Knowledge Representation Lecture one
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Introduction to Knowledge Representation

Humans are best at understanding, reasoning, and interpreting knowledge. Humans
know things, which is knowledge, and based on their knowledge, they perform
various actions in the real world. The way machines do all these tasks falls under
knowledge representation and reasoning. We can describe knowledge representation
as follows:

. Knowledge representation and reasoning (KR, KRR) is a part of Artificial
Intelligence that deals with how Al agents think and how this thinking
contributes to their intelligent behavior.

. It is responsible for representing information about the real world so that a
computer can understand and utilize this knowledge to solve complex real-
world problems, such as diagnosing a medical condition or communicating
with humans in natural language.
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« Itenables an intelligent machine to learn from knowledge and experiences so
that it can behave intelligently like a human.
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Types of Knowledge to be Represented in Al Systems

e Object: Facts about objects in our world domain. E.g., guitars contain
strings, trumpets are brass instruments.

« [Events: Actions that occur in our world.

« Performance: Describes behavior involving knowledge about how to do
things.

« Meta-knowledge: Knowledge about what we know.

« [Facts: Truths about the real world and what we represent.

« Knowledge-Base: Central component of knowledge-based agents,
represented as KB.

o= Uibua¥) L3l Aala 3 Sl A 43 jral g1 gi

VT 3l s Ul el Jadll o giad (il dus e Lidle 8 i<l e gilis <l

Lialle 8 chaas ll JladY) cculaaY)

L0 AL 48 &y el M) gLl Ciay e 1Y)

A8 pai Lay 48 jaa 148 5al) 43 el

4 yeall Aial (ya Wanse 3303 A 48 el Ciia 5 oo Lihaal ) oASAN Jlae 8 padins) ellaine 48 il 46yl
Sl 5 e zdsadll a5k (planning, tagging, and learning) alaill s s sl 5 Jaydadsl) 4.8 o3l

2



48y Loy Ailaiall 28 yaall 1) Ual A8 1) 28 pnall 505 el 65 o g ¢ pnalaill L 5 ety g ¢ al
Lo 2L A1 A8 jmall aladian A 5 i sabing L) il shaall 5 ¢y 5,39

Al Loy Jaaal) alladl e (3iles aalaal)

KB Jl = Jichs i ymall o (ppaildl) oS5l ah I ¢ sSall 138 jaal) 5201
&M\wcﬁé\w)u\)\_\s}\Mjuwﬁu\é\ﬂj\)weww\éb@ gg”‘]g
upu&é\#“&&hﬁmY\cﬁﬂ\‘; gg”‘]g ML\.\JJY\;\M&: }\’J\dg.g_m.d

a3 hea s lend 5l Gladle 5 ladle (yuat Aadaidl pe Gl 5 gina Je Gl )yl &l
Aot )l sl aall e\m\_)g_\;._xﬂdg\ﬁ\.é’;.\

Key Elements of Knowledge Representation
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1. Entities and Objects: The basic building blocks of the world that need to be

modeled (e.g., people, places, objects).

2. Attributes and Properties: Characteristics or features of these entities (e.g.,

a person’s age, height, or name).

3. Relationships: Connections between entities (e.g., "John is the father of

Mary" or "Paris is the capital of France™).

4. Events and Actions: Processes or occurrences that happen over time (e.g.,
“John 1s walking,” or “The train leaves at 5 PM”).

5. Rules and Constraints: Logical conditions and guidelines that govern

relationships and behavior in the domain (e.g., “If it rains, the ground

becomes wet”).
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Characteristic of Knowledge

« Knowledge depends and pertains to the circumstances that formed its
existence around an idea, statement, or event. Therefore, it is
contextual.

« Itisonly beneficial if applied.

« Its values may change over time.

« ltis developed through a learning process.
« Knowledge is dynamic.

« Depends on memory, expertise, exposure, past experiences,
opportunities, and the transfer mechanisms.
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Knowledge is awareness or familiarity gained by experiences of facts, data, and
situations. The types of knowledge in artificial intelligence are:
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1. Declarative Knowledge:

o Knowing about something; includes concepts, facts, and objects. Also
known as descriptive knowledge, expressed in declarative sentences.
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2. Procedural Knowledge:

o Known as imperative knowledge, responsible for knowing how to do
something, includes rules, strategies, and procedures.

Claagl i) g oo ) 8l ity cle o aliil) L3S 48 0 o A g pasall A 5 Apaiall 4 jeally (o jad
Slel aY)

3. Meta-knowledge:
o Knowledge about the other types of knowledge.
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4. Heuristic Knowledge:

o Represents knowledge of some experts in a field, based on previous
experiences, and approaches that work but are not guaranteed.

