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Summary

This dissertation entails the theoretical and empirical study of vari-
ous scheduling problems from theory and practice. In Chapters 2-4,
the focus lies on deterministic scheduling problems for which the input is
known and available without any uncertainty. Chapters 5 and 6 study
scheduling problems with uncertainty. In the following we summarize
the findings of each individual chapter and outline the main conclu-
sions.

In Chapter 2, we investigate a family of load balancing problems on
identical parallel machines. As it is unlikely that efficient algorithms
exist which solve these problems to optimality, we aim at polynomial
time algorithms which find solutions of provably good quality. More
precisely, we formalize the concept of additive approximation schemes.
These approximation schemes offer a solution technique with a clear
trade-off between the quality of the solution and the running time
needed to find the solution. The challenge when developing addi-
tive approximation schemes is that standard techniques for multiplica-
tive approximation schemes are not applicable. To overcome this chal-
lenge, we introduce a new relaxation of the considered load balancing
problems. Our additive polynomial time approximation schemes are
based on structural properties which allow us to solve this relaxation
complement with a local search technique which finds a final schedule
whose objective value is provably close to that of the solution to the
relaxation.

The new techniques as well as the concept of additive approximation
schemes offer promising directions for future research such as extend-
ing the techniques to other scheduling problems. Especially consider-
ing problems for which it is known that no multiplicative approxima-
tion scheme exists, the notion of additive approximation schemes may
offer a pathway to non-trivial approximation algorithms.
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Chapter 3 investigates a natural extension of the identical parallel ma-
chine environment by combining this problem with the notion of ma-
chine conflicts. These conflicts are relevant when machines are coop-
erating with a single server responsible for pre- and post-processing of
jobs and a pair of conflicting machines may not access the server at the
same time. We establish a close connection between this scheduling
problem and the graph theoretical problem of finding a maximum in-
duced bipartite subgraph when all jobs are identical and pre-processing,
processing and post-processing of any job takes one time unit. This
connection leads to a strong inapproximability result implying that for
general conflict graphs we cannot achieve any non-trivial approxima-
tion guarantees, unless P = NP . Therefore, we restrict our attention to
special graph classes which are relevant from an applied or theoretical
point of view.

The results in this chapter open up various interesting directions for fu-
ture research. An open question which remains is whether, in general,
the special case with unit jobs can be solved in polynomial time when-
ever a specially structured maximum induced bipartite subgraph can
be computed in polynomial time or whether there exist graph classes
for which this is not possible. If the former is the case, the presented
algorithm for bipartite graphs may be a first step towards a polyno-
mial time algorithm for other graph classes. Furthermore, considering
more general job parameters with simple conflict graph classes poses
an interesting research direction to investigate the quality of classic
scheduling algorithms in this context of machine conflicts. Moreover,
investigating graph classes which capture machine conflicts caused by
spatial proximity such as geometric intersection graphs poses an inter-
esting avenue for future research.

In Chapter 4, we turn our attention towards the problem of minimiz-
ing the total (weighted) squared deviation from job specific due dates.
We focus on the case where all jobs have the same processing time. In
the unweighted setting we devised a polynomial time algorithm based
on the insight that in an optimal schedule jobs are evenly distributed
among machines. In the weighted setting, we developed a polyno-
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mial time algorithm for a single common due date if the due date is
sufficiently large. If the due date is small, we devised an algorithm
which runs in time exponential in the number of machines. Further-
more, when jobs have distinct due dates we present an additive fully
polynomial time approximation scheme if the number of distinct due
dates is constant.

Multiple interesting questions for future research remain open in the
weighted setting. First of all, settling the complexity for a single com-
mon restrictive due date is of interest. Furthermore, the setting of k dis-
tinct due dates in the weighted version remains interesting since for ab-
solute deviation penalties this can be solved in polynomial time via an
assignment problem. However, this uses the fact that optimal sched-
ules use integral starting times when considering absolute deviation
penalties, which is not true for squared deviation penalties. Hence,
different techniques and insights are needed for this next step.

Chapter 5 entails theoretical and empirical analyses of stochastic on-
line scheduling policies for the problem of minimizing total weighted
expected completion time. In particular, we consider the case where
machines are either fast or slow. We adapt stochastic online schedul-
ing policies which were previously known for the identical and unre-
lated machine environment by taking into account the machine speeds.
From a theoretical perspective, we derive a performance guarantee for
each of the policies in the online-list as well as the online-time model.
In the online-list model, we further prove that the policy is asymptot-
ically optimal. From a practical point of view, we analyse the realized
performance of the policies compared to the theoretical performance.
This analysis shows that the true performance is better than expected
based on the theoretical results. The most striking result of the compu-
tational study is that the two lower bounds used in the theoretical per-
formance analysis of the policies do not yield better lower bounds than
the trivial lower bound of the weighted sum of expected processing
times divided by the speed of the fast machine for small instances.
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For future research, considering more general speed models is of inter-
est. Furthermore, it remains an open question whether one can show
that special policies for the uniform parallel machine environment can
yield performance guarantees strictly better than those implied by the
more general setting of unrelated parallel machines even for the spe-
cial case considered in this chapter. This, however, would require new
theoretical lower bounds or a different analysis of the policies.

In Chapter 6 we study a scheduling problem from the perspective of a
single vessel occurring in inland waterway management. We define
the problem of finding an optimal velocity policy for an individual
vessel which faces uncertainty at the lock with the goal of minimizing
the expected fuel consumption for traversing an inland waterway split
into two segments by a single lock between them. To solve this prob-
lem, we first develop a dynamic program to find a near-optimal veloc-
ity policy. In addition, we introduce a simple class of policies based
on the idea of a fixed arrival time at the lock and describe how to find
the best policy among this class. We analyse these two techniques in
a computational study by comparing the fuel consumption of the two
considered policy to a naive policy ignoring the uncertainty at the lock.
The computational study shows, that taking into account uncertainty
is vital and significant fuel savings can be achieved by both policies.
In fact, we show that the simple policy choosing a fixed arrival time
already leads to a significant share of the possible fuel savings due to
a (near-)optimal velocity policy.

Many interesting avenues for future research exist based on the prob-
lem and results in this chapter. First of all, analysing the theoretical
performance of simple velocity policies such as the fixed arrival pol-
icy may be of interest to establish theoretical performance guarantees.
Furthermore, extending the model to more general settings such as a
sequence of multiple locks or multiple vessels approaching the lock
is a next step towards a better understanding and implementation of
inland waterway transportation.
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