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Abstract

Knowledge Representation (K.R.) technigues and inference have been the backbone of
Artificial Tneiligence(A.]l). KR is a substantial sub field in its own right, on the
horderline between Al and cognitive science, Tt is concerned with the way in which
information might be stored in the human brain. The main criteria (o assessing a
representation of knowledpe is logical adequacy, heuristic power and notational con-
venience. Logical adequacy means that the representation should be capable of making
all the distinctions that vou want to make. Heuristic power means that, as well as having
an expressive representation language, there must be some way of using representations
so construeled and interpreted to solve problems. KR is one of the most widely used
methodologies for representing knowledge and analysis in Al However, analysis and
implementing of any problem solution without KR can be a time-consuming and error-
prone task. Furthermore, analysis and implementing of any problem solution without
chosen the best KR kind can be a time-consuming and ¢rror-prone.

There is no single theory 10 explain human knowledge organization or a best technique
for structuring data in a conventional computer program, no single KR structure is ideal.
One of the imporant responsibilities as a knowledge engincer is to choose the KR
technique best suited for the given application.

This thesis compares between some kinds of KR such as Rule, logie, Semantic
Network, Frames, Fuzzy Logic, Neural Network and Genetic Algorithms representation
for some real applications depending on theoretical perspective and practical perspective
using some criteria such as variables, statement/relations, programming and reasoning
technique. The main purpose of this thesis is to select the best KR 1o he used for solve
given problem.

Keywords: Rule, Logic, Semantic Network, Frames, Fuzzy Logie, Neura! Metwork and

Genetic Algonthms representation.
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Chapter One

Introduction

Artificial Intelligence(A.L) is one of the newest sciences. Work started in earnest soon
atter World War II. and the name itsclf was coined in 1936, Al currently encompasses a
huge varicty of sub fields ranging from general purpose areas. such as learning and
perceplion to such specilic tasks as playing chess, proving mathematical theory, wriling
poetry, and diagnosing diseases. “Definitions of Al according to eight textbooks arc
shown in table-1.1', these definitions vary along two main dimensions. Roughly. the
ones on top are concerned with thought processes and reasoning, whereas the ones on
the bottom address behavior. The definitions on the left measure success in terms of
fidelity to human performance, whereas the ones on the right measure against an ideal
concepl of intelligence, which we will call rationality. A system is rational if it does the
"right thing" given what it knows." [1].

Knowledge Representation {K.R.) techniques and inference  have been the backbone of
AL KR is a substantial sub field in its own right, on the borderline berween Al and
cognitive science, It is concerned with the way in which information might be stored in
the human brain, “The main criteria for assessing a representation of knowledpe are
logical adequacy, heuristic power and notational convenience. Logical adequacy meins
that the representation should be capable of making all the distinctions that you want to
make. Heuristic power means that, as well as having an expressive representation
language. there must be some way of using representalions so comstructed amd

interpreted o solve problems.™ [27].

! This table is borrewed from |1].



Systems that think like humans Systems that think rationally

The cxeiting new effort fto makeThc study of mental faculties throughy

computers think machines with minds, in )
. . _ the use of computational models.
the tull and literal sense.

The automation of activities that wdl
hssociate with human thinking, activitiegThe study of the computations that make;
buch  as  decision-making,  problemlit possible 1 perceive, reason, and act.
solving, learning,
Systoms that act like humans Systems that act rationally

The art of creating machines that pf:rfunnnt;

. L “omputational intelligence is the study
unctions that require inteliigence whe . . .

f the design of ntelligent agents.
rformed by people. =

[ is concerned with intelligent behavior
n arifacts.

The study of how 1o make compulers d \
hings at which. at the moment, peopl
Lre better.

Table 1.1 Some definitions of artificial intelhgence

1.1 Knowledge

(.1.1 Delinitions

Knowledge refers to stored information or models used by a person or machine to
interprel. predict, and appropriately respond to the outside world [6]. Knowledpe is a
theoretical or practical understanding of a subject or a domain. Knowledge is also the
sum of what is currently known, and apparently knowledge is power [13].

1.2 Types of Knowledge

The types of knowledge that they can best represent, 1able 1.2 lists the different types of
knowledge.

Procedural knowledge: describes how a problem is solved. This type of knowledge
provides direction on how 1o do something, Rules, strategies. agendas and procedures.
are the typical type of procedural knowledge used in expert systems.

Declarative knowledge: describes what is known zbout a problem. This includes simple
statements that arc asserted to be either true or false. This also includes a tist of

stutements that more fully describes some object or concept.



Meta-Knowledge: describes knowledge abow knowledge. This type ef knowledge is
used to pick other knowledge that is best suiled for solving problem.

Heuristic knowledge: describes a rulc-of-thumb thar guides the reasoning process.
Heuristic knowledge is often called shallow knowledge. [t is empirical and represents
the knowledge compiled by an expert hrough the experience of solving past problems.
Structural knowledge: describes knowledge structures. This 1ype of knowledge
describes an experts overall mental model of problem. The experts mental model of

concepts, sub concepts and objects is typical of this tyvpe of knowledge [2].

rocedural knowledge Rutes
Strategics
Agendas
Procedures
Declarative knowladge  Concepls
(Yhjects
I'acis
Knowledge about the other 1ypes of knowledge
and how 1o use them

Heuristic knowledge Rules of thumb

Structural knowledge Rule sets
Concept relationships
Concent to object relationships

Table 1.2 Different types of knowledge
Some other definitions related to the subject such as:-
Strategic knowledge: is knowledge about how to approach a problem by choosing an
ordering on methods and sub goals which minimizes effort in the search for a solution.
Support knowledge: is typically knowledge involving a causal model of the domain of
discourse which explains why certain eontingencies lypically hold.
Domain knowledge: is a collection of specific facts {including coneepts and relations)
and procedures refated to the solution of specific problem [24].
Knowledge engincer: is someonc who is capable of designing, building and testing

expert system.



Inference: which means determimng actions, proving or disproving facts (hypotheses),
or quite frequently. generating new knowledge.

Programmer: is the person reasonable for the aclual programming, describing the
domain knowledge in terms that a computer can understand.

Knowledge hase: contains the domain knowledge useful for problem solving [13].
Reasoning: is a process  of working with knowledge, f{acls, and problem solving
siralegies to draw conclusion [2].

Deductive reasoning: to deduce new information from logically related known
information.

[nductive reasoning: 1o deduce new general information from sure group facts or
logically related known information.

Analogical reasoning: to deduce new information from analogical general information
|3].

1.3 Components of Knowledge

The components of knowledge are shown in figurel.1. Naming, Describing, Organizing,
Relating and Constraining. These components of knowledge are generally present with
many KR system. However, each KR method deals with these components in its own
Wiy,
Naming; the function of naming usually performed by proper nouns, the name is really
a symbol (hal can stand in place of the actual object. o it is easy to denote objects by
names. These names should be unique. 11 there are more than one object called by the
samne name, some methods exist for picking oul objects uniquely. These methods
include:

» Adding more details to the name .

» Assigning a special code.

o Attaching properties to the name



Describhing: to descnbe the mmportant propertics thal an object has in representing the
knowledye about the object. The basic process of description 15 very straightforward, i1
can lead o different forms of expression in different KR methods .

Orpanizing: for organizing objects into concepual categories, one way of organizing
abjects is 10 describe some objects as instances of more general objects.

Relating: aller one  has named, described, and organized objects, one need to relate
ther. Some types of relation, such as family relations, can be expressed naturally in
terms of the organization of knowledge. (ther types of relations arc best expressed as
procedurcs involving inference. The difference between properties of objects and
relations between objecls is sometimes a source of confusion. For example, the fact that
"Ahmad is an employer” can be regarded as either a property of Ahmad or a relationship
between Ahmad and each of his employees.

Constraining: consiraining governs the propertics of objects. They are used to limil
ranges of values, relationships, and organizational structures.

After one acquires knowledge from the expent on some well-focused domain, one will
want 10 cncode a knowledge in the sysiem. To do this. one will need to find a way of
structuring the knowledge in the system that allows the system to solve the problem in a

manner similar to that followed by the expert. This is the subject of the siudy and 13

formally known as KR. Naming
Describing
Components of o Orcanizing
knowledpe
Relating
Constraining

Figure 1.1 Components of knowledge



1.4 Knowledge Representation
1.4.1 Definitions
Knowledge representation, is the method used to encode knowledge in an expert
systems knowledge base |2]. 1t is a scheme or device used to capture the essential
elemems of problem domain.”[24].
1.4.2 Characteristic of Knowledge Representation
The primary characteristic of KR are twofold :-
+  What information is actually made explicit?.
» llow the information is physically encoded for subseguent use hy the very naturc
of it?.
Therefore, KR is goal directed. In real-world applications of intelligent machines, it can
be said that a good solution depends on a good representation of knowledge [24].
1.4.3 Limitatinns of Knowledge Representation
To date in Al implementation suggest that. with modest application objectives, this 1s a
reasonable assumption. However. several generic and difficult representation issues
remain unresolved, for example:-
e  What are the trade-offs between the sophisticaon of control structures and
km}w]c{]gu bases?.
¢ Llow can an initial representation and control stratepy be systemaltically refined
on the hasig of new knowledge, experience (leaming), and perhaps recognition of
mistakes? |24].
1.4.4 Main tpes of Knowledge Representation
There are two main Lypes of KR. the first support analysis, the second uses in aciual

coding. The relation between the two tyvpes and knowledge engineering is represented in



figure-1.2%, Knowledge analysis methods are using to support knowledge acquisition in
the target definition stage as well as in the initial accumulation by initial and organize
knowledge analysis, after finishing the organization process, the process coding will
start by applying one or more of the coding methods. The semantic network is an

example of analysis methods and the frames, rules is an example ol coding methods [3].
Analysis H—‘ Coding Inference

Figure 1.2 Relation berween two tvpes of KR

Knowledpe
acquisiiion

1.4.5 Advantages of Knowledge Representation

s  Verification of the knowledge rights and ability of improvement.

v Test and discover the system  errors due to perfect design and correct
documentation.

e The assistance of knowledge completencss where the styles encourage the
knowledge completeness and the permanent test of the system logic.

+ The simple way for knowledge maintenance as a result of the little work to
understand and cading concerning the knowledge in the rule iiselt.

¢ Increasing the quantity o'  produced software’s as a result of good
documentation and direct contact with the user and the improvement of the
knowledge rule .

» [nsure the easy way of the coding operations due to structural design of the

knowledge inside the rule [3].

? This figure is borrowed from [3].



1.5 Related work in Knowledge Representation

One of the difficulties in this thesis is the lack of papers and researches studying the

comparison between the kinds of KR. A survey of related work is presented, The

papers focused on gencral idea about various KR techniques.

One study  hag been done and appeared in the journal AI related to genetie
algorithms, has concentrated with the application of techmgues defined by
genelic algorithms and applied to specific e-commerce applications. Problems
and prospective solutions for encoding key charactenstics of both the problem
space and candidsie solutions are presented and evaluated. This study has been
concluded. the application of penclic algonthms lo e-commerce applications is
almost in its infancy [14].

Another research related to the use of logic, concentrated to  present o system
that is able to perform cooperalive information-secking dialogues for the
interrogation of a text knowledge base. In this system cach event (utterance} is
represenicd by logic programming facts which are used to dynamically update
the previous user model. The system has o represent four levels of knowledge
using dynamic logic programming, The knowledge levels are:Interaction,
Domain. Information retrieval and Text, This study has been concluded:

1, Asystem which is able to covperatively participate in dialogues, namely

in informaton-secking dialogues.
2. The system uses dyvpamic logic programming 1o represent and to reason

about events.

3. The interaction level is responsible for the dialegue management.

4. Cooperation is achieved through the inference of user attitudes using the KR

[18].



Other work presented a new architecture for the World Wide Web as the
Semantic Web. In broad 1erms, it encompasscs cfforts to populate the Web with
content which has forma! semantics. This will enable automaied agents 1o reason
about Web content, and produce an intclligent response to unforeseen situations.
'They helieved that in order to build the Semantic Web, the sharing of ontological
information is required. This allows agents 1o reach partial shared understanding
and thus ineroperate. The paper discussed required and desirable features of
ontological languages. giving examples of the possible usage of frame-bascd
representation and ontelogism on the Semantic Web [19).

Another research reviews motivations for introducing furzy sets and showed
how this logic is an absolute requirement for understanding complex systems in
terms of their componeats. This study has been concluded, conventional
approaches represent complex systems in a reductionism manner by speeifying
well-defined components and their individual interactions [23].

Previous work discussed the knowledge mainlenance and frame problems, the
author has concluded. that in Al there has long been recogmized a basic problem
in the internal represemation of the world known as the "frame problem”, the
frame problem is one concerning internal representation about the world. 1t is not
a prablem in physics or the law of nature [22).

The aim of work was 1o give some insight of workshop attends into the role and
features of the rule of language, how it is evolving, and how it fits in the standard
world, the studv has been concluded, common rule interchange for rule engines
remains an interchange proposition, with rule being devcloped to directly
represent the mle executed in rule engine, commercial demand for standardized
rule tepresentation will likely increase, However, should note that rule
representation is also directly to data represeniation, that scparation of business

9



rules from data is required to support commercial application and that business
rule as defined bv business people are not necessanly equivalent to executable
rules [23].

+ Another study, evaluates the significance of recent development in the field of
neural networks with respect to the ficld of AL The study has been coneluded,
the Al community should regard neural networks as neither threat nor menace
but rather as an opportunity {or further, production interactton and exploration.
It is certainly the case that recent empirical work emphasizes the good sense of
this philosophy [26].

1.6 Thesis goals

There is no single theory to explain human knowledge organization or a best echnique
for siructuring data in a conventional computer program, no single KR structure s ideal,
(e of the important responsibilities as a knowledge engineer is to choose the KR
1echnique best suited for the given application. To accomplish this task:

+ A person must have an understanding of the vanous KR technigues.

define various KR techniques.

-

Determine advantages and disadvantages of the various KR techniques.

Compare between various KR technigues.

