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Parallel Programming
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1 Superscalar organization

Modern microprocessors contain multiple copies of the same physical resources, such
as execution units, issue control or data paths. This allows the execution of more
than 1 instruction per CPU cycle. For example, the Itanium 2 processor has 6 ALU
units, 4 floating point units, and 4 load/store memory ports. Thus, Itanium 2 can
issue many combinations of 6 instructions per cycle.
Consider that 4 floating point operations in each cycle can be in average performed
by such a processor.

a) Calculate the theoretical peak performance (in FLOPS – floating point operati-
ons per second) of an Itanium 2 CoreTMDuo processor, having a clock frequency
of 2.33 GHz.

b) What would be the theoretical execution time (in seconds), on the machine
described previously, of the multiplication of two full matrices, each one having
107 elements, represented as floating point numbers with single precision?

2 Mono- and multiprocessors

For getting the result of a specific problem, a numerical algorithm needs 104 steps for
performing 2·104 operations on a monoprocessor machine. A multiprocessor machine
with p = 10 processors requires for the same problem and the same algorithm 2.3·104

operations, but only 103 steps. Considering the simplifications below, compute the
achieved speedup, parallel index, utilisation, and overhead.
Simplifications: T (1) = P (2) and T (p) ≤ P (2p), for p ≥ 2.
Can you name an example of such an algorithm?

3 Amdahl’s law

The speedup S for solving a problem on p processing elements compared to one
processing element can be calculated with Amdahl’s law

S =
p

B · p + (1−B)
, (1)

where B denotes the percentage of serial work to be done. The efficiency Eff of this
parallel approach can be calculated with Eff = S/p.

a) Consider some parallel program with a percentage of serial work of 8%. Calculate
the maximum amount p of processing elements, thus, the parallel efficiency Eff
is at least 60%.

b) Given is a matrix A ∈ IRn×n. Some smoothing algorithm calculates the mean
of each coefficient aij and its four neighbours before the new value a′ij is stored
at position (i, j) again—one single calculation takes tsmooth time. For a parallel
approach with p processing elements the matrix A shall now be divided into
p parts, thus, each part consists of n/p rows and n columns. For calculating
the mean at the border of each part one processing element has to exchange
its border values with its direct neighbours—a single send/receive of one value
takes tcomm time. Calculate the maximum amount p of processing elements,
thus, the parallel efficiency Eff is at least 50%.

c) Explain the difference between Amdahl’s Law and Gustafson’s model. (Hint:
Consider the different definitions of the sequential part of a parallel program).
Discuss which model is best for measuring the performance of parallel algo-
rithms.

4 Network parameters: degree, diameter and cost

a) The degree of a network node is the number connections between this node
and other nodes. The diameter of a network is the maximum distance between
any two processing nodes in the network. The distance between two processing
nodes is defined as the shortest path (in terms of number of links) between them.
Calculate the degree of a node and the general diameter of the following network
topologies, depending only of the maximum amount of processing nodes n and
the dimension d: a linear array (a), a ring network (b), a star-connected network
(c), a k-d mesh of dimension d with k = d

√
n nodes along each dimension (d,

shown a 3-2 mesh), a k-d mesh with wraparound also called torus (e, shown a
3-2 torus), a binary tree (f), and a d-dimensional hypercube (g, shown a 3-D
hypercube).
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e)

c)

b)

g)

a)

b) Many criteria can be used to evaluate the cost of a network. One way of defining
the cost of a network is in terms of the number of communication links or the
number of wires required by the network. Calculate the general cost of the
network topologies described in a), depending only of the maximum amount of
processing nodes n and the dimension d.

Have fun!


