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· Formulation of Governing Equations
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Core Numerical Methods
· Computer Arithmetic and Error Analysis
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· Fixed-Point and Floating-Point
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· Round-off Error
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· Pivoting Strategies
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· Least-Squares Fitting
· Linear Regression
· Nonlinear Regression
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· Stability Considerations
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· Adams-Moulton Methods
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· Dominant Eigenvalue Calculation
· Inverse Power Method
· QR Algorithm
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· Nonlinear Programming
· Lagrange Multipliers
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Modeling and Simulation in Physics
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· Newtonian Mechanics
· Lagrangian Mechanics
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· Leapfrog Algorithm
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· Acceptance Criteria
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· Molecular Dynamics
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· Transport Properties
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· Fluid Mechanics Fundamentals
· The Navier-Stokes Equations
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· Compressible Flow
· Boundary and Initial Conditions
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· Discretization Schemes
· Turbulence Modeling
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· Large Eddy Simulation
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· Numerical Methods
· Shock Waves
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· Cosmological Simulations
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· N-Body Simulations
· Radiative Transfer
· Gravitational Wave Simulations
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· Principles of Parallel Computing
· Concurrency vs Parallelism
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· MISD
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· Load Balancing
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· Parallel Programming Models
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· OpenMP
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· Work Sharing Constructs
· Synchronization
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· CUDA
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· Memory Management
· Thread Hierarchy
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· OpenCL
· Platform Independence
· Device Management
· OpenACC
· Compiler Directives
· Portability
· HPC Architectures
· Clusters and Supercomputers
· Node Architecture
· Interconnect Topologies
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· Torus Networks
· Interconnects
· Network Types
· Latency and Bandwidth
· InfiniBand
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· Parallel File Systems
· Lustre
· GPFS
· I/O Bottlenecks
· Parallel I/O Strategies
· Cloud Computing for HPC
· Performance Optimization and Profiling
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· Identifying Bottlenecks
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· Scalability Testing
· Code Profiling Tools
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· Valgrind
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· Intel VTune
· NVIDIA Nsight
· Memory Optimization
· Data Alignment
· Cache Optimization
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· Vectorization
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· Manual Vectorization
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· Load Balancing
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· Work Distribution Strategies
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Data Analysis and Visualization for Scientific Computing
· Data Management
· Data Types and Structures
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Advanced Topics and Applications
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· Optimization-Based Approaches
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Professional Development and Career Aspects
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· Staying Current with Technology
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