Knowledge base
contains Objects,
Classes, Rules

and Procedures.

2. COMDALE/X Terminology And Concepts
2.1 Overview
The principal components of a COMDALE/X expert gystare the:
* Knowledge Base;
* Inference Engine;
* User Interface;
» Utilities.

The COMDALE/X Expert System Tool is comprised of thference
engine, user interfaceandutilities . Configuring a knowledge base is
required for each expert system application.

All the information that relates to the knowledgatthumans use to make
decisions in a particular domain is held in Krowledge BaseThe
knowledge base therefore contains objects, clasdes,and procedures.

Thelnference Engineprocesses or manipulates that knowledge to make
decisions.

TheUser Interface provides the window for one to observe and
communicate with COMDALE/X during the developmentiaise of an
expert system application.

COMDALE/X Utilities facilitate various approaches to representing and
displaying information as well as providing for gety of the knowledge
base.

The COMDALE/X tool can be used to develop stanshalor embedded
expert system applications.

For application development you can use graphigdi#ébes or your own
ASCII editor. For delivery you can customize ouenfiace, provide your
own, or embed our technology using our Source Coeleslopers Library.

2.2 Knowledge Base
The knowledge base is an assembly of the knowl#dgea human might use to
conceptualize information and make decisions iargiqular domain.

The knowledge base is comprised of four elements:

* Objects;
 Classes;
« Rules;

* Procedures.
Objectsrepresent factual information.
The structural relationships of the facts in admelical classification are termed
classes.
Rulesare the complex relationships which are formulditetiveen the facts.
Proceduresare used to dictate the application of rules aedihanipulation of
classes and objects.



A keyword triplet
is comprised of an
object, attribute
and value.

Example

Example

These elements along with various attributes, whgs$cribe them, are called
knowledge base unitsknowledge base files have the extensiamw.

COMDALE/X compiles a knowledge base when itis leddor use.

Maintaining and consulting a knowledge base reguwading the system only
once. Objects, classes, rules etc. are incremgm@thpiled as they are modified
with the graphical editors.

2.2.1 Objects
Objects are physical or conceptual entities inréas world.

Each object, which is created by the developehekinowledge base, has one or
moreattributes, which describe a characteristic of that object.

The combination of an object, attribute and valuki¢h describe the state of an
object’s attribute) is used to define a variablee3e variables are called
keyword triplets, and have associated with them a list of facefsoeistomized
guestions and fuzzy sets.

‘tank150’.

tank 150 may have a height or a level; and thesiglib or level) are considered
attributes. A description of the entity is compteteith avalue attached to it.
Values explain the particular or special naturatofbutes. For example, level of
tank 150 can be low — low, being the value.

‘pumpl?2’

This object may have attributes such as ‘speed*feowlrate’. These attributes
could have been associated with this object byrinhg them form a class to
which the object belongs, or by definition in aeryprocedure or by use of the
object editor. The object — attributes, ‘pumpl2espe'pumpl2.flowrate’ may
have values ‘high’, ‘low’, etc. In these cases keyavtriplets would be defined
as ‘pumpl2.speed.high’ and ‘pumpl12.flowrate.lovdck object can have an
unlimited number of attributes and each attribate kbave an unlimited number
of values.

The combination of object, attribute and valueersnieda keyword triplet.
In COMDALE/X, a keyword triplet is written in thefm:
object.attribute.value

Example:
tank150.level.low

The object, attribute and value parts of a keywopdet are calledokensand
are separated by a period. Keyword triplets caoflagfferent types, according
to the kinds of value they may have:
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Inheritance

Creating Objects

“Object Editor”
Window

Dynamic and
Interpretation
objects are
created during
runtime.

logical (or Boolean) e.g. tank.level.low

string e.g. tankmfacture.@string
numerical e.g. tank.lewdtpoint. @float
integer e.g. tanknber.@integer
date e.g. taekvery.@date

time e.g. tailk.fime.@time

Object Any name consisting of between 1-39 alphanunefaracters, cannot
start with a number. Spaces cannist,axnderscores are permitted.
Attribute Any name consisting of between 1-39 alphanumérazacters,
cannot start with a number. Spazannot exist, underscores are
permitted.
Value Any name consisting of between 1-39 alphanumerigastters, cannot
start with a number. Spaces cannot,axiglerscores are permitted.
Associated with each keyword triplet is a seflamets for example, the facet of
uncertainty and timeJncertainty is used to describe, for instance, how sure we
are that the level of tank 150 is low; or time lgeused to describe when the
level of tank150 became low. Other facets inclugey sets, customized
guestions, restrictions on values, sources of inforation, etc. These facets are
configured during development of the knowledge base

Inheritance of attributes occurs when an objeassgned to be a member of a
class. It inherits all the attributes of the classvhich it belongs as well as those
of the superclasses of this class. (if one is eefin

Each object has a unique name and a set of attsbWithin COMDALE/X the
object editor can be used to define objects, howehis is not always necessary.

Rather than declaring each object using the olegitbr, COMDALE/X allows
you to use objects in rules, procedures and favéten these are compiled (by
clicking on the appropriat®K button in the editors), the objects are created
automatically. You may then view them or edit tHfatets using the object
editor. You only need to specify membership of otgen classes in the class or
object editors.

The “Object Editdiis used to create, maintain, and delete objeastlaair
corresponding attributes and facets. It can bedaurder theeditor button in
the main bar menu.

2.2.2 Runtime Objects
During a consultation session you can redefine keghriplets used in rules.
Two mechanisms are provided for ultimate flexililit this definition, they are:
* interpretation objects
* dynamic objects

Interpretation



objects are
concatenated.

Dynamic objects
are sets of
objects.

2.2.2.1 Interpretation Objects
In developing the knowledge base you can use irg&pon objects to create
new objects during the inference process by linkimigg.

Syntax:
\string\<embedded triplet variable>

The pair of angle brackets] is used to enclose a keyword triplet of type
numerical, string, date, or time, while the slashels) encloses a string which is
to be concatenated with the value of the tripletalde to create a new object
during runtime.

Example: The string “tank” and the value of a keyword triple
tank.number.@integer= 10 (an integer type keyword triplet) can be comabt
to produce the object tank 10. This is done iragestent with the following
representation:

IF\tank\tank.number.@integer>.level.high
Based on a value ¢dnk.number.@integer= 10 this expression will be
interpreted to be:

IF tank10.level.high

Example: if \tank\< tank.number.@i > .level.@f < 100
In this condition statement we have an embeddptitivariable
tank.number.@i. assume thaank.number.@i has been previously
instantiated to a value of 10. This implies that ¢londition above is in reality,
If tank10.level.@f < 100

Notes:

1. In this example the embedded keyword triplet caretdifferent integer

values depending on how it was instantiated.

