
Introduction to MPI
Basics and Essential Commands



MPI
What is it?

MPI = Message Passing Interface

Is a standard interface for passing data 
between different processes running in 
separate machines connected together

Running the program using MPI:

mpiexec –np 4 executable arguments

Rank 0 1 2 3

Send Recv

Broadcast/scatter

Gather/Reduce

Barrier/wait



MPI
Basics

MPI_Send(p_data,count,datatype,dest,tag,comm)

• p_data is the array of entities to send with size >= count

• count is number of entities to be sent

• dest is a rank we want to send (3 in this example)

• tag is an id to the message so receive can filter it 

Send Recv

Rank 1 3

Rank 3

MPI_Recv

Data

System buffer

Data

Rank 1

MPI_Recv

Data

System buffer



MPI
Basics

MPI_Send(&data,count,datatype,dest,tag,comm)

MPI_CHAR signed char
MPI_SHORT signed short int
MPI_INT signed int
MPI_LONG signed long int
MPI_UNSIGNED_CHAR unsigned char
MPI_UNSIGNED_SHORT unsigned short int
MPI_UNSIGNED unsigned int
MPI_UNSIGNED_LONG unsigned long int
MPI_FLOAT float
MPI_DOUBLE double
MPI_LONG_DOUBLE long double
MPI_BYTE 8 binary digits



MPI
Basics

MPI_Send(&data,count,datatype,dest,tag,comm)

Blocking MPI calls

• MPI_Send returns when data is copied to the buffer

• MPI_Ssend returns when data is received (may avoid the buffer)

Non Blocking MPI calls

• MPI_Isend returns immediately but you may not modify data 
until it transfered

Send Recv

Rank 1 3

ISend IRecv



MPI
Basics

MPI_Send(&data,count,datatype,dest,tag,comm)

• Comm (communicator) is a set of ranks for which the source or destination fields are valid

• MPI_COMM_WORLD is the predefined comm including all available ranks

MPI_Comm_split can be used to split a comm to some smaller ones

from mpi4py import MPI

comm_word = MPI.COMM_WORLD
rank_word = comm_word.Get_rank()
number_of_processes_word = comm_word.Get_size()

sub_comm = comm_word.Split(rank_word>2, 0)
rank=sub_comm.Get_rank()
number_of_processes=sub_comm.Get_size()

print("Hello! I am rank", rank, "of ", number_of_processes, "and", rank_word, " of world")

MPI_COMM_WORLD

Rank 0 1 2 3

sub_comm



MPI Commands

MPI_Init initialize the MPI and must be called
before any MPI call

MPI_Init (&argc,&argv) 

MPI_Finalize terminates the MPI environment
and must be called after all MPI calls

MPI_Finalize ()

from mpi4py import MPI # calls the MPI_Init

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

# calls the MPI_Fianlize at exit



MPI Commands
Size & Rank

MPI_Comm_size(comm,&size)

Gives the number of processes in this comm

MPI_Comm_rank(comm,&rank) 

Gives the rank, or task ID, of this process

from mpi4py import MPI

comm = MPI.COMM_WORLD

rank = comm.Get_rank()

size = comm.Get_size()

print("Hello! I am rank", rank, "of ", size)



MPI Commands
Size & Rank

int number_of_processes; 

int rank; 

MPI_Comm_size (MPI_COMM_WORLD,&number_of_processes);

MPI_Comm_rank(MPI_COMM_WORLD,&rank); 

if (mNumberOfPartitions == 0) 

mNumberOfPartitions = number_of_processes; 

if(rank == 0) { 

CallingMetis(number_of_nodes, number_of_elements, elements_connectivities, part, epart); 

}

Calling metis for partitioning is done only in one rank



MPI Commands
Send & Receive

MPI_Send(&buf,count,datatype,dest,tag,comm)

Blocking send operation which must be used with a 
MPI_Recv in destination

MPI_Recv(&buf,count,datatype,source,tag,comm
,&status)

Blocking receiving operation which must be used with a 
MPI_send in source

from mpi4py import MPI

comm = MPI.COMM_WORLD

rank = comm.Get_rank()

if rank == 0:

data = {7.00, 3.14}

print(data, "to be send to rank 1")

comm.send(data, dest=1, tag=11)

elif rank == 1:

data = comm.recv(source=0, tag=11)

print(data, "received from rank 0")

