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Wednesday  3 April   1120-1300     Room 1    
EuroGP1:  Best Paper Nominees 1 
Chairs:  Krzysztof Krawiec, Alberto Moraglio 

 
Learning Reusable Initial Solutions for Multi-objective Order Acceptance and Scheduling 
Problems with Genetic Programming  (EuroGP Best Paper Candidate) 
Su Nguyen, Mengjie Zhang, Mark Johnston, Kay Chen Tan  
Order acceptance and scheduling (OAS) is an important issue in make-to-order production 
systems that decides the set of orders to accept and the sequence in which these accepted 
orders are processed to increase total revenue and improve customer satisfaction. This paper 
aims to explore the Pareto fronts of trade-off solutions for a multi-objective OAS problem. Due to 
its complexity, solving this problem is challenging. A two-stage learning/optimising (2SLO) 
system is proposed in this paper to solve the problem. The novelty of this system is the use of 
genetic programming to evolve a set of scheduling rules that can be reused to initialise 
populations of an evolutionary multi-objective optimisation (EMO) method. The computational 
results show that 2SLO is more effective than the pure EMO method. Regarding maximising the 
total revenue, 2SLO is also competitive as compared to other optimisation methods in the 
literature. 
 



A Multi-objective Optimization Energy Approach to Predict the Ligand Conformation in a 
Docking Process  (EuroGP Best Paper Candidate) 
Angelica Sandoval-Perez, David Becerra, Diana Vanegas, Daniel Restrepo-Montoya, Fernando 
Nino  
This work proposes a multi-objective algorithmic method for modeling the prediction of the 
conformation and configuration of ligands in receptor-ligand complexes by considering energy 
contributions of molecular interactions. The proposed approach is an improvement over others in 
the field, where the principle insight is that a Pareto front helps to understand the tradeoffs in the 
actual problem. The method is based on three main features: (i) Representation of molecular 
data using a trigonometric model; (ii) Modeling of molecular interactions with all-atoms force field 
energy functions and (iii) Exploration of the conformational space through a multi-objective 
evolutionary algorithm. The performance of the proposed model was evaluated and validated 
over a set of well known complexes. The method showed a promising performance when 
predicting ligands with high number of rotatable bonds. 
 
A New Implementation of Geometric Semantic GP and its Application to Problems in 
Pharmacokinetics  (EuroGP Best Paper Candidate) 
Leonardo Vanneschi, Mauro Castelli, Luca Manzoni, Sara Silva  
Moraglio et al. have recently introduced new genetic operators for genetic programming, called 
geometric semantic operators. These operators induce a unimodal fitness landscape for all the 
problems consisting in matching input data with known target outputs (like regression and 
classification). This feature facilitates genetic programming evolvability, which makes these 
operators extremely promising. Nevertheless, Moraglio et al. leave open problems, the most 
important one being the fact that these operators, by construction, always produce offspring that 
are larger than their parents, causing an exponential growth in the size of the individuals, which 
actually renders them useless in practice. In this paper we overcome this limitation by presenting 
a new efficient implementation of the geometric semantic operators. This allows us, for the first 
time, to use them on complex real-life applications, like the two problems in pharmacokinetics 
that we address here. Our results confirm the excellent evolvability of geometric semantic 
operators, demonstrated by the good results obtained on training data. Furthermore, we have 
also achieved a surprisingly good generalization ability, a fact that can be explained considering 
some properties of geometric semantic operators, which makes them even more appealing than 
before. 
 

 

Wednesday 3 April   1430-1610    Room 1 
EuroGP2:  Analyses 
Chair:  Wolfgang  Banzhaf 

 
Semantic Bias in Program Coevolution 
Tom Seaton, Julian F. Miller, Tim Clarke  
We investigate two pathological coevolutionary behaviours, disengagement and cycling, in GP 
systems. An empirical analysis is carried out over constructed GP problems and the Game of 
Tag, a historical pursuit and evasion task. The effects of semantic bias on the occurrence of 
pathologies and consequences for performance are examined in a coevolutionary context. We 
present findings correlating disengagement with semantic locality of the genotype to phenotype 
map using a minimal competitive coevolutionary algorithm. 
 
Robustness and Evolvability of Recombination in Linear Genetic Programming 
Ting Hu, Wolfgang Banzhaf, Jason H. Moore 
The effect of neutrality on evolutionary search has been recognized to be crucially dependent on 
its distribution at the phenotypic level. Quantitatively characterizing robustness and evolvability in 
genotype and phenotype spaces greatly helps to understand the influence of neutrality on 
Genetic Programming. Most existing robustness and evolvability studies focus on mutations with 
a lack of investigation of recombinational operations. Here, we extend a previously proposed 
quantitative approach of measuring mutational robustness and evolvability in Linear GP. By 
considering a simple LGP system that has a compact representation and enumerable genotype 



and phenotype spaces, we quantitatively characterize the robustness and evolvability of 
recombination at the phenotypic level. In this simple yet representative LGP system, we show 
that recombinational properties are correlated with mutational properties. Utilizing a population 
evolution experiment, we demonstrate that recombination significantly accelerates the 
evolutionary search process and particularly promotes robust phenotypes for innovative 
phenotypic explorations. 
 
On the Evolvability of a hybrid Ant Colony-Cartesian Genetic Programming Methodology 
Sweeney Luis, Marcus Vinicius dos Santos  
A method that uses Ant Colonies as a Model-based Search to Cartesian Genetic Programming 
(CGP) to induce computer programs is presented. Candidate problem solutions are encoded 
using a CGP representation. Ants generate problem solutions guided by pheromone traces of 
entities and nodes of the CGP representation. The pheromone values are updated based on the 
paths followed by the best ants, as suggested in the Rank-Based Ant System. To assess the 
evolvability of the system we applied a modifed version of a method introduced to measure rate 
of evolution. Our results show that such method effectively reveals how evolution proceeds 
under different parameter settings. The proposed hybrid architecture shows high evolvability in a 
dynamic environment by maintaining  a pheromone model that elicits high genotype diversity. 
 
Understanding Expansion Order and Phenotypic Connectivity in piGE 
David Fagan, Erik Hemberg, Michael O'Neill, Sean McGarraghy  
Since its inception, piGE has used evolution to guide the order of how to construct derivation 
trees. It was hypothesised that this would allow evolution to adjust the order of expansion during 
the run and thus help with search. This research aims to identify if a specific order is reachable, 
how reachable it may be, and goes on to investigate what happens to the expansion order during 
a piGE run. It is concluded that within piGE we do not evolve towards a specific order but a 
rather distribution of orders. The added complexity that an evolvable order gives piGE can make 
it difficult to understand how it can effectively search, by examining the connectivity of the 
phenotypic landscape it is hoped to understand this. It is concluded that the addition of an 
evolvable derivation tree expansion order makes the phenotypic landscape associated with piGE 
very densely connected, with solutions now linked via a single mutation event that were not 
previously connected. 
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Examining the Diversity Property of Semantic Similarity based Crossover 
Tuan Anh Pham, Quang Uy Nguyen, Xuan Hoai Nguyen, Michael O'Neill  
Population diversity has long been seen as a crucial factor for the efficiency of Evolutionary 
Algorithms in general, and Genetic Programming (GP) in particular. This paper experimentally 
investigates the diversity property of a recently proposed crossover, Semantic Similarity based 
Crossover (SSC). The  results show that while SSC helps to improve locality, it leads to the loss 
of diversity of the population. This could be the reason that sometimes SSC fails in achieving 
superior performance when compared to standard subtree crossover. Consequently, we 
introduce an approach to maintain the population diversity by combining SSC with a multi-
population approach. The experimental results show that this combination maintains better 
population diversity, leading to further improvement in GP performance. Further SSC parameters 
tuning to promote diversity gains even better results. 
 
How Early and with How Little Data? Using Genetic Programming to Evolve Endurance 
Classifiers for MLC NAND Flash Memory 
Damien Hogan, Tom Arbuckle, Conor Ryan  
Despite having a multi-billion dollar market and many operational advantages, Flash memory 
suffers from a serious drawback, that is, the gradual degradation of its storage locations through 
use. Manufacturers currently have no method to predict how long they will function correctly, 
resulting in extremely conservative longevity specifications being placed on Flash devices. We 
leverage the fact that the durations of two crucial Flash operations, program and erase, change 



as the chips age. Their timings, recorded at intervals early in chips' working lifetimes, are used to 
predict whether storage locations will function correctly after given numbers of operations. We 
examine how early and with how little data such predictions can be made. Genetic Programming, 
employing the timings as inputs, is used to evolve binary classifiers that achieve up to a mean of 
97.88% correct classification. This technique displays huge potential for real-world application, 
with resulting savings for manufacturers. 
 
Asynchronous Evaluation based Genetic Programming: Comparison of Asynchronous 
and Synchronous Evaluation and its Analysis 
Tomohiro Harada, Keiki Takadama  
This paper compares an asynchronous evaluation based GP with a synchronous evaluation 
based GP to investigate the evolution ability of an asynchronous evaluation on the GP domain. 
As an asynchronous evaluation based GP, this paper focuses on Tierra-based Asynchronous 
GP we have proposed, which is based on a biological evolution simulator, Tierra. The intensive 
experiment compares TAGP with simple GP by applying them to a symbolic regression problem, 
and it is revealed that an asynchronous evaluation based GP has better evolution ability than a 
synchronous one. 
 
Global Top-Scoring Pair Decision Tree for Gene Expression Data Analysis 
Marcin Czajkowski, Marek Kretowski  
Extracting knowledge from gene expression data is still a major challenge. Relative expression 
algorithms use the ordering relationships for a small collection of genes and are successfully 
applied for micro-array classification. However, searching for all possible subsets of genes 
requires a significant number of calculations, assumptions and limitations. In this paper we 
propose an evolutionary algorithm for global induction of top-scoring pair decision trees. We 
have designed several specialized genetic operators that search for the best tree structure and 
the splits in internal nodes which involve pairwise comparisons of the gene expression values. 
Preliminary validation performed on real-life micro-array datasets is promising as the proposed 
solution is highly competitive to other relative expression algorithms and allows exploring much 
larger solution space. 
 
A Grammar-Guided Genetic Programming Algorithm for Multi-Label Classification 
Alberto Cano, Amelia Zafra, Eva L. Gibaja, Sebastián Ventura  
Multi-label classification is a challenging problem which demands new knowledge discovery 
methods. This paper presents a Grammar-Guided Genetic Programming algorithm for solving 
multi-label classification problems using IF-THEN classification rules. This algorithm, called G3P-
ML, is evaluated and compared to other multi-label classification techniques in different 
application domains. Computational experiments show that G3P-ML often obtains better results 
than other algorithms while achieving a lower number of rules than the other methods. 

 

Thursday 4 April   1430-1610    Room 1 
EuroGP3:  Techniques 
Chair:  Michael  O'Neill 

 
Reducing Wasted Evaluations in Cartesian Genetic Programming 
Brian Goldman, William Punch  
Cartesian Genetic Programming (CGP) is a form of Genetic Programming (GP) where a large 
proportion of the genome is identifiably unused by the phenotype.  This can lead mutation to 
create offspring that are genotypically different but phenotypically identical, and therefore do not 
need to be evaluated.  We investigate theoretically and empirically the effects of avoiding these 
otherwise wasted evaluations, and provide evidence that doing so reduces the median number 
of evaluations to solve four benchmark problems, as well as reducing CGP's sensitivity to the 
mutation rate.  The similarity of results across the problem set in combination with the theoretical 
conclusions supports the general need for avoiding these unnecessary evaluations. 
 
PhenoGP: Combining Programs to Avoid Code Disruption 
Cyril Fonlupt, Denis Robilliard  



In conventional Genetic Programming (GP), n programs are simultaneously evaluated and only 
the best programs will survive from one generation to the next. It is a pity as some programs 
might contain useful code that might be hidden or not evaluated due to the presence of introns. 
For example in regression, 0 * (perfect code) will unfortunately not be assigned a good fitness 
and this program might be discarded due to the evolutionary process. In this paper, we develop 
a new form of GP called PhenoGP (PGP). PGP individuals consist of ordered lists of programs 
to be executed in which the ultimate goal is to find the best order from simple building-blocks 
programs. If the fitness remains stalled during the run, new building-blocks programs are 
generated. PGP seems to compare fairly well with canonical GP. 
 
Program Optimisation with Dependency Injection 
James McDermott, Paula Carroll  
For many real-world problems, there exist non-deterministic heuristics which generate valid but 
possibly sub-optimal solutions. The program optimisation with dependency injection method, 
introduced here, allows such a heuristic to be placed under evolutionary control, allowing search 
for the optimum. Essentially, the heuristic is "fooled" into using a genome, supplied by a genetic 
algorithm, in place of the output of its random number generator. The method is demonstrated 
with generative heuristics in the domains of 3D design and communications network design. It is 
also used in novel approaches to genetic programming. 
 
