
Far Western University
Faculty of Humanities and Social Sciences
Bachelor of Computer Application (BCA)

Course Title: English I (English Grammar and Composition)                 Semester: II      
Course Code:  BCAE121                                                                  Credit: 3
Teaching Hours: 48                                                     Nature: Compulsory (Theory)
Course Description
This course aims to improve students’ proficiency in English at the upper-intermediate level. It focuses on enhancing communicative competence through integrated practice of speaking, listening, reading, and writing skills. The course also strengthens grammatical accuracy, vocabulary development, and pronunciation skills through contextual learning.
Students will engage in discussions, presentations, listening exercises, reading comprehension activities, and writing tasks based on real-life topics. The course also introduces learners to academic and professional communication, enabling them to use English confidently in higher education and workplace environments.
Course Objectives
After completing this course, students will be able to:
1. develop fluency and accuracy in spoken English in academic and social contexts. 
2. enhance reading skills for understanding academic and general texts. 
3. develop effective writing skills for paragraphs, emails, and short essays. 
4. expand vocabulary and idiomatic expressions used in everyday communication. 
5. use grammatical structures correctly in spoken and written communication. 
6. build confidence in presentations, discussions, and interactive communication. 
Course Contents 
Unit 1: Basic Grammar           (8hrs)
· Review of tenses: Present, Past, Future
· Question Formation
· Conditionals, Gerunds and Infinitives 
· Modals
· Passive 
· Reporting Speech 
· Clauses
· Nouns
· Quantifiers 
Unit 2: Vocabulary for Everyday Communication   (8hrs)
· Building Vocabulary: learning through context 
· Collocations and phrasal verbs 
· Idiomatic expressions 
· Everyday communication strategies 
Unit 3: Reading and Critical Thinking            (10hrs)
· Reading strategies for comprehension 
· Understanding main ideas and supporting details 
· Interpreting opinions and making arguments 
· Reading academic texts 
Unit 4: Listening and Pronunciation            (6hrs)
· Listening for gist and specific information 
· Understanding different accents 
· Stress, rhythm, and intonation 
· Pronunciation practice 
Unit 5: Writing Skills                              (8hrs)
· Paragraph writing 
· Formal and informal emails, letters, articles and reports
· Opinion writing 
· Descriptive and narrative writing 
Unit 6: Speaking and Presentation Skills       (8hrs)
· Facing interview questions
· Engaging in conversation
· Group discussion
· Expressing opinions and arguments 
· Public speaking and presentations 
· Academic and professional communication 


Mode of Instruction
The course will be delivered using communicative and student-centered teaching methods, including:
· Interactive lectures 
· Pair and group work 
· Listening and speaking activities 
· Classroom discussions 
· Audio-visual materials 
· Presentation and project work 
· Continuous assessment and feedback 
Evaluation Scheme
Internal Assessment – 40% 
· Attendance   - 5%
· Assignments – 10% 
· Presentation – 10% 
· Mid-term test – 15% 
Final Examination – 60%
Prescribed Book
· English File Upper‑Intermediate Student’s Book A & B (Fourth Edition) 
Recommended Books
1. Practical English Usage 
2. Oxford Practice Grammar 
3. English Vocabulary in Use Upper‑Intermediate







[bookmark: _Hlk202473710]Far Western University
Faculty of Humanities and Social sciences
Bachelor in Computer Application (BCA)
Course Title: Basic Mathematics II				Credit Hour: 3 
Course No.: BCAM122	Nature of course: Theory 
Level: BCA	Total Periods: 48
Semester: II
1. Course Introduction 
This course is designed for the students of the BCA program as a foundational course of mathematics. This course builds upon the basic principles of calculus and mathematical reasoning introduced in Mathematics I and focuses on equipping students with analytical and computational tools required in computer science and related fields. The course provides a deep understanding of limits, continuity, differentiation, and integration along with their real-world applications. In this course, students explore derivative-based optimization, area and volume calculations using integrals, and techniques for solving practical problems through numerical methods. In addition, the course introduces sequences and series, and Taylor/Maclaurin expansions, which form the mathematical backbone of algorithm analysis, machine learning, and numerical computing. Through a combination of theoretical instruction, problem-solving strategies, and practical applications for developing conceptual understanding and technical skills necessary for advanced studies in computer science, software engineering, data analytics, and scientific computing.
2. Course Objectives
At the end of the course, the students are expected to achieve the following objectives:
· To comprehend the fundamental concepts of limits and continuity and their importance in analyzing functions.
· To demonstrate proficiency in differentiating functions using first principles, chain, product, and quotient rules across polynomial, trigonometric, exponential, and logarithmic functions.
· To analyze functions to determine critical points, intervals of increase or decrease, and concavity to solve optimization and rate of change problems.
· To explain integration as the inverse of differentiation and execute integration techniques, including substitution, integration by parts, and partial fraction decomposition.
· To calculate areas, volumes, and lengths using definite and indefinite integrals in practical scenarios.
· To evaluate numerical methods such as root-finding algorithms, interpolation, curve fitting, and numerical integration to approximate solutions where exact methods are difficult.
· To implement numerical techniques including Bisection method, Newton-Raphson method, Lagrange interpolation, least squares fitting, trapezoidal, and Simpson’s rules in problem-solving.
· To interpret sequences and series, including arithmetic and geometric progressions, convergence tests, binomial expansions, mathematical induction, recursion, and Taylor and Maclaurin series.
· To construct series expansions to approximate functions and apply these approximations in computational and applied mathematical contexts.
3. Course Contents and Specific Objectives
	Specific Objectives
	Content

