ODISHA UNIVERSITY OF TECHNOLOGY AND RESEARCH
Techno Campus, MahalaxmiVihar,Ghatikia, Bhubaneswar-751029.
Syllabus Structure (Admission Batch: 2023-24)


School/Department: School of Computer Sciences

Course: B. Tech.		Programme: Computer Science and Engineering (AI&ML)
Abbreviation used:

	AC
	Audit course
	LC
	Laboratory Course
	PA
	Practical Assessment

	PC
	Professional Core
	PR
	Project/ Practical/ Internship
	L
	Lecture

	PE
	Professional Elective
	SE
	Seminar/ Expert Lecture/ Etc.
	T
	Tutorial

	OE
	Open Elective
	IA*
	Internal Assessment
	P
	Practical

	MC/BS/HS
	Mandatory/ Common Course 
	EA
	End-Semester Assessment
	
	

	ACC
	Advanced Competency Course

	*Internal Assessment Mark (40 marks) consists of (i) Mid Semester (20 marks), (ii) Quiz/ Assignment/Attendance (20 marks)




Computer Science and Engineering (Hons)

	Sl. No.
	Subject
Type
	Subject Code
	Semester
	Subject
Name
	Teaching Hours
	Credit
	Maximum Marks

	
	
	
	
	
	L
	T
	P
	
	IA
	EA
	PA
	Total

	1
	
	CS3175
	5th
	Parallel Algorithms 
	3
	0
	0
	3
	40
	60
	-
	100

	2
	
	CS3172
	6th
	[bookmark: _GoBack]Advanced Language Processing
	3
	0
	0
	3
	40
	60
	-
	100

	3
	
	CS4179
	7th
	Reinforcement Learning
	3
	0
	0
	3
	40
	60
	-
	100

	4
	
	CS4173
	7th
	Big Data Analytics
	3
	0
	0
	3
	40
	60
	-
	100

	5
	
	CS4180
	8th
	Generative AI 
	3
	0
	0
	3
	40
	60
	-
	100

	6
	
	CS3581
	6th
	Natural Language Processing Lab
	0
	0
	3
	3
	-
	-
	100
	100

	7
	
	CS4581
	7th
	Big Data Analytics Lab
	0
	0
	3
	3
	-
	-
	100
	100

	Total
	15
	0
	6
	21
	200
	300
	200
	700

















SUB_CODE: Subject :Parallel Algorithms		(L-T-P:Credits)(3-0-0:3)

	Prerequisites
	Data Structures and Algorithms, Discrete Mathematics, Computer Organization and Architecture



Course Outcomes:

	CO1
	To provide a deep understanding of foundational models of parallel computation such as PRAM, linear arrays.

	CO2
	To evaluate and analyze the performance of parallel algorithms using metrics like speedup, efficiency and cost-optimality.

	CO3
	To develop the ability to design and implement parallel algorithms for core problems like sorting, searching, merging and graph processing.

	CO4
	To study and apply interconnection networks such as Butterfly, CCC and Benes networks in the design of scalable parallel algorithms.




Detailed Syllabus

	Module-I
	( 8Hours)

	Introduction to Parallel Computing; Theoretical Models of Parallel Computation: PRAM (EREW, CREW, CRCW); Interconnection Networks: Introduction and Types; Performance Metrics: Speedup, Efficiency, Cost-Optimality; Basic Techniques in Parallel Algorithm Design:Divide and Conquer, Pointer Jumping, Balanced Binary Trees

	Module-II
	(8 Hours)

	Comparator Networks: Concepts and Properties; Odd-Even Merge Sort, Bitonic Sort, Merge Sort in Parallel Context; Cole’s Merge Sort: Optimal Parallel Merging, Analysis and Implementation; Applications of List Ranking and other prefix computation techniques 

	Module-III
	(7 Hours)

	Algorithms for Searching; Merging and Sorting in Parallel; Graph Algorithms in Parallel: Connected Components, BFS/DFS, Minimum Spanning Tree; Linear Array and Mesh Architectures: Models and Algorithm Mapping, Sorting in Mesh Networks

