
    UNIT- III 

What is knowledge representation? 

Humans are best at understanding, reasoning, and interpreting knowledge. Human knows 

things, which is knowledge and as per their knowledge they perform various actions in the real 

world. But how machines do all these things comes under knowledge representation and 

reasoning. Hence we can describe Knowledge representation as following: 

o Knowledge representation and reasoning (KR, KRR) is the part of Artificial 

intelligence which concerned with AI agents thinking and how thinking contributes to 

intelligent behavior of agents. 

o It is responsible for representing information about the real world so that a computer 

can understand and can utilize this knowledge to solve the complex real world problems 

such as diagnosis a medical condition or communicating with humans in natural 

language. 

o It is also a way which describes how we can represent knowledge in artificial 

intelligence. Knowledge representation is not just storing data into some database, but 

it also enables an intelligent machine to learn from that knowledge and experiences so 

that it can behave intelligently like a human. 

What to Represent: 

Following are the kind of knowledge which needs to be represented in AI systems: 

o Object: All the facts about objects in our world domain. E.g., Guitars contains strings, 

trumpets are brass instruments. 

o Events: Events are the actions which occur in our world. 

o Performance: It describe behavior which involves knowledge about how to do things. 

o Meta-knowledge: It is knowledge about what we know. 

o Facts: Facts are the truths about the real world and what we represent. 

o Knowledge-Base: The central component of the knowledge-based agents is the 

knowledge base. It is represented as KB. The Knowledgebase is a group of the 

Sentences (Here, sentences are used as a technical term and not identical with the 

English language). 

Knowledge: Knowledge is awareness or familiarity gained by experiences of facts, data, and 

situations. Following are the types of knowledge in artificial intelligence: 

 

 

 

 

 



Types of knowledge 

Following are the various types of knowledge: 

          

                              

 

1. Declarative Knowledge: 

o Declarative knowledge is to know about something. 

o It includes concepts, facts, and objects. 

o It is also called descriptive knowledge and expressed in declarativesentences. 

o It is simpler than procedural language. 

2. Procedural Knowledge 

o It is also known as imperative knowledge. 

o Procedural knowledge is a type of knowledge which is responsible for knowing how to 

do something. 

o It can be directly applied to any task. 

o It includes rules, strategies, procedures, agendas, etc. 

o Procedural knowledge depends on the task on which it can be applied. 

3. Meta-knowledge: 

o Knowledge about the other types of knowledge is called Meta-knowledge. 

4. Heuristic knowledge: 

o Heuristic knowledge is representing knowledge of some experts in a filed or subject. 

o Heuristic knowledge is rules of thumb based on previous experiences, awareness of 

approaches, and which are good to work but not guaranteed. 



5. Structural knowledge: 

o Structural knowledge is basic knowledge to problem-solving. 

o It describes relationships between various concepts such as kind of, part of, and 

grouping of something. 

o It describes the relationship that exists between concepts or objects. 

 

The relation between knowledge and intelligence: 

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 AI 

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. 

 

 

 

 

 

 

 



AI knowledge cycle: 

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

o Perception 
o Learning 
o Knowledge Representation and Reasoning 
o Planning 

o Execution 

 

 

The above diagram is showing how an AI system can interact with the real world and what 

components help it to show intelligence. AI 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. 

Approaches to knowledge representation: 

There are mainly four approaches to knowledge representation, which are givenbelow: 

1. Simple relational knowledge: 

o It is the simplest way of storing facts which uses the relational method, and each fact 

about a set of the object is set out systematically in columns. 

o This approach of knowledge representation is famous in database systems where the 

relationship between different entities is represented. 

o This approach has little opportunity for inference. 



Example: The following is the simple relational knowledge representation. 

Player Weight Age 

Player1 65 23 

Player2 58 18 

Player3 75 24 

2. Inheritable knowledge: 

o In the inheritable knowledge approach, all data must be stored into a hierarchy of 

classes. 

o All classes should be arranged in a generalized form or a hierarchal manner. 

o In this approach, we apply inheritance property. 

o Elements inherit values from other members of a class. 

o This approach contains inheritable knowledge which shows a relation between instance 

and class, and it is called instance relation. 

o Every individual frame can represent the collection of attributes and its value. 

o In this approach, objects and values are represented in Boxed nodes. 

o We use Arrows which point from objects to their values. 

Example: 

 



3. Inferential knowledge: 

o Inferential knowledge approach represents knowledge in the form of formal logics. 

o This approach can be used to derive more facts. 

o It guaranteed correctness. 

o Example: Let's suppose there are two statements: 

o Marcus is a man 

o All men are mortal 

Then it can represent as; 

 

man(Marcus) 

∀x = man (x) ----------> mortal (x)s 

 

4. Procedural knowledge: 

o Procedural knowledge approach uses small programs and codes which describes how 

to do specific things, and how to proceed. 

o In this approach, one important rule is used which is If-Then rule. 

o In this knowledge, we can use various coding languages such as LISP 

language and Prolog language. 

o We can easily represent heuristic or domain-specific knowledge using this approach. 

o But it is not necessary that we can represent all cases in this approach. 

 

Requirements for knowledge Representation system: 

A good knowledge representation system must possess the following properties. 

1. Representational Accuracy: 
KR system should have the ability to represent all kind of required knowledge. 

2. Inferential Adequacy: 
KR system should have ability to manipulate the representational structures to produce new 

knowledge corresponding to existing structure. 