5. Structural Knowledge:
o Basic knowledge for problem-solving, describes relationships
between concepts.
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The Relation between Knowledge and Intelligence
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Knowledge of real-worlds plays a vital role in intelligence and same for creating
artificial intelligence. Knowledge plays an important role in demonstrating
intelligent behavior in Al agents. An agent is only able to accurately act on some
input when he has some knowledge or experience about that input. Let's suppose if
you met some person who is speaking in a language which you don't know, then
how you will able to act on that. The same thing applies to the intelligent behavior
of the agents. As we can see in below diagram, there is one decision maker which
act by sensing the environment and using knowledge. But if the knowledge part will
not present then, it cannot display intelligent behavior.
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Differences Between Intelligence and Knowledge

Knowledge is the acquisition and acceptance of facts, while intelligence points out
the implementation of the facts wisely and perfectly.

Knowledge can be the same in different individuals, especially if
Impacted under the same environment, for example, a classroom setup.
Intelligence, on the other hand, is unique to individuals. The
intelligence of two individuals with similar knowledge will create
different results in real-life situations.

Knowledge acquisition is through experience, training, books, practice,
materials, and research and is an ever-learning process. On the other
hand, intelligence is inborn. It is in one’s genes, and the individual is
naturally intelligent.

Intelligence is all about doing the right things the right way without
asking for guidance, while knowledge needs one to acquiring the skills
to do something. The latter requires one to ask or learn anything to be
able to do it.

Knowledge helps one know of a problem or situation and how it came
to happen. Intelligence, on the other hand, helps an individual to design
ways to deal with that situation or solve the problem at hand.
Knowledge is basically what people or someone already know. They
have been through the process of acquiring it and are passing it on to
others. Intelligence is uniquely available to individuals. It helps with
the proper implementation of the acquired knowledge.

Knowledge is primarily a vehicle, while intelligence is like the gas that
drives it.
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Approaches to Knowledge Representation
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There are four main approaches:

1. Simple Relational Knowledge:

o The simplest method, using relational methods to systematically store
facts about objects.
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Example: The following is the simple relational knowledge representation.

Player Weight Age

Player1 65 23

Player2 58 18

Player3 75 24
Example:

Name Age Emp ID

John 25 100071

Amanda 23 100056

Sam 27 100042

This is an example of representing simple relational knowledge.

2. Inheritable Knowledge
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o All data stored in a hierarchy of classes. Elements inherit values from
other members of a class.
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3. Inferential Knowledge:
o Represents knowledge in the form of formal logics.
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Example:

Statement 1: John is a cricketer.
Statement 2: All cricketers are athletes.
Then it can be represented as;

Cricketer(John)
VX = Cricketer (x)

-> Athletes (x)

4. Procedural Knowledge:
o Uses programs and codes to describe specific actions.
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Music: "Procedural knowledge is the knowledge
exercised in the performance of a task."

Geography: "technical knowledge and skills."

Maths: "Procedural knowledge is recalled as a sequence
of steps. The category includes methods, algorithms and
procedures: everything from long division, ways of
setting out calculations in workbooks to the familiar step-
by-step approaches to solving quadratic equations. Al
content in this category can be prefaced by the sentence

stem ‘I know how'.
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Al knowledge cycle:

An Atrtificial intelligence system has the following components for displaying
intelligent behavior:

1. Perception
Learning
Knowledge Representation and Reasoning

Planning
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Execution
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e Learning

Al KNOWLEDGE CYCLE

The above diagram is showing how an Al system can interact with the real world
and what components help it to show intelligence. Al system has Perception
component by which it retrieves information from its environment. It can be visual,
audio or another form of sensory input. The learning component is responsible for
learning from data captured by Perception comportment. In the complete cycle, the
main components are knowledge representation and Reasoning. These two
components are involved in showing the intelligence in machine-like humans. These
two components are independent with each other but also coupled together. The
planning and execution depend on analysis of Knowledge representation and
reasoning.
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Requirements for Knowledge Representation System:

1. Representational Accuracy: Ability to represent all required knowledge.

2. Inferential Adequacy: Ability to manipulate structures to produce new
knowledge.

3. Inferential Efficiency: Directing inferential mechanisms into productive
directions.

4. Acquisitional Efficiency: Ability to acquire new knowledge easily.
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Questions and Answers about this lecture

1. How does knowledge representation contribute to the intelligence of Al
systems?

o Knowledge representation allows Al systems to understand, reason,
and make decisions based on real-world information.