	Module-IV
	(7 Hours)

	Hypercube Algorithms: Sorting, Prefix Computation; Butterfly Network, CCC (Cube-Connected Cycles); Benes Network: Structure and Applications; Limits to Parallelizability: Lower Bounds on Parallel Algorithms, Brent’s Theorem and Work-Time Tradeoffs; NC-Reductions and P-Completeness



Text Books:
1. J. Jaja, An Introduction to Parallel Algorithms, Addison Wesley, 1992.
2.F.T.Leighton,Introduction to Parallel Algorithms and Architectures: 
Arrays, Trees, Hypercubes, Morgan Kaufmann Publishers, San Mateo, California, 1992.

References Books:
1. J. H. Reif, Synthesis of Parallel Algorithms, Morgan Kaufmann Publishers, San Mateo, California.
2. S. G. Akl, Parallel Computation: Models and Methods, Prentice Hall, 1996.

CO-PO Mapping:

	 
	PO1
	PO2
	PO3
	PO4
	PO5
	PO6
	PO7
	PO8
	PO9
	PO10
	PO11
	PO12

	CO1
	3
	2
	
	
	
	
	
	
	
	
	
	1

	CO2
	3
	3
	2
	
	
	
	
	
	
	
	
	2

	CO3
	3
	2
	3
	2
	2
	
	
	
	1
	1
	
	2

	CO4
	2
	2
	2
	2
	3
	
	
	
	1
	
	
	2

	CO5
	3
	3
	
	2
	
	
	
	
	
	
	
	3




(1:Low, 2:Medium, 3:High)






















SUB_CODE: Subject : Advanced Language Processing	(L-T-P:Credits)(3-0-0:3)

	Prerequisites
	· Basic Probability and Statistics
· Data Structures and Algorithms
· Proficiency in Python
· Familiarity with Machine Learning concepts (preferred)



Course Outcomes:

	CO1
	Understand the fundamental concepts of Natural Language Processing, including text preprocessing, morphology, and syntax.

	CO2
	Apply probabilistic models such as N-grams, Hidden Markov Models, and Conditional Random Fields to NLP tasks.

	CO3
	Perform syntactic parsing using constituency and dependency parsing techniques.

	CO4
	Demonstrate understanding of semantics and lexical resources including WordNet, Word Embeddings, and Topic Models.




Detailed Syllabus

	Module-I
	(8 Hours)

	Introduction to NLP and its applications, Text preprocessing: tokenization, stemming, lemmatization, Regular expressions, edit distance, n-gram models, Spelling correction and basic language modelling, POS tagging and morphological analysis

	Module-II
	(6 Hours)

	Sequence labelling with HMM and CRFs, Named Entity Recognition (NER), Constituency parsing (CKY algorithm, PCFG), Dependency parsing

	Module-III
	(8 Hours)

	Distributional semantics and word embeddings (Word2Vec, GloVe), Lexical semantics and WordNet, Word similarity and vector space models, Topic Modelling (Latent Dirichlet Allocation)

	Module-IV
	(8 Hours)

	Text classification and sentiment analysis, Text summarization techniques, Machine translation: SMT, neural MT, Question answering and information retrieval.



Text Books:
1. Jurafsky, D., & Martin, J.H. (2021). Speech and Language Processing, 3rd Edition (Draft).
2. Manning, C.D., &Schütze, H. (1999). Foundations of Statistical Natural Language Processing.
References Books:
1. Bird, S., Klein, E., &Loper, E. (2009). Natural Language Processing with Python.
2. Goldberg, Y. (2017). Neural Network Methods in Natural Language Processing.