3. Inferential Efficiency: 

The ability to direct the inferential knowledge mechanism into the most productive directions 

by storing appropriate guides. 

4. Acquisitional efficiency- The ability to acquire the new knowledge easily using automatic 

methods. 

 

 

 

 

 



Knowledge representation in AI faces several key issues and challenges: 

1. Expressiveness vs. Complexity: 

o Striking a balance between how richly and accurately knowledge can be 

represented and the computational complexity involved in processing that 

knowledge. 

2. Ambiguity: 

o Natural language and human concepts often contain ambiguities that can lead 

to misunderstandings or misinterpretations in AI systems. 

3. Incompleteness: 

o Knowledge bases may not contain all necessary information, making it 

difficult for AI systems to draw accurate conclusions. 

4. Dynamic Knowledge: 

o The need to update knowledge in real-time as new information becomes 

available, especially in rapidly changing domains. 

5. Uncertainty: 

o Representing uncertainty in knowledge, which is critical in many applications, 

requires sophisticated models (e.g., Bayesian networks). 

6. Scalability: 

o As knowledge bases grow, the ability to efficiently store, retrieve, and process 

information becomes more challenging. 

7. Interoperability: 

o Ensuring that different systems and knowledge representations can work 

together effectively, which is particularly important in complex applications. 

8. Reasoning: 

o Developing efficient reasoning mechanisms that can infer new knowledge 

from existing representations without exhaustive searching. 

9. Human-Like Reasoning: 

o Creating representations that allow AI to mimic human reasoning processes, 

including dealing with biases and subjective judgments. 

10. Contextual Knowledge: 

o Capturing and utilizing context effectively, as meaning can change based on 

circumstances or additional information. 

Addressing these issues is crucial for building robust and effective AI systems that can 

understand and interact with the world in meaningful ways. 

 

 

 

 

 

 

 

 



 

Predicate Logic: 

What is Predicate Logic in AI? Predicate logic in artificial intelligence, also known as first-

order logic or first order predicate logic in AI, is a formal system used in logic and 

mathematics to represent and reason about complex relationships and structures. It plays a 

crucial role in knowledge representation, which is a field within artificial intelligence and 

philosophy concerned with representing knowledge in a way that machines or humans can 

use for reasoning and problem-solving. 

 

Basic Components of Predicate Logic 

Predicates: Predicates are statements or propositions that can be either true or false depending 

on the values of their arguments. They represent properties, relations, or characteristics of 

objects. For example, "IsHungry(x)" can be a predicate, where "x" is a variable representing 

an object, and the predicate evaluates to true if that object is hungry. 

 

2. Variables: Variables are symbols that can take on different values. In predicate logic, 

variables are used to represent objects or entities in the domain of discourse. For example, "x" 

in "IsHungry(x)" can represent any object in the domain, such as a person, animal, or thing. 

 

3. Constants: Constants are specific values that do not change. They represent particular objects 

in the domain. For instance, in a knowledge base about people, "Alice" and "Bob" might be 

constants representing specific individuals. 

 

4. Quantifiers: Quantifiers are used to specify the scope of variables in logical expressions. 

There are two main quantifiers in predicate logic: 

 

Existential Quantifier (∃): Denoted as ∃, it indicates that there exists at least one object for 

which the statement within the quantifier is true. For example, "∃x IsHungry(x)" asserts that 

there is at least one object that is hungry. 



Universal Quantifier (∀): Denoted as ∀, it indicates that the statement within the quantifier is 

true for all objects in the domain. For example, "∀x IsHuman(x) → IsMortal(x)" asserts that 

all humans are mortal. 

Difference between Predicate Logic and Propositional Logic 

1. Expressiveness: Propositional logic deals with propositions that are either true or false and 

cannot represent the internal structure of statements. Predicate logic, on the other hand, allows 

for the representation of more complex relationships, properties, and quantified statements, 

making it more expressive. 

 

2. Variables and Quantifiers: Predicate logic includes variables and quantifiers, which enable 

the representation of statements involving "for all" and "there exists" concepts. Propositional 

logic lacks these features and is limited to basic Boolean logic operations. 

 

3. Contextual Understanding: Predicate logic can capture the context and relationships among 

entities in a more fine-grained way, which is essential for many real-world knowledge 

representation tasks. Propositional logic, being simpler, is less suited for representing complex 

relationships and structured knowledge. 

 

In summary, predicate logic is a powerful tool for knowledge representation that allows for the 

representation of complex relationships, properties, and quantified statements, making it 

suitable for expressing and reasoning about a wide range of knowledge, including that used in 

artificial intelligence and formal logic. It extends and generalizes propositional logic by 

incorporating variables, predicates, and quantifiers to provide a richer and more expressive 

language for representing knowledge. 

 

Predicates and Quantifiers: 

Predicates are fundamental components of predicate logic used to express statements or 

propositions about objects and their properties or relationships. They have a specific structure 

and meaning that is essential for understanding how they work. 

 

Structure of Predicates: 

1. Predicate Symbol: A predicate is represented by a predicate symbol, which is a function that 

takes arguments. The symbol typically starts with a letter (often in uppercase) and may be 

followed by one or more variables or constants within parentheses. For example, "IsHungry(x)" 

is a predicate symbol representing the property of being hungry, and "IsMarried(x, y)" 

represents the relationship between two individuals. 

