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INTRODUCTION

Knowledge transfer between universities and 
industries has long been nurtured by different 
institutional and governmental bodies across 
the world. While there is an important transfer 
through journal articles, conferences, projects 
and dedicated events, the bulk of the conveyance 
in computer and information science is achieved 

through university graduates who get degrees and, 
subsequently, are employed in industry and some 
of whom return to academia.

Computer science graduates must therefore 
possess not only solid theoretical foundations, 
but also transferable job skills and experience to 
be employable and attractive to the information 
and communications technology (ICT) industry. 
Human resource requirements in industry must 
be swiftly incorporated into the curricula, be-
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cause otherwise graduates risk relegation from 
the mainstream.

The advent of multi-core processors has strong-
ly impacted industry, as most personal computers 
now feature multi-core chips and many mobile 
devices feature low-power multiprocessing units. 
Furthermore, chip multiprocessors, multi-node 
clusters, grids, and clouds have sharply increased 
the number of concurrent processors available 
for a single application. Accordingly, industry 
increasingly requires software professionals with 
parallel programming skills.

Parallel programming aims to capitalise on 
concurrency, the execution of different sections 
of a given program at the same time, in order to 
improve the overall performance of the program, 
and, eventually, that of the whole system. Despite 
major breakthroughs, parallel programming is still 
a highly demanding activity widely acknowledged 
to be more difficult than its sequential counterpart, 
and one for which the use of efficient program-
ming models and structures has long been sought. 
These programming models must necessarily be 
performance-oriented, and are expected to be 
defined in a scalable structured fashion to provide 
guidance on the execution of their jobs and assist 
in the deployment of heterogeneous resources 
and policies.

This work presents a proposal for the devel-
opment of an introductory module on parallel 
programming, where the main emphasis is on 
using structured parallelism with an industry-
centred approach. Such a module is intended to 
be incorporated in the undergraduate and post-
graduate programmes in the School of Computing 
at the Robert Gordon University, and in similar 
programmes internationally.

BACKGROUND

As part of a panel of experts at a recent computer 
science conference, Ivanov et al. (2008) high-

lighted the key factors in the case for teaching 
parallel computing in universities:

•	 Essential: Parallel computing provides a 
virtual laboratory for many disciplines such 
as systems biology, physics, astronomy, 
meteorology, sociology and anthropology, 
enabling them to focus on complex prob-
lems that would be otherwise unsolvable.

•	 Available and Affordable: Parallel com-
puting is here to stay and expand: every 
single device is expected to feature paral-
lelism, and some supercomputing facili-
ties have machines with hundreds of thou-
sands of cores. This trend is not expected 
to change but to permeate still more parts 
of our lives.

•	 Difficult: Computing has been tradition-
ally taught primarily within a sequential 
frame of mind, but parallel solutions re-
quire a different way of approaching and 
dissecting a problem. They require a ho-
listic analysis and understanding of the 
system architecture, the programming 
paradigm, and the problem constraints. 
Parallel computing requires calculations 
to be synchronised, staged, and/or commu-
nicated over a number of different phases. 
Message-passing, threads, load-balancing 
and semaphores are matters restricted to 
the expert software developers.

Thus, while we know that parallel comput-
ing is a sine qua non for many disciplines and is 
here to stay, the status quo tends to render it an 
experts-only field. But teaching parallel comput-
ing ought to be no longer a question of if’, but of 
how soon. Goth (2009) mentions that computer 
scientists on university faculties say academia 
is debating how and when to introduce parallel 
programming throughout the curriculum, instead 
of just offering an upper-level course as is now 
common. It is of interest that the main sources 
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