Department of Electrical and Computer Engineering
CNT 4XXX   Introduction to Quantum Machine Learning

Instructors:		Himanshu Upadhyay, Alexander Pons

Catalog Data:     	Quantum computing is the application of quantum phenomena, such as superposition and entanglement, to perform probabilistic computations in the area of information processing. Quantum Information Processing (QIP) holds the promise of having a significant speed advantage over classical processing. This speed advantage is the natural next step in advancements in Artificial Intelligence / Machine learning (AI/ML) and is conveniently referred to as Quantum Artificial Intelligence (QAI) / Quantum Machine Learning (QML). 
This course will focus on the introduction to the theory and application of quantum machine learning (QML). The students will learn the Principles of Quantum Computing (QC) and Quantum Information Processing (QIP) as well as the Principles of Machine Learning using Quantum Computing. They will get introduced to IBM Qiskit and Pennylane programming environments and will learn concepts of Quantum Algorithms, Quantum Data Encoding, Variational Quantum Algorithms for Machine Learning, and Supervised and Unsupervised Quantum Machine Learning.
Students who successfully complete this course will be able to apply their knowledge in this emerging field and position themselves towards advanced study for success as the future of the computing landscape changes toward QIP.


Office Hour: 		XXXday HH:MM – HH:MM (by appointment)

Email:			upadhyay@fiu.edu

Prerequisites:	CNT 4153 Applied Machine Learning & CNT 4149 Applied Deep Learning

Corequisites:	None

Textbooks	1) Quantum Computing for Computer Scientists by Noson Yanofsky and Mirco Manucci
	2) Quantum Computation and Quantum Information by Michael Nielsen and Isaac Chuang
	3) Hands-On Machine Learning with Scikit-Learn by Aurelien Geron, O’Reilly Media Inc

	
Type:			Elective for all BS students

Course Objectives:	At the end of this course, the students will be able to:
· Differentiate between Classical and Quantum Computing principles and concepts including Qubits, Superposition, and Entanglement. 
· Describe the concepts of Quantum Machine Learning (QML) and differentiate it from Classical Machine Learning.
· Differentiate between Algorithms in Quantum Computing and Classical Computing.
· Design and develop Quantum Computing Algorithm using Quantum Gates and Quantum Circuits. 
· Design and develop fully functioning Quantum Computing programs using Deutsch-Jozsa, Grover’s Search, and Shore’s Factorization Algorithms.
· Design, develop, and execute Code in the IBM Qiskit programming environment in a hands-on manner.
· Describe QML concepts such as Parameterized Quantum Circuits, and have an understanding of the concepts of Expressibility, Entangling Capability, and Hardware Efficiency.
· Understand and describe various Data Encoding techniques such as Basis Encoding, Amplitude Encoding, and Angle Encoding.
· Describe Quantum Supervised and Unsupervised Machine Learning and differentiate it from Classical counterparts.
· Understand and describe features and functionalities in the Pennylane framework including Quantum Kernel Methods and Variational Classifiers. 

Course Learning Outcomes:
At the end of this course, the students will be able to:
· Week 1: Understand the fundamentals of Quantum Machine Learning (QML) and differentiate it from classical ML.
· Week 2-3: Understand principles of Quantum Computing including Qubits, Superposition, and Entanglement. 
· Week 4-5: Understand Quantum Gates and Quantum Circuits                   
· Week 6-7: Learn the IBM Qiskit programming environment.
· Understand Grover’s and Shore’s algorithms.
· Week 8: Understand how Quantum Machine Learning works, and what tasks Quantum Computers are good at.
· Week 9: Understand concepts of Parameterized Quantum Circuits for Machine Learning
· Week 10: Understand Data Encoding concepts in Quantum Machine Learning such as:
· Basis encoding 
· Amplitude encoding
· Week 11: Understand concepts of Supervised and Unsupervised Learning, including:
· Variational classification
· Quantum feature maps and Kernels
· Week 12: Understand the Pennylane framework including:
· Quantum Kernel Methods
· Variational Classifiers