Searching for Novel Classifiers 
Enrique Naredo, Leonardo Trujillo, Yuliana Martínez 
Natural evolution is an open-ended search process without an a priori fitness function that needs 
to be optimized. On the other hand,  evolutionary algorithms (EAs) rely on a clear and 
quantitative  objective. The Novelty Search algorithm (NS) substitutes fitness-based selection 
with a \emph{novelty} criteria; i.e., individuals are chosen based on their uniqueness. To do so, 
individuals are described by the behaviors they exhibit, instead of their phenotype or genetic 
content. NS has mostly been used in evolutionary robotics, where the concept of behavioral 
space can be clearly defined. Instead, this work applies NS to a more general problem domain, 
classification. To this end, two behavioral descriptors are proposed, each describing a classifier's 
performance from two different perspectives. Experimental results show that NS-based search 
can be used to derive effective classifiers. In particular, NS is best suited to solve difficult 
problems, where exploration needs to be encouraged and maintained. 

 

Thursday 4 April    1630-1810     Room 1 
EuroGP4:  Best Paper Nominees 2 
Chairs:  Krzysztof Krawiec, Alberto Moraglio 

 
Automated Problem Decomposition for the Boolean Domain with Genetic Programming  
(EuroGP Best Paper Candidate) 
Fernando Otero, Colin Johnson  
Researchers have been interested in exploring the regularities and modularity of the problem 
space in genetic programming (GP) with the aim of decomposing the original problem into 
several smaller subproblems. The main motivation is to allow GP to deal with more complex 
problems. Most previous works on modularity in GP emphasise the structure of modules used to 
encapsulate code and/or promote code reuse, instead of in the decomposition of the original 
problem. In this paper we propose a problem decomposition strategy that allows the use of a GP 
search to find solutions for subproblems and combine the individual solutions into the complete 
solution to the problem. 
 
Balancing Learning and Overfitting in Genetic Programming with Interleaved Sampling of 
Training Data  (EuroGP Best Paper Candidate) 
Ivo Gonçalves, Sara Silva  
Generalization is the ability of a model to perform well on cases not seen during the training 
phase. In Genetic Programming generalization has recently been recognized as an important 
open issue, and increased efforts are being made towards evolving models that do not overfit. In 
this work we expand on recent developments that showed that using a small and frequently 



changing subset of the training data is effective in reducing overfitting and improving 
generalization. Particularly, we build upon the idea of randomly choosing a single training 
instance at each generation and balance it with periodically using all training data. The 
motivation for this approach is based on trying to keep overfitting low (represented by using a 
single training instance) and still presenting enough information so that a general pattern can be 
found (represented by using all training data). We propose two approaches called interleaved 
sampling and random interleaved sampling that respectively represent doing this balancing in a 
deterministic or a probabilistic way. Experiments are conducted on three high-dimensional real-
life datasets on the pharmacokinetics domain. Results show that most of the variants of the 
proposed approaches are able to consistently improve generalization and reduce overfitting 
when compared to standard Genetic Programming. The best variants are even able of such 
improvements on a dataset where a recent and representative state-of-the-art method could not. 
Furthermore, the resulting models are short and hence easier to interpret, an important 
achievement from the applications' point of view. 
 
Controlling Bloat through Parsimonious Elitist Replacement and Spatial Structure 
(EuroGP Best Paper Candidate) 
Grant Dick, Peter Whigham  
The concept of bloat --- the increase of program size without a corresponding increase in fitness 
--- presents a significant drawback to the application of genetic programming. One approach to 
controlling bloat, dubbed spatial structure with elitism (SS+E), uses a combination of spatial 
population structure and local elitist replacement to implicitly constrain unwarranted program 
growth. However, the default implementation of SS+E uses a replacement scheme that prevents 
the introduction of smaller programs in the presence of equal fitness. This paper introduces a 
modified SS+E approach in which replacement is done under a lexicographic parsimony scheme. 
The proposed model, spatial structure with lexicographic parsimonious elitism (SS+LPE), 
exhibits an improvement in bloat reduction and, in some cases, more effectively searches for 
fitter solutions. 

 

Friday 5 April   0930-1110    Room 1 
EuroGP5:  Applications 
Chair : Colin Johnson 

 
Generation of VNS Components with Grammatical Evolution for Vehicle Routing 
John Drake, Nikolaos Kililis, Ender Özcan 
The vehicle routing problem (VRP) is a family of problems whereby a fleet of vehicles must 
service the commodity demands of a set of geographically scattered customers from one or 
more depots, subject to a number of constraints. Early hyper-heuristic research focussed on 
selecting and applying a low-level heuristic at a given stage of an optimisation process. Recent 
trends have led to a number of  approaches being developed to automatically generate 
heuristics for a number of combinatorial optimisation problems. Previous work on the VRP has 
shown that the application of hyper-heuristic approaches can yield successful results. In this 
paper we investigate the potential of grammatical evolution as a method to evolve the 
components of a variable neighbourhood search (VNS) framework. In particular two components 
are generated; constructive heuristics to create initial solutions and neighbourhood move 
operators to change the state of a given solution. The proposed method is tested on standard 
benchmark instances of two common VRP variants. 
 
Automated Design of Probability Distributions as Mutation Operators for Evolutionary 
Programming Using Genetic Programming 
Libin Hong, John Woodward, Jingpeng Li, Ender Özcan 
The mutation operator is the only source of variation in Evolutionary Programming. In the past 
these have been human nominated and included the Gaussian,Cauchy,and the Levy 
distributions. We automatically design mutation operators (probability distributions) using Genetic 
Programming. This is done by using a standard Gaussian random number generator as the 
terminal set and and basic arithmetic operators as the function set. In other words, an arbitrary 
random number generator is a function of a randomly (Gaussian) generated number  passed 



through an arbitrary function generated by Genetic Programming. Rather than engaging in the 
futile attempt to develop mutation operators for arbitrary benchmark functions (which is a 
consequence of the No Free Lunch theorems), we consider tailoring mutation operators for 
particular function classes. We draw functions from a function class (a probability distribution 
over a set of functions). The mutation probability distribution is trained on a set of function 
instances drawn from a given function class. It is then tested on a separate independent test set 
of function instances to confirm that the evolved probability distribution has indeed generalized to 
the function class. Initial results are highly encouraging: on each of the ten function classes the 
probability distributions generated using Genetic Programming outperform both the Gaussian 
and Cauchy distributions. 
 
Discovering Subgroups by means of Genetic Programming 
José M. Luna, José R. Romero, Cristóbal Romero, Sebastián Ventura  
This paper deals with the problem of discovering subgroups in data by means of a grammar 
guided genetic programming algorithm, each subgroup including a set of related patterns. The 
proposed algorithm combines the requirements of discovering comprehensible rules with the 
ability of mining expressive and flexible solutions thanks to the use of a context-free grammar. A 
major characteristic of this algorithm is the small number of parameters required, so the mining 
process is easy for end-users. The algorithm proposed is compared with existing subgroup 
discovery evolutionary algorithms. The experimental results reveal the excellent behaviour of this 
algorithm, discovering comprehensible subgroups and behaving better than the other algorithms. 
The conclusions obtained were reinforced through a series of non-parametric tests. 
 
Adaptive Distance Metrics for Nearest Neighbour Classification based on Genetic 
Programming 
Alexandros Agapitos, Michael O'Neill, Anthony Brabazon 
Nearest Neighbour (NN) classification is a widely-used, effective method for both binary and 
multi-class problems. It relies on the assumption that class conditional probabilities are locally 
constant. However, this assumption becomes invalid in high dimensions, and severe bias can be 
introduced, which degrades the performance of the method. The employment of a locally 
adaptive distance metric becomes crucial in order to keep class conditional probabilities 
approximately uniform, whereby better classification performance can be attained.  This paper 
presents a locally adaptive distance metric for NN classification based on a supervised learning 
algorithm (Genetic Programming) that learns a vector of feature weights for the features 
composing an instance query. Using a weighted Euclidean distance metric, this has the effect of 
adaptive neighbourhood shapes to query locations, stretching the neighbourhood along the 
directions for which the class conditional probabilities don't change much. Initial empirical results 
on a set of real-world classification datasets showed that the proposed method enhances the 
generalisation performance of standard NN algorithm, and that it is a competent method for 
pattern classification as compared to other learning algorithms. 
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EvoBIO1:  Gene Expression, Genetic Interactions and Regulatory Networks  
Chair:  William S. Bush 

 
Multiple Threshold Spatially Uniform ReliefF for the Genetic Analysis of Complex Human 
Diseases 
Delaney Granizo-Mackenzie, Jason H. Moore  
Detecting genetic interactions without running an exhaustive search is a difficult problem. We 
present a new heuristic, multiSURF*, which can detect these interactions with high accuracy 
and in time linear in the number of genes. Our algorithm is an improvement over the SURF* 
algorithm, which detects genetic signals by comparing individuals close to, and far from, one 
another and noticing whether differences correlate with different disease statuses. Our 
improvement consistently outperforms SURF* while providing a large runtime decrease by 



examining only individuals very near and very far from one another. Additionally we perform an 
analysis on real data and show that our method provides new information. We conclude that 
multiSURF* is a better alternative to SURF* in both power and runtime. 
 
Dimensionality reduction via Isomap with lock-step and elastic measures for time series 
gene expression classification 
Carlotta Orsenigo, Carlo Vercellis  
Isometric feature mapping (Isomap) has proven high potential for nonlinear dimensionality 
reduction in a wide range of application domains. Isomap finds low-dimensional data 
projections by preserving global geometrical properties, which are expressed in terms of the 
Euclidean distances among points. In this paper we investigate the use of a recent variant of 
Isomap, called double-bounded tree-connected Isomap (dbt-Isomap), for dimensionality 
reduction in the context of time series gene expression classification. In order to deal with the 
projection of temporal sequences dbt-Isomap is combined with different lock-step and elastic 
measures which have been extensively proposed to evaluate time series similarity. These are 
represented by three Lp-norms, dynamic time warping and the distance based on the longest 
common subsequence model. Computational experiments concerning the classification of two 
time series gene expression data sets showed the usefulness of dbt-Isomap for dimensionality 
reduction. Moreover, they highlighted the effectiveness of L1-norm which appeared as the best 
alternative to the Euclidean metric for time series gene expression embedding. 
 
Supervising Random Forest Using Attribute Interaction Networks 
Qinxin Pan, Ting Hu, James D. Malley, Angeline S. Andrew, Margaret R. Karagas, Jason H. 
Moore  
Genome-wide association studies (GWAS) have become a powerful and affordable tool to 
study the genetic variations associated with common human diseases. However, only few of 
the loci found are associated with a moderate or large increase in disease risk and therefore 
using GWAS findings to study the underlying biological mechanisms remains a challenge. One 
possible cause for the "missing heritability" is the gene-gene interactions or epistasis. Several 
methods have been developed and among them Random Forest (RF) is a popular one. RF has 
been successfully applied in many studies. However, it is also known to rely on marginal main 
effects. Meanwhile, networks have become a popular approach for characterizing the space of 
pairwise interactions systematically, which can be informative for classification problems. In this 
study, we compared the findings of Mutual Information Network (MIN) to that of RF and 
observed that the variables identified by the two methods overlap with differences. To integrate 
advantages of MIN into RF, we proposed a hybrid algorithm, MIN-guided RF (MINGRF), which 
overlays the neighborhood structure of MIN onto the growth of trees. After comparing MINGRF 
to the standard RF on a bladder cancer dataset, we conclude that MINGRF produces trees with 
a better accuracy at a smaller computational cost. 
 
Knowledge-constrained K-medoids Clustering of Regulatory Rare Alleles for Burden 
Tests 
R. Michael Sivley, Alexandra E. Fish, William S. Bush  
Rarely occurring genetic variants are hypothesized to influence human diseases, but 
statistically associating these rare variants to disease is challenging due to a lack of statistical 
power in most feasibly sized datasets.  Several statistical tests have been developed to either 
collapse multiple rare variants from a genomic region into a single variable (presence/absence) 
or to tally the number of rare alleles within a region, relating the burden of rare alleles to 
disease risk.  Both these approaches, however, rely on user-specification of a genomic region 
to generate these collapsed or burden variables, usually an entire gene.  Recent studies 
indicate that most risk variants for common diseases are found within regulatory regions, not 
genes.  To capture the effect of rare alleles within non-genic regulatory regions for burden tests, 
we contrast a simple sliding window approach with a knowledge-guided k-medoids clustering 
method to group rare variants into statistically powerful, biologically meaningful windows.  We 
apply these methods to detect genomic regions that alter expression of nearby genes. 
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EvoBIO2:  Computational Methods and Evolution  
Chair:  Mario Giacobini 

 
ACO-based Bayesian Network Ensembles for the Hierarchical Classification of Ageing-
Related Proteins 
Khalid Salama, Alex Freitas  
The task of predicting protein functions using computational techniques is a major research 
area in the field of bioinformatics. Casting the task into a classification problem makes it 
challenging, since the classes (functions) to be predicted are hierarchically related, and a 
protein can have more than one function. One approach is to produce a set of local classifiers; 
each is responsible for discriminating between a subset of the classes in a certain level of the 
hierarchy. In this paper we tackle the hierarchical classification problem in a local fashion, by 
learning an ensemble of Bayesian network classifiers for each class in the hierarchy and 
combining their outputs with four alternative methods: a) selecting the best classifier, b) 
majority voting, c) weighted voting, and d) constructing a meta-classifier. The ensemble is built 
using ABC-Miner, our recently introduced Ant-based Bayesian Classification algorithm. We use 
different types of protein representations to learn different classification models. We empirically 
evaluate our proposed methods on an ageing-related protein dataset created for this research. 
 
