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Heuristic and Evolutionary Algorithms for
Continuous and Black-Box Optimization:
theory and practice

Stream: Continuous and Black Box Optimization
Invited session
Chair: Angel A. Juan
Chair: James McDermott

1 - Program Trace Optimisation for the Travelling Tourna-
ment Problem
James McDermott

The Travelling Tournament Problem (TTP) is a combinatorial optimi-
sation problem where the goal is to produce a schedule for a sequence
of home-away fixture pairings in a sporting competition, such as a foot-
ball league. It has previously been approached using both classical
optimisation and metaheuristic optimisation methods.

Program Trace Optimisation (PTO) is a recent optimisation algorithm
which aims to make the user’s job much easier. In contrast to typical
metaheuristics, where the user must design a representation consist-
ing of data structures and search operators, in PTO the user must to
create a non-deterministic generator function (together with the usual
objective function). The generator function takes no arguments and
returns one solution sampled from the search space. PTO internally
traces the execution of this function, recording the sequence of choices
made at non-deterministic points in it. This "program trace" becomes
the highly general underlying representation. We say that PTO *auto-
matically and implicitly* designs good problem-specific operators.

Any search method can be "plugged-in" to PTO and in this paper we
use late-acceptance hill-climbing.

In this paper we compare PTO generators for the TTP.

2 - Using Biased-Randomization for solving a Non-Smooth
Facility Location Problem with Soft Constraints
Angel A. Juan, Alejandro Estrada-Moreno, Albert Ferrer,
Adil Bagirov, Javier Panadero

We discuss the facility location problem with soft capacity constraints.
Hence, the maximum capacity at each facility can be potentially ex-
ceed by incurring in a penalty cost, which increases with the constraint-
violation gap. In some realistic scenarios, this penalty cost can be
modeled as a piecewise (discontinuous) function. As a result, the tradi-
tional cost-minimization objective becomes a non-smooth function that
is difficult to optimize using exact methods. A mathematical model
of this non-smooth optimization problem is proposed, and a biased-
randomized iterated local search metaheuristic is introduced as a solv-
ing method. A set of computational experiments is run to illustrate our
algorithm and test its efficiency.

3 - A Learnheuristic approach for the mobile transceiver fa-
cility location problem
Christopher Bayliss, Angel A. Juan, James McDermott

This work proposes a learnheuristic approach to solve the mobile an-
tenna facility location problem. The goal is to minimize the total an-
tenna deployment and service costs such that all demands are covered.
The mobile antenna facility location problem has a number of com-
plicating constraints. Mobile transceivers have a limited capacity for
transmitting data, signal quality depends on the terrain and weather
conditions, booster transceivers can be deployed in high demand areas,
transceiver have a number operating modes which effect the coverage
area and demands may fluctuate over time. The problem is formulated
as a mixed integer linear program (MIP). However due to the complex-
ity and scale of the problem using a commercial solver is intractable.

This work proposes a learnheuristic approach in which the integer vari-
ables are solved by a metaheuristic algorithm which solves the remain-
ing real variables via a linear program. Within the learnheuristic al-
gorithm the linear programming solver plays the role of the black-box
reality module and the metaheuristic algorithm plays the role of the
optimization module. Due to the scale of the problem the black-box is
a bottle neck on the algorithm. Learnheuristics employ machine learn-
ing algorithms to approximate the black-box during the runtime of the
algorithm. For this task a neural network is used. In experiments this
work shows that the learnheuristic is able to generate high quality so-
lutions quickly compared to several alternatives.

4 - A Biased Randomized Algorithm applied to Asset Lia-
bility Management
Armando Nieto, Angel A. Juan

Most of the insurers and a wide part of private banking have to deal
with liabilities extended in the long term. This translates in the neces-
sity of choosing the appropriate assets to match with the debts. In this
work, we show an effective biased randomized algorithm that leads to
a selection of our asset portfolio subject to conditions. This algorithm
is easily customizable to search any required goal such as duration,
best cash flow fit, or less expensive portfolio, following the different
approaches that are described in the financial literature.
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Energy Systems

Stream: Applications of Dynamical Models
Invited session
Chair: Mette Gamst

1 - Optimally allocating a chain of charging stations for
electric vehicles along a highway
Alexander Belenky, Alain Kornhauser

Charging stations along highways crossing geographic regions form
one of the two major parts of the charging infrastructure for electric ve-
hicles, and an approach to optimally allocating a chain of these stations
along a highway is proposed. Proceeding from a) an expected (but un-
known exactly) electricity demand at each charging station from the
chain, b) the available types of and the market prices for the equip-
ment that can be installed at each charging station, c) both legal and
technological constraints affecting the distance between the stations in
the chain, and d) the maintenance and operational costs associated with
each charging station from the chain, an estimate of the investment vol-
ume needed for developing the chain is found by solving a large-scale
optimization problem with a linear structure of constraints and mixed
variables. That is, a problem of maximizing the minimum function of
a sum of two bilinear and several linear functions of vector arguments
is solved. A reduction of solving this problem to solving either a mixed
programming problem or an integer programming problem and a lin-
ear programming one is proven. The mathematical model underlying
the formalization of the allocation problem allows one to consider that
both the existing electrical grids and alternative sources of energy such
as solar panels and wind turbines may supply the charging stations
from the chain with electricity either directly or via various electricity
storing systems.

