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Statement of problem 
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 Velocity model V= 1000м/с ... 8000м/с 

 Frequency  1,…, 16Гц 

>9 km 

>9 km 

>4.5 km 

>10 000 sources f 

 Parallelepipedal grid, step is ~30m 

 Perfect Matching Layer (PML) 

 Finite difference approximation 
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Solve the Helmholtz problem 

?u

Solve the symmetric 

complex sparse SLAE 
  nnAxxXBAX nrhs  )dim(,,...,, 1

n> 20*10^6, nrhs>10^4 
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Direct solver outline 
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Sparsity of L-factor 

L 

… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 
… 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

Nested Dissection reordering 
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Low-rank approximation 
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Compressed matrix structure 

 Factorization time (5x speed up) 

 Memory usage (5x compression)  
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Cluster implementation 

Elimination tree 

Parallel computations on 8 cluster nodes: 
 Low-Rank compression 
 Factorization 

8 cluster nodes 
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Cluster implementation 

Elimination tree 

Parallel computations on 8 cluster nodes: 
 Compute Schur complement 
 Low-Rank compression 
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Cluster implementation 

Elimination tree 

Parallel computations on 4 cluster nodes: 
 Compute Schur complement 
 Low-Rank compression 
 Factorization 
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Cluster implementation 

Elimination tree 

Computations on one cluster node: 
 Compute Schur complement 
 Low-Rank compression 
 Factorization 
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Numerical experiments, tests descriptions 

nn 

2*nn 2*nn 

 Geometry:   3D domain ~nn*2nn*2nn 

 Spatial step: const=h in each direction 

 PML width=10points 

 Eps_lowrank=10^(-4.5) 

Homogeneous models 
- various constant velocity models 
- constant frequency  

Heterogeneous models 
- Real high-contrast velocity models 
- various frequencies 
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Real velocity model 

Numerical results were obtained on Shaheen II: 

 (Intel® Xeon® CPU E5-2698 v3 @2.3 GHz, 128 GB RAM) 
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Factorization performance, compressibility factors 

Sound velocity, m/s. 1000 2000 4000 8000 

Points per wavelength 10 20 40 80 

Compressibility factor 4.1 5.3 5.8 6.0 

Factorization time, s. 8 458 4 347 3 537 3 276 

1 2 4 8 

Compressibility factor 5.9 5.8 5.3 4.1 

Factorization time (s) on 3 427 3 638 4 578 9 949 

Table 1: Homogeneous medium, fixed frequency. 

Table 2: RSTZ model. Notice the compressibility factor gets worth with 
increase of frequency, and factorization time respectively increases. 

32 cluster nodes  
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Factorization scalability 
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Solving step scalability 

• Data shown for 128 RHS vectors 

• For RSTZ model, on 128 processes, solving step for one RHS vector takes 0.4 sec 

per vector. 
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Scalability issue 

Reasons of poor factorization scalability on many nodes (>8): 

 

 Weak parallelization of factorization the top-level nodes  

   

  Different factorization jobs of low-level nodes  

 

  High optimization the single-node version of solver => high 

performance of low-level nodes 
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Thank you for attention! 
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