CS445/CS545: Introduction to Quantum Computing
Instructor: Nikos Chrisochoides
Tuesday & Thursday (TTh):      4:30 PM – 5:45 PM
Meeting Place:  ECSB 3316 

Office Hours:    TTh 5:45 PM to 6:45 PM or by appointment (online or in person)

Requirements	 (Willing to think critically; the rest will be covered in class as we need them): 
Basic Linear Algebra and Complex Analysis (Refresh in Class) 
See IBM’s Qiskit page here (you might want to download the Qiskit Textbook)
See Microsoft’s Quantum Katas here or download them from here

What’s the goal?
Build the necessary skills to be quantum-ready in your discipline:
· Participate in the industry’s workforce development activities, such as IBM’s summer programs (see here for 2025 and here for 2024). 
· Jumpstart a project in your discipline (i.e., leverage your subject matter) and create opportunities in Quantum Information Sciences (QIS) as part of your degree.

What: We will learn
Fundamental concepts on quantum information and computation: Quantum bits (qubits), single- and multi-gate circuits, and related concepts like superposition, entanglement, interference, measurements, basic theory, quantum communication protocols, and time-permitted (or as an optional topic) basic algorithms in quantum computing relevant to your studies. In short, we will cover the material required to transition from theory to implementing use cases based on the class's interests. 

How: Science-based, Project-driven & Learning-by-doing
This class relies on learning by doing (Labs are available ahead of the class; for example, we will leverage educational material from IBM: see here and here. Additional relevant collections can be found from past IBM QIS Challenges and Summer Programs, as well as in project-driven learning related to your own studies. 

Textbook
This class does not require a textbook. All the material is online (see here, here, and here)
An example of a good textbook:  Nielsen and Chuang, Quantum Information and Quantum Computation, as well as Lectures (videos from  some basic material, see here)

Class Format
This class could be hybrid (i.e., can include both undergraduate and graduate students) with in-person ONLY meetings. This class relies on the Flipped Classroom Model (for a review paper, see here). Based on students' interests, the participants will prepare ahead of the discussions on agreed-upon topics, approximately following the TBD schedule for the first week of class. 

Evaluation
There will be labs using Python and Jupyter Notebooks. The students are expected to complete a publication-quality paper, for example, see the projects from last year: here and here as well as the years before here,  here and here. The topic of interest is directly related to students’ interests and preferable in quantum computing frontiers. The grade will be based on 25% labs or equivalent micro-certifications (or badges, see here) from the QIS industry, 25% participation, and 50% project (mid-term proposal, final presentation, and paper) or equivalent several micro-certifications from the QIS  industry (see here). 

Course Topics 
We will cover essential topics to help the “transition from basic theory to implementation” and study utility scale aspects for your projects.  The meeting will be broken into three parts:
· Part I: Motivation & Introduction to Quantum Computing: 
Goals: (1) Earn, for example, IBM’s basic QIS badge (see here) and prepare for the following IBM Summer  program (earn a more marketable badge and be quantum-aware)!
· Basics: study quantum information and computation, including quantum bits, single- and multi-gate circuits, and concepts like superposition and entanglement. 
· Programming (items from here will be used in Part II): 
· Preparing your programming environment, see here
· Introduction to Qiskit, see here
· Advanced Circuits see here 
· Optional Quantum Software from Microsoft’s Katas, see here and here (will help with agility across different programming environments in the QIS industry). 
· IBM’s adoption for Qiskit (see here) 
· Part II: Advanced Topics based on students’ interests.
Goals: build a QIS project in your discipline, which is required as a follow-up to be quantum ready. 
· Research Projects Planning
· DARPA Guidelines: see here
· Additional Topics: From QIS Theory to Practice: 
· Anatomy of a quantum computing service:
· For Cloud : see here
· For your Laptop Simulator: see here
· Qiskit Runtime Primitives: see here and for video lecture: see here
· Quantum Circuit Compilation with Qiskit: see here and video lecture see here
· For more Advanced topics see here and here
· Mapping Computational Problems onto Quantum Circuits (see here)
· Part III: specific projects based on choices made in Part II. 
Goal: Solidify your understanding from Part II using project-driven learning related to your current and future academic plans at ODU.
· Preparing a 1-page proposal using DARPA’s effective template, see here
· Presentation with mid-term progress 
· Final presentation and paper. 

Course Schedule: 
Part I (to be completed by 09/30/2026): 
Basics & Learning-by-doing: study quantum information and computation, including quantum bits, single- and multi-gate circuits, and concepts like superposition and entanglement, which are required to be quantum-aware. 
· Weeks 1-2: Technical Onboarding & Infrastructure Initialization
· Set up agile programming environments (consider Gen-AI tools like Antigravity, VS-Code, etc.)  and configure standard Qiskit simulator.
· Initialize 24/7 personalized basic QIS tutoring [1, 2] and baseline tracking through ITAS infrastructure.
· Introduction to Quantum Information Theory: Single (isolated) System (Qubit)
· Classical Information (extended for QIS)
· Quantum state vectors/states (Q_states), measuring Q_states, Operations on Q_states
· Qiskit implementations (and Lab 1: part 1, here) 
· ITAS 24/7 Teaching Assistant (Regular version with videos and Conversational version)

· Multiple Systems
· Background (Linear Algebra)  
· Quantum States extended for multiple qubits in a single quantum circuit
· Qiskit Implementation (and Lab 1: part 2 here) 
· ITAS 24/7 Teaching Assistant (Regular version with videos and Conversational version)

· Additional Optional (Prep for Part II and III): 
· Participate in interdisciplinary AI-based sub-teams and be assigned/agree on formal functional job role.
· Share/locate/prepare dedicated desk space within the CRTCLab to run experiments and build professional research identity.

· Weeks 3-4: Mapping to Industry Basic Standards
· Complete basic IBM QIS budge [2] or Labs 1, 2, and 3 (see Canvas)
· Quantum Circuits in more depth
· Linear Algebra Basics and Projection Operations
· Differences between classical and quantum information
· Qiskit Implementation 
· ITAS 24/7 Teaching Assistant
· Entanglement
· Quantum teleportation
· Superdense coding
· CHSH Inequality 
· Qiskit Implementation 
· ITAS 24/7 Teaching Assistant
· Additional Optional (Prep for Part II and III): 
· Collaborate directly with paired ITAS software agents to generate and test implementation variations of Labs 1, 2, and 3. 
· Draft a 1-page structured research proposal outlining the sub-team's written definition of success.

Part II (to be completed by 10/31/26)
Project-Driven Learning: build a QIS project in your discipline, which is required as a follow-up to be quantum ready.
· Project Thesis Proposal (10/13/26)
· Mid-Term Presentations (10/27/26)

· Weeks 5-6: 
· Conduct literature reviews, for target use-cases from [1], [2], and [3] as well as utility-scale QIS technologies [4], on noisy intermediate-scale quantum architectures. (i.e., identify your project):
· Multi-Agent Intelligent Teaching Assistant System for Quantum Information Science (Izzy, 09/03)
· Continuous High-Dimensional Preconditioning: Topographical preconditioning for complex optimization search spaces. (Dominik 09/10) 
· Quantum Natural Language Processing (QNLP): DisCoCat grammar-aware parsing, pre-group compilation, and LLM-guided controlled sentence rewriting (Brian, 09/24)
· Weeks 7-8:
· Continue Literature review of new topics:
· Medical Image Analysis & GIS Spatial Edge Detection: Quantum Hadamard Edge Detection (QHED) via  2-level spatial decomposition.  (Emmanuel, 10/01)
· Discrete Combinatorial Optimization: Vehicle Routing Problems (VRP) solved via QAOA and wire/gate circuit cutting. (Andrew TBD)
· Quantum Kernel Machine Learning Methods for Track-Based Classification in High-Energy Physics (Emmanuel, RWP, 11/24)
· Additional Optional
· Investigate software agents for automated compiler optimization and circuit co-design workflows.
· Analyze hardware and topological bottlenecks under simulated stress conditions (e.g., Qiskit Fake Backends).

Part III (to be completed by 11/30/26)
Lead multi-disciplinary effort and orchestrate end-to-end quantum computing workflows within a vertically integrated research environment. 
· Complete research project in your discipline and create opportunities in Quantum Information Science as part of your ODU degree.
· Co-author publication-ready academic papers for peer-reviewed international venues and release open-source software packages to establish national research visibility.
· Weeks 9-10: 
· Research presentation of results and writing of the research paper.
· Weeks 11-12: 
· Writing of the research paper and preparation of the final presentation.