CO-PO Mapping:

	 
	PO1
	PO2
	PO3
	PO4
	PO5
	PO6
	PO7
	PO8
	PO9
	PO10
	PO11
	PO12

	CO1
	1
	3
	2
	
	2
	
	
	1
	
	
	
	

	CO2
	2
	3
	3
	2
	2
	
	
	
	
	
	
	

	CO3
	3
	3
	3
	
	3
	2
	
	
	
	
	
	

	CO4
	
	4
	4
	3
	
	3
	2
	
	
	
	
	



(1:Low, 2:Medium, 3:High)



















SUB_CODE: 		Subject : Reinforcement Learning  	(L-T-P:Credits)(3-0-0:3)

	Prerequisites
	Probability, Linear Algebra, Machine Learning



Course Outcomes:

	CO1
	Understand the theoretical foundations of reinforcement learning including MDPs and policies

	CO2
	Apply dynamic programming and model-free algorithms to solve RL problems.

	CO3
	Implement and evaluate reinforcement learning algorithms using modern tools (e.g., OpenAI Gym, TensorFlow/PyTorch).

	CO4
	Analyse and interpret the performance of RL algorithms in practical applications.




Detailed Syllabus

	Module-I Foundations of Reinforcement Learning
	(7 Hours)

	Introduction to RL: Scope and relevance, Supervised vs Unsupervised vs Reinforcement Learning, Components: Agent, Environment, State, Action, Reward, Markov Decision Processes (MDP), Value functions, Bellman equations, Policy, Optimality criteria, Dynamic Programming, Policy Evaluation, Policy Iteration, Value Iteration

	
Module-II Model-free Learning
	(8 Hours)

	Monte Carlo Methods, First-visit and Every-visit MC, Temporal Difference (TD) Learning, TD(0), SARSA, Q-Learning, Exploration vs Exploitation, ε-greedy, Softmax, Upper Confidence Bound, Eligibility Traces, n-step returns, TD(λ)

	
Module-III Neural Approaches to Reinforcement Learning
	
(8 Hours)

	Function Approximation in RL, Linear and Non-linear approximators, Deep Q-Networks (DQN), Experience Replay, Target Networks



	Module-IV Deep Reinforcement Learning and Applications(7 Hours)

	Policy Gradient Methods, REINFORCE, Actor-Critic, Advanced topics: Proximal Policy Optimization (PPO), DDPG (overview only), Applications in Robotics, Games (Atari, AlphaGo), and Autonomous Systems


Text Books:
1. Richard S. Sutton and Andrew G. Barto, Reinforcement Learning: An Introduction, 2nd Edition, MIT Press, 2018.
2. CsabaSzepesvári, Algorithms for Reinforcement Learning, Morgan & Claypool, 2010.

Reference Books:
1. Ian Goodfellow, YoshuaBengio, and Aaron Courville, Deep Learning, MIT Press, 2016.
2. Alexander L. Strehl et al., Reinforcement Learning: Theory and Algorithms, Springer, 2020.
3. Marco Wiering and Martijn van Otterlo, Reinforcement Learning: State of the Art, Springer, 2012.
4. David Silver, Reinforcement Learning Course Slides (UCL), [Online Resource].

CO-PO Mapping:

	 
	PO1
	PO2
	PO3
	PO4
	PO5
	PO6
	PO7
	PO8
	PO9
	PO10
	PO11
	PO12

	CO1
	3
	2
	1
	1
	1
	0
	0
	0
	0
	1
	0
	1

	CO2
	3
	3
	2
	2
	2
	0
	0
	0
	0
	1
	0
	1

	CO3
	2
	2
	3
	3
	3
	0
	0
	0
	2
	2
	1
	2

	CO4
	3
	3
	3
	2
	2
	1
	0
	0
	1
	2
	1
	2




(1:Low, 2:Medium, 3:High)














SUB_CODE:Subject :Big Data Analytics	(L-T-P:Credits)(3-0-0:3)

	Prerequisites
	Should have knowledge of one Programming Language (Java preferably), Database Management Systems, Data Warehousing, Data mining, Practice of SQL (queries and sub queries), and exposure to Linux Environment.



Course Outcomes:

	CO1
	Identify and list various Big Data concepts, tools and applications.

	CO2
	Develop programs using HADOOP framework.