2. What role does context play in the effectiveness of knowledge
representation?

o Context is critical as it defines how knowledge is interpreted and
applied, affecting decision-making and problem-solving.

3. In what ways can knowledge representation techniques be applied to
real-world problems, such as medical diagnosis or natural language
processing?

o Techniques allow for modeling complex systems, enhancing decision
support, parsing language structures, and generating human-like
responses.

15



Definition Questions

1. Define ""Knowledge Representation™ and explain its significance in
artificial intelligence.
o Knowledge representation (KR) is a field within Al focused on how
information is structured so machines can understand and utilize it
effectively.

2. What is ""Meta-knowledge," and how does it differ from other types of
knowledge in Al systems?
o Meta-knowledge refers to knowledge about knowledge, helping to
assess and manage different knowledge types within a system.

3. Explain the term ""Knowledge Base' in the context of knowledge
representation and Al.
o A Knowledge Base (KB) is a collection of information that Al
systems use for reasoning, often organized for efficient retrieval and
manipulation.

Yes/No Questions

1. Is knowledge representation solely concerned with how data is stored in
a computer system?
o No.

2. Can intelligent behavior in Al be exhibited without sufficient knowledge
representation?
o No.

3. Is the relationship between knowledge and intelligence linear and
straightforward?
o No.

Multiple-Choice Questions

1. Which of the following is NOT one of the types of knowledge
representation mentioned?
o A) Declarative Knowledge
o B) Procedural Knowledge
o C) Empirical Knowledge (Correct Answer)
o D) Meta-knowledge
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. The component of an Al system that allows it to learn from data and
experiences is known as:

o A) Knowledge Representation

o B) Perception

o C) Learning (Correct Answer)

o D) Execution

. Which of the following requirements for a knowledge representation system
pertains to its ability to generate new knowledge?

o A) Representational Accuracy

o B) Inferential Adequacy (Correct Answer)

o C) Acquisitional Efficiency

o D) Inferential Efficiency

. Procedural Knowledge is primarily responsible for:

o A) Knowing about facts and concepts.

o B) Knowing how to perform tasks and actions. (Correct Answer)

o C) Understanding relationships between different kinds of knowledge.
o D) Incorporating expert knowledge into Al systems.

. In'what representation approach does information inherit characteristics
from a parent class?

o A) Inferential Knowledge

o B) Procedural Knowledge

o C) Inheritable Knowledge (Correct Answer)
D) Relational Knowledge

@)
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Types of Knowledge Representation Techniques:

1. Logical Representation:

0 Predicate Logic: Represents facts, rules, and relationships between entities using
formal logic. Example: Father (John, Mary) meaning John is Mary’s father.

0 Propositional Logic: Uses simple, declarative propositions to express knowledge.
Example: "It is raining™ as a single proposition. (T or F)

2. Semantic Networks:
0 Represents knowledge as a graph of concepts, with nodes as entities and edges as
relationships. Useful for representing hierarchical relationships and associations.

3. Frames:

0 Represents stereotyped situations, where knowledge is organized into data
structures called frames. Each frame includes slots (attributes or properties) that
define an object or concept, and can inherit information from other frames. Example:
A "car" frame may have slots for “make,” “model,” “year,” etc.

4. Rules-Based Systems:
0 Uses if-then rules to represent expert knowledge in a specific domain. These rules
are applied to a knowledge base to infer new information or make decisions.

What are Knowledge Representation Schemes?
In Al, there are four basic categories of representational schemes: logical,
procedural, network and structured representation schemes.
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Knowledge Representation

Techniques

Logical { Semantic Production Frames

\E{eptesentaﬁon K‘ Wetworks J Rules . Representation

Representation

1. Logical Representation:

1) Logical representation uses expressions in formal logic to represent its
knowledge base. Predicate Calculus is the most widely used representation scheme.
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There are two types of logical representation:

o0 Predicate Logic: Represents facts, rules, and relationships between entities using
formal logic. Example: Father (John, Mary) meaning John is Mary’s father.

o0 Propositional Logic: Uses simple, declarative propositions to express knowledge.
Example: "It is raining" as a single proposition. (T or F)

Logical representation is a language with some concrete rules which deals with
propositions and has no ambiguity in representation. Logical representation means
drawing a conclusion based on various conditions. This representation lays down
some important communication rules. It consists of precisely defined syntax and
semantics which supports the sound inference. Each sentence can be translated into
logics using syntax and semantics.
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. Syntax determines which symbol we can use in knowledge representation.

