Algorithm Analysis (Detailed Syllabus)

------------------------------------------------

Introduction:
What is algorithm?

Why analyze algorithms?

RAM Model of computation

Order notations

An example with different algorithms for the Maximum Subsequent Sum problem.

Sorting:
Insertion Sort

Shell Sort

Heap sort

Merge Sort

Quick Sort, Selection Algorithm

Lower bound of sorting

Bucket Sort

Extension of sorting toward non-comparable objects

Disjoint Set ADT:
Equivalence relations

Dynamic equivalence problem

Divide and Conquer Strategy:
Merge Sort, Quick Sort

Integer multiplication

Matrix multiplication

Recurrence Equation:

Telescopic method

Homogeneous recurrence Equation

Inhomogeneous recurrence equation

A well used general formula (Master’s theorem)

Dynamic Programming:
Introduction with Fibonacci Series calculation

0-1 Knapsack Problem

Matrix chain multiplication

Optimal binary tree search

Floyd-Warshal’s algorithm

Greedy Algorithms:

Single processor Aggregate finish time

Multi-processor scheduling

Rational knapsack problem

Huffman coding

Bin packing problem

Closest pair of points in 2 or higher dimensional space

Backtracking algorithm:
Simple example of printing bit strings

0-1 Knapsack problem

Pruning search tree

Bounding function

Turnpike reconstruction problem

UG Self-study & Implement: alpha-beta pruning

Graph Algorithms:

Topological Sort

Queue-based topological sort algorithm

Shortest Path on un-weighted graph

Dijkstra’s algorithm for weighted graph

Proof of D’s algorithm

Modified D’s algorithm for negative weighted graph

D’s algorithm for acyclic graph: Critical path analysis problem

All-pairs shortest path

Maximum flow problem

Minimum Spanning Tree problem: Prim’s and Kruskal’s algorithm

Graph Algorithms (continued):

DFS algorithm 

Finding Articulation points in Bi-connected graph

Euler Circuits

Finding Strongly connected components

String Search problem:
Naïve algorithm

Rabin-Karp scheme

FSA-based algorithm

Knuth-Morris-Pratt algorithm
Fast Fourier Transform:

Complexity theory:
Decidability of problems: Halting problem

NP-class of problems

P-class problems

NP=P question

Polynomial problem reduction

Cook’s theorem, NP-hardness and NP-completeness

NP-completeness FAQ including how to handle NP-hard problems

Examples of NP-completeness proofs:

SAT to 3-SAT

3-SAT to 3-D Matching

Reasoning with Cardinal algebra

Other models of computation: Art. Neural Net, Quantum Computing, DNA computing

ADVANCED MATERIALS:
Grad Self-study & presentation: Linear programming
Grad Self-study & presentation: RSA cryptography algorithm

Algorithms from computational geometry

Approximate string alignment dynamic programming algorithm from bio-informatics

Quantum Computing
Red-black tree

Amortized analysis
Computational geometry
