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Ph.D. Programme – Computing Sciences (Computer Sc. & IT)

Paper I: Research Methodology & Special Skills

CSC-141

Course credits: 4




Max. Marks: 


Course duration: 60 Hrs.






CA=  50











SEE= 50

          Total = 100

Duration of Exam: 

CA =1 Hour











SEE= 3 Hour

Objectives:

This course will enable students to understand and known: 

· Research Methodology

· Statistical Methods

· Errors in Observation & calculations

· Numerical Methods 

	Unit
	Topics
	Teaching Hours

	I
	· Research: Meaning, Definition, Methodology, Research process, Criterion of good research  

· Types of Research: Fundamental or Basic, Applied, Historical, Descriptive, Analytical quantitative, qualitative, Conceptual   Experimental, Case study

· Research Design: Meaning, Concepts, need,  designs for different types of research; library, laboratory and field research; Advantages of Designing Research

· Research Problem and Developing Research proposal: Selection of research area and topic, statement of the research problem, its scope, steps involved in defining the problem.

· Literature Search: Reviewing related literature, referencing, abstracting, Computer search, bibliography, evaluation of the problem. 

· Defining concepts, objectives, basic assumptions, delimitations and limitations of the problem, Statement of Hypothesis.    


	12

	II
	· Variables: Independent and dependent variables, qualitative and quantitative variables, discrete and continuous variables, confounding variables, methods of controlling variables. Measurement of variables. 

· Sampling:  Meaning, Characteristics of a good sample design, steps in sampling design, types, advantages

· Techniques of Data Collection: 

· Primary data: Questionnaire, Schedules, Interview observation & other methods
· Secondary data: Reliability, suitability & Adequacy of data. 
· Processing and Analysis of Data: Processing Operations: Editing, coding, classification and tabulation of data, Elements of Data Analysis, Role of statistics in Data Analysis. Statistical Tables 
· Report writing: Types, Format
	12

	III
	· Probability: Basic Aspects, probability of combination of events, probability distribution of random variable

· Statistical Methods: Measures of Central tendency- Arithmetic Mean, absolute measures of dispersion, coefficient of variation.  

· Regression and Correlation: Least square method of fitting a regression line, correlation coefficient(Karl Pearson and Rank). 
	12

	IV
	· Common Distribution functions: Binomial probability distribution, Poisson distribution and normal distribution curve. 

· Errors in Experiments: Errors in observations: random errors, systematic errors; Normal law of errors; Average error, Standard error and probable error; significant figures; percentage error.

· Errors in Calculations: Approximate numbers and significant figures; Rounding of numbers; Absolute and relative errors, Relation between relative Error and significant figures; General formula for Errors; Application of Error formulas to fundamental operations of Arithmetics. 
	12

	V
	· Numerical Analysis: 

Solution of algebraic and transcendental equations:
Bisection method, Regula-Falsi method, Iteration method, Newton-Raphson method, rate of convergence of Newton’s method. 

Newton’s forward and backward formulae of differences, Lagrange’s interpolation formula, Newton’s general interpolation formula. 

Numerical integration: Trapezoidal rule, Simpson’s 1/3rd rule, Simpson’s 3/8th rule and their error estimation.  
	12


 Books recommended:

