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Course Number COP 4534
Course Name Algorithm Techniques
Credits: 3


Course Prerequisites

COP 3530

Official Catalog Course Description

Basic algorithm design, including greedy algorithms, divide-and-conquer, dynamic programming, randomization, and backtracking. Graph, string, numerical, geometric, and optimization algorithms.

Course Outcomes

Static across all sections

	Outcome (Bloom’s Taxonomy)
	Degree Outcome(s)
	ABET Topic(s)

	Evaluate algorithmic approaches for a given problem by analyzing trade-offs in time complexity, space complexity, and solution quality. (Evaluate)
	B*1, B*2
	ALG

	Solve computational problems effectively by constructing algorithmic solutions using advanced data structures, including linked lists, trees, heaps, hash tables, and graphs. (Create)
	B*2, BS-CS 6
	ALG

	Solve computational problems by applying fundamental algorithmic paradigms, including greedy methods, divide and conquer, dynamic programming, backtracking, and constraint satisfaction. (Apply)
	B*1, BS-CS 6
	ALG, THEO

	Formulate real-world computational problems using graph-based and combinatorial models. (Create)
	B*1, B*2
	ALG

	Employ modern computational tools, such as AI techniques and algorithm visualization tools, to develop solutions to computational problems. (Apply)
	B*2, BS-CS 6
	ALG, TECH




Degree Outcome(s) are only required for assessment courses.  If a course is used to submit assessment data for a degree, it should include the outcome(s) of that degree for which it is used (Page 6).  Other courses can complete this section if they choose.

ABET Topic(s) are only required for required courses in KF-SCIS BS degrees.  They should include topic(s) within the degree program(s) where the course is required (Pages 7-8).  Other courses can complete this section if they choose.

Textbook and Course Materials

Textbook(s): To be determined by the instructor. The selected text(s) should provide sufficient coverage of algorithmic paradigms, graph-based modeling, and complexity analysis consistent with the course of learning outcomes.

Curriculum: Topics and Required Readings

	Topic and Required Reading
	Course Outcome(s)
	Cred Hrs
	Lec Hrs*

	Introduction, Graph Theory, and Complexity Analysis
	CLO1, CLO2, CLO4
	0.4
	5

	Search Algorithms
	CLO2, CLO3, CLO4
	0.4
	5

	Divide and Conquer
	CLO1, CLO3
	0.4
	5

	Greedy Algorithms
	CLO1, CLO3
	0.4
	5

	Constraint Satisfaction and Backtracking
	CLO2, CLO3, CLO4
	0.4
	5

	Dynamic Programming
	CLO1, CLO2, CLO3
	0.6
	7.5

	Network Flow / Advanced Graph Algorithms
	CLO1, CLO2, CLO3, CLO4
	0.4
	5



Note: CLO5 is assessed through assignments rather than dedicated lecture time, consistent with its nature as a cross-cutting competency in the use of modern computational tools.

Goals, Objectives, and Student Expectations

Course Goal
This course provides a comprehensive introduction to algorithm design and analysis, with graph theory serving as a unifying framework for modeling computational problems. Students will develop the ability to design, analyze, and evaluate algorithmic solutions and to construct efficient implementations using appropriate data structures and modern computational tools.

Course Objectives
Upon successful completion of this course, students will be able to: 
· Evaluate algorithmic approaches for a given problem by analyzing tradeoffs in time complexity, space complexity, and solution quality. (Evaluate)
· Solve computational problems effectively by constructing algorithmic solutions using advanced data structures, including linked lists, trees, heaps, hash tables, and graphs. (Create)
· Solve computational problems by applying fundamental algorithmic paradigms, including greedy methods, divide and conquer, dynamic programming, backtracking, and constraint satisfaction. (Apply)
· Formulate real-world computational problems using graph-based and combinatorial models. (Create)
· Employ modern computational tools, such as AI techniques and algorithm visualization tools, to develop solutions to computational problems. (Apply)


Student Expectations
Students entering this course are expected to have completed a data structures course (or an equivalent course) and have solid programming proficiency in at least one language (e.g., Python, C++, or Java). Students should be familiar with fundamental data structures (arrays, linked lists, trees, graphs, and hash tables) as well as basic algorithm analysis concepts such as Big-O notation. Students are expected to actively engage with course materials, complete assignments that integrate both programming and analytical components, and demonstrate independent problem-solving ability, including the responsible and effective use of modern computational tools, such as generative AI.