 



2. Arguments: The arguments are the values that are placed within the parentheses of the 

predicate symbol. These arguments can be variables or constants, and they determine what the 

predicate is making a claim about. In the example "IsHungry(x)," "x" is a variable representing 

an object, and the predicate is making a claim about the hunger status of that object. 

 

3. Arity: The arity of a predicate refers to the number of arguments it takes. For example, a 

unary predicate takes one argument (e.g., "IsHungry(x)"), a binary predicate takes two 

arguments (e.g., "IsMarried(x, y)"), and so on. 

 

Meaning of Predicates: 

Predicates express properties, relations, or characteristics about objects in the domain of 

discourse. The truth value of a predicate depends on the specific values assigned to its 

arguments. Predicates can be either true or false for a given set of objects and their attributes. 

 

Quantifiers: 

Quantifiers are used in predicate logic to express statements about sets of objects and specify 

the scope of variables within predicates. There are two main quantifiers: universal quantifiers 

(∀) and existential quantifiers (∃). 

 

1. Universal Quantifier (∀): 

 

Symbol: ∀ 

Meaning: The universal quantifier asserts that a statement is true for all objects in the domain 

of discourse. 

Example: ∀x IsHuman(x) → IsMortal(x) This statement claims that for every object x in the 

domain, if it is a human, then it is mortal. 

2. Existential Quantifier (∃): 

 

Symbol: ∃ 

Meaning: The existential quantifier asserts that there exists at least one object in the domain 

for which the statement is true. 

Example: ∃x IsHungry(x) This statement asserts that there is at least one object x in the domain 

that is hungry. 

Predicate Logic in AI Examples: 

1. Predicate Example: "IsHungry(x)" 



 

Predicate Symbol: IsHungry 

Argument: x (variable representing an object) 

Meaning: This predicate asserts that a specific object represented by "x" is hungry. 

2. Universal Quantification: ∀x IsHuman(x) → IsMortal(x) 

 

This statement uses the universal quantifier to claim that for all objects "x" in the domain, if 

"x" is human, then "x" is mortal. 

3. Existential Quantification: ∃x IsHungry(x) 

 

This statement uses the existential quantifier to claim that there is at least one object "x" in the 

domain that is hungry. 

Predicates and quantifiers allow us to express and reason about a wide range of statements and 

relationships involving objects, properties, and sets. They are essential tools in knowledge 

representation, formal logic, and various fields within artificial intelligence and mathematics. 

 

 

Logic Programming: 

Artificial Intelligence (AI) is the ability for an artificial machine to act intelligently. 
Logic Programming is a method that computer scientists are using to try to allow machines 

to reason because it is useful for knowledge representation. In logic programming, logic is 

used to represent knowledge and inference is used to manipulate it. 

The logic used to represent knowledge in logic programming is clausal form which is a subset 

of first-order predicate logic. It is used because first-order logic is well understood and able 

to represent all computational problems. Knowledge is manipulated using the resolution 

inference system which is required for proving theorems in clausal-form logic. The diagram 

below shows the essence of logic programming. 

Clausal-Form Logic 

 

Prolog, PROgramming in LOGic, is a declarative programming language which is based on 

the ideas of logic programming, such as those discussed above. The idea of Prolog was to 

https://www.doc.ic.ac.uk/~cclw05/topics1/glossary.html#inference
https://www.doc.ic.ac.uk/~cclw05/topics1/glossary.html#clausalform
https://www.doc.ic.ac.uk/~cclw05/topics1/glossary.html#firstorder


make logic look like a programming language and allow it to be controlled by a programmer 

to advance the research for theorem-proving. 

Key Features in logic programming: 

1. Declarative Nature: 

o Logic programming focuses on what to compute rather than how to compute 

it. You specify the desired outcomes using logical statements, and the system 

figures out how to achieve those outcomes. 

2. Horn Clauses: 

o Most logic programming languages are based on Horn clauses, a special form 

of logic that consists of a head and a body. The head is a single atomic 

proposition, while the body is a conjunction of literals (e.g., A←B∧CA 

\leftarrow B \land CA←B∧C, meaning "A is true if B and C are true"). 

3. Inference: 

o Logic programming systems use inference engines to derive new knowledge 

from the given facts and rules. Common methods include forward chaining 

and backward chaining. 

4. Prolog: 

o The most well-known logic programming language, Prolog (Programming in 

Logic), allows users to define facts, rules, and queries. It uses a resolution-

based inference mechanism to answer queries based on the defined rules. 

Applications in AI 

1. Expert Systems: 

o Logic programming is widely used to build expert systems that emulate 

human expertise in specific domains by encoding knowledge in logical form. 

2. Natural Language Processing: 

o Logic programming can help in parsing and understanding the semantics of 

natural language by representing sentences as logical expressions. 

3. Automated Theorem Proving: 

o Used in proving theorems and solving mathematical problems by representing 

statements and axioms in a formal logic framework. 

4. Constraint Satisfaction Problems: 

o Logic programming can be employed to solve problems where certain 

conditions must be met, such as scheduling or resource allocation. 

5. Game Playing: 

o Logic-based representations can be used to model game rules and strategies, 

facilitating the development of intelligent game-playing agents. 

Advantages 

 Expressiveness: Can represent complex relationships and reasoning processes 

naturally and concisely. 

 Flexibility: Allows for rapid prototyping and modification of rules without changing 

the underlying structure. 

 Search Efficiency: Many logic programming systems incorporate efficient search 

algorithms to derive conclusions. 