¢ Delermine types of KR that they might be the best to represent knowledye.
This thesis compares between some Kinds of KR such as Rule, Logic, Scmantic
Network, Frames, Fuzzy Logie. Neural Network and Genetic Algorithms representation
for some real applications depending on theoretical perspective and  practical
perspeclive using some criteria such as variables. statement/relations, programming and

reasoning lechnique for selecting the best KR 10 be used [or solve given problem.



1.7 Thesis Contributions

‘Thesis makes some contributicns:
e It determines advantages and disadvantages of the varions KR techniques.
¢ [t determines the best of KR that they can be used 10 represent knowledge.
¢ [I provides an application example fo illustrate the various KR techniques.
e [t compares between some kinds of KR through  theoretical perspeetive and

practical perspective.

1.8 Thesis Organization

"T'his thesis 18 organized into nine chaptler and they are follows:
Chapter two discusses the definition of rule representation, rule-based system model.
structure of rule-based system, represcnting knowledge in rule-based syslems, types
of rules, variable of rules, rle sets, advantages and disadvantages of rules.
Chapter three focuses on topics such as the delinition of logic representation and
type of logic such as prepositional, predicate. second order and higher order logic
additional to difference between kinds of logie, advantages and disadvanlages of
logic.
Chapter four explains the definition of semantic networks representation, expanding
and inheritance in semantic nelworks. exception handling. advantapes and
disadvantages of semantic network.
Chapter five presents the definition of frame, basic frame design, class frame,
instance frame, frame inheritance, hierarchical structure and facels, more ever
advantages and disadvantages of frame.
Chapter six presents the definition of fuzzy logic, fuesy variables, fuzzy sets,
forming fuzzy sets. fuzzy set representation, fuzzy set operation, fuzzy inference

additiona! to advantages and disadvantages of fuzzy logic.



Chapter seven defincs neural network. neural network components, network
topologies. processing unit, representation capability, brpes of variables, advantages
and disadvantages ot neural network.

Chapter eight defines genetic algorithms and genetic algorithms operations,
elements of genetic algorithms. advantages and disadvamtages of genetic algonthms.
Chapter nine compares between the above knowledge representation using the
crileria’s variable, statement/relations, programming and rcasoning lechnique. The

thesis conclusion is including in the chapier nine .



Chapter Two

Rule Representation

2.1 Definitions

A twle is a knowledge structure thal relates some known information 1o other
information that can be concluded or inferred to be known. A rmule is a form of
procedural knowledge. It associates the given information to some action. This action
may be the assertion of new informalion or some procedure to perform. In this sense. a
rule deseribes how to solve a problem [2]. Any rule consists of two parts: the IF part,
called the antecedent {premise or eondition) and the TIEN part called the consequent
{conclusien or action).
The basic syntax of a rule 15:-
IF  <antecedent> TIIEN < consequent>
Examples:-

¢« IF "age of the customer <18"

THEN “signature of the parent is required"
iFor this simple example, if the age of the customer less than 18 years, then the rule
infers that signaiure of the parent is required. In general, a rule can bave multiple
premises joined with AND statements {conjunctions). OR statements (disjunctions), or a
combination of both. However, it is a good habit to avoid mixing conjunction and
disjunctions in the same rule {13].

« [F <antecedent 1>
AND  <anlecedent 2=

AND  <antecedent n>
THEN < consequent 1>

13



» [F <antecedem 1>
OR <antecedent 2=

OR  <antecedeni n>
THEN <conscquent 1>
Example:-
¥ the season is autumn
AND  the sky is clowdy
AND  the forecast is drizzle
THEN the advice is "take an umbrella’
The consequent of a rule can also have multiple clauses:-
e JF <gntecedent™>

THEN <conscquent 1>
<gonsequent 2>

‘:CC![';SE'[.'[UEHT. m>
{onclusion can contain a single statement or a combination juined with an AND,
Example:-
IF [message for files and programs]="Abort. Ignore, Retry. Fail?"
THEN[the action1] = "press A for exit and close operation” OR
[the action2]="press [ for ignore and continue work” OR
[the action3]="press R for radial with the samc operation” OR
[the actiond)="press F for end the current operation”
1.2 Rule-based system model
The production system illustrated in figure 2.1 using the following modules:-
» Knowledge base: which contains the domain knowledge useful for problem
solving(models a humans long-term memory as a set of rules).
«  Working memory: models a human’s short-term memory and contains problem

facts both entered and inferred by the firing of the rules.

14



Inference engine: it links the rules given in the knowledge base with the facls
provided in the database (models human reasoning by combining problem facts
contained in the working memery with rules conmtained in the knowledge base 1o

infer new information).

Knowledge Warking
hase{Rules) Memory(Facts)

conclusion

Inference n_ Facts
lingine

Figure 2.1 Rule-based model

2.3 Structure of rule-based system

‘Ihe production model is based on the idea that humans solve problems by applying their

knowledge to a given problem represented by problem specific information. The

production rules are stored in the long-term memory and the problem-specilic

information or facts in the short-term memory. The production system model and the

basic structure of & rule-based svstem are shown in figure 2.2. A rule based system have

five components.-

1.

2.

Knowledge base:- contains the domain knowledge uscful for problem solving,
Database:- includes a set of facls used to match against the [F(condition) parts of
rules stored in the knowledge base.

Inference engine:- earries out the reasoning whereby the expert system reaches a
solution, 11 links the rules given in the knowledge base with the facts provided in

the database.



4. Explanation facilities:- enable the user 10 ask the expert system how a particular
conclusion is reached and why a specifie fact is needed.
5. User interface:- is the means ol communication between a user secking a solution
1o the problem and an expert svstem.
[n the mule-based system, the rules contained in the knowledge base represent the
production contained in the long-term memory and the facts contained in the working
memory epresent the sitwation in the shori-term memory. The inference engine acts the
reasoning module of the production system model and compares the facts with the
antccedents or premises of the rules W see which once can fire. Those rules that can fire
have their conclusion added to the working memory and the process continues until no
other rules have antecedents that match the facts contained in the working memory [13].

Knowledge base MNatabase

Rule: IF-THEN Fact

Inference engine "

L 4

Explanation facilities

Reasoming

Figure 2.2 Basic structure of a rule-hased system.
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Figure 2.3 shows an example of this process.

Knowltedge Base

— Step 3™ Ii H‘alls C_Dlur is Red
T'HEM T Like the hall
Step 5 , IF I Li‘ke the ball
— =1i THEN 1 will Buy the Ball

Q: Balls color
A Red Stepl

| Step 2

Balls Color is Red
[ Like the ball — Step 4™

I Wili Buy the Ball

I

Figure 2.3 Rule-based sysiem operalion

'The process, begins with the system asking the user for the ball's color.

Step 1: The system then takes the answer of "Red” and enters this fact into the working
Memory .

Sicp 2: This assertion matches the premise of the first rule,

Step 3: The malch causes the rule to fire and its conclusion "1 like the ball” is added to
working memory.

Step 4: This new information matches the premise of the second rule.

Step 3@ This causes the rule to fire and the fact " I will buy the ball” is also added to
the working memory. At this point, no other rules exist for the system 1o
consider, 5o the processing stops.

2.4 Rule-based system architecture

The point 2.2 deseribed a rule-based system as being composed of three modules:
knowledge base, inference engine, and working memory. These three components

comprise the heart of the system, but there are other subsysiems that one will find in any
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real system. The complete architecture of a rule-based system 15 shown in figure 2.4,

"The additional subsystems are as follows:-
v User imterface: it is the means of communication between a user seeking a
solution 1o the problem and an expert system.
¢ Developer interface: it is the knowledge engineer develops the system.
» Explanation facilitics: which enable the user to ask the expert system how a
particular conclusion is reached and why a specific fact is needed.
& Exiernal programs: that programs such as database, spreadsheets. ete., that work

in a support rote for the system [2].

Inference Enging

External
Program

Woarking
Memory

Explanation
Facility

Knowledge
Base

1ser
Imerface

Developer
Interfnce

b 4

Figure 2.4 Rule-hased system architecture
2.5 Representing knowledge in rule-hased systems
The rule-based system used in the examples represents knowledge with production rules,
so named because new facts are produced when a rule is proven true.
Example: To emulate the car diagnostic condition, replace  human advisor with a

compulter, the rule can be woitten in the table 2.1:-
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RULE 1: RULE 2:
I the result of switching on the headlights jIF the result of trying the starter is the car

is nothing happens or the result of trying  |cranks normally and a benzene smell is not
the starter is nothing happens present when trying the starter

THIEN the recommended action is | THEN the benzene tank is emply

recharge or replace the batlery

RULE 3: RULE 4:

IF the benzene tank is empty [F the result of trying the starter is the car
TNEN the recommended action is refuel  [cranks normally and a benzene smell is
[ihe car present when trying the starter

| THEN the recommended actton is wait 14)

minutes, then restart flooded car.

Table 2.1 Car diagnostic condition rules
The complete rule statements for this example shown below:
RULE [Is the battery dead?)
IF [the result of switching on the headlights] = "nothing happens™ OR
[the result of trying the starter] = "nothing happens™
‘'HEN [the recommended action] = "recharge or replace the battery”
RULE [Is the car out of benzenc?]
II° jthe benzene tank| = "empty”
THEN [the recommended action] = "refuel the car”
RULE [[s the battery weak?]
{F [the result of 1rving the starter}"the car cranks slowly”
AND [the headlights dim when trying the starter] = “true”™
THEN {the recommended action] = "recharge or replace the battery”
RULE [[s the car flooded?]
IF [the resuli of trying the starter] = “the car cranks normally”

ANT [a benzene smell] = "present when trying the starter”
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THEXN [the recommendded actiont = "wait 10 minutes, then restan
flooded car”
RULE [Is the benzene wnk empty?]
IF [the result of rving the starter] = "the car cranks normally™
AND [a benzene smell] = "not present when trving the starter”
THEN [the benzene tank] = "empty”

2.6 Types of Rules

Rules can represent relations, recommendation, directive, strategy and heuristic as the
fallowing list iMustrates:-
Rclationship
[F The fuel tank is empty
THEN The car is dead
Recommendation
IF The car will not start
TIIEN Take a cab
Pirective
IF The caris dead
AND The fuel tank is empty
THEN The action is refuel the car
Strategy
IF The car is dead
THEN The action is check the fuel tank;
Step | is complete
IF stepl is complete
AND the fuel tank is full
THEN the action is check the batiery:
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Step 2 is complete
Heuristic
I The car will nivt start

AND First check out the fuel system then check out the electric system.
Rules can also be categorized according to the nature of the problem solving strategy-
often called the problem solving paradigm [13]. The following list shows typical rules
found in same of the commaon paradigms:-
Interpretation problem

IF Voltage of power supply is 220 volts

AND The power supply 15 ok

AND The electric is not dead

THEN The computer will be started
Diagnosis problem

[F The computer start

AND The bib of speakers long

AND not display on screen

THEN the display cord is dead
Design problem

IF Current task is assigning a power supply

AND The position of the power supply in the cabinet 15 known

AND There 15 space available in the cabinet far the power supply

TIIEN Put the power supply in the cabinet

2.7 Variable of Rules

In some applications, on¢ will need to perform the same operation on a sel of similar

objects. One could write a single rule lor each object, but this approach is ineilicient and
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makes it difficull to maintain the syvstem. Consider for example the following rule tha
concludes whether computer can install windows Xp:

IF Computer is 1B3M kind

AND Speed processor above 1 Gb

AND RAM above 128 Mb

THEN Cne can install windows Xp
This rule checks if kind of computer s IBM and speed processor above | (Gb and RAM
ahove 128 Mb then windows Xp can be installed. if someone wanted the system to
perform the same check for other individuals, would a similar rule need to write for
cach kind of compuier an incfficient process. In addition. if the basic knowledge
changes, lor example if the retirement kind of computer changes someone need to make
the appropriate change 1o cvery rule a maintenance problem. To avoid these types of
problems. choose cne of the computer languages or available shells that offer powerful
pattern-matching rules. These rules include variables that are 1o be used to match similar
problem statements |2].

IF computer is YA kind

AND speed processor above 7B GB

AND RAM above 7C MB

THEM one can install windows XP

2.8 Rule sets

Through out the expericnce, an expert forms several sets of rules o apply 1o a given
problem. One set of rules may be applicable for a given problem, while being useless for
anolher problem. For example, in a computer system may have separate sets of rules for
the clectrical and display system when encounters an electrical problem, then uses only
those rules formed from past experiences when working on the computer electrical

system. To illustrate the organization and use of rule sets, consider figure 2.5. This
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figure shows varicus rule seis that a computer mechanic might use. They are organized
in a hierarchica! fashion-a style typically found in cognitive studies on human problem
solving, Each block tn the figure 2.5 represents a sct ol rules related to the blecks label,
upper level blocks contain a set of absiract rules for peneral problem solving. This type
of modular struciure provides a natural ordering of the domains rule sets, it also
proposes a top-down approach to problem solving, where specific rule sets are used only
when appropriate. The principal advantage of this design :-

s It is that it represent a natural approach to solving complex problems.

+ I eases the system's development and maintenance,

» [t allows to integrate different KR techniques and inference strategies inlo the

system.

Computer
problem

F F
Electrical Ihsplay
svstem system

L L

Electrical Seperate
dead beep
Check or Cheek RAM Check V(GA
Change card
power supply

Figure 2.5 Computer diagnostic rule sets
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2.9 Advantages of Rules

» Natural expression: ease of captunng a knowledge i a rale makes a rule-
base approach an atiractive choice for the design of the expert system.

¢ Separation of control from knowledge: permits one to change the systems
knowledge or control separately.

s Modularity of knowledge: it can be easily reviewed. verified, and corrected.

» Ease of expansion: the separation of the systems knowledge from its control
permils to casily add additional rules allowing for a gracelul expansion of the
systems knowledge,

» Prepositional growth of inlelligence: it is capable of telling the sysiem
something new about the problem from established evidence.

o Use of relevant knowledge: a rule-base system is likely to have many rules
that can address a number of problem issues.

e Derivation of explanations from rigid syntax: it offers an opporunity o
determine how some piece of information came to be placed in the working
MIeIory.

