appendix A). This procedure
contains actions that move the central-point of the plan by distances given
through formulas I have found appropriate (once again by trial and error and
after that shows the central-point 100 units above the center of the screen.
Having done this, move-plan uses the rest of its arguments to decide
which workspaces that need to be shown again and does so.
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Reproducing history of plans

While working on a particular plan the operator, all of the time, has a
possibility to shift from the normal mode in which he responses to the
propositions of the system to a mode in which the earlier steps and actions
are replayed to him. While doing this the operator is still presented with the
plan in the same animated fashion as otherwise and still presented with the
large version of the text of the box he is examining at the moment. The main
difference is of course that he is no longer able to respond to these. Instead
through the clicking on buttons he moves back or forward through the
previous route of the plan.

In the history replaying mode most of the rules described earlier still apply.
The exceptions are (5), (6), and (9) which have show-step being false as a
left hand condition. This means that when in this mode, for what should be
obvious reasons, we no longer store the boxes in lists when becoming active
and that the operator is not presented with the possibility to respond. To
differ further between the two modes the colour of the control board and the
questions are altered.

The items and rules designed to apply only in the historical mode are listed
and described below.

duplicate-list: a G2 procedure that produces a transient copy of the list
given as argument (see appendix A).

empty-list: a standard procedure for emptying the list given as an
argument.

duplist-a and duplist-b: G2-lists containing duplicates of the time-
and step-list of the central-point of the plan.

list-number: a quantitative variable that keeps track of the position
while moving back and forth in the lists above.

step-mess: a message definition. An instance of this class, named
step-inf, is placed upon the control board and used for
displaying the time and answers mentioned above.

15)

if show-step is true and any dot D is in-process then

in order

start duplicate-list (the step-list of D, duplist-a) and
start duplicate-list (the time-list of D, duplist-b) and
conclude that the first box in the step-list of D is active
and show D 100 units above the center of the screen
and show prev-step-area and

conclude that list-number = 1
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This rule (15), which is used for initiating the history showing mode is of
category step and not invocable through forward chaining.

(16)

if any dot D is in-process then

in order

conclude that the first box in duplist-a is non-active and
start empty-list (duplist-a) and

start empty-list (duplist-b) and

show the subworkspace of D and

conclude that show-step is false and

conclude that the last box in step-list of D is active and
remove the last box from the step-list of D and

remove the last time-keeper from the time-list of D

This rule (16) of category get-back is used for exiting from the historical
mode. Nor this one is invocable through forward chaining.

17)

unconditionally

in order

insert the first time-keeper in duplist-b at the end of the
time-keeper list duplist-b and

remove the first time-keeper from duplist-b and

insert the first box in duplist-a at the end of the

box list duplist-a and

remove the first box from duplist-a and

conclude that the last box in duplist-a is non-active and
conclude that the first box in duplist-a is active

This rule updates duplist-a and duplist-b, i.e., it single steps forward
through the copies of the lists keeping the history. This rule is of category
forward and has a corresponding rule of category backward which
performs the opposite, i.e., single steps backwards.

(18)

if any box B is active and B is alternative and show-step
then

change the text of step-inf to: 'Svaret var: (the
proc-answer of the first time-keeper in duplist-b),
klockan var (the proc-hour of the first time-keeper in
duplist-b):(the proc-minute of the first time-keeper in
duplist-b)’

This final rule has no category and is used for changing the text of the

message telling the operator the time and the answer. It exists in two more
versions for the case of the box being action or end.
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Unlike in the operative mode where the subworkspaces of the central points
serve as control boards, one for each plan, in the history mode we have one
single control board for all plans. This board (see picture 5.8) contains the
message described above and four buttons for operating. These are labelled:

fram (forward): activates the next box in the replay, i.e. takes a step

forward.

bak (backward): one step backwards.

auto: single steps forward automatically in three second intervals.

dtervind (return): returns the system to its operative mode.
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picture 5.8
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To explain how these rules cooperate to perform their task I will once again
do so by giving a run time example. We consider the situation where the
operator is working with a plan (let us assume REAKTIVITET) and decides
to shift to the history replaying mode. In order to do so he first of all clicks
on the steg button on the control board. The action performed when doing
sO is:

when the number of elements in the step-list of
central-point-a > 1 then

conclude that show-step is true and

conclude that the box in track is non-active and
invoke step rules

The condition, the number of elements in the list exceeding one, assures us
that the plan has indeed been worked on. The actions after that conclude that
show-step is true. The first box in track is no longer active since this is
normally not the first of the boxes performed earlier and we invoke step
rules (rule (15)). Note that this rule is not forward chained to when
show-step becomes true since this variable's ability to do so has been
turned off to avoid undesired forward chaining to other rules with this
variable in their left hand condition.

When rule (15) is invoked its actions are to make copies of the history
keeping lists of the central-point-a, conclude that the first box in the
step-list of central-point-a is active since this is the first box of the plan
that was dealt with, display the control board (prev-step-area), and to set
list-number to one since we are at the beginning of the lists. As a
consequence of a box becoming active several of the rules described earlier
will fire, placing the box in track, changing its colour, invoke moving
rules, displaying its text and so on.

