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Parallel Numerics

Exercise 3: Vector-Vector Operations

In scientific computing vector-vector operations are frequently occurring opera-
tions. The dimension n of the vectors can be large. Hence, parallelisation of the
basic linear algebra operations can be advantageous.

In this exercise we will parallelise the addition of two vectors ~a and ~b and the
dot-product operation. The result is a vector ~r or a number z respectively:

~r = ~a +~b , z = ~a ·~b =
n∑

i=1

aibi

Write a parallel program (in C using MPI) for adding two vectors as follows:

• Process 0 allocates three arrays a, b, r of dimension n ges.

• Process 0 stores random numbers in the arrays a, b using the function
rand().

• Process 0 passes parts of the vector of an appropriate length to the other
processes. If n ges is not a multiple of p make sure each process ”knows“
the length of its part of the vector.

• Process 0 collects the parts and stores the result in array r .

What is the speedup for calculating the sum of two vectors with n ges=10000000

with 2,4,8 processes? Use the function MPI Wtime() to determine the time spent
in the loop for calculating the sum.

Write a similar program to calculate the dot-product. What ist the speedup? In
this program process 0 has to add p numbers in the end. How can you parallelise
this addition? Is it advantageous?

The exercise can be completed so far using only MPI standard routines. Rewrite
now the program using the collective communication routines MPI Scatterv(...)

and MPI Gatherv(...). Note that you can allocate the vectors in the processes
1...p for the individually different vector length using the same variable names;
sendbuffer and receivebuffer will thus have the same name, but they are allocated
on different machines.