	· To describe the concept of limits and compute them algebraically.
· To apply limits to real-world and mathematical problems.
· To identify and analyze continuity and types of discontinuities in functions.
	Unit I: Limits and Continuity (4 Hours)
1.1 Introduction
1.2 Limits and their application
1.3 Continuity and discontinuity 

	· To define a derivative and explain its meaning as: instantaneous rate of change and slope of the tangent line
· To use standard derivative notations
· To derive the formula for the derivative of a function using the first principle and by definition 
· To apply the product rule to differentiate the product of two functions:
· To apply the quotient rule to differentiate rational functions
· To use the chain rule to differentiate composite functions
· to differentiate the Trigonometric, Exponential, and Logarithmic Functions
· To compute the second and third derivatives of basic and composite functions.
	Unit II:  Derivatives and their application 
(9 Hours)	
2.1 Introduction
2.2 Derivatives of the Arithmetic function (first principle and definition method) 
2.3 Chain Rule, Product Rule, Quotient Rule
2.4 Derivatives of Trigonometric, Exponential, and Logarithmic Functions
2.5 Higher order derivative (up to third order) 

	· To identify critical points of a function by setting the first derivative equal to zero or undefined.
· To analyze intervals where a function is increasing or decreasing using the first derivative.
· To apply the first derivative test to classify critical points as local maxima, minima, or saddle points.
· To determine the concavity of a function by analyzing the sign of the second derivative.
· To apply the second derivative test to confirm local maxima and minima.
· To interpret concavity in the context of real-world graphs (e.g., cost, population growth, acceleration curves).
· To use the second derivative to justify the presence of an inflection point.
· To solve optimization problems (maximization/minimization) involving geometric, economic, or physical contexts.
· To compute the rate of change of quantities in applied scenarios using derivatives.
	Unit III:  Application of Derivatives (6 Hours)
3.1 Increasing, decreasing, and critical point
3.2 Concavity 
3.3 Inflection point
3.4 Application of derivatives (maximization and minimization, rate of change)


	· To explain the concept of integration as the reverse process of differentiation (antiderivatives).
· To interpret definite integrals as the area under a curve.\
· To apply basic integration formulas for power, trigonometric, exponential, and logarithmic functions.
· To solve integrals using substitution method, integration by parts, partial fraction decomposition.
· To evaluate definite and indefinite integrals.
	Unit IV: Integration and its application (10 Hours)
4.1 Introduction
4.2 Integration rule (substitution, integration by parts, partial integration)
4.3 Integrals
4.4 Application of integration (length, area and volume)


	· To explain the importance and necessity of numerical methods when analytical methods are impractical.
· To identify common types of numerical errors (round-off, truncation).
· To apply the Bisection Method to approximate roots within a given interval.
· To implement the Newton-Raphson Method and analyze its convergence behavior.
· To use Lagrange Interpolation to estimate function values based on known data points.
· To Fit a straight line to data using the Least Squares Method.
· To evaluate the accuracy and usefulness of interpolation and curve fitting in modeling real-world data.
· To apply the Trapezoidal Rule to approximate definite integrals.
· To use Simpson’s Rule for more accurate integration of smooth functions.
· To compare the error bounds and efficiency of Trapezoidal and Simpson’s methods.
· To interpret results of numerical integration in practical scenarios 
	Unit V: Numerical Computing (10 Hours)
5.1 Introduction
5.2 Root-Finding Methods (Bisection, Newton-Raphson)
5.3 Interpolation & Curve Fitting (Lagrange, Least Squares)
5.4 Numerical Integration (Trapezoidal, Simpson’s Rule)


	· To define a sequence and series.
· To identify and compute the general term and sum of an Arithmetic Progression (AP) and Geometric Progression (GP).
· To apply AP and GP to solve real-world and computational problems.
· To determine convergence/divergence of simple infinite series (using limit or ratio test).
· To compute specific terms and coefficients in a binomial expansion.
· To prove statements involving sequences or series using Mathematical Induction.
· To understand the concept of representing functions as Taylor Series around a point.
· To derive and apply Maclaurin Series for common functions 
· To recognize the role of Taylor/Maclaurin series in numerical analysis and machine learning models.
	Unit VI: Sequences and Series (9 hours)
6.1 Introduction
6.2 Arithmetic and Geometric Progression
6.3 Convergence of Series
6.4 Binomial Theorem
6.5 Mathematical Induction and Recursion
6.6 Taylor Series 
6.7 Taylor and Maclaurin Series



