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Dynamic program to solve the single machine
scheduling problem with position-dependent
maintenance

Imane Bechelaoui, High Performance Computing (HSU/UniBw H)
Andreas Hipp, Operations Research (HSU/UniBw H)

Abstract

In this project, we study the scheduling problem of processing a set of given jobs on a
single machine. This machine deteriorates due to the processing, in such a way that each
job causes the same deterioration on the machine-independent of the job’s processing
time. To restore the machine and ensure its availability to process jobs, maintenance
operations of constant length can be assighed. The jobs are characterized by uniform
processing times, ready times, and weights that display the importance of each job for
the objective function. The objective studied is to minimize total weighted completion
time (ZWJ.C/.). In the Graham notation, we can express the problem as 1|pd,rj,pj=p|ZWjCj.

Although the problem is optimally solvable in polynomial time, the worst-case runtime
of the formulated algorithm is very high with O(n'®) . In this case of focusing on a problem
that is also of high relevance for practice, an efficient formulation of the code is essential
to avoid wasting performance in the solution process.

Project Results

To solve the described problem to optimality, a dynamic program (DP) was formulated
in advance. This formulation is iterated regarding the code (implemented in Python) to
optimize its average runtime for any size of scheduling testbeds.

The DP applies the typical formulation of the Bellman equation by generating a tuple
representing the respective state of the machine with assigned jobs and maintenance
operations. The results in the course of the project show a significant improvement
compared to the original formulation of the algorithm.

Figure 1: Real-world cases of position-dependent Figure 2: Approach of the DP
maintenance
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Outlook

After initial tests on several testbeds, the performance of the DP will be tested on
large instances with up to 500 jobs. Furthermore, other approaches, which might be
heuristic, can be generated and compared to the DP. Here, the exploration of machine
learning approaches for predicting and dynamically adjusting schedules based on job
characteristics could provide significant substantial improvements.

A scientific paper is currently worked out being developed and refined for future
publication.
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