« Semantics are the rules by which we can interpret the sentence in the logic.
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2) Procedural representation represents knowledge as a set of instructions for
solving a problem. These are usually if-then rules we use in rule-based systems.

Sy il s
if-then o518 (e aciad L3l 5 juall il JSLaR) Jad cilades de ganseS 48 aall Jiay
L Jiall 13 e Jle

3) Network representation captures knowledge as a graph in which the nodes
represent objects or concepts in the problem domain and the arcs represent relations
or associations between them. Semantic networks and conceptual graph are
example of this scheme
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Semantic Network Representation

Semantic networks are alternative of predicate logic for knowledge representation.
In Semantic networks, we can represent our knowledge in the form of graphical
networks. This network consists of nodes representing objects and arcs which
describe the relationship between those objects. Semantic networks can categorize
the object in different forms and can also link those objects. Semantic networks are
easy to understand and can be easily extended.
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Represents knowledge as a graph of concepts, with nodes as entities and edges as
relationships. Useful for representing hierarchical relationships and associations.
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Graphical representation of knowledge (Semantic Network Representation)

. Itisan alternative of predicate logic for knowledge representation.
« In Semantic net, we represent knowledge in graphical network form.

« This network consists of nodes representing objects and arcs which describe
the relationship between those objects. Semantic networks can categorize the
object in different forms and can also link those objects.

« This representation consists of mainly two types of relations:
I. IS-Arelation (Inheritance)

ii. Kind-of-relation
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Components of Graphical representation of knowledge

o Nodes: objects
o Edges/Arcs: relation between objects
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Example:

« Apple is a fruit. > e >
( Apple ———(  Fruit )
N ~ N _//
Advantages:
’ Advantages
. Itis flexible and easy to visualize. *Itis flexible and easy

. . to visualize.
« ltis a natural representation of knowledge.

« Conveys meaning in a transparent manner.

*it is a natural
AN Sl Ul e representation of

. knowledge.
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Example:
Statements:

. Jerryisacat.
- Jerry is a mammal. P
« Jerry is owned by Priya. ( :
« Jerry is white colored.

« All mammals are animals.

mammal

/ \
[ animal |
N Y

White
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Example:

Statements:

o Tomis a Cat.

« Tom is owned by John.

o Cat like Cream.

« Cat sat on the Mat.

o Catisamammal.

« The bird is an animal.

« All mammals are animal.

« Mammals have fur.

Example of a Semantic Network:

Let’s take a simple domain involving animals, which we can represent in a semantic
network.

We want to represent the following knowledge:

1. A dog is a type of mammal.

2. A cat is also a type of mammal.

3. All mammals are animals.

4. Both dogs and cats have the ability to bark and meow, respectively.

5. All animals need food to survive.

6. A dog has a specific name, say Buddy.

Semantic Network Representation:

We can create a semantic network based on this knowledge, where:

* Nodes: represent entities like dog, cat, mammal, animal, food, and the individual
Buddy.

* Edges: represent relationships like "is a," "has,

needs," or "can."

Visual Representation (text description of a network structure) :(draw it)

1. Dog and Cat are connected to Mammal with an "is-a" link

(hierarchical relationship).
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Mammal is connected to Animal with an "is-a" link.

3. Dog is connected to Buddy with a "has" link (since Buddy is an
instance of Dog).

4. Dog is connected to Bark with a "can™ link (indicating a dog's ability
to bark).

e

Cat is connected to Meow with a "can" link.
Animal is connected to Food with a "needs" link (indicating that all

animals need food to survive).

Relationships in the Semantic Network

NoOokowbdPE

Dog — "is-a" — Mammal
Cat — "is-a" — Mammal
Mammal — "is-a" — Animal
Dog — "has" — Buddy

Dog — "can" — Bark

Cat — "can" — Meow
Animal — "needs" — Food

Semantic Network (text description):

SokowdE

Dog is an instance of Mammal.

Cat is an instance of Mammal.

Mammal is a subclass of Animal.

Dog can bark, and Cat can meow.

All animals need food to survive.

A specific dog named Buddy is an individual in this
network.

Example Inferences:

1. Inheritance: From this semantic network, we can infer that since Dog is a
Mammal, and Mammal is an Animal, then a Dog is also an Animal.