Rule (18) firing as a consequence of the first box in the step-list of the
plan becoming active, will in the case of the box being alternative, yield a
message displaying the time and answer of the box at the left of the control
board. At this stage the operator will probably press the fram button of
which the action is:

when list-number < the number of elements in duplist-a
then in order

conclude that list-number = list-number + 1 and

invoke forward rules

This means that as long as we have not reached the end of the previous steps
we update list-number and invoke forward rules. The action of the
forward rule (17) is to update duplist-a (which contains a copy of the
step-list) and duplist-b (the time-list) and to conclude that the box
currently active is non-active and that the box after this one is active. At each
of the steps backwards or forwards rules (18) or a version of it is invoked
through forward chaining. The bak button and backward rules represent
merely the opposite of what has just been described and are quite similar (see
appendix).When the operator chooses to re-enter the operative mode he
presses the dtervind button the action of this is to hide the
prev-step-area and to invoke get-back rules.
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This rule (16) concludes that the first box in duplist-a is no longer active,
i.e., the last box that was examined in the historical mode. It empties
duplist-a and duplist-b by calling the procedure empty-list. It displays
the control board for the operative mode (the subworkspace of D) and sets
show-step to false. It concludes that the last box in the step-list of
central-point-a is active which is the last box that was active in the
operational mode and finally it removes the last items of the two lists of
central-point-a which is necessary because otherwise these would appear
twice in a row since rule (5) and (6) have fired once again as a result of the
last box in step-list becoming active while show-step is now false again.
Apart from this other necessary rules have fired making the screen the same
as when we left the operative mode.

Miscellany

Apart from the rules described in the previous sections and their
corresponding versions, the rule base indeed contains a very small number
of additional ones. The major part of these are of course initial ones and are
all covered in appendix A and need no further explanation. The only ones I
would like to comment on are the following:

if any box B is active and not(show-step) then
change the background-color of every free-text
upon the subworkspace of B to grey and
change the border-color of every free-text
upon the subworkspace of B to yellow

This rule exists in a corresponding form for the case of show-step being
true in which two colours are black and wheat instead of grey and yellow.
These two rules assign different colours to the text upon the large version of
the questions/actions making it easier for the operator to differ between the
operative and historical mode.

if any box B is non-active then
hide the subworkspace of B

if any dot D is not-in-process then
hide the subworkspace of D and
hide the workspace of D

These rules serve as the "cleaning-ladies" of the system discarding
workspaces as they come out of consideration.

One further facility, which has been introduced through a user-menu-
choice is the possibility for the operator to retrieve all available information
of each box simply by clicking on it. This works even if the box is not active
at the time and the result is the same as clicking on the text upon the
subworkspace of the box.
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Summary

The major ambitions when creating the rule base, apart from obvious ones
such as giving the system a correct behaviour, have been mainly two.

The first one is to make the system sufficiently fast in spite of the fact that it
contains a large number of objects to be manipulated with. This is obtained
mainly by avoiding, throughout the rule base, left hand conditions that
would have to go through every instance of the class box and when so
needed instead use the reference track.

The second aim has been to avoid referring specifically to any plan or any
named item upon them, i.e., to make the rule base independent of the plans
themselves. This makes it quite easy for any presumed user to introduce
additional plans without having to make any changes whatsoever. To do so
he simply designs a new plan, places a named dot on it, creates a control
board and workspace containing the entrance-boxes, preferably using the
cloning and operate on area facilities and, finally places a button referring to
the dot of the plan on the menu.

A further interesting remark would be the fact that the rule base could
relatively easy (at least in principle) be modified for on-line purposes. To do
this, one would need to associate with every box an activatable workspace.

This workspace would in the case of an alternative contain rules of the
following format: initially if <condition> then conclude that
answer is yes and <further actions>, where the parameters in the
<condition> part would receive values from external data servers. In the case
of actions to be performed the workspace would contain a procedure capable
of handling these. The role for the operator in this version would be to
answer questions that are too "fuzzy" for the system to evaluate and to
confirm each measure performed by the system.
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6

Concluding remarks

The main purpose if this masters thesis has been to implement the OSI-plans
as an expert system, using G2 as a shell. In order to achieve this, the
approach has been to fully preserve and benefit by the flow chart structure
already present in the original version; making use of the excellent facilities
in G2 for constructing a system of this kind, representing the nodes by
identical G2-objects carrying suitable attributes and the transition between
nodes by physical G2-connections. Hereby the knowledge base of the
system will lie within the structure itself, rather than being represented
separately in the form of facts about the real process.

In this, indeed quite simple approach, the task of the rule base is to
administer the graphical representation and the communication with the user.

The more intuitive and traditional expert system approach in which the
system, during a consultation phase, retrieves information from the user,
makes the proper inferences and then provides the user with a list of accurate
measures to perform would be virtually impossible to implement. The reason
for this is once again the specific structure of OSI in which the questions
posed often refer to the result of a previously performed action. This, in
connection with the lack of any global knowledge that would apply at any
time or to any situation, would not make it possible to break the system
down to any rule base of a reasonable size. Instead it would certainly require
at least one rule for every node, making it impossible to guarantee a correct
behaviour in every situation. As one further complication with this method
we could add the fact that G2 being constructed for real-time applications has
no facility for stopping the backward chaining and prompting the user for the
value of a variable or parameter.
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If we choose to add up the reasoning of the former lines the conclusion
would be that a straight-forward implementation along the lines of the
constructed one, concentrating mainly on the graphical representation of the
system and creating a user environment containing all necessary information
in a compact and easy-retrievable form, proves to be the simplest, safest and
perhaps only reasonable solution. The expert system shell G2, with its
object-orientation and graphic based environment containing: windows and
mouse-interaction, has proven to be an nearly ideal tool for this application.
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