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differential equations with delay arguments. These two stages are con-
nected by the continuity initial condition. For this the finite conditions
of the first stage are the initial conditions for the second stage, which
unites them into a unique system. Optimal control is also the tran-
sition moment from one stage of system to another one. Confirmed
that using Compram method the change of the structure may occur,
when we need to pass the mentioned stage of investigation and go to
the next one or change the decision inside the stage. It is also neces-
sary to make into consideration the time delay factor of receiving the
information and decision transmission. Moreover, general results are
specified for a linear variable structure time-optimal control problem
and an illustrative example is considered.

2 - A Heuristic Approach for Welfare-oriented Periodic
Food Recovery and Distribution Problems
Hanna Grzybowska, Divya Jayakumar Nair, David Rey

We address the food recovery and distribution problem encountered in
food rescue operations. The emergence of non-for-profit food rescue
organizations has attracted practitioners to design innovative solutions
to recover surplus food from local sources (e.g. farmers, restaurants,
supermarkets, etc.) and distribute it to welfare agencies. The rescued
food may include perishable goods and that need to be delivered im-
mediately. Further, food rescue operations often rely on the periodic
provision of surplus food by local sources. Hence, the food rescue
problem can be represented as a periodic pick-up and delivery vehi-
cle routing problem. In contrast to traditional routing problems, the
objectives of food rescue operations go beyond cost-driven optimiza-
tion models. In the context of welfare maximization, equity-oriented
objective functions are prevalent to ensure a fair division of the goods
recovered. In this paper, we focus on the development of periodic ve-
hicle routing models for food rescue operations. We build on existing
work and introduce efficient heuristic algorithms to tackle the prob-
lems on realistic scenarios involving hundreds of pick-up and delivery
locations. The heuristic algorithms combine scheduling and routing
decisions while providing a fair division of the recovered surplus food.

3 - Group Decision Support by Hierarchical Clustering
from the Viewpoint of Ignorance of a Decision Maker
Tomoe Entani

The decision problem in this study is that a group of decision mak-
ers assigns the importance weights to several alternatives. A decision
maker gives the comparisons of all the pairs of alternatives, which are
often chosen from a list of cardinal numbers corresponding to verbal
statements. However, these given comparisons are often inconsistent
each other. One of the reasons of inconsistency is ignorance of a deci-
sion maker. S/he always does not know the precise weights of all al-
ternatives. In this study, in order to reflect it into the weights, a pseudo
alternative consisting of all alternatives is added. The weights assigned
to each alternative and pseudo alternative are summed up to one, al-
though it remains unclear which of alternatives has the latter weight.
The model to obtain the individual weights from his/her comparisons
is proposed by minimizing the weight of pseudo alternative. Then, the
grouping process is achieved by hierarchical clustering, in which in-
dividuals are merged into clusters one by one in a bottom up scheme.
When a pair of individual weights is combined into a group weight,
the Dempster’s combination rule is utilized, so that ignorance of the
group becomes smaller than that of each individual. It seems to be
natural that ignorance is gradually decreased as the grouping process
proceeds. In order, a pair of individuals/subgroups whose ignorance,
pseudo alternative’s weight, is greater than the others’ is grouped until
all become a group.

4 - Performance of Big Data Business Analytics
Marijana Zekic-Susac, Adela Has

Big Data business analytics is emphasized as crucial for managing
business performance today. The enormous quantity of data generated
every day by companies, social networks, web sites is also charac-
terized by a variety of multimedia formats of data, documents, social
media content, etc. However, besides a number of advantages of us-
ing Big Data analytics over analytical procedures within a standard
transactional database system or a data warehouse, there are still some
limitations that should be addressed. For example, available business
analytics tools included in Big Data platforms still do not provide the
same variety of methods for modeling purposes as in traditional an-
alytics. This paper compares several popular business analytics tools
within Big Data platforms in relation to the methods supported, result
explanation and visualization. Also, a comparison of modelling accu-
racy by using a dataset in a Big Data analytics and in a local analytical
system is conducted. Predictive power and input space flexibility is
analyzed. Finally, some suggestions for improving the modeling pre-
cision of Big Data analytics tools, and for extending the diversity of

methodological basis are given. It is concluded that business analytics
today needs adjustments to address user needs in order to provide the
accuracy as well as flexibility to deal with structured and unstructured
data.
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1 - MIP Formulations for a Rich Real-world Lot-sizing Prob-
lem with Setup Carryover
Xueying Shen, Filippo Focacci, Fabio Furini, Virginie Gabrel,
Daniel Godard

A rich lot-sizing problem is studied in this manuscript which comes
from a real-world application. Our new lot-sizing problem combines
several features, i.e., parallel machines, production time windows,
backlogging, lost sale and setup carryover. Three mixed integer pro-
gramming formulations are proposed. We theoretically and compu-
tationally compare these different formulations, testing them on real-
world and randomly generated instances. Our study is the first step for
efficiently tackling and solving this challenging real-world lot-sizing
problem.