Feature Selection and Classification of High Dimensional Mass Spectrometry Data: A 
Genetic Programming Approach 
Soha Ahmed, Mengjie Zhang, Lifeng Peng  
Biomarker discovery using mass spectrometry (MS) data is very useful in disease detection 
and drug discovery. The process of biomarker discovery in MS data must start with feature 
selection as the number of features in MS data is extremely large (e.g. thousands) while the 
number of samples is comparatively small. In this study, we propose the use of genetic 
programming (GP) for automatic feature selection and classification of MS data. This GP based 
approach works by using the features selected by two feature selection metrics, namely 
information gain (IG) and relief-f (REFS-F) in the terminal set. The feature selection 
performance of the proposed approach is examined and compared with IG and REFS-F alone 
on five MS data sets with different numbers of features and instances. Naive Bayes (NB), 
support vector machines (SVMs) and J48 decision trees (J48) are used in the experiments to 
evaluate the classification accuracy of the selected features. Meanwhile, GP is also used as a 
classification method in the experiments and its performance is compared with that of NB, 
SVMs and J48. The results show that GP as a feature selection method can select a smaller 
number of features with better classification performance than IG and REFS-F using NB, SVMs 
and J48. In addition, GP as a classification method also outperforms NB and J48 and achieves 
comparable or slightly better performance than SVMs on these data sets. 
 
Structured populations and the maintenance of sex 
Peter A. Whigham, Grant Dick, Alden Wright, Hamish G. Spencer  
The maintenance of sexual populations has been an ongoing issue for evolutionary biologists, 
largely due to the two-fold cost of sexual versus asexual reproduction.  Many explanations 
have been proposed to explain the benefits of sex, including the role of recombination in 
maintaining diversity and the elimination of detrimental mutations, the advantage of sex in 
rapidly changing environments, and the role of spatial structure, finite population size and drift.  
Many computational models have been developed to explore theories relating to sexual 
populations; this paper examines the role of spatial structure in supporting sexual populations, 
based on work originally published in 2006.  We highlight flaws in the original model and 
develop a simpler, more plausible model that demonstrates the role of mutation, local 
competition and dispersal in maintaining sexual populations. 
 
Bloat free Genetic Programming: application to human oral bioavailability prediction  
(invited paper, as published in Int. J. Data Mining and Bioinformatics, Vol. 6, No. 6, 2012) 
Sara Silva, Leonardo Vanneschi 
Being able to predict the human oral bioavailability for a potential new drug is extremely 



important for the drug discovery process. This problem has been addressed by several 
prediction tools, with Genetic Programming providing some of the best results ever achieved. In 
this paper we use the newest developments of Genetic Programming, in particular the latest 
bloat control method, Operator Equalisation, to find out how much improvement we can 
achieve on this problem.  We show examples of some actual solutions and discuss their quality, 
comparing them with previously published results. We identify some unexpected behaviours 
related to overfitting, and discuss the way for further improving the practical usage of the 
Genetic Programming approach. 
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Mining for Variability in the Coagulation Pathway: A Systems Biology Approach 
Davide Castaldi, Daniele Maccagnola, Daniela Mari, Francesco Archetti  
In this paper authors perform a variability analysis of a Stochastic Petri Net (SPN) model of the 
Tissue Factor induced coagulation cascade, one of the most complex biochemical networks. 
This pathway has been widely analyzed in literature mostly with ordinary differential equations, 
outlining the general behaviour but without pointing out the intrinsic variability of the system. 
The SPN formalism can introduce uncertainty to capture this variability and, through computer 
simulation allows to generate analyzable time series, over a broad range of conditions, to 
characterize the trend of the main system molecules. We provide a useful tool for the 
development and management of several observational studies, potentially customizable for 
each patient. The SPN has been simulated using Tau-Leaping Stochastic Simulation Algorithm, 
and in order to simulate a large  number of models, to test different scenarios, we perform them 
using High Performance Computing. We analyze different settings for model representing the 
cases of healthy and  different unhealthy subjects, comparing and testing their variability in 
order to gain valuable biological insights. 
 
Cell-based Metrics Improve the Detection of Gene-Gene Interactions using Multifactor 
Dimensionality Reduction 
Jonathan M. Fisher, Peter Andrews, Jeff Kiralis, Nicholas A. Sinnott-Armstrong, Jason H. 
Moore  
Multifactor Dimensionality Reduction (MDR) is a widely- used data-mining method for detecting 
and interpreting epistatic effects that do not display significant main effects. MDR produces a 
reduced- dimensionality representation of a dataset which classifies multi-locus genotypes into 
either high- or low-risk groups. The weighted fraction of cases and controls correctly labelled by 
this classification, the bal- anced accuracy, is typically used as a metric to select the best or 
most-fit model. We propose two new metrics for MDR to use in evaluating models, Variance 
and Fisher, and compare those metrics to two previously-used MDR metrics, Balanced 
Accuracy and Normalized Mutual Information. We find that the proposed metrics consistently 
outperform the existing metrics across a variety of scenarios. 
 
Impact of Different Recombination Methods in a Mutation-Specific MOEA for a 
Biochemical Application 
Susanne Rosenthal, Nail El-Sourani, Markus Borschbach  
Peptides play a key role in the development of drug candidates and diagnostic interventions, 
respectively. The design of peptides is cost-intensive and difficult in general for several well-
known reasons. Multi-objective evolutionary algorithms (MOEAs) introduce adequate in silico 
methods for finding optimal peptides sequences which optimizes several molecular properties. 
A mutation-specific fast non-dominated sorting GA (termed MSNSGA-II) was especially 
designed for this purpose. In this work, an empirical study is presented about the performance 
of MSNSGA-II which is extended by optionally three different recombination operators. The 
main idea is to gain an insight into the significance of recombination for the performance of 
MSNSGA-II in general - and to improve the performance with these intuitive recombination 
methods for biochemical optimization. The benchmark test for this study is a three-dimensional 
optimization problem, using fitness functions provided by the BioJava library. 
 
Optimal Use of Biological Expert Knowledge from Literature Mining in Ant Colony 
Optimization for Analysis of Epistasis in Human Disease 



Arvis Sulovari, Jeff Kiralis, Jason H. Moore  
The fast measurement of millions of sequence variations across the genome is possible with 
the current technology. As a result, a difficult challenge arise in bioinformatics: the identification 
of combinations of interacting DNA sequence variations predictive of common disease [1]. The 
Multifactor Dimensionality Reduction (MDR) method is capable of analysing such interactions 
but an exhaustive MDR search would require exponential time. Thus, we use the Ant Colony 
Optimization (ACO) as a stochastic wrapper. It has been shown by Greene et al. that this 
approach, if expert knowledge is incorporated, is effective for analysing large amounts of 
genetic variation[2]. In the ACO method integrated in the MDR package, a linear and an 
exponential probability distribution function can be used to weigh the expert knowledge. We 
generate our biological expert knowledge from a network of gene-gene interactions produced 
by a literature mining platform, Pathway Studio. We show that the linear distribution function is 
the most appropriate to weigh our scores when expert knowledge from literature mining is used. 
We find that ACO parameters significantly affect the power of the method and we suggest 
values for these parameters that can be used to optimize MDR in Genome Wide Association 
Studies that use biological expert knowledge. 
 
Emergence of motifs in model gene regulatory networks 
Marcin Zagórski  
Gene regulatory networks arise in all living cells, allowing the control of gene expression 
patterns. The study of their circuitry has revealed that certain subgraphs of interactions or 
motifs appear at anomalously high frequencies. We investigate here whether the 
overrepresentation of these motifs can be explained by the functional capabilities of these 
networks. Given a framework for describing regulatory interactions and dynamics, we consider 
in the space of all regulatory networks those that have a prescribed function. Markov Chain 
Monte Carlo sampling is then used to determine how these functional networks lead to specific 
motif statistics in the interaction structure. We conclude that different classes of network motifs 
are found depending on the functional constraint (multi-stability or oscillatory behaviour) 
imposed on the system evolution. The discussed computational framework can also be used  
for predicting regulatory interactions, if only the experimental gene expression pattern is 
provided. 
 
An Evolutionary Approach to Wetlands Design 
Marco Gaudesi, Andrea Marion, Tommaso Musner, Giovanni Squillero, Alberto Tonda  
Wetlands are artificial basins that exploit the capabilities of some species of plants to purify 
water from pollutants. The design process is currently long and laborious: such vegetated 
areas are inserted within the basin by trial and error, since there is no automatic system able to 
maximize the efficiency in terms of filtering. Only at the end of several attempts, experts are 
able to determine which is the most convenient configuration and choose up a layout. This 
paper proposes the use of an evolutionary algorithm to automate both the placement and the 
sizing of vegetated areas within a basin. The process begins from a random population of 
solutions and, evaluating their efficiency with an state-of-the-art fluid-dynamics simulation 
framework, the evolutionary algorithm is able to automatically find optimized solution whose 
performance are comparable with those achieved by human experts. 
 
Improving the Performance of CGPANN for Breast Cancer Diagnosis using Crossover 
and Radial Basis Functions 
Timmy Manning, Paul Walsh  
Recently published evaluations of the topology and weight evolving artificial neural network 
algorithm Cartesian genetic programming evolved artificial neural networks (CGPANN) have 
suggested it as a potentially powerful tool for bioinformatics problems. In this paper we provide 
an overview of the CGPANN algorithm and a brief case study of its application to the Wisconsin 
breast cancer diagnosis problem. Following from this, we introduce and evaluate the use of 
RBF kernels and crossover to CGPANN as a means of increasing performance and 
consistency. 
 
A Multiobjective Proposal Based on the Firefly Algorithm for Inferring Phylogenies 
Sergio Santander-Jiménez, Miguel A. Vega-Rodríguez  



Recently, swarm intelligence algorithms have been applied successfully to a wide variety of 
optimization problems in Computational Biology. Phylogenetic inference represents one of the 
key research topics in this area. Throughout the years, controversy among biologists has 
arisen when dealing with this well-known problem, as different optimality criteria can give as a 
result discordant genealogical relationships. Current research efforts aim to apply 
multiobjective optimization techniques in order to infer phylogenies that represent a consensus 
between different principles. In this work, we apply a multiobjective swarm intelligence 
approach inspired by the behaviour of fireflies to tackle the phylogenetic inference problem 
according to two criteria: maximum parsimony and maximum likelihood. Experiments on four 
real nucleotide data sets show that this novel proposal can achieve promising results in 
comparison with other approaches from the state-of-the-art in Phylogenetics. 
 
Hybrid Genetic Algorithms for Stress Recognition in Reading 
Nandita Sharma, Tom Gedeon  
Stress is a major problem facing our world today and affects everyday lives providing 
motivation to develop an objective understanding of stress during typical activities. 
Physiological and physical response signals showing symptoms for stress can be used to 
provide hundreds of features. This encounters the problem of selecting appropriate features for 
stress recognition from a set of features that may include irrelevant, redundant or corrupted 
features. In addition, there is also a problem for selecting an appropriate computational 
classification model with optimal parameters to capture general stress patterns. The aim of this 
paper is to determine whether stress can be detected from individual-independent 
computational classification models with a genetic algorithm (GA) optimization scheme from 
sensor sourced stress response signals induced by reading text. The GA was used to select 
stress features, select a type of classifier and optimize the classifierís parameters for stress 
recognition. The classification models used were artificial neural networks (ANNs) and support 
vector machines (SVMs). Stress recognition rates obtained from an ANN and a SVM without a 
GA were 68% and 67% respectively. With a GA hybrid, the stress recognition rate improved to 
89%. The improvement shows that a GA has the capacity to select salient stress features and 
define an optimal classification model with optimized parameter settings for stress recognition. 
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Time-point Specific Weighting Improves Coexpression Networks from Time-course 
Experiments  (EvoBIO Best Paper Candidate) 
Jie Tan, Gavin Grant, Michael Whitfield, Casey Greene  
Integrative systems biology approaches build, evaluate, and combine data from thousands of 
diverse experiments.  These strategies rely on methods that effectively identify and summarize 
gene-gene relationships within individual experiments.  For gene-expression datasets, the 
Pearson correlation is often applied to build coexpression networks because it is both easily 
interpretable and quick to calculate.  Here we develop and evaluate weighted Pearson 
correlation approaches that better summarize gene expression data into coexpression 
networks for synchronized cell cycle time-course experiments.  These methods use 
experimental measurements of cell cycle synchrony to estimate appropriate weights through 
either sliding window or linear regression approaches.  We show that these weights improve 
our ability to build coexpression networks capable of identifying phase-specific functional 
relationships between genes.  We evaluate our method on diverse experiments and find that 
both weighted strategies outperform the traditional method.  This weighted correlation 
approach is implemented in the Sleipnir library, an open source library used for integrative 
systems biology.  Integrative approaches using properly weighted time-course experiments will 
provide a more detailed understanding of the processes studied in such experiments. 
 