Techniques of knowledge representation 

There are mainly four ways of knowledge representation which are given as follows: 

1. Logical Representation 

2. Semantic Network Representation 

3. Frame Representation 

4. Production Rules 

 

1. Logical Representation 

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. 

Syntax: 

o Syntaxes are the rules which decide how we can construct legal sentences in the logic. 

o It determines which symbol we can use in knowledge representation. 

o How to write those symbols. 

Semantics: 

o Semantics are the rules by which we can interpret the sentence in the logic. 

o Semantic also involves assigning a meaning to each sentence. 

 

 



Logical representation can be categorised into mainly two logics: 

1. Propositional Logics 

2. Predicate logics 

Advantages of logical representation: 

1. Logical representation enables us to do logical reasoning. 

2. Logical representation is the basis for the programming languages. 

Disadvantages of logical Representation: 

1. Logical representations have some restrictions and are challenging to work with. 

2. Logical representation technique may not be very natural, and inference may not be so 

efficient. 

2. 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. 

This representation consist of mainly two types of relations: 

1. IS-A relation (Inheritance) 

2. Kind-of-relation 

Example: Following are some statements which we need to represent in the form of nodes and 

arcs. 

Statements: 

1. Jerry is a cat. 

2. Jerry is a mammal 

3. Jerry is owned by Priya. 

4. Jerry is brown colored. 

5. All Mammals are animal. 



 

 

In the above diagram, we have represented the different type of knowledge in the form of nodes 

and arcs. Each object is connected with another object by some relation. 

Drawbacks in Semantic representation: 

1. 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. 

2. 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. 

3. These types of representations are inadequate as they do not have any equivalent 

quantifier, e.g., for all, for some, none, etc. 

4. Semantic networks do not have any standard definition for the link names. 

5. These networks are not intelligent and depend on the creator of the system. 

Advantages of Semantic network: 

1. Semantic networks are a natural representation of knowledge. 

2. Semantic networks convey meaning in a transparent manner. 

3. These networks are simple and easily understandable. 

3. Frame Representation 

A frame is a record like structure which consists of a collection of attributes and its values to 

describe an entity in the world. Frames are the AI data structure which 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 sizes. Slots have names and values which are called 

facets. 



Facets: The various aspects of a slot is known as Facets. Facets are features of frames which 

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, and a slot may 

include any number of facets and facets may have any number of values. A frame is also known 

as slot-filter knowledge representation in artificial intelligence. 

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 technology which is widely used in various 

applications including Natural language processing and machine visions. 

Example: 1 

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

Slots Filters 

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 an engineer 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: 

 

 

 



Slots Filter 

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 AI. 

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

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

5. Frame representation is easy to understand and visualize. 

Disadvantages of frame representation: 

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

2. Inference mechanism cannot be smoothly proceeded by frame representation. 

3. Frame representation has a much generalized approach. 

4. Production Rules 

Production rules system consist of (condition, action) pairs which mean, "If condition then 

action". It has mainly three parts: 

o The set of production rules 

o Working Memory 

o The recognize-act-cycle 

In production rules agent checks for the condition and if the condition exists then production 

rule fires and corresponding action is carried out. The condition part of the rule determines 

which rule may be applied to a problem. And the action part carries out the associated problem-

solving steps. This complete process is called a recognize-act cycle. 

The working memory contains the description of the current state of problems-solving and rule 

can write knowledge to the working memory. This knowledge match and may fire other rules. 



If there is a new situation (state) generates, then multiple production rules will be fired together, 

this is called conflict set. In this situation, the agent needs to select a rule from these sets, and 

it is called a conflict resolution. 

Example: 

o IF (at bus stop AND bus arrives) THEN action (get into the bus) 

o IF (on the bus AND paid AND empty seat) THEN action (sit down). 

o IF (on bus AND unpaid) THEN action (pay charges). 

o IF (bus arrives at destination) THEN action (get down from the bus). 

Advantages of Production rule: 

1. The production rules are expressed in natural language. 

2. The production rules are highly modular, so we can easily remove, add or modify an 

individual rule. 

Disadvantages of Production rule: 

1. Production rule system does not exhibit any learning capabilities, as it does not store 

the result of the problem for the future uses. 

2. During the execution of the program, many rules may be active hence rule-based 

production systems are inefficient. 

 

Frames in AI 

Welcome to this session on "Understanding Frames in Artificial Intelligence." In the next hour, 

we'll explore one of the fundamental knowledge representation techniques in AI – frames. 

Frames provide a structured and organized way to model concepts, their attributes, and their 

relationships, making them a vital tool in the field of artificial intelligence. Today, we will 

delve into what frames are, how they work, their applications, and their role in building 

intelligent systems. 

Significance of Frame in AI 

The significance of frames in artificial intelligence cannot be overstated. Frames serve as a 

powerful tool for structuring and organizing knowledge, allowing AI systems to understand 

and reason about the world more effectively. Here are some key points highlighting their 

importance: 

 

1. Structured Knowledge Representation: Frames provide a structured and hierarchical way to 

represent knowledge. This structured format makes it easier for AI systems to organize 

information and understand complex relationships. 

 



2. Concept Modeling: Frames are used to model concepts and objects, complete with their 

attributes and properties. This makes it possible for AI systems to understand and work with 

abstract and concrete entities. 

 

3. Attribute-Value Pairs: Frames use slots (attributes) and fillers (values) to represent 

information. This attribute-value format allows AI systems to store and manipulate diverse 

types of data, from textual information to numerical values. 

