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The course information as follows may be subject to change, either during the session because of unforeseen
circumstances, or following review of the course at the end of the session. Queries about the course should be

directed to the course instructor.
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re-requisites - or °11CS203  MRLE K S EIEA T Data Structures and Algorithm Analysis

SRR, HEEIHMR
Courses for which this course | None
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# = B 45 Course Objectives

The course aims to introduces basic concepts on algorithms by looking at the real-world problems that motivate them. It
teaches various design and analysis techniques for problems that arise in computing applications, and encourage the
students to understand the algorithm design process and the role of algorithms in the broader field of computer
sciences. The students will be familiar with major algorithms, such as fundamental graph-based algorithms, greedy
algorithms, divide-and-conquer algorithms, dynamic programming algorithms, and network flow algorithms. In addition,
upon completion of this course, the students should be able to program these algorithms for solving corresponding
problems.
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FiiE %S R Learning Outcomes

Upon completion of this course, students shall have the capabilities of doing:
1) Prove the correctness of algorithms.
2) Analyze the asymptotic order of growth of algorithms.

3) Be familiar with major algorithms like fundamental graph-based algorithms, greedy algorithms, divide-and-conquer
algorithms, dynamic programming algorithms, network flow algorithms and some randomized algorithms.

4) Apply design and analysis methods to the above-mentioned major algorithms.
5) Implement these major algorithms by using a programming language.

6) Understand the algorithm design process.

7) Understand the role of algorithms in the broader field of computer sciences.
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Course Contents (in Parts/Chapters/Sections/Weeks. Please notify name of instructor for course section(s), if
this is a team teaching or module course.)

Week 1: Introduction to Algorithm Design and Analysis
Stable Matching Problem

[Lab 1] Reviewing the Stable Matching algorithm and construction skills of test cases

Week 2: Five Representative Problems
Interval Scheduling

Weighted Interval Scheduling

Bipartite Matching

Independent Set

Competitive Facility Location

[Lab 2] Programming stable matching algorithms

Week 3: Basics of Algorithm Analysis
Computational Tractability
Asymptotic Order of Growth
Common Running Time

[Lab 3] Writing a runtime survey program, and testing the algorithms with n, nlogn, n? and other time complexity.
Observing that how the runtime changes with the increase of the input scale of the problem.

Week 4 &5: Graphs

Graph Traversal

Testing Bipartiteness

Connectivity in Directed Graphs

DAG and Topological Ordering

[Lab 4] Using BFS or DFS to solve some Graph Search Problems

[Lab 5] Using Topological Ordering to solve some common problems, such as courses scheduling or projects planning

Week 6 & 7: Greedy Algorithms
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Interval Scheduling

Interval Partitioning

Scheduling to Minimize Lateness

Optimal Caching

Shortest Paths in a Graph

Minimum Spanning Tree

Clustering

Huffman Codes

[Lab 6] Solving some Interval Scheduling problems

[Lab 7] Using MST to solve some problems, using Huffman to solve some problems

Week 8 & 9: Divide and Conquer

Mergesort

Counting Inversions

Closest Pair of Points

Integer Multiplication

Convolution and FFT

[Lab 8] Implementing a simple application of Divide and Conquer

[Lab 9] Implementing a comprehensive application of Divide and Conquer

Week 10 & 11: Dynamic Programming

Weighted Interval Scheduling

Segmented Least Squares

Knapsack Problem

RNA Secondary Structure

Sequence Alignment

Shortest Paths

[Lab 10] Solving a simple dynamic programming problem; Solving the simple knapsack problem.

[Lab 11] Solving the comprehensive knapsack problem

Week 12 & 13: Network Flow
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Minimum Cut Problem

Maximum Flow Problem

Ford-Fulkerson Algorithm

Good Augmenting Paths

[Lab 12] Explaining Network Flow algorithms and Application Examples

[Lab 13] Solving the comprehensive network problem

Week 14 & 15: Randomized Algorithms

Finding the Global Minimum Cut

Randomized Approximation Algorithm for MAX 3-SAT
Randomized Divide and Conquer

Hashing

Randomized Caching

[Lab 14] Contention Resolution

[Lab 15] Finding the closest pair of points by a randomized approach

Week 16: Review and Preparation for Final Exams

[Lab 16] Review, Q&A
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Bt R ESE%E Textbook and Supplementary Readings

Jon Kleinberg and Eva Tardos, Algorithm Design, Pearson
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TR TRAL TR HERBRS A BLAT
Type of Time % of final Penalty
Assessment score
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Notes

Hi#) Attendance |5 min/per time [[10% |

WERIN
Class
Performance

NI
Quiz

PRI E Projects H
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45 GRADING SYSTEM

MA. +=%%&Z# Letter Grading
OB. —Zic/a# GE/AEIE) Pass/Fail Grading

HREHH#E REVIEW AND APPROVAL
FRERECLE U T THEN R R S H IR

This Course has been approved by the following person or committee of authority