Hybrid Multiobjective Artificial Bee Colony with Differential Evolution Applied to Motif 
Finding  (EvoBIO Best Paper Candidate) 
David L. González-Álvarez, Miguel A. Vega-Rodríguez, Juan A. Gómez-Pulido, Juan M. 



Sánchez-Pérez 
The Multiobjective Artificial Bee Colony with Differential Evolution (MO-ABC/DE) is a new 
hybrid multiobjective evolutionary algorithm proposed for solving optimization problems. One 
important optimization problem in Bioinformatics is the Motif Discovery Problem (MDP), applied 
to the specific task of discovering DNA patterns (motifs) with biological significance, such as 
DNA-protein binding sites, replication origins or transcriptional DNA sequences. In this work, 
we apply the MO-ABC/DE algorithm for solving the MDP using as benchmark genomic data 
belonging to four organisms: drosophila melanogaster, homo sapiens, mus musculus, and 
saccharomyces cerevisiae. To demonstrate the good performance of our algorithm we have 
compared its results with those obtained by four multiobjective evolutionary algorithms, and 
their predictions with those made by thirteen well-known biological tools. As we will see, the 
proposed algorithm achieves good results from both computer science and biology point of 
views. 
 
Inferring Human Phenotype Networks from Genome-Wide Genetic Associations (EvoBIO 
Best Paper Candidate) 
Christian Darabos, Kinjal Desai, Richard Cowper-Sallari, Mario Giacobini, Britney E. Graham, 
Mathieu Lupien, Jason H. Moore   
Networks are commonly used to represent and analyze large and complex systems of 
interacting elements. We build a human phenotype network (HPN) of over 600 physical 
attributes, diseases, and behavioral traits; based on more than 6,000 genetic variants (SNPs) 
from Genome-Wide Association Studies data. Using phenotype-to-SNP associations, and 
HapMap project data, we link traits based on the common patterns of human genetic variations, 
expanding previous studies from a gene-centric approach to that of shared risk-variants. The 
resulting network has a heavily right-skewed degree distribution, placing it in the scale-free 
region of the network topologies spectrum. Additional network metrics hint that the HPN shares 
properties with social networks. Using a standard community detection algorithm, we construct 
phenotype modules of similar traits without applying expert biological knowledge. These 
modules can be assimilated to the disease classes. However, we are able to classify 
phenotypes according to shared biology, and not arbitrary disease classes. We present a 
collection of documented clinical connections supported by the network. Furthermore, we 
highlight phenotypes modules and links that may underlie yet undiscovered genetic interactions. 
Despite its simplicity and current limitations the HPN shows tremendous potential to become a 
useful tool both in the unveiling of the diseases' common biology, and in the elaboration of 
diagnosis and treatments. 
 
Final Discussion and Conclusion 
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An Analysis of Local Search for the Bi-objective Bidimensional Knapsack Problem 
Leonardo C. T. Bezerra, Manuel López-Ibáñez, Thomas Stützle 
Local search techniques are increasingly often used in multi-objective combinatorial 
optimization due to their ability to improve the performance of metaheuristics. The efficiency of 
multi-objective local search techniques heavily depends on factors such as (i) neighborhood 
operators, (ii) pivoting rules and (iii) bias towards good regions of the objective space. In this 
work, we conduct an extensive experimental campaign to analyze such factors in a Pareto local 
search (PLS) algorithm for the bi-objective bidimensional knapsack problem (bBKP). In the first 
set of experiments, we investigate PLS as a stand-alone algorithm, starting from random and 
greedy solutions. In the second set, we analyze PLS as a post-optimization procedure.  
 
A study of adaptive perturbation strategy for iterated local search 
Una Benlic, Jin-Kao Hao 



We investigate the contribution of a recently proposed adaptive diversification strategy (ADS) to 
the performance of an iterated local search  (ILS) algorithm. ADS is used as a diversification 
mechanism by breakout local search (BLS), which is a new variant of the ILS metaheuristic. 
The proposed perturbation strategy adaptively selects between two types of perturbations 
(directed or random moves) of different intensities, depending on the current state of search. 
We experimentally evaluate the performance of ADS on the quadratic assignment problem  
(QAP) and the maximum clique problem (MAX-CLQ). Computational results accentuate the 
benefit of combining adaptively multiple perturbation types of different intensities.  Moreover, 
we provide some guidance on when to introduce a weaker and when to introduce a stronger 
diversification into the search.  

 
The Generate-and-Solve Framework Revisited: Generating by Simulated Annealing 
Rommel Saraiva, Napoleão Nepomuceno, Plácido Pinheiro 
The Generate-and-Solve is a hybrid framework to cope with hard combinatorial optimization 
problems by artificially reducing the search space of solutions. In this framework, a 
metaheuristic engine works as a generator of reduced instances of the problem. These 
instances, in turn, can be more easily handled by an exact solver to provide a feasible (optimal) 
solution to the original problem. This approach has commonly employed genetic algorithms and 
it has been particularly effective in dealing with cutting and packing problems. In this paper, we 
present an instantiation of the framework for tackling the constrained two-dimensional non-
guillotine cutting problem and the container loading problem using a simulated annealing 
generator. We conducted computational experiments on a set of difficult benchmark instances. 
Results show that the simulated annealing implementation overachieves previous versions of 
the Generate-and-Solve framework. In addition, the framework is shown to be competitive with 
current state-of-the-art approaches to solve the problems studied here. 
 
Solving Clique Covering in Very Large Sparse Random Graphs by a Technique Based on 
k-Fixed Coloring Tabu Search 
David Chalupa 
We propose a technique for solving the k-fixed variant of the clique covering problem (k-CCP), 
where the aim is to determine, whether a graph can be divided into at most k non-overlapping 
cliques. The approach is based on labeling of the vertices with k available labels and 
minimizing the number of non-adjacent pairs of vertices with the same label. This is an inverse 
strategy to k-fixed graph coloring, similar to a tabu search algorithm TabuCol. Thus, we call our 
method TabuCol-CCP. The technique allowed us to improve the best known results of 
specialized heuristics for CCP on very large sparse random graphs. Experiments also show a 
promise in scalability, since a large dense graph does not have to be stored. In addition, we 
show that Gamma-function, which is used to evaluate a solution from the neighborhood in 
graph coloring in O(1) time, can be used without modification to do the same in k-CCP. For 
sparse graphs, direct use of Gamma allows a significant decrease in space complexity of 
TabuCol-CCP to O(|E|), with recalculation of fitness possible with small overhead in O(log 
deg(v)) time, where deg(v) is the degree of the vertex, which is relabeled. 
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Single Line Train Scheduling with ACO 
Marc Reimann, Jose Eugenio Leal 
In this paper we study a train scheduling problem on a single line that may be traversed in both 
directions by trains with different priorities travelling with different speeds. We propose an ACO 
approach to provide decision support for tackling this problem. Our results show the strong 
performance of ACO when compared to optimal solutions provided by CPLEX for small 
instances as well as to other heuristics on larger instances. 
 
Predicting Genetic Algorithm Performance on the Vehicle Routing Problem Using 
Information Theoretic Landscape Measures 



Mario Ventresca, Beatrice Ombuki-Berman, Andrew Runka 
In this paper we examine the predictability of genetic algorithm (GA) performance using 
information-theoretic fitness landscape measures. The outcome of a GA is largely based on the 
choice of search operator, problem representation and tunable parameters (crossover and 
mutation rates, etc). In particular, given a problem representation the choice of search operator 
will determine, along with the fitness function, the structure of the landscape that the GA will 
search upon. Statistical and information theoretic measures have been proposed that aim to 
quantify properties (ruggedness, smoothness, etc) of this landscape. In this paper we 
concentrate on the utility of information theoretic measures to predict algorithm output for 
various instances of the capacitated and time-windowed vehicle routing problem. Using a 
clustering-based approach we identify similar landscape structures within these problems and 
propose to compare GA results to these clusters using performance profiles. These results 
highlight the potential for predicting GA performance, and providing insight self-configurable 
search operator design.  
 
A Multiobjective Approach Based on the Law of Gravity and Mass Interactions for 
Optimizing Networks 
Alvaro Rubio-Largo, Miguel A. Vega-Rodríguez  
In this work, we tackle a real-world telecommunication problem by using Evolutionary 
Computation and Multiobjective Optimization jointly. This problem is known in the literature as 
the Traffic Grooming problem and consists on multiplexing or grooming a set of low-speed 
traffic requests (Mbps) onto high-speed channels (Gbps) over an optical network with 
wavelength division multiplexing facility. We propose a multiobjective version of an algorithm 
based on the laws of motions and mass interactions (Gravitational Search Algorithm, GSA) for 
solving this NP-hard optimization problem. After carrying out several comparisons with other 
approaches published in the literature for this optical problem, we can conclude that the 
multiobjective GSA (MO-GSA) is able to obtain very promising results. 

 
A Population-based Strategic Oscillation Algorithm for Linear Ordering Problem with 
Cumulative Costs 
Wei Xiao, Wenqing Chu, Zhipeng Lu, Tao Ye, Guang Liu, Shanshan Cui 
This paper presents a Population-based Strategic Oscillation (denoted by PBSO) algorithm for 
solving the linear ordering problem with cumulative costs (denoted by LOPCC). The proposed 
algorithm integrates several distinguished features, such as an adaptive strategic oscillation 
local search procedure and an effective population updating strategy. The proposed PBSO 
algorithm is compared with several state-of-the-art algorithms on a set of public instances up to 
100 vertices, showing its efficacy in terms of both solution quality and efficiency. Moreover, 
several important ingredients of the PBSO algorithm are analyzed. 

 

Wednesday 3 April   1630-1830   EvoCOP Poster 
 

Dynamic Evolutionary Membrane Algorithm in Dynamic Environments 
Chuang Liu, Min Han 
Several problems that we face in real word are dynamic in nature. For solving these problems, 
a novel dynamic evolutionary algorithm based on membrane computing is proposed. In this 
paper, the partitioning strategy is employed to divide the search space to improve the search 
efficiency of the algorithm. Furthermore, the four kinds of evolutionary rules are introduced to 
maintain the diversity of solutions found by the proposed algorithm. The performance of the 
proposed algorithm has been evaluated over the standard moving peaks benchmark. The 
simulation results indicate that the proposed algorithm is feasible and effective for solving 
dynamic optimization problems. 
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Automatic Algorithm Selection for the Quadratic Assignment Problem using Fitness 
Landscape Analysis 



Erik Pitzer, Andreas Beham, Michael Affenzeller 
In the last few years, fitness landscape analysis has seen an increase in interest due to the 
availability of large problem collections and research groups focusing on the development of a 
wide array of different optimization algorithms for diverse tasks. Instead of being able to rely on 
a single trusted method that is tuned and tweaked to the application more and more, new 
problems are investigated, where little or no experience has been collected. In an attempt to 
provide a more general criterion for algorithm and parameter selection other than ``it works 
better than something else we tried'', sophisticated problem analysis and classification 
schemes are employed. In this work, we combine several of these analysis methods and 
evaluate the suitability of fitness landscape analysis for the task of algorithm selection. 
 
Investigating Monte-Carlo Methods on the Weak Schur Problem 
Shalom Eliahou, Cyril Fonlupt, Jean Fromentin, Virginie Marion-Poty, Denis Robilliard, Fabien 
Teytaud 
Nested Monte-Carlo Search (NMC) and Nested Rollout Policy Adaptation (NRPA) are Monte-
Carlo tree search algorithms that have proved their efficiency at solving one-player game 
problems, such as morpion solitaire or sudoku 16x16, showing that these heuristics could 
potentially be applied to constraint problems. In the field of Ramsey theory, the weak Schur 
number WS(k) is the largest integer n for which their exists a partition into k subsets of the 
integers [1,n] such that there is no x < y < z all in the same subset with x + y = z. Several 
studies have tackled the search for better lower bounds for the Weak Schur numbers WS(k), k 
<= 4. In this paper we investigate this problem using NMC and NRPA, and obtain a new lower 
bound for WS(6), namely WS(6) <= 582. 
 
A New Crossover for Solving Constraint Satisfaction Problems 
Reza Abbasian, Malek Mouhoub 
In this paper we investigate the applicability of Genetic Algorithms (GAs) for solving Constraint 
Satisfaction Problems (CSPs). Despite some success of GAs when tackling CSPs, they 
generally suffer from poor crossover operators. In order to overcome this limitation in practice, 
we propose a novel crossover specifically designed for solving CSPs. Together with a variable 
ordering heuristic and an integration into a parallel architecture, this proposed crossover 
enables the solving of large and hard problem instances as demonstrated by the experimental 
tests conducted on randomly generated CSPs based on the model RB. We will indeed 
demonstrate, through these tests, that our proposed method is superior to the known GA based 
techniques for CSPs. In addition, we will show that we are able to compete with the efficient 
MAC-based Abscon 109 solver for random problem instances. 
 