2. The embedded information can also be a functidn cal

3. The embedded information can also be a constant.

4. The string enclosed in the slashes (\\) is rgitiag triplet variable.

2.2.2.2 Dynamic Objects
COMDALE/X has the capability to select from a cléss appropriate object(s)
that satisfies a particular condition during rurgin¥ou can use this capability
with dynamic objects and dynamic object set fumdiesuch as ANY and ALL.
Syntax:

?0bjectname
where objectname is the name of the dynamic objé&t.dynamic object is
determined during inference and COMDALE/X subs#ituthe object(s) chosen
whenever it sees a question mark (?) precedingdhee of the dynamic object.
The dynamic object could be assigned values ukisgsyntax:

?dynamic = ANY (condition | condition &,)..
where | and & denote OR and AND respectively

Example:
?x_set = ANY ({tank}.level.high is TRUE | {tankklel.@f > 100.0)
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Classes group
objects with
common
attributes.

In this statement, COMDALE/X will examine the ol the class tank to
locate a tank which has a level high or level gretitan 100. The ANY set
function will return an object name(s). Therefo¥e 8et dynamic object variable
will be assigned with an object name(s) if the ot{@® satisfied the conditions
given in the ANY function.

NOTES:
1. In this example, tank is the class name, so tlaatift refers to the
objects in the class.
2. In a set function such as ANY, you can have alistbject names, a
subset of a class or a merger of two or more ctasse

Example:
? tank = ANY{tank}.level.@i > 1 |{bigtank}.level.@i > 20)

Dynamic objects can also be in expressions whigltuaete to make assignments
to other dynamic objects.

Example:
? specialtank = ANY (?tank.level. @f <) 4

Example: A dynamic object can be a member of the clasenatk with level
greater than 25. This object is expressed in aastle

?dynamictank.level.high

where ?dynamictank = ANY ({watertank}.&h@float > 25)
An object may be comprised of multiple smaller ckgeFor example a car may
be made up of an engine, door, body, etc. Thestilooting objects are called
subobjects.

2.2.3 Classes

COMDALE classes are used to group objects withlamaittributes. Classes are
created by the developer of knowledge bases toosuppme hierarchical or
schematic representation of facts, or groups d§fachich are used to reason
about a domain.

Example: Within the plant there exists many water tanke/biich tank150 is
one. Other water tanks may be tank10, tank30Vééccan say that all of these
objects, tank150, tank10 and tank30 belong to din@esclass; water tank.

By defining a class, we can list all the commonlaites of these objects.
Subsequently, if we define an object to be a merabarcertain class, that
object automatically will acquire amherit the attributes of that class. By
defining classes, we have the ability to reasorubmups of objects without
knowing the specific members of the group.

Note: An object may belong to classes. The combinatioriasgfs, attribute and
value is also called a keyword triplet, and hasta§facets associated with it.



Example

Inheritance

Public and
private attributes

Creating classes

Not all objects
belong to a class

“Class Editor”
Window

Class keyword-
triplets

Using classes in
expressions

Each class may have multiple subclasses and mayealsng to multiple classes.
The hierarchy of classes is: Superclasses, classksubclasses. Objects may
belong to any of these classes.

Example: A*“car”. This class may have attributes such@sce”,

“horsepower”, “mileage” and “manufacturer”. Evergmber of this class would
automatically be given these attributes. Membeth@fclass “car’ may be
specific cars such as Chevrolet_camaro”, or greuph as “Chevrolet_cars”.
The specific cars are known alsjects while the groups are calledibclasses.

Inheritance of a class attributes occurs when aalass is made to be a subclass
of that class or an object is assigned to be a reenftihe class.

Note: If you remove a class from being a subclass, ¢djebich are members
of the removed subclass do not lose the attriquigously inherited from the
class.

Attributes of a class can be public and privatdliewattributes are inherited by
all subclasses and objects which are members bElhss. Private attributes are
only inherited by objects that are members of thads, subclasses do not inherit
private attributes.

Within COMDALE/X the class editor is used to deficlasses. Each class has a
unique name and a set of attributes. The first stelefining classes is to use the
editor to give the class a name then list itstaitas. To create a subclass, you
must first define it, then type its name in thedass list of the desired class.
The subclass will then inherit all the public ddtries of the superclass.

Objects in a COMDALE/X knowledge base do not nearlsshave to belong to
a class. Therefore, it is not required that a hednaof classes and objects be
developed or specified for each knowledge base.

The Class Editois used to create, maintain and delete COMDALHBASses. It
can be found under theditor button in the main bar menu.

A class keyword-triplet is the combination of clasibute.datatype (or value).
These keyword triplets are used to manipulate elass COMDALE/X
Expressions.

Examples:
{ car }.color.blue
{car }.horsepower.@float

Class names when used in COMDALE/X expressionsisually in braces.
Functions used to manipulate classes are ANY @)Adrl ().

Examples:
IF ANY ({car}.color.blue is TRUE)



OR ALL ({car}.horsepower.@float >Qp
Where:
Examplel:check if there are any objects in the class ‘wah attribute ‘color
and value ‘blue’ that are TRUE.
Example: checks if all objects in the class ‘car’ withrégtite *horsepower’
have floating point values whae greater than 120.

Note: Dynamic objects can be used to identify class bemwhose
attribute.value meets specific criteria.

2.2.4 More about Classes

Classes and In addition to objects being members of classessels themselves can be
objects can members of other classes. classes which are membettser classes are
belong to multiple calledsubclassesA superclasss one which has members that are classes.
classes.

Example: subclasses watertank and oiltank can be membarsberclass,
storagetank, which could be a subclasssofperclass, tank.

Classes and objects automatically inherit thebatteis of the class to which
they belong. A class can have attributes whichrdrerited only by objects
but not by subclasses of that class. These atstare referred to gsivate
attributes as opposed tpublicattributes, which are inherited by all
subclasses and member objects.

Note: Classes and objects have no restrictions witheego the number of
classes in which they can have membership.

2.2.5 Rules
Rules are IF- Rules represent reasoning knowledge and handlelegmgdationships
THEN-ELSE between facts. Rules can embody vague conceptslesimauristics,
representations of mathematical expressions, date expressions, tipiegsions, character
knowledge. string expressions or functions. Rules are wriitean IF-THEN-ELSE
format.

Each rule may have multiple conditions to be gatisin thelF part (called
the premise) and multiple actions or assignmentisefHEN or ELSE part
(called the conclusion).

Syntax:
Rule Syntax if <expression> [& <expression>] [ peession>]
and/or < expression> [& < expressionpf[expression> |
and/or ...

then < expression> [cf = X]
then ...

else < expression> [cf = X]
else ...



if < expression>
and < expression>
or < expression>

are called condition statements.

then < expression>
else < expression>

are called conclusion statements.

cf = x is the certainty factor of the conclusioatsment. This is assumed to
be 100 if none is stated.

 There must be at least one condition statementuteathe first
statement must being with IF.

» Condition statements may be logical, string, nuoadridate or time
type expressions, and must examine a relatioradrgplet is true or a
numerical expression is greater than or equal cohen numerical
expression, or execute a function. See chaptetstatements and
expressions” and “functions” for valid syntax.

* There is no limit to the number of condition stagernts which you
may use in a rule

« There must be at least one conclusion statementute

» Conclusion statements may be logical, string, nicakdate or time
type an assignment or execute a function. See ehapt‘statements
and expressions” and “functions” for valid syntax.