	CO3
	Use Hadoop Cluster to deploy Map Reduce jobs, PIG, HIVE and Spark programs.

	CO4
	Analyze the given data set and identify deep insights from the data set.




Detailed Syllabus

	Module-I
	(08 Hours)

	Classification of data, Characteristics, Evolution and definition of Big data, What is Big data, Why Big data, Traditional Business Intelligence Vs Big Data, Typical data warehouse and Hadoop environment. Big Data Analytics: What is Big data Analytics, Classification of Analytics, Importance of Big Data Analytics, Technologies used in Big data Environments, Few Top Analytical Tools, NoSQL, and Hadoop.


	Module-II
	(07 Hours)

	Introduction to Hadoop: Introducing hadoop, Why hadoop, Why not RDBMS, RDBMS Vs Hadoop, Historyof Hadoop, Hadoop overview, Use case of Hadoop, HDFS (Hadoop Distributed File System),Processing datawith Hadoop, Managing resources and applications with Hadoop YARN(Yet Another Resource Negotiator).Introduction to Map Reduce Programming: Introduction, Mapper, Reducer, Combiner, Partitioner,Searching, Sorting, Compression.


	Module-III
	( 08Hours)

	Introduction to MongoDB: What is MongoDB, Why MongoDB, Terms used in RDBMS and MongoDB, Data Types in MongoDB, MongoDB Query Language.Spark and Big Data Analytics: Spark, Introduction to Data Analysis with Spark.Text, Web Content and Link Analytics: Introduction, Text Mining, Web Mining, Web Content and Web Usage Analytics, Page Rank, Structure of Web and Analyzing a Web Graph.


	Module-IV
	(07 Hours)

	Introduction to Hive: What is Hive, Hive Architecture, Hive data types, Hive file formats, Hive Query Language (HQL), RC File implementation, User Defined Function (UDF).Introduction to Pig: What is Pig, Anatomy of Pig, Pig on Hadoop, Pig Philosophy, Use case for Pig, Pig Latin Overview, Data types in Pig, Running Pig, Execution Modes of Pig, HDFS Commands, Relational Operators, Eval Function, Complex Data Types, Piggy Bank, User Defined Function, Pig Vs Hive.




Text Books:
1.Seema Acharya and SubhashiniChellappan “Big data and Analytics” Wiley India Publishers, 2nd Edition,2019.
2. Rajkamal and PreetiSaxena, “Big Data Analytics, Introduction to Hadoop, Spark and Machine Learning”,McGraw Hill Publication, 2019.

References Books:
1. Thomas Erl, WajidKhattak, and Paul Buhler, Big Data Fundamentals: Concepts, Drivers & Techniques, Pearson India Education Service Pvt. Ltd., 1st Edition, 2016.
 2.John D. Kelleher, Brian Mac Namee, Aoife D'Arcy -Fundamentals of Machine Learning for Predictive DataAnalytics: Algorithms, Worked Examples, MIT Press 2020, 2nd Edition.

CO-PO Mapping:

	 
	PO1
	PO2
	PO3
	PO4
	PO5
	PO6
	PO7
	PO8
	PO9
	PO10
	PO11
	PO12

	CO1
	3
	2
	
	
	
	
	
	
	
	
	
	1

	CO2
	3
	3
	2
	
	
	
	
	
	
	
	
	1

	CO3
	3
	3
	2
	2
	
	
	
	
	
	
	
	3

	CO4
	3
	3
	3
	2
	
	
	
	
	
	
	
	1



(1:Low, 2:Medium, 3:High)















SUB_CODE: Subject: Generative AI		(L-T-P:Credits)(3-0-0:3)

	Prerequisites
	· Basic understanding of Machine Learning concepts (classification, regression, overfitting, etc.)
· Familiarity with Deep Learning techniques (neural networks, CNNs, RNNs, etc.)
· Proficiency in Python programming and use of libraries like NumPy, TensorFlow, or PyTorch
· Knowledge of Linear Algebra, Probability, and Statistics
· Exposure to Optimization Techniques (e.g., gradient descent, loss functions)



Course Outcomes:

	CO1
	Understand core concepts and theoretical foundations of generative models.

