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Purpose

● Parallel and Distributed Computing
● Inter-Process Communication/IPC Communication 

Protocol 
● Abstractions for communication
● Standardized/Portable way through libraries, 
● Multi-language implementation: 

○ C, C++, Fortran as well in early days



Message Passing Interface

● Point to point communication between processes
● Collective communication, synchronization over a group 

of processes
● Process Topologies – such as making grids
● Communicators: A namespace for processes
● Runtime profiling/performance measurement interface
● Environment related functions, error handling etc.



The Evolution of MPI

1991 First proposal Beginning of MPI Ideas  (PVM- 1989  was prior to MPI)

1994 MPI 1 standard no shared memory

1996 MPI 2 standard limited distributed ShM

2008 MPI 1.3 (now called MPI 1) 128 functions supported, message passing, static runtime

2009 MPI 2.2 (now called MPI 2) 500+ functions, parallel I/O, dynamic process management, 
remote memory; C,C++,Fortran 90 bindings 

2012 MPI 3 standard explicit shared memory

2015 MPI 3.1 (now called MPI 3) non-blocking extensions to collective operations, one sided 
operations; adds Fortran 2008 bindings

2021,
2024

MPI 4,  MPI 4.1 more refined features



The Original MPI Concepts



Processes

● A process is an independent execution unit
● MIMD style processes
● Typically, each process has its own address space; (SHM implementations of MPI 

are possible)
● Processes communicate via MPI communication primitives
● A process can be sequential, or internally multi-threaded, MPI does not assume 

anything, and MPI is meant to be Thread-SAFE.
○ It means, even if there are multiple threads, it won’t change the meaning.

● Blocking MPI call blocks only the invoking thread.
● Each process is labeled unique RANK. It can be discovered by a call 

MPI_COMM_RANK().
○ If there are 4 processes, ranks can be 0..3.

■ int my_rank;
■ MPI_Comm_rank(MPI_COMM_WORLD, &my_rank);



Distributed Memory Architectures/workstations
Each Process has its own memory, they are connected via 
network; Each process has a different rank



MPIRUN

mpirun executes 4 processes by default; it runs its internal scheduler



MPIRUN

mpirun executes n copies given the argument to it



The test program



SPMD Idea
  Each program does something different!





Knowing the number of Processes



Dynamic 
Work Sharing 
(on one’s 
own)



Rank, and N are used to 
divide work by oneself

MPI_COMM_WORLD 
represents the global 
communicator which is 
the system of all 
processes.

One can define new 
communicators to 
partition the system



Send and Receive to 
Communicate Work 
and Receive Results



Send to Communicate Work and Results



Receive to Receive Work and Results



Typical MPI Standard Data Types defined (Portable)



The ANY 
Source: 
Receive from 
any source



Broadcast



Some More Primitives

Non-blocking operation-non blocking send, receive (ireceive, isend)

Scatter – broadcast sends same value, scatter cuts the array sends chunks

Gather – takes elements from many processes and gathers them into one

wait - wait for non-blocking calls to complete– if they are being used



Parallel Computing Performance

Speedup – how fast it computes

            

Utilization  – how much of idle cycles

 















Prior Work at C-DAC (1992)

Parallel IDA* on 4-32 Processors, PARAM Supercomputer

Ring Architecture

Dynamic Load Balancing

The Same program executes on all nodes, but works on different workloads
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