From Sequential to Parallel Local Search for SAT 
Alejandro Arbelaez, Philippe Codognet 
In the domain of propositional Satisfiability Problem (SAT), parallel portfolio-based algorithms 
have become a standard methodology for both complete and incomplete solvers. In this 
methodology several algorithms explore the search space in parallel, either independently or 
cooperatively with some communication between the solvers. We conducted a study of the 
scalability of  several SAT solvers in different application domains (crafted, verification, 
quasigroups and random instances) when drastically increasing the number of cores in the 
portfolio, up to 512 cores. Our experiments show that on different problem families the 
behaviors of different solvers vary greatly. We present an empirical study that suggests that the 
best sequential solver is not necessary the one with the overall best parallel speedup. 
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Adaptive MOEA/D for QoS-based web service composition 
Mihai Suciu, Denis Pallez, Marcel Cremene, Dumitru Dumitrescu 
QoS aware service composition is one of the main research problem related to \textit{Service 
Oriented Computing (SOC)}. A certain functionality may be offered by several services having 



different Quality of Service (QoS) attributes. Although the QoS optimization problem is 
multiobjective by its nature, most approaches are based on single-objective optimization. 
Compared to single-objective algorithms, multiobjective evolutionary algorithms have the main 
advantage that the user has the possibility to select a posteriori one of the Pareto optimal 
solutions. A major challenge that arises is the dynamic nature of the problem of composing web 
services. The algorithms performance is highly influenced by the parameter settings. Manual 
tuning of these parameters is not feasible. An evolutionary multiobjective algorithm based on 
decomposition for solving this problem is proposed. To address the dynamic nature of this 
problem we consider the hybridization between an adaptive heuristics and the multiobjective 
algorithm. The proposed approach outperforms state of the art algorithms.  
 
A Multi-Objective Feature Selection Approach Based on Binary PSO and Rough Set 
Theory 
Liam Cervante, Bing Xue, Lin Shang, Mengjie Zhang 
Feature selection has two main objectives of maximising the classification performance and 
minimising the number of features. However, most existing feature selection algorithms are 
single objective wrapper approaches. In this work, we propose a multi-objective filter feature 
selection algorithm based on binary particle swarm optimisation (PSO) and probabilistic rough 
set theory. The proposed algorithm is compared with other five feature selection methods, 
including three PSO based single objective methods and two traditional methods. Three 
classification algorithms naive bayes, decision trees and k-nearest neighbours) are used to test 
the generality of the proposed filter algorithm. Experiments have been conducted on six 
datasets of varying difficulty. Experimental results show that the proposed algorithm can 
automatically evolve a set of non-dominated feature subsets. In almost all cases, the proposed 
algorithm outperforms the other five algorithms in terms of both the number of features and the 
classification performance (evaluated by all the three classification algorithms). This paper 
presents the first study on using PSO and rough set theory for multi-objective feature selection. 
 
Multi-Objective AI Planning: Comparing Aggregation and Pareto Approaches 
Mostepha Redouane Khouadjia, Marc Schoenauer, Vincent Vidal, Johann Dréo, Pierre 
Savéant  
Most real-world Planning problems are multi-objective, trying to minimize both the makespan of 
the solution plan, and some cost of the actions involved in the plan. But most, if not all existing 
approaches are based on single-objective planners, and use an aggregation of the objectives 
to remain in the single-objective context. Divide-and-Evolve is an evolutionary planner that won 
the temporal deterministic satisficing track at the last International Planning Competitions (IPC). 
Like all Evolutionary Algorithms (EA), it can easily be turned into a Pareto-based Multi-
Objective EA. It is however important to  validate the resulting algorithm by comparing it with 
the aggregation approach: this is the goal of this paper. The comparative experiments on a 
recently proposed benchmark set that are reported here demonstrate the usefulness of going 
Pareto-based in AI Planning. 

 
Combinatorial Neighborhood Topology Particle Swarm Optimization Algorithm for the 
Vehicle Routing Problem 
Yannis Marinakis, Magdalene Marinaki  
One of the main problems in the application of a Particle Swarm Optimization in combinatorial 
optimization problems, especially in routing type problems like the Traveling Salesman Problem, 
the Vehicle Routing Problem, etc., is the fact that the basic equation of the Particle Swarm 
Optimization algorithm is suitable for continuous optimization problems and the transformation 
of this equation in the discrete space may cause loose of information and may simultaneously 
need a large number of iterations and the addition of a powerful local search algorithm in order 
to find an optimum solution. In this paper, we propose a different way to calculate the position 
of each particle which will not lead to any loose of information and will speed up the whole 
procedure. This was achieved by replacing the equation of positions with a novel procedure 
that includes a Path Relinking Strategy and a different correspondence of the velocities with the 
path that will follow each particle. The algorithm is used for the solution of the Capacitated 
Vehicle Routing Problem and is tested in the two classic set of benchmark instances from the 
literature with very good results.    
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A Hyper-heuristic with a Round Robin Neighbourhood Selection 
Ahmed Kheiri, Ender Özcan 
An iterative selection hyper-heuristic passes a solution through a heuristic selection process to 
decide on a heuristic  to apply from a fixed set of low level heuristics and then a move 
acceptance process to accept or reject the newly created solution at each step. In this study, 
we introduce Robinhood hyper-heuristic whose heuristic selection component allocates equal 
share from the overall execution time for each low level heuristic, while the move acceptance 
component enables partial restarts when the search process stagnates. The proposed hyper-
heuristic is implemented as an extension to a public software used for benchmarking of hyper-
heuristics, namely HyFlex. The empirical results indicate that Robinhood hyper-heuristic is a 
simple, yet powerful and general multistage algorithm performing better than most of the 
previously proposed selection hyper-heuristics across six different Hyflex problem domains. 
 
Generalizing Hyper-heuristics via Apprenticeship Learning 
Shahriar Asta, Ender Özcan, Andrew J. Parkes, Şima Etaner-Uyar 
An apprenticeship-learning-based technique is used as a hyper-heuristic to generate heuristics 
for an online combinatorial problem. It observes and learns from the actions of a known-expert 
heuristic on small instances, but has the advantage of producing a general heuristic that works 
well on other larger instances. Specifically, we generate heuristic policies for online bin packing 
problem by using expert near-optimal policies produced by a hyper-heuristic on small instances, 
where learning is fast. The "expert" is a policy matrix that defines an index policy, and the 
apprenticeship learning is based on observation of the action of the expert policy together with 
a range of features of the bin being considered, and then applying a k-means classification. We 
show that the generated policy often performs better than the standard best-fit heuristic even 
when applied to instances much larger than the training set. 
 
Solving the Virtual Network Mapping Problem with Construction Heuristics, Local 
Search and Variable Neighborhood Descent 
Johannes Inführ, Günther R. Raidl  
The Virtual Network Mapping Problem arises in the context of Future Internet research. Multiple 
virtual networks with different characteristics are defined to suit specific applications. These 
virtual networks, with all of the resources they require, need to be realized in one physical 
network in a most cost effective way. Two properties make this problem challenging: Already 
finding any valid mapping of all virtual networks into the physical network without exceeding the 
resource capacities is NP-hard, and the problem consists of two strongly dependent stages as 
the implementation of a virtual network's connections can only be decided once the locations of 
the virtual nodes in the physical network are fixed. In this work we introduce various 
construction heuristics, Local Search and Variable Neighborhood Descent approaches and 
perform an extensive computational study to evaluate the strengths and weaknesses of each 
proposed solution method. 

 

Friday  5 April    0930-1110    Room 2 
EvoCOP6 Best papers 
Chairs:   Christian Blum, Martin Middendorf 

 
An Artificial Immune System based approach for solving the Nurse Re-Rostering 
Problem  (EvoCOP Best Paper Candidate) 
Broos Maenhout, Mario Vanhoucke 
Personnel resources can introduce uncertainty in the operational processes. Constructed 
personnel rosters can be disrupted and render infeasible rosters. Feasibility has to be restored 
by adapting the original announced personnel rosters. In this paper, an Artificial Immune 
System for the nurse re-rostering problem is presented. The proposed algorithm uses problem-



specific and even roster-specific mechanisms which are inspired on the vertebrate immune 
system. We observe the performance of the different algorithmic components and compare the 
proposed procedure with the existing literature. 
 
Balancing Bicycle Sharing Systems: A Variable Neighborhood Search Approach 
(EvoCOP Best Paper Candidate) 
Marian Rainer-Harbach, Petrina Papazek, Bin Hu, Günther R. Raidl 
We consider the necessary redistribution of bicycles in public bicycle sharing systems in order 
to avoid rental stations to run empty or entirely full. For this purpose we propose a general 
Variable Neighborhood Search (VNS) with an embedded Variable Neighborhood Descent 
(VND) that exploits a series of neighborhood structures. While this metaheuristic generates 
candidate routes for vehicles to visit unbalanced rental stations, the numbers of bikes to be 
loaded or unloaded at each stop are efficiently derived by one of three alternative methods 
based on a greedy heuristic, a maximum flow calculation, and linear programming, respectively. 
Tests are performed on instances derived from real-world data and indicate that the VNS 
based on a greedy heuristic represents the best compromise for practice. In general the VNS 
yields good solutions and scales much better to larger instances than two mixed integer 
programming approaches. 
 
High-Order Sequence Entropies for Measuring Population Diversity in the Traveling 
Salesman Problem   
(EvoCOP Best Paper Candidate) 
Yuichi Nagata, Isao Ono 
We propose two entropy-based diversity measures for evaluating population diversity in a 
genetic algorithm (GA) applied to the traveling salesman problem (TSP). In contrast to a 
commonly used entropy-based diversity measure, the proposed ones take into account high-
order dependencies between the elements of individuals in the population. More precisely, the 
proposed ones capture dependencies in the sequences of up to $m+1$ vertices included in the 
population (tours), whereas the commonly used one is the special case of the proposed ones 
with m=1. We demonstrate that the proposed entropy-based diversity measures with 
appropriate values of $m$ evaluate population diversity more appropriately than does the 
commonly used one. 
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Darwinian Pianos: Realtime Composition based on Competitive Evolutionary Process 
Guido Kramann 
In this project a composition is achieved by two separate evolutionary algorithms (virtual 
pianists) executing and modifying a repetitive phrase in a cooperative manner - conversely this 
collaboration is directly counteracted by deliberate placement of a tone within the repetitive 
phrasing by one or other of the pianists. This action creates conflict and consequently it 
becomes a challenging task for the opposing pianist to introduce a similar change - thus the 
effect becomes combative and may be witnessed by an audience. The genetic representation 
for pitches is based on prime-number ratios and assigns lower Hamilton distances to more 
harmonically related frequency pairs. This and a special way to evaluate musical structure 
based on it seems to be correlated with good results in generated music pieces. Finally 
possibilities are discussed to bring "Darwinian Pianos" into musical practice. 
 
Swarmic Sketches and Attention Mechanism 
Mohammad Majid al-Rifaie, John Mark Bishop 
This paper introduces a novel approach deploying the mechanism of `attention' by adapting a 
swarm intelligence algorithm -- Stochastic Diffusion Search -- to selectively attend to detailed 



areas of a digital canvas.  Once the attention of the swarm is drawn to a certain line within the 
canvas, the capability of another swarm intelligence algorithm -- Particle Swarm Intelligence -- 
is used to produce a `swarmic sketch' of the attended line. The swarms move throughout the 
digital canvas in an attempt to satisfy their dynamic roles -- attention to areas with more details 
-- associated to them via their fitness function. Having associated the rendering process with 
the concepts of attention, the performance of the participating swarms creates a unique, non-
identical sketch each time the `artist' swarms embark on interpreting the input line drawings. 
The detailed investigation of the `creativity' of such systems have been explored in our previous 
work; nonetheless, this papers provides a brief account of the `computational creativity' of the 
work through two prerequisites of creativity within the swarm intelligence's two infamous 
phases of exploration and exploitation; these phases are described herein through the attention 
and tracing mechanisms respectively. 
 
Swarmic Paintings and Colour Attention 
Mohammad Majid al-Rifaie, Mark Bishop 
Swarm-based multi-agent systems have been deployed in non-photorealistic rendering for 
many years. This paper introduces a novel approach in adapting a swarm intelligence algorithm 
-- Stochastic Diffusion Search -- for producing non-photorealistic images. The swarm-based 
system is presented with a digital image and the agents move throughout the digital canvas in 
an attempt to satisfy the dynamic roles -- attention to different colours -- associated to them via 
their fitness function. Having associated the rendering process with the concepts of `attention' 
in general and colour attention in particular, this papers briefly discusses the `computational 
creativity' of the work through two prerequisites of creativity (i.e. freedom and constraints) 
within the swarm intelligence's two infamous phases of exploration and exploitation. 
 
Feature Selection and Novelty in Computational Aesthetics 
João Correia, Penousal Machado, Juan Romero, Adrian Carballal 
An approach for exploring novelty in expression-based evolutionary art systems is presented. 
The framework is composed of a feature extractor, a classifier, an evolutionary engine and a 
supervisor. The evolutionary engine exploits shortcomings of the classifier, generating 
misclassified instances. These instances update the training set and the classifier is re-trained. 
This iterative process forces the evolutionary algorithm to explore new paths leading to the 
creation of novel imagery. The experiments presented and analyzed herein explore different 
feature selection methods and indicate the validity of the approach. 
 
