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Parallel multidimensional FFT(Slab
Decomposition) e

Step 1: 2DFFT on xy plane
X
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Time breakdown

ndividual serial FFT for the first phase and the last phase

Data packing and communication time
Data rearrangement time(if necessary)

Data layout has impact on both serial FFT time and communication
time
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Step 2: Chunk Data into Subarrays

Use MPI subarray datatype for dat
packing
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Dalcin L., Mortensen, M., Keyes, D.E.: Fast parallel multidimendibnest ing advancedmpi. Journal of Parallel
and Distributed Computin$28, 137150 (2019).




Limit of subarray datatype

Only two storage orders is supported(MPI_ORDER_C and
MPI ORDER_FORTRAN)

Which means atrided FFT or a data rearrangement
MPI| does require exact match for datatype between sendract

Thinking of supporting subarray datatype with more flexible
storage orders, implementing4fhight data arrangement

For a 3 D array, there are 6 possible ordeysps xz-y, Vz-X, ¥-X-z,
Z-X-y, 2y-X), represented by tuples(0,1,2), (0,2,1), (1,0,2), (1,2,0),

(2,1,0), (2,0,1) @ ueen’s
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In-flight rearrangement
Consider send type ordered (1, 2, 0) ardvtype ordered (2, 0, 1)

Sending side: The elements in axis 1(y axis) are packed first, then
axis 2(z axis) and axis O (x axis)

Recwside: The data is first unpacked to axis 2 (z axis), the axis 0(x
axis) then axis 1(y axis)

1 2 O
ﬂ ﬂ ﬂ Which isxyzyzxtranspose
2 0 1
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Creating a flexible subarray datatype

NestMPIl _Type create hvectQr

int MP1_Type_create_hvecior

int count,

int blocklength

MPI1_Aintstride,
MPI1_Datatypeldtype,
MPI_Datatypé newtype

Step 2: Chunk Data into Subarrays
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Creating a flexible subarray datatype
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Creating a flexible subarray datatype
Stepl: G@lculating the stride

for(inti=0; i <ndims +4) {
countdi] =subsizef];

If(i ==0) {
stridedi] =primitiveTsize
}
elsef
stridedi] =stridedi-1] * sizefi-1];
}
}
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Creating a flexible subarray datatype
Step2: Create the block with shuffled order

for(inti =0; i <ndims ++) {

int axis=order i];

if(i==0){
MPI_Type_ create hvectfmountgaxig, blocklength stridedaxid, primitiveT, nested );
MPI_Type comm{hestedH);

}

else{
MPI_Type create hvectf@ountdaxid, blocklength strideqdaxid, nestedTi-1], nestedH);
MPI_Type commfhestedH);
MPI_Type_frenested-1);
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Creating a flexible subarray datatype
Step3: append the offset

long offset=0;
for(inti=ndims-1;i1>=0;1--) {
/l int axis = order]; .
Int axis=i;
If(i <ndims-1) {
offset*= sizefaxig;
}

offset +=startdaxiq;
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Experiment setup

Infiniband Mellanox HDR network

2 AMD Rome 7532 CPUs, each with 32
cores

32KB L1 data cache, 512KB L2 cache,
256MB L3 cache

Rocky Linux 8.9 and OpenMPI1 4.1.5
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Experiment setup

For serial FFTs, use FFTW library with flag FFTW_MEASURE
Balance between setup time and execution time
For a 256*256*256 array

FFTW_ESTIMATE FFTW_MEASURE FFTW_PATIENT
Computation time(s) 2.331 0.176 0.170
Set up time(s) 0.03 2.735 239

Minimizing Communication in the Multidimensional FFT, T. Koopman and Bisseling,
SIAM Journal on Scientific computing, Vol,45, 1ss.6(2023)
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Performance Evaluation sfibarray X

12 valid sendeceive order
pairs for the matrix transpose

Use a 2048*2048*2048
complex array

Some performance
degradation compared to
original subarray datatype

Dependent on certain system
configuration
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