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— Knowledgebase

— Data Analysis

— Load balancing

— Memory pre-allocation

e Summary
 What we have ... would like



solving parameters to improve PETSc
application’s performance
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 There is no data structure appropriate for all problems.
* PETSc supports:

row 0

— dense storage where each process stores its entries in the . l
usual Array style. row 2
— Compressed sparse row storage, where only the nonzero row 3

values be stored.
I diagonal portions

— Block compressed Sparse row Storage BICER [] off-diagonal portions
. proc 1
— Block Diagonal Storage e 2
proc 3 } proc 3: locally owned rows

proc 4
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Mathematical
Algorithms

matrix’s preconditioner (PC) then to apply the Krylov
Subspace method (KSP)

* Different mathematical algorithms exist either to
calculate the preconditioner (jacobi, LU, etc.) or for the
KSP (GMRES, CG, etc.)
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Solve problem
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Control Solution
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el hbatarh Initialize Aand b
Initialization Processing

Q User code O PETSccode  { Tuning Code




patterns and the matrix size
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Around-Diagonal 9152X9152 8 mpiaij bcgsl bjacobi 189,236794

Around-Diagonal 9152X9152 8 mpiaij bcgs asm 103,648252
Distributed 19242X19242 16 mpiaij bcgs asm 522,155023
Distributed 19242X19242 16 mpiaij bcgs bjacobi  455,43445
Distributed 19242X19242 16 mpiaij bcgs jacobi  459,629514
Distributed 19242X19242 16 mpiaij bcgsl asm 457,210476
Distributed 19242X19242 16 mpiaij bcgsl bjacobi 456,518158
Distributed 19242X19242 16 mpiaij bcgsl jacobi  455,395112
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Diagonal distance = 50%
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} Number of Similar Entries = 39
> Number of Different Entries = 25




Matl
Mat2

T /AN B
Similarity,; = AU B|

Mat.similarity(Fitness)
number of ones in the masked matrix

64 + 64 — number of ones inthe masked matrix

No. Similar No. of Matrix City Block Diagonal
Entries Different Similarity | (Manhattan) | Density
(intersection) | Entries (Fitness) distance Distance
39 25 89 0.4382 25 50%
44 20 84 0.5238 20 60%
: Distance
1-Fitness 1| X Distance (64)




Matl
Mat2

|4 N B

Similarity,; = AU B|

Mat.similarity(Fitness)
number of ones in the masked matrix

64 + 64 — number of ones inthe masked matrix

No. Similar No. of Matrix City Block Diagonal

Entries Different Similarity | (Manhattan) | Density
(intersection) | Entries (Fitness) N. | distance N. Distance

1.4524 0.5618 0.3906 0.5

1.3887 0.4762 0.3125 0.6
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Non uniform Matrix Distribution
using PETSC_DECIDE

Non uniform Matrix Distribution
using Load Balancing Module



value[0] = -1.0; value[1] = 2.0; value[2] =-1.0;
if (rank == 0) {
for (i=1; i<N-2; i++) {
column[0] =i-1; column[1] = i; column[2] = i+1;
MatSetValues(A,1,&i,3,column,value,INSERT _VALUES);

}
}
// Must set also the 0 and N-1 values

MatAssemblyBegin(A,MAT_FINAL_ASSEMBLY);
MatAssemblyEnd(A,MAT_FINAL_ASSEMBLY);

ETSc determine the
matrix cross-processor
distribution
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malloc)
— Allocate the memory for the local sub matrix depending on the most dense
row. (1 malloc)

— Calculate the number of nonzero values per row. And allocate the memory for
the row. (No. rows malloc)

Each local processor loads its own data from the file
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comparison of the input matrix with a set of predefined patterns that are
stored in a knowledgebase

e The load balancing method automatically hands data out to all processes
based on the non zero-value distribution across the matrix

 Choosing the suitable memory pre-allocation method improves memory
utilization and reduces the cost of memory allocation
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e Components for load balancing and memory
preallocation

e We can easily produce a wrapper for PETSc calls

e A more detailed characterization of the hardware
(cache, memory, FLOPS, #cores?)
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