2 - Relocation in electric car sharing systems
Enrico Malaguti, Filippo Masini, Daniele Vigo

We consider a car sharing system operated by electric vehicles with
limited battery capacity. The vehicles are made available at renting sta-
tions, where they are also charged, and can be returned to any station in
the system (two ways system). We assume that customer requests are
known in advance, and hence relocation of unused vehicles can be used
to satisfy the users demand by providing charged vehicles where and
when needed. The day-by-day operations of the system are modeled
on a time-space network, and a Mixed-Integer Linear Program is used
to maximize the value of the satisfied customers requests. Alternative
ways of modeling the charging and discharging process of the vehicles
battery are discussed. In addition, we also consider a free-floating sys-
tem, where vehicles cannot be booked in advance, and can be left in
any parking slot in the streets. The modeling ideas we propose can be
extended to the latter case, where relocation is used to re-balance the
vehicles distribution in the system. Extensive computational exper-
iments on realistic instances obtained from existing car sharing sys-
tems and public transportation services are presented, showing that the
aforementioned integer formulation can be solved in acceptable com-
puting time for instances of realistic size. The impact of relocation on
the system performance is analyzed and discussed.

3 - Real-World Knapsack Problem with Setup
Fabio Furini, Michele Monaci, Emiliano Traversi

We consider a variant of the knapsack problem in which items are par-
titioned into classes, each characterized by a fixed cost and capacity
incurred in case some item of the class is selected. We present alterna-
tive Integer Linear Programming formulations of this problem and in-
troduce efficient algorithms for solving the associated Linear Program-
ming formulations and a branch-and-bound algorithm to compute the
optimal solution of the problem. An extensive computational analysis
shows that our algorithms outperform the state-of-the-art algorithms
for this problem.
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1 - Speed optimization with route improvements
Line Reinhardt, David Pisinger

In liner shipping the increased focus on emissions and the low freight
rates of maritime container freight increases the focus on green cost
reduction measures. Clearly reducing fuel consumption also reduces
the emissions resulting in a win-win situation. Methods for speed opti-
mization reducing bunker consumption for a given path has previously
been developed and applied to predetermined routes where the transit
times of demand is ensured. In this paper we will combine the speed
optimization with a local search method for optimizing the port call
order thus arriving at a even lower bunker consumption. Clearly when
changing the routes some demands may be discarded due to transit
time penalties or rerouted with a delay penalty. Moreover in the speed
optimizer we consider the possibility of allowing for longer round trip
time, slow steaming, at the cost of inserting vessels where the transit
time of the demand is required to be satisfied or otherwise penalized.
Preliminary results are presented for a real-life size liner shipping net-
work.

2 - The cost of green maritime liner shipping: a bi-objective
optimization approach
Ali Cheaitou, Pierre Cariou

Maritime transportation, and especially liner services, represent the
backbone of international trade. Liner services transport containerized
goods following fixed schedules between a number of ports. There ex-
ists a cubic relationship between the sailing speed of the vessels in a
liner service and its bunker fuel consumption and consequently oper-
ating costs. Moreover, reducing the sailing speed of vessels requires
adding more vessels into the service in order to guarantee a weekly
call at each port in the service. In a competitive market, there may
exist also a relationship between the sailing speed and the transport de-
mand where customers can switch to a faster liner service if the sailing
speed of their usual liner service is reduced, which constitutes an elas-
tic demand case. On the other hand, vessel speed reduction is a mean
to reduce greenhouse gas emissions from maritime transportation that
is proportional to fuel consumption. In this context, we propose two
bi-objective optimization models for elastic and inelastic demand cases
based on the profit or the cost and on CO2 emissions. Pareto sets are
then identified using three different bi-objective optimization methods.
The models are tested using two services deployed in January 2010.
The results show that if a CO2 tax is added, to be efficient, its value
should be much higher in the case of elastic demand than in the case
of inelastic demand.

