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Question 1: MPI Ping-Pong Program

a) Write a simple program to pass data between two processes:
Process 0 sends a message to process 1 (ping). After receiving this message, process 1
sends the message back to process 0 (pong). Your program should repeatedly, let’s say
1000 times, pass a message back and forth. Place timing calls before and after the loop
using MPI WTIME()1 to time data transfer of messages.
Print out the transfer time for a single message (ping and pong) and the estimated
bandwidth (message size/transfer time).

b) Starting with a 8 B (e.g. one double precision value) message, double the size of each
subsequent message going up to 2 MB (218 · 8 B) and measure the transfer time. Use
this information for estimating latency and bandwidth of connection between your two
processes.

Question 2: Non-blocking communication

A set of n processes are arranged in a one-way-ring such that process i can send information
only to process i+ 1. The only exception is process n which can send messages to the first
process to close the ring.

P n

P 1

P 2

P 3

a) Use this topology to compute the sum of all ranks:

• Each process stores its rank in some integer variable sendbuf and passes it to the
next process.

• The values are passed around until they are back where they started.

• Each process calculates the sum of all values passed around.

Use one of the methods Issend-Recv-Wait, Irecv-Ssend-Wait, or Irecv-Issend-
Waitall to avoid deadlocking.

1MPI WTIME() returns wall-clock time in seconds
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b) Substitute your send-receive-method chosen above by using MPI Sendrecv.

c) Reduce your code a little further by using MPI Sendrecv Replace instead.

d) Paper and pencil : For an even number of processes, there’s an elegant way of solving
this exercise using MPI Send and MPI Recv. How is that done?

Question 3: Collective communication

a) Rewrite the program of question 2 calculating the sum of all ranks by using MPI
collective communication.

b) Use MPI Scan to compute i! of i = 1, ..., p where p is the number of processes.

c) Collect the results of task 3b to let one process output them.

Question 4: Monte Carlo computation of π

Use the Monte Carlo method of integration to find the value of π: Take a unit circle tightly
enclosed by a square as it is displayed in the figure below. The area of the circle is π and

the area of the square is four, yielding a ratio of π/4 for the circle area to square area.
Now randomly spread points within the square (0, 1) × (0, 1) and check if they are inside
or outside of the circle. As you increase the number of points n, the ratio π̂ approaches π
such that limn→∞ π̂(n) = π:

π̂ = 4 · nin

n
(1)

where nin is the number of points inside the circle and n is the total number of points.

a) Write a sequential code approximating π using a fixed number of points n.

b) Parallelize your code using MPI for arbitrary number of processors p.

Hint: Fortran offers a random number generator. For different random numbers generated
in a parallel run, you have to set the seed differently on the different processes. This is a
code snippet showing the usage of the random number generator for a parallel run:

CALL RANDOM SEED(SIZE=seedsize)

ALLOCATE(seed(seedsize))

DO i=1,seedsize
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seed(i) = 1238239 + rank*8365

ENDDO

CALL RANDOM SEED(PUT=seed)

CALL RANDOM NUMBER(rand)

The variable rand will now contain random numbers drawn from a uniform distribution
between 0 and 1. rand can be of any size or shape.
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