* There is no limit to the number of conclusion stagats which you
may use in a rule.

The certainty factor is a value which ranges frotn Q00 and is a measure
of how sure you are that the conclusion statengemte. If this is not
specified it is assumed to be 100.

Example: In the plant, a rule can be written to close valwéen the level of
tank 150 is low and its temperature is high.

IF tank150.level.low
AND tank150.temperature.high
THEN text (“Please shut valve8”)



ELSE text (“Tank150 level is OK”)

The IF-AND-OR patrt of the rules is called theemise
The THEN-ELSE part is called tlo®nclusion

In the premise, the statements after IF, AND, aRdate termedondition
statements

In the conclusion, the statements after THEN an8Ehre called
conclusion statementsAND or OR are calletbgical connectivesn
COMDALE/X.

Condition and conclusion statements are used te sgationships between
expressions

COMDALE/X expressions consist kéyword triplets, constants,

functions andoperators and evaluate to logical, string, mathematical, date
and time values. Each expression also retudegeee of truth. This degree
of truth could be TRUE (100), FALSE (0) or somesimiediate value, and
reflects the confidence in the value of the expoes<onstants evaluate to
the value they express, e.g. TRUE, 10 and “highk”lagical, mathematical
and string constants respectively, cos (25) and(teK) are functions and +,
-, ¥ are operators.

Example of a rule:

IF tank.level.@integer+5 > tank.height. @integer
OR tank.temperature.high

THEN text (“Please shut valve8”)

THEN tank.valve.@float = 25 + cos (40)

ELSE tank.valve.@float = 2

The premise of the rule is:
IF tank.level. @integer+5 > tank.height. @integer
OR tank.temperature.high

The conclusion of the rule is:
THEN text (“Please shut valve8”)
THEN tank.valve.@float = 25 + cos (40)
ELSE tank.valve.@float = 2

Condition statements are:
tank.level.@integer +5 > tank.high.@integer
tank.temperature.high

Conclusion statements are:
tank.value.@float = 25 + cos (40)
tank.value.@float = 2

Expressions are:
tank_level.@integer + 5
tank.height. @integer
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Example

Rule Execution

Creating Rules

Hint for creating
Rules

Creating Rulesets

25 + cos (40)
cos (40)
2

Rules also have attributes which describe theiradtaristics. These include
name, priority, the time interval between use, anptions, how uncertainty
should be handled, the rule set to which this pelleng, etc. These attributes
are configured during development of the knowledage.

Example of a rule:
IF tank.level.high is TRUE
THEN tank.valve.shut is TRUE

This rule dictates that the keyword triplet “tarddwe.shut” will be set to be
TRUE whenever the triplet “tank.level.high” is TRUE

During inference, the selection of a rule for exenudepends on the conflict
resolution mechanism in use at the time (see interastrategies).

At the start of consultation, rules may fire intedpetical sequence according
to their names. This can be customized using tré sttategy and conflict
resolution (if rule priorities are defined).

Rule execution begins with the first statementim ¢ondition and progresses
to the conclusion. If a rule is successful (i.etleedegree of truth is greater
than the confidence level), the THEN part of thie ra executed, if not, the
ELSE part will be executed (if it is defined).

In each expression of a rule, if COMDALE/X encousta keyword triplet
that is in NOTKNOWN state, and it is a subgoal oalyit will try to
backward chain to instantiate this triplet. If9tan input triplet

COMDALE/X will ask the user a question, the presdinh of the question
can be customized using the question, exclusivédtjehaice, etc. facet of
the triplet. The DataSource facet of a keywordétipan be used to override
the default mechanism for instantiating triplets.

Rules are examined until the finish strategy dates satisfied.

Within COMDALE/X the rule editor is used to defingles. Each rule has a
unique name with optional attributes. The firspstecreating rules is to use
the editor to give the rule a name. Next move tivsar to the ‘Rule field’
and type the rule starting with IF.

In a very well developed knowledge base each tubeilsl be a complete
entity on its own, i.e. when you read a rule itsamag must be clear and
exact.

You may group rules which you have already creaii¢idl the rule editor
into rulesets. This is done using the Ruleset Eavithin COMDALE/X.
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“Rule Set The “Rule Editor”is used to create, modify and delete, rules.ntloafound
Editor” under theEditor button on the main bar menu.
Window
The “Rule Set Editor” is used to create, maintaid delete rulesets. It can
be found under thEditor button in the bar menu.

1. IF TRUE
THEN DISPLAY (“hytext”, “topic”)

2. IF tank.level.high
THEN tank.level.open is FALSE

3. IF FORM (“name.frm”)
AND DISPLAY (“file™)
AND ANY ({car}.horsepower.@f > 6p0
THEN text (“this rule is successful”)
ELSE text (“this rule failed”)

2.2.6 More about Rules

Rules may belong In addition to reasoning about individual obje@§MDALE/X rules can
to rulesets. represent relationships between classes of olpestarious facets of classes.
Example :

“If any member of the watertank class has a léwvat is low and that
watertank temperature is high then close the valtkat tank”

IF ?tank = ANY ({watertank}.level.low is TRUE &
{watertank}.temperature.high is TRUE)
THEN ALL (?tank.valve.close is TRUE)

-OR-

Example:

“If we are more than 70% sure that tank150 levédwe then examine all
rules in the knowledge base that deal with a loxellas well as open all tank
valves”.

IF CERTAINTY (tank150.level.low) > 70.0
THEN APPLYRULE (**.level.low)
THEN ALL ({tank}.valves.open is TRUE)

Within a knowledge base, rules may belong to varrale sets This is
analogous to objects belonging to classes. A releriging to a set can
inherit the attributes of that set. These rulalaites include, priority, name,
explanation and methods of managing uncertaintg.mhin rule set is
called theroot setand is the default.

11
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like conventional
programs.
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Procedure Syntax

Procedure
Execution

2.2.7 Procedures
A procedure is a collection of instructions pertagnto rules, classes or objects,
which perform special functions during the inferempcocess.

Procedures can be used to sequence the executopreissions or functions
and other activities in a manner similar to conimrdl programming, in a
predefined order.

Procedures contain one or more statements (boalas:fime, function etc.)
which are executed one at a time starting fromdpeProcedures can be used
for batch processing as in the case of performiregge. Procedures can be
evoked at any time during inference.

Example:

Find all tanks with low levels.

Execute all rules with tank.level.low

Pause for 30 seconds

Set tank150 temperature to 60C

Change the inference strategy to breadth search
Display text (“Tank150 temperature set”)

Run another procedure called “check temperatures”
Stop.

O~NO TR, WN -

Example:
ASK (“What is the value of the tank level?”,
tank.level.@float)
MACRO (“rule 57)
FIND (“tank.level.high”)
APPLY RULE (“tank.valve.*”)

This procedure dictates a sequence of five funstighich will be executed, in
the order, top to bottom whenever this proceduevaked.

In many cases procedures are used to initializabias, present introductions
and forms at the start and end of a consultatiesige.