4. Methodology and Techniques 
· Deliver for developing conceptual understanding with step-by-step demonstrations.
· Use visual aids such as graphs, charts, and animations to illustrate mathematical ideas.
· Connect with Real-world examples to contextualize mathematical concepts.
· Perform guided practice of key problems related to limits, derivatives, integration, and numerical methods.
· Conduct group problem-solving activities to enhance peer learning and critical thinking.
· Provide immediate feedback and clarification of doubts.
· Use Software tools like GeoGebra, Desmos, Matlab, Mathematica and WolframAlpha for visualization of functions, derivatives, and integrals.
· Introduce programming environments (e.g., Python, C, C+) to implement numerical methods and series approximations.
· Use spreadsheet applications (e.g., Excel) for curve fitting and numerical integration exercises.
· Have stepwise implementation of root-finding methods, interpolation, and numerical integration algorithms.
· Provide assignments and mini-projects requiring coding or use of computational tools to reinforce concepts.
· Emphasis on both analytical and computational skills.
· Facilitate discussions on problem-solving approaches and interpretation of results.
· Encourage collaborative learning to deepen conceptual understanding.
· Provide lecture notes, reference textbooks, and curated online resources.
· Encourage independent exploration of advanced topics like Taylor series or optimization applications.
.5. Evaluation Scheme
5.1 Internal Evaluation (40%)
Internal Evaluation will be conducted by the course teacher based on the following activities.   
a) Problem solving question and Class presentation: 		(5*3 = 15 marks)
(Problem solving question (5 questions) given by the teacher at the end of the unit and presentation, followed by a viva on the solution of each question) 		
b) Lab work: 							5 marks
      (Perform practical exercises using tools like Python, Excel, or Logisim to calculate limits, derivatives, and numerical computing)
c) Mid-term test 							15 marks
d) Attendance                                                                                     5 marks
5.2 End Semester Examination Model
	Nature of question
	Total questions to be asked
	Total questions to be answered
	Total marks

	Group A: 
	 
	
	

	Group B: Short answer type question
	 
	
	

	Group C: Long answer type question/case studies
	
	
	

	Total
	60



Recommended Textbooks/Resource Books
Stewart, J. (2015). Calculus: Early transcendentals (8th ed.). Cengage Learning.
Thomas, G. B., Weir, M. D., & Hass, J. (2018). Thomas' calculus (14th ed.). Pearson.
Grewal, B. S. (2013). Higher engineering mathematics (43rd ed.). Khanna Publishers.
Stroud, K. A., & Booth, D. J. (2013). Engineering mathematics (7th ed.). Palgrave Macmillan.
Chapra, S. C., & Canale, R. P. (2015). Numerical methods for engineers (7th ed.). McGraw-Hill Education.
Rosen, K. H. (2012). Discrete mathematics and its applications (7th ed.). McGraw-Hill    Education.
Apostol, T. M. (2007). Calculus, Volume 1: One-variable calculus, with an introduction to linear algebra (2nd ed.). Wiley.
Bhattarai, M. K., & Bhattarai, P. K. (2021). Calculus and analytical geometry (Rev. ed.). Vidyarthi Pustak Bhandar.
Adhikari, R. (2020). Numerical methods (3rd ed.). Heritage Publishers & Distributors

Far Western University
Faculty of Humanities and Social Sciences
Bachelor of Computer Application (BCA)

Course Title: Object Oriented Programming with Java 	
Course Code: BCAC123			Nature of course: Theoretical + Practical 
Level: Bachelor					Credit hours:  3
Semester: Second				 	Teaching hours: 64 (32T + 32P)
1. Course Description:
This course covers fundamental concepts of object-oriented programming using Java. Students will gain in-depth knowledge of Java syntax and structure before exploring core OOP principles such as classes, objects, encapsulation, inheritance, polymorphism, abstraction, exception handling, and file I/O. Through practical demonstrations and lab work, students will develop modular, reusable, and maintainable Java applications.
2. Course General Objectives:
Upon successful completion of this course, students will be able to:
· Recognize Java fundamentals including syntax, data types, and control structures.
· Apply object-oriented programming principles (encapsulation, inheritance, polymorphism, abstraction) in Java.
· Examine abstract classes and interfaces and their appropriate use cases.
· Implement exception handling and file input/output in robust Java programs.
· Design modular Java applications using OOP concepts to improve reusability and maintainability.
3. Specific Objectives and Contents  
	Specific Objectives
	Contents

	· Remember the history, key features, and applications of Java.
· Understand the process of setting up the Java development environment (JDK and IDEs).
· Apply basic Java syntax to declare variables, use data types, and perform operations with arithmetic, relational, logical, and bitwise operators.
· Apply control statements (if-else, switch-case, loops: for, while, do-while) to control program flow.
· Use Scanner and System.out for basic input and output operations.

	Unit 1: Introduction to Java (5T+5P)
1.1 Overview of Java: History, Features, and Applications
1.2 Setting up the Java Development Environment (JDK, IDEs)
1.3 Basic Syntax: Variables, Data Types, Operators (Arithmetic, relational, logical, bitwise) 
1.4 Control Statements: if-else, switch-case, loops (for, while, do-while) 
1.5 Input and Output: Using Scanner and System.out
Practical Works
· Write a program that takes user input and display message.
· Create a program that demonstrates different data types and type conversions.
· Write a program demonsrate the control statement if.
· Demonstrate the if-elif-else statements.
· Demonstrate the while loop.
· Demonstrate the nested for loops.

