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1 2 3 4

0

comm.scatter

mpi4py

recvbuf  = comm.scatter(sendbuf, rank_of_root_process)

How to do it…
scatter 

from mpi4py import MPI

comm = MPI.COMM_WORLD
rank = comm.Get_rank()

if rank == 0:
   array_to_share = [1, 2, 3, 4 ,5 ,6 ,7, 8 ,9 ,10] 
           
else:
   array_to_share = None

recvbuf = comm.scatter(array_to_share, root=0)
print("process = %d" %rank + " recvbuf = %d " %array_to_share)



Process-based Parallelism

112

C:\>mpiexec -n 10 python scatter.py

process = 0 variable shared  = 1

process = 4 variable shared  = 5

process = 6 variable shared  = 7

process = 2 variable shared  = 3

process = 5 variable shared  = 6

process = 3 variable shared  = 4

process = 7 variable shared  = 8

process = 1 variable shared  = 2

process = 8 variable shared  = 9

process = 9 variable shared  = 10

How it works…
array_to_share

array_to_share = [1, 2, 3, 4 ,5 ,6 ,7, 8 ,9 ,10]

recvbuf i i
comm.scatter

recvbuf = comm.scatter(array_to_share, root=0)

comm.scatter
 

 

C:\> mpiexec -n 3 python scatter.py

Traceback (most recent call last):

  File "scatter.py", line 13, in <module>

    recvbuf = comm.scatter(array_to_share, root=0)

  File "Comm.pyx", line 874, in mpi4py.MPI.Comm.scatter (c:\users\utente\
appdata
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\local\temp\pip-build-h14iaj\mpi4py\src\mpi4py.MPI.c:73400)

  File "pickled.pxi", line 658, in mpi4py.MPI.PyMPI_scatter (c:\users\
utente\app

data\local\temp\pip-build-h14iaj\mpi4py\src\mpi4py.MPI.c:34035)

  File "pickled.pxi", line 129, in mpi4py.MPI._p_Pickle.dumpv (c:\users\
utente\a

ppdata\local\temp\pip-build-h14iaj\mpi4py\src\mpi4py.MPI.c:28325)

ValueError: expecting 3 items, got 10

mpiexec aborting job...

job aborted:

rank: node: exit code[: error message]

0: Utente-PC: 123: mpiexec aborting job

1: Utente-PC: 123

2: Utente-PC: 123

There's more…
mpi4py

 comm.scatter(sendbuf, recvbuf, root=0)

 comm.scatterv(sendbuf, recvbuf, root=0)

sendbuf recvbuf
comm.send

buf = [data, data_size, data_type]

data data_size data_type
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Collective communication using gather
gather scatter

gather
mpi4py

recvbuf  = comm.gather(sendbuf, rank_of_root_process)

sendbuf rank_of_root_process

1 2

0

3 4

How to do it…

from mpi4py import MPI

comm = MPI.COMM_WORLD
size = comm.Get_size()
rank = comm.Get_rank()
data = (rank+1)**2
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data = comm.gather(data, root=0)
if rank == 0:
   print ("rank = %s " %rank +\
          "...receiving data to other process")
   for i in range(1,size):
      data[i] = (i+1)**2
      value = data[i]
      print(" process %s receiving %s from process %s"\
            %(rank , value , i))

C:\>mpiexec -n 5 python gather.py

rank = 0 ...receiving data to other process

 process 0 receiving 4 from process 1

 process 0 receiving 9 from process 2

 process 0 receiving 16 from process 3

 process 0 receiving 25 from process 4

How it works…
n

data = (rank+1)**2

if rank == 0:
   for i in range(1,size):
      data[i] = (i+1)**2
      value = data[i]
...

data = comm.gather(data, root=0)
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There's more…
mpi4py

 gathering to one task comm.Gather comm.Gatherv comm.gather

 gathering to all tasks comm.Allgather comm.Allgatherv comm.
allgather

Collective communication using Alltoall
Alltoall scatter gather

mpi4py  are Alltoall

 comm .Alltoall(sendbuf, recvbuf)

 comm.Alltoallv(sendbuf, recvbuf)

 comm.Alltoallw(sendbuf, recvbuf)

