
Ocean Circulation Models

   Discontinuous Galerkin (DG) method for higher order and accuracy 

   Novel quadrature-free scheme for better performance

   Automated code generation for better performance, productivity 

   and portability

   Generated block-structured grids for realistic ocean domains

2D Shallow-water Equations 1

 

GHODDESS (Generation of Higher-Order Discretizations 

Deployed as ExaSlang Specifications) 2

   Uses Python library sympy (analytical differentiation and integral evaluation)

   Contains classes representing triangles and data fields 

   

Generation of Block-structured Grids 5

Modification of the System for Quadrature-free Integration with                                   

Compact representation of SWE in conservative form:

Introducing depth averaged velocity field  

         

             Recasting of nonlinearities into product form
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Tidal Flow near Bahamas
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Adapted workflow:
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Original workflow:

  4

   Efficient code generation for massively parallel applications 

   Parsing ExaSlang code, transforming code elements for 

   low-level optimizations 

   Maps to C++ code with CUDA, MPI and OpenMP 

Current and Future work

   Incorporate p-adaptivity into the quadrature-free formulation

   Scalability and performance on different hardware architectures

   Transfer approaches to 3D ocean models
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2 Station Comparisons
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Simulation Details

   Simulation Time: 10 days
   Time step size: 15 seconds
   Block-structured mesh with 2624 
   elements
   Initial condition: cold start
   Ramped tidal forcing with five tidal 
   components at the open boundary
   DG space: piecewice linear