2. Generalization: If Dog can bark, and Buddy is a Dog, then we can infer that
Buddy can also bark.

3. Transitivity: If all Animals need Food, and Dog is an Animal, then Buddy (a
specific Dog) also needs Food.

Semantic networks are useful for visualizing relationships between concepts and can
be used to infer new knowledge through the connections between entities. They are
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particularly helpful in representing hierarchical relationships, like "is-a" and
"has-a," and in making logical inferences through inheritance of properties.
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Drawbacks in Semantic representation:

O

Semantic networks take more computational time at runtime as we need
to traverse the complete network tree to answer some questions. It
might be possible in the worst-case scenario that after traversing the
entire tree, we find that the solution does not exist in this network.

Semantic networks try to model human-like memory (Which has 1015
neurons and links) to store the information, but in practice, it is not
possible to build such a vast semantic network.

These types of representations are inadequate as they do not have any
equivalent quantifier, e.g., for all, for some, none, etc.

Semantic networks do not have any standard definition for the link
names.
These networks are not intelligent and depend on the creator of the
system.
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Example:

The goal describes the aim of an organization. ldentifying goals assists in
determining what is required to achieve Organizational and Security goals. For
Instance, an organizational goal may require ensuring product quality, reliable and
secure services to vendors and consumers. Security goals will ensure that the
systems are confidential, integrity, availability, of the product or services. The
security goal emphasizes more on adversary goals of attacking and aborting the main
organizational goal. The threat actor's goal is to deploy attacks on the CSC system
to exploit existing vulnerabilities and manipulate, divert, exfiltrate, and take
command and control of the system and its assets.
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4) Structured representation extends network representation schemes by allowing
each node to have complex data structures named slots with attached values, these
values may be simple numeric or symbolic data, pointer to other frames or even
procedures, scripts and frames are examples of this scheme.
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Frames Representation

The structure of a frame is like a record that contains a collection of attributes and
its values to describe an entity in the world. Frames are the Al data structure that
divides knowledge into substructures by representing stereotypes situations. It
consists of a collection of slots and slot values. These slots may be of any type and
size. Slots have names and values, which are called facets.
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Facets: The various aspects of a slot are known as Facets. Facets are features of
frames that enable us to put constraints on the frames. Example: IF-NEEDED facts
are called when data of any particular slot is needed. A frame may consist of any
number of slots, a slot may include any number of facets, and facets may have any
number of values.
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A frame is also known as slot-filter knowledoe representation in artificial
intelligence.

Represents stereotyped situations, where knowledge is organized into data structures
called frames. Each frame includes slots (attributes or properties) that define an
object or concept, and can inherit information from other frames. Example: A "car"
frame may have slots for “make,” “model,” “year,” etc.
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Frames are derived from semantic networks and later evolved into our modern-day
classes and objects. A single frame is not much useful. Frames system consist of a
collection of frames which are connected. In the frame, knowledge about an object
or event can be stored together in the knowledge base. The frame is a type of

29



technology which is widely used in various applications including Natural language
processing and computer vision
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Example of Frames in Knowledge Representation:
Let’s take an example of representing knowledge about a car using frames.

Frame for a Car:

We want to represent a car as a structured object, with different features (slots)
like make, model, color, year, and owner.

Car Frame might look:

Car Frame:

- Make: Toyota

- Model: Corolla

- Year: 2020

- Color: Red

- Owner: John Doe

- Engine: (Type: Internal Combustion, Fuel: Gasoline, Horsepower: 130 HP)
- Accessories: (GPS, Air Conditioning, Bluetooth)

Explanation:

« Slots: The different attributes of the car (e.g., Make, Model, Year, Color).

« Slot VValues: The specific values for those attributes (e.g., Make: Toyota, Color:
Red).

* Nested Frames: Some slots, like Engine and Accessories, can themselves be
complex and represented using additional frames. For example, the Engine slot
includes other attributes like Type, Fuel, and Horsepower.
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Example: 1

Let's take an example of a frame for a book

Title Artificial Intelligence
Genre Computer Science
Author Peter Norvig
Edition Third Edition
Year 1996
Page 1152

Example 2:

Let's suppose we are taking an entity, Peter. Peter is a doctor as a profession, and his
age is 25, he lives in city London, and the country is England. So following is the frame
representation for this:

Name Peter
Profession Doctor
Age 25
Marital status Single
Weight 78




Advantages of frame representation:

1. The frame knowledge representation makes the programming easier by
grouping the related data.

2. The frame representation is comparably flexible and used by many

applications in Al.

It is very easy to add slots for new attribute and relations.

It is easy to include default data and to search for missing values.

Frame representation is easy to understand and visualize.
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Disadvantages of frame representation:

1. In frame system inference mechanism is not be easily processed.

2. The inference mechanism cannot proceed smoothly proceeded by frame
representation.

3. Frame representation has a much-generalized approach.
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