7.00 3.14

P0 P1

buffer (before)

buffer (after) 7.00 3.14 7.00 3.14



MPI Commands
Send & Receive

Synchronizing data in nodes

CopyToBuffer(send_buffer, LocalNodes[i_color]);

AllocateBuffer(receive_buffer, GhostNodes[i_color]);

MPI_Sendrecv(send_buffer,    send_buffer_size,    MPI_DOUBLE, destination, send_tag, 
receive_buffer, receive_buffer_size, MPI_DOUBLE, destination, receive_tag, 
MPI_COMM_WORLD, &status); 

CopyFromBuffer(receive_buffer, GhostNodes[i_color]);  



MPI Commands
Send & Receive

There are also non blocking version of send and 
receive functions

MPI_Isend (&buf,count,datatype,dest,tag,comm,&request)

Sends the buffer to the destination and continue. 

MPI_Irecv (&buf,count,datatype,source,tag,comm,&request) 

Recives the buffer to the destination and continue.

Please note that you may not use the buffer until 
the transfer (to the internal buffer) is done.

from mpi4py import MPI
import time, sys

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

if rank == 0:
data = {'a': 7, 'b': 3.14}
request = comm.isend(data, dest=1)
print("Doing some local job!")
sys.stdout.flush()
request.wait()
print("Rank 0 after wait")
sys.stdout.flush()

elif rank == 1:
request = comm.irecv(source=0)
print("Siesta!!")
sys.stdout.flush()
time.sleep(5)
data = request.wait()
print("Rank 1 after wait")
sys.stdout.flush()



MPI Commands
Wait

If buffer size lets non blocking functions return and program continues until some barrier

MPI_Wait(&request,&status) 

MPI_Waitsome(incount,&array_of_requests,&outcount, &array_of_offsets,&array_of_statuses) 

MPI_Waitany(count,&array_of_requests,&index,&status) 

MPI_Waitall(count,&array_of_requests,&array_of_statuses) 

MPI_Barrier(comm) from mpi4py import MPI
import time, sys

comm = MPI.COMM_WORLD
rank = comm.Get_rank()
tic = time.monotonic()
time.sleep(rank)
toc=time.monotonic()
print(toc-tic,"Rank",rank,"before barrier") ,sys.stdout.flush()
comm.barrier()
toc=time.monotonic()
print(toc-tic,"Rank",rank,"after barrier") , sys.stdout.flush()



MPI Commands
Broadcast

MPI_Bcast Sends a message from root too all processes

MPI_Bcast (&buffer,count,datatype,root,comm) 

5

P1 P2 P3 P4

buffer (before)

5 5 5 5buffer (after)

from mpi4py import MPI

comm = MPI.COMM_WORLD
rank = comm.Get_rank()
if rank == 0:

data = 5
print(data, "to be broadcast to all ranks")

else:
data = None

print("data before broadcast in rank", rank,":",data)
data=comm.bcast(data, root=0)
print("data after broadcast in rank", rank,":",data)



MPI Commands
Broadcast
int number_of_processes; 
int rank; 

MPI_Comm_size (MPI_COMM_WORLD,&number_of_processes);
MPI_Comm_rank(MPI_COMM_WORLD,&rank); 

if (mNumberOfPartitions == 0) 
mNumberOfPartitions = number_of_processes; 

if(rank == 0) { 
CallingMetis(number_of_nodes, number_of_elements, 

elements_connectivities, npart, epart); 
CalculateDomainsGraph(domains_graph, number_of_elements, 

elements_connectivities, npart, epart); 
colors_number = GraphColoring(domains_graph, colored_graph);

}

// Broadcasting partitioning information 
MPI_Bcast(&colors_number, 1, MPI_INT, 0, MPI_COMM_WORLD); 



MPI Commands
Scatter

MPI_Scatter Distributes a message from root too all processes

MPI_Scatter (&sendbuf,sendcnt,sendtype,&recvbuf,recvcnt,recvtype,root,comm) 

5

P1 P2 P3 P4

senduf (before)

5 7 2 9recvbuf (after)

7

2

9

from mpi4py import MPI

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

if rank == 0:
data = [5,7,2,9]

else:
data = None

print("data before in rank", rank,":",data)
data=comm.scatter(data, root=0)
print("data after in rank", rank,":",data)



MPI Commands
Scatter

int number_of_processes; 
int rank; 