	1. Allen, R.G.D.(1958) Statistics for Economics, London: Allen & Unwin.



	2. Aberth Oliver, Precise Numerical Methods using C++.


	3. Agarwal, J.C. (1989) Educational Research – An Introduction, New Delhi: Arya Book Depot. 



	4. Agrawal, B.L., Basic statistics, New Delhi: New Age publishers. 



	5. Ahuja Ram (2006) Research Methods, Jaipur: Rawat Publication 



	6. Anderson T.W. An Introduction to Multivariate Statistical Analysis, New Delhi: Wiley Eastern Publication Ltd.



	7. Bernad Oste and Mensing R.W. (1975) Statistics in Research Ames: The Lowa State University Press.



	8. Best John W. and Kahn, James V. (2006) Research in Education, NEW Delhi: Prentice Hall of India.



	9. Best, J.W. (1989) Research in Education, New Delhi, Prentice Hall of India.



	10. Bjorck A., Numerical Methods for Least Squares. 



	11. Bose, Pradip Kumar (1995) Research Methodology, New Delhi:ICSSR



	12. Braun, Robert, Introduction to Instrumental analysis; Mc.Graw Hill.



	13. Burns, Robert B.(2000) Introduction to Research Methods, New Delhi; Sage publications.



	14. Campbell, R. C. (1989) Statistics for Biologist, Cambridge University Press. 



	15. Chandra, S.S. and Sharma, R.K., Research in Education, New Delhi: Atlantis Publishers.



	16. Chapra S.C. and Canale R.P., Numerical Methods for Engineers: With Software and Programming Applications. 

	17. Chattopadhyay, D. and Rakshit, P.C. An Advance course  in Practical Physics Kolkata: New Central Book Agency(P) Ltd. 



	18. Collins, G.W.II., Fundamental Numerical Methods and Data Analysis, Case      

     Western Reserve University Internet resource: www.freetechbooks.com/    

                    fundamental-numerical methods and data-analysis (458:html)

	19. Constantinides Alpis and Mostouf Navid, Numerical Methods for Chemical Engineers with MATLAB. 


	20. E., Balagurusamy, Numerical Methods, Tata Mc. Graw Hill.



	21. Gerald, Applied Numerical Analysis, Addison Wesley Publishing Company



	22. Gourdin, Applied Numerical method, Prentice Hall of India. 



	23. Hagood, M.J. and Price, D.O., Theory of sampling.



	24. Hamming Richard, Numerical Methods for Scientists and Engineers. 



	25.  Hare, Anthony O, Numerical Methods for Physicists.  http://www.teaching.physics.ox.ac.uk/computing/numericalmethods/NMfP.pdf


	26. Jain M.K., and Iyengar, Numerical methods problems and solutions, New Age International Ltd.



	27. Kharab and Guenther, An Introduction to Numerical Methods: A-MATLAB Approach. 


	28. Kothari, C.R. (1989) Research Methodology: Methods and Techniques, Bangalore: Wiley Eastern.



	29. Mahalanobis, P.G., Experiments in Statistical sampling, Calcutta: ISI.



	30. Maron, J.Melvin, Numerical Analysis a Practical Approach, New York. Macmillion Publishing Co.



	31. Peatman, J.G., Descriptive and sampling Statistics.


	32. Prakash, S.(2006) Theory of Sampling, Xeroxa: BIMTECH.



	33. Reddy, C.R., Research Methodology in social sciences, New Delhi: Daya Publishing House.



	34. Ropper, Karl R. (1968) The Logic of Scientific Discovery, London: Hutchinson.



	35. Rosander, A.C.(1965) Elements of Probability and Principles of Statistics, Calcutta: East West Press.

	36. Sarvavanavel, P.(2003) Research Methodology, Allahabad; Kitab Mahal.



	37. Saxena H.C., Finite difference and numerical analysis, New Delhi, S Chand & Co.

   

	38. Scarborough J.B., (1971) Numerical Mathematical Analysis, New Delhi: Oxford & IBH Pub. Co. 



	39. Shanlla K.R. (2002) Research Methodology, New Delhi: National Publishing House.



	40. Sharma & Sharma, Numerical analysis, Agra, Ratan Prakashan Mandir. 



	41. Weatherburu, C.E.A. (1946) A first course in Mathematical Statistics, Cambridge



	42. Young, P.V., (1988) Scientific Social Surveys & Research, New Delhi: Prentice Hall of India.



	43. Yule, G.V. and Kendall, M.G., An Introduction to the theory of statistics.


Paper II: Review of Published Research Work
CSC-142

Course credits: 4




Max. Marks: 


Course duration: 60 Hrs.