A procedure comprises of a list of any valid COMO&AKX expressions and
functions.

Note: IF-THEN and IF-THEN ELSE constructannotbe used in a procedure.
Procedures may be executed by naming them in dinesstategy, report strategy
or by executing theun_procedure function. Execution of a procedure starts

with the first expression and proceeds to the last.

During the execution of a procedure, if a tripldétie@h is NOTKNOWN is
encountered, COMDALE/X will backward chain or asgugestion, in manner

12



similar to the execution of rules. If you simplgtlvarious input keyword triplets
in your procedure, COMDALE/X will automatically askiestions to instantiate
them if they are not known.

Creating Within COMDALE/X the procedure editor is used tdide procedures.

Procedures Each procedure has a unique name. The first stegeating a procedure is to
use the editor to give the procedure a name thanygur list of functions and
expressions in the “DO field”.

“Procedure The “Procedure Editor'is used to create, modify and delete proceduresnl
Editor” Window be found under thEditor button on the main bar menu.

2.3 Inference Engine
Control The COMDALE/X Inference Engine usesampiledversion of the knowledge
strategies: base during inference.

Note: The knowledge base is not precompiled prior tohysEOMDALE/X, it
is compiled while being loaded.

The Inference Engine processes the knowledge cautan the knowledge base
to make decisions. It contains the methodologydasoning, which in
COMDALE/X is comprised of four control strategies:

Start Start is used to dictate what is to be done whetirsg the inference process.
With this strategy a procedure can be executedhhas initialized, the
inference engine configured, etc.

Inference The inference strategy guides the activities ofitiierence engine during the
inference process. This can be used to customizettminference engine
handles forward and backward chaining, as wellegdldand breadth first
approaches to reasoning, and knowledge base séasauhdition, conflict
resolution mechanisms can be customized.

Finish The finish strategy is used to dictate when thergrice process should terminate.
Example: When all rules have been examined.

Report A report strategy dictates what should be done #dieinference process has
terminated.

Example: Execute a procedure, show all conclusions, restant reports, etc.

In managing a consultation session, the inferengae will look at the finish
strategy to find out how and when the session &nth Armed with the finish
strategy criteria, the inference engine then appigestart strategy to being the
inference process. The inference strategy is tlsed by the inference engine to
guide both thdorward andbackward chaining activities of the inference
process.

13



User Interface

comprised of bar
menus, graphical
editors, icons etc.

Forward chaining is a search procedure or reas@rneess using known facts
to produce new facts and reach a final conclusionthe other hand, backward
chaining is a reasoning process which starts withsared goal and works
backward, looking for facts and rules that supfietdesired outcome.

The inference engine, conflict resolution and foeiechanisms are called upon
in the inference strategy to resolve any conflist&h as which rule is to be used
first when there is more than one rule eligibledgecution at that time.

Upon termination of the inference process, therérfee engine will apply its
report strategy. At any time during the consultafiwocess these strategies can
be modified.

The control strategy is kept in a file with the gamame as that of the knowledge
base and has extensitg.

2.4 User Interface
The user interface is the facility which accommedatommunication between
the user and COMDALE/X. The user interface camgtaghical or character
based

For development of the knowledge bag@phical editors such as the class,
object, rule, and procedure editors can be used.céo also use any ASII editor
of your choice. Facet editors are available asypspfrom the class and object
editors.

To assist in the development effort, many viewthefknowledge base are
available. These includecdass/object browsemhich illustrates the
hierarchical relationship between classes and tfhjand aule browser which
shows the interrelationship between rules. COMDA{ Bllows you to edit your
knowledge base from these browsers.

Conceptually, the development interfaceasisistentyet provides a
multidimensional view of the knowledge base. Alitecs and browsers are
accessible fronpull down menusandicons.

During debugging, the user interface accommodatessaeferencing of
keyword triplets, rule tracing, watching keyworgbkets as they are instantiated,
as well as session recording and replay facilities.

The COMDALE/X inference engine can bmbeddedin an application thus
having no interface, or can be customized by theldper.

For consultation, a user can utilize COMDALE/X irany ways, these include:
1 Volunteering information then asking the systerddtivery its findings.
2 Asking the system to verify or test if various hipeses are true or false.
3 Asking the system to execute, ask questions, teéwed findings.
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Utilities include
hypertext
encryption, and
forms.

The object,
attribute and
value parts of a
keyword triplet

are called tokens.

Logical keyword
triplet e.g.
tank.level.high

At any point during the consultation one can aslafoexplanation, justification,
or for general information about the knowledge eord in the knowledge base.

Using the graphical user interface you may be (S&DALE/X to:
1. Solve problems
2. Provide information
3. Explain and justify actions

2.5 Utilities
COMDALE/X packages a number of utilities to fa@l# various approaches to
representing and displaying information, as welicagrovide security for the
knowledge base.

TheHypertext utility is included to provide on-line interactigdecumentation
during a consultation session.

TheEncryptor utility is used to encrypt the knowledge basestecurity.
TheForms utility is used to generate forms for input to COMIOE/X

2.6 Keyword triplets
The keyword triplet in COMDALE\X represents the mauilding block in the
assembly of the knowledge base. It is used by COMBIX to represent factual
information. Keyword triplets are made of eitheradoject.attribute.value or
class.attribute.valuecombination.

An object is a physical or conceptual entity. Asslaepresents relationships
between similar objects or classes in a hierarthioé schematic way. An
attribute is a property associated with an objee dass. An object or class may
have multiple attributes, each attribute takeed#iht values.

There are five types of keyword triplets, dependinghe value type of the
attribute, they are:

* logical (or boolean)

* numerical

* string
» date
e time

An object attribute or class attribute can haveariban one value type.

Keyword triplets other than those of logical (Baol¢ type can have their values
changed. These are referred tdrgdet variables.

Logical keyword triplets have an attribute withogyiical value.

Examples of logical values:
high, low, ok, trending_up
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Numerical
keyword triplet

e.g.
tank.level. @i

String keyword
triplets e.g.
tank.level. @s

Date keyword
triplets e.g.
ship.date.@dt

Time keyword
triplet e.g.
wait.time.@t

Examples of logical keyword triplets:
tank.level.high
line.temperature.high
copper.assays.trending_up

A numerical keyword triplet has an attribute whids a numerical value. There

are four types of numerical keyword triplets:

float the value token can be spedifais @loat (or @¥), which denotes
that the value of the keya/triplet is a single precision real
(floating point) number.

Double @ouble (or @db) can be used to specify the value token, which
denotes that the value efkkbyword triplet is a double precision
floating point number.

integer the value token can be specdie@nteger (or @i) to denote

that the value of the keyavtiiplet is a two byte (short) integer.
long the value token can be speatifie @ong (or @) to denote that
the value of the keyworglet is a four byte (long) integer.

Examples of numerical keyword triplets:
tank.level. @f
tank.temperature.@double
pressure.reading.@integer

A string keyword triplet has an attribute which laastring value. These
keyword triplets are represented in COMDALE/X witie value token, @s or

@string.

