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A distributed memory system 
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A shared memory system 
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Hello World! 
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Identifying MPI processes 

 

 
Common practice to identify processes by nonnegative integer ranks. 

 
p processes are numbered 0, 1, 2, .. p-1 
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wrapper script to compile 

source file 
 

 

 

 

 

 

 

 

produce 

debugging 

information 

 

 

create this executable file name 

(as opposed to default a.out) 

 

turns on all warnings 

Compilation 
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mpiexec -n <number of processes> <executable> 
 
 

 

 

mpiexec -n 1 ./mpi_hello 

 
run with 1 process 

mpiexec -n 4 ./mpi_hello 

 
Execution 

 

run with 4 processes 
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mpiexec -n 4 ./mpi_hello 

Greetings from process 0 of 4 ! 

Greetings from process 1 of 4 ! 

Greetings from process 2 of 4 ! 

Greetings from process 3 of 4 ! 

 

 

 

mpiexec -n 1 ./mpi_hello 

Greetings from process 0 of 1 ! 
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MPI Programs 
 

 
Written in C. 

Has main. 

Uses stdio.h, string.h, etc. 

Need to add mpi.h header file. 

Identifiers defined by MPI start with “MPI_”. 

First letter following underscore is uppercase. 

For function names and MPI-defined types. 

Helps to avoid confusion. 
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MPI Components 

 
MPI_Init 

Tells MPI to do all the necessary setup. 

MPI_Finalize 

Tells MPI we’re done, so clean up anything allocated for this program. 
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A collection of processes that can 

send messages to each other. 

 
MPI_Init defines a communicator 

that consists of all the processes 

created when the program is 

started Called 

MPI_COMM_WORLD. 
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number of processes in the communicator 
 

 

 

 

my rank 

(the process making this call) 

Communicators 
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Data types 
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r 
MPI_Send 

src = q 

MPI_Recv 

dest = r 

 
 

 
Message matching 

 
 
 
 
 

 
q 
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Receiving messages 

 
A receiver can get a message without knowing: 

 
the amount of data in the message, 

 
the sender of the message, 

or the tag of the message. 
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MPI_Status* 

 

 

MPI_SOURCE 

MPI_TAG 

MPI_ERROR 

MPI_Status* status; 

 

status.MPI_SOURCE 

status.MPI_TAG 
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Exact behavior is determined by the MPI implementation. 
 

 
MPI_Send may behave differently with regard to buffer size, cutoffs and 

blocking 
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Tasks and communications for Trapezoidal Rule 
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Dealing with I/O 
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unpredictable output 
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Input 
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Collective communication 
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A tree-structured global sum 
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MPI_Reduce 

 

 

 



Department of CSE, ATMECE, Mysuru  

 

 

 
 
 
 
 
 
 

 

 

 
 

 
Predefined reduction operators in MPI 
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Collective vs. Point-to-Point Communications 

 
 
 

All the processes in the communicator must call the same collective function. 

 
For example, a program that attempts to match a call to MPI_Reduce on one process with a call to 

MPI_Recv on another process is erroneous, and, in all likelihood, the program will hang or crash. 
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Example (1) 

 
 
 

 

 
Multiple calls to MPI_Reduce 
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MPI_Allreduce 
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A global sum followed 

by distribution of the 

result. 
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A butterfly-structured global sum. 
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Broadcast 
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A tree-structured broadcast. 
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Compute a vector sum. 
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Different partitions of a 12-component vector among 3 

processes 
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Partitioning options 
 

 
Block partitioning 

Assign blocks of consecutive components to each process. 

 
Cyclic partitioning 

Assign components in a round robin fashion. 

 
Block-cyclic partitioning 

Use a cyclic distribution of blocks of components. 
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Scatter 
 
 

 
MPI_Scatter can be used in a function that reads 

in an entire vector on process 0 but only sends the 

needed components to each of the other 

processes. 
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Collect all of the components of 

the vector onto process 0, and 

then process 0 can process all of 

the components. 
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Matrix-vector multiplication 
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stored as 
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Mpi derived datatypes 



Department of CSE, ATMECE, Mysuru  

 

 

 

 

 



Department of CSE, ATMECE, Mysuru  

 

 

 

 

Performance evaluation 
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Elapsed parallel time 

Elapsed serial time 
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MPI_Barrier 
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Run-times of serial and parallel matrix-vector multiplication 
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Speedup 

 
 
 
 
 
 

 
Efficiency 
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A parallel sorting algorithm 

Serial odd-even transposition sort 

 
Parallel odd-even transposition sort 
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MPI_Ssend 
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MPI_Sendrecv 
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Safe communication with five 

processes 
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 Thank you  