 

4. Hierarchical Organization: Frames are organized hierarchically, allowing for the 

representation of categories and subcategories. This hierarchical structure simplifies 

knowledge modeling and facilitates inheritance of properties. 

 

5. Applications Across Domains: Frames are used in various domains, from expert systems and 

natural language processing to robotics and knowledge-based systems. They are instrumental 

in tasks such as medical diagnosis, language understanding, and autonomous decision-making. 

 

Understanding frames and their role in knowledge representation is essential for building 

intelligent systems that can reason, make decisions, and interact with the world in a more 

human-like manner. In the following minutes, we will delve deeper into what frames are, how 

they are structured, and how they are applied in AI. 

 

Definition of Frames in AI: 

Frames in artificial intelligence are a structured knowledge representation technique used to 

model concepts, objects, or entities, along with their associated attributes, properties, and 

relationships. Frames provide a way to organize and represent knowledge in a manner that 

mirrors human cognition, allowing AI systems to understand and reason about the world. 

 

Key Characteristics of Frames: 

1. Structured Modeling: Frames structure knowledge into coherent, organized units, making it 

easier for AI systems to work with complex information. Each frame represents a concept or 

object, encapsulating its characteristics. 

 

2. Attributes and Values: Frames consist of slots, which are analogous to attributes, and fillers, 

which represent the values or information associated with those attributes. This attribute-value 

pair structure allows frames to represent a wide range of data, from text and numbers to 

relationships and more. 

 



3. Hierarchical Organization: Frames are often organized hierarchically, meaning that frames 

can have subframes, creating a tree-like structure. This hierarchical organization helps in 

modeling categories, subcategories, and inheritance of properties. 

 

4. Relationships: Frames also capture relationships between concepts and objects, allowing AI 

systems to understand how entities are connected in the world. 

 

In essence, frames offer a versatile and structured way to represent knowledge, making them a 

powerful tool in artificial intelligence for tasks such as knowledge-based reasoning, decision-

making, and understanding complex domains. 

 

Inheritance in AI 

Inheritance is a fundamental concept in artificial intelligence, particularly in knowledge 

representation and object-oriented programming. It allows new classes or concepts to inherit 

properties and behaviors from existing ones, promoting reusability and organization of 

knowledge. Here’s a closer look at how inheritance works in AI: 

Key Aspects of Inheritance 

1. Hierarchical Structuring: 

o Inheritance facilitates the creation of a hierarchy of classes or concepts, where 

more general classes (superclasses) can be specialized into more specific ones 

(subclasses). For example, in a system representing animals, a general class 

Animal might have subclasses like Mammal and Bird. 

2. Property and Behavior Sharing: 

o Subclasses inherit attributes (properties) and methods (behaviors) from their 

parent classes. This allows for shared functionality without redundant code. 

For instance, both Mammals and Birds can inherit a general method eat() from 

the Animal class. 

3. Overriding: 

o Subclasses can modify or override inherited methods to provide specific 

behavior. For example, a Dog class might override an Animal method to 

implement a unique way of barking. 

4. Multiple Inheritance: 

o Some programming languages support multiple inheritance, where a subclass 

can inherit from more than one superclass. This can provide flexibility but also 

introduces complexity, such as the diamond problem. 

Applications in AI 

1. Knowledge Representation: 

o Inheritance is used in ontologies and semantic networks to represent 

relationships between concepts. For example, if Cat is a subclass of Mammal, 



it inherits all properties of Mammal (e.g., warm-blooded) while having its own 

specific attributes (e.g., whiskers). 

2. Expert Systems: 

o Logic programming and expert systems use inheritance to organize 

knowledge. Rules can be defined in a hierarchical structure, allowing for 

easier management and reasoning about different types of knowledge. 

3. Object-Oriented AI Systems: 

o Many AI systems use object-oriented programming (OOP) principles, where 

classes and objects are structured hierarchically. This enables efficient data 

management and code reuse. 

4. Machine Learning: 

o Inheritance can be applied in hierarchical models, where general features 

learned from one class can be adapted to similar classes, improving learning 

efficiency. 

Advantages of Inheritance 

 Reusability: Reduces redundancy by allowing common features to be defined once in 

a superclass. 

 Organization: Provides a clear structure that makes understanding and managing 

complex systems easier. 

 Flexibility: Allows for easier modifications and extensions to existing classes without 

altering the entire system. 

 

 

Constraint Propagation in AI 

Constraint propagation is a key technique in artificial intelligence, particularly in areas like 

constraint satisfaction problems (CSPs), scheduling, and reasoning. It involves enforcing 

constraints throughout a problem space to reduce the number of possibilities and simplify the 

search for solutions. Here’s a detailed overview of constraint propagation: 

Key Concepts 

1. Constraints: 

o Constraints are conditions or rules that must be satisfied by the variables in a 

problem. For example, in a scheduling problem, a constraint might be that two 

tasks cannot occur at the same time. 

2. Variables and Domains: 

o Each variable in a CSP has a domain, which is the set of possible values it can 

take. The goal is to assign values to all variables in such a way that all 

constraints are satisfied. 

3. Propagation: 

o Constraint propagation works by systematically reducing the domains of the 

variables based on the constraints. When a variable's value is assigned or 

narrowed down, the related variables are updated to reflect this change. 



Techniques 

1. Forward Checking: 

o When a value is assigned to a variable, forward checking looks at the 

connected variables and removes values from their domains that would violate 

the constraints. 