MPI_Comm_size (MPI_COMM_WORLD,&number_of_processes);
MPI_Comm_rank(MPI_COMM_WORLD,&rank); 

if (mNumberOfPartitions == 0) 
mNumberOfPartitions = number_of_processes; 

if(rank == 0) 
{ 

CallingMetis(number_of_nodes, number_of_elements,elements_connectivities, npart, epart); 
CalculateDomainsGraph(domains_graph, number_of_elements,elements_connectivities,npart, epart); 
colors_number = GraphColoring(domains_graph, colored_graph);

}
// Broadcasting partitioning information 
MPI_Bcast(&colors_number, 1, MPI_INT, 0, MPI_COMM_WORLD); 

MPI_Scatter(coloring_send_buffer,colors_number,MPI_INT,neighbours_indices,colors_number,MPI_INT,
0,MPI_COMM_WORLD);



MPI Commands
Gather

MPI_Gather Gathers messages from all processes and put them toghether in root

MPI_Gather (&sendbuf,sendcnt,sendtype,&recvbuf, recvcount,recvtype,root,comm) 

Sendbuf (before)

recvbuf (after) 1

P1 P2 P3 P4

1 4 7 10

4

7

10

from mpi4py import MPI

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

data=rank*3+1

print("data before gather in rank", rank,":",data)
data=comm.gather(data, root=1)
print("data after gatter in rank", rank,":",data)



MPI Commands
Allgather

MPI_Allgather Gathers messages from all processes and broadcast the result to all

MPI_Allgather (&sendbuf,sendcount,sendtype,&recvbuf,recvcount,recvtype,comm) 

P1 P2 P3 P4

senduffer (before) 1 4 7 10

recvbuffer (after) 1

4

7

10

1

4

7

10

1

4

7

10

1

4

7

10

from mpi4py import MPI

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

data=rank*3+1

print("data before gather in rank", rank,":",data)
data=comm.allgather(data)
print("data after gatter in rank", rank,":",data)



MPI Commands
Reduce

MPI_Reduce Applies a reduction task on all tasks and puts
the result in root

MPI_Reduce (&sendbuf,&recvbuf,count,datatype,op,root,comm) 

P1 P2 P3 P4

senduffer (before) 1 4 7 10

recvbuffer (after) 22

from mpi4py import MPI
comm = MPI.COMM_WORLD
rank = comm.Get_rank()
data=rank*3+1
data=comm.reduce(data, root=2, op=MPI.SUM)
print("data after gatter in rank", rank,":",data)

Supported reduce operators

MPI_MAX maximum

MPI_MIN minimum

MPI_SUM sum 

MPI_PROD product 

MPI_LAND logical AND 

MPI_BAND bit-wise AND 

MPI_LOR logical OR

MPI_BOR bit-wise OR 

MPI_LXOR logical XOR 

MPI_BXOR bit-wise XOR 

MPI_MAXLOC max value and location 

MPI_MINLOC min value and location 



MPI Commands
Allreduce

MPI_Allreduce Applies a reduction task on all tasks and broadcasts the result

MPI_Allreduce (&sendbuf,&recvbuf,count,datatype,op,comm) 

P1 P2 P3 P4

senduffer (before) 1 4 7 10

recvbuffer (after) 22 22 22 22

from mpi4py import MPI

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

data=rank*3+1

data=comm.allreduce(data, op=MPI.SUM)
print("data after gatter in rank", rank,":",data)



MPI Commands
Allreduce

A Dot product example

// normal dot product of local values
local_product = Dot(x0,y0)

MPI_Allreduce(&local_product, &global_product, 1, MPI_DOUBLE, MPI_SUM, MPI_COMM_WORLD);



MPI Commands
Scan

MPI_Scan Makes a partial reduction operation

MPI_Scan (&sendbuf,&recvbuf,count,datatype,op,comm) 

P1 P2 P3 P4

senduffer (before) 1 4 7 10

recvbuffer (after) 1 5 12 22

from mpi4py import MPI

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

data=rank*3+1

data=comm.scan(data, op=MPI.SUM)
print("data after gatter in rank", rank,":",data)



MPI Commands
Scan

Calculating the offset 

// The corresponding offset by the sum of the sizes in 
//thread with inferior rank 
MPI_Scan(&free_size, &free_offset, 1, MPI_INT, MPI_SUM, MPI_COMM_WORLD);