Biologically–inspired Motion Pattern Design of Multi–legged Creatures 
Shihui Guo, Safa Tharib, Jian Chang, Jianjun Zhang 
In this paper, we propose a novel strategy to synthesize motion patterns for multi--legged 
creatures inspired by the biological knowledge. To prove the concept, our framework deploys 
an approach of coupling the dynamics model, the Inverted Pendulum Model, and the biological 
controller, the Central Pattern Generator, to synthesize the motion of multiple legged creatures. 
The dynamics model ensures the physical plausibility and allows the virtual character to react 
to the external perturbations, where the biological controller coordinates the motion of several 
legs with designed numerical operators, providing user-friendly high--level control. This novel 
framework is computational--efficient by taking advantages of the self-similarity in motion and 
able to animate characters with different skeletons. 

 

Thursday 4 April   1135-1315   Room 4 
EvoMUSART 1 - Interactivity and Applications 
Chair : James McDermott 

 
evoDrummer: Deriving rhythmic patterns through interactive genetic algorithms 
Maximos Kaliakatsos-Papakostas, Andreas Floros, Michael Vrahatis 
Drum rhythm automatic construction is an important step towards the design of systems which 
automatically compose music. This work describes a novel mechanism that allows a system, 
namely the evoDrummer, to create novel rhythms with reference to a base rhythm. The user 
interactively defines the amount of divergence between the base rhythm and the generated 



ones. The methodology followed towards this aim incorporates the utilization of Genetic 
Algorithms and allows the evoDrummer to provide several alternative rhythms with specific, 
controlled divergence from the selected base rhythm. To this end, the notion of rhythm 
divergence is also introduced, based on a set of 40 drum--specific features. Four population 
initialization schemes are discussed and an extensive experimental evaluation is provided. The 
obtained results demonstrate that, with proper population initialization, the evoDrummer is able 
to produce a great variety of rhythmic patterns which accurately encompass the desired 
divergence from the base rhythm. 
 
Application of an Island Model Genetic Algorithm for a Multi-Track Music Segmentation 
Problem 
Brigitte Rafael, Michael Affenzeller, Stefan Wagner 
Genetic algorithms have been introduced to the field of media segmentation including image, 
video, and also music segmentation since segmentation problems usually have complex 
search spaces. Music segmentation can give insight into the structure of a music composition 
so it is an important task in music information retrieval (MIR). Past approaches have applied 
genetic algorithms to achieve the segmentation of a single music track. However, music 
compositions usually contain multiple tracks so single track segmentations might miss 
important global structure information. This paper focuses on the introduction of an island 
model genetic algorithm to achieve single track segmentations with respect to the global 
structure of the composition. 
 
Story Characterization Using Interactive Evolution in a Multi-Agent System 
Malik Nairat, Palle Dahlstedt, Mats Nordahl 
We propose a character generative approach that integrates human creativity based on an 
agent-based system where characters are developed using interactive evolution. By observing 
their behaviour, the author can choose the characters that he likes during an interaction 
process. The evolved characters can then be used to build a story outline as a foundation for 
generating stories. This can provide storytelling authors with tools for the creation process of 
characters and stories. 
 
Sentient World: Human-Based Procedural Cartography 
Antonios Liapis, Georgios Yannakakis, Julian Togelius 
This paper presents a first step towards a computer-aided design tool for the creation of game 
maps. The tool, named Sentient World, allows the designer to draw a rough terrain sketch, 
adding extra levels of detail through stochastic and gradient search. Novelty search generates 
a number of dissimilar artificial neural networks that are trained to approximate a designer's 
sketch and provide maps of higher resolution back to the designer. As the procedurally 
generated maps are presented to the designer (to accept, reject, or edit) the terrain sketches 
are iteratively refined into complete high resolution maps which may diverge from initial 
designer concepts. Results obtained on a number of test maps show that novelty search is 
beneficial for introducing divergent content to the designer without reducing the speed of 
iterative map refinement. 

 

Thursday 4 April   1430-1610    Room 4 
EvoMUSART 2 - Computational Aesthetics and Automation  
Chair:  Juan Romero 

 
Finding Image Features Associated with High Aesthetic Value by Machine Learning 
Vic Ciesielski, Perry Barile, Karen Trist 
A major goal of evolutionary art is to get images of high aesthetic value.  We assume that some 
features of images are associated with high aesthetic value and want to find them.  We have 
taken two image databases that have been rated by humans, a photographic database and 
one of abstract images generated by evolutionary art software.  We have computed 55 features 
for each database.  We have extracted two categories of rankings, the lowest and the highest.  
Using feature extraction methods from machine learning we have identified the features most 



associated with differences.  For the photographic images the key features are wavelet and 
texture features.  For the abstract images the features are colour based features. 
 
 
Decision Chain Encoding: Evolutionary design optimization 
Patrick Janssen, Vignesh Kaushik 
A novel encoding technique is presented that allows constraints to be easily handled in an 
intuitive way. The proposed encoding technique structures the genotype-phenotype mapping 
process as a sequential chain of decision points, where each decision point consists of a 
choice between alternative options. In order to demonstrate the feasibility of the decision chain 
encoding technique, a case-study is presented for the evolutionary optimization of the 
architectural design for a large residential building.  
 
Art, Aesthetics, Evolution 
Jon McCormack 
This paper discusses issues in evolutionary art related to Art Theory and Aesthetics with a view 
to better understanding how they might contribute to both research and practice. Aesthetics is a 
term often used in evolutionary art, but is regularly used with conflicting or naive 
understandings. A selective history of evolutionary art as art is provided, with an examination of 
some art theories from within the field. A brief review of aesthetics as studied in philosophy and 
art theory follows. It is proposed that evolutionary art needs to resolve some important conflicts 
and be clearer about what it means by terms like ``art'' and ``aesthetics''. Finally some 
possibilities for how to resolve these conflicts are described. 
 
Evolving Glitch Art 
Eelco den Heijer 
In this paper we introduce Glitch art as a new representation in Evolutionary Art. Glitch art is a 
recent form of digital art, and can be considered an umbrella term for a variety of techniques 
that manipulate digital images by altering their digital encoding in unconventional ways.  We 
gathered a number of basic glitch operations and created a `glitch recipe' which takes a source 
image (in a certain image format, like jpeg or gif) and applies one or more glitch operations. 
This glitch recipe is the genotype representation in our evolutionary GP art system. We present 
our glitch operations, the genotype, and the genetic operators initialisation, crossover and 
mutation. A glitch operation may `break' an image by destroying certain data in the image 
encoding, and therefore we have calculated the `fatality rate' of each glitch operation. A glitch 
operation may also result in an image that is visually the same as its original, and therefore we 
also calculated the visual impact of each glitch operation. Furthermore we performed an 
experiment with our Glitch art genotype in our unsupervised evolutionary art system, and show 
that the use of our new genotype results in a new class of images in the evolutionary art world. 
 

Thursday 4 April    1630-1810    Room 4 
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Chair:  Penousal Machado 

 
EvoSpace-Interactive: A Framework to Develop Distributed Collaborative-Interactive 
Evolutionary Algorithms for Artistic Design  (EvoMUSART Best Paper Candidate) 
Mario Garcia-Valdez, Leonardo Trujillo, Francisco Fernández de Vega, Juan Julián Merelo 
Guervós, Gustavo Olague 
Currently, a large number of computing systems and user applications are focused on 
distributed and collaborative models for heterogeneous devices, exploiting cloud-based 
approaches and social networking. However, such systems have not been fully exploited by the 
evolutionary computation community. This work is an attempt to bridge this gap, and integrate 
interactive evolutionary computation with a distributed cloud-based approach that integrates 
with social networking for collaborative design of artistic artifacts. Such an approach to 
evolutionary art could fully leverage the concept of memes as an idea that spreads from person 
to person, within a computational system. In particular, this work presents EvoSpace-
Interactive, an open source framework for the development of collaborative-interactive 



evolutionary algorithms, a computational tool that facilitates the development of interactive 
algorithms for artistic design. A proof of concept application is developed on EvoSpace-
Interactive called Shapes that incorporates the popular social network Facebook for the 
collaborative evolution of artistic images generated using the Processing programming 
language. Initial results are encouraging, Shapes illustrates that it is possible to use EvoSpace-
Interactive to effectively develop and deploy a collaborative system. 
 
Inverse Mapping with Sensitivity Analysis for Partial Selection in Interactive Evolution  
(EvoMUSART Best Paper Candidate) 
Jonathan Eisenmann, Matthew Lewis, Rick Parent 
Evolutionary algorithms have shown themselves to be useful interactive design tools.  
However, current algorithms only receive feedback about candidate fitness at the whole-
candidate level.  In this paper we describe a model-free method, using sensitivity analysis, 
which allows designers to provide fitness feedback to the system at the component level.  Any 
part of a candidate can be marked by the designer as interesting (i.e. having high fitness).  This 
has the potential to improve the design experience in two ways: (1) The finer-grain guidance 
provided by partial selections facilitates more precise iteration on design ideas so the designer 
can maximize her energy and attention. (2) When steering the evolutionary system with more 
detailed feedback, the designer may discover greater feelings of satisfaction with and 
ownership over the final designs. 
 
Aesthetic Measures for Evolutionary Vase Design 
Kate Reed  (EvoMUSART Best Paper Candidate) 
In order to avoid the expense of interactive evolution, some researchers have begun using 
aesthetic measures as fitness functions. This paper explores the potential of one of the earliest 
aesthetic measures by George Birkhoff as a fitness function in vase design after suitable 
modifications. Initial testing of vases of this form also revealed several other properties with a 
positive correlation with human-awarded scores. A suitable balance of these new measures 
along with Birkhoff's measure was found using feedback from volunteers, and vases evolved 
using the measure were also assessed for their aesthetic potential. Although the initial designs 
suffered from lack of diversity, some modifications led to a measure that enabled the evolution 
of a range of vases which were liked by many of the volunteers. The final range of vases 
included many shapes similar to those developed by human designers. Coupled with 3D 
printing techniques this measure allows automation of the whole process from conception to 
production. We hope that this demonstration of the theory will enable further work on other 
aesthetic products. 
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Load Balancing in Distributed Applications Based on Extremal Optimization 
Ivanoe De Falco, Eryk Laskowski, Richard Olejnik, Umberto Scafuri, Ernesto Tarantino, Marek 
Tudruj 
The paper shows how to use Extremal Optimization in load balancing of distributed applications 
executed in clusters of multicore processors interconnected by a message passing network. 
Composed of iterative optimization phases which improve program task placement on 
processors, the proposed load balancing method discovers dynamically the candidates for 
migration with the use of an Extremal Optimization algorithm and a special quality model which 
takes into account the computation and communication parameters of the constituent parallel 
tasks. Assessed by experiments with simulated load balancing of distributed program graphs, a 
comparison of the proposed Extremal Optimization approach against a deterministic approach 
based on a similar load balancing theoretical model is provided. 
 



A Framework for Modeling Automatic Offloading of Mobile Applications Using Genetic 
Programming  
Gianluigi Folino, Francesco Sergio Pisani 
The limited battery life of the modern mobile devices is one of the key problems limiting their 
usage.  The offloading of computation on cloud computing platforms can considerably extend 
the battery duration. However it is really hard not only to evaluate the cases in which the 
offloading guarantees real advantages on the basis of the requirements of application in terms 
of data transfer, computing power needed, etc.,  but also  to evaluate if user requirements (i.e. 
the costs of using the clouds, a determined QoS required, etc.) are satisfied.  To this aim, in 
this work it is presented a framework for generating models for taking automatic decisions on 
the offloading of mobile applications using a genetic programming (GP) approach. The GP 
system is designed using a taxonomy of  the properties useful to  the offloading process 
concerning the  user, the network, the data and the application. Finally, the fitness adopted 
permits to give different weights to the four categories considered during the process of 
building the model. 
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An Evolutionary Framework for Routing Protocol Analysis in Wireless Sensor Networks 
Doina Bucur, Giovanni Iacca, Giovanni Squillero, Alberto Tonda 
Wireless Sensor Networks (WSNs) are widely adopted for applications ranging from 
surveillance to environmental monitoring. While powerful and relatively inexpensive, they are 
subject to behavioural faults which make them unreliable. Due to the complex interactions 
between network nodes, it is difficult to uncover faults in a WSN by resorting to formal 
techniques for verification and analysis, or to testing. This paper proposes an evolutionary 
framework to detect anomalous behaviour related to energy consumption in WSN routing 
protocols. Given a collection protocol, the framework creates candidate topologies and 
evaluates them through simulation on the basis of metrics measuring the radio activity on 
nodes. Experimental results using the standard Collection Tree Protocol show that the 
proposed approach is able to unveil topologies plagued by excessive energy depletion over 
one or more nodes, and thus could be used as an offline debugging tool to understand and 
correct the issues before network deployment and during the development of new protocols. 
 
Routing Low-Speed Traffic Requests onto High-Speed Lightpaths by Using a 
Multiobjective Firefly Algorithm 
Álvaro Rubio-Largo, Miguel A. Vega-Rodríguez 
Nowadays, the bandwidth requirements of the majority of traffic connection requests are in the 
range of Mbps. However, in optical networks each physical link is able to operate in the range 
of Gbps causing a huge waste of bandwidth as a result. Fortunately, using access station at 
each node of the optical network, several low-speed traffic requests may be multiplexed onto 
one high-speed channel. Multiplexing or grooming these low-speed requests is known in the 
literature as the Traffic Grooming problem - an NP-hard problem. Therefore, in this paper we 
propose the use of Evolutionary Computation for solving this telecommunication problem. The 
selected algorithm is an approach inspired by the flash pattern and characteristics of fireflies, 
the Firefly Algorithm (FA), but adapted to the multiobjective domain (MO-FA). After performing 
several experiments and comparing the results obtained by the MO-FA with those obtained by 
other approaches published in the literature, we can conclude that it is a good approach for 
solving this problem. 
 