CA= 50











SEE= 50

          Total = 100

Duration of Exam: 

CA =1 Hour











SEE= 3 Hour

Objectives:

The candidate will have to review the published research work related to their fields of research, under the guidance of their research supervisors. The candidates may consult different Journals, Books or research articles available in Library or on the internet. They will be required to prepare review reports and give a mid term presentation and a Semester End Seminar for evaluation of the same.

Paper III: Data Analysis & Trends in Computer Science

CSC-143

Course credits: 4




Max. Marks: 


Course duration: 60 Hrs.






CA= 50











SEE= 50

          Total = 100

Duration of Exam: 

CA =1 Hour











SEE= 3 Hour

Objectives:

This course will enable students:

1. To identify the techniques for data analysis.
2. To obtain inputs on report writing and presentation for Computer Sc. Research.
3. To get an overview of the trends, paradigms and services from different domains of Computer Sc.
	Unit
	Topics
	Teaching Hours

	I
	Data Analysis: Sensitivity Analysis with Data Tables, Goal seek, Scenario Manager, Optimization with EXCEL Solver, Introduction to MATLAB, Summarizing Data with Histograms and Descriptive Statistics.

Pivot Tables: Summarizing Data with database statistical functions, using correlation, Multiple Regression, ANOVA, Using Resampling to Analyze Data, Working with charts, Introduction to Statistical Analysis of data.

Significance of Report Writing: Different Steps in writing Report, Layout of the Research Report, Types of Reports, Mechanics of Writing a research Report, Precautions for Writing Research Reports.


	12

	II
	Review of Elementary data Structures: Greedy method, Knapsack problem, job sequencing with deadlines, optimal merge patterns, Dynamic Programming: Multistage graphs Optimal binary search trees, 0/1 knapsack, Reliability design, The traveling salesperson problem, Flow shop scheduling.

Basic search and traversal techniques: The techniques, Code Optimization Biconnected components and depth first search. 

Backtracking: The 8–Queens Problem, Hamiltonian cycles, Knapsack problem.


	12

	III
	Object Oriented Paradigm: Characteristics of object oriented approach, objects, classes, inheritance, reusability, user defined data types, polymorphism, overloading, Comparison between functional and OO Approach.

Object Oriented Methodology: Rumbaugh, Booch, Jacobson, Shaler/Mellor, Coad/Yardon, Patterns & frameworks.

Unified Modeling Language: Basic structures and modeling classes, common modeling techniques, relationships, common mechanism, class diagrams.


	12

	IV
	Distributed Objects and components: From Distributed Objects to components, 3 Tier Client Server Architecture.

CORBA: Distributed Objects, CORBA style, OMG’s object management architecture, CORBA 2.0, CORBA Object Services, CORBA common facilities CORBA business objects.

J2EE: Overview, Multi-tier Architecture, The Enterprise Application Architecture, Clients Sessions management, Web Tier, ELB Tier, J2EE Web Services.


	12

	V
	New Computing Paradigms & Services: Cloud computing, Edge computing, Grid computing, Utility computing.

Introduction to Cloud Computing: Cloud Computing Architectural Framework, Cloud Deployment Models, Virtualization in Cloud Computing, Parallelization in Cloud Computing, Security for Cloud Computing, Cloud Economics.

Basics of Service Models: Software as a Service (SaaS), Infrastructure as a Service (IaaS), Platform as a Service (PaaS).

Foundational Elements of Cloud Computing: Introduction to Grid technology, Browser as a platform (BaaP), Introduction to Web 2.0.


	12


Books recommended:

1. Jinjer Simon, Excel Data Analysis: Your Visual Blueprint for Creating and Analyzing Data, Charts and PivotTables, Wiley, 2007.

2. Wayne L. Winston, Microsoft Excel Data Analysis and Business Modeling
Microsoft Press, 2004.

3. Alfred V. Aho, John E. Hopcroft and Jeffrey D. Ullman, “An introduction to Data structures with Applications”, Tata McGraw-Hill, 36th Edition, 2008.

