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1. Program Overview

The Certificate Program in Quantum Computing is a structured, programming-intensive
academic offering designed to provide foundational knowledge, algorithmic
competence, and applied implementation skills in quantum computation.
Delivered on the proprietary Hyper Dimensional Quantum System (HDQS) platform, the
program integrates theoretical constructs with executable quantum circuits, hybrid
optimization frameworks, and system-level quantum architecture modeling.
The curriculum is designed to:

e Establish mathematical and computational foundations

e Develop circuit-level design capability

e Implement canonical quantum algorithms

e Introduce hybrid quantum-classical optimization methods

e Enable applied quantum modeling

e Provide exposure to hyper-dimensional system architectures

2. Learning Outcomes

Upon successful completion, participants will be able to:
e Mathematically represent and manipulate quantum states.
e Construct and execute multi-qubit quantum circuits.
e Analyze quantum measurement distributions and expectation values.
e Implement and interpret standard quantum algorithms.
e Develop parameterized quantum circuits for optimization problems.
e Apply hybrid quantum-classical computational models.

e Utilize the HDQS platform for structured experimentation and project
development.



MODULE 1: Mathematical Foundations of Quantum
Computing

Objective

To develop conceptual clarity and formal understanding of quantum state
representation and probabilistic measurement theory.

Topics Covered

Classical vs Quantum Computational Paradigms
e Qubit Representation in Hilbert Space

e Dirac Notation and State Vectors

e Superposition and Probability Amplitudes

e Measurement Postulate

Expectation Values and Observables

Practical Components
e Single-qubitinitialization and state preparation
e Superposition experiments and probability distribution analysis

e Expectation value computation using rotation gates



MODULE 2: Quantum Gates and Circuit Design
Objective

To enable students to design, execute, and analyze quantum circuits using universal
gate sets.

Topics Covered
e Single-Qubit Gates: X, Y, Z, H, Phase Gates
e Parameterized Rotation Gates (RX, RY, RZ)
e Multi-Qubit Systems
e Controlled Operations (CNOT, Controlled Rotations)
e Circuit Depth and Execution Flow
e Practical Components
e Two-qubit superposition circuits
e Bell state generation and measurement correlation

e Multi-qubit entanglement construction



MODULE 3: Entanglement, Correlation, and State
Analysis
Objective
To examine non-classical correlations and quantify quantum system properties.
Topics Covered

e Entanglement Theory

e GHZ State Construction

e Phase Kickback Mechanism

e Quantum Interference

e Density Matrices

e Purity and Entropy Metrics

Practical Components
e GHZ state implementation and measurement distribution study
e Phase kickback circuit analysis
e Swap test for quantum state fidelity

e State purity and entropy computation



MODULE 4: Fundamental Quantum Algorithms

Objective

To demonstrate algorithmic quantum advantage through formal implementation.

Topics Covered
e Deutsch Algorithm
e Deutsch-Jozsa Algorithm
e Bernstein—-Vazirani Algorithm
e Grover’s Search Algorithm

e Quantum Fourier Transform

Practical Components
e Oracle construction and hidden string recovery
e Amplitude amplification
e Phase encoding and transformation analysis

e Structured QFT circuit execution



MODULE 5: Variational and Hybrid Quantum Algorithms

Objective

To introduce quantum-classical hybrid optimization frameworks for computational
modeling.

Topics Covered
e Variational Principles
e Parameterized Quantum Circuits
e Hamiltonian Construction
e Expectation Estimation

e Classical Optimization Loop Integration

Practical Components
e Mini Variational Quantum Eigensolver (VQE)
e Two-qubit VQE implementation
e Heisenberg model energy minimization
e QAOA for MaxCut

e Hybrid QAOA-VQE optimization model



MODULE 6: Applied Quantum Modeling and
Optimization
Objective
To connect quantum circuits with real-world optimization and modeling problems.
Topics Covered

e Cost Function Engineering

e Portfolio Optimization Hamiltonians

e Ground State Estimation

e Parameter Sweeping Techniques

e Energy Landscape Analysis
Practical Components

e Quantum portfolio optimization model

e Molecular ground state approximation (H, model)

e Variational parameter sweeps and convergence analysis



MODULE 7: Hyper Dimensional Quantum System
Architecture

Objective

To expose students to advanced quantum system architecture beyond standard circuit
simulation.

Topics Covered
e Hyper Qubit Configuration
e Chunk-Based System Modeling
e Hyper-Dimensional Architecture
e Entanglement Routing Mechanisms

e System Metrics and Architecture Evaluation

Practical Components
e Hyper system initialization and configuration
e Architecture metrics extraction
e Hyper teleportation validation

e Fidelity and trace distance analysis



Capstone Project

Participants will:

Design and implement a structured quantum circuit
Define a Hamiltonian or optimization objective
Execute parameter optimization

Analyze results using measurement statistics

Submit a formal technical project report

Platform Access and Academic Resources

Each participant will receive:

Individual Student APl Token for HDQS Platform Access
Two structured quantum datasets for experimentation
Guided coding templates

Capstone project framework

Certificate of Completion

10