Pareto-optimal Glowworm Swarms Optimization for Smart Grids Management  
(EvoCOMNET Best Paper Candidate) 
Eleonora Riva Sanseverino, Maria Luisa Di Silvestre, Roberto Gallea   
This paper presents a novel nature-inspired multi-objective optimization algorithm. The method 
extends the glowworm swarm particles optimization algorithm with algorithmic enhancements 
which allow identifying optimal Pareto front in the objectives space. In addition, the system 



allows specifying constraining functions which are needed in practical applications. The 
framework has been applied to the power dispatch problem of distribution systems including 
Distributed Energy Resources (DER). Results for the test cases are reported and discussed 
elucidating both numerical and complexity analysis. 
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Solving the Location Areas Scheme in Realistic Networks by Using a Multi-objective 
Algorithm  
Víctor Berrocal-Plaza, Miguel A. Vega-Rodríguez, Juan M. Sánchez-Pérez, Juan A. Gómez-
Pulido 
The optimization of the management tasks in current mobile networks is an interesting 
research field due to the exponential increase in the number of mobile subscribers. In this 
paper, we study two of the most important management tasks of the Public Land Mobile 
Networks: the location update and the paging, since these two procedures are used by the 
mobile network to locate and track the Mobile Stations. There are several strategies to manage 
the location update and the paging, but we focus on the Location Areas scheme with a two-
cycle sequential paging, a strategy widely applied in current mobile networks. This scheme can 
be formulated as a multi-objective optimization problem with two objective functions: minimize 
the number of location updates and minimize the number of paging messages. In previous 
works, this multi-objective problem was solved with single-objective optimization algorithms by 
means of the linear aggregation of the objective functions. In order to avoid the drawbacks 
related to the linear aggregation, we propose an adaptation of the Non-dominated Sorting 
Genetic Algorithm II to solve the Location Areas Planning Problem. Furthermore, with the aim 
of studying a realistic mobile network, we apply our algorithm to the SUMATRA network. 
Results show that our algorithm outperforms the algorithms proposed by other authors, as well 
as the advantages of a multi-objective approach. 
 
An Overlay Approach for Optimising Small-World Properties in VANETs 
Julien Schleich, Grégoire Danoy, Bernabé Dorronsoro, Pascal Bouvry 
Advantages of bringing small-world properties in mobile ad hoc networks (MANETs) in terms of 
quality of service has been studied and outlined in the past years.  In this work, we focus on the 
specific class of vehicular ad hoc networks (VANETs) and propose to un-partition such 
networks and improve their small-world properties. To this end, a subset of nodes, called 
injection points, is chosen to provide backend connectivity and compose a fully-connected 
overlay network.  The optimisation problem we consider is to find the minimal set of injection 
points to constitute the overlay that will optimise the small-world properties of the resulting 
network, i.e., (1) maximising the clustering coefficient (CC) so that it approaches the CC of a 
corresponding regular graph and (2) minimising the difference between the average path length 
(APL) of the considered graph and the APL of corresponding random graphs.  In order to face 
this new multi-objective optimisation problem, the NSGAII algorithm was used on realistic 
instances in the city-centre of Luxembourg.  The accurate tradeoff solutions found by NSGAII 
(assuming global knowledge of the network) will permit to better know and understand the 
problem. This will later ease the design of decentralised solutions to be used in real 
environments, as well as their future validation. 
 
Impact of the Number of Beacons in PSO-Based Auto-localization in UWB Networks  
EvoCOMNET Best Paper Candidate  
Stefania Monica, Gianluigi Ferrari 
In this paper, we focus on auto-localization of nodes in a static wireless network, under the 
assumption of known position of a few initial nodes, denoted as “beacons”. Assuming that Ultra 
Wide Band (UWB) signals are used for inter-node communications, we analyze the impact of 
the number of beacons on the location accuracy. Three different approaches to localization are 
considered, namely: the Two-Stage Maximum-Likelihood (TSML) method; the Plane 
Intersection (PI) method, and Particle Swarming Optimization (PSO). Simulation results show 



that PSO allows obtaining accurate position estimates with a small number of beacons, making 
it an attractive choice to implement effective localization algorithm. 
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Multiobjective Evolutionary Strategy for Finding Neighbourhoods of Pareto-optimal 
Solutions 
Ewa Gajda-Zagórska 
In some cases of Multiobjective Optimization problems finding Pareto optimal solutions does 
not give enough knowledge about the shape of the landscape, especially with multimodal 
problems and non-connected Pareto fronts. In this paper we present a strategy which 
combines a hierarchic genetic algorithm consisting of multiple populations with rank selection. 
This strategy aims at finding neighbourhoods of solutions by recognizing regions with high 
density of individuals. We compare two variants of the presented strategy on a benchmark two-
criteria minimization problem. 
 

 
Genetic Programming-Based Model Output Statistics for Short-Range Temperature 
Prediction 
Kisung Seo, Byeongyong Hyeon, Soohwan Hyun, Younghee Lee 
This paper introduces GP (Genetic Programming) based robust compensation technique for 
temperature prediction in short-range. MOS (Model Output Statistics) is a statistical technique 
that corrects the systematic errors of the model. Development of an efficient MOS is very 
important, but most of MOS are based on the idea of relating model forecasts to observations 
through a linear regression. Therefore it is hard to manage complex and irregular natures of the 
prediction. In order to solve the problem, a nonlinear and symbolic regression method using GP 
is suggested as the first attempt. The purpose of this study is to evaluate the accuracy of the 
estimation by GP based nonlinear MOS for the 3 days temperatures for Korean regions. This 
method is then compared to the UM model and shows superior results. The training period of 
summer in 2007-2009 is used, and the data of 2010 summer is adopted for verification. 
 
Evolutionary Multi-Agent System in Hard Benchmark Continuous Optimisation 
Sebastian Pisarski, Adam Rugała, Aleksander Byrski, Marek Kisiel-Dorohinicki 
It turns out that hybridizing agent-based paradigm with evolutionary  computation brings a new 
quality to the  field of meta-heuristics, enhancing individuals with possibilities of perception, 
interaction with other individuals (agents), adaptation of parameters, etc. In the paper such 
technique-an evolutionary multi-agent system (EMAS)-is compared with a classical 
evolutionary algorithm (Michalewicz model) implemented with allopatric speciation (island 
model). Both algorithms are applied to the problem of continuous optimisation in selected 
benchmark problems. The results are very promising, as agent-based computing turns out to 
be more effective than classical one, especially in difficult benchmark problems, such as high-
dimensional Rastrigin function. 
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The Small-World Phenomenon Applied to a Self-adaptive Resources Selection Model 
María Botón-Fernández, Francisco Prieto Castrillo, Miguel A. Vega-Rodríguez 
Small-world property is found in a wide range of natural, biological, social or transport networks. 
The main idea of this phenomenon is that seemingly distant nodes actually have very short 



path lengths due to the presence of a small number of shortcut edges running between clusters 
of nodes. In the present work, we apply this principle for solving the resources selection 
problem in grid computing environments (distributed systems composed by heterogeneous and 
geographically dispersed resources). The proposed model expects to find the most efficient 
resources for a particular grid application in a short number of steps. It also provides a self-
adaptive ability for dealing with environmental changes. Finally, this selection model is tested in 
a real grid infrastructure. From the results obtained it is concluded that both a reduction in 
execution time and an increase in the successfully completed tasks rate are achieved. 
 
Partial Imitation Hinders Emergence of Cooperation in the Iterated Prisoner’s Dilemma 
with Direct Reciprocity 
Mathis Antony, Degang Wu, K.Y. Szeto 
The evolutionary time scales for various strategies in the iterated Prisoner's Dilemma on a fully 
connected network are investigated for players with finite memory, using two different kinds of 
imitation rules: the (commonly used) traditional imitation rule where the entire meta-strategy of 
the role model is copied, and the partial imitation rule where only the observed subset of moves 
is copied. If the players can memorize the last round of the game, a sufficiently large random 
initial population eventually reaches a cooperative equilibrium, even in an environment with 
bounded rationality (noise) and high temptation. With the traditional imitation rule the time scale 
to cooperation increases linearly with decreasing intensity of selection (or increasing noise) in 
the weak selection regime, whereas partial imitation results in an exponential dependence. 
Populations with finite lifetimes are therefore unlikely to ever reach a cooperative state in this 
setting. Instead, numerical experiments show the emergence and long persistence of a phase 
characterized by the dominance of always defecting strategies. 
 
A Memetic Approach to Bayesian Network Structure Learning 
Alberto Tonda, Evelyne Lutton, Giovanni Squillero, Pierre-Henri Wuillemin 
Bayesian networks are graphical statistical models that represent inference between data. For 
their effectiveness and versatility, they are widely adopted to represent knowledge in different 
domains. Several research lines address the NP-hard problem of Bayesian network structure 
learning starting from data: over the years, the machine learning community delivered effective 
heuristics, while different Evolutionary Algorithms have been devised to tackle this complex 
problem. This paper presents a Memetic Algorithm for Bayesian network structure learning, 
that combines the exploratory power of an Evolutionary Algorithm with the speed of local 
search. Experimental results show that the proposed approach is able to outperform state-of-
the-art heuristics on two well-studied benchmarks. 
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Domestic Load Scheduling Using Genetic Algorithms 
Ana Soares, Álvaro Gomes, Carlos Henggeler Antunes Hugo Cardoso 
An approach using a genetic algorithm to optimize the scheduling of domestic electric loads, 
according to technical and user-defined constraints and input signals, is presented and 
illustrative results are shown. The aim is minimizing the end-user’s electricity bill according to 
his/her preferences, while accounting for the quality of the energy services provided. The 
constraints include the contracted power level, end-users’ preferences concerning the 
admissible and/or preferable time periods for operation of each load, and the amount of 
available usable power in each period of time to account for variations in the (non-manageable) 
base load. The load scheduling is done for the next 36 hours assuming that a dynamic pricing 
structure is known in advance. The results obtained present a noticeable decrease of the 
electricity bill when compared to a reference case in which there is no automated scheduling. 
 
Evolutionary Algorithm Based Control Policies for Flexible Optimal Power Flow over 



Time 
Stephan Hutterer, Michael Affenzeller, Franz Auinger 
General optimal power flow (OPF) is an important problem in the operation of electric power 
grids. Solution methods to the OPF have been studied extensively that mainly solve steady-
state situations, ignoring uncertainties of state variables as well as their near-future. Thus, in a 
dynamic and uncertain power system, where the demand as well as the supply-side show 
volatile behavior, optimization methods are needed that provide solutions very quickly, 
eliminating issues on convergence speed or robustness of the optimization. This paper 
introduces a policy-based approach where optimal control policies are learned offline for a 
given power grid based on evolutionary computation, that later provide quick and accurate 
control actions in volatile situations. With such an approach, it's no more necessary to solve the 
OPF in each new situation by applying a certain optimization procedure, but the policies 
provide (near-) optimal actions very quickly, satisfying all constraints in a reliable and robust 
way. Thus, a method is available for flexible and optimized power grid operation over time. This 
will be essential for meeting the claims for the future of smart grids. 
 
Using a Genetic Algorithm for the Determination of Power Load Profiles 
Frédéric Krüger, Daniel Wagner, Pierre Collet 
Electrical distribution companies struggle to find precise estimations of energy demand for their 
networks. They have at their disposal statistical tools such as power load profiles, which are 
however usually not precise enough and do not take into account factors such as the presence 
of electrical heating devices or the type of housing of the end users. In this paper, we show 
how a genetic algorithm generated with the EASEA language can be successfully applied to 
solve a noisy blind source separation problem and create accurate power load profiles using 
real world data provided by Électricité de Strasbourg. The data includes load measurements of 
20kV feeders as well as the energy consumption of more than 400,000 end users. The power 
load profiles obtained demonstrate considerable improvement in the estimation of load curves 
of 20kV feeders. 
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Comparing Ensemble-Based Forecasting Methods for Smart-Metering Data 
Oliver Flasch, Martina Friese, Katya Vladislavleva, Thomas Bartz-Beielstein, Olaf Mersmann, 
Boris Naujoks, Jörg Stork, Martin Zaefferer 
This work provides a preliminary study on applying state-of-the-art time-series forecasting 
methods to electrical energy consumption data recorded by smart metering equipment. We 
compare a custom-build commercial baseline method to modern ensemble-based methods 
from statistical time-series analysis and to a modern commercial GP system. Our preliminary 
results indicate that that modern ensemble-based methods, as well as GP, are an attractive 
alternative to custom-built approaches for electrical energy consumption forecasting. 
 