	CO2
	Design and implement deep generative models such as GANs and VAEs using Python libraries.

	CO3
	Analyze and evaluate the performance of generative models across various domains.

	CO4
	Critically examine the ethical implications and potential risks associated with Generative AI.




Detailed Syllabus

	Module-I
	(8 Hours)

	Introduction to Generative AI: Supervised vs. Unsupervised Learning, Density Estimation, Maximum Likelihood, Latent Variables, Introduction to Autoregressive Models, Flow Models.
VariationalAutoencoders (VAE): Probabilistic Encoders, ELBO, Reparameterization Trick, Conditional VAE, Applications

	
Module-II
	( 8 Hours)

	Generative Adversarial Networks (GANs): GAN architecture, Loss Functions, Conditional GANs, DCGAN, CycleGAN, StyleGAN.
Training Challenges: Mode Collapse, Non-convergence, Evaluation Metrics (FID, IS)

	
Module-III
	(7  Hours)

	Advanced Generative Models: Diffusion Models, Transformers in Generative AI, Text-to-Image (DALL·E, Imagen), Audio & Music Generation (WaveNet).


	Module-IV
	(7  Hours)

	Applications & Ethics: Deepfakes, Content Generation, Bias, Fairness, Regulatory Issues, Explainability in Generative AI



Text Books:
1. Deep Learning by Ian Goodfellow, YoshuaBengio, and Aaron Courville, MIT Press, 2016.
2. Probabilistic Deep Learning byOliver Duerr and Philipp Hennig, O’Reilly Media, 2021.


References Books:
1. Generative Deep Learning: Teaching Machines to Paint, Write, Compose, and Play by David Foster, O’Reilly Media, 2nd Edition.
2. GANs in Action: Deep learning with Generative Adversarial Networks by Jakub Langrand Vladimir Bok, Manning Publications, 2019.
3. Machine Learning: A Probabilistic Perspective by Kevin P. Murphy, MIT Press, 2012.
4. Hands-On Generative Adversarial Networks with Keras by Rafael Valle, Packt Publishing, 2019.
CO-PO Mapping:

	 
	PO1
	PO2
	PO3
	PO4
	PO5
	PO6
	PO7
	PO8
	PO9
	PO10
	PO11
	PO12

	CO1
	3
	2
	1
	2
	1
	2
	2
	2
	1
	1
	1
	1

	CO2
	3
	3
	3
	2
	3
	1
	1
	1
	2
	2
	1
	1

	CO3
	2
	3
	2
	3
	2
	1
	1
	1
	2
	2
	2
	2

	CO4
	2
	1
	1
	2
	1
	3
	3
	3
	1
	2
	2
	2




(1:Low, 2:Medium, 3:High)










SUB_CODE:         SUBJECT:Natural Language ProcessingLabLaboratory (0-0-3:1.5)

	Prerequisites
	· Knowledge of Python programming
· Basic understanding of NLP theory (tokenization, POS tagging, parsing, etc.)
· Familiarity with libraries such as NLTK, spaCy, and scikit-learn



Course Outcomes:

	CO1
	Perform fundamental text preprocessing tasks such as tokenization, stemming, lemmatization, and stopword removal.

	CO2
	Implement and evaluate language models and POS tagging using Python-based NLP libraries.

	CO3
	Build and apply syntactic parsers and named entity recognizers on real-world text.

	CO4
	Develop text classification and sentiment analysis models using machine learning techniques.



