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4 - Routing of Aircraft
Johan Oppen

Large parts of Norway are sparsely populated, with long distances be-
tween small communities. In such areas the demand for air transporta-
tion is too small to make it possible for commercial airlines to make a
profit. In order to provide an acceptable service level in terms of avia-
tion routes, the Norwegian government buys services from one or more
airlines to maintain a route network and offer air tickets at reasonable
prices. This purchase of services is done based on a bidding compe-
tition where airlines are asked to give a tender for providing services
according to a set of specifications.

In this work we have developed mathematical models and solution
methods to describe and solve a routing problem associated with a set
of specifications for how a given network of airports should be served.
Such specifications are typically given in terms of minimum number
of seats and number of flights for the different connections, maximum
travel times and flights to airports where connections to the main net-
work can be done.

From a public point of view, there is a tradeoff between the service
level provided and the price paid, and we show how our models and
methods can be used to compare different alternatives.
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Invited session
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1 - Modeling Liner Shipping Service Selection and Con-
tainer Flows using a Multi-layer Network
Christian Vad Karsten , Anant Balakrishnan

We introduce a new formulation for the tactical planning problem fac-
ing container shipping companies of selecting the best subset of sailing
routes from a given pool of candidate routes so as to maximize profit.
Since most containers are sent directly or transshipped at most twice
in current liner shipping networks, we impose limits on the number
of transshipments for each container (which most previous models do
not incorporate). Our multi-layer multi-commodity model associates
one commodity with each container origin port, and decides the route
for each commodity on a logical network layer whose arcs represent
segments (pairs of ports between which a container can use a single
service). This approach, combined with commodity flow variables that
are indexed by segment sequence permits us to incorporate the trans-
shipment limits while also tracking the commodity’s outflow from the
system at various individual destinations. We model the service selec-
tion and capacity constraints at the physical layer by allocating the total
flow on each segment to various chosen services that can transport the
loads on the segment, subject to service capacity constraints. These
modeling strategies yield a model that is smaller and easier to solve
than a disaggregated multi-commodity model with transshipment lim-
its. We present computational results for realistic problem instances
from the benchmark suite Liner-Lib.

2 - Models for a Vessel Crew Scheduling Problem
Alexander Leggate , Robert van der Meer , Kerem Akartunali ,
Seda Sucu

Optimization techniques for the scheduling of employees have been
widely studied in many areas of the transportation industry, including
railway crew and most notably airline crew scheduling. The problem
of crew scheduling in maritime transportation appears to be no less
challenging to solve by other means, while the high proportion of ex-
penditure on crew costs suggests an opportunity to use modelling tools
to achieve cost savings. Despite this, the use of optimization tools in
the industry appears scarce, and there are very few occurrences of mar-
itime crew scheduling problems in the literature. Our research has fo-
cussed on the crew scheduling problem faced by a large maritime com-
pany conducting an Offshore Service Vessel type operation on a global
scale, which by its nature requires an approach to be taken which is dis-
tinct from other maritime crew scheduling problems which have been
studied. We discuss our experience of formulating the problem, which
has seen the development of two mathematical models. The first is rel-
atively simple to solve with standard techniques, but makes a number

of simplifying assumptions; the second is much more realistic, but re-
quires a more tailored solution approach. We will give an outline of our
solution approaches, which have been designed to underpin the imple-
mentation of a decision support tool within the company’s scheduling
process.

3 - Speed Optimization in Liner Shipping Network De-
sign
Berit Dangaard Brouer , Christian Vad Karsten , David
Pisinger

In the Liner Shipping Network Design Problem (LSNDP) services sail
at a given speed throughout a round trip. In reality most services oper-
ate with a speed differentiated head- and back-haul, or even individual
speeds on every sailing between two ports. The speed of a service is
decisive for the bunker consumption in the network as well as the tran-
sit time of cargo. Speed optimization has been considered for tramp
shipping showing significant reductions in fuel consumption. How-
ever, variable speeds has not been considered for post optimization
of the LSNDP, where speed optimization could result in changes to
the cargo flow due to transit time restrictions as well as significant
savings in fuel consumption and required vessel deployment due to a
weekly frequency requirement. We present a heuristic method to cal-
culate variable speed on a service and present computational results for
improving a solution of the LSNDP with average speeds to a solution
with variable speed. We analyse the results according to transit time,
fuel consumption and vessel deployment.
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1 - Life beyond financial services: analytical lessons
from manufacturing
Gillian Groom

Manufacturing and finance are both sectors which make extensive use
of data analytics and analytical tools. But the tools they use are differ-
ent. There are big opportunities for finance and other service sectors
to learn from manufacturing experience. This workshop looks at some
specific tools and approaches used in manufacturing, and explores how
financial or other service organisations could use these methods.

The workshop is particularly aimed at people working in service sector
organisations who would like to broaden their repertoire of analytical
tools, and review some of the technical, practical and cultural factors
that emerge when applying standard tools in different sectors.
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1 - SPARK: Modelling the Joint Dynamics of Multi-
Commodity Spot and Forward Prices
Olivier Daxhelet , Sébastien Chaumont , Johan Paduart
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