» Consistency checking: allows for consisteney checking of the system 1o assure
that the same situation does not lead to different action.

o They allow us 1o view through the syntax to the meaninpg. And ecasy for
humans to read and understand .

o Rules may be changed without affecting other parts of knowledge base,

« Rules allow us to quickly create prololypes to test ideas and prove

feasibihity [4).
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2.10 Disadvantages of Rules

»  Require exact matching the antecedents of the available rule with the facts in
the working memory,
« Have opaque rule relationships: it is oflen dilficult to detennine how rules are
logically related through an inference chain.
s Can be slow: this occurs because when the inference engine is deciding which
rules to apply, it must scan the entire set of rules.
¢ 1t provides only one choice for representing the problems knowledge in the
expert system.
»  Rules are not allowed 10 call other rules directly.
Example:- Computer Diagnostic
To design a computer diagnostic system, someone need to acguire knowledge aboul
troubleshooting in computers, Computer manuals oflen include roubleshooting section,
which comsider. possible problems with the system start-up, computer/peripherals (hard
disk. kevboard. monitor, printer), disk drives(floppy disk, CD_ROM). files.
In this case study 1 will consider troubleshooting the general system. once the prototype
expert system is developed, someone can easity expand it In general a person should
match the features of the problem with the capabilitics of the tool. These 1ools range
from high-level programming language such as LISP.PROLOGJAVA and shells such
as E2glite, shelt provide us with the buili-in inference engine, explanation facilities and
the user interface. In this case study | am using E2glite shell. The complele compuler

diagnostic sereen shot shown in APPENDIX L
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Chapter Threc

Logic Representation

3.1 Definitions

A logic is a mathematical tool for constructing and manipulating symbolic, expressions
[3]. Logic is the analysis of methods of reasoning. The oldest form of KR in a compuler
is togic. Over the years, several logic representation techmiques have been suggested and
studied, The ones most often linked with intelligent systems have been prepositional
logic and predicate calculus. Both techniques use symbaols (o represent knowledpe and
operalors applied to the symbols 1o produce logical rcasoning. Table 3.1 lists the
prepositional logic operators and their common symbels, they offer a formal well-

founded approach to KR and reasoning [2].

{Jpurator Symbol
AN 8
R V.U, +
NOT -, =
IMPLIES o,
?EQU[V.&LENCE =

Table 3.1 Logic operaters and symbaols

3.2 Prepositional Logic

It is a logic which deals with propositions. A proposition is s sentence which is either
true or false. The "true" and "false” are called the tuth values [7]. A prepositional
variable is a svmbol used to represent a proposition that is considered to be indivisible
for instance. such as: A = The computer will start

The symbolie variable chosen could be of any form, such as : A, M, K, TEMP, com_stat.
In proposition logic, if one were concemed with the truth of the statement "The

computer will start" he would check the truth of the vaniable A, For many protilems ong
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is concerned with the tnuth of logically related propositions. Consider for example the

following rule:-

IF The car will not start —_— A
AND It is tog far to walk to work . B
THEN [ will miss work 1oday —+ C

Prepositional logic provides logical operators. such as AND. OR, NOT, IMPLIES,
EQUIVALENCE, that allow us to reason with vanous rule structures. Table 3.1 lists the
prepositional logic operators and their common symbols, Using the symbols of table
3.1, one can write the nile as: A*B-—> C

The first three operations of wable 3.1 are similar to those found in Boolean logic. as

shown in the foltowing truth tables:-

AND OR NOT
A|B|AANDB| [A | B ]AORB| [A] ANOTA
FIF[ F FIF [ F Fl T
FIT{ F FIT [ 1 F| T
TIF| F T|F [ T T F
T|T|” 1 T T 7 T F

The EQUIVALENCE eperator returns a T only when both propositions have the same

truth assignment:-

EQUIVALENCE IMPLIES
AlB|IA = B A | B A IMPLIES I3
F LI T F E T
F|T F F | T T
T|F F T F
T|T T T 1T T

The IMPLIES operator is handled in a special manner. This function defines an
implication between propositions of the form:-

C=A IMPLIES B
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C=A 2B
Thal is for the implication C, if A 15 true. then B is implied to be true. The above truth
table illustrates the operation of implication. The IMPLIES or implication operator
returps an F when A Is T and 13 is T, otherwise 1t returns o ‘I Another way of viewing
this is that C is true if A is false OR B is true, and C is false only when A is true and [3 s
false[2]. That is, the following two statements are equivalent: -
A2B =71 AvB
lixample 3.2.1 :-
To better illustrate the operation of the implication operator, il is valuable jo view the
implication 1n the form of a rule such as:
IF The electrical is dead
THEN The computer wont stari
I'rewm the Girst row in the implication truth able (A=, 3=}, our example rule could be
interpreted.;
Electrical not dead = computer will start; imphication T
From the second row:
Electrical not dead = computer won't start; implication T
IFrom the third row:
Electrical is dead = computer will start; implication F
From the fourth row:
Electrica! is dead = computer wont start; tmplication T
Example 3.2.2:-
Order test A for all male over 70, smokers with {amily history of cancer, and women
with chronic cough and family history of cancer. Otherwise, do not order it.
« Male: a person being male
» 0ld: a person being over 70
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« Smoker: a person being a smoker
s Cough: 2 person having chronic cough
» FHC: a person having tamily hislory of cancer
v Order A order test A
One can represent this preblem by logic equation and truth table:-

(Male “~Young)V{Smoker * FIC) V (—~Male ~ Cough » FIIC) +» Order A

Male Young{<=70) Smoker FHC Cough Order Test A

T T T T T T
I T T T I |
T 1 I F 1 F

3.3 Predicate Logic

A predicate Togic is a branch of logic that allows modciing ol the truth of statements
based upon the values assumed by specific portions (or phrases) of the statements.
Where a logic is concerned not onlv with sentential connectives but also with the
internal structure of atomic propositions it 15 usually called a predicate logic [24]. A
predicate logic also called predicate calculus, the predicate caleulus like prepositional
logic, uses symbols 1o represent knowledge., These symbols may represent either
constants, predicates, variables. or functions. Predicate calculus also permits to operate
on these symbols using the prepositional logic operators. In predicate calculus. & fact or
proposition is divided into two parts: predicate and argument. The argument represents
the objcet or objects of the proposition and the predicate an asscertion about the object,
For example, to represent the proposition "Ahmad likes Ali" one would write:
l.ikes(Ahmad Ali). In predicate calculus representation, the first word of each expression

(i.c.. likes) is a predicate denoting some relationship between the arguments within the
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parentheses. The arguments are symbols denoting objects within the problem. The
standard convention represents predicates with the [irst character in lowercase [2].
3.4 First order logic
First-order logic permils reasoning about the prepositional connectives {as in
prepositional logic) and also about quantification {"all” or "some"). A classic. if
elementary, example of what can be done with the predicate logic is the inference from
the premises:-

e All men are mortal,

»  Ahmad is a man.

To the conclusion :- Ahmad s mortal.

In order to proceed formally with our objective of exploring first order logic, the
tollowing additional detinitions are necessary:-

s A term s cither a conslant, a variable, or an /l-variable function.

» A function is an n-tuple of terms prefixed by a function svmbol or a name that

satisfies the definition of a function |24].

3.5 Second order logic
Which contains  two-sorted language, this means  that there are two distinct sorts of
variables which are intended to range over the set w={{.1.2..} of all natural numbers,
variable of the second sort are known as assel variables, are denoted by x.y.7...... and
are intended to range over all subset of w [23].
3.6 igher order logic
It is a simple technique for implementing languages with functional programming.
Object variables and binders are implemented by vanables and binders in the host
language.

Vanable predicale_name{Arg), Arg2, . .., Argn) {3.6.1)
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A simple representation of the form of {3.6.1} is possible, the consequences of the
manipulation of an entity of this tvpe are significant. Without further constraints, it is
quite easy to derive paradoxes in higher-order logie.

. Relations

The term relation is typically used of a predicate which 1s applied to more than one
thing, e.g. "greater than", which is applied 10 two (hings 1o make a comparison, but can
also be used for predicates taking one or vero things. The number of "things" invelved
(s arguments) is called the arty of the predicate or relation.

. Variables

Variables are used to represem general classes of objects or properties. Vanables are
wrilten as symbols beginning with an uppercase letter. For example. to capture the
propositions "Ahmad likes Ali" and " Moftah likes Daw” one can write: Likes(X.Y).
In this case, variables assume or instantiate the values;-

X = Ahmad, Moftah,

Y = Ali, Daw

In predicate calculus. variables can be used as arguments in a predicate expression or &
function [2].

- Operations

Predicate calculus uses the same operators lound in prepositional logic. To illustrate
their use, consider the following:-

proposition:  Ahmad likes Al likes{(Ahmad. A} propasition:

Moftah likes Al likes(Mofiah.AlL)

These two predicates indicate that two different men like Ali. To account for the obvious
jealousy that might occur, you could write:

likes{X. Y)Y AND likes(Z, Y) IMPLIES NOT likes{X.Z)

or  likes(X.Y) A likes(Z.Y) > = likes(X,7)
3



This is a general implication that captures the knowledge: “If two different individuals

like the same person, then they dislike each other™ Applying the implication produces

the result:  — likes(Ahmad, Molfiah).

3.7 Difference between kinds of logic

Prepositional logic simply maps the truth value of a statement into TRUE or
FALSE. A predicate is a parameterized proposition, thal is, a proposition with
variables .

In prepositional logic, the statements or propositions are variable-free. But in
predicate the statement or a proposition, involves variables,

There was no other explicil dependence of the truth of the statement on the
individual contenis (ie.. words or phrases} of the siatement. A predicate
function is & funciion that maps elements of A into the se1 {TRUE. FALSE}.
There was no mechanism that allowed the possibility of a substitution of an
element in the statement with another, with the conseguent mapping of the
statement truth value as a function of this substitution. A predicate function is
taken 1o include statements containing variables (i.¢., predicates), or simply
vanables.

In prepositional logic there is no abilily to relate the conlents of 2 portion of a
slatement with the statement truth value. A predicate with a single variable or
argument are used 1o represent relations,

First order logic imposes and indicates one restriction .

Second order logic imposes and indicates two restriclions .

EHigher order logic: the consequences of the manipulation of an entity of this
ype are significant. Without further constraints, it is guite easy to derive

paradoxes in higher-order logic,
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3.8 Advantages of Logic

» Logic can be inference, this ability makes it a unifying formalism.

There is no way to access the components of an individual assertion.

e Allows expression W contain vanahles. Variable let create general assertions.
s 15 precise.

» Itallows inference 1o establish new relationships from old.

+ It allows programs to be written which are declarative. they describe what is true

and nol how 1o solve problems.
o I'roblems are solved by general purpose inferences such as Prolog resolution

refutation.
1.9 Disadvantages of Logic

s One problem with logic is 1hat there is a lot of vocabulary 1o keep straight.

-

Humans do not always reason by making logical inferencys.

+ [Logic is too rigorous, and inllexible. to be of use in ull AT problem domains.

Il is not 2 good way for orgamizing knowledge .
¢ The processing inefficicncy .

The complete screen shot for the solution of the example 3.2.1 shown in

APPENDIX AL
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Chapter Four

Semantic Network Representation

4.1 Definitions

A semantic network is a method of KR using a graph made up of nodes and arcs where
the nodes represent objects and the arcs relationships between the objects{2]. The first
computer implementations of semanlic networks were developed in the early 1960s for
use in bird 1ranslation |8]. A semantic network using for non picture KR is the most
basic structure upon which an identification tree is based. Simply put, a semantic
network consists of nodes representing objects and links representing any relations
between these objects [9]. A semantic network provides a graphical view of a problems
important objects, ptoperties and relationships. It contains nodes and arcs that connect
the nodes. The nodes can represent objects, object properties or properiy values. The
arcs represent the relationships between the nodes, Both the nodes and arcs have labels
that clearly describe the objects represented and their natural relationships. A node for
example might have (he name "Bird", arcs are commonly labeled with tcrms such as
"IS-A" "HAS” ete., that clearly define the relationships between connected nodes. Figure
3.1 shows a simple example of a semantic network. This figure has two nodes that
represent objects, and two representing properties. The "Bird" node is connecled te both
property nodes, providing the interpretation “Rird" has wings and can fly, The Canary
node is Tinked to the "Bird” node via an I8-A arc, i.¢., "Canary is a bird" by virtue of
linking the "Canary" node to the "Bird" node through an [S-A link. an imporiant feature
of a semantic network is working behind the scene. Since birds have wings and can fly.
and Canary are a tvpe of bird, it seems only reasonable that they also have wings and can

fly. When one code into a computer the semantic network shown in figure 4.1, the
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computer obtains the same understanding. It knows not only about objects and thenr

properties, it can infer information about related objects in the hierarchy [2].

I5-A

Figure 4.1 Semantic network of bird
4.2 Expanding Semantic Networks

1t can be easily expanded a semantic network by simply adding nodes and linking them
to their related nodes currently in the network. These new nedes represent additional
ohjects or properties. One will usoally add a new object node in one of three ways: -

{1} a sirmlar object.

{2) a more specific ebject.

(3) a more general object.
Consider figure 4.2 which shows all the three expansion approaches for our bird
network. The network in figure 4.1 represents only one type of bird, ie., "Canary"
however, there are many other tvpes such as penguin. As shown in figure 4.2, one can
easily add nodes to the network that represents these new bird types. Here a “Penguin®
node was added and linked to the "Bird" node through an 1S-A arc. The [5-A link

hetween the "Canary” and "Bird" nodes in ligure 4.1 defines a specilic-lo-general
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relationship between the two. That is, a canary is a specitic type of bird. Using this idea,
the second wav you can expand a semantic network is to add a node that represents a
more specific object. For example, as shown in figure 4.2 the node "Parrot” was added
and linked to the "Canary" node through an IS-A are. This figure not only tells you that
parrol is a canary. but vou can alse infer that parrot is a hird, simply by following the IS-
A links. The third way one can expand the network follows the previcus idea. A node
can be added which represents a more general object, and link it using an IS-A arc 10
the appropriate node. For example, as shown in figure 4.2 the node "Animal” was
added and linked to the "Bird" node through an 1S-A are, This additional node adds a
considerahle amount of information to the network. someone not only knows that "a bird
is an animal" but by tracing through the network one also knows that parrot is an ammal

and breathes air [2].

