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1 Introduction

In software development, testing and maintenance, as in other large scale engi-
neering activities, effective project planning is essential. Failure to plan and/or
poor planning can cause delays and costs that, given timing and budget con-
straints, are often unacceptable, leading to business–critical failures. Traditional
tools such as the Project Evaluation and Review Technique (PERT), the Critical
Path Method (CPM), Gantt diagrams and Earned Value Analysis help to plan
and track project milestones. While these tools and techniques are important,
they cannot assist with the identification of optimal scheduling assignment in the
presence of configurable resource allocation. However, most large scale software
projects involve several teams of programmers and many individual project work
packages. As such, the optimal allocation of teams of programmers (the primary
resource cost drivers) to Work Packages (WPs) is an important problem which
cannot be overlooked.

In this work we study this problem from the perspective of a massive soft-
ware maintenance project. Typical examples are the Y2K remediation, Euro
conversion or phone numbering change, involving a large number of applications
simultaneously. Such maintenance activities present particularly acute problems
for managers, since they have fixed hard deadlines and cut right across an en-
tire software portfolio, touching almost every software asset possessed by the
organisation.

When a massive maintenance request arrives, it is split in WPs according to
the project Work-Breakdown Structure (WBS). An analogy estimate can be used
to determine the effort required to maintain each WP. Having obtained estimates
for effort, the next task is to determine the order in which WPs flow into the
queuing system to be dealt with by the next available team of programmers [1].

The order of presentation of WPs is a way of describing the allocation of
programmer teams to WPs. Such a resource allocation problem is an example of
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a bin packing problem, the solution of which is NP-hard and, for which, evolu-
tionary algorithms are known to be effective [2,4,3]. We performed an empirical
study, using historical data from a real–world massive Y2K maintenance in-
tervention, aiming at addressing the applicability of evolutionary algorithms to
software resource allocation problems. While optimization techniques have been
widely used in other fields, they have never been used for that specific field.

Three optimization techniques, namely hill climbing, simulated annealing and
genetic algorithms, have been evaluated. Each was applied to two very different
encoding strategies. Each encoding represents the way in which the work pack-
ages of the overall project are to be allocated to teams of programmers. The first
encoding used is a scanning genome encoding, which combines the evolutionary
algorithms with a queuing simulation model (the genome encoding represent the
order in which the WPs flow to the maintenance process queuing model). The
second genome is a vector-based genome, encoding the allocation of WPs to
different maintenance teams.

Overall, the scanning genome encoding was found to outperform a vector-
based genome encoding. In particular, when comparing different optimization
techniques, we found that for the less optimal encoding (vector–based) the GA
performed significantly better than the other approaches. For the optimal en-
coding (scanning), though GA starts better simulated annealing and hill climb-
ing approaches soon catch up, so that the overall difference between the three
approaches appears to be small, compared to the problem of establishing an
effective encoding. Work-in progress is to perform in–depth analyses as well as
to model more complex maintenance process, in which the ordering is also con-
strained by the precedence between maintenance tasks.
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