	· Understand core OOP concepts (Class, Object, Encapsulation, Inheritance, Polymorphism, Abstraction).
· Apply class definition and object creation in Java programs.
· Use constructors (default and parameterized) and the 'this' keyword appropriately.
· Apply access modifiers (public, private, protected) to implement encapsulation.
· Analyze data hiding by using private fields with public getters and setters.


	Unit 2: Classes, Objects, and Encapsulation (5T+5P)
2.1 Introduction to OOP Concepts
2.2 Defining Classes and Creating Objects
2.3 Constructors: default and parameterized
2.4 Access Modifiers: public, private, protected
2.5 Encapsulation: Private Fields, Public Methods, Getters and Setters
2.6 The 'this' keyword
Practical Works
· Write a program to define a class and create multiple objects of that class.
· Demonstrate the use of default constructor and parameterized constructor in a class.
· Create a class that uses private fields along with public getter and setter methods.
· Write a program that demonstrates the use of the this keyword in constructors and methods.
· Demonstrate the effect of public, private, and protected access modifiers in a class hierarchy.

	· Apply inheritance using the 'extends' keyword and understand types (Single, Multilevel, Hierarchical).
· Use 'super' keyword for constructor chaining and method invocation.
· Differentiate and apply method overriding versus method overloading.
· Understand and demonstrate compile-time and runtime polymorphism.
· Analyze the use of abstract classes and abstract methods.

	Unit 3: Inheritance and Polymorphism (6P+ 6P hrs.)
3.1 Inheritance: Extending Classes Using 'extends' Keyword
3.2 Types of Inheritance: Single, Multilevel, Hierarchical
3.3 'Super' Keyword and Constructor Chaining
3.4 Method Overriding vs. Method Overloading
3.5 Polymorphism: Compile-Time and Runtime Polymorphism
3.6 Abstract classes and methods
Practical Works
· Demonstrate single inheritance using the extends keyword.
· Demonstrate multilevel inheritance with at least three levels.
· Demonstrate hierarchical inheritance with one base and two derived classes.
· Demonstrate method overriding and runtime polymorphism using base class reference.
· Demonstrate an abstract class with abstract methods implemented in subclasses.

	· Understand and compare abstract classes and interfaces.
· Apply abstract classes for partial implementation using the 'abstract' keyword.
· Define and implement interfaces using the 'interface' keyword.
· Use default and static methods in interfaces.
· Analyze suitable scenarios for choosing abstract classes versus interfaces.


	Unit 4: Interfaces and Abstract Classes (5T+ 5P Hrs.)
4.1 Abstract Classes: Partial Implementation Using 'abstract' Keyword
4.2 Interfaces: Defining Contracts Using 'interface' Keyword
4.3 Differences Between Abstract Classes and Interfaces
4.4 Default and Static Methods in Interfaces
Practical Works
· Demonstrate an abstract class with the abstract keyword and at least one abstract method.
· Demonstrate defining and implementing an interface using the interface keyword.
· Demonstrate the main differences between an abstract class and an interface in one program.
· Demonstrate default and static methods in an interface and call them from an implementing class.

	· Understand checked versus unchecked exceptions.
· Apply try-catch-finally blocks for exception handling.
· Create and throw custom exceptions by extending Exception classes.
· Use file streams to read from and write to files.
· Analyze byte streams versus character streams for appropriate file operations.

	Unit 5: Exception Handling and File Operations (5T+ 5P Hrs.)
5.1 Understanding Exceptions: Checked vs. Unchecked Exceptions
5.2 Try-Catch-Finally Blocks
5.3 Custom Exceptions
5.4 File Input/Output: Reading and Writing Files
5.5 Working with Streams: Byte Streams and Character Streams

Practical Works
· Demonstrate checked and unchecked exceptions using try-catch blocks in a program.
· Write a program that uses try-catch-finally blocks and creates a custom exception by extending Exception.
· Demonstrate reading from and writing to a file using both character streams and byte streams with proper exception handling.



5 Instructional Techniques
Lecture preferably with the use of multi-media projector, demonstration, practical classes, discussion, and brain storming. Java class can be made better with following techniques:
· Active Learning and Problem-Based Instruction
· Hands-On Laboratory Work
· Visual and Simulation-Based Demonstrations
· Concept Mapping and Incremental Scaffolding
· Peer Instruction and Think-Pair-Share
· Mini-Projects and Design Challenges
· Flipped Classroom Approach
· Continuous Formative Assessment
6 Evaluation
Evaluation of students' performance is divided into parts: Internal assessment, practical examination and theoretical examinations. The distribution of points is given below:
	Internal Assessment
	Practical Exam/Viva
	Semester Examination
(Theoretical exam)
	Total Points