Weekly schedule
	Week
	Topic and Required Reading
	Course Outcome(s)

	1. 
	Introduction, Fundamentals of algorithmic problem solving, Important problem types, Fundamental data structures.
	CLO2, CLO4

	2. 
	Fundamentals of the analysis of algorithm efficiency,
The analysis framework, Asymptotic notations and efficiency classes, Mathematical analysis of Iterative and Recursive algorithms, Empirical analysis of algorithms.
	CLO1

	3. 
	Brute force algorithmic Design Approach
· Selection sort and bubble sort. 
· Sequential search and brute-force string matching. 
· Closest pair and convex hull problems
	CLO1, CLO3

	4. 
	Exhaustive search Design Approach 
· Travelling Salesman Problem
· Knapsack Problem
· Depth first and breadth first search
· Topological Sort
	CLO2, CLO3, CLO4

	5. 
	Decrease and conquer algorithms
· Insertion sort
· Generating permutations and subsets
· Decrease by a constant factor algorithm
· Fake-coin problem
· Josephus problem 
· Variable size decrease algorithms
	CLO3

	6. 
	Divide and conquer algorithmic design
· Master theorem to solve recursive relations
· Merge sort and Quicksort
· Multiplication of large integers
· Strassen’s matrix multiplication 
· The closest pair and convex hull problems by divide and conquer
	CLO1, CLO3

	7. 
	MIDTERM EXAM
	

	8. 
	Backtracking Approach
· n-Queens Problem
· Hamiltonian Circuit Problem
	CLO3, CLO4

	9. 
	Branch-and-Bound Technique
· Assignment Problem
· Knapsack problem
· TPS problem 
	CLO1, CLO3, CLO4

	10. 
	Greedy design technique
· Prim’s algorithm
· Kruskal’s algorithm
· Dijkstra’s algorithm
· Huffman trees and codes
	CLO1, CLO3, CLO4

	11. 
	Dynamic Programming
· Basic examples
· The Knapsack problem and memory functions
· Optimal binary search trees
· Warshall’s and Floyd’s algorithms for All pairs shortest path
	CLO1, CLO3, CLO4

	12. 
	Dynamic Programming
· Bellman Ford Algorithm
· The maximum flow problem
	CLO1, CLO3, CLO4

	13. 
	Dynamic Programming
· Maximum matching in bipartite graphs
· The stable marriage problem
	CLO3, CLO4

	14. 
	String algorithms
· Brute force string matching
· KMP algorithm
· Robin Karp algorithm
	CLO1, CLO3

	15. 
	Introduction to P, NP, and NP-Complete Problems and the limitations of Algorithm Power
	CLO1, CLO4, CLO5

	16. 
	FINAL EXAM
	


Faculty can override the default and choose to omit this section from their syllabus
Student Evaluation Practices
Students in this course will be evaluated through a combination of quizzes, programming assignments, and paper-based examinations. Quizzes will be administered after major topics to assess students’ understanding of key concepts and algorithmic principles. Homework assignments will require students to implement algorithms that are derived from simplified real-world problems. Through these assignments, students will practice modeling computational problems, selecting appropriate algorithmic techniques, and implementing solutions using suitable data structures. In addition, paper-based exams will evaluate students’ conceptual understanding of algorithm design and analysis. Rather than focusing on writing code, exams will emphasize problem analysis, algorithmic reasoning, and the ability to derive correct solutions through systematic thinking.

Grading Weights
The final course grade will be determined based on the following components:
Quizzes — 20% ：Short quizzes will be administered after major topics to assess students’ understanding of key algorithmic concepts and principles.
Homework Assignments — 40%
 Homework assignments will require students to design and implement algorithms derived from simplified real-world problems. These assignments evaluate students’ ability to model computational problems, select appropriate algorithmic techniques, and implement correct and efficient solutions.
Examinations — 40%
 Paper-based examinations will assess students’ conceptual understanding of algorithm design and analysis. Exams emphasize problem analysis, algorithmic reasoning, and the ability to derive correct solutions through systematic and structured thinking.
Total — 100%
Grading Scale
Final letter grades will be assigned based on the following numeric ranges:
A  95–100
A− 90–94.99
B+ 87–89.99
B  83–86.99
B− 80–82.99
C+ 77–79.99
C  70–76.99
D  60–69.99
F  59.99 or below



Policy for Make-Up Work
Homework assignments may be submitted up to five days after the deadline. Late submissions will incur a penalty of 5% of the assignment grade for each day the submission is late. Homework submitted more than five days after the deadline will not be accepted.
Quizzes and examinations must be completed at the scheduled time and will not have make-up opportunities. Exceptions may be granted only in cases of documented emergencies or university-approved absences in accordance with university policies.

Attendance Standards

Required by the University if the faculty enforces attendance

Faculty can override the default and choose to omit this section from their syllabus if they do not require attendance


Academic Integrity and GenAI

Recommended, but not required, by the University

Faculty can override the default and choose to omit this section from their syllabus 



Supplementary Material

This section can include any material the developer sees as useful to an instructor teaching the course for the first time.


Sample Assignments and Rubrics

Assessment Methods by Topic

Other Helpful Materials


This section will be kept private and faculty can choose which (if any) resources they wish to use in their section(s)




Assessment Assignments and Rubrics

Static, and for assessment courses only

If the course is used to submit assessment data for a degree outcome, include the degree outcome and its corresponding assignment and rubric used for assessment.

This section will be kept private



Reference: Degree Outcomes

KF-SCIS has streamlined degree outcomes across both SACS and ABET.  The list of degree outcomes, by degree, can be summarized by the following table:

	ID
	Degree Outcome

	B* 1
	Analyze a complex computing problem and to apply principles of computing and other relevant disciplines to identify solutions.