BREATHE

Figure 4.2 Expanded semantic network of bird
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4.3 Inheritance in Semantic Networks

The last section in figure 4.2 illustrated how nodes added to a semantic network
automatically inherit information from the network, For example, "Parret” breathes air
because it is an "Animal" this is an important feature of a semantic network and 1s
formally called inheritance. The inberitance feature of a semantic network eases the task
ol coding knowledge. For ¢xample, if one adds some specific object node to the network
{e.g.. "Parrot"}, it inherits information throughout the network via the 18-A links. In
addition. if one adds a general object node {e.p.. "Anmmal"). other nedes inherit 1ts
properties. It is this ability of a semantic network that made it attractive.
4.4 Defaults and inheritance semantic networks
Defaults and inheritance are ways of aclieving some commonscnse:-

o Inheritance is a way of reasoning by defaull, that is. when information is

missing, fall back to defaulls.
s Semanhic networks represent infientance.

Lxample:-




Using inheritance:-
» To find the value of a property of E, first look at E1.
¢ I the property is not attached to that nede, “climb” the isa link o the nodes
parent and search there.
» [5-A signifies set membership: €
¢«  AKO signifies the subset relation: -
+ Repeat, using 15-A/AKO links, until the property 1s found or (he inheritance
hierarchy 15 exhausted.
v Sers of things in a semantic network are termed 1ypes.
s Individual objects in a semantic network are termed instances.
4.5 Exception handling semantic networks

'To illustrate the benefil of inheritance 10 a semantic network. lets look at one in action.
Assume one coded into a computer the network of figure 4.2 cne simplc way 10 use a
semantic network is to ask some node a question. For example. one could ask the "Bird™
node, "How do you travel?” to answer the guestion. the node first looks far an arc
labeled "travel”, in this case that arc exists. The node then uses the information in the
attached node as the answer, namely "Fly". Figure 4.4(a) illusirates this example as
casel. If the node is unable to locate the answer via a local are, it then searches for an
answer via its IS-A links. In a sense, the nodes related through 15-A links pass the
question along until ene of the nodes can provide an answer. Consider for example the
same question posed 1o the "Parrot” node illustrated in figure 4.4(b) as case 2. The
"Parrot” nede has no way to answer the question so it asks the "Canary” node. Likewise,
this node passes the question along to the "Bird” node. Here, as in the previous example,
an answer of "Fly” is (pund, and is sent back along the links finally arriving at the uscr.

As this last example illustrates. a semantic network equipped with an inheritance feature

provides an efficicnt way to process information. [nberitance is a powerful feature in a
38
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semantic network, but it can cause problems. Consider for example the "Penguin” node
in figure 4.2 since this node is linked to the "Bird” nede, it inherits the information
"IRAVEL-Fl¥" in other words, 1 would expect that & penguin, by virtue of being a bird,
can 11y, This is obviously a mistake, one can correet using a technique known as
exception handling. This technique requires account for excepiions on a local basis.
When a node inhenits incorrect informanon, one must link 2 new node 1o it with
information that can effectively over-ride the inherited information. Exception handling
is a simple technmigque used 10 avold problems with a semantic network, THowever, the
subject highlights an inherent weakness of semantic networks. If one fail 10 account for

a necessany exceplion, obvious problems oceur, one now has a flying penguin [2].

Case |
‘ou travel?
User h [ low do you travel?
4]
Fly
Figure 4.4 {a) Semantic network operation
Case 2

How do yuu "n...dHl:m- do you truvel?
A

e Fly

Figure 4.4 (b) Semantic network operation



4.6 Advantages of Semantic Network
» Provide a simple, cconomical, and relatively intuitive representation form,
similar to the function of human information storage [22].
¢ Related knowledype is easily clustered.
+ A semantic network provides a graphical view of a problems important objects.
properties and relationships.

» Nodes belonging to a semantic network automatically inhetit information from

the netwark.
« Provides an ¢fficient way to process information [ 3.
4.7 Disadvantages of Semantic Network

¢ The subject highlights an inherent weakness of semanlic networks, il one fails to
account for a necessary exception.

« There is no sirict sermantie information.

s somewhat misleadingly named.

» It only dealt with small picces of knowledge.

»  Knowledge that natrally comes in associated clusters is not casily deall with
inheritanee {particularly from multiple sources and when exeeptions in
inheritance arc wanted) can cause problems.

» Facts placed inappropnately cause problems.

o Representing procedural knowledge is a big problem.

¢ Complexity grows exponentially in nets with many relationships,

Semantic networks are difficult to implement and difficult for programming.
Example: Elephant inheritance
T'he elephant has four legs and one tail with gray color skin, also has one trunk where 1t

has circus performer under the name Chyde,
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Elephant inheritance by semantic nctworks shown in figure 4.3. The complete screen
shot in Prolog language for doing elephant inheniance and the following quenes
presented and the answers respectively, shown in APPIENDIX 111-

}- Check an unambiguous fact about 1.

2- Check el has 3 legs, not 4.

3- Check el IS-A ¢lephant.

4- Normal elephants have 4 legs

5- E115-A elephant has gray skin.

6- IS-A elephant AKO mammatl laciates.
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Chapter Five

Knowledge Representation with Frame

A.1 Definitions

Frame is a data structure for representing stercotypical knowledee of some concept or
object [2]. Frame is a natural extension ot the semantic network in a schema, a schema is
a unit that containg typical knowledge aboul some concept or objeel, and ncludes both
declarative and procedural knowledge. For example. the schema of 4 bird might include
knowledge that it has wings and legs. and hot it hunts for food. A schema hold
stereotypical information about a coneept that can be applied to a specifiic situation for
study. This representation supports the organization ol knowledge inlo more complex
units that reflect the organization of objects in the domain. According to Minsky, a
{tame as when one encounters a new situation (or makes a subsiantial change in ones
view of a problem} one sclects from memory a structure called a “frame”., this is a
remembered framework o be adapted to {1t reality by changing details as neeessary. A
frame mav be viewed as a static data structure uvsed 10 represent well-understoed
stereotyped sitations. Frame like structures seem 1o organize our own knowledge of the
world [8].

5.2 Basic Frame Design

A frame is similar in appearance 1o many forms, such as the students report card shown
in figure 5.1. this torm has a name "Report card” fields such as "student name” and slots
for entering ficld values. It provides (he general type of information. The basic structure
of a frame is shown in figure 5.2 like a form, it has a name "object]" that is the name of
the object represented by the frame. For example. if you wanted to represent a person
named Ahmad, one coutd use his name. A frame also has ficlds, “propertyl, "property2”,
etc., that are features or atiributes that deseribe the objeet represented for our Ahmad
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frame, these properties might be items such as his address, age. ete., cach property has a
slot for entering a specific value, i.e.. "value 1", For example in Ahmad age slot. one
might put a value of 19, Properly values are of three gencral types: Boalean, string, or
numeric. A frame also includes an optional ficld called "class”, one can enter a value
(i.c., "object?™ that is the name of another frame related to "object” This relationship is
usually of the "I18-A" type, discussed in the semantic network in chapter 4. That is. one
cant form an "ohjectl I8-A object2" relationship. For example, by placing the name
"human" in the "class" slot of "Ahmad" one represents the relationship "Ahmad is a
human”, the value of establishing this link beiween the two frames is similar to that
obtained when twe semantic network nodes are linked together; "object]™ inherits

information from "object2" |2).

REPORT CARD

Studem Name:

Address:

Course Grade
Arntificiel intelligence
Data Base
Data mining
Networks

1111111

Figure 3.1 Report card form
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.| Frame Name: Object!

I Class: .

Object?

I Propertics:
Property] Valuel
Property? Value2
Propertv3 Valueld

Figure 5.2 General Irame structure
5.3 Class Frame

A class frame represents the general characteristics of some set of common
objects. For example, one could create a class frame that describes such objects
as cars, boats, or even intangible objects such as line pressures or temperatures,
In cach class frame one delines those properties that are commen to all the
objects within the class. and possibly default property values. Properties are of
two general types: static or dynamic. A siatic property describes an object feature
whose value doesn't chunge. A dynamic property is a feature whose value is
likely to change during the operation of the system. Figure 5.3 shows an example
of a class frame. The frame name "Bird" describes the object represented. The
properties shown describe the general characteristics of most birds. Properiics
such as "Color” and "No. of wings" are static. They describe non changing
lcatures of the bird. The propetties “hungry” and “activity” are dynamic during
the uperation of the system it is likely that these values will change. The property
values shown in the figure are also typical for most birds. For example, most
birds have two wings and can fly. A value of "Unknown” means that one can't
ascribe a value to the property. For example, even though one knows that all
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birds have a color. its not legical 1o assign a vajue to the "Coler™ property until

one 1 representing a specific bird.

Frame Name: Bird

I

Properties
Colot Unknown
Eals Wonns

: No. of Wings 2

Flics True

i Hungry Unknown

i Activity Unknown

Figure 5.3 Bird frame
5.4 Instance Frame

An instance is a different rype of frame to describe a specific instance of a class frame
and-nut surprisingly-it is called an instance frame. When someone creates an instance of
some class, the frame inherits both properties and property values from the class, Can
be changed the property and values to tailor the description of the object represented in
the instance frame. Tt is possible 10 add additional properties to Lthe instance 1f necessary.
Figurc 5.4 shows an example of an instance frame. [n general, one can create many
instances of the same class. One simply asserts that the new frame is an instance of the
clags, and it immediately inherits the class information. This approach greatly speeds

systemn coding, especially when there are many instances to code.



Class: Bird

Propertics

. Color Yellow
Eals Worms
No. of wings !
Flies False
Hungry Unknown
Activily Unknown
Lives Cage

Figure 5.4 Parrot frame
5.5 Framc inheritance

Iust as a node in a semantic network can inherit information from other nodes, an
instance frame inherits information from its class [rame. When $someone creates an
instance frame. beginning by asserting that the frame is an instance of some class. This
assertion causes the instance frame to inherit all of the information from its class frame.
Consider figure 5.4 which shows the frame of "parrot” an instance of a "Bird" since
patrot is a bird, it inherits the information from figure 5.3 like most birds, parrot eats
worms. lowever, if parrot has only one wing and thus can't {ly. In general, one can
allow an instance to accept the class default values or provide values umique to the
instance. one can also provide unique properties in the instance. For example. if it is
known that parrot tives in a cage, on¢ can insert this information dircctly into the
instance frame.

5,6 Inheritance behavior

Besides inheriting descriptive information from its class, an instance also inherits its

behavior. To accomplish this, ane need (o first include within a class frame a procedure
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(oflen called a method). that defines seme action the frame performs. For example, in
the class frame "Bird" of figure 5.4, the method can be written which tells every bird
what 10 do i it becomes hungry.
5.7 Hierarchical structure

Besides having only a single class and its associated instances, complex {rame structures
can be ereated. Consider for example figure 5.5 which shows the world of birds arranged
in a hicrarchical structure. This structure organizes the concept of a bird at different
levets of abstraction. The top level frame contains information common to all birds. The
middle-level frames (called subclasses) contain information more specific to their
individual category. That is. though robins and canaries share features common 10 all
birds vach possess some unique features that serve 10 discriminate between the two. The
hottom (rames are the specific bird instances, cach instance inherits information trom the
top level "Bird” frame, and also features {fom their associated subclass. In general. an

instance inherits information from its parent, grandparent, ctc.

Canaries

Figure 5.5 Frame world of birds
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5.8 Facets

Facets provide one additional control ever property values. Ong way someone ¢an use a
facet is to define a constraint on property value. For example, someone can limit a
numeric propriety value to some scl range or string value to one of a few possible
values, alse can use a facet Lo resirict the type of data that can be stored in a propriety
value, i.e., string, numenc, or Boolean. Another very powerful way is to use a facet by
instruct a property how 1o obtain its value or what to do if its value changes. These are
formally called [F-NEEDED and TF-CHANGED facets.
[F-NEEDED: its used when the value depends on other property values that
dyrnamically change during session.
Example; From figure 5.4

- [F Parrot: No. of wings<2

THEN Parrot: Flies=False
- [F Parrot: Ne. of wings=2
THEN Parrot: Flies=True

IF-CHANGED: its used when a trames property value impacts the property value of
another [rame. 1t can also be used 1o change a property value within its vwn frame.
Example:- From figure 5.4

11 Self: Hungry = True

THEN Self: Activity = Eating # Sclft Eats
This method first checks to see if the value of this property 1s equal to “True™ if found.
this method sets the “activity™ property value to eating whatever the hird represented 1n

the instance frame normally eats,
5.9 Advantages of Frame

» Frames add to the power of semantic ncts by allowing complex chjects to be

represented as a single frame.
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» Frames make it easier to organize knowledpe hierarchically in a network, every
concept is represented by nodes and links at the same level of specification. Very
ofien, however. we may like to think of an object as a single entity for some
purposcs only [10].

¢ DProcedural attachment is an important teature of frames because it supports the
linking of specific pieces of code o appropriale entities in the frame
representation.

+ Frame svstems support class inheritance. The slots and default values of & class
{rame are inherited across the class/subclass and class‘member hierarchy.

» Frames can be teused in different application with minimumn modification. This
is duc to the ipheritance feature allowed in frames.

+ [rutnes are easy to construct in general because of the fact that they represent the
intuition thinking of human abouw eomeepts and objects.,

¢ A frame may be an instance, i.e. it describes a particular object.

« Frames can inherit properties [rorn peneric lrames.

