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Introduction:

The field of Artificial Intelligence has evolved from simple data processing to the sophisticated
modeling of human expertise through Knowledge-Based Systems (KBS). At the center of this
evolution is the Knowledge Base (KB), a specialized repository that stores structured facts,
relationships, and "rules of thumb" extracted from human specialists. Unlike traditional
databases, a KB allows a system to understand the context and logic of a specific domain, such as
medicine or engineering. These systems bring static knowledge to life by using an inference
engine to reason, deduce new information, and solve complex problems. By separating the
knowledge from the control logic, KBS provides a transparent and modular framework for
building "silicon experts." This paradigm shift ensures that Al can provide explainable solutions,
making it a cornerstone of symbolic reasoning and intelligent decision-making in modern
computing.

we define a Knowledge Base as:

A structured collection of facts, relationships, and rules that represent a specific domain of human
expertise in a way that a computer can "understand" and manipulate.
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Knowledge Base vs. Traditional Database
It is a common mistake to think a Knowledge Base is just a "fancy database." Here are the core

differences:
Feature Traditional Database (DB) Knowledge Base (KB)
Explicit Data | Explicit + Implicit Knowledge
Content
onten (Numbers/Strings) (Rules)
. None (User must interpret | Can infer  new  facts
Reasoning .
data) (Deduction)
. Simple constraints (Unique | Logical consistency  (No
|
ntegrity IDs) contradictions)
Structure Tabular/Relational Symbolic/Logical

A Knowledge-Based System (KBS) is a computer program designed to emulate the work of human
experts within a specific, well-defined area of knowledge. Unlike standard software, a KBS doesn't
just process data; it applies reasoning to specialized expertise to solve problems that would
normally require a human professional.

Key Characteristics:

o Explicit Knowledge: Knowledge is not buried in the code; it is stored in a readable,
modular format.

e Separation of Concerns: The "Knowledge Base" (the facts) and the "Inference Engine" (the
brain) are separate entities.

o Expertise: It is designed to perform at the level of a human expert in a narrow domain
(e.g., medical diagnosis, financial forecasting, or engineering design).

o Transparency: A KBS can often "explain" its reasoning process—showing which rules or
facts led to a specific conclusion.



(KBS):4é jzall lo adldl) allal

\}IG:\:\M\:\SS\GA\J.\”U»SQLA‘: égm;dju@ﬂd\aawu#ﬂ‘c‘ﬂ\@ﬁ&@w@y\;@bﬁﬁ
M‘;’J\ A Jal daiadiall 3,40 e (Reasoning) oSatl) saday o tcanad lilal) dallea KBS ) A

i ) pailadl)
(Oadio LS Laa (§leall) "IV iV & jaa 5 (3iall) " peall 52 B silalaiaY) Juad
(S 5l ¢ hal) Gl i Jie) Gada e 8 6 md 5 siway 103 aaian 13 )

O i) ) ol 3l siead) o el gl i i S8 dlee "z i Alaill (S Lo Llle (A8

KNOWLEDGE BASED SYSTEMS

Benefits of Knowledge — Based Systems

Accelerating delivery processes Handling significant amounts of
of goods & services for B2C structured & unstructured data
organizations. intelligently & efficiently.

Creating new knowledge by
reviewing existing data &
knowledge.

Assisting users in making \ ” / Storing data convenienthy
expert decisions. for future use.
N

Group data across different
areas of expertise.

Improving productivity and Serving as an expert resource
consistency with decision- with human experts is
making processes. unavailable.

Integrating knowledge on a large
scale creates a common platform
for accessing knowledge.




The Types of Knowledge-Based Systems (KBS):

While "Expert Systems" is often used as a synonym for KBS, it is actually just one of several
categories.

KNOWLEDGE BASED SYSTEMS

Types of Knowledge Based System |

Intelligent

tutoring
systems

Lo ==
Case-based
systems
Hypertext
manipulation
systems

1. Expert Systems (ES)

This is the most common type of KBS. It mimics the decision-making ability of a human expert in

a specific domain (like medicine, law, or engineering). It uses a set of rules provided by experts to
reach conclusions.

e Key Components: A Knowledge Base (facts and rules) and an Inference Engine (the "brain"
that applies rules to the data).

e Use Case: Diagnosing a fault in a power plant or a medical condition.

T e
Knowledge
Base
Human Knowledge
Expert Engineer
Inference
Engine
User C!!
Interface -
User
(May not be an expert)




2. Case-Based Reasoning (CBR)

Instead of relying on general rules, CBR solves new problems by looking at similar past cases. It
operates on the principle that "similar problems have similar solutions."

e The Process: Retrieve a similar case - Reuse the solution - Revise if necessary - Retain
the new experience.

e Use Case: Technical support help desks where a new software bug is compared to
previously solved tickets.

CASE BASED REASONING
CBR Cycle

Problem

Retrieve

Confirmed
Solution

I

Suggested

) Solution
Revise

3. Intelligent Tutoring Systems (ITS)

These are educational systems that provide personalized instruction or feedback to learners. They

track a student's progress and adapt the teaching material based on their strengths and
weaknesses.

e Use Case: Language learning apps that adjust the difficulty of vocabulary based on your
previous mistakes.
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Student Module

« information gathered
about individual users

Interface Module

e input from /
about user

Instruction Module

« makes decisions
for individual users

\
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4. Rule-Based Systems

These systems represent knowledge in the form of "If-Then" rules. They are highly transparent

because you can trace exactly why a certain decision was made.

e Forward Chaining: Starting with facts and moving toward a conclusion.

e Backward Chaining: Starting with a goal/hypothesis and looking for facts to support it.