Examples of string keyword triplets:
tank.level.@s
interest.rate.@string

A date keyword triplet has an attribute which haste value. These keyword
triplets are represented in COMDALE/X with the v@koken, @date or @dt.
Dates are stored as year, month, day.

Examples of date keyword triplets:
tank.manufacture.@date
tom.birthday. @date

A time keyword triplet has an attribute which hase value. These keyword
triplets are represented in COMDALE/X with the \v@loken, @time or @t.
Times are stored as hour, minute, second.

Examples of time keyword triplets:

race.start. @time
system.reboot.@time
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Editing Facets

2.6.1 Input Keyword Triplets
If a triplet is used in the premise of a rule andin the conclusion of another
rule it is called amput triplet.

In order for the value to be known to the infereangine, the expert system
gueries the point database. When using COMDALHE1¥ @xpert system will
guery the user for this information.

2.6.2 Subgoal Keyword Triplet

Subgoal Keyword Tripletsare assigned values and certainties in the cowoclusi
of rulesand are also used in the premise of other rules. mfe@ence engine

will backward chain to instantiate these triplets.

Note: The value and certainty of subgoal triplets acslifred in the point
database. Each time they are assigned a new walie linference engine.

If the rule that includes the subgoal triplet fddlscause the premise statements
fail to become instantiated, the subgoal tripldt e assigned UNKNOWN,
even though the triplet may have a higher degreeinty within the point
database. The developer should use the ASKCC oFGENTDATA functions
to force the inference engine to look for the gtplalue and certainty in the
point database.

2.6.3 Goal Keyword Triplets

Goal Keyword Triplets are assigned a value and certamtige conclusion of
rules but are not used in the premise of othesrilalues and certainties of goal
triplets are modified in the point database eatie tihey are changed by the
inference engine.

2.7 Triplet Facets

Facets are used to describe some property of adeeytnplet, and are used to
specify a wide variety of actions or functions tethato the keyword triplet.
These ranges from customizing the question thetked when COMDALE/X
needs to instantiate the triplet, to defining azfuget which quantifies a
gualitative triplet (e.g. tank.color.red).

Example:
The following function may be specified in the ‘gtien’ facet of the keyword
triplet “tank.level.high”.

ASK (“Is the tank level currently high”, tank.lel high)

This function will then be executed whenever COMEAK attempts to
instantiate this triplet by asking a question.

Facets of a keyword triplet are created, modifisithg theFacet Editor. This

editor is accessed from the class and object editpselecting the check box
beside the desired attribute field of the objeatlass.
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2.7.1 Question Facet
Question Facet The ‘Question facet” allows you to customize a question to the usee. Th

allows you to answer supplied by the user will be used to ing&tnthe corresponding
customize a keyword triplet.

guestion to the

user The Question facet is used in COMDALE/X, and is me¢d in COMDALE/C.

The functionask ()is used to customize a question.

Example:
ASK (“What is current tank level?”, tank.level.igHt)

This question will be asked when the value of theet tank.level. @float is
required.

Note: More than one function can be used in the questibitor.

If a Question facet is not configured are COMDALK/Xnnot instantiate the
triplet from any rules in the knowledge base, astjoa will be automatically
generated by COMDALE/X, utilizing the triplet naras the basis of the
guestion.

Examples:

1. tank.level.@float
“What is the value of tank level?”

2. tank.level.high
“Is tank level high?”

2.7.2 Explanation Facet

Explanation The‘Explanation facet’ allows you to customize an explanation of a qoesti
Facet allows you thatis accessible to the user fromEagplanation button in the question window.
to customize an
explanation of a The Explanation facet is used in COMDALE/X, anaag used in
guestion that is COMDALE/C.
accessible to the
user from an Typically the functions text (), paint () and @&y () are used to provide an
Explanation explanation.
button in the
guestion window  Example:

TEXT (“This means that the tank level is abov&™0

Note: More than one function can be used in the expiamaditor.
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Default Facet
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assign a default
value to a
keyword-triplet

Accumulation
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is used to specify

legal values that a
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may be assigned

2.7.3 Default Facet
The'Default facet’ allows you to assign a default value to a keywinifzlet.

The Default facet is used in COMDALE/X and COMDAIE/

Whenever COMDALE/X needs to find information abauteyword-triplet
which has not been previously instantiated, it fitgecks if this keyword-triplet
can be instantiated from within the knowledge base.

If this keyword-triplet is available for instantiat in the conclusion of a rule,
COMDALE/X then tries to fire this rule. If this arall other rules involving the
keyword-triplet fail, COMDALE/X then assigns thefdelt value to this
keyword-triplet or in the case of a boolean thead#fdegree of certainty.

Note: If the triplet is an input and the user answelsnamvn to a question the
default will also be applied.

2.7.4 Accumulation Facet
The'Accumulation facet’ is used to determine how the degree of certaihdy o
triplet is accumulated, i.e., if multiple rulesarknowledge base attempt to
instantiate a triplet, accumulation dictates thalfidegree of certainty that would
be assigned to the triplet.

The Accumulation facet is used in COMDALE/X and COKLE/C.
The following options are available:

$MAX - the highest degree of certainty.

$MIN - the lowest degree of certainty.

$AVG - the average degree of certainty.

$ANY - the first degree of certainty that iggter than the confidence level of
the system.

2.7.5 Restriction Facet
The'Restriction facet’ is used to specify legal values that a keyworddtimay
be assigned.

The Restriction facet is used in COMDALE/X and COKIE/C.

The constraint may be expressions in conjunctiehdasjunction. To put
expression in conjunction use & for disjunction yise

Examples:
1. tank.level.@float > 10 & tank.level.@float < 100
means that tank.level.@float must be betwliéeand 100

2. tank.level.@float > 10 | tank.level.@float < 1
means that tank.level. @float must be eitmeatr than 10 or less than 1.
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DataSource
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2.7.6 DataSource Facet

The‘DataSource facet’is used to override the default order in which
COMDALE/X goes about instantiating keyword triple¥®ou may specify
functions such as find (), ask () or others tbwgdues from databases and
spreadsheets.

The DataSource facet is used in COMDALE/X and COMIBAC.

Whenever COMDALE/X needs to find information abauteyword-triplet
which has not been previously instantiated, it fitgecks if this keyword-triplet
can be instantiated from within the knowledge base.

If this keyword-triplet is available for instantiat in the conclusion of a rule,
COMDALE/X then tries to fire this rule.

If this keyword-triplet is not available for insti#ation in the conclusion of a rule,
or the value cannot be determined from the firihgry rules:

* In COMDALE/X a question will be asked of the user;
* In COMDALE/C the inference engine will query thetalaase for the
value of the triplet.

Using the'DataSource facet'you can override the default order in which
COMDALE/C or COMDALE/X goes about instantiating kegrd triplets.

Example:
ASK (“What is the tank level?” tank.level.@float)

can be used to ask a question to instantiate abaiibg
2.7.7 IfChange Facet

The'lfChange facet’ is used to specify various functions which will be
executed when the value of a keyword triplet incjeal.