5.10 Disadvantages of Frame

» Frames have drawbacks which have prevented them from being widely used in
business: inlelligibility and computing requirements.
» Mainienance is some times difficult with relationships between frames are
camplex .
Fxample:- Car registration in traffic office
To design a computer car registration program need, to acquire knowledge about car
specifications and  car owner. The knowledge can be manipulate by any compuler

language as shown in APPENDIX 1V,
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Chapter Six

Fuzzy Logic Representation

&.1 Definitions

Fuzzy logic is a branch of logic that uses degrees of membership in sels rather than a
strict {rue/false membership [2]. Fuzzy logic is an infinite valued logic in that truth
values can range from zero to one. Like classical logic. fuzzy logic is concerned with
the truth of propositions {7]. Fuzezy logic is a mathematical 1echnique for allowing items
1o be in more than one mathematical set [11]. Fuzzy logic is a superset of conventional
{Boolean}ogic that has extended to handle the concept of partial truth — truth values
hetween “completely true” and “completely false™. The basis of fuzzy logic theory lies
in making the membership function Liw over a range of real numbers from 0.0 10 1.0. The
fuzzy sel is characterized by (0.0.0.1.0). Fuzzy logic operales on a concept of
membership such as the staternent Ali is old can be translated as Ali is a member of the
set of old people and can be wniten symbolically as miold), where m is the membership
function that can return a value between 0.0 and 0.1 depending on the degree of
membership. In fgure 6.1 the objective term 'tall” has been assigned luzzy values, At
150 cm and below. the person docs nol belong 10 fuzzy ¢lass while for above 180, the
person certainly belongs to category tall', However, between 150 and 180 the degree of
membership for the class ‘tall’ can be assigned from the curve varying linearly between 0
and 1. The fuzzy concept 'tall ness' can be extended into ‘short’, 'medium’ and "all’ as

shown in figure 6.2 [9].
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Figure 6.1 Graph showing membuership functions {or fuezy set 'tall’
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\
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membership
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Height in et

Figure 6.2 Graph showing membership functions for fuzzy sets “shont™,
“redium® and *all™

6.2 Fuzzy variables(linguistic variable)

Linguisuic Variable Typical Values
Temperature Hot. cold

Height Short, medivm. 1all
Speed Slow, creeping. fast

'Table 6.1 Examples of linguistic vaniables with typical values
Ferm used in our natural language 1o deseribe some concept that usnally has vague or
fizzy valucs. Table 6.1 shows examples of linguistic variables and typical values that we
might assign (o them. In fuzzy expert systems, one uses linguistic variables in fuzzy
rules, A fuzzy rule infers information about a linguistic variable contained in its

conclusion from information about another variable contained in its premise. For

example:-
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Rule 1

IIF Speed is slow.
THEN Make the acceleration high
Rule 2

IF Temperature is low
ANID Pressure is medium
THEN Make the speed very slow

One calls the range of possible values of a linguistic variable the varizbles universe of
discourse. For example. One might give the variable "specd” used in Rule 1 the range
between 0 and 100 km/h. The phrase "speed is slow™ occupies a seclion of the variables
universe of discourse it is a fuzzy set [2]. In contrast to traditional variables that take on
numeric values, the values taken on by a linguistic variable arc word or phrases from
natural language. The purpose of linguistic variables is 1o provide a linkage lo the
numerical/logical demands of the computer and the imprecise or uncertain facts and
rules comparing most of our knowledge about the world and how to function in it. [21].
Example:-

The linguistic variable “age™ may have the value “young" for one person, “very old”
for another person. and “neither old nor very young” for a third. Other values that the
linguistic variable “age” may take on include fuzzy numbers such as around 25 or
roughly 35 to 40, and crisp values such as 36 years and 56 days old A linguistic
variable of this type has well defined universe of discourse, in this casc of “uge” this
universe consists of real numbers between 0 and 120 representing actual chronological
ages. Correspending 10 each syniactically legal word or phrase in the natural language is
a fuzzy set of values{e.g., chronological ages) from the universe of discourse of the

linguistic vanable.

i
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6.3 Fuzzy sets

A fuzzy set is a set to which members of the universe of discourse my belong in
varying degrees, opposed to the all or nothing membership characteristic of conventional
“erisp” sets [21]. A fuzzy set assigns membership values between 0 and 1 that retlect
more naturally a members association with the sel. For example. il'a person age is 5, one
might assign a membership value of 0.9, or il the age is 13. a value of {11, In this
example “age” is the linguisiic variable and "young” one of its fuzzy sets. Other sets that
one might consider are "old." “middle-age.” etc. Each of these sets represent an adjective
defined on the linguistic variable. In general. a fuzzy set provides a graceful transition
across a boundary as illustrated in tigure 6.3, the x-axis, or universe of discourse,
represents a persons age, The v-axis is the luzzy set membership value. The fuzzy set of
"voung” people maps age values into corresponding membership values. One can sec
from the figurce that cur 11 vear-old person is no longer suddenly a child. The person is

gradually removed from this classification as his age increases. Fuzzy logic assigns
values to the cvent on the basis of a membership function defined as: A A(x):= [0, 1].
In fuzzy logic, event or clement x is assigned a membership value by a membership
function A This value represents the degree lo which element x belongs to fuzzy sct A,
A A(x): = degree(x & A)
the membership value of x bounded by the following relationship:-
D HAR) <1
The membership function A returns a value between 0 and 1 that represents the

degree of membership [12].
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Crisp sct

Membership 0.5

vilue

0.25 Fuzzy set

Age
Figure 6.3 Fuzzy and sets of “voung™ people

6.4 Forming fuzzy sets

To represent a fuzey set in a computer, one need to define 11s membership function. One
approach that we can use 15 to Ahmad a group of people for their understanding of the
term that arc attempting 10 represent by the fuzzy sel. For example, consider the concepl
of a tall person. One could ask each of these individuals to what degree they believe a
person of a given height is tall. After acquiring answers for a range of heights, one could
perform simple averaging to produce a fuszy scl of tall people. One can now use this
function to ascribe a belief (or membership value) Lo a given individual that they belong
to the fuszy set of tall people. One could continue this polling to account lfor other
height deseriptions such as short, or medium, In this fashion one can obtain fuzzy sels
that reflect (he popular opinion of maest people for cach of these classifications. This
point is illustrated in figure 6.4 where fuzzy sets arc shown in a piccewise linear form
for the issues of three different categories of an individuals height. When one defines
multiple fuzzy sets on the same universe of discourse, the fuzzy literature often refers 10
them as fuzzy subsets. By forming fuzzy subsets for vamous vague terms, one can

ascribe 1 membership value of 2 given object to cach set. Consider figure 6.3 again. An
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individual of a height of 5.5 feet is a member of medium persons with 2 membaership
value of 1. and at the same time a member of short and 1all persons with a value of 0.25.
This is an interesting result-a single object is considered a partial member of multiple

sets [2].

Short Medium Tall

Membership 0.5

value

0 4 5 6 7
Fipure 6.4 Fuzzy sets on height

6.5 Fuzzy set representation

Assume one have a universe of discourse X and a fuzzy set A defined on it. Further

assume one has o discrete set of X elements [x1,x2.x3, . . . . xn}. The fuzzy set A

defines the membership function H Afx) that maps the clements xi of X to the degree
of memberships in [0,1]. The membership values indicate to what degree xi belongs to
A(see eguation 1). For 2 discrete set of elements, a convenient way of representing
furzy sel is through the use of a vecior:

A={al.a2a............an) where, ai=H A(xi) {cquation )
For a clearcr representation, the vector often includes the symbol */ which associates
the membership value ai with its xi coordinate:
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A= falixla2x2,a3/x3, .. ...ann)
As an example. consider the fuzzy set of 1all people shown previcusly in figure 6.4
TALL = {0/5.0.25/5.5.0.7/6,1/6.5, L/7)
6.6 Fuzzy set operation
1. Intersection

The membership function of the intersection of two fuzzy sets A an B with membership

functions lu A and /'! B respectively is defined as the minimum of the tow
individual membership functions. This is czlled the minimum crterion. {The interscction
operation in [uzzy set theory, is the equivaient of the AND operation in Boolean

algebra).
lu ;\ﬁl](XFmin(/u A{X). /u Bix)) forall xe X ({ecquation 2)

_H A A H B(x}

According to figure 6.4 and equation 2
TAIL={0/5,0.2/5.5,0.5/6,0.8/6.5,1/7)

SHORT=(1/5,0.8/5,00.5/6,0.2/6.5,0/7}

ﬂ TALL ﬂ SHORT=({/5,0.2/5.5.0.5/6,0.2/6.5,0/7)

When one considers the term ™all and short™ it is reasonable to interpret the term as
meaning "medium” with this interpretation. one would expect the highest degree of
membership to be in the middle of the set, and the lowest at the set limits, This example
illustrates how two fuzzy sets can be combined to form a new set. The linguistic term
one might apply to this new set might be medium height persons.

2. Union

The membership function of the Union of two fuzzy sets A and B with membership

functions )u A and Ju B respectively is defined as the maximum or the two
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individual membership functions. This is called the maximum criterion. (The Union

opetalion in fuzzy set theory, is the equivalent of the OR operation in Boolean algebra}
/J AU B(X)=max( !’t A{X), ILI Bix)} forall xe X ({equation 3)

= JL[ Alx) ﬁf BBix}

According to figure 6.4 and equation 3
TALL=(0/5.0.2/5.5.0.5/6,0.8/6.5,1/7)

SHORT=(1/5.0.8/5.0.5/6,0.2/6.5,0/7)

Ju TALL lu SHORT={1/5.0.8/5.5,0.5/6.0.8/6.5.147)

The results indicate the union membership attains its huighest values at the limits and its
lowest at the middle of the set. A linguistic interpretation of this new set might be not
medium.

3- Complementation (Not)

The membership function of the complement of a fuzzy set A with membership function

ILI A is defined as the negation of the specified membership function. This is called
the negation criterion. (The complement operation in fuzzy set theory is the equivalent

o the NOT operation in Boolean algebra),

/u }{X]=l- Ju A (X) {cquation 4)

According 1o figure 6.4 and eguation 4

!’l A (X)=TALL={0/5,0.2/5.5.0.5/6.0.8/6.5.1/7)

xu A{X¥=NOT TALL=(1/5,0.8/5.0.5/6.0.2/6.5,0/7)

The tollowing rules which are, commaon in ¢lassical set theory also apply to luzzy set

theory:- Associatively, Commutative, [Distributive [9].
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6.7 Fuzzy inference

Fuzzy inference as a process of mapping from a given input to an output. The process is

performed in four steps:-

1.

fugrification of input variables:- is to take the crisp inputs, and delermine the
degree to which these inputs belong to each of the appropriate fuzzy sets.

Rule cvaluation;- 15 to take the fuzzified inputs and apply them 10 the antecedents
of the fuzzy rules.

Aggregation of the rule outputs:- is the process of unification of the output of all
rules. [n other word, One takes the membership functions of all rule cansequents
previousky elipped or scaled and combine them into a single fuzzy set.
Netuzzilication :- helps us 10 evaluate the rules, but the final cutput of a fuzzy
syslem has to be a crisp number, The input for defurzification process is Lhe

aggregate output fuzzy set and the output is a single number [13].

6.8 Advantages of Fuzzy Logic

Give Nexibility in the way data arc input by using linguistic variables.

The linguistic variahles have the flexibiiity to handle a knowledge at
various levels of specificity or vapueness and in a natural and expressive
vacabulary [21].

Tt mimics the wav in which humans interpret linguistic values.

The transition from one linguistic value to a contiguous linguistic value s gradual
rather than abrupt, resuiting in continuity and robustness [12].

Provides both an intuitive method for describing systems in human terms and
automales the conversion of those system specifications into effective models [9].
Poses a problem with one deal with concepts that are not sharply defined {17].

The information flow in the sysiem is completcly transparent [29].
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6.9 Disadvantages of Fuzzy Logic

« The entire sysiem has 1o be built up manually.

* No automated training cxists.

» When the system complexily inereases, it becomes more challenging  to
determine the correct set of rules and membership (unclions to describe system
behavior.

o A significam time investment is needed to correctly tune membership functions
and adjust rules to obtain a good solution.

v For complex systems, more tules are needed, and it becomes  increasingly
difficult to relate 1hese rules,

¢ For many sysiems, il is impossible to find a sufficient working sct of rules and
membership functions.

Example:- Car type determinaiion
‘The car has passed nearly by, we would like to determine the type according to several
questions:-
1- [s it open or close cabinel or both of them.
2- s taxi or privale or both of them.
3- How old the drive 157,
4- How tall the driver?.
5- How much the distance over seat.
6- How much the speed of the car.
The available information:-
[- ‘The cars are two types, closed, open and both of them.
2- The cars are taxi, private and both of them.
3- The age of the driver is of the follow intervals:-

- (12-14) years,



-(15-17)vears.

-{18) years or ahove.

4- The height of the driver{Short, Medium and Tall).

3= 'T'he height over the seat being distant:-
(0-12y cm, (13-20)em, (30 em or above,
- The speed of the car,
The complete car type determination  screen shot using

APPENDIX V.
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Chapter Seven

Newral Network Representation

7.1 Definitions

A neural network is a massively parallel distributed processor made up of simple
processing units. which has a natural propensity for storing experiential knowledge and
making il available for use 16]. A neural nerwork can be defined as a model of reasoning
based on the human brain. ‘The brain consists of 2 densely interconnecled set of nerve
cells. or basic information progressing umts. called neurons [13]. The ficld neural
nelworks has arisen from diverse sources, ranging from the tascination of mankind with
understanding and emulating the human brain, to broader issues of copying human

abilities such as speech and the use of language [28].
7.2 Neural Network Components

Within the neural systems there  arc three types of units (layers) as shown in figure
7.0%-

1- [nput laver: which receive data from outside of the network.

2- Hidden laver: which send data out of the network.

3- Qutput laver: whose input and output signals remain within the netwaork [3].

Inputs Weights

%1 w1
T

Procasaing

2

Figure 7.1 Neural network componenls

* This figure is borrowed from [3],
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7.3 Processing unit

A processing unit also called a neuron or node, performs a relatively simple job. it
receives inputs from neighbors or external sources and uses them i compule an autput
signal that is propagated 1o other units as shown in [igure 7.2. Each unit j can have one
of more inputs x0, x1, X2, ... xn. but only one output zj . An input 1o a unit is either the

data from outside of the network, or the output of another unit, or its own output.