How to do it…
mpi4py comm.Alltoall

from mpi4py import MPI
import numpy

comm = MPI.COMM_WORLD
size = comm.Get_size()
rank = comm.Get_rank()

a_size = 1
senddata = (rank+1)*numpy.arange(size,dtype=int)
recvdata = numpy.empty(size*a_size,dtype=int)
comm.Alltoall(senddata,recvdata)

print(" process %s sending %s receiving %s"\
      %(rank , senddata , recvdata))
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C:\>mpiexec -n 5 python alltoall.py

process 0 sending [0 1 2 3 4] receiving [0 0 0 0 0] 

process 1 sending [0 2 4 6 8] receiving [1 2 3 4 5]

process 2 sending [ 0  3  6  9 12] receiving [ 2  4  6  8 10]

process 3 sending [ 0  4  8 12 16] receiving [ 3  6  9 12 15]

process 4 sending [ 0  5 10 15 20] receiving [ 4  8 12 16 20]

How it works…
comm.alltoall i sendbuf j

j recvbuf i

Alltotall

2 3 4

64

6 9 12

8

0 1

20

0 3

128

10 15 20

1640

0 5

0 0 0

43

6 8 10

5

0 0

21

2 4

129

12 16 20

1563

4 8

P0

P1

P2

P3

P4

 P0 0 1
P1 2 P2 3 P3 4 P4

 P1 0 P0 2
4 P2 6 P3 8 P4

 P2 0 P0 3
P1 6 9 P3 12 P4

 P3 0 P0 4
P1 8 P2 12 16 P4

 P4 0 P0 5
P1 10 P2 15 P3 20
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There's more…

The reduction operation
comm.gather comm.reduce

mpi4py

comm.Reduce(sendbuf, recvbuf, rank_of_root_process, op = type_of_
reduction_operation)

comm.gather op 
mpi4py

 MPI.MAX

 MPI.MIN

 MPI.SUM

 MPI.PROD

 MPI.LAND

 MPI.MAXLOC  

 MPI.MINLOC  

How to do it…

MPI.SUM
numpy

import numpy
import numpy as np 
from mpi4py import MPI 
comm = MPI.COMM_WORLD 



Chapter 3

119

size = comm.size 
rank = comm.rank

array_size = 3
recvdata = numpy.zeros(array_size,dtype=numpy.int)
senddata = (rank+1)*numpy.arange(a_size,dtype=numpy.int)
print(" process %s sending %s " %(rank , senddata))
comm.Reduce(senddata,recvdata,root=0,op=MPI.SUM)
print ('on task',rank,'after Reduce:    data = ',recvdata)

C:\>mpiexec -n 3 python reduction2.py
 process 2 sending [0 3 6]
on task 2 after Reduce:    data =  [0 0 0]
 process 1 sending [0 2 4]
on task 1 after Reduce:    data =  [0 0 0]
 process 0 sending [0 1 2]
on task 0 after Reduce:    data =  [ 0  6 12]

How it works…
comm.Reduce

recvbuf

comm.Reduce(senddata,recvdata,root=0,op=MPI.SUM)

op=MPI.SUM

P0

P1

P2

0 1 2

20

0 3 6

4

sendbuf

recvbuf

P00 6 2

reduction

MPI.SUM
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 P0

 P1

 P2

i i
P0

P0

How to optimize communication

MPI_COMM_WORLD
0 n-1 n

comm.Create_cart((number_of_rows,number_of_columns))

number_of_rows number_of_columns

How to do it…
M×N

from mpi4py import MPI
import numpy as np
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UP = 0
DOWN = 1
LEFT = 2
RIGHT = 3
neighbour_processes = [0,0,0,0]
if __name__ == "__main__":
    comm = MPI.COMM_WORLD
    rank = comm.rank
    size = comm.size

    grid_rows = int(np.floor(np.sqrt(comm.size)))
    grid_column = comm.size // grid_rows

        
    if grid_rows*grid_column > size:
        grid_column -= 1
    if grid_rows*grid_column > size:
        grid_rows -= 1

    if (rank == 0) :
        print("Building a %d x %d grid topology:"\
              % (grid_rows, grid_column) )
               