	40 Points
	20 Points
	40 Points
	100 Points


Note: Students must pass separately in internal assessment, external practical exam and semester examination.
6.1 Internal Assessment (40 Points)
Internal assessment will be conducted by subject teacher based on following criteria:
Attendance			 				  5 points
Internal Exam							  15 points
Assignments                 					              10 points
Lab Work / Project work / Presentation			              10 points
	                Total                                                                                40  points


6.2  	Semester Examination (40 Points)  
	Examination Division will conduct final examination at the end of semester. 
Short answer questions  
Long answer questions  

	Total                                                                                              40  points                                                                                                                                                                                                                                                                                                   



6.3 Practical Examination (20 Points)
	Internal Evaluation
	External Evaluation
	Total

	
	Lab Report
	Lab Exam
	VIVA
	

	5 points
	5 points
	5 points
	5 points
	20 points



7 Recommended Books and References  Materials 
Text Books:
Somashekara, M. T., Guru, D. S., & Manjunatha, K. S. (2017). Object oriented programming with JAVA (Eastern economy edition). PHI Learning Private Limited. ISBN: 9788120352872
Reference Books:
Java:  A Beginner’s Guide (2022), 9th Ed., Herbert Schildt, MC Graw Hill  
Sierra, K., & Bates, B. (2022). Head First Java (3rd Edition). O'Reilly Media. 
Core java Volume I – Fundamentals, Ninth Edition, Cary S. Horstmann and Gary Cornell 
Core java Volume II – Advanced Features, Ninth Edition, Cary S. Horstmann and Gary Cornell 
Java: The Complete Reference, Ninth Edition, Herbert Schildt
Deitel, P. J., & Deitel, H. M. (2013). Java: How to program. PHI Learning Private Limited.
Web Links: 
https://www.codecademy.com/ 
https://www.freecodecamp.org/ 
https://www.hackerrank.com/ 
https://leetcode.com/ 
https://codegym.cc/ 
……………..
















Far Western University
Faculty of Humanities and Social Sciences
Bachelor of Computer Application (BCA)

Course Title: Discrete Structure  	
Course Code: BCAC 124				Nature of course: Theoretical + Practical 
Level: Bachelor					              Credit hours:  3
Semester: Second				 	Teaching hours: 48 (32T + 16 P)
1. Course Description
This course introduces fundamental concepts of Discrete Mathematics that form the mathematical foundation of computer science, information and communication technology, and logical thinking. Emphasis is placed on problem-solving, logical reasoning, and practical applications relevant to ICT and teaching practice.
2. General Objectives
· Understand basic concepts of discrete structures used in ICT and computer science.
· Apply logical reasoning and mathematical thinking to solve real-life and ICT-related problems.
· Use set theory, relations, and functions in data organization and analysis.
· Analyze algorithms using counting techniques and basic graph theory concepts.
· Develop problem-solving skills necessary for teaching mathematics and ICT effectively.
· Integrate discrete mathematics concepts into classroom teaching using practical activities and digital tools.
3. Specific Objectives and Contents
	Specific Objectives
	Contents 

	· Define propositions and identify simple and compound propositions.
· Explain logical connectives in forming compound statements.
· Construct truth tables for logical expressions.
· Differentiate tautologies, contradictions, and contingencies using truth tables.
· Determine logical equivalence between propositions
· Apply propositional logic through programming.
	Unit 1: Mathematical Logic (8 Hours)
1.1 Propositions and logical connectives
1.2 Truth tables
1.3 Tautologies and contradictions
1.4 Logical equivalence
1.5 Applications of logic in ICT
Practical Work
· Write a Python program to implement logical operators (AND, OR, NOT).
· Perform and display results of AND, OR, and NOT operations.

	· Define sets and identify different types of sets.

· Perform basic set operations such as union, intersection, and difference.
· Interpret sets using Venn diagrams.
· Apply the concept of Cartesian product of sets.
· Apply set theory concepts in databases and programming applications

	Unit 2: Set Theory (10 Hours)
2.1 Sets and types of sets
2.2 Set operations
2.3 Venn diagrams
2.4 Cartesian product
2.5 Applications of sets in databases and programming
Practical Work
· Write a Python program to perform operations on two sets: Compute Union, Intersection and Difference of the sets.
· Represent sets using Python lists with Input the elements of the two sets from the user and display the results of all set operations clear

	· Define relations and functions and identify their types.
· Represent relations using tables, matrices, and diagrams.
· Examine properties of relations such as reflexivity, symmetry, and transitivity.
· Apply functions including one-to-one and onto mappings.
· Apply relations and functions in computing and programming contexts.
	Unit 3: Relations and Functions (10 Hours)
3.1 Relations and their properties
3.2 Types of relations
3.3 Functions and types of functions
3.4 Composition of functions
3.5 Applications in computer systems
Practical Work
· Write a Python program to represent a relation using a matrix. Input a set of elements and the relation between them as a binary matrix.
· Display the relation matrix. Identify the properties of the relation to check whether the relation is Reflexive or Symmetric or Transitive.

