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distributed data, explicit communications

multicore processors (workstations,laptops), 
cluster of multicore processors interconnected
by a fast communication network.

 
shared data multiprocessing

parallelization inside a multicore processor,
standalone or part of a larger network.
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Bandwidth and Latency
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   multiple processes, multiple data, single program

prompt> mpirun -np 4 pw.x < pw.in > pw.out 

Multiple copies of the code start,input is broadcast, 
data are distributed, work is performed on the local 
data,communication of partial results is frequent. 

High communication needs, reduction of memory/proc 
footprint.
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          a simple example
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psi(npw,nbnd)beta(npw,nproj)
 nbnd  nproj 

 npw 

 npw 

 npw 

 npw 

          a simple example
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psi(npw,nbnd)beta(npw,nproj)
 nbnd  nproj 

 npw 

 npw 

 npw 

 npw 

          a simple example

  

CALL ZGEMM( 'C', 'N', nproj, nbnd, npw, (1.0_DP,0.0_DP), &
                 beta, npwx, psi, npwx, (0.0_DP,0.0_DP), &
                 betapsi, nprojx )
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psi(npw,nbnd)beta(npw,nproj)
 nbnd  nproj 

 npw 

 npw 

 npw 

 npw 

          a simple example

  

CALL ZGEMM( 'C', 'N', nproj, nbnd, npw, (1.0_DP,0.0_DP), &
                 beta, npwx, psi, npwx, (0.0_DP,0.0_DP), &
                 betapsi, nprojx )
CALL mp_sum( betapsi, intra_bgrp_comm )
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       evc(npw,nbnd)                FFT
G(3,ngm) nbnd              G-space        R-space
              
               npw
   
ngm            npw
 
               npw
ngm           
               npw     F(Gx,Gy,Gz)     F(Rx,Ry,Rz)
                         1d fft          2d fft
ngm    igk(ig)         F(Gx,Gy,Rz)     F(Gx,Gy,Rz)
            nl(igk(ig))         fft_scatter

ngm                        fwfft (R → G) 
                           invfft(G → R)



-computation time

         

-communication time

-for large number of processors communication time 
 becomes important and latency becomes dominant

-the number of processors that can be used efficiently
 is limited by nr3 grid dimension !
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  hierarchy of parallelization in PW

mpirun -np $N pw.x -nk $NK -nb $NB -nt $NT -nd $ND
                                    < pw.in > pw.out
 

 -nk (-npool, -npools)   # of k-point pools
 
 -nb (-nband, -nbgrp, -nband_group) # of band groups

 -nt (-ntg, -ntask_groups) # of FFT task groups
 -nd (-ndiag, -northo,-nproc_diag, -nproc_ortho)
                         # of linear algebra groups

             $N = $NK x $NB x $NT x $Nproc_R&G
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   hierarchy of parallelization in PW

-R & G space parallelization
 data are distributed, communication of results is 
 frequent. High communication needs, reduction of 
 processor memory footprint.
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   hierarchy of parallelization in PW

-R & G space parallelization
 data are distributed, communication of results is 
 frequent. High communication needs, reduction of 
 processor memory footprint.
 
-K-point parallelization
 

 different k-points are completely independent during
 most operations. Needs to collect contributions from
 all k-points from time to time. Mild communication
 needs, no lowering of the processor memory footprint,
 unless all k-point are kept in memory...
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   hierarchy of parallelization in PW

-R & G space parallelization
 data are distributed, communication of results is 
 frequent. High communication needs, reduction of 
 processor memory footprint.
  
-K-point parallelization
 different k-points are completely independent during
 most operations. Needs to collect contributions from
 all k-points from time to time. Mild communication
 needs, no lowering of the processor memory footprint,
 unless all k-point are kept in memory...

-Band parallelization
 different processors deal with different subset of
 the bands. Computational load distributed, no memory
 footprint reduction for now.
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   additional levels of parallelization

-linear algebra parallelization
 diagonalization routines are parallelized.
 The paralelization is done by a dedicated parallel
 communicator. It only affects the diagonalization of
 the small dense matrices build by Davidson or ParO 
 methods. 

-task group parallelization
 FFT data are redistributed to perform multiple FFTs
 at the same time. Needed when number of processors 
 is large compared with FFT dimension (nr3).
 It complicates the code significantly and interferes
 with band paralellization. Only applies to wfc FFTs,
 not to rho & potential FFTs.
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   additional levels of parallelization

-linear algebra parallelization
 diagonalization routines are parallelized.
 The paralelization is done by a dedicated parallel
 communicator. It only affects the diagonalization of
 the small dense matrices build by Davidson or ParO 
 methods. 

-task group parallelization
 FFT data are redistributed to perform multiple FFTs
 at the same time. Needed when number of processors 
 is large compared with FFT dimension (nr3).
 It complicates the code significantly and interferes
 with band paralellization. Only applies to wfc FFTs,
 not to rho & potential FFTs.
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                 FFT

            
    

          
 F(Gx,Gy,Gz)     F(Rx,Ry,Rz)
     1d fft             2d fft
 F(Gx,Gy,Rz)     F(Gx,Gy,Rz)
             fft_scatter

 F(Gx,Gy,Gz)       F(Gx,Gy,Rz)       F(Gx,Ry,Rz)
 F(Gx,Gy,Rz)       F(Gx,Ry,Rz)       F(Rx,Ry,Rz)
           

fft_scatter

�������

��	
���
���

5��	���

�����% ����



-computation time

         

-communication time

-for large number of processors communication time 
 grows more slowly, ideally as 

-the number of processors that can be used efficiently
 could be extended well beyond nr3 grid dimension !
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