2 - Time aggregation techniques applied to integrated en-
ergy systems
Mette Gamst, Stefanie Buchholz, David Pisinger

Simulating energy systems is vital for energy planning. The green tran-
sition continues to introduce fluctuating renewable energy sources and
integration of different types of energy. Simulating energy systems is
necessary to understand system behavior and the effects of investing in
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new technologies. In this context, an energy system simulation con-
sists of a year in one hour resolution, i.e. of 8760 hours. Also, an
energy system may consist of many geographical areas (e.g. electric-
ity bidding zones) and energy types (e.g. electricity, district heating,
gas). For this reason, simulations may become very time consuming
and even intractable. The literature suggests a wide variety of aggre-
gation techniques, which are all focused on reducing the number of
time steps needed to represent a full year. The far majority of the lit-
erature, however, considers simple energy systems consisting of just a
single electricity bidding zone. We have implemented selected aggre-
gation techniques on full scale, real life energy systems with multiple
geographical areas and energy types. In this presentation, we analyze
the implementations and the results. By implementing the aggrega-
tion techniques on very different types of energy systems, we aim to
provide general insights on gains and drawbacks of the techniques.

3 - Impacts of pipeline network reform on the primary dis-
tribution system of oil products in China: energy, econ-
omy and environment
Meng Yuan, Yongtu Liang

State-owned monopolies on pipelines lead to low energy efficiency,
expensive logistics costs and high GHG emissions in the primary dis-
tribution system of oil products (PDO) in China. With the pressures
on energy demand and emission mitigation, the reform on the pipeline
network is imperative. However, the selection of appropriate reform
policy is controversial, and no researcher has conducted quantitative
analysis on this issue. In this paper, we establish an integrated frame-
work to provide scientific decision-support for evaluating the impacts
of pipeline network reforms on the PDO system in China through
coupling the mathematical programming technique and the energy-
economy-environment (3E) assessment method. Five scenarios are de-
signed including the baseline (BAU) and four types of reform policies,
namely third-party access (TPA), pipeline network integration (PNI),
business cooperation (BC) and third-party access combined with busi-
ness cooperation (TPA-BC). Based on the analysis results, it can be
concluded that (i) all reform schemes have significant benefits in 3E as-
pects; (ii) the order according to 3E performance presents as follows:
TPA-BC> BC> PNI> TPA> BAU, and (iii) only when the pipeline
networks need to reserve high capacity margin, the advantages of PNI
compared to TPA could be revealed, and otherwise the gap between
them is small.
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Software for large-scale optimization II

Stream: Software for Optimization
Invited session
Chair: Yuji Shinano

1 - Overview of Decision Optimization for Watson Studio
Sofiane Oussedik

This presentation will give you an overview of IBM Decision Opti-
mization for Watson Studio, a data science platform with decision op-
timization and machine learning capabilities, it allows data scientists
to build and evaluate machine learning and optimization models in a
unified environment.

Business analysts can configure and evaluate proof-of-concept applica-
tions based on the data scientist’s models, then application developers
can integrate the artifacts created into the operational application re-
quired by the line-of-business stakeholders.

2 - The primal-dual integral for nonlinear problems
Zsolt Csizmadia, Timo Berthold

We extend the concept of the primal-dual integral introduced by
Berthold for mixed integer problems to nonlinear and mixed integer
nonlinear problems with an emphasis to enable its application to both
global, and local solvers or heuristics that do not provide valid bounds
to the optimal objective. We discuss interpretation on both public and
industrial test sets.

3 - Efficient computation of derivatives for solving op-
timization problems in R and Python using SWIG-
generated interfaces to ADOL-C
Sri Hari Krishna Narayanan, Julie Bessac, Paul Hovland,
Kshitij Kulshreshtha, Kaitlyn MacIntyre

Scripting languages are gaining acceptance because of their ease of
use and value for rapid prototyping in many fields, including ma-
chine learning and statistics. In the context of algorithmic differen-
tiation (AD), however, the main development effort continues to be
concentrated on traditional compiled languages such as Fortran and
C/C++. There is therefore a need for AD tools for computing deriva-
tives efficiently within scripting languages. ADOL-C is an operator
overloading-based C++ library that provides accurate first- and higher-
order derivatives for applications in C++. SWIG is a preprocessor
that uses the C/C++ header files to wrap the API of a library to be
callable from scripting languages such as R and Python and several
other high-level programming languages. The overall process of mak-
ing the C/C++ API available via SWIG is largely the same for all
scripting languages. After an initial effort required per language, only
minimal effort is required to maintain the scripting interface in sync
with upstream developments in the original C/C++ library. In addition
to achieving our original goal of creating an interface for R, we were
able to generate an interface for Python that proved an order of magni-
tude faster than the previously implemented interface. This talk gives
an overview of the interface generation process, the challenges we en-
countered with both scripting languages, and some numerical results
to demonstrate both usefulness and efficiency.

4 - Configuring ParaXpress to Enhance its Heuristic Perfor-
mance
Yuji Shinano, Timo Berthold, Lluis-Miquel Munguia

ParaXpress is a distributed memory parallel MIP solver based on the
FICO Xpress-Optimizer and the Ubiquity Generator (UG) Framework.
ParaXpress so far has been tuned to prove optimality quickly. In this
talk, we want to investigate how a distributed memory MIP solver can
be best utilized for finding high-quality feasible solutions quickly. To
this effect, we present UGS, another software framework which allows
to run different solvers to solve a single instance exchanging incum-
bent solutions. In addition to fully-fledged MIP solvers, UGS enables
the use of PACS-X, a parallel implementation of the Alternating Crite-
ria Search heuristic based on Xpress. With UGS, we combine different
configurations of ParaXpress with PACS-X and present computational
results for the configuration selection.
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Different perspectives on Problem
Structuring Methods

Stream: Soft OR, Problem Structuring Methods
Invited session
Chair: Isabella Lami

1 - Projecting decisions. The architectural design practice
in the folds of decision-making processes
Elena Todella
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