4. Ellis Horowitz and Sartaj Sahani, “Computer Algorithms”, Galgotia Publications (P) Ltd., 1993.

5. Michael R. Blaha, James R Rumbaugh, Object-Oriented Modeling and Design with UML (2nd Edition), Prentice Hall, 2004.

6. Peter Coad and Edward Yourdon, “Object Oriented Analysis”, 2nd Edition,

Prentice Hall, 1991.

7. Grady Booch, Robert A. Maksimchuk, Michael W. Engel, Bobbi J. Young, Jim Conallen, Kelli A. Houston,  Object-Oriented Analysis and Design with Applications, Addison-Wesley, 2007.

8. Robert Orfali, Dan Harkey, Jerry Edwards, “The Essential Client/Server Survival Guide”, Galgotia Publications.

9. Jim Keogh, “The Complete Reference J2EE”, Tata McGraw-Hill Edition, 2002.

10. James McGovern et al., “J2EE 1.4 Bible”, Wiley Publishing Inc., 2003.

11. Visual Studio .NET Walkthroughs – Microsoft Manual.

12. www.msdn.microsoft.com/netframework

13. Joshy Joseph, Craig Fellenstein, “Grid Computing”, IBM Press, 2004.

14. Fran Berman, Anthony J.G Hey, Geoffrey Fox, “Grid computing: Making the

global infrastructure a reality”, Wiley, ISBN: 0470853190.

15. Michael Miller, Cloud Computing: Web-Based Applications That Change the Way You Work and Collaborate Online, Que; 1st edition, 2008.

16. Toby Velte, Anthony Velte, Robert C. Elsenpeter, Cloud Computing: A Practical Approach, McGrawHill, 2010. 

Paper IV: Software Engineering & Architecture
CSC-144(A)

Course credits: 4




Max. Marks: 


Course duration: 60 Hrs.






CA= 50











SEE= 50

          Total = 100

Duration of Exam: 

CA =1 Hour











SEE= 3 Hour

Objectives:

1. To appreciate the emerging techniques in Software Engineering.

2. To understand the concept of Software Architecture.

3. Identify the role of Software Architecture in Software Engineering.

	
	Topics
	Teaching Hours

	I
	Review of Software Engineering Basics: Life cycle models, Requirement Analysis and specification, Formal requirements specification, System Analysis.

Fundamental issues in Software Design: Goodness of design, cohesions, coupling. 

Function & Object oriented design: Structured design. Overview of object –oriented concepts, UML, CBSE.


	12

	II
	Emerging Web technologies: Web engineering: attributes of web based system and application, web applications engineering layers, web engineering process. 

Software re-engineering, s/w maintenance, process model.

Security Engineering: security concepts, risk management, design and system survivability.


	12

	III
	Emerging technologies: Service oriented software engineering, services as reusable components, engineering and s/w development with services.

Aspect oriented software development: The separations of concerns, aspects, join points & point cuts, S/W Engineering with aspects, Agile methods.

	12

	IV
	Introduction to Software Architecture:  Architecture in the Software Development Life Cycle, Future of software architecture, the role of Software Architecture and Architects in Software Engineering

Elements of Software Architecture: Components, Connectors, Data.

Creating Architecture: Understanding Quality Attributes, Achieving qualities, creating the architecture, Case Study.


	12

	V
	Software Architectural Styles: Pipes and Filters, data abstraction and object oriented organization, Event based, implicit invocation, Layered systems, Repositories, Interpreters, Process control, Other familiar Architectures, Heterogeneous Architectures, Reconstructing Software Architecture.


	12


Books recommended:

1. Mary Shaw, David Garlan,” Software Architecture – Perspectives on an emerging discipline”, PHI, 2006.

2. Len Bass, Paul Clements, Rick Kazman,” Software Architecture in Practice”, Pearson Education, 2003.

3. Richard N. Taylor, Nenad Medvidovic, and Eric M. Dashofy,” Software Architecture: Foundations, Theory, and Practice”, John Wiley & Sons, Inc, 2009.