The IfChange facet is used in COMDALE/X and COMDACE

2.7.8 Fuzzy Set Facets
A ‘Fuzzy set facet’is used to give a logical variable a degree ofatety which
depends on the numerical value of an expressias.eX{pression is called the
source and its value is mapped to defined degreertdinties. With this feature,
vague concepts such as high, low, and “a littldev&go”, can be represented.

The Fuzzy Set facet is used in COMDALE/X and COMIEC.

Note: Fuzzy set when used with the change () functiagy have the numeric 1
as a source.
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True and False

2.7.9 Exclusive Facets
An ‘Exclusive facet’ will enable a list of mutually exclusive values tbe
attribute of an object of which only one value t@nselected.

The Exclusive facet is used in COMDALE/X, and it need in COMDALE/C.

Only one value can be instantiated as TRUE (withtever net degree of truth
is specified by the rule or procedure), all oth@ues will be set to FALSE (with
a degree of truth = 100 — degree of truth of TREk®).

Note: If you define both an exclusive and a multichdmeet for the same
group of object attributes then the exclusive séttake preference and the
multichoice list will be ignored.

2.7.10 MultiChoice Facets
A ‘MultiChoice facet’ will enable a list of mutually exclusive values the
attribute of an object of which many values carsélected.

The MultuChoice facet is used in COMDALE/X, andi@ used in
COMDALE/C.

Any selected values will be instantiated as TRUENwhatever net degree of
truth is specified by the rule or procedure), #tley values will be set to FALSE
(with a degree of truth = 100 — degree of trutif BUE value).

Note: If you define both an exclusive and a multichdmeet for the same
group of object attributes then the exclusive séttake preference and the
multichoice list will be ignored.

All facets can be defined at the class keyworddtijgvel. All member objects
can then inherit those facets by enable this fgaii the facet editor.

2.8 Managing uncertainty
In the ‘real’ word, situations are not always cleat, there are usually
uncertainties. COMDALE/X recognizes this and hgsrapriate features to deal
with uncertainty. COMDALE/X also allows the appliman developer to define
how it should deal with uncertainty. The followidgcussion focuses on
uncertainty in the COMDALE/X environment.

2.8.1 Uncertainty

Each keyword triplet has a facet callejree of certainty (dc) The degree of
certainty, a numerical value which ranges from @@0, is a measure of how
sure the system is that the value of the attrimutele.

TRUE andFALSE are logical constants which evaluate to degreesinty

of 100 and O respectively. A degree of certaint9 afeans that the value is
FALSE while a value of 100 means that the valuERYJE.
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Example:
tank.level.high dc = 70%

This means that we are 70% sure that the tank ieVvegh.
tank.level.@integer = 20 dc = 90%
We are 90% sure that the tank level is equal to 20.

During inference the degree of certainty of a kesduoiplet can be
NOTKNOWN, KNOWN or UNKNOWN.
* NOTKNOWN is before inference commences.
» KNOWN is when it is assigned a degree of certainty (tvinémges from
0 to 100, 0 meaning FALSE, 100 meaning TRUE).
«  UNKNOWN is when COMDALE/X tried unsuccessfully to make the
triplet KNOWN.

When the degree of certainty of a keyword tripdetmown it is said to be
instantiated.

To decide if rules are successful (i.e the “theartpvill be examined), or
unsuccessful (the “else” part examined), COMDALEMluates a measure of
how sure it is that the premise of the rule is titlds measure is called thet
degree of truth. If the net degree of truth is greater than, aratdp the globally
definedconfidence levelthe rule is considered to be successful.

In rules, conclusion statements (the “then” andééktatements) may have a
certainty factor (cf) attached to each statement. This certaintypfa@anges
from O to 100 and indicates the confidence thatlyawe in that conclusion
statement. By default, cf equals 100. This reflecitsertainty in knowledge.
When executing a rule during inference, COMDALEbfibines degrees of
certainty and certainty factors to derive new deg@f certainty of keyword
triplets in the conclusions of rules.

Example:
IF tank.level.high
THEN valve.position.@float = 25 c¢f = 90

The cf is the certainty factor for this conclusgiatement. In this case it
demonstrates that we are 90% sure that the vaki@iggomust be set to 25 if we
are 100% sure that the tank level is high.

Note: During inference the degree of certainty of taévg& position will depend
on the degree of certainty of tank.level.high a#i agthe certainty factor.
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2.8.2 Methods of Instantiation

Keyword triplets can be instantiated in many wdya. example, by asking the
user a question, by the user volunteering inforomatby assignment in the
conclusion of a rule, by default, by accessingtalukse, spreadsheet, etc.

During a consultation session, in order for expgoessto be evaluated, the
keyword triplets in the expressions must be ingged. COMDALE/X does this
on an as-is-required-basis. This is, as the exjoregsbeing evaluated and the
keyword triplet is encountered, COMDALE/X will attgt to instantiate the
triplet, if its degree of certainty is not alreadyown.

The default method COMDALE/X uses to instantiatgvkerd triplets is as
follows:

If the keyword triplet is a goal or subgoal, COMDB&Iwill backward chain to
examine rules which conclude about this triplete Bklection of rules will be
decided by the inference strategy being appliedit#fr backward chaining the
keyword triplet is still not instantiated, it iseth assumed to be UNKNOWN
unless the default facet of the triplet has be@tifpd. In such a case the
default will be used.

If the keyword triplet is an input variable COMDADEwWiIll ask the user a
guestion. The nature of the question will dependerthe keyword triplet type
as well as if it has a fuzzy set, or is part of@ually exclusive set, etc. If the
user answers UNKNOWN to a question and the defaodit has been specified,
the triplet will be assigned the default degreeestainty and value.

The datasource facet of a keyword triplet can leel tis specify the order in
which specific attempts are made to instantiateyavord triplet.

2.8.3 Accumulation of Certainty

During consultation, a keyword triplet may alreddyinstantiated, yet through
assignment, database access etc. the system mapatd assign a new degree
of certainty to the triplet. By default, COMDALEAMill maintain the lowest
degree of certainty. You can customize the meth@toumulation of certainty
by using the accumulation facet of a keyword ttipf®r example, you may
assign the average degree of certainty or cho@sm#ximum.

An example of how accumulation could be used iswdnsubgoal keyword
triplet appears in the conclusion of many rules @hdf these rules are
evaluated, each attempting to assign a differegitegeof certainty to the triplet.
The accumulation facet could be used to managagsignment of the final
degree of certainty to the triplet.

2.8.4 Uncertainty In Rules

Each conclusion statement in a COMDALE/X rule is@opanied by a certainty
factor.
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Logical
Connectives and
net degree of
truth.

The certainty factor ranges from 0 to 100 and iaigis the confidence you have
in that conclusion statement, that is, it is a measf the uncertainty in
knowledge. The value of the certainty factor reafiébe confidence in that
conclusion statement, if the premise of the ruleawl®0% true.

Example:
IF tank.level.high
THEN tank.valve.shut is TRUE cf = 90

The rule indicates that if we are 100% sure thatdimk level is high we are only
90% sure that the tank valve is shut.