X, W r‘JJ,
i i
. W-:hh“"a.. i, .
Ny v g(ﬂ‘) I T
. W
x -
" @=3 watr+ & o = g{as)

£4

Figure 7.2 Processing unit

7.4 Network topologies

‘The topotogy of a network is defined by the number of lavers, the number of units per
layer, and the interconnection patterns between layers, They are generally divided into
two categories based on the pattern ol conneclions:
1} Feed-forward networks, where the data flow from input units to oulput units is
strictly feed-forward, as shown in figure 7.3,
2) Recurrent networks, which contain feedback connections. Contrary to feed-
forward networks, the dynamical propertics of the network are important, as shown in
figure 7.4

bias bigs

N 12
Input Lavyer & Higden Layer ¥ Outpul Layer

Figure 7.3 Feed-forward neural network
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Input Layer Hidden Layar Dutput Layer
Figure 7.4 Recurrent neural network

7.5 Representation capability

The feed-forward networks provide a general framework for representing non-linear
functional mapping between a set of input variables and a set of oulput variables. The
representation capability of a network can be defined as the range of mappings it can
implement when the weights are varicd. Single-layer networks are capable of
representing enly Iinearly scparable functions or linearly separable decision domains.

« ‘Two hidden lavered networks can represent an arbitrary decision boundary to
arbitrary accuracy with threshold activation functions and could approximate any
smoolh mapping to any accuracy with sigmoid activation functions.

« (Onc hidden laycered newtwork can approximate arbitrarily well any functional
continuous mapping from one [inite-dimensional space 10 another, provided that
the number of hidden units is sufficiently large.

7.6 Network structure design

Though theoretically there exists a network that can simulate a problem 1o any aceuracy.
there is no easy way to find it. To define an exact network architecture such as how
muny hidden Jayers should be used, how many units should there be within a hidden

laver for a certain problem is always a painful job.
7.7 Types of variables

Variables can be roughly divided into two calegories:-
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« Categorical variables: they de not have relationships like “greater than™ or “less
that™. Some of them come from some input values that do not have numerical
values but have to transform to numerical values as input variables. For
example, a varable called “eolor type”, which can toke on the value “red™,
“green”, and “vellow™ is a catcgorical variable. Sex is u categoncal vanable to
numerical data can also be calegorical. Zip codes and telephone area codes are
classic examples. In the above “color type™ example, it requires three input
variables, with the three colors represented by input vatues of (1,0.0). (0.1,0) and
(0,0.17. Another way to encode calegorical variables is to represent all the
possible values to one continuous input varisble. For example, the “red”,
“green”. and “vellow™ could be represented as 0.0, 0.5, and 1.0. The bad news
for 1his method is that it imposes an artificial ordenng on the data that does not
exist. But for variables with a large number of categorics, this can dramatically
decrease the number of input units,

e Ordinal variables: have a natural ordering. Such data can be simply transformed
dircctly into correspending values of a continncus variable. either with or
wilhout scaling,

7.8 Knowledge Representation and Neural Networks

Neural networks represent a special class of intelligent machines. Typically, however,
the possible forms of representation from the inputs Lo internal network parameters are
highly diverse. which tends to make (he development of a satisfactory solution by means
of a ncural network a real design challenge. A major task for a neural netwerk is 1o
leamn a modet of the world (environment), in which it is ecmbedded and to maintain the
medel sufficiently consistent with the real world so as 10 achieve the specified goals of
the application of interest, Knowtedge of the world consists of two kinds ol

information:-



The known world state, represented by facts about what is and what has been
known, this form of knowledge is referred to as prior information.

2. Observations (measurements) of the world, obtained by means of sensers
designad to probe the environment in which the neural network 15 supposed to
operate.

[n a neural network of specified architecture, KR of the surrounding environment is
defined by the values taken on by the free parameters (i.e.. synaptic weights and biases)
of the network. The form of this KR constilwes the very design of the neural network,

and therefore holds the key Lo its performance,
“»  How to build information inte neural network design

Unfortunately, there are currently no well-defined rules for doing this. rather one may
use a combination of two technigues :-

1. Restricting the network architecture through the use of local connections known

as receptive fields.

2. Constraining the choice of synaptic weights through the use of weight-sharing,
These two techniques, particularly the latter one, have a profitable side benefit, the
number of free parameters in the network is reduced significantly. To satisfy the weight-
sharing constraint, one merely have to use the same set of synaptic weights for each one
of the neurons in the hidden layer of the network. Then, for the example shown in
figure 7.5 with six local connections per hidden neuron and a total of four hidden

neurons. one may express the induced local field of hidden neuron j as foliows:
Ve 3 Wikiep j=1.234 (7.1)
where wi ., i=] to & constitute the same set of weights shared by all four hudden

neurons, and Xk is the signal picked up from source node  k = i+j-1 equation (7.1) is in

the form of a convelution sum. N is for this reason that a feed forward network using
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local connections and weight-sharing in the manner deseribed herein is referred 10 as a

convelulion network.

p, f P—

Input layer of Layer of hidden Laver of output
source nodes nourans neurens

Figure 7.5 combined use of a receptive lield and weight-sharing
% How to build invariance into neural network design
There are at least three technigues lor rendering classifier-type neural networks invariant
(o transformations :

s Invariance by structure:- invarionce may be imposed on a neutral nebwork
structuring its design appropriately. Specifically. synaptic connections between
the neurons cf the network are created so that transformed versions of the same
input are torced to produce the same culput.

+ Invariance by training:- the neiwork is trained by presenting it a number of
different examples of the same ohject, with the examples being chosen to
correspond to different transtormations (i.e  different aspect views) of the

objeet.
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¢ Invariant feature spacc:- it rests on the premise that it may be possible
to extract features that characterize the cssentiat information content of
an inpul data set. and which are invarianl to transformations of the

input. is illustrated in {igure 7.6,

Invariant Classifier type
feature neoral network .
Input ———» — (lass estimate
exiracior

Figure 7.6 Block diagram of an invariant feature-spuce type of system
7.9 Advantages of Neural Network

¢ Il is computing power through. first, its massively parallel distributed structure
and. second. its ability 10 leamn and therefore generalize [6].
» It provides a means of capturing truly complex behavior in a highly hierarchical
fashion.
. it is possible to share theorics and lcarning slgorithms in different applications
of neural networks.
¢  Modular networks can be built through a seamless integration of modules.
¢+ ‘The neural network not only provides the implicit model of the environment in
which it is cmbedded, bul also performs the information-processing function of
interest.
» The number of features applied 1o the network may be reduced 1o realistic levels.
s The requirements imposed on network design are relaxed.
« Invariance for all objects with respect to known transformations is assured.
+ An artificial neuron can be linear or nonlinear a neural network.
» Neural networks have a built-in capability to adapt their synaptic weights to

changes in the surrounding environment.
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» The design of a neural network is motivated by analogy with the brain, which is
a living proof that fault tolerant parallel processing is not only physically

possible but also fast and powerful, [2].

7.10 Disadvantages of Neural Network

s Similar inputs from similar classes should usuvally produce similar representations
inside the network, and should therefore be  classificd as belonging to the same
category.

+ ltems 10 be categorized as separate classes should be given widely different
representations in the network.

o If a particular feature is important, then there should be a large number of neu-
rons involved in the representation of that item in the network [6].

Example:- Digit recognition

This case study illustrated one of the most common applications of multiplayer neural
networks. Modem character recognition systems arc capable of processing different
fonts. Optical character recognition is roulinely used by office workers, lawyers,
insurance clerks. journalists. In this application, each digit is presented by 5x7 bil map.
The architecture and size of a neural network depend on the complexity of the problem,
For the printed digit recognition problem, a three-layer network with a single hidden
layer will give sufficient accuracy. The number of neurons in the input layer is decided
by the number of pixels in the bit map. The bit map in this example consist of 35 pixels .
and thus a person need 33 input neurons. The output laver has 10 neurens, one neuron

tor cach digit to be recognized. The complete screen shot shown in APPENDIX VI
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Chapter 8

Genetic algorithms representation

8.1 Definitions

Genetic algonithms (GA)Y are a elass of stochastic search algorithms based on biological
evolution. Given a cleatly defined problem to be solved and a binary string
represcntation for candidate solutions|13]). The GA is an optimization and search
technique based on the principles of genf.:tics and natural selection. A GA allows a
population on the principles of genetics and natural selechion. The sofiware wiilizes three
approaches to the optimization problem. First. examining areas of the solution space
that an expert solving the problem would know to aveid. Second, finding a local
optimum in the solution space. However, unce this local high altitude point has been
reached. this method can proceed ne further. Third. assigns a genetic string made up of
ones and zeros 10 cach local optimum solution provided by the gradient approximation
technique [11]
There are many  variations of algorithms that could be classified as genetic algorithms.
[ owever, the following three operations are standard:-

1} Evaluation of individuals in the population,

2) Formation of a gene pooi.

3} Recombination and mutation? [16].

8.2 Elements of Genetic Algorithms

Element of (GA is rarely used in the chromosomes in a GA population 1ypically takes the
form of bit strings. Each locus in the chromosome has two possible alleles: 0 and 1. Each
chromosome can be thought of as a point in the search space of candidate solutions, The
GA processes populations of chromosomes. successively replacing one such population

with another. The GA most often requires a fitness function thal assigns a score (fitness)
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10 cach chromosome in the current population. The fitness of a chromosome depends on
how well that chromoseme solves the problem @t hand [17]. A basic GA can be
represented as in figure 8.1, a GA applics the following major steps -

Step 1: Represent the problem variable domaim as a chromosome of a fixed length.
choose the size of a chromosome population N, the crossover probability (pe)
and the mutation probability (pm).

Step 2; Define a fitness function to measure the performance or fitness of an individual
chromosome in the problem domain. The fithess function establishes the basis
for selecting chromosomes that will be mated during reproduction.

Step 3: Randomly generate an initial population of chromoesomes of size N: x1.x2,..xn.

Step 4 Calculate the fitness of each individual chromosome: f{x1).Ex2),........0(x0)

Step 5: Select a pair of chromosomes for mating from the current population, Parent
chromosomes are selected with 2 probability related to their fitness. Highly fit
chromosomes have a higher probability of being selected for mating than less fit
chromosomes.

Step 6:Create a pair of offspring chromesomes by applying the genetic operators
crossover and mutation.

Step 7 ‘Place the created otlspring chromosomes in the new population.

S1¢p 8 :Repeat step 5 unlil the size of the new chromosome population becomes equal
to the size of the initial pepulation , n.

Step 9:Replace the initial {parent) chromosome population with the new (offspring)
population.

step 14k Go to step 4. and repeat the process until the termination criterion is satisfied

f13].
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Figure 8.1 basic genelic algorithm

8.3 Genetic Algorithms Operators

The simplest form of GA involves three types of operators: selection, crossover (single
peint) and mutation.

Sclection - This operator selects chromosomes in the population for reproduction.
Crossover (-This operator randomly chooses a locus and exchanges the subsequences
belore and after that locus between two chromosomes (o create two offspring, For

example. the strings 10000100 and 11111111 could be crossed over after the third locus
7l



in each 10 produce the two offspring 10011111 and 11100103, The crossover operator
roughly mimics biological recombination between two single-chromaosome (hapleid)
organisms.

Mutation:- This operator tandomly flips some of the bits in a chromosome. For
example, the siring 00000100 might be mutated in its second position to yield 010001060
Mulation can occur at each bit position in a string with some probability. usually very
small (c.g.. 0.001)[17].

Example: Maintenance scheduling with genetic algorithms,

The problem one discuss here is the maintenance scheduling in Modern power system,
this tusk has to be carged out under several constraints and uncertaintics, such as lallures
and forced outages of power equipment and delays tn obtaining sparc parts. The
schedule ofien has be revised at short notice. Human expert system usually works out
the maintenance scheduling by hand and there is no guarantee that the oplimum or even
near optimurn schedule is produced.

Step 1: specify the problem, defing constraints and optimum critetia,

Power system components are  made {o operate continuously throughout their life by
means of preventive maintenance. The purpose of maintenance scheduling is to find the
sequence of outages of power unils over a given period of time(normally a year)such
that the security of power sysiem is maximized. Any oulage in @ power s¥siein is
associated with some loss in security. The security marpin is determined by the systems
net reserve. The net reserve, in turn, is defined as the total instolled generating capacity
of the systern minus the power lost due 1o a scheduled outage and minus the maximum
Joad forecast during the maintenance period. For instance, if one assumes that the total
installed capacity is 150MW and 2 unit of 20MW is scheduled for maintenance during
the period when the maximum load is predicted to be 100MW, the net reserve will be

JOMW. Maintenance scheduling must ensure that sufficient net reserve is provided for
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secure power supply during any maintenance peniod. Suppose, there are seven power
units to be maintained in four equal intervals, the maximum leads expected during these
intervals are 80,90.65 and 70 MW, ihe unit capacitics and their maintenance

requirements are presented in table 8.1,

Lnit Linit capacity wWumber of inlervals required tor unit
number MW mainicnance during one year

1 20 2

2 15 2

3 35 ]

4 40 1

5 15 ]

b 15 ]

7 10 1

Table 8.1 power units and Ltheir maintenance requirements

‘Ihe optimum criterion here is that the net reserve must  be at the maximum

during any maintenance period.