Detailed Syllabus

	1. Introduction to NLP libraries (NLTK, spaCy)
2. Stopword removal, POS tagging, and Named Entity Recognition (NER)
3. Text preprocessing: tokenization, stemming, lemmatization
4. N-gram language models and perplexity computation
5. Constituency and Dependency Parsing using spaCy or Stanford NLP
6. Text classification using Naive Bayes and Support Vector Machines
7. Sentiment analysis using scikit-learn and VADER
8. Topic Modelling using Latent Dirichlet Allocation (LDA)
9. Information Extraction (Regex-based and ML-based)
10. Mini-project: Real-world NLP task (e.g., news classification, review mining)



Text Books:
1. Bird, S., Klein, E., &Loper, E. (2009). Natural Language Processing with Python.
2. Jurafsky, D., & Martin, J.H. (2021). Speech and Language Processing, 3rd Edition (Draft).

Reference Books:
1. Goldberg, Y. (2017). Neural Network Methods in Natural Language Processing.
2. Eisenstein, J. (2019). Introduction to Natural Language Processing.

CO-PO Mapping: (1:Low, 2:Medium, 3:High)

	 
	PO1
	PO2
	PO3
	PO4
	PO5
	PO6
	PO7
	PO8
	PO9
	PO10
	PO11
	PO12

	CO1
	1
	3
	2
	2
	1
	
	
	
	
	
	
	

	CO2
	2
	3
	3
	2
	2
	
	
	
	
	
	
	

	CO3
	3
	
	3
	3
	
	3
	2
	
	
	
	
	

	CO4
	3
	3
	
	3
	3
	
	2
	
	
	
	
	






























SUB_CODE:              SUBJECT:Big Data Analytics LabLaboratory (0-0-3:1.5)

	Prerequisites
	Should have knowledge of one Programming Language (Java, python and R-Programming preferably), Practice of SQL (queries and sub queries), exposure to Linux Environment.



Course Outcomes:

	CO1
	Identify Big Data, its Business Implicationsand components of Hadoop Eco-System.

	CO2
	Access and Process Data on Distributed File System.

	CO3
	Manage Job Execution in Hadoop Environment.

	CO4
	Develop Big Data Solutions using Hadoop Eco System.



Detailed Syllabus

	1.Install Hadoop and Implement the following file management tasks in Hadoop:
Adding files and directories
Retrieving files
Deleting files and directories.
Hint: A typical Hadoop workflow creates data files (such as log files) elsewhere and copies them into HDFS using one of the above command line utilities.

	2. Develop a Mapreduce program to implement Matrix Multiplication.

	3. Develop a Map Reduce program that mines weather data and displays appropriate messages indicating the weather conditions of the day.

	4. Develop a Mapreduce program to find the tags associated with each movie by analyzing movie lens data.

	5. Implement Functions: Count – Sort – Limit – Skip – Aggregate using MongoDB.

	6. Write Pig Latin scripts to sort, group, join, project, and filter the data.

	7. Write about Pig Latin Structure and functions

	8. Use Hive to create, alter, and drop databases, tables, views, functions, and indexes

	9. Implement a word count program in Hadoop and Spark.

	10. Use CDH (Cloudera Distribution for Hadoop) and HUE (Hadoop User Interface) to analyze data and generate reports for sample datasets




Text Books:
1. Boris Lublinsky, Kevin T. Smith, Alexey Yakubovich, Professional Hadoop Solutions.
2. Nathan Marz and James Warren, “BIG DATA- Principles and Best Practices of
Scalable Real-time Systems”.

Reference Books:
1. Jure Leskovec, AnandRajaraman and Jeffrey David Ullman, "Mining of Massive Datasets",Cambridge University Press, 2014.
2. Jason Rutherglen, Dean Wampler, EdwardCapriolo, Programming Hive, O'Reilly

CO-PO Mapping: (1:Low, 2:Medium, 3:High)

	 
	PO1
	PO2
	PO3
	PO4
	PO5
	PO6
	PO7
	PO8
	PO9
	PO10
	PO11
	PO12

	CO1
	3
	3
	3
	
	
	
	
	
	
	
	1
	2

	CO2
	3
	3
	3
	
	
	
	
	
	
	
	2
	3

	CO3
	3
	2
	2
	
	
	
	
	
	
	
	1
	3

	CO4
	3
	2
	2
	
	
	
	
	
	
	
	3
	1



