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1 Benes Topology

One possibility of interconnecting in a non-blocking way the processors of a multi-
processor system is represented by the Benes topology. Below is an example for such
a network with 8 input and 8 output connections.

a) For this network, show the following non-blocking parallel communication paths:
0→ 3, 1→ 5, 2→ 4, 3→ 7, 4→ 6, 5→ 0, 6→ 1, 7→ 2.

b) Explain why this topology is non-blocking.

2 Clos Topology

The Clos networks are permutation networks based on elementary swithces. Under
certain construction restrictions, they can assure rearrangeable or strict-sense non-
blocking communication.

a) Draw a strictly non-blocking Clos topology Clos(2,2,?,2,2) (i.e. ingress: 2 swit-
ches with 2 inputs each, ergress: 2 switches with 2 outputs each). For this ex-
ample, activate the permutation:

π =
(

1 2 3 4
4 2 1 3

)
.

b) Draw a reconfigurable non-blocking Clos topology Clos(2,2,?,2,2). Show at least
two situations in which the reconfiguration is needed.

c) Is the following network strictly non-blocking for unicast connections? Motiva-
te your answer. In case it is not strictly non-blocking, illustrate this with an
example on the picture below.

3 The Reader–Writer Problem

A very typical problem – especially from the field of operating systems – is the so
called reader-writer- or consumer-producer-problem. Assume there exists a resource
(e.g. a buffer) that different processes or threads want to use at the same time.
As long as all processes only have a read access to that resource no complications
arise. The moment one (or more) process(es) want(s) write access to the resource
it can’t be shared any longer. Write access prohibits parallel read access and is
restricted to one process only. Read access also prohibits parallel write access but
has no restrictions to the overall amount of processes reading from the buffer. For
reasons of simplicity, in our scenario, there exist only two processes: one reader and
one writer.

Find a solution (an algorithm) using locks, condition variables, or semaphores for
the following situation: two threads compete for one resource,a buffer, and have
alternate access to this resource. The writer thread tries to fill the buffer with
random numbers, while the reader thread reads numbers from the buffer and prints
them to the console. Be aware of the fact that the writer thread can’t fill the buffer
when it’s full and that the reader thread can’t read from the buffer when it’s empty!



4 The Sleeping Barber Problem

Synchronization problems in shared memory environments date back to the early
days of operating systems. Due to their long existence a great variety of standard
problems that are used for teaching have been developed. Two of the most famous
problems are the Dining Philosophers and the Sleeping Barber. You will deal with
the latter one in this exercise.
We have a small barber shop with one barber and a waiting room of capacity n. If
no customer is in his shop, the barber sits down in his chair and falls asleep. When
a customer arrives, he has to check if there is enough room left in the waiting room.
If the waiting room is full, he immediately leaves the shop. Otherwise he waits until
the barber is ready to cut his cair. After the haircut the customer leaves the shop.

a) There are two tasks: barber and customer. Use these tasks to realize the barber
shop scenario outlined above. Use semaphores for synchronization. (Hint: First,
think about the general scenario, then about the semaphores and data structures
required. Remember that only two operations are allowed on a semaphore P and
V. There is no direct access to the values of a semaphore.). You need not provide
any actual code in this exercise, pseudo-code is sufficient.

b) Realize the same Sleeping Barber problem using monitors instead of semapho-
res.

5 Dependency Analysis

Mostly, the potential for parallelization lies inside the loops of an algorithm. The
typical way to parallelize loops is to associate one or a group of iterations to each of
the available threads. The essential condition required to do it correctly is that each
iteration of the loop must be independent of all other iterations. For a loop to be
data independent, no iterations of the loop can write a value into a memory location
that is read or written by any other iteration of that loop.
In most cases, the data dependencies that can occur are of the type loop carried
values, recurrences, or indirect addressing etc.

Rewrite, if necessary and possible, the following examples such that there are no
data dependencies between the iterations:

a) for (i=0; i<n; i++){
idx = idx + i;

a[i] = b[i] + c[idx];

}

b) for (i=1; i<n; i++){
a[i] = 2 * a[i+m] + b[i];

}

c) for (i = 0; i<n; i++){
a[idx[i]] = a[idx[i]] + b[i];

}

Have fun!