Step 2: Represent the problem domain as a chromosome. Our scheduling  problem is
gssentially an ordering problem, requiring us 1o list the tasks in a particular order. Ours
1s 10 represent a complete schedule as a chromosome of a fixed length. A coding
schume is 1o assign each unit a binary number and to let the chromosome be a sequence
of these hinary numbers. A chromosome is a collection of elementary parts called
genes, I'raditionally, each genc is represented by only one bit  and  cannot be broken
into smaller elements, for this problem one can adopt the same concept, but represent a
gene by four bits as shown in table 8.2, In other words. the smallest indivisible part of
our chromosome is a 4-bit sting. This representation allows crossover and mulation
operators to acl according to the theoretival grounding of genetic algorithms. What

remains to be done is to produce a pool of gene for each unit:-
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Unit | 1100 (0110 Jonti
Unit2 1100 {0110 |0G1]
Unit3 {1000 (0100 |0OI10Q |00OQ]
Unit4 1000 (0100 |OO}O |GODOQI
Unit 5 1000 Q100 0010 0001
Unit6 |1000 j0o100 |0DI10 |00D]
Unit7 | 100G J0OiQ0 |oD1D |00D]1
Table 8.2 Represent a gene by Four bits

The GA can now create an initial population of’ chromosomes by filling 7-gens
chromosomes with genes randomly sclected from the corresponding pools. A sample of
such a chromusome is shown in figure 8.2

Stepd:- Define a fitness function to evaluate the chromosomes performance. The fitness
function must capture what makes 2 maintenance schedule cither good or bad for the
user. In this problem, apply a fairly simple function concerned with censtrain
violation and the net reserve at each interval.

Unitl Unit2 Uit Unitd Unit3 Unit6 Umt?

[oi1o0 Jooi11 Jooo1 [ioeo [olol  Joolo [iooo |

Figure 8.2 A chromosome for the scheduling problem

The evaluation of a chromosome starts with the sum of capaeitics of the units scheduled
for maintenance at each interval for the chromosome shown in ligure 8.2, one obtains:-

Imterval 1: 0x20+0x1540 x 35+ I x40+ 0x 15+ 0x 15+ 1 x 10 =50

Imerval 2: 1x2040x15+0x353+0x40+1x15+0x | 5+40x 10=35

Interval 3; 1x204+-1x 1 5H0x 35 +0x30HDx 15+ 1 x 1 5+0x [ 0= 50

Interval 4: 0x20+1x 1 5+1x33+0x30+0x15+0x15+0x 1 0=50
Then these values subtract from total installed capacity of the power system(in our
case, | S0MW)

Interval 12 150-50=100

Interval 2:150-35=133

[nterval 3:150-50=100
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[nterval 4:150-50=1400
And finally, by subtracting the maximum loads expected at cach interval, we obtain the
respective net reserves:-

Interval 1: 100-80-20

[nterval 2:115-90=25

Interval 3:100-5=35

Interval 4:100-70=30
Since all the result are positive, this particular chromosome does not violate any
constraints, and thus represents a legal schedule. The chromosomes fitness is determined
as the lowest of the net reserves; in our case it is 20. If , however, the nel reserve is

negative the schedule is illegal, and the fitness function returmns zero [13].

8.4 Advantages of Genetic Algorithms

o The ability to find rear optimal, as opposed to optimal. solutions is an important
distinction. For some applications, the optimal solution is  required.

» It has already been vsed in a wide varicty of applications.

»  GA are powerful tools for solving problems and for simulating natural systems
ina wide vadety of scientific ficlds,

« Can be promising methods for solving difficult technological problems, and for
machine learning.

» It will be part of a new movement in compuler science that is  exploring
hinlogically inspired approaches to computation.

« [tis able 1o deal with complexity, able to leam.

e It will promise approaches for modeling the natural systems that inspired their

design [16].
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» It can allow scientists to perform experiments that would not be possible in the
real world. and to simulale phenomena that are difficult or impossible 10 capture
and analyze it [15).
8.5 Disadvantages of Genetic Algorithms

o larriguing and producing stunning  results when  traditional  optimization
approaches fail miserably,
¢ The optimizer should use the experience of the past and employ these quick
methods.
s Many realishie problems do not {all into this category.
» T'or problems that are not overly difficult. other methods may [ind the solution
faster than the GA.
o The large population of solutions that gives the GA its power is also its bane
when it comes to speed on a serial computer,
Example :-Resolve Equation
This study manipulates the data and assign the fitness value for the cquation
x"2+y"2+7°2=? by GA and visual basic language. To find x, y and z such that

xA2+yA242°2=00, The screcn shot solution of equation illustrated in APPENBIX VIL
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Chapter 9

Comparison of different representation

To use knowledge in real applicalions, a way of representing must be chosen. Also, need
a notation that supports what we expect an expert syslem to do. The notation should make
it casy for us to add and change knowledge, should be easy for us to read, and should
support explanation generation. In addilion, the notation should suggest ways in which it
will be used and should allow us 1o write down different methods of use. The notation
should also encourage us to separate declarative knowledge [rom procedural knowledge.
yet it should support ¢fficient problem selving.
9.1 Criteria of Comparison

% Variables,

% Statement/Relations.

% Programming.

++ Reasoning technique.

Thus one can use these criteria to compare the varicus KR :-
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1. Rules Representation

Criteria of
Comparision

Deseription

Variables Can be used as arguments in a rule. [1 is possible to choose one of
the computer languages or available shells that offer powerful
pattem-matching rules 10 malch similar problem statements.

Relations The mule has opaque rule relationships, it is often difficult 1o

determine

Programining

» Fasy to programming, They allow us to view lhrough the
synlax to the meaning and  easy for humans to read and
understand .

s May be changed without aftecling other parns of
knowledge base .

¢ It can be slow: it must scan the entire set of rules,

Reasoning

[t is deductive reasoning techniques because the process begins with
comparing the axioms with a set of implications to conclude new

AX1OMS.

Table 9.1 Criteria of comparison for rules representation

2. Logic Representation

Criteria of
Comparison

Description

Variables Are written as symbols beginning with an uppercase letter. In
predicate calculus, variables can be used as arguments in a predicate
expression or a function.

Relations Are expressed with clauses and rules,

Programming

Elas some specifics such as:-
e FEasy to programming, but if the knowledge base is  large,
the processing etficiency decreases .

» 1 gives precise result, allows programs w be written which

arc declarative.

Reasoning

It is inductive reasoning techniques heeanse the process begins with
comparing the axioms with a sure group (acts or logically related

known information.

Table 9.2 Criteria of comparison tor logic representalion
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3. Semantic Networks Representation

Criteria of Deseription
Comparison
Variables Represented as a value or clause in node,
Relations 15-A and AKOQ relationship relates between the nodes. The arcs

represent the relationships between the nodes.

Programming

1t is difficult to implement and difficult for  programming

Reasaning

It is togical reasoning tehniques because requites  the ability 1o

infer conclusions from available facts.

Table 9.3 Criteria of comparison for sernanlic networks representation

4. Knowledge Representation with Frames

Critcria of Description
Comparison
Variables Represented as a value or clause in slot of object.
Relations 15-A and AKO relationship relates between slots and objects. 2

relationships are expressed in terms of either slot values or

inheritance.

Programnting

The available software's arc high-priced but they are casy (o

implement by high level languages.

Reasoning

[t is logical reasoning techniques because requires the ability to

infer conclusions from available tacts

Table 9.4 Criteria of comparison for knowledge representation with frames

5. Fuzzy Logic Representation

Criteria of
Comparisun

Description

Variubles The sets in fuzzy logic are represenled by linguistic variables.,
several linguistic variables might be involved in the antecedents and
the conclusions of these rules.

Relations Are expressed with elauses and rules.

Programming Allows programs 16 be writlen which are declarative. they deseribe
what is true and not how 10 solve prablems by a matter of degree.

Reasoning The exact reasoning is viewed as a limiting case of approximate

reasoning.

Table 9.5 Criteria of comparison for fuzzy logic representation
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6. Neural Network Representation

Criteria of Description
Comparison
Varizbles Can be roughly divided into two catepgones:- Categorical vanables

and ordinal variables,

Relations

They do not have relationships like “greater than™ or “less than™
Some variahles come [rom some input values that do not have

numerical values but have 1o transform to numencal values as input

variables.

Programming A programming is diflicult. one neural network project that met
some marginal success was called the perception. Designed for
character recognition.

Resoning A neural network can be as a model of reasening based on the

hurman brain.

Table 9.6 Criteria of comparison for ncural network representation

7. Genctic Algorithm Representafion

Criteria of
{_nmparison

Description

Vanables

Represents as a chromosome of a fixed lengih.

Relations

Relationship is a chromosome matches a schema when the fixed
position in the schema match the coresponding position in the

chromosome,

Programming

A programniing ot GA depends on a Darwinian theory of evolution

via a programming structure,

Reasoning

The cxact reasoming is viewed as a limiting case ol approximate
reasoning.

Tahle 9.7 Criteria of comparison [or genetic algorithm representation

9.2 Conclusions

This work indicate that

symbolic knowledge can be represented in several ways

including rules. logic, semantic nelwork, frames, fuzzy logie, neural network and

genetic algorithms.

Rules atlow us to see through the syntax to the meaning and casy for humans to read

and understand and can change without affecting other parts of knowledge base and
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allow us Lo quickly creaie prototypes to test ideas and prove feasibility. But it is difficult
10 represent algorithms and not allowed 10 call another rules directly.

lLogic provides a natural commen notation, also logic in the numenc case is a streng
candjdate notation. it allows inference to establish new relationships from old, it is
precise and it allows programs to be written which arc declarative. On the other hand it
isnot good way for organizing knowledge because the processing is not ctficient.
Semantic networks provide a simple, economical, and relatively intuitive representation
form, provides a graphical view of a problems. But it only deals with small pieces, and
representing procedural knowledge is a big problem and complexity grows exponentially
in nets with many relationships.

Frames extend semantic networks and it easier to organize our knowledge hierarchically.
IFrames can be reused in different application with minimum madification  and
implement semantic networks. But maintenance is sometimes difticult with relalionships
among frames arc complex .

Fuzzy logic [t is more general. it is mimics the way in which humans interpret linguistic
values and the Imnsition from one linguistic value to a contiguous linguistic value is
gradual rather than abrupt, resulting  in continuity and robustness.

Neural network it provides a means of capturing truly complex behavior in a highly
hierarchical lashion, capable of robuslt computation. Neural networks have a built-in
capahility to adapt their synaptic weights to changes in the surrounding environment and
the design of a neural network is motivated by analogy with the brain, which is a living
proof that fault tolerant parallel processing is not only physically possible but also fast
and powerful. On the other hand, the similar inputs from similar classes should usually
produce similar representations inside the network.

Genetic algorithm has an ability to {ind rear- optimal, as opposed 10 aptimal, solutions

is an important distinction. For some applications, the optimal solution is reguired, GA
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are powerful tool for selving problems and for simulating natural systems in a wide
variety of scientific fields. On the other hand. the large population of solutions that
gives the GA its power is also its bane when it comes to speed on a serial computer.
The combination of frames and logic 15 well suited to the task of building expert
systems. (nher advantage of linking frames and logic is that the frame system can be
customized 1o taster or to the demands of a particular application by writing addition
predicates if an alternative syntax was preferred .
The combination of genetic algorithms and neural networks (neuron genetic) is well
suited to the task of building expert systems . While genetic algorithms are a powerlul
form of knowledge representation in gencrate genus and (he besl result after many
itcration and a neural network is a powerful form of recognition knowledge
representation and  direct way of controlling the reascning  process. Thus the
combination of ncural nelworks and genetic algorithms function ¢ffectively when the
fundamental knowledge structures are built with neural nerworks and genetic
algurithms.
Aller this comparison the conclugion is that there is no method betler than the other. It
depends on the problem domain and the task that is to be performed, so cach method is
valid for certain application. If the application is:-

» Classified : using semantic networks or frame.

« Conditional with clear inputs: using rules or logic .

¢ Conditional with non-clear inputs: using fuzzy logic .

e Recognition with incomplete (a proximately)inputs: using neural networks.

o I the space 1o be searched is large or the fitness function is noisy or the space s

smooth or the space is well undersiood: using genetic algorithms.
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APPENDIX | Computer diagnostic by rules

Computer Diagnostics

[ntroduction to E2glite shell

E2gplLite is a Java applet that is embedded in a Weh page. The applet loads a knowledge

base from Uhe server and then runs entirely on the browser, The Computer diagnostic

screen shit illustrated as blew.-

1- Startup E2glite

& [ AN Sl

wep Encoled E-per] by terma [e2gLils w3 03]

Computer Diagnostic

by:Marwan Hassan Geblawl

Starl he consutaldn

2- Start the consultation

WHELTE e i L proke e

Submi yaur response | Why agk? | Restart

xii




APPENDIX | Computer diagnostic by rules

3- Make selection {such as: dos error codes)

(YOG O e S R T e
'}
Submit your respanse | Wy ask? | Restan

4- When sclect choice (submit your response)

gubmit yous response | Wy ask? | Restar

8 IPress 3 for view choices “ilos error ciles™

I | donl KnowiwoLid rather not answer ]

moiher board error Codes{from code 160 up to cade 2000
memon(RAM) error Codesdrom code 200 upta todse 300
Fevbeard error Codesdigm coge 300 Up 1o o e 10 0) I
Display or Video error Codes{from code 400 up te code 700)
Flopy disk drive grror Codes{from code 7300 up o code 7328) |
Wath Copracessor armor Codesiram cods 700 up to ¢ade B00)
Farallel&Serial printer adapter error Codes

printers emrorg codas

Submityour respanse | Wy ask? | Restarl

X1t




APPENDIX [ Computer_diaghostic by rules

7- This screen contains “keyhoard errory codes”

THor L Odes o Coas i)

o cade -'I.I:II]I" B

valum 1 ol EaRw ARG k=" Wy ard OF Syatem {1 00 1% ¢confidenc [} ]
Vglus 1 Of CahE mearngZ n rUILL {100 D' ¢ omfoiwret 82

Walus 1 f cate meamngd is. raUILL {7000 D% & carlie e w]

asgs 1 of £ Rae meamnps B HULL (1 o0 cpToen: B

Wiy 1 Of The deCEonT G Charepa by ars |1 00 0 Cordftonng m)

Widgs 1 G The S NDNST b Ehange moths Basrd O 00 9% onfdencrl
a1 Of e miEoncd np BARL (8 WD DR Eorriemte &)

Wamm | o B pofend In RERL (100 [ -, L]

Xiv



APPENDIX 1 Computer_diagnostic by rules

Remarks:-

l- IF 1 wont to view more details about any pan from the total parts of conclusion

this result {press = and press lixplain). If 1 chosen the choice “all conclusion™).