Knowledge Inference
Base < > Engine
(Rules)
Knowledge Knowledge
Engineer — Acquisition D Em—

Expert



5. Hypertext Manipulation Systems (HMS)

These systems organize knowledge as a network of interconnected nodes (text, graphics, or data).
The "intelligence" lies in the way these pieces are linked together, allowing for the discovery of
relationships that aren't obvious in a linear format.

e Key Components: Nodes (the data units) and Hyperlinks (the semantic connections).

e Use Case: Large-scale technical documentation or research archives where a user needs
to see how a "legal regulation" links directly to a "technical implementation."
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Comparison of KBS Types

Type Knowledge Representation Reasoning Style
Expert System Domain-specific rules Deductive
Case-Based Past Cases/Experiences Analogical
Rule-Based If-Then Statements Procedural
Intelligent Tutoring Student & Teaching Models Adaptive
Hypertext Manipulation Nodes & Semantic Links Associative

Q/Find type of the systems:
system 1:

Description: You are building a system for a university that helps junior staff determine if an
employee is eligible for a specific promotion. The system asks: "Does the employee have a
Master's degree?" and "Has it been 4 years since their last promotion?" If both are true, it
concludes they are eligible.

e The Answer is: Rule-Based System (It uses clear, logical "If-Then" conditions to reach a
binary conclusion).



system 2:

Description: A staff member is dealing with a property dispute involving an occupant without a
contract. Instead of looking up laws, they enter the details of the situation. The system searches
its database for a "similar legal dispute" from 2018 that was resolved in courts and suggests using
the same legal procedure used back then.

e The Answer is: Case-Based Reasoning (CBR) (It solves new problems by finding and
adapting specific past examples).

system 3:

Description: A digital library contains millions of news articles. Instead of a basic list, the system
connects a story about a "Global Oil Price Drop" directly to nodes for "Electric Vehicle Trends,"
"Middle East Economics," and "Green Energy Subsidies." As you click, the system highlights how
these topics influence one another, allowing you to explore the ripple effects of an event across
different industries. The "knowledge" is discovered by following these meaningful, non-linear
connections between separate pieces of information.

e The Answer is: Hypertext Manipulation System (It relies on a network of nodes and
associative links to navigate knowledge).

system 4:

Description: A student is learning Python through a university portal. The system notices the
student keeps making "Syntax Errors" in loops but excels at "Variable Assignment." It
automatically changes the next lesson to focus on "Indentation Logic" rather than moving to
"Classes," adapting the curriculum to the student's specific struggle.

e The Answer is: Intelligent Tutoring System (ITS) (It uses a student model to provide
personalized, adaptive feedback).

system 5:

Description: A specialized system is used in a clinic. It contains the captured knowledge of the
world’s top three cardiologists. When a doctor inputs a patient's symptoms and test results, the
system applies its internal "Inference Engine" to its "Knowledge Base" to provide a high-level
expert diagnosis that a general practitioner might miss.

e The Answer is: Expert System (It mimics a human expert's decision-making in a very
narrow, specialized domain).



Artificial vs. Human Expertise: A Comparison

Understanding when to deploy a KBS requires weighing its strengths against the natural
capabilities of a human expert.

Feature Human Expertise KBS (Artificial Expertise)
Availability Limited (one place at a time) Perma.nent and easily
accessible
e Simpl b
Transferability Difficult (takes years of study) 'mple (can ©

copied/duplicated)

Unpredictable

Consistency Consistent and objective

(emotions/fatigue)
Creativity High and adaptable Uninspired and fixed-purpose
Scope Broad" (uses Common Narrow (Technical focus only)
Sense")
Sensory Input Excellent at processing senses Limited - (except for Neural

Nets)

------------------------------------

Artificial Intelligence VS Human Intelligence

Created by human intelligence Created by divine intelligence

Process information faster Process information slower

Highly objective

May be subjective
More accurate Maybe less accurate
Cannot adapt to changes well Can easily adapt to changes well

Cannot multitask that well Can easily multitask
Optimization

Below average social skill Excellent social skifls

Still working toward self-awareness Good self-awareness



Limitations of Knowledge-Based Systems

While a KBS provides a permanent, cheap, and consistent alternative to human experts, KBS face
challenges:

o The Knowledge Acquisition Bottleneck: It is very difficult and time-consuming to get an
expert to explain exactly how they think.

o Brittleness: If a problem falls slightly outside the system's narrow domain, the KBS often
fails completely (it lacks "common sense").

e Maintenance: As world knowledge changes, the KB must be manually updated.
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KNOWLEDGE BASED SYSTEMS

Challenges of Knowledge Based Systems

01 02
Acquiring, organizing, Experi.enfing potential
and manipulating large anomalies in the systems,
o [T R R ST such as redundant rules and

information circular dependencies

04 05
. Providing a system that
Navigating the generally is only assh h quality as

abstract nature of the data and information
knowledge i
it contains

03

Handling the limitations of
scientific and cognitive
techniques

Requiring accurate and
extensive data to perform
correctly




