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Abstract

The paper deals with selected approaches to speed-up numerical solutions of particular civil engineering mechanics problems. A
short overview of common approaches is given and one particular approach is discussed in detail. The use of the selected
approach is demonstrated on numerical examples.
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1. Introduction

The paper deals with selected approaches to speed-up numerical solutions of particular civil engineering mechanics
problems. The high level of computational power of contemporary personal computers (including tablets and mobile
phones) is often achieved by using multi-core central processing units (CPUs). It allows to concurrently run several
programs at non-reduced speed and it makes also possible to write computational programs which use several CPU
cores at once in order to speed-up their run.

The full utilization of multi-core processors, however, requires considerable changes of program code. The
contemporary computers often offer the possibility of speed-up of computational programs by use their multi-core
central processor units (CPU). The multi-core processors are today common not only in the personal computers
(desktops and laptops) but also in tablets and phones. Numerical codes can utilize several processor's cores by dividing
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the computation to several processes which can run on individual processor cores. The computer programs have been
traditionally written for single-processor/single core machines so full exploitation of such possibility needs changes
of program codes.

There are also situations where it is useful to concurrently run several instances of a numerical program which was
designed to run on just one processor. For example, many real problem of civil engineering statics require analysis of
several loads steps which can be computed independently. There are several types of program tools which can be used
for automatic execution of parallel instances of a single program, for example the GNU Parallel [2].

Another typical example is a reliability-based structural assessment or other type of-reliability based computational
analysis. The Monte Carlo method is often used for these problems [8]. This method is based on a large numbers of
repeated computations (usually about 1 000 000 of computations for structural reliability tasks) which use randomly-
generated input data. These computations are often almost independent. The main problem is usually a quality random
number generator which can serve data for parallel running processes or programs. The SPRNG library is often used
here [1]. An example of a program which utilizes the SPRNG library is the Monte [6] (Fig. 1) which can be connected
to the uFEM finite element package [7].
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Fig. 1. Combination of a structural reliability tool based on the Monte Carlo Method and a Finite Element Method Code.

However, often it is important to speed-up an analysis of a single problem which may be time-consuming but which
cannot be easily divided to several independent parts or sub problems. Many computational approaches are available
to solve such problems: from a relatively simple parallelization of solution of linear systems [10] to complex domain
distribution methods, often based on the FETI method [9].

The programming part of the problem depends on the technical approach. Traditionally the parallel processing has
been done on parallel supercomputers which have been often based on number of interconnected processing units. For
these approaches the Message Passing Interface standard has been created and it has been used in many software
implementations, for example [4]. For the computers with multi-core processors, however, it can be used a less
complex approach based on a threads. Such approach needs a shared computer memory which is available for all CPU
cores. This approach is available for a long time and it is available on many computers platforms [5].
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