    cartesian_communicator = \
                           comm.Create_cart( \
                               (grid_rows, grid_column), \
                               periods=(True, True), reorder=True)
    my_mpi_row, my_mpi_col = \
                cartesian_communicator.Get_coords\
                ( cartesian_communicator.rank ) 

    neighbour_processes[UP], neighbour_processes[DOWN]\
                             = cartesian_communicator.Shift(0, 1)
    neighbour_processes[LEFT],  \
                               neighbour_processes[RIGHT]  = \
                               cartesian_communicator.Shift(1, 1)
    print ("Process = %s \
row = %s \
column = %s ----> neighbour_processes[UP] = %s \
neighbour_processes[DOWN] = %s \
neighbour_processes[LEFT] =%s neighbour_processes[RIGHT]=%s" \
           %(rank, my_mpi_row, \
             my_mpi_col,neighbour_processes[UP], \
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             neighbour_processes[DOWN], \
             neighbour_processes[LEFT] , \
             neighbour_processes[RIGHT]))

C:\>mpiexec -n 4 python virtualTopology.py

Building a 2 x 2 grid topology:

Process = 0 row = 0 column = 0 ----> 

neighbour_processes[UP] = -1 

neighbour_processes[DOWN] = 2 

neighbour_processes[LEFT] =-1 

neighbour_processes[RIGHT]=1

Process = 1 row = 0 column = 1 ----> 

neighbour_processes[UP] = -1 

neighbour_processes[DOWN] = 3 

neighbour_processes[LEFT] =0 

neighbour_processes[RIGHT]=-1

Process = 2 row = 1 column = 0 ----> 

neighbour_processes[UP] = 0 

neighbour_processes[DOWN] = -1 

neighbour_processes[LEFT] =-1 

neighbour_processes[RIGHT]=3

Process = 3 row = 1 column = 1 ----> 

neighbour_processes[UP] = 1 

neighbour_processes[DOWN] = -1 

neighbour_processes[LEFT] =2 

neighbour_processes[RIGHT]=-1

neighbour_processes = -1
neighbour_processes
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How it works…
2×2

 

grid_rows = int(np.floor(np.sqrt(comm.size)))
grid_column = comm.size // grid_rows
    if grid_rows*grid_column > size:
        grid_column -= 1
    if grid_rows*grid_column > size:
        grid_rows -= 1

cartesian_communicator = comm.Create_cart( \ 
    (grid_rows, grid_column), periods=(False, False), reorder=True)
...

i Get_coords()

my_mpi_row, my_mpi_col = cartesian_communicator.Get_coords( cartesian_
communicator.rank )
For each process, in addition to their coordinates, we calculated 
and got to know which processes are topologically closer. For 
this purpose, we used the comm.Shift function comm.Shift (rank_
source,rank_dest)

neighbour_processes[UP], neighbour_processes[DOWN] = \ cartesian_
communicator.Shift(0, 1)

neighbour_processes[LEFT],  neighbour_processes[RIGHT] = \ cartesian_
communicator.Shift(1, 1)
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P0

P2 P3

P1

There's more…
M×N

cartesian_communicator = comm.Create_cart( (grid_rows, grid_column), 
periods=(True, True), reorder=True)

C:\>mpiexec -n 4 python VirtualTopology.py
Building a 2 x 2 grid topology:
Process = 0 row = 0 column = 0 ----> 
neighbour_processes[UP] = 2 
neighbour_processes[DOWN] = 2 
neighbour_processes[LEFT] =1 
neighbour_processes[RIGHT]=1
Process = 1 row = 0 column = 1 ----> 
neighbour_processes[UP] = 3 
neighbour_processes[DOWN] = 3 
neighbour_processes[LEFT] =0 
neighbour_processes[RIGHT]=0
Process = 2 row = 1 column = 0 ----> 
neighbour_processes[UP] = 0 
neighbour_processes[DOWN] = 0 
neighbour_processes[LEFT] =3 neighbour_processes[RIGHT]=3
Process = 3 row = 1 column = 1 ----> 
neighbour_processes[UP] = 1 
neighbour_processes[DOWN] = 1 
neighbour_processes[LEFT] =2 
neighbour_processes[RIGHT]=2
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P0

P2 P3

P1