W rmu [ Porden e Tathor far acrepling & value by alact 50 0%
Dt Mremgd tase Meaingl i LaliMd U gytlernwaln 100 0% confkdence hom

“Fee beipw ke o CFulBQ 0% bng SRLgned I vaion [Kipbnhrd t4 Byabamjwitn 100 0% (orddenc e

=F- The peok £m i DOE pmr £ ol i

{106 $Er ot is Kaybe-ard ator Cptesdbom Lode 300 4o o coue 400

rkeyipaed derin Cates i (200

fTHEN Ta52 me g | B it O SHEiem ad

* b e g Y 15 HALL ang

»p by Tt 3T AL ad

e aad WA ga v L el

st »:homt M ChEnge ke ard ard

i acTioned b £ hanga it bpard s

e acT0NE s MLLL 4

st achond 19 RULL

welateirng 3 Tre pof Llcen 1 D05 vt Codus wilh T (U0 0% € nfidune o

2 <0G PG WP bhig I it 100 0% CorlinFeee

>aCiptprringd DiOrS arrod Ciodnd (3 b pybdard dmor Coarsmm cpee J00 up b pde AU i LOD (% connaenie NOITY
rerEmyhaind ema GOeE EOHIM Sy 00 up by oot A DO v ol Wl 10 0% ¢ o Pfienck

v 2 DT iyiaD i O B ot S H(10T) iR 100 % coniderks fram

> (T WS Ol wilh 100 0% CErhoece

[t cvnned CRte vrabanag T In HULL wily 154 0% Sonlichind & S0
)f—‘ _ — " -
. Explen Etl ranchasnne _--}r Hlttlﬂ{
l__L_J — e " — il e i

2- Chuice “Restart™ in any menu for restart from the bepinning of Shell.

13- Press “way ask™ in any menu for represent ex lain the action.
¥ p

rnnmwml]-cmnnmm il
e Aeded o iy ey rubd

PLLE AR ipwars He i ad

¥ Tng prpiiem g Don Erior Mabe e ot ol e, L el T ]

rongpage R flgw wnd pogrard . Aemter], hwaipem, MY T A

ThHL M Ll e arurk) | s w2 00 1 iR IR Mam P A= redl B TS ALY O € DE L]
Cavd maanngd x WOLL and

[ e ma ey g HULL wewd

¢ awm e sewn g4 1w B L

Wk 3 fiond v ormwn A 40 ot end CES opa i wred

My ot L Epre-ps 8 Tor lgrefo m# g e mAd Lonlinud el B e

Ire Arfinnd Be prea B far eeda sl wilh e LAfnE npes wikn AN

bar & Yond of presd Fton eihd e £ WlHRRE B e

A ygim WOt [TRE 1 TODAHT]) Fuldl T el e e e
e oy PR A O e A gt mrral A h Aty BT i

4- Choice return :- Return the exccution to the previous menu.
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APPENDIX 11 Computer_startup by logic

1- Startup E2golite

7 S
e e Com

-..[l-:l- : n e

Start the consultation

2- Tlectrical not dead = computer will start; implication T

Y el R EHLTE T

Wulum t of imphcation ks T compuber stertifg (1 00 0 confidancu)

— e - - —— -
Explatn Ilnll conclusions -|], Raalar I

xvl



APPENINX 11 Computer_startup by logic

1. Electrical not dead = computer won't start; implication T

Case of electug al

P veaz

Subenityour response | Why ask? | Restart

P will slant
Q wont i3t
& 1 dont knowdwauld sathsr oL answet

FiMAC HERU LT ST

walye 1 of Imalication ks T eompuler atwtling (1 00.0% confdance)

o N — - . o .- . )

4- Electrical is dead = computer will start: implication ¥
Casé ol eleringal

O :gead
P not dead

@ lLdant F g ora il Father NoT answet
gumitvour response | iy agk? | Restart

e L ONTHLET CASR

@ worn; s1ac

& | dont knowiwould raingr NAl answe

Submid your réeSponse | Wity ask? | Restir

xvil



APPENDIX 11 Computer startup by logic

IMAL RESULTS.

valug 1 of Implicabon is: F computer not slarting {10G.0% tonfidente)

o S— . =
Explain || all conclusions ;]l HESTEHI |

5. Electrical is dead - computer wont start; implicaton T

rase of elRctrical

@ noldead
@ | dont khowfwigukd rathier 1ot AN w el
Submit your response | Wiy ask? | Restart

e COmpier cal
P will stan

O o

@ | dont knovahaole ratnet ot angwier

Vit



APPENDIX 1 Computer startup by logic

FTRALRESULTE.

value } of implication is: T computerstaring (1 00.0% confidence)

AL e — B
Explain {[al conclusions _~| Hestan-

XX



APPENDIX 11 Elephant’s inheritance by swemuntic neiworks

Elephant Inheritance

The computer language using for Elephant’s inheritance in this case study named
Prolog. prelog is a computer programming language that is used for solving problems

that involve objects and the relationships

miwl-hau (wulti Threaded. retlen 5.6.0)
fe [ fwing B Deng Lo

Vo lymms ww B¥I-Fawismg {Meltivpbreaded. Varziow 3.4.00) b
Cepyrighs (u} 1P =2 (0 Tuivwrsity of Sy w2 2

AHTaFraley hiwar with LFTCGLTTELT Y FARALHTY. Thaw iy fwaw safpmacd.

and Fau Arm whlapms bd wacdimt iFuce 4% unday gmcombd avmdislEne -

Flasks riwil RERp1SF r¥y wri-prelog.ord foc datmile.

Faxr Ruly: uws F= baly[Tepic). ar T— apcapen [Facdk .

1 ¥

A WwifDow manen and MmkEimghsd 1/ mmrcapf cans mbudy lmmb FFegramk) tppac LY RS =luphant oy amankis
magmsy kw/ eamank 181, 1 aokpiled 0,00 mcd. 4, Té4 nromw

1 ¥+ manipfisw happams. &l. ME

W & winiLfauwd

Yam
F %= panimbiemllmgme, #1: W)

H =3

Ter
4 P= mmuieliswiLbe. al.alephans} .

Yew
4 %= wasrisfFiakilege, Slsphant- [

Taw
4 P paklefiamiwkin, =l. Celooxl .

Calaua = guisy

Taw
i *r watisFiemiveromat. =1, F}.

F = pirRur

Tam
T %= sgmprmbiapimeacssinls =1, Tuwl.

Tow
L]

Try the lollowing queries:
7. gatisties(hasname, ¢1, N} % check an unambiguous fact about ¢l
9. satisfies(legs, e1, N).  Yocheck el has 3 legs, not 4
9. satjsfies(isa. ¢1. elephant). % check el isa elepham
2. gatisfes(legs. elephant, N). % normal elephants have 4 legs
7. satisfies(skin, cl. Colour). % 2 steps: el isa elephant has grey skin

7. satisfies(lactates, €l. Ans). % el isa elephant ako mammal lactates yes

b



APPENDIX 1V Car registration in traffic office by KR with frames

Car registration in Traffic Office

The complete screen shot for manipulate tasks shown below:-

AT et el el 2l

KR with FRAMES uii o
—M . -U-HJ. -J-.l--l" _'. . h‘:

Wnowladge Representation Scemes luu plaats o, ollai. b sl ol b

1-  To add slot press buston of (add new one)

et LY S el e TS 2 K

ey e

: i} g
LI I T e T ]

NI Rr S R I e |

':]]_H_-i‘h.;..fhl F\.-..,‘.‘J wl g

— = = |

L "Knowledge Represantation Scemes’ lye. - et PR - sl el i




APPENDIX 1V Cur registration in trafiic office by KR with framey

2- To edit slot press bution of edit

WAL =TT

HAETRL T 4

jm;l LS

s g

L0 L Al el il

Ty meannd

il Wk ) il 3 | B

E——

l [8) 00 (6] fhs el J - |

wiedge Representation Scemes’ ;i pia ywats ey Zhials al b 1

3- To delete slot press delete button

a. select the slot to be deleted and press delete buton

g m—— S

5 Lalbadl el bk 53> 393 3 3SEo cd g8 @

|y  om |

Y[iS: means you are sure to delete, NO @ means you arc not surc 1o delete.
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APPENDIX ¥ Car type determination by Fuzzy logic

Car Type Determination

1- Startup E2glite

AV e com

" Web-Erabled Expert Sydnms [2glite v303)

Car Type Determination

by:Marwan Hassan Geblawl

Siart the consuliation

2- Make selection (such as: closed}

" REERoGiEy
O frlos 23]
O=n
o=

i Enter Response | Why ask? | Restart

3- When select choice (P'rivalc)

Fe 5] 155
O

(O riivat:]
O

i Erter Response | Why ask? | Restart

xX1ii




APPENDIX ¥V Car type determination by Furzy logic

4- When select choice (Ages of the driver)

zalact Age
[ REDE
& =17
(o BEE

P Lt own

Enter Respense | Why ask? | Restan

5- When select choice 1al] of the driver

13l or thue duver
® Small

& wedumn

O Tl

@ ko

Enter Responsa | Why ask‘?| Restart

& When select choice(distance driver over set)

ncowe PrLUEh tne distance AriveT ovdr £83
P o1:

& 1326

Q 20-

P Lciamn

Enter Response | Whyask? | Restart

7- When sclect choice(speed of the car)
the speed of e Ga1 i kmer

fp E0-100
# 0.00

P Linkgwn

Enter Response | Why ack? | Restart

XXiv



APPENDIX ¥ Car type determination by Fuzzy logic

8- Press on Enter response (this is a final result)

FITAL R ULTY m— S - ——

Walua 1 of Gar type {9 lancer (88 F5% canidencal

valus 2 af Cat vpe k& dewoo (159 3% canndent a}

value 3 of Cof vpe 1, Kaws (34,731 ATO% canfdanc B}

value 4 orf Car ok 1a. Borry & Car cannol b recommencded w bhie staga (100.0% confidancal

valye 5 of Car ype 13 hands (43 0% confdencs)

o L . . o . -
[ Explain ’Iau contiusions ;][ Restar | _]

XXV



Digit Recognition by neural neiwork

ATPENDIX VI

Recognition of Digits ¢ to 9

1n this application, each digit is presented by 5x7 bit map. as shown in figure 1.

XX¥i



APPENTHX VI Digit Reengnition by neural network

Figure 1 bit maps for digit recognition

XXVl



APPENDIX VI Ihigit Recognition by neural network

Digit Recognition learn and weight

1. Zero learn and weight

uskng newral network representation.___1_IX

Ot peust; Doyl - 1]
Weaght:- i 00 %

[nput a new patbern i order to
tearn the nuweral , You shoukd
sebect the digit and it's veeight
fraction :

oot - [ Jweion - B ]
lnput apatiern

wsing neural network representation

Outpast DHQM:- 1
Welght:- 100 %

Input a new pattern in arder to
learn the nueral , You should
select the digit and It's weight
fraction i

Digit ;- 'Ewﬂuht :
E [npu.t a pattern’
[

L)
lear

e ————

And so on for 2.3,4,5 6.7.8 and 9 digils.
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APPENDIX V1

Digit Recognition by neural network

Determine an optional number of hidden neurons

1- Screen shot 2 for digit 0 with five neurons in the hidden layer

“Tmput Layer

Inpult & neve pattern m order to
learn the nuerad , You shaodd
sebect the digit andd it's weesght
frackion ;

Digt :- '.Blﬁ'ﬂqht : mzl

I 1rout 2 pattesn|

2-5

o Digit Recughitio

E

Ot Dol =- i
Wi - LA S

I K a e pattern order L)
bearn the poeral , ¥ou shoukd
sebect the digit and it s st
Tractiomn

e -~ [ T wetot : EXTN =]

Trput & N pattern o order to
brarn the niperad | Vou sisseld
wedart bl dbpit aewd s weokghd
Tra o -

ot -~ Jf T] Wit : EEEN - ]
I 1rc-x 2 poitorn WA

And so on for 2.3.4,5.6,7.8 and 9 digits.

XXiX




APPENDIX VI Digit Recognition by neural network

Neural network training

3 [or digit Fero training and noise
_Digit Recoanition usiug ieural network reoresentation -

1- 5

creenshot

st pust Drigit - 1)
Weight:- TS5 %o

[nput a v patbern Inoorder B
beara the nucral , You sheald
select Hhe digit onrl &7s weight
Fram tlon :

DHglk z- lzwelght : 3

<<l

3 for digit 3 training and noise
_Digit Recoanition using newral network renrosentation.

I

- S¢reen shot

Ot pust Degit = a
Whe gz~ Sl e

Ingeut & new pattern in order to
learn vhe owerasd , You should
=edect the digi and iE's weebght
fractyon :

piow - | T]wesort : EEE 7]




APPENDIX VII Resolve equation by Genetic Algorithms

Resolve Equation

1- General ment

Ma™ & new Ganetic Algarithm

ahout
Start @ Stop 1
1w-ar$t Chramosome I Best Chromosome— — ———
|F'rtnass | | | Fitness | |
Genome | Genome |
Made By | Made By [~ 5

1. Press start bution
priGh @
Erierﬂnm:rbﬂrv&ﬂymwtlmesdwhiam:? [ oK

+y"2 822
Cancel |

-

2. Fanter a number witch resolve the equation

1A new Genetic Algarithem
sk
{ Start | Exit I Stop |
Worst Chromosome—  —— - — jBast Chromosomea - —_ =

| Fitness  § 55555565665556 | Fitness 36 5010989010563

. Genoms (20010 | Genome (26661

; Mado By 'CrossOver J | Made By CrossOver J

MR




APPENDIX V11 Resolve equation by Genetic Algorithms

3- The final result

mm:mﬂm-lm;may:m;mm-is;mmm- 52 -

P G2+ 272+ 37 =90

conclusion from the result: the best values for the variable solving the equation when the

numbered 90 entered is: X=6.Y=27=3

NXXi
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