4. Ian Somerville, “Software Engineering”, Addison Wesley, 8th Edition, 2006.
5. C.Easteal and G.Davies,” Software Engineering Analysis and Design”, Tata McGraw Hill, 6th Edition, 2001.

6. Pressman,” Software Engineering –A Practitioner’s Approach”, 6th Edition, 2009.

7. Richard Fairley,” Software Engineering Concepts”, Tata McGraw Hill, 2001.

8. Pankaj Jalote,” An Integrated Approach to Software engineering”, Narosa Publication, Third Edition, 2010.

Paper IV: Advanced Concepts In Database Systems
CSC-144(B)

Course credits: 4




Max. Marks: 


Course duration: 60 Hrs.






CA= 50











SEE= 50

          Total = 100

Duration of Exam: 

CA =1 Hour











SEE= 3 Hour

Objectives:

This course will enable students: 

· To provide a deeper understanding of Query Processing and Optimization.

· To introduce the fundamental techniques of various types of databases.

· To provide understanding of Data warehousing and Data mining concepts.

· To prepare students for advanced database concepts.

	
	Topics
	Teaching Hours

	I
	Query Processing, Optimization & Database Tuning: Algorithms for Executing Query Operations, Heuristics for Query Optimizations, Estimations of Query Processing Cost, Join Strategies For Parallel Processors, Database Workloads, Tuning Decisions, DBMS Benchmarks, Clustering & Indexing, Multiple Attribute Search Keys, Query Evaluation Plans, Pipelined Evaluations, System Catalogue In RDBMS.


	12

	II
	Extended Relational Model & Object Oriented Database System: New Data Types, User Defined Abstract Data Types, Structured Types, Object Identity, Containment, Class Hierarchy, Logic Based Data Model, Data Log, Nested Relational Model and Expert Database System.


	12

	III
	Distributed Database System: Structure of Distributed Database, Data Fragmentation, Data Model, Query Processing, Semi Join, Parallel & Pipeline Join, Distributed Query Processing In R * System, Concurrency Control In Distributed Database System, Recovery In Distributed Database System, Distributed Deadlock Detection And Resolution, Commit Protocols.


	12

	IV
	Enhanced Data Model For Advanced Applications: Database Operating System, Introduction to Temporal Database Concepts, Spatial and Multimedia Databases, Active Database System, Introduction to Deductive Databases, Database Machines, Basics of Web Databases, Advanced Transaction Models, Issues in Real Time Database Design.


	12

	V
	Data Warehousing and Data Mining: Basic Elements of the Data Warehouse, DBMS vs. data warehouse, Data Warehouse and OLTP Database Design, Differences, Data Warehouse Features, Manage Data, Decision Support System (DSS), Data Warehousing Process.

Data Mining: KDD versus data mining, data mining techniques, functionalities, tools and applications, Data mining query, data and knowledge specification, hierarchy specification, pattern presentation & visualization specification, data mining techniques, tools and applications.

Data Mining Tools and Techniques: Association rules, Clustering techniques, Decision tree knowledge discovery, Introduction to Data Mining Tools.


	12


Books recommended:

1. Majumdar & Bhattacharya,” Database Management System”, TMH.

2. Korth, Silbertz, Sudarshan,” Database Concepts”, McGraw Hill.

3. Elmasri, Navathe,” Fundamentals of Database Systems”, Addison Wesley.

4. Data C J,” An Introduction to Database System”, Addison Wesley.

5. Ramakrishnan, Gehrke,” Database Management System”, McGraw Hill.

6. Bernstein, Hadzilacous, Goodman,” Concurrency Control & Recovery”, Addison Wesley.

7. Ceri & Palgatti,” Distributed Databases”, McGraw Hill.

8. Peter Rob, Carlos Coronel,” Database systems: design, implementation, and management”, Thomson Learning, 2009.

9. Berson, Stephen J. Smith,” Data Warehousing, Data Mining, & Olap”, Tata McGraw-Hill, 2004.

10. C.S.R. Prabhu, Data warehousing:” Concepts, Techniques, Products and Applications”, PHI, 2nd edition, 2006.

11. Jiawei Han & Micheline Kamber,” Data Mining – Concepts & Techniques”, Morgan Kaufmann, 2006.

12. Soumen Chakrabarti, Earl Cox, Ian H. Witten, “Data mining: know it all”, Morgan Kaufmann, 2009.

13. Pang-Ning Tan, Michael Steinbach, and Vipin Kumar,” Introduction to Data Mining”, Addison-Wesley, 2005

Paper IV: Advanced Networking

CSC-144(C)

Course credits: 4




Max. Marks: 


Course duration: 60 Hrs.






CA= 50











SEE= 50

          Total = 100

Duration of Exam: 

CA =1 Hour











SEE= 3 Hour

Objectives:

This course will enable the students,
1. To comprehend circuit and packet switching networks.
2. To appreciate High Speed and Wireless Networks.
3. To gain overall understanding of advanced IP routing protocols.
4. To understand concepts of Security and Cryptography.

	Unit
	Topics
	Teaching Hours

	I
	Protocol Layering: The OSI 7 layer Model, TCP/IP Protocol Layering, Benefits, Components and Functions of each layer.

Circuit Switching Networks: AT & T’s Dynamic Routing Network, Routing in Telephone Network, Dynamic Non Hierarchical Routing, Trunk Status Map Routing, and Real Time Network Routing.
Dynamic Routing: Dynamic Alternative Routing, Distributed Adaptive Dynamic Routing, Optimized Dynamic Routing.


	12

	II
	Packet Switching Networks: Distance Vector Routing, Link State Routing-Inter Domain Routing, Classless Interdomain Routing (CIDR). 

Routing Protocols: Routing Information Protocol (RIP), Interior Gateway Routing Protocol (IGRP), Extended Interior Gateway Routing Protocol (EIGRP), Open Shortest Path First (OSPF).


	12

	III
	High Speed Networks: Routing in optical networks, The optical layer, Node Designs, Network design and operation, Optical layer cost tradeoffs, Routing and wavelength assignment, and Architectural variations, Routing in ATM networks, ATM address structure, ATM Routing, PNNI protocol, PNNI signaling protocol, Deflection Routing, TMN network, TMN framework.


	12

	IV
	Wireless Communications: Media, Multiple Access Protocols, Wireless LAN & WAN, IEEE Standards, VLAN.

Mobile Communication:  Medium Access Control, SDMA, FDMA, TDMA, CDMA.

Telecommunication Systems: GSM, Mobile Services, GSM System Architecture.


	12

	V
	Security and Cryptography: Introduction to Security, Security Attacks, services and Mechanisms, Data Encryption Standard, Symmetric and Asymmetric- key Encipherment, Hash Functions, Digital Signatures, SSL.

Network Security: Authentication Applications, Electronic Mail security, IP Security, Web security, Intruders, Malicious Software, Kerberos, Firewalls.


	12


 Books recommended:

1. M Steen Strub, “Routing in Communication Networks”, PH International, NY 1995.

2. William Stallings, “ISDN & Broadband ISDN with Frame Relay and ATM”, PHI, ND, 2004.

3. William Stallings, “Cryptography and Network Security”, PHI, 2006.

4. “Internetworking Technologies Hand Book”, Fourth Edition, Inc. (CISCO System ILSG Cisco System 2003).

5. William Stallings, “High Speed Networks TCP/IP and ATM Design Principles”, PH International, NY, 1998.

6. Behrouz A. Forouzan, “Data Communications and Networking”, Second Edition TMH, 2003.

7. Charlie Kaufman, Radia Rerlman Mike Specines, “Network Security – Private Communication in a Public World”, PHI (2/e) 2002.