2.8.5 Evaluating Rules
In evaluating rules, the following concepts aredusedetermine if a rule will be
successful or will fail:

» Degree of truth

* Net degree of truth

» Confidence level

During the inference process, COMDALE/X evaluatashestatement in the
premise of a rule to determine a degree of truthagh statement. The degree of
truth is how sure COMDALE/X is that the statementrue, (based on the values
and degrees of certainty of the keyword tripletd atiner elements of the
statement). The degree of truth ranges from 0 @y Were 100 indicates TRUE
and 0 FALSE. Intermediate values are measuresrimfusadegrees of truth. The
method of calculating degrees of truth varies wheéh type of statement. The
degrees of truth of each statement of a rule isbtoed to determine i@et

degree of truth of the rule. This is a value which ranges from Q@0 and
specifies how sure COMDALE/X is that the premisaatile is true.

For each rule theet degree of truthis compared with theonfidence leveto
determine if a rule will be successful or will fal rule only be successful if
the net degree of truth is greater than or equal tahe confidence levelThe
then conclusion statements of a rule are examinedwhBbn the rule is
successful. Thelseconclusion statements of a rule are examined whbn the
rule fails.

Theinference attribute of a rule can be used to customize how the degriees
truth are calculated and combined in a rule.

2.8.6 Logical Connectives

Thelogical connectives (and, orjletermine the relationship between conditions
which must exist before the conclusion of a rulevialuated. COMDALE/X

uses logical connectives to evaluate the net degfreath. The net degree of
truth of a rule is the result of the relationshgiviieen the degree of truth of each
condition statement in the rule and the logicalnsanives which link these
conditions.
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AND — minimum  When conditions areahded’, by default, the minimum of the degrees ofttrot
(by default) conditions is taken as the net degree of trutihe$é¢ conditions.

When conditions arered, by default, the maximum of the degrees of taith
conditions is taken as the net degree of trutthe$é¢ conditions. COMDALE/X,
allows customization of the method for the evalrabf both and’ and or’ in
rules

2.8.7 Assignment
is, equal In conclusion statements, the certainty factoisisduto determine the degree of
certainty of the keyword triplet on the left handesof an assignment statement.
The keyword triplet is assigned a degree of cegtaumich is equal to the
product of:

1 The certainty factor
2 The net degree of truth
3 The degree of truth of the expression on the tgimd side of the
statement.
This product is divided by 10,000 (100 x 100) teega degree of certainty
which ranges from 0 to 100.

Note: The assignment is done depending on:
The accumulation facet of the keyword triplet
1 The rule is successful (the THEN part is assigned)
2 The rule fails (the ELSE part is assigned)
3 The inference attribute of the rule

2.8.8 Evaluating Degrees of Truth of Condition Sttements
Uncertainty in IS and IS_NOT are used in logical, string, datetémé type rule condition
logical and string  statements to describe the relationship betweeresat and IS_NOT are not
expressions. case sensitive.

Examples of logical and string statements:
1 tank.level.highis TRUE
2 if tank.level.high is not TRUE...
3 tank.level.@string is “high”
4 tank.level.@string is tank.height.@string

By default, COMDALE/X evaluates the degree of traftan expression to be
the minimum degrees of truth returned by all camstaunctions and keyword
triplets in the expression.

Note: The degree of truth of a keyword triplet is equalts degree of certainty.
The degree of truth of a function depends on thetfon used.

2.8.9 Logical

IS Statement When “IS TRUE” is used in logical expressions tlege of truth is equal to
the degree of certainty of the keyword triplet. WHES FALSE” is used, the
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degree of truth is equal to 100 minus the degrexhinty of the keyword
triplet.

When “IS_NOT TRUE” is used in logical expressiottee degree of truth is
equal to 100 minus the degree of certainty of tignlord triplet. When
“IS_NOT FALSE” is used, the degree of truth is ddoahe degree of certainty
of the keyword triplet.

2.8.10 String

When “IS” is used in string expressions, the statetndegree of truth is O if the
expressions on both sides of the statement dovabiage to the same string
value. If they evaluate to the same string valne degree of truth is equal to the
minimum degree of truth of all expressions in ttaesnent.

When “IS_NOT” is used in string expressions, tl&eshent degree of truth is 0
if the expressions on both sides of the statemaltiates to the same string
value. If they do not devaluate to the same stvalge, the degree of truth is
equal to the minimum degree of truth of all expi@ss in the statement.

Examples of condition statements using “IS” and “ISNOT”:
tank.level.high is TRUE or tank.level.high

The degree of truth of the above statement is équak degree of truth (degree
of certainty) of the logical expression (keyworiglet) tank.level.high

tank.level.high is FALSE or tank.level.high ist AGRUE

The degree of truth of the statement is equal @riihus the degree of truth
(degree of certainty) of the logical expressiory(kerd triplet) tank.level.high

tank.level.@string is “high”

The degree of truth of this statement is O if takug of the string expression
(string triplet variable) tank.level.@string is remjual to the string constant
“high”. If the value is equal to “high”, the degreétruth is equal to the degree
of truth (degree of certainty) of the expressioiplgt) tank.level. @string.

tank.level.@string is_not tank.height. @string

The values of the triplets are compared, if theythe same, the degree of truth
is equal to 0. If the values are not the samegédggee of truth is equal to the
minimum degree of certainty of the triplets tankele@string and
tank.height@string.

2.8.11 Relational Operators, Mathematical Expresens
A condition statement which tests a mathematicptession is constructed as
follows:

expressionl relational operator expression2
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Examples

Example:
tank.level.@float != 100 + tank.height. @float

By default, COMDALE/X evaluates the degree of traftfan expression to be
the minimum degrees of truth returned by all camstaunctions and keyword
triplets in the expression.

Note: The degree of truth of a keyword triplet is equalts degree of certainty.
The degree of functions depend on the function .used

The following are the available relational operatfwr the conditions of rules.

Relational Operators Description
== equal ton
I= not equal to
< less than
<= less than or equal to
> greater than
>= greater than or equal to

If the relation shown in the condition is falsegnhthe condition statement is
evaluated to a degree of truth of O. If the relat®true, the condition statement
is evaluated to a degree of truth equal to themmum degree of truth of the
expressions on the right and left hand sides oé#peessions.

Note: The degree of truth of constants is assumed t®be

Examples:
tank.level.@float >= 100

The degree of truth of this statement is equalifdal®e value of
tank.level.@float is not greater than, or equél@®6. If the value is greater than,
or equal to 100 the degree of truth of this stateérseequal to the degree of
certainty of tank.level.@float.

tank.level.@float >= 100 + tank.height.@float

The degree of truth is equal to the minimum ofdkgrees of certainty of
tank.level. @float and tank.height.@float if theatedn evaluates to be true.
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2.9 Statements and Expressions
COMDALE/X expressions consist kéyword triplets, functions and
operators and evaluate to logical, string, mathematical, date time values.
Each expression also returndeggree of truth. This degree of truth could be
TRUE (100), FALSE (0) or some intermediate value] eeflects the confidence
in the value of the value of the expression. Caristavaluate to the value they
express. e.g. TRUE, 10 and “high” are logical, reathtical and string constants
respectively. cos (25) and text (“hi”) are funcson, -, * are operators.

