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Ry ofoasg:

Innovative University

Subject: Advanced Data Structures and Algorithms - METAI1 1504

Type of course: Minor Stream

Prerequisite: Basic programming fundamentals, data structures & algorithms, and discrete

mathematics.
Rationale:

Efficient data organization and manipulation are fundamental for developing high-performance
intelligent systems. This course focuses on advanced data structure techniques used to manage large
and complex datasets, enabling efficient operations such as searching, sorting, retrieval, and
modification. A deep understanding of these techniques helps learners design scalable algorithms
and optimize computational performance for modern applications in artificial intelligence, big data
analytics, and high-performance computing.

Teaching and Examination Scheme:

Teaching Scheme | Credits Examination Marks
Theory Marks Practical Marks CA Tatal
Cl T P C Marks
ESE MSE A% P ALA
4 0 2 5 60 30 10 20 30 150

Legends: CI-Classroom Instructions; T - Tutorial; P - Practical; C — Credit; ESE - End Semester
Examination; MSE- Mid Semester Examination; V — Viva; CA - Continuous Assessment; ALA- Active
Learning Activities.
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Course Content:

GYANMANIJARI INSTITUTE OF TECHNOLOGY

Sr.
No

Content

Total
Hrs

Yo
Weightage

Dictionaries and Hashing
Introduction to Dictionaries: Definition and Dictionary ADT;
Implementations of Dictionaries.Hashing: Review of Hashing,

Hash Functions, Collision Resolution Techniques — Separate|
 Chaining, Open Addressing (Linear Probing, Quadratic Probing,

Double Hashing), Rehashing, Extendible Hashing; Performance
Analysis of Hashing Techniques.

15

Skip Lists and Randomized Data Structures

Need for Randomized Algorithms and Data Structures; Skip
Lists: Structure, Search, Insertion, and Deletion Operations;
Probabilistic Analysis of Skip Lists; Deterministic Skip Lists;
Applications and Performance Comparison.

Advanced Tree Data Structures

Binary Search Trees: Properties and Operations; AVL Trees;
Red-Black Trees; 2-3 Trees; B-Trees; Splay Trees; Height
Balancing  Techniques; Search, Insertion, Deletion, and
Performance Analysis.

10

String Processing and Text Algorithms

String Operations; Brute-Force Pattern Matching; Boyer-Moore
Algorithm; Knuth-Morris—Pratt (KMP) Algorithm; Standard
Tries; Compressed Tries; Suffix Tries; Huffman Coding
Algorithm; Longest Common Subsequence (LCS); Dynamic
Programming Solutions for LCS.

15

25

Computational Geometry and Recent Trends

One-Dimensional and Two-Dimensional Range Searching;
Priority Search Trees: Construction and Searching; Priority Range
Trees; Quadtrees; k-d Trees; Recent Trends in Hashing, Tree
Structures, and Computational Geometry for solving modern

large-scale data problems.
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Continuous Assessment:

GYANMANIJARI INSTITUTE OF TECHNOLOGY

~ Sr.
. No

Active Learning Activities

Marks

l

' Hashing & Dictionary Implementation Activity: Each student must
~design and implement a Dictionary Abstract Data Type (ADT) using

different hashing techniques. Students should implement at least two

| collision resolution strategies.They must analyze performance based on
 load factor and collision statistics. A detailed report must include code
snippets, dataset used, performance graphs, and conclusions. The final

report should be submitted as a PDF on the institutional portal.

Skip List / Tree-Based Mini Project: Students must prepare an individual
mini-project implementing one advanced data structure from the syllabus
(e.g., Skip Lists, AVL Tree, Red—Black Tree, B-Tree, or Splay Tree). The
project should include insertion, deletion, and search operations and
evaluate performance with randomly generated datasets. The report must
include construction logic, complexity analysis, examples, results, and
visualizations (if possible). The final implementation with documentation
should be uploaded on the portal.

10

String Algorithms & Computational Geometry Self-Learning Activity:
Each student should select a recent research topic related to String
Processing or Computational Geometry (e.g., Compressed Tries, Suffix
Structures, LCS Optimizations, Range Searching Acceleration, k-d Tree
Enhancements). Students must write a 35 page survey paper covering the
concept, significance, recent advancements, challenges, and modern
applications. The survey must cite research papers, case studies, or
technical reports. The completed paper should be submitted in PDF format
on the institutional portal.

10

Total

Suggested Specification table with Marks (Theory):60

Distribution of Theory Marks

(Revised Bloom’s Taxonomy)

Level

R) () (A) ™ | ®

Remembrance | Understanding | Application | Analyze | Evaluate

Create

(©)

Weightage
%

10% 20% 20% 20% 15%

15%
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Course Outcome:

After learning the course the students should be able to:

col Demonstrate understanding of diction

: ary and symbol-table implementations using
advanced hashing techniques. g

| co2 Design, implement, and analyze balanced tree structures including Red—Black Trees,
B-Trees, and Splay Trees.

CO3 De\félop. and evaluate efficient algorithms for text processing and pattern matching
applications.

CO4 Identify suitable data structures and formulate algorithms to solve computational
geometry problems.

cos | Apply advanced data structures and algorithms to design solutions for complex real-world
computational problems.

List of Experiments:

Sr. . .
Nl;) Descriptions Unit No Hrs

Write a program to create a Binary Search Tree (BST) and
1 implement both recursive and non-recursive tree traversals: 1 04
Inorder, Preorder, and Postorder.

Implement any two hashing techniques. Using one selected

2 technique, implement Insert, Delete, and Search operations 1 04
for Hash Table management.
3 Write a program to create an AVL Tree and implement [nsert 3 -

and Delete operations ensuring tree balancing at each step.

Implement a Red-Black Tree and demonstrate insertion and
balancing operations.
Implement a 2-3 Tree with appropriate operations (Insertion

o / Searching). Y 04
p Implement the Boyer—-Moore pattern matching algorithm and 4 -

test it on the content of a text file. -
7 Implement the Knuth-Morris-Pratt (KMP) pattern matching ‘ 02

algorithm and test it on the content of a text file,
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Impl
plement the Longest Common Subsequence (Lcs) |

S i i i
problem using Dynamic Programming. Display the DP table 4
and output the fina] LCS for given strings.

6 Implerflem Skip Lists and perform Insert, Search, and Update .
_operations, 3 i

04

Prepare a report/presentation on recent trends in Hashing, |
10 Advanced Trees, or Computational Geometry, describing

how these techniques are applied to solve modern real-world . 5
problems.

Total 30

Instructional Method:

The course delivery method will depend upon the requirement of content and need of students. The
teacher in addition to conventional teaching method by black board, may also use any of tools such
as demonstration, role play, Quiz, brainstorming, MOOC:s etc.

From the content 10% topics are suggested for flipped mode instruction.

Students will use supplementary resources such as online videos, NPTEL/SWAYAM videos,
e-courses, Virtual Laboratory

The internal evaluation will be done on the basis of Active Learning Assignment

Practical/Viva examination will be conducted at the end of semester for evaluation of performance
of students in laboratory.

REFERENCE BOOKS:

[1] Introduction to Algorithms by Thomas H. Cormen, Charles E. Leiserson, Ronald L. Rivest &
Clifford Stein.

[2] Data Structures and Algorithms in Java by Michael T. Goodrich, Roberto Tamassia & Michael
H. Goldwasser

{3] The Algorithm Design Manual by Steven S. Skiena

[4] Computational Geometry: Algorithms and Applications by Mark de Berg, Mare van Kreveld,
Mark Overmars & Otfried Schwarzkopf
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