2. Arc Consistency: 

o A binary constraint is arc-consistent if for every value of one variable, there is 

a compatible value in the connected variable. Techniques like AC-3 algorithm 

enforce arc consistency by iteratively checking and revising the domains of 

variables. 

3. Path Consistency: 

o Extends the concept of arc consistency to triples of variables. A set of 

variables is path-consistent if, for any pair of values from two variables, there 

exists a compatible value in a third variable. 

4. Node Consistency: 

o A variable is node-consistent if all values in its domain satisfy the unary 

constraints. Node consistency can be enforced as a preprocessing step. 

Applications in AI 

1. Constraint Satisfaction Problems (CSPs): 

o Common in scheduling, resource allocation, and configuration problems, 

where the goal is to find a solution that meets all specified constraints. 

2. Logic Programming: 

o Used in logic-based systems to derive conclusions based on a set of 

constraints, enabling more efficient problem-solving. 

3. Robotics and Planning: 

o Helps in path planning and task scheduling, ensuring that various operational 

constraints are met. 

4. Computer Graphics: 

o Applied in areas like scene representation and rendering, where constraints 

ensure that objects are displayed correctly and interactively. 

Advantages of Constraint Propagation 

 Efficiency: By reducing the search space early in the problem-solving process, it can 

lead to faster solutions. 

 Early Detection of Inconsistencies: It helps identify impossible situations before 

exhaustive searching, which saves computational resources. 

 Improved Solution Quality: Often leads to more optimal solutions by systematically 

narrowing down choices. 

 

 

 

 



Representing knowledge using rules in AI: 

Representing knowledge using rules is a fundamental approach in artificial intelligence (AI), 

especially in expert systems and rule-based systems. This method enables AI systems to 

encode, manipulate, and reason about knowledge in a structured way. Here’s an overview of 

how rules are used in knowledge representation: 

Key Concepts 

1. Rules: 

o Rules are typically expressed in an "if-then" format. An example rule might be: 

 If the temperature is below 0°C then it is cold. 

o The "if" part is called the antecedent (condition), and the "then" part is called 

the consequent (action or conclusion). 

2. Fact Representation: 

o Facts are specific pieces of information stored in the system that can be used to 

trigger rules. For instance, a fact could be: "The temperature is -5°C." 

3. Inference: 

o Inference is the process of applying rules to known facts to derive new 

information or conclusions. Common inference methods include: 

 Forward Chaining: Starting with known facts, rules are applied to infer 

new facts until a goal is reached. 

 Backward Chaining: Starting with a goal, the system works backward 

to find facts that support the goal. 

Types of Rules 

1. Production Rules: 

o A common format in expert systems, where rules are written as a series of 

condition-action pairs. The system applies these rules to determine actions 

based on current facts. 

2. Logic Rules: 

o Expressed using formal logic (e.g., predicate logic), these rules provide a more 

structured way to represent complex relationships and reasoning. 

3. Heuristic Rules: 

o These are rules derived from expert knowledge that guide problem-solving 

processes, often based on experience or intuition. 

Applications in AI 

1. Expert Systems: 

o AI systems designed to mimic the decision-making ability of a human expert in 

specific domains (e.g., medical diagnosis). They use rules to represent domain 

knowledge and reason about it. 

2. Decision Support Systems: 

o These systems assist users in making decisions by applying rules to evaluate 

options based on specified criteria. 

3. Natural Language Processing: 



o Rules can be used to interpret and generate language, allowing systems to 

understand context and semantics. 

4. Robotics: 

o Rules can govern the behavior of robotic systems, enabling them to react to their 

environment based on predefined conditions. 

Advantages of Rule-Based Knowledge Representation 

 Simplicity: Easy to understand and modify; rules can be added or removed without 

affecting the entire system. 

 Modularity: Knowledge can be organized into discrete rules, making it easier to 

manage and update. 

 Transparency: The decision-making process is clear, as rules explicitly define how 

conclusions are reached. 

Challenges 

 Scalability: As the number of rules increases, the complexity of managing and 

processing them can become cumbersome. 

 Conflict Resolution: In cases where multiple rules apply, a mechanism is needed to 

determine which rule takes precedence. 

 Incompleteness: Rule-based systems may struggle with unexpected situations or lack 

of coverage in rules, leading to incomplete reasoning. 

 

 

Rules based deductions systems: 

Rule-based deduction systems are a key component of artificial intelligence, enabling 

reasoning and decision-making through the application of rules. These systems use a set of 

rules to derive conclusions from known facts, making them particularly useful in domains 

where knowledge can be explicitly defined. Here’s an overview of their structure, operation, 

and applications: 

Key Components 

1. Knowledge Base: 

o Contains facts and rules. Facts are assertions about the world (e.g., "It is 

raining"), while rules dictate the relationships and conditions (e.g., "If it is 

raining, then the ground is wet"). 

2. Inference Engine: 

o The core component that applies rules to the knowledge base to draw 

conclusions or make decisions. It processes the rules using specific reasoning 

techniques, such as: 

 Forward Chaining: Starts with known facts and applies rules to infer 

new facts until a goal is reached. It’s data-driven. 

 Backward Chaining: Begins with a goal and works backward to 

determine what facts must be true to support that goal. It’s goal-driven. 



3. User Interface: 

o Allows users to interact with the system, inputting facts or queries and receiving 

conclusions or recommendations. 

