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Course Details
Classroom	:	Check with my.fiu.edu
Class Time	:	Pending Assignment T/R
Faculty                    	:	Dr. Himanshu Upadhyay
Office Hours           	:	Either scheduled appointment or after class. Please send an email to the instructor to make an appointment. Please include your name, preferred time (provide three if possible), how long it is needed, what to discuss, and other necessary information.
Office	:	10555 W. Flagler Street, EC2142
Phone                    	:	(305) 348-6603
Email	:	upadhyay@fiu.edu
Prerequisite	:	CNT 4153 Machine Learning in ECE
Corequisite	:	None
Textbook (Required) 	:	Robert Loredo, Learn Quantum Computing with Python and IBM Quantum, 2nd Edition
		ISBN 978‑1803244808
		: Eric R. Johnston, Nic Harrigan, and Mercedes Gimeno - 
                                            Segovia, Programming Quantum Computers:        
		 Essential Algorithms and Code Samples, 1st Edition, O’Reilly
		Media.  ISBN 978‑1492039686
Course Materials	:	Available on Canvas
Catalog Description
This course introduces quantum computing and AI fundamentals, with hands-on tools for exploring hybrid models and QML applications in ECE systems. (3 credits) 
Course Objectives
	The primary objective of this course is to provide undergraduate students with a practical and conceptual introduction to Quantum Artificial Intelligence (QAI), emphasizing its emerging applications. Students will gain a foundational understanding of quantum computing concepts—including qubits, superposition, entanglement, and basic quantum gates—and will begin to build and simulate simple quantum circuits using beginner-friendly platforms like IBM Quantum Composer and Qiskit.

Throughout the course, students will explore how quantum computing principles can support basic AI and machine learning tasks such as binary classification, signal processing, and embedded decision-making. They will apply quantum data encoding techniques, simulate hybrid quantum-classical workflows, and gain hands-on experience with Quantum Neural Networks (QNNs) and Variational Quantum Circuits (VQCs). The curriculum emphasizes accessibility, ECE applications, and ethical awareness, preparing students to engage with the evolving field of Quantum AI in their future studies and careers.  

At the end of this course, the students will be able to:
· Explain the core principles of quantum computing, including qubits, entanglement, and quantum logic gates, and compare them with classical computing methods 
· Describe the role of AI in ECE applications and how machine learning models such as classifiers and neural networks can be enhanced through quantum computing
· Build and simulate basic quantum circuits using IBM Quantum Composer and Qiskit, and interpret circuit behavior in visual or code-based formats
· Encode classical data into quantum states using simple methods like basis and angle encoding, and apply these encodings in real-world signal or sensor applications
· Understand and implement elementary quantum-enhanced models such as variational quantum circuits (VQCs) and basic quantum neural networks (QNNs)
· Integrate quantum elements into small-scale hybrid AI pipelines and evaluate their outcomes using basic benchmarks
· Identify current limitations of quantum AI, and reflect on ethical concerns related to the use of QAI
· Present a final project that demonstrates the application of quantum AI techniques to a real or simulated ECE-related task using accessible tools and platforms
Topics Covered:
· Overview of Quantum AI and its applications
· Key concepts in classical machine learning including classification and neural networks
· Fundamental principles of quantum computing including qubits, superposition, and entanglement
· Basic quantum logic gates (X, Z, H, CNOT) and simple circuit design
· Hands-on circuit building using visual tools like IBM Quantum Composer
· Introduction to Qiskit and Python-based simulation of quantum circuits
· Methods for encoding classical data into quantum states using basis and angle encoding
· Introduction to variational quantum circuits (VQCs) and their use in binary classification
· Quantum neural networks (QNNs) and hybrid classical-quantum models
· Conceptual understanding of quantum speedup and Grover’s algorithm
· Building hybrid quantum-classical workflows for signal classification and control applications
· Exploration of quantum programming platforms including IBM Q, AWS Braket, and Pennylane
· Real-world applications of quantum AI in ECE contexts
· Ethical considerations and current limitations of quantum computing and AI technologies
· Future trends and career opportunities in Quantum AI for engineers
Grading Scheme
	Assignment
	Weight

	Quizzes
	15%

	Midterm
	25%

	Final
	25%

	Assignments
	20%

	Projects
	15%

	Total
	100%


Grading Scale
	Letter
	Range (%)
	Letter
	Range (%)
	Letter
	Range (%)
	Letter
	Range (%)
	Letter
	Range (%)

	 A
	100-95
	 B+  
	 86-90  
	 C+
	 75-80  
	 D 
	 60-70  
	 F  
	 0-60  

	 A- 
	 90-95  
	 B  
	 83-86  
	 C  
	 70-75  
	
	
	 
	 

	 
	 
	 B- 
	 80-83  
	
	
	
	
	 
	 