8. Behrouz A. Forouzan, “Cryptography & Network Security”, TMH, 2007.

9. Rick Graziani, Allan Johnson, “Routing Protocols and Concepts”, Pearson Education, Cisco Press, 2008. 

Paper IV: Algorithms and Complexity

CSC-144(D)

Course credits: 4




Max. Marks: 


Course duration: 60 Hrs.






CA= 50











SEE= 50

          Total = 100

Duration of Exam: 

CA =1 Hour











SEE= 3 Hour

Objectives:

This course will enable the students
1. To analyze the complexities of various problems in different domains.
2. To apply the algorithms and design techniques to solve problems.
3. To prove the correctness and analyze the running time of the basic algorithms for

    those classic problems in various domains.

	
	Topics
	Teaching Hours

	I
	Introduction: Algorithm definition and specification, Design of Algorithms, and Complexity of Algorithms, Growth of function, Recurrences, Performance analysis. 

Asymptotic Notations: Asymptotic analysis (best, worst, average cases) of time and space, upper and lower bounds.

Basic concepts of complexity classes: P, NP, NP-hard, NP-complete. 


	12

	II
	Divide and Conquer approach: General Method, Quick Sort, Merge Sort, Strassen’s matrix multiplication, Convex hull algorithms.

Greedy Method: General Method, Knapsack Problem, Tree Vertex Splitting, Job Sequencing with deadlines, Minimum Cost Spanning Trees (Prim’s Algorithm and Kruskal’s Algorithm), Single Source Shortest Path(Dijkstra’s Algorithm).

Branch and bound: The Method, LIFO, FIFO, 0/1 Knapsack problem, traveling salesperson.
	12

	III
	Dynamic Programming: General method, Warshall’s and Floyd’s Algorithms, multistage graphs, all pair shortest path, Single Source shortest path, optimal binary search trees, 0/1 Knapsack, traveling salesman problem, flow shop scheduling, Single Source Shortest Path(Bellman and Ford Algorithm), Reliability Design.

Backtracking:  General Methods, 8 queens problem, n queens problem, sum of subsets, graph coloring, Hamiltonian cycles, knapsack problem.


	12

	IV
	NP Hard and NP Complete Problems: Approximation Algorithms, Pram Algorithms, Mesh Algorithms and Hypercube Algorithms.

Parallel models: Basic concepts, performance Measures, Parallel Algorithms: Parallel computation and complexity, Analysis of Parallel Addition, Parallel Multiplication and division.


	12

	V
	Computational Complexity: Models of Computation, Computability, reductions, hardness, completeness, hierarchy, relationships between complexity classes, Randomized computation and complexity; Logical characterizations, incompleteness, Approximability, Circuit complexity, lower bounds, Parallel computation and complexity, Counting Problems, Probabilistically checkable proofs, Communication complexity, Quantum computation.


	12


Books recommended:

1. Anany Levitin, “Introduction to the Design and Analysis of Algorithm”, Pearson Education Asia, 2003.

2. T.H. Cormen, C.E. Leiserson, R.L. Rivest and C. Stein, “Introduction to Algorithms”, PHI Pvt. Ltd., 2001

3. Sara Baase and Allen Van Gelder, “Computer Algorithms, Introduction to Design and    Analysis”, Pearson Education Asia, 2003.

4. A.V.Aho, J.E. Hopcroft and J.D.Ullman, “The Design and Analysis of Computer Algorithms”, Pearson Education Asia, 2003.

5. Ellis Horowitz, Sarataj Sahni, S. Rajsekaran, ”Fundamentals of Computer Algorithms”, University press.

6. Mark Allen Weiss, “Data Structure & Algorithm Analysis in C++”, Third Edition,     Pearson Education.

7. Y. Langsam, M.J. Angestein and A.M. Tanenbaum, “Data Structures Using C and C++”, Prentice Hall of India. 