Topics Covered:
· Review of Classical Machine Learning
· Introduction to Quantum Computing and Quantum Information Processing
· Introduction to Quantum Gates and Quantum Circuits
· Introduction to IBM Qiskit
· Programming Simple Quantum Circuits with IBM Qiskit
· Introduction to Grover’s Search Algorithm
· Introduction to Shore’s Factorization Algorithm
· Introduction to Quantum Machine Learning
· Parameterized Quantum Circuits
· Data Encoding concepts in QML
· Basis encoding 
· Amplitude encoding
· Supervised Learning with Quantum Computers
· Variational classification
· Quantum feature maps and Kernels
· Unsupervised Learning with Quantum Computers
· Introduction to the Pennylane framework
· Introduction to Common algorithms in the Pennylane framework including:
· Quantum Kernel Methods
· Variational Classifiers


Grading Scheme

	Grading Scale: NOTE: There are no makeup exams offered
	

	Assignments
	10%

	Quiz 1
	10%         

	Midterm   
	25%         

	Quiz 2
	10%

	Final  
	25%

	Project
	20%



Tentative Grading Scale
	 A  
	100-95  
	 B+  
	 86-89  
	 C+  
	 74-77  
	 D 
	 60-69  

	 A- 
	 90-94  
	 B  
	 82-85  
	 C  
	 70-73  
	 F  
	 0-59  

	 
	 
	 B- 
	 78-81  
	
	
	
	




[bookmark: _Hlk115036971]ABET Relationship of course to program outcomes:

(Select corresponding boxes below to applicable program outcomes for the course.) 
[bookmark: _Hlk114894081]☒ 1. an ability to identify, formulate, and solve complex engineering problems by applying principles of engineering, science, and mathematics.
☒ 2. an ability to apply engineering design to produce solutions that meet specified needs with consideration of public health, safety, and welfare, as well as global, cultural, social, environmental, and economic factors. 
☒ 3. an ability to communicate effectively with a range of audiences.
☐ 4. an ability to recognize ethical and professional responsibilities in engineering situations and make informed judgments, which must consider the impact of engineering solutions in global, economic, environmental, and societal contexts.
☐ 5. an ability to function effectively on a team whose members together provide leadership, create a collaborative and inclusive environment, establish goals, plan tasks, and meet objectives.
☒ 6. an ability to develop and conduct appropriate experimentation, analyze and interpret data, and use engineering judgment to draw conclusions.
☒ 7. an ability to acquire and apply new knowledge as needed, using appropriate learning strategies.


University's Code of Academic Integrity

"Florida International University is a community dedicated to generating and imparting knowledge through excellent teaching and research, the rigorous and respectful exchange of ideas, and community service. All students should respect the right of others to have an equitable opportunity to learn and honestly demonstrate the quality of their learning. Therefore, all students are expected to adhere to a standard of academic conduct, which demonstrates respect for themselves, their fellow students, and the educational mission of the University. All students are deemed by the University to understand that if they are found responsible for academic misconduct, they will be subject to the Academic Misconduct procedures and sanctions, as outlined in the Student Handbook." 
More information can be found at http://academic.fiu.edu/academic_misconduct.html

Department Regulations Concerning Incomplete Grades
To qualify for an Incomplete, a student:
1. Must contact (e.g., by phone, email, etc.) the instructor or secretary before or during the missed portion of the class
2. Must be passing the course prior to that part of the course that is not completed
3. Must make up the incomplete work through the instructor of the course
4. Must see the instructor. All missed work must be finished before the last two weeks of the following term.

University policies: on sexual harassment, religious holidays, and information on services for students with disabilities
http://academic.fiu.edu/
http://drc.fiu.edu

Policies:
· Academic Misconduct: For work submitted, it is expected that each student will submit their own original work. Any evidence of duplication, cheating, or plagiarism will result in at least a failing grade for the course.
· Unexcused Absences: Two unexcused absences are permitted during the term.             More than two will result in the loss of points from your final grade. (1 point per absence above two, 3 points per absence above 5).
· Excused Absences: Only emergency medical situations or extenuating circumstances are excused with proper documentation. After reviewing the documentation, you are required to email a description of the excuse and absence dates as a written record to apons@fiu.edu.
· On Time: As in the workplace, on-time arrival and preparation are required. Two “lates” are equivalent to one absence. (Leaving class early is counted the same as being tardy.)
· Deadlines: Assignments are due at the beginning of the class period on the date specified. Assignments submitted late (within 1 week) will receive half credit.
· DO NOT send assignments by email.
· Instructor reserves the right to change course materials or dates as necessary.