Operation 

1. Fact Input: 

o Users or external systems input facts into the knowledge base. 

2. Rule Application: 

o The inference engine evaluates the rules against the current facts. It identifies 

applicable rules based on the conditions specified in the antecedents. 

3. Conclusion Generation: 

o When a rule's conditions are met, the engine executes the consequent, which 

may add new facts to the knowledge base or trigger actions. 

4. Iterative Process: 

o The process continues iteratively, as new facts may trigger further rules, 

allowing the system to derive more conclusions. 

Applications 

1. Expert Systems: 

o Designed to replicate human expertise in specific fields (e.g., medical diagnosis, 

financial advising). These systems use rules to analyze symptoms and 

recommend diagnoses or treatments. 

2. Decision Support Systems: 

o Assist users in making informed decisions by applying rules to evaluate 

different options based on predefined criteria. 

3. Automated Reasoning: 

o Used in applications like theorem proving, where systems can deduce new 

statements from existing axioms and theorems using logical rules. 

4. Natural Language Processing: 

o Rule-based systems can parse and understand language by applying syntactic 

and semantic rules to interpret user input. 

5. Game AI: 

o Rules can govern the behavior of non-player characters (NPCs) in games, 

enabling them to react to player actions and environmental changes. 

Advantages 

 Clarity: The explicit nature of rules makes the system's reasoning process transparent 

and understandable. 

 Flexibility: New rules can be added or modified without disrupting existing 

functionality, allowing for easy updates. 

 Modularity: Knowledge can be organized into distinct rules, facilitating management 

and maintenance. 

Challenges 

 Scalability: As the number of rules increases, the complexity of managing and 

processing them can grow significantly. 



 Conflict Resolution: When multiple rules are applicable, a mechanism is needed to 

determine priority and resolve conflicts. 

 Knowledge Representation Limits: Rule-based systems may struggle with ambiguity 

or incomplete information, potentially leading to incorrect conclusions. 

 

 

Probabilistic reasoning in Artificial intelligence 

Uncertainty: 

Till now, we have learned knowledge representation using first-order logic and propositional 

logic with certainty, which means we were sure about the predicates. With this knowledge 

representation, we might write A→B, which means if A is true then B is true, but consider a 

situation where we are not sure about whether A is true or not then we cannot express this 

statement, this situation is called uncertainty. 

So to represent uncertain knowledge, where we are not sure about the predicates, we need 

uncertain reasoning or probabilistic reasoning. 

Causes of uncertainty: 

Following are some leading causes of uncertainty to occur in the real world. 

1. Information occurred from unreliable sources. 

2. Experimental Errors 

3. Equipment fault 

4. Temperature variation 

5. Climate change. 

Probabilistic reasoning: 

Probabilistic reasoning is a way of knowledge representation where we apply the concept of 

probability to indicate the uncertainty in knowledge. In probabilistic reasoning, we combine 

probability theory with logic to handle the uncertainty. 

We use probability in probabilistic reasoning because it provides a way to handle the 

uncertainty that is the result of someone's laziness and ignorance. 

In the real world, there are lots of scenarios, where the certainty of something is not confirmed, 

such as "It will rain today," "behavior of someone for some situations," "A match between two 

teams or two players." These are probable sentences for which we can assume that it will 

happen but not sure about it, so here we use probabilistic reasoning. 

Need of probabilistic reasoning in AI: 

o When there are unpredictable outcomes. 

o When specifications or possibilities of predicates becomes too large to handle. 



o When an unknown error occurs during an experiment. 

In probabilistic reasoning, there are two ways to solve problems with uncertain knowledge: 

o Bayes' rule 

o Bayesian Statistics 

As probabilistic reasoning uses probability and related terms, so before understanding 

probabilistic reasoning, let's understand some common terms: 

 

Probability: Probability can be defined as a chance that an uncertain event will occur. It is the 

numerical measure of the likelihood that an event will occur. The value of probability always 

remains between 0 and 1 that represent ideal uncertainties. 

 

1. 0 ≤ P(A) ≤ 1,   where P(A) is the probability of an event A.   

1. P(A) = 0,  indicates total uncertainty in an event A.    

1. P(A) =1, indicates total certainty in an event A.  

 

We can find the probability of an uncertain event by using the below formula. 

 

o P(¬A) = probability of a not happening event. 

o P(¬A) + P(A) = 1. 

Event: Each possible outcome of a variable is called an event. 

Sample space: The collection of all possible events is called sample space. 

Random variables: Random variables are used to represent the events and objects in the real 

world. 

Prior probability: The prior probability of an event is probability computed before observing 

new information. 

Posterior Probability: The probability that is calculated after all evidence or information has 

taken into account. It is a combination of prior probability and new information. 

Conditional probability: 

Conditional probability is a probability of occurring an event when another event has already 

happened. 

Let's suppose, we want to calculate the event A when event B has already occurred, "the 

probability of A under the conditions of B", it can be written as: 



 
Where P(A⋀B)= Joint probability of a and B 

P(B)= Marginal probability of B. 

If the probability of A is given and we need to find the probability of B, then it will be given 

as: 

 
It can be explained by using the below Venn diagram, where B is occurred event, so sample 

space will be reduced to set B, and now we can only calculate event A when event B is already 

occurred by dividing the probability of P(A⋀B) by P( B ) 

                             

 

 

Bayes' theorem in Artificial intelligence: 

Bayes' theorem: 

Bayes' theorem is also known as Bayes' rule, Bayes' law, or Bayesian reasoning, which 

determines the probability of an event with uncertain knowledge. 