Evolving Non-Intrusive Load Monitoring 
Dominik Egarter, Anita Sobe, Wilfried Elmenreich 
Non-intrusive load monitoring (NILM) identifies used appliances in a total power load according 
to their individual load characteristics. In this paper we propose an evolutionary optimization 
algorithm to identify appliances, which are modeled as on/off appliances. We evaluate our 
proposed evolutionary optimization by simulation with Matlab, where we use a random total 
load and randomly generated power profiles to make a statement of the applicability of the 
evolutionary algorithm as optimization technique for NILM. Our results show that the 
evolutionary approach is feasible to be used in NILM systems and can reach satisfying 
detection probabilities. 
 
CodeMonkey; a GUI Driven Platform for Swift Synthesis of Evolutionary Algorithms in 
Java 
Reza Etemadi, Nawwaf Kharma, Peter Grogono 



CodeMonkey is a GUI driven software development platform that allows non-experts and 
experts alike to turn an evolutionary algorithm design into a working Java program, with a 
minimal amount of manual code entry. CodeMonkey allows for a great number of different 
configurations of the generic evolutionary scheme, and that allows users to apply it to many 
different applications. This paper describes the concepts behind CodeMonkey, its internal 
architecture and manner of use. It concludes with a simple application that exhibits its utilization 
for multi-dimensional function optimization. CodeMonkey is provided free of charge, for non-
commercial users, as a plug-in for the Eclipse platform. 
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On the Utility of Trading Criteria Based Retraining in Forex Markets 
Alexander Loginov, Malcolm I. Heywood 
This research investigates the ability of genetic programming (GP) to build profitable trading 
strategies for the Foreign Exchange Market (FX) of three major currency pairs (EURUSD, 
USDCHF and EURCHF) using one hour prices from 2008 to 2011. We recognize that such 
environments are likely to be non-stationary. Thus, we do not require a single training partition 
to capture all likely future behaviours. We address this by detecting poor trading behaviours 
and use this to trigger retraining. In addition the task of evolving good technical indicators (TI) 
and the rules for deploying trading actions is explicitly separated. Thus, separate GP 
populations are used to coevolve TI and trading behaviours under a mutualistic symbiotic 
association. The results of 100 simulations demonstrate that an adaptive retraining algorithm 
significantly outperforms a single-strategy approach (population evolved once) and generates 
profitable solutions with a high probability. 
 
Identifying Market Price Levels Using Differential Evolution 
Michael Mayo 
Evolutionary data mining is used in this paper to investigate the concept of support and 
resistance levels in financial markets. Specifically, Differential Evolution is used to learn 
support/resistance levels from price data. The presence of these levels is then tested in out-of-
sample data. Our results from a set of experiments covering five years worth of daily data 
across nine different US markets show that there is statistical evidence for price levels in 
certain markets, and that Differential Evolution can uncover them. 
 
Evolving Hierarchical Temporal Memory-Based Trading Models 
Patrick Gabrielsson, Rikard König, Ulf Johansson 
We explore the possibility of using the genetic algorithm to optimize trading models based on 
the Hierarchical Temporal Memory (HTM) machine learning technology. Technical indicators, 
derived from intraday tick data for the E-mini S&P 500 futures market (ES), were used as 
feature vectors to the HTM models. All models were configured as binary classifiers, using a 
simple buy-and-hold trading strategy, and followed a supervised training scheme. The data set 
was partitioned into multiple folds to enable a modified cross validation scheme. Artificial 
Neural Networks (ANNs) were used to benchmark HTM performance. The results show that 
the genetic algorithm succeeded in finding predictive models with good performance and 
generalization ability. The HTM models outperformed the neural network models on the chosen 
data set and both technologies yielded profitable results with above average accuracy. 
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Robust Estimation of Vector Autoregression (VAR) Models Using Genetic Algorithms 
Ronald Hochreiter, Gerald Krottendorfer 
In this paper we present an implementation of a Vector autoregression (VAR) estimation model 
using Genetic Algorithms. The algorithm was implemented in R and compared to standard 
estimation models using least squares. A numerical example is presented to outline 
advantages of the GA approach. 
 
Usage Patterns of Trading Rules in Stock Market Trading Strategies Optimized with 
Evolutionary Methods 
Krzysztof Michalak, Patryk Filipiak, Piotr Lipiński 
This paper proposes an approach to analysis of usage patterns of trading rules in stock market 
trading strategies. Analyzed strategies generate trading decisions based on signals produced 
by trading rules. Weighted sets of trading rules are used with parameters optimized using 
evolutionary algorithms. A novel approach to trading rule pattern discovery, inspired by 
association rule mining methods, is proposed. In the experiments, patterns consisting of up to 5 
trading rules were discovered which appear in more than 50% of trading experts optimized by 
evolutionary algorithm. 
 
Combining Technical Analysis and Grammatical Evolution in a Trading System 
Iván Contreras, J. Ignacio Hidalgo, Laura Núñez-Letamendia 
Trading systems are beneficial for financial investments due to the complexity of nowadays 
markets. Finance markets are influenced by a great amount of factors of different sources such 
as government policies, natural disasters, international trade, political factors etc. Secondly, 
traders, brokers or practitioners in general could be affected by human emotions, so their 
behaviour in the stock market becomes nonobjective. The high pressure induced by handling a 
large volume of money is the main reason of the so-called market psychology. Trading systems 
are able to avoid a great amount of these factors, allowing investors to abstract the complex 
flow of information and the emotions related to the investments. In this paper we compare two 
trading systems based on Evolutionary Computation. The first is a GA-based one and was 
already proposed and tested with Data from 2006. The second one is a grammatical evolution 
approach which uses a new evaluation method. Experimental results show that the later 
outperforms the GA approach with a set of selected companies of the Spanish market with 
2012 Data. 

 
 

EvoGAMES  
 

Wednesday 3 April   1630-1830   EvoGAMES posters 
 
Generating Artificial Neural Networks for Value Function Approximation in a Domain 
Requiring a Shifting Strategy  
Ransom K. Winder 
Artificial neural networks have been successfully used as approximating value functions for 
tasks involving decision making. In domains where a shift in judgment for decisions is 
necessary as the overall state changes, it is hypothesized here that multiple neural networks 
are likely to provide a benefit as an approximation of a value function over those that employ a 
single network. The card game Dominion was chosen as the domain to examine this, 
comparing neural networks generated by various machine learning methods successfully 
applied to other games (such as in TD-Gammon) to a genetic algorithm method for generating 
two neural networks for different phases of the game along with evolving the transition point. 
The results demonstrate a greater success ratio with the method hypothesized and suggest 
that future work examining more complex multiple neural network configurations could apply to 
this game domain as well as being applicable to other problems. 
 
Comparing Evolutionary Algorithms to Solve the Game of Mastermind  
Javier Maestro-Montojo, Juan Julián Merelo-Guervós, Sancho Salcedo-Sanz 
In this paper we propose a novel evolutionary approach to solve the Mastermind game, and 



compare the results obtained with that of existing algorithms. The new evolutionary approach 
consists of a hierarchical one involving two different evolutionary algorithms, one for searching 
the set of eligible codes, and the second one to choose the best code to be played at a given 
stage of the game. The comparison with existing algorithms provides interesting conclusions 
regarding the performance of the algorithms and how to improve it in the future. However, it is 
clear that Entropy is a better scoring strategy than Most Parts, at least for these sizes, being 
able to obtain better results, independently of the evolutionary algorithm. 
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A Card Game Description Language 
Jose M. Font, Tobias Mahlmann, Daniel Manrique, Julian Togelius 
We present the first steps of developing a system capable of generating novel card games as 
well as computational analysis of existing games of the same genre. Towards this end, we 
present a formalisation of card game rules, and a context-free grammar Gcardgame capable of 
expressing the rules for a large variety of card games. Example derivations are given for Texas 
hold'em poker, blackjack and UNO. Random simulations are used both to verify the 
implementation of these well-known games, and to characterise the results of randomly 
deriving game rules from the grammar. In future work, this grammar will be used to evolve 
complete card games using a grammar-guided genetic program. 
 
Generating Map Sketches for Strategy Games 
Antonios Liapis, Georgios N. Yannakakis, Julian Togelius 
How can a human and an algorithm productively collaborate on generating game content? In 
this paper, we try to answer this question in the context of generating balanced and interesting 
low-resolution sketches for game levels.  We introduce six important criteria for successful 
strategy game maps, and present map sketches optimized for one or more of these criteria via 
a constrained evolutionary algorithm. The sketch-based map representation and the 
computationally lightweight evaluation methods are geared towards the integration of the 
evolutionary algorithm within a mixed-initiative tool, allowing for the co-creation of game content 
by a human and an artificial designer. 
 
A Procedural Balanced Map Generator with Self-adaptive Complexity for the Real-Time 
Strategy Game Planet Wars 
Raúl Lara-Cabrera, Carlos Cotta, Antonio J. Fernández-Leiva 
Procedural content generation (PCG) is the programmatic generation of game content using a 
random or pseudo-random process that results in an unpredictable range of possible gameplay 
spaces. This methodology brings many advantages to game developers, such as reduced 
memory consumption. This works presents a procedural balanced map generator for a real-
time strategy game: Planet Wars. This generator uses an evolutionary strategy for generating 
and evolving maps and a tournament system for evaluating the quality of these maps in terms 
of their balance. We have run several experiments obtaining a set of playable and balanced 
maps 
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Mechanic Miner: Reflection-Driven Game Mechanic Discovery and Level Design 
Michael Cook, Simon Colton, Azalea Raad, Jeremy Gow 
We introduce Mechanic Miner, an evolutionary system for discovering simple two-state game 
mechanics for puzzle platform games. We demonstrate how a reflection-driven generation 
technique can use a simulation of gameplay to select good mechanics, and how the simulation- 



driven process can be inverted to produce challenging levels specific to a generated mechanic. 
We give examples of levels and mechanics generated by the system, summarise a small pilot 
study conducted with example levels and mechanics, and point to further applications of the 
technique, including applications to automated game design. 
 
Report on game competitions 2013 
Julian Togelius 
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An Evolutionary Approach for Automatic Seedpoint Setting in Brain Fiber Tracking  
Tobias Pilic, Hendrik Richter 
In this paper we present an evolutionary approach for optimising the seedpoint setting in brain 
fiber tracking. Our aim is to use Diffusion Tensor Imaging (DTI) data and Diffusion Magnetic 
Resonance Imaging (dMRI) data for feeding an automatic fiber tracking approach. Our work 
focused on customising an evolutionary algorithm to find nerve fibers within diffusion data and 
allocate an appropriate number of seedpoints to them. This is necessary for the subsequent 
fiber reconstruction algorithms to work. The algorithm considerably enhances the speed and 
quality of the reconstruction and proves to be promising in leading to an automatic fiber 
tracking procedure used in medical imaging. 
 
Novel Initialisation and Updating Mechanisms in PSO for Feature Selection in 
Classification  
Bing Xue, Mengjie Zhang, Will N. Browne 
In classification, feature selection is an important, but difficult problem. Particle swarm 
optimisation (PSO) is an efficient evolutionary computation technique. However, the traditional 
personal best and global best updating mechanism in PSO limits its performance for feature 
selection and the potential of PSO for feature selection has not been fully investigated. This 
paper proposes a new initialisation strategy and a new personal best and global best updating 
mechanism in PSO to develop a novel feature selection algorithm with the goals of minimising 
the number of features, maximising the classification performance and simultaneously reducing 
the computational time. The proposed algorithm is compared with two traditional feature 
selection methods, a PSO based method with the goal of only maximising the classification 
performance, and a PSO based two-stage algorithm considering both the number of features 
and the classification performance. Experiments on eight benchmark datasets show that the 
proposed algorithm can automatically evolve a feature subset with a smaller number of 
features and higher classification performance than using all features. The proposed algorithm 
achieves significantly better classification performance than the two traditional methods. The 
proposed algorithm also outperforms the two PSO based feature selection algorithms in terms 
of the classification performance, the number of features and the computational cost. 
 
Prediction of Forest Aboveground Biomass: An Exercise on Avoiding Overfitting  
Sara Silva, Vijay Ingalalli, Susana Vinga, João M.B. Carreiras, Joana B. Melo, Mauro Castelli, 
Leonardo Vanneschi, Ivo Gonçalves, José Caldas 
Mapping and understanding the spatial distribution of forest aboveground biomass (AGB) is an 
important and challenging task. This paper describes an exercise of predicting the forest AGB 
of Guinea-Bissau, West Africa, using synthetic aperture radar data and measurements of tree 
size collected in field campaigns. Several methods were attempted, from linear regression to 
different variants and techniques of Genetic Programming (GP), including the cutting edge 
geometric semantic GP approach. The results were compared between each other in terms of 
root mean square error and correlation between predicted and expected values of AGB. None 
of the methods was able to produce a model that generalizes well to unseen data or 
significantly outperforms the model obtained by the state-of-the-art methodology, and the latter 
was also not better than a simple linear model. We conclude that the AGB prediction is a 



difficult problem, aggravated by the small size of the available data set. 
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A Genetic Algorithm for Color Image Segmentation  (IASP Best Paper Candidate) 
Alessia Amelio, Clara Pizzuti 
A genetic algorithm for color image segmentation is proposed. The method represents an 
image as a weighted undirected graph, where nodes correspond to pixels, and edges connect 
similar pixels. Similarity between two pixels is computