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As required for advanced systems on the 2030 horizon…



Application Examples 
multi-domain multi-physics

FDM 
FEM 
FVM 
LBM 

…

RBF/SPH 
PIC 
DSMC 
RKPM 
…

coupling disparate analyses

varying length scales
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large sims on modest hardware



Geometry Virtual Base

Efficiency? Flexibility?
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Calling 
Algorithm

Function 
Override 

Functional Polymorphism 
MESH Specialization

GEOMETRY::position(int n)

MESH::position(int n) 
Defined in memory
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Calling 
Algorithm

Function 
Override 

Functional Polymorphism 
GRID Specialization

GEOMETRY::position(int n)

GRID::position(int n) 
Defined with function
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Generic Spatial Algorithm Example 



Definitions ICCFD10-145

xglobal

xlocal
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Geometry Inheritance 
ICCFD10-145

Concrete class

-useful by itself

Abstract class

-not useful by itself

Abstract class

-not useful by itself

Concrete class

-usefulopencloseddividingregular

? ? ? ? ? ? ? ?



Structured GRID

Orthogonal

Local Tensor

FDM 
FEM 
FVM 
LBM
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Structured TREE
FVM 
…?
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Unstructured MESH
FEM 
FVM 
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Background Geometries Meshing 
RBF 
PIC 
…?
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• Usually 1-way interpolation 

• Often STRUCTURED for efficiency 

• e.g. SDF around reference geometry 



Unstructured NETWORK FEM 
RBF 
PIC 
…?

RBF ex:
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Virtual Function Table (vTable) 
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Numerics Summary

O(60) O(50) O(20)

2020 Predictions:  
• Trees for far-field volumes and background sampling 
• Grids and Meshes for near-field layers 
• Networks for dynamic multi-physics 
• All types required, interacting 
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Preliminary GPU/CPU Benchmarking

Intel i5-4670K CPU ~ $200 
vs 

GTX 780 GPU ~ $300

 GPU w/ good FP64  
about 5x cheaper over lifetime

Other devices such as TPU, FPGA can 
be equally disruptive co-processors

 GPU about 10-30x faster 
but are limited in memory
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Conclusion
• “Orthogonal” concepts leveraging computer science can potentially 

unify traditional and experimental infrastructure with few downsides. 

• 6K lines C++14, ~1/4 of server-side application 

• Types have characteristic strengths and weaknesses, the union 
forming a complete basis for systems analysis. 

• More than five families of numerics were implemented called by 
>100 algorithms. Novel methods underway. 

• 50-fold less memory and IO in structured vs unstructured, 
suggesting comparable speed and size increases. 

• Geometry kernel benefits can be overshadowed by poor solver 
efficiency. Use higher-order (>2) unstructured strategically.
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