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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

BB 594 (H)  Algorithm Design and Analysis (H)

HHEYLR: 5 TR R Department of Computer Science and Engineering

CS216

L EAL R Major Foundational Courses

%72 Spring

FRZEXIE English & Chinese

A2, BlEdR, WHENREES TR A, chens3@sustech.edu.cn
Shan Chen, Associate Professor, Department of Computer Science and Engineering,
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13.

14.

15.

16.

BRI >4 BRI || SEKI5E>] HEERMAER) ISEin)
Delivery Method Lectures || Tutorials Lab/Practical | Other (Please specify) ||Total
224 32 32 64
Credit Hours

%@%f %E‘%;‘Ig* CS109 iIHHFEF#itHEA  Introduction to Computer Programming

Pre-requisites or Other ey oy . ;
Academic Requirements CS203 ¥R 553047  Data Structures and Algorithm Analysis

SRR, HEEIHMR
Courses for which this course | None
is a pre-requisite

HEBERBEARBERER

Cross-listing Dept. Not applicable for other departments beside CS

HFERPAK#H%HP SYLLABUS
# % H#% Course Objectives

This course introduces the fundamental concepts of algorithms through real-world applications and demonstrates how
algorithms are used to solve practical problems in the field of computer science. It aims to help students understand the
process of algorithm design and the importance of algorithms. By the end of the course, students will have mastered
basic techniques for algorithm analysis, complexity theory, and a range of commonly used algorithms, such as greedy
algorithms, divide-and-conquer algorithms, dynamic programming, network flow algorithms, and randomized algorithms.
In addition to gaining theoretical knowledge, students are required to implement these algorithms using programming
languages to enhance their practical skills.
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k%S B2 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 a series of fundamental algorithms such as greedy algorithms, divide-and-conquer algorithms,
dynamic programming, network flow algorithms, and 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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17.  REAREREFER (FEHESUESCHE, MREABZNMATUREE; WHANBFEEREE, 8% HHHEH
EHN
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: Course Introduction and Basics of Algorithm Analysis
Computational Tractability

Asymptotic Order of Growth

A Survey of Common Running Times

Five Representative Problems on Independent Set

[Lab 1] Lab Introduction, Lab Techniques, Amortized Analysis, and solving simple pattern-finding lab problems

Week 2: A First Problem: Stable Matching

Definitions

Gale-Shapley Algorithm

Proof of Correctness

Efficient Implementation

Man Optimality and Woman Pessimality

[Lab 2] Designing stable-matching algorithms to solve lab problems

[Assignment 1] Analyzing an extended stable matching problem

Weeks 3 ~ 5 & Week 6 (15 lecture): Greedy Algorithms

Examples

Scheduling

Optimal Caching

Shortest Paths in a Graph

Minimum Spanning Trees

Single-Link Clustering

Min-Cost Arborescences

Huffman Codes

[Labs 3 ~ 5 & Lab 6A] Designing greedy algorithms to solve lab problems

[Assignment 2] Analyzing Chu-Liu’s algorithm




Week 6 (2" lecture) & Week 7: Divide-and-Conquer

Counting Inversions

Closest Pair of Points

Median and Selection

Integer and Matrix Multiplication

Convolution and FFT

[Lab 6B & Lab 7] Designing divide-and-conquer algorithms to solve lab problems

[Assignment 3] Surveying on FFT applications

Weeks 8 ~ 10: Dynamic Programming

Weighted Interval Scheduling

Segmented Least Squares

Knapsack Problem

RNA Secondary Structure

Sequence Alignment

Shortest Paths with Negative Weights

Distance-Vector Protocols

Negative Cycles

[Labs 8 ~ 10] Designing dynamic-programming algorithms to solve lab problems

[Assignment 4] Analyzing Tarjan's subtree disassembly trick

Weeks 11 ~ 13: Network Flow
Max Flow and Min Cut
Ford-Fulkerson Algorithm
Max-Flow Min-Cut Theorem
Capacity-Scaling Algorithm
Edmonds-Karp Algorithm
Dinitz's Algorithm

Bipartite Matching

Disjoint Paths

Extensions to Max Flow




Survey Design

Airline Scheduling
Image Segmentation
[Labs 11 ~ 12] Designing network-flow algorithms to solve lab problems

[Assignment 5] Analyzing Hungarian algorithm

Week 14 (1%t lecture) & Week 16 (15! lecture): Randomized Algorithms
Content Resolution

Global Min Cut

Load Balancing

MAX 3-SAT

[Lab 13] Designing randomized algorithms to solve lab problems

Week 14 (2" lecture) & Week 15: Computational Intractability
Polynomial-Time Reductions

Reductions by Simple Equivalence

Reductions from Special Case to General Case

Reductions via “Gadgets”

P vs. NP

NP-Complete

[Bonus Lab] Designing algorithms to solve bonus lab problems

[Assignment 6] Proving NP-completeness of some problems using reductions

Week 16 (2" lecture): Review and Preparation for Final Exams

Course Review and Q&A
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18.  #MERHTSEEE Textbook and Supplementary Readings

Jon Kleinberg and Eva Tardos, Algorithm Design, Pearson
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This Course has been approved by the following person or committee of authority
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U MR ERTEBRERMFREFTENA RO 2 EFEER. WXIRIEEETRD,
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15.

16.

BRI Uizsd ABIRAHE || LRIE ] HEFERMEER) pEk=in)
Delivery Method Lectures || Tutorials Lab/Practical ||Other (Please specify) | Total
224 32 32 64
Credit Hours
ﬁ@fﬁﬂf %Eﬁ;‘l%ﬁ other | CS102A THEMURE T Al A Introduction to Computer Programming A
Aczh:gnlzzzski?xuirez\ents 11 Cs203 MR LI S AT Data Structures and Algorithm Analysis
JEEERAE. HEZIHE
Courses for which this course | None

is a pre-requisite

HEBERBEARBERER

Cross-listing Dept. Not applicable for other departments beside CS

HFERPAK#H%HP SYLLABUS
# % H#% 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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Pk I 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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17.

BRENEEHFEAN (WRFESUISCNE, WERERAFN AT, wHRREEEREY, #FHRHEHR
EHN

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

13




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

14




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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b R HESEEE Textbook and Supplementary Readings

Jon Kleinberg and Eva Tardos, Algorithm Design, Pearson
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