In probability theory, it relates the conditional probability and marginal probabilities of two 

random events. 

Bayes' theorem was named after the British mathematician Thomas Bayes. The Bayesian 

inference is an application of Bayes' theorem, which is fundamental to Bayesian statistics. 

It is a way to calculate the value of P(B|A) with the knowledge of P(A|B). 



Bayes' theorem allows updating the probability prediction of an event by observing new 

information of the real world. 

Example: If cancer corresponds to one's age then by using Bayes' theorem, we can determine 

the probability of cancer more accurately with the help of age. 

Bayes' theorem can be derived using product rule and conditional probability of event A with 

known event B: 

As from product rule we can write: 

1. P(A ⋀ B)= P(A|B) P(B) or   

Similarly, the probability of event B with known event A: 

1. P(A ⋀ B)= P(B|A) P(A)   

Equating right hand side of both the equations, we will get: 

 

The above equation (a) is called as Bayes' rule or Bayes' theorem. This equation is basic of 

most modern AI systems for probabilistic inference. 

It shows the simple relationship between joint and conditional probabilities. Here, 

P(A|B) is known as posterior, which we need to calculate, and it will be read as Probability of 

hypothesis A when we have occurred an evidence B. 

P(B|A) is called the likelihood, in which we consider that hypothesis is true, then we calculate 

the probability of evidence. 

P(A) is called the prior probability, probability of hypothesis before considering the evidence 

P(B) is called marginal probability, pure probability of an evidence. 

In the equation (a), in general, we can write P (B) = P(A)*P(B|Ai), hence the Bayes' rule can 

be written as: 

 

Where A1, A2, A3... An  is a set of mutually exclusive and exhaustive events. 

 

Dempster-Shafer Theory (DST): 



Dempster-Shafer Theory (DST), also known as the Dempster-Shafer theory of evidence, is a 

mathematical framework for reasoning under uncertainty. It allows for the representation of 

uncertainty and the combination of evidence from different sources to make inferences about 

hypotheses. Here’s a detailed overview: 

Key Concepts 

1. Basic Probability Assignment (BPA): 

o A function that assigns a probability mass to subsets of a frame of discernment 

(the set of all possible hypotheses). For a hypothesis AAA, the BPA 

m(A)m(A)m(A) represents the degree of belief that supports AAA based on the 

available evidence. 

2. Frame of Discernment: 

o A finite set of mutually exclusive and exhaustive hypotheses, denoted as 

Θ={A1,A2,…,An}\Theta = \{A_1, A_2, \ldots, A_n\}Θ={A1,A2,…,An}. For 

example, in a medical diagnosis scenario, Θ\ThetaΘ could include possible 

diseases. 

3. Belief Function (Bel): 

o Represents the total belief that supports a hypothesis based on the available 

evidence. It is calculated from the BPA: 

Bel(A)=∑B⊆Am(B)\text{Bel}(A) = \sum_{B \subseteq A} m(B)Bel(A)=B⊆A∑m(B) 

4. Plausibility Function (Pl): 

o Represents the degree to which evidence does not refute a hypothesis. It is 

defined as: 

Pl(A)=∑B∩A≠∅m(B)\text{Pl}(A) = \sum_{B \cap A \neq \emptyset} 

m(B)Pl(A)=B∩A =∅∑m(B) 

The plausibility function helps gauge how likely a hypothesis is given the evidence. 

5. Combination Rule: 

o Dempster’s Rule of Combination is used to combine evidence from different 

sources. If two sources provide BPAs m1m_1m1 and m2m_2m2, the combined 

BPA m3m_3m3 is computed as: 

m3(C)=11−K∑A∩B=Cm1(A)m2(B)m_3(C) = \frac{1}{1 - K} \sum_{A \cap B = C} 

m_1(A) m_2(B)m3(C)=1−K1A∩B=C∑m1(A)m2(B) 

where KKK is a normalization factor that accounts for conflicting evidence. 

Advantages of Dempster-Shafer Theory 

 Flexibility: DST allows for the representation of both complete and incomplete 

information, making it suitable for various applications where uncertainty exists. 

 Combining Evidence: It provides a systematic way to combine evidence from multiple 

sources, which is valuable in many AI applications. 



 Partial Belief: DST can represent uncertainty without forcing a binary true/false 

outcome, accommodating degrees of belief. 

Applications 

1. Medical Diagnosis: 

o Used to combine symptoms and test results from various sources to infer 

possible diseases and their likelihoods. 

2. Sensor Fusion: 

o In robotics and autonomous systems, DST is employed to integrate data from 

multiple sensors, each providing different levels of certainty about the 

environment. 

3. Decision Support Systems: 

o Helps in scenarios where decisions must be made based on uncertain or 

conflicting information, such as in finance or risk assessment. 

4. Artificial Intelligence: 

o Applicable in expert systems and knowledge representation, allowing for 

reasoning with uncertain and imprecise knowledge. 

Challenges 

 Computational Complexity: The combination of evidence can become 

computationally intensive, particularly with large frames of discernment or many 

sources of evidence. 

 Conflict Handling: While DST can handle conflicting evidence, determining how to 

weigh conflicting sources appropriately can be complex. 

 Interpretation: The results from DST can be less intuitive than traditional probability, 

making it challenging to interpret the final beliefs and plausibilities. 
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