	· Explain basic counting principles and techniques.
· Apply factorial, permutation, and combination formulas to solve problems.
· Use the Pigeonhole Principle in practical examples.
· Solve counting problems relevant to algorithms and ICT applications.
· Analyze problems to determine the appropriate counting strategy.
	Unit 4: Counting Techniques (10 Hours)
4.1 Permutations and combinations
4.2 Pigeonhole principle
4.3 Basic principles of counting
4.4 Applications in algorithm design and data analysis
Practical Work
· Write a Python program to calculate Factorial, Permutations (nPr) and Combinations (nCr).

	· Define graphs and identify their types and components.
· Represent graphs using adjacency matrices and adjacency lists.
· Analyze paths, circuits, and connectivity in graphs.
· Apply graph concepts to networks, ICT systems, and problem-solving.
· Implement basic graph operations and algorithms in programming contexts.
	Unit 5: Graph Theory (10 Hours)
5.1 Introduction to graphs
5.2 Types of graphs
5.3 Paths and circuits
5.4 Trees and their applications
5.5 Use of graphs in networks and ICT
Practical Work
· Write a Python program to represent graphs using Adjacency Matrix and Adjacency List to represent a graph.
· Write recursive Python programs for Fibonacci sequence or tower of Hanoi 


4. Instructional Techniques
4.1. General Instructional Techniques
Different instructional techniques lecture, power point presentation, questions-answer, collaborative work etc. along with the use of animated figures, use of Python programming software’s can be applied.  
4.2 Specific Instructional Techniques
The specific instructional techniques for this chapter wise are as follows: 
	Unit- I
	Discussion, mini lecture Presentation 

	Unit- II
	Brain storming, mini lecture group discussion 

	Unit- II
	problem solving Presentation demonstration

	Unit-III
	Collaborative problem solving and Lecture

	Unit-IV
	questions answers and verification in computer 

	Unit-V
	Discussion, questions answers and group discussion 


5. Evaluation
5.1. Internal Evaluation: 40%
 		The subject teacher will conduct internal evaluation as follows: 
	  Attendance 	
	5 points

	Group works and presentation	
	10 points

	Assignments	
	10 points

	Unit test and midterm examination 	
	15 points

	Total	 
	40 Points


5.2 External Evaluation (Final Examination) 			40%
Examination Division, Dean’s Office will conduct final examination at the end of the semester. The types of questions and marks allocated for each category of questions are given below
	Short answer questions    
	 

	Long answer questions     
	 

	Total	 
	 40points 


5.3 External Practical Exam/Viva (20 Points):
Examination Division, Dean Office will conduct final practical examination at the end of semester.
6. Recommended and Reference Books 
  6.1 Recommended Books
· K. Erciyes (2021) Discrete Mathematics and Graph Theory: A Concise Study Companion and Guide Springer Nature
· Oscar Levin (2017) Discrete Mathematics An Open Introduction University of Northern Colorado
· Rosen H.K ,(2008) Discrete mathematics and its application, 7th Edition, Mc Graw Hill Companies.
· Sergei Kurgalin and Sergei Borzunov (2020) The Discrete Math Workbook A Companion Manual Using Python Publisher Springer Cham ISBN  978-3-030-42220-2 
 6.2 Reference Books 
· Hugo D Junghenn (2023) Discrete Mathematics with Coding ISBN 9781032398525
· Kolman, B, Busby,R.C, Ross,Sc (2009). Discrete mathematics and its structures (6th  Edition). Delhi: PHI learning Pvt.Ltd.

















Far Western University
Faculty of Humanities and Social Sciences
Bachelor of Computer Application (BCA)

Course Title: Computer Architecture and Organization 	
Course Code: BCAC 125				Nature of course: Theoretical + Practical 
Level: Bachelor					Credit hours:  3
Semester: Second				 	Teaching hours: 64 (32T + 32P)
1. Course Description:
This course introduces fundamental concepts of computer organization and architecture. It covers register transfer language, microoperations, basic computer design, microprogrammed control, CPU components, instruction formats, addressing modes, pipelining, computer arithmetic algorithms, I/O organization, and memory hierarchy including cache and virtual memory.
2. Course General Objectives:
Upon successful completion of this course, students will be able to:
· Explain computer system components, digital logic, and architecture models.
· Convert data between number systems and perform binary arithmetic.
· Write and debug basic assembly programs using loops, subroutines, and addressing modes.
· Describe CPU datapath, ALU operations, and the fetch-decode-execute cycle.
· Compare control unit designs and explain basic pipelining and interrupt handling.
· Analyze memory hierarchy performance.
· Evaluate I/O methods (Programmed I/O, Interrupt, DMA), buses, and multicore parallelism.

3. Specific Objectives and Contents  
	Specific Objectives
	Contents

	· List the main components of a computer system (CPU, memory, I/O) and the stored-program concept.
· Explain the concept of levels of abstraction and virtual machines in multilevel computer organization.
· State the key differences between Von Neumann and Harvard architectures and basic performance metrics.
· Describe the historical evolution of computers and features of modern x86 and ARM families.
· Identify basic logic gates (AND, OR, NOT, NAND) and simple rules of Boolean algebra.
	Unit 1: Concept of Computer Systems and Basic Digital Logic (10 Hrs.)
1.6 Computer system components (CPU, memory, I/O) and stored-program concept.
1.7 Levels of abstraction and virtual machines in multilevel computer organization.
1.8 Von Neumann vs. Harvard architecture and basic performance metrics.
1.9 Historical evolution and modern families: x86 and ARM.
1.10 Digital logic fundamentals: Logic gates (AND, OR, NOT, NAND) and simple Boolean algebra.
1.11 Combinational vs. sequential circuits(only examples).
Practical Works
· Using a free digital logic simulator (such as Logisim-Evolution, Electronic Workbench or any similar tool), connect basic logic gates (AND, OR, NOT) to build and test a simple combinational circuit that produces an output (e.g., lights a bulb) only when both inputs are “ON”.
· Draw a neat block diagram of a basic computer system (CPU, memory, I/O devices) using any free drawing tool (draw.io, PowerPoint, or paper) and clearly label all major components.
· Run a simple “Hello World” program in any programming language and observe how the computer executes the instructions step by step to demonstrate the stored-program concept.

	· List different number systems (binary, octal, hexadecimal) and their conversion methods.
· Explain fixed-point and floating-point representation.
· Describe binary addition and subtraction using 2’s complement method.
· Recall basic multiplication and division algorithms including Booth’s algorithm.
· Identify error detection and correction codes such as parity and Hamming codes.

	Unit 2: Computer Architecture and Data Representation (8 Hrs.)
2.7 Number systems (binary, octal, hexadecimal) and conversions.
2.8 Fixed-point and floating-point representation.
2.9 Binary arithmetic: Addition, subtraction using 2’s complement.
2.10 Basic multiplication and division algorithms (Booth’s algorithm).
2.11 Error detection and correction codes (parity, Hamming).
2.12 Character and string representation (ASCII, Unicode).

Practical Works
· In any assembly simulator (e.g., MARS/SPIM), write a short program to add two numbers (e.g., 5 + 7), store and print the result, run step-by-step to observe register changes and verify output. 
· In a logic simulator (e.g., Logisim), build a 4-bit adder, apply test inputs (e.g., 0011 + 0101), and use LEDs/displays to confirm the binary sum (1000) is correct. 
· Manually convert decimal 25 to binary and IEEE 754 format; verify your result using a quick Python one-liner or online converter to match bit patterns..


	· List instruction formats, types, and encoding methods.
· Identify common addressing modes such as immediate, direct, indirect, indexed, and register.
· Explain RISC versus CISC design principles and their trade-offs.
· Describe stack organization, subroutine calls, and parameter passing techniques.
· Recall assembly language programming basics using a simple ISA.
· Explain procedure linkage, loops, and basic program control instructions.
	Unit 3: Instruction Set Architecture and Assembly Language Programming (8 hrs.)
3.7 Instruction formats, types, and encoding.
3.8 Common addressing modes (immediate, direct, indirect, indexed, register).
3.9 RISC vs. CISC design principles and trade-offs.
3.10 Stack organization, subroutine calls, and parameter passing.
3.11 Assembly language programming basics using simple ISA.
3.12 Procedure linkage, loops, and basic program control.

Practical Works
· In any assembly simulator (e.g., emu8086, MARS/SPIM), write a loop to sum a range (e.g., 1 to 10) and print the total. 
· Write a reusable subroutine that accepts two arguments, adds them, and returns the result via standard registers. 
· Code a routine to find the largest number in a small list (e.g., 5 items) and count the instructions to evaluate efficiency.

	· Define Register Transfer Language (RTL).
· List basic micro-operations including arithmetic, logic, and shift operations.
· Describe the design and function of a simple Arithmetic Logic Unit (ALU).
· Explain how datapath allows data to move inside the CPU.
· State the stages of instruction execution cycle: Fetch, Decode, and Execute.
· Identify basic register organization including general registers and accumulator.
	Unit 4: Register Transfer, Microoperations, and CPU Organization (10 Hrs.)
4.5 Register Transfer Language (RTL): simple way to move data.
4.6 Basic micro-operations: arithmetic, logic, and shift.
4.7 Simple ALU (Arithmetic Logic Unit) design.
4.8 Datapath: how data moves inside the CPU.
4.9 Instruction execution cycle: Fetch, Decode, Execute.
4.10 Basic register organization (general registers and accumulator).

Practical Works
· In a logic simulator (e.g., Logisim), build a basic ALU (e.g., 4-bit with ADD/AND); test with sample inputs to verify operations. 
· In an assembly simulator (e.g., MARS/SPIM), single-step a program to observe data moving between registers during execution. 
· Using a drawing tool (e.g., draw.io/paper), sketch a data path diagram (e.g., memory → register → ALU) to illustrate instruction flow.

	· Explain the concept of hardwired versus microprogrammed control unit design.
· Describe control memory, address sequencing, and microinstructions.
· Recall the design of control unit for simple instructions.
· Explain instruction-level parallelism and basic pipelining concepts.
· Identify interrupt and exception processing mechanisms.
· Describe modern microarchitecture examples like Intel Core pipeline and ARM with performance trade-offs.
	Unit 5: Control Unit Design and Microarchitecture (10 Hrs.)
5.6 Concept of Hardwired vs. microprogrammed control unit design.
5.7 Control memory, address sequencing, and microinstructions.
5.8 Design of control unit for simple instructions.
5.9 Instruction-level parallelism and basic pipelining concepts.
5.10 Interrupt and exception processing mechanisms.
5.11 Modern microarchitecture examples (Intel Core pipeline, ARM) and performance trade-offs.
Practical Works
· In a logic simulator (e.g., Logisim), build a simple control circuit to fetch and execute one instruction (e.g., ADD); test to verify correct control signals. 
· In an assembly simulator (e.g., MARS/SPIM), manually step through 3-4 instructions and count clock cycles to understand execution timing. 
· Using a drawing tool (e.g., draw.io/paper), create a case study diagram showing how a simple loop executes faster with basic pipelining vs. sequential execution.

	· List the levels of memory hierarchy: registers, cache, main memory, and secondary storage.
· Explain the basic concept of cache memory and its role in performance.
· Describe virtual memory concepts including paging, segmentation, and TLB.
· Recall main memory technologies such as RAM/ROM chips and interleaving.
· Explain cache performance analysis including hit/miss rate, miss penalty, and Amdahl’s Law.
· Identify modern memory technologies like DDR, SSD, and basic RAID.
	Unint 6: Memory Organization and Hierarchy (10 Hrs.)
6.1 Memory hierarchy: registers, cache, main memory, secondary storage.
6.2 Concept of Cache memory
6.3 Virtual memory concepts: paging, segmentation, and TLB.
6.4 Main memory technologies (RAM/ROM chips) and interleaving.
6.5 Cache performance analysis (hit/miss rate, miss penalty) and Amdahl’s Law application.
6.6 Modern memory technologies (DDR, SSD, basic RAID).

Practical Works
· Draw a simple paging example: How a 32-bit address is split into page number and offset (use 4KB pages).

	· Explain I/O interfaces including programmed I/O and interrupt-driven I/O.
· Describe Direct Memory Access (DMA) and I/O processor concepts.
· Recall system buses structure, arbitration, and timing including PCI/PCIe.
· Identify peripheral interfacing and modern I/O examples in x86/ARM SoC.
· Explain parallel processing basics such as multiprocessors, multicore, and multithreading
	Unit 7: Input/Output Organization, Buses, and Parallel Systems (8 Hrs.)
7.1 I/O interfaces: programmed I/O, interrupt-driven I/O.
7.2 Direct Memory Access (DMA) and I/O processor concepts.
7.3 System buses: structure, arbitration, timing (PCI/PCIe).
7.4 Peripheral interfacing and modern I/O examples (x86/ARM SoC).
7.5 Parallel processing basics: multiprocessors, multicore, and multithreading.
Case Study: 
· Provide the multiprocessors, multicore, and multithreading and issues like e.g. Quad-core smartphone runs a game by dividing graphics, sound, input, and logic across four cores using multithreading for faster performance. Issue: Why might the game still lag even with four cores working?


4. Instructional Techniques
Lecture preferably with the use of multi-media projector, demonstration, practical classes, discussion, and brain storming. Computer Architecture class can be made better with following techniques:
· Hands-On Laboratory Work like Logisim-Evolution, MARS MIPS , Python etc. 
· Visual and Simulation-Based Demonstrations
· Concept Mapping and Incremental Scaffolding
· Active Learning and Problem-Based Instruction
· Peer Instruction and Think-Pair-Share
· Mini-Projects and Design Challenges
· Flipped Classroom Approach
· Continuous Formative Assessment
5. Evaluation
Evaluation of students' performance is divided into parts: Internal assessment, practical examination and theoretical examinations. The distribution of points is given below:
	Internal Assessment
	Practical Exam/Viva
	Semester Examination
(Theoretical exam)
	Total Points

	40 Points
	20 Points
	40 Points
	100 Points


Note: Students must pass separately in internal assessment, external practical exam and semester examination.
Internal Assessment (40 Points)
Internal assessment will be conducted by subject teacher based on following criteria:
Attendance			 				  5 points
Internal Exam							  15 points
Assignments                					  10 points
Lab Work / Project work / Presentation			  10 points
	                Total                                                                                40  points


Semester Examination (40 Points)  
	Examination Division, Dean office will conduct final examination at the end of semester. 
Short answer questions  
Long answer questions 

	Total                                                                                              40  points                                                                                                                                                                                                                                                                                                   



Practical Examination (20 Points)
	Internal Evaluation
	External Evaluation
	Total

	
	Lab Report
	Lab Exam
	VIVA
	

	5 points
	5 points
	5 points
	5 points
	20 oints



6. Recommended Books and References  Materials 
Reference Books:
Mano, M. M. (2003), Computer System Architecture, (3rd Ed.), Prentice Hall of India.
Stalling, W. (2016), Computer Organization and Architecture: designing for performance (10th Ed.), Pearson Education.
Tanenbaum, A.S. (2013), Structured Computer Organization, (6th Ed.), Pearson Education.
Web Links: 
https://electronicworkbenchewb.com 
https://logisim.app 