COMDALE/X statements formulate relationships betwegpressions.

COMDALE/X permits five types of expressions:

* Logical

» String
 Mathematical
 Date
 Time

2.9.1 Logical Expression
Logical expressions evaluate to be TRUE or FLASEame intermediate

Logical degree of truth. Statements can be used to tegiorships between logical
expressions expressions or to assign a degree of certaintydgieal triplet.

evaluate to TRUE,

FALSE or

! A Examples of logical expressions:
intermediate TRUE

degrees of truth. FALSE

tank.level.high
KNOWN (tank.level.high)

TRUE and FALSE are called logical constants.
Syntax:

logical expressiors logical expression

logical expressiors_notlogical expression
Examples:

tank.level.high is TRUE

tank.level.low is_not TRUE

Note: In the premise of rules you may replace “tank.léngh is TRUE” with
“tank.level.high”

When a logical statement is used in the conditica mile it is a test. In the
conclusion of a rule it is considered to be angmssent.

In the conclusion of rules the “is TRUE” or “is FALSE” must be stated to
make an assignment.
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2.9.2 String Expressions

String String expressions evaluate to string values andlmaastring constants, string
expressions triplet variables, and functions which return dfriralues. These expressions
evaluate to string  return string values and degrees of truth. Theekegf truth could be TRUE
values (100), FALSE (0) or some intermediate value, ariléces the confidence in the

value of the expression. These expressions magdxtin statements for
comparison of qualitative concepts, or used ingassg new string values to
keyword triplets.

Examples of string expressions:
HlOWH
tank.registry.@string
attr (tank.level.high)

“low” is a string constant.
String constants can contain any number of chasaciéey must be bounded by
double quotes.

Syntax:
string expressionik string expression2
or string expression%_notstring expression2

Examples:
tank.level.@string is “high”
tank.status.@string is_not “ok”
user.name.@s is new.name.@s

When a string statement is used in the conditica refle it is a test. In the
conclusion of a rule it is considered to be in asignment. In the conclusion of
rules only theiS’ operator should be used.

2.9.3 Mathematical Expressions

Mathematical Mathematical expressions evaluate to numericalesaaind may consist of
expressions constants, mathematical triplet variables, addibiperators, multiplicative
evaluate to operators and function calls. These expressionsireiumerical values and

numerical values  degrees of truth. The degree of Truth could be TRUID), FALSE (0) or some
intermediate value, and reflects the confidendéenvalue of the expression.
Mathematical expressions allow COMDALE/X to perfommathematical
computations in the condition and conclusion stat@nof rules as well as in
procedure statements.

Syntax:

mathematical relational operator mathenahtic
expressionl expression2
Examples:

tank.level.@float > 60
60 + 2 >= tank.height.integer
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When a mathematical statement is used in the dondif a rule it is a test. In
the conclusion of a rule it is considered to bassignment.

2.9.3.1 Additive Operators
Additive operators are evaluated from left to right
Additive operators that are used in COMDALE/X are:

Additive operators Description
+ Evaluates the sum of two expressions
- Evaluates the difference of two expressions.

Syntax:
expressionl additive operator expression2
2.9.3.2 Multiplicative Operators
Multiplicative operators have a higher prioritythreir evaluation than the

additive operators. A multiplicative operator isaiated from left to right.

The following are the available multiplicative optars in COMDALE/X:

Multiplicative operators Description

* Evaluates the product of two expressions

/ Evaluates the division of expressionl by exporesi

0 Evaluates expressionl raised to the power of ssme2
Syntax:

expressionl multiplicative operator  expression2

In a combination of operators, COMDALE/X uses tbkofwing order of
priority in evaluating the mathematical expression:

Operators

0

[]

* 1

+, -

You can use parentheses to group mathematicalssipns according to the
priority of operation.

30




Date expressions
evaluate to date
values.

The condition statement of any rule may be a tefteorelation between two
mathematical expressions. The following are thélavie relational operators in
COMDALE/X.

Relational Operators Description
== Equal to
I= Not equal to
< Less than
<= Less than or equal to
> Greater than
>= Greater than or equal to

Syntax of a statements using mathematical expressions:
expressionlrelational operator expression2.

Note: In a relational test, all the operators in the espions will be evaluated
before any relational operator is used.

In COMDALE/X, there is only one mathematical assngmt operator, =, and it
is used to assign the value of the expression@nght hand side of a statement
to the variable on the left hand side. The assignmperator ‘=" can only be
used in the conclusion of a rule.

Examples of rules containing mathematical expressis:

IF area.of_circle.@f = = area.of_square.@f
OR specific_heat.of_fusion.@f <= 24.0
THEN characteristic.of_object.@s is “ok” cf = 90

IF percent_80.feed_size.@f <= 4000 * SQRT (13thiadex.@f)
AND grinding.power.@s is “for_ballmill”

OR percent_80.feed_size <= 15000 * SQRT (13/imdlex.@f)
AND grinding.power.@s is “for_rod mill”

THEN efficiency.factor_4.@f = 1.0 cf = 100

IF boiler.temperature.@s is “high”

AND boiler.temperature.@f > 36

THEN boiler.pressure.@s is “to_be_checked” cD8 1
THEN boiler.temperature.@s is “very_high” cf =010

2.9.4 Date Expression

Date expressions evaluate to date values and mdgtbeconstants, date triplet
variables, and functions which return date valié&&se expressions return date
values and degrees of truth. The degree of trutiddoe TRUE (100), FALSE
(0) or some intermediate value, and reflects thididence in the value of the
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Time expressions
evaluate to time
values.

expression. These expressions may be used in statefor comparison of date
concepts, or used in assigning new date valuesywdd triplets.

Examples of date expressions:
this.date. @date
$current_date

Where $current_date is the value of the currerd dat

Syntax:
date expression4 date expression2
or date expressiond notdate expression2

Example:
Printer.delivery@dateis $current_date

When a date statement is used in the conditiorrofiesit is a test.
In the conclusion of a rule it is considered taaheassignment.
In the conclusion of rules only this"operator should be used.

2.9.5 Time Expression

Time expressions evaluate to time values and mayrigeconstants, time triplet
variables, and functions which return time valddsese expressions return time
values and degrees of truth. The degree of trutiddoe TRUE (100), FALSE
(0) or some intermediate value, and reflects theidence in the value the
expression. These expressions may be used in statefor comparison of time
concepts, or used in assigning new time valuegywkrd triplets.

Examples of time expressions:
this.time.@time
$current_time

Syntax:
time expressionlis time expression2
time expressionlis_not time expression2

Example:
Printer.delivery.@time is $current_time

When a time statement is used in the conditionrofaiit is a test.

In the conclusion of a rule it is considered taabeassignment.
In the conclusion of rules only thisoperator should be used.

32