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 to 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
Regulations Concerning an Incomplete Grade
An incomplete grade (IN) may be given: (1) at the discretion of the instructor for work not completed during the semester and not caused by the student’s own negligence, or (2) in matters of alleged academic misconduct per Regulation 2501 Student Conduct and Honor Code.
· Student must contact (e.g., phone, email, Canvas, etc.) the instructor to discuss the possibility of an Incomplete.
· An IN grade may only be awarded to a student when a small portion of the student’s work is missing, not to exceed 50% of the course work, and only when the student is otherwise earning a passing grade.
· The instructor determines the timeline to complete the class, but it cannot exceed two consecutive terms (including summer term) after the initial course, or it will automatically default to an F grade.
· Student must make up the incomplete work through the instructor of the course.
University policies on sexual harassment, and religious holidays, and information on services for students with disabilities
· Please visit the following websites: http://academic.fiu.edu/ and  http://drc.fiu.edu
Course Policies: 
Academic Misconduct: For work submitted, it is expected that each student will submit their 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, but you need to send an email before the class to the instructor. 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 documentation, you are required to email a description of the excuse and absence dates as a written record to upadhyay@fiu.edu or the instructor. 
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 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. 
To get assistance try to see the instructor by an appointment. 
Students are encouraged to ask questions and to discuss course topics with the instructor and with each other. 
Any work submitted should display Panther ID number and should be signed, as the students’ work, and that no unauthorized help was obtained. 
Cell phones, communicators, MP3 players, headsets are not allowed to be used in the class. 
DO NOT send assignments by email. 
The instructor reserves the right to change course materials or dates as necessary.
[bookmark: _heading=h.gjdgxs]Exam policy
· NOTE: There are no makeup exams offered.
· Make sure to complete the assigned homework to do well in the exam.
· All exams are closed book and closed notes. 
· Use of any electronic device with a keyboard is prohibited. This also applies to cellphones with the messaging system. 
· No discussion is permitted during the exams.
· The instructor is not compelled to give credit for something he cannot read or follow logically. 
· Cheating is considered a serious offense. Students who are caught will receive the appropriate consequences. 

Tentative Weekly Schedule

	Material/Period
	Sections
	Assignment
	Assessed

	Week 1
Chapter 1 – Introduction to Quantum AI 
	· What is Quantum AI?
· QAI Applications
	Read Chapter 1

Assignment 1 - Write a short reflection on where you see Quantum AI being used in the future
	Chapter 1 Quiz


	Week 2 
Chapter 2 - Classical AI and Machine Learning Refresher
	· Supervised learning, classification
· Use in embedded systems and sensors
	Read Chapter 2

Assignment 2 - Train a simple logistic regression/classifier in Python using scikit-learn
	Chapter 2 Quiz

	Week 3
Chapter 3 - Basics of Quantum Computing
	· Qubits, superposition, entanglement
· Quantum gates (X, Z, H, CNOT)
	Read Chapter 3

Assignment 3 - Draw simple quantum circuit diagrams for Bell states
	Chapter 3 Quiz

	Week 4 
Chapter 4 – Visual Quantum Programming with IBM Quantum Composer
	· Build and simulate circuits visually
· Bell state example
	Read Chapter 4

Assignment 4 - Use IBM Quantum Composer to build and test a Bell state circuit
	Chapter 4 Quiz

	Week 5
Chapter 5 – Introduction to Qiskit (Python-based Quantum SDK)
	· Qiskit install and basics
· Running basic circuits with code
	Read Chapter 5

Assignment 5 - Write a basic Qiskit script for a 2-qubit Bell circuit
	Chapter 5 Quiz

	Week 6
Chapter 6 – Quantum Data Encoding
	· Why encoding is needed
· Basis encoding and angle encoding
	Read Chapter 6

Assignment 6 - Encode a sample signal (0/1) as quantum states
	Chapter 6 Quiz

	Week 7
	· Review/Midterm covering Chapters 1-6.
· Recap of Qiskit usage and QML pipeline
	Review all assigned assignments 

Assign Project
	Problem solving

	Week 8
Chapter 7 – Variational Quantum Circuits (VQCs)
	· What are VQCs and how they learn
· Applications in classification tasks 
	Read Chapter 7

Assignment 7 - Modify and test a VQC circuit for binary classification
	Chapter 7 Quiz

	Week 9
Chapter 8 - Quantum Neural Networks (QNNs)
	· What is a QNN?
· QNNs for simple classification
	Read Chapter 8

Assignment 8 - Use Pennylane or Qiskit to simulate a QNN on 2D data
	Chapter 8 Quiz

	Week 10
Chapter 9 – Quantum Speedup and Grover’s Algorithm (Conceptual)
	· What is speedup?
· Grover’s algorithm explained visually
	Read Chapter 9

Assignment 9 - Simulate Grover’s algorithm for a 4-item search space
	Chapter 9 Quiz

	Week 11
Chapter 10 – Hybrid Classical-Quantum Workflows
	· Integrating quantum layers in ML pipelines
· Use cases in ECE 
	Read Chapter 10

Assignment 10 - Run a simple hybrid QML pipeline using Qiskit and scikit-learn
	Chapter 10 Quiz

	Week 12
Chapter 11 – Tools and Platforms for Quantum AI
	· IBM Q, AWS Braket, Pennylane
· Job opportunities and career paths
	Read Chapter 11

Assignment 11 - Create a comparison chart of available QAI tools/platforms
	Chapter 11 Quiz

	Week 13
Chapter 12 – Real-World Applications and Case Studies
	· Quantum AI Applications
· Focus on ECE examples

	Read Chapter 12

Assignment 12 - Case study report – summarize a real QAI application
	Chapter 12 Quiz

	Week 14
Chapter 13 – Ethics and Challenges in Quantum AI
	· NISQ limitations
· Responsible use of QAI in engineering systems
	Read Chapter 13

Assignment 13 - Group discussion post – what ethical issues do you foresee in QAI?
	Chapter 13 Quiz

	Week 15
Chapter 14 – Final Project Preparation and Practice
	· Project review
· Peer review and feedback
	Read Chapter 14

Assignment 14 - Final Project Draft Submission
	Chapter 14 Quiz

	Week 16 
	· Review / Final Chapters 7 – 14
· Submit Final Project
· Final Exam
	
	Research Paper &  Presentation
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