3 - Modal shifts and decision models under the new sul-
phur limits within Emission Control Areas
Thalis Zis, Harilaos N. Psaraftis

The anticipated increased operating costs for Ro-Ro operators in the
North Sea and the Baltic due to stricter regulation on sulphur emissions
may result in increased fares. This in turn may lead to a modal shift to-
wards land-based modes either due to lower costs, or due to a possible
shutting down of certain services that can become unprofitable. While
some services had seen considerable change in advance of January 1st
2015 when the 0.1% sulphur limits came into force, the parallel drop
in fuel prices have rendered implications of the new regulation unclear.
An enhanced bi-level freight logit model is presented that allows the
estimation of modal changes between different maritime operators and
also road-based alternatives. The model captures the effects of changes
in fuel prices on freight surcharges, and the implication of operational
changes (speed, frequency of service, abatement technology deployed)
on mode choice and route profitability. The model is tested on data
from a Ro-Ro operator, and sensitivity analyses on simulated data are
conducted. For all scenarios, comprehensive emissions inventories are
constructed to illustrate the environmental implications of the new reg-
ulation limits. The findings can be used to design a set of policies
that mitigate the negative repercussions of the stricter sulphur limits
on maritime trade and the environment. The paper also reviews other
decision models that have appeared in the literature in the context of
the sulphur problem.

4 - A multiple ship pickup and delivery problem with speed
optimization and alternative objectives
Harilaos N. Psaraftis, Min Wen, Dario Pacino, Christos
Kontovas

The purpose of this paper is to investigate a multiple ship pickup and
delivery problem with simultaneous speed optimization and under al-
ternative objective functions. A branch and price algorithm is devel-
oped that considers (a) fuel consumption as a function of payload, (b)
fuel price as an explicit input, (c) freight rate as an input, and (d) in-
transit cargo inventory costs. The alternative objective functions are

minimum total trip duration, minimum fuel consumption (or emis-
sions) and minimum total cost. Computational experience with the
algorithm is reported on a variety of scenarios.
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1 - Integer and Constraint Programming Approaches for
the Continuous Energy-Constrained Scheduling Prob-
lem
Christian Artigues, Margaux Nattaf, Pierre Lopez, Tamas Kis

This paper addresses a scheduling problem with a cumulative,
continuously-divisible and renewable resource with limited capacity.
During its processing, each task consumes a part of this resource,
which lies between a minimum and a maximum requirement. A task
is finished when a certain amount of energy is received by it within
its time window. This energy is received via the resource and an
amount of resource is converted into an amount of energy with a
non-decreasing, continuous and possibly non-linear efficiency func-
tion. The goal is to minimize the resource consumption. We propose
constraint propagation algorithms, mixed integer linear programming
approaches and valid inequalities for the problem.

2 - Scheduling Preemptable Jobs on Parallel Machines un-
der Power and Energy Limits
Grzegorz Waligora, Rafal Rozycki, Jan Weglarz

We consider a problem of scheduling preemptable, independent jobs
on parallel, identical machines. Each job requires for its processing
both a machine and an amount of a single, doubly-constrained, con-
tinuous resource which is power/energy. Processing speed of a job
at a time depends on a temporal usage of power. This relation is ex-
pressed by an increasing and strictly concave speed function. We con-
sider two optimization problems in which P and E denote respectively:
the known limit for available power, and the available amount of en-
ergy. The first is a problem of defining a minimum level of one of the
parameters P or E, under the assumption that the minimum makespan
is calculated only on a basis of a known value of the other parameter
(thus, these are optimization problems with only one active constraint:
either on power or on energy). The second is a problem of finding a
minimum level of one parameter (P or E), under an assumed value of
the makespan (these are typical server problems). In the proposed ap-
proach we divide the problems into two classes: (a) when the number
of jobs is not greater than the number of machines, and (b) the other
ones. The former class is easier since all jobs can be processed in par-
allel. For the latter class, a more complex approach based on sequences
of combinations of jobs has to be applied. In both cases we formulate
lemmas allowing to determine the amount of power or energy neces-
sary for completion the set of jobs in a minimum time.

3 - Heuristic for Energy-Efficient Network Task Scheduling
in Virtual Data Centres
Marek Mika

Ones of the most important elements of today’s data centre infrastruc-
tures are computer networks which interconnect data centres, users and
large number of end devices. As new technologies like programmable
networks became available to network operators new opportunities ap-
peared which made possible to develop virtual data centres. It is a nat-
ural evolution of the centralized, single-located data centre in which
very important role play high capacity and long reach transport net-
works. Nowadays the traffic generated by huge data centres is very
high, which results in increased energy consumption by computing
and networking equipment. Thus, one of the most important chal-
lenge from the point of view of the owner/operator of such network is
to minimize the energy consumed by the networking equipment. The
problem of minimizing the consumed energy in computer networks in
virtual data centre is defined and a mixed integer programming model
of the problem is proposed. This model has been used to optimally
solve the small size instances of the problem using one of the well-
known commercial optimization software packages. A simple and fast
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