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|F the “traffic light” 1s green

THEN the action Is go

|F the ‘traffic light’ 1s red
THEN the action Is stop
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Rules as a knowledge representation technigue

B The term ru/ein Al, which Is the most commonly
used type of knowledge representation, can be
defined as an IF-THEN structure that relates given
Information or facts in the IF part to some actions
In the THEN part.

B Any rule consists of two parts: the IF part, called
the antecedent (premise or conadition) and the

THEN part called the consequent (conclusion or
action).



I= <antecedent>
THEN <consequent>

B A rule can have multiple antecedents joined by
the keywords AND (conjunction), OR
(disjunction) or a combination of both.

I= <antecedent 1> I= <antecedent 1>
JAA\NID, <antecedent 2> OR <antecedent 2>

AND  <antecedent /> OR < antecedent /7>
THEN  <consequent> THEN < consequent>



B [he antecedent of a rule incorporates two parts: an
obyect (/inguistic opject) and Its valte. The object
and Its value are linked by an operator.

M The operator identifies the object and assigns the
value. Operators such as /s, are, Is not, are norare
used to assign a symbolic value to a linguistic object.

B Expert systems can also use mathematical operators
to define an object as numerical and assign it to the
numerical value.

|F ‘age of the customer’ < 18
AND  ‘cash withdrawal’ > 1000
THEN  ‘signature of the parent’ 1s required



The main players in the development team
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The main players in the development team

B [he domain expertis a knowledgeable and

skilled person capable of solving problems in a
Specific area or adomain.

v This person has the greatest expertise in a given
domain.

v Therefore, the expert must be able to communicate
his or her knowledge.

v' The domain expert is the most important player
In the expert system development team.
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B The programmeris the person responsible for the
actual programming, describing the domain knowledge
In terms that a computer can understand. The
programmer needs to have skills 1n symbolic
programming in such Al languages as LISP, Prolog and
OPS5 and also some experience in the application of
different types of expert system shells.

B |n addition, the programmer should know conventional

programming languages like C, Pascal, FORTRAN and
Basic.



skl (818 (B i 1) (e S



Structure of a rule-based expert system

B In the early seventies, Newell and Simon from
Carnegie-Mellon University proposed a production
system model, the foundation of the modern rule-
based expert systems.

B The production rules are stored in the long-term
memory and the problem-specific information or
facts in the short-term memory.



Production system model

Long-term Memory Short-term Memory
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Basic structure of a rule-based expert system

Knowledge Base Database

Rule: IF-THEN II

Inference Engine

!

Explanation Facilities

b

User Interface




B The knowledge base contains the domain
knowledge useful for problem solving. In a rule-
based expert system, the knowledge Is represented
as a set of rules. Each rule specifies a relation,
recommendation, directive, strategy or heuristic
and has the IF (condition) THEN (action) structure.
When the condition part of a rule Is satisfied, the
rule 1s said to 77re and the action part Is executed.

B The database includes a set of facts used to match
against the IF (condition) parts of rules stored In the
knowledge base.



B The inference engine (J¥<¥) & aa) carries out
the reasoning whereby the expert system reaches a
solution. It links the rules given in the knowledge
base with the facts provided in the database.

B The explanation facilities enable the user to ask
the expert system /fow a particular conclusion Is
reached and w7y a specific fact i1s needed. An
expert system must be able to explain its reasoning
and justify its advice, analysis or conclusion.

B The user interface Is the means of communication
between a user seeking a solution to the problem
and an expert system.



Complete structure of a rule-based expert system
D

External

Database External Program II

Knowledge Base Database

II Rule: IF-THEN II

Knowledge Engineer




Characteristics of: an expert system
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B [n expert systems, knowledge Is separated from Its
processing (the knowledge base and the inference
engine are split up). A conventional program Is a
mixture of knowledge and the control structure to

process this

knowledge. This mixing leads to

difficulties in understanding and reviewing the
program code, as any change to the code affects both

the knowlec

ge and Its processing.

B \When an ex

nert system shell Is used, a knowledge

engineer or an expert simply enters rules in the
knowledge base. Each new rule adds some new
knowledge and makes the expert system smarter.



Forward chaining and backward chaining
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M |n a rule-based expert system, the domain knowledge is
represented by a set of IF-THEN production rules and
data Is represented by a set of facts about the current
situation. The Inference engine compares each rule
stored in the knowledge base with facts contained in the
database. When the IF (condition) part of the rule
matches a fact, the rule is fired and its THEN (action)
part Is executed.

[(chains inference) JYaius¥) Judls it [F &l Sa o) ol dalae W
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Inference engine cycles via a match-fire procedure

Database

) g

Knowledge Base

l‘ Rule: IF Ais x THEN B is y




An example ofian inference chain

Rue 1:

I= Y IS true
AND D istrue
THEN Z i1s true

Iz X 1S true
AND Bis true
AND E s true
THEN Y is true

I= A IS true
THEN Xs true




Forward chaining

B Forward chaining Is the data-driven reasoning.
The reasoning starts from the known data and
proceeds forward with that data. Each time only
the topmost rule Is executed. WWhen fired, the rule
adds a new fact In the database. Any rule can be
executed only once. The match-fire cycle stops
when no further rules can be fired.



Forward chaining = s Jedid
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M Forward chaining Is a technique for gathering
Information and then inferring from It whatever can
be Inferred.

B However, In forward chaining, many rules may be
executed that have nothing to do with the
established goal.

B Therefore, If our goal Is to infer only one particular
fact, the forward chaining inference technique
would not be efficient.



Backward chaining - abe¥) Jedud

M Backward chaining Is the goal-driven reasoning.
In backward chaining, an expert system has the goal
(a /1ypothetical solution) and the Inference engine
attempts to find the evidence to prove It. First, the
knowledge base Is searched to find rules that might
have the desired solution. Such rules must have the
goal in their THEN (action) parts. If such a rule Is
found and its IF (condition) part matches data in the
database, then the rule is fired and the goal Is
proved. However, this Is rarely the case.



Backward chaining

B Thus the Iinference engine puts aside the rule It Is
working with (the rule Is said to stack) and sets up
a new goal, a sub-goal, to prove the IF part of this
rule. Then the knowledge base Is searched again
for rules that can prove the sub-goal. The inference
engine repeats the process of stacking the rules until
no rules are found Iin the knowledge base to prove
the current sub-goal.



Backward chaining
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How do we choose between forward and
packward chaining?

B [f an expert first needs to gather some information
and then tries to infer from It whatever can be
Inferred, choose the forward chaining inference
engine.

B However, If your expert begins with a hypothetical
solution and then attempts to find facts to prove It,
choose the backward chaining inference engine.



Conflict resolution
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Example, we consider these rules for crossing a road.
m Rulel:

|- the “traffic light’ 1s green

THEN the action Is go
B Rule?2.

I= the ‘traffic light’ 1s red

THEN the action Is stop
B Rule 3.

|F the ‘traffic light’ 1s red

THEN the action Is go
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Methods used for conflict resolution
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Meta-knowledge

B Meta-knowledge can be simply defined as
Knowleage about krnowleadge. Meta-knowledge IS
knowledge about the use and control of domain
knowledge In an expert system.

M |n rule-based expert systems, meta-knowledge Is
represented by meta-rules. A meta-rule
determines a strategy for the use of task-specific
rules In the expert system.



Meta-rules

B NVeta-rule l:

Rules supplied by experts have higher priorities than
rules supplied by novices.

B Meta-rule 2:

Rules governing the rescue of human lives have
higher priorities than rules concerned with clearing
overloads on power system equipment.