	B* 2
	Design, implement, and evaluate a computing-based solution to meet a given set of computing requirements in the context of the program’s discipline.

	B* 3
	Communicate effectively in a variety of professional contexts.

	B* 4
	Recognize professional responsibilities and make informed judgments in computing practice based on legal and ethical principles.

	B* 5
	Function effectively as a member or leader of a team engaged in activities appropriate to the program’s discipline.

	BS-CS 6
	Apply computer science theory and software development fundamentals to produce computing-based solutions.

	BA-CS 6
	Apply software development fundamentals to produce computing-based solutions.

	BS-CY 6
	Apply security principles and practices to maintain operations in the presence of risks and threats.

	BS-DS 6
	Apply theory, techniques, and tools throughout the data science lifecycle and employ the resulting knowledge to satisfy stakeholders’ needs.

	BS-IT 6
	Use systemic approaches to select, develop, apply, integrate, and administer secure computing technologies to accomplish user goals.

	BA-IT 6
	Use systemic approaches to select, integrate, and administer secure computing technologies to accomplish user goals.

	MS-CS 1
	Identify and apply fundamental theories to solve problems within the field of computing.

	MS-CS 2
	Design and implement significant theoretical results that improve efficiency of computing solutions.

	MS-CS 3
	Accurately analyze the complexity of algorithms using rigorous mathematical techniques.

	MS-CY 1
	Apply knowledge of access control and network security to properly authenticate a user.

	MS-CY 2
	Build security properties using block ciphers and encryption modes.

	MS-CY 3
	Describe public-key encryption systems and their security properties.

	MS-DS 1
	Analyze and visualize a dataset using modern toolkit(s). 

	MS-DS 2
	Communicate effectively within the field of data analytics (oral).

	MS-DS 3
	Communicate effectively within the field of data analytics (written). 

	MS-IT 1
	Design, implement and evaluate network security and encryption protocols.

	MS-IT 2
	Recall, recognize and identify integral components of computer-based information systems.

	MS-IT 3
	Create valid software models using well-defined software modeling languages and design principles.

	PhD 1
	Apply broad, fundamental and in-depth knowledge of computer science to make a new contribution to the field.

	PhD 2
	Communicate effectively within the field of computer science (oral).

	PhD 3
	Communicate effectively within the field of computer science (written).



* is a wildcard, i.e. B* means this outcome is used across all Bachelor’s degrees.

When referencing an outcome in the Course Outcomes section, please reference it by ID (i.e. B*2 or MS-CS 1).





Reference: ABET Topics

ABET enforces that a certain set of topics be covered by an accredited degree, with a specific number of credit hours.

Some topics are general, and applicable across all or multiple accredited computing degrees:

	TECH
	All BS
	Techniques, skills and tools necessary for computing practice

	SEC
	All BS
	Principles and practices of security and privacy in computing

	IMP
	All BS
	Local and global impacts of computing solutions on individuals, organizations, and society

	PROJ
	BS-CS, BS-DS and BS-IT
	Major project (requires integration/application of knowledge in earlier coursework)

	ADV
	BS-CY, BS-DS and BS-IT
	Advanced topics that build on fundamentals

	SWEG
	BS-CS and BS-IT
	Software development

	NTWK
	BS-CS and BS-IT
	Network and communication

	INFO
	BS-CS and BS-IT
	Information management




Some are specific to each computing degree.  These are broken down below.

BS-CS

	ALG
	Algorithms and complexity

	THEO
	Computer science theory

	PL
	Concepts of programming languages

	GPL
	General-purpose language

	ARCH
	Computer architecture/organization

	OS
	Operating systems

	PAR
	Parallel and distributed computing

	CBS
	Computing-based systems



BS-CY

	CROSSCUT
	Cross-cutting concepts (confidentiality, integrity, availability, risk, adversarial/systems thinking)

	DATA
	Data security

	SW
	Software security

	COMP
	Component security

	CONN
	Connection security

	SYS
	System security

	HUMAN
	Human security

	ORGZ
	Organizational security

	SOC
	Societal security



BS-DS

	ACQ
	Data acquisition and representation

	MGMT
	Data management

	PREP
	Data preparation and integration

	ANAL
	Data analysis

	MODEL
	Model development and deployment

	VIZ
	Visualization and communication of knowledge obtained from data

	ETHICS
	Data ethics (legitimate use, algorithmic fairness)

	GOV
	Governance (privacy, security, stewardship)

	MATH/STAT
	Applied stats/math (inference, modeling, linear algebra, probability, optimization)

	COMP
	Computing (including data structures and algorithms)

	APPL
	At least one application area




BS-IT

	INFO
	Information management

	INTEG
	Integrated systems

	PLAT
	Platform technologies

	PDGM
	System paradigms

	UE
	User experience design

	WEB
	Web and mobile systems

	EXP
	Experiential learning appropriate to the program





When referencing an outcome in the Course Outcomes section, please reference it by ID (i.e. TECH or SWEG).
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