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Ax = b 
A is sparse and SPD 

Condition number of A is large, due to large contrast in permeability 
 
 

Applications 
 

• Reservoir simulations 
 

• Porous media flow 
 

• Fictitious domain methods 
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DG Methods 
DG methods are like FVM, but then based on piecewise polynomials 



Coarse corrections 

Mathematical Methods in Fluid Dynamics and Simulation of Giant Oil and Gas Reservoirs 
 

The main idea is to speed up CG using coarse corrections based on p = 0 
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We can switch to deflation by simply skipping a smoothing step 
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The r1/r2/b1/b2-storage scheme 
 
• is applied on every next coarser level till the point that the remaining level is smaller 
than 32 × 32 elements; the last levels are solved in one go on 1 streaming 
multiprocessor (SM) exploiting the benefits of cache 
 
• almost comes for free (only at the beginning and ending of CG we have some overhead 
due to reordering of the data) 
 
• allows for coalesced memory read and write operations throughout the entire CG 
algorithm which yields optimal throughput 
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Kernel throughput up to 250 GB/s (thanks to cache) 
 
• Solver speed up is up to 30× for realistic problems of 1.5 million nodes and up to 40× 
for even larger problems (> 2048 × 2048 nodes) 
 
• Time needed? Merely 10 milliseconds for 7 CG-iterations (vs. 300 ms for C++) 
 
• The fast CUDA solver allows real-time simulation  
 
• Also the RRB-preconditioner can be constructed in real-time and hence varying 
bathymetry across time is supported 
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• Building blocks for fast and robust solvers for pressure systems on the GPU are given 
 

• Deflation can reduce the condition number, number of iterations, and CPU time 
considerably 
 

• High accuracy DG methods can greatly reduce the grid size 
 

• Deflation type solvers lead to scalable solvers for DG problems 
 

• RRB solver leads to scalable convergence for Poisson type problems 
 

• Clever reordering leads to speed up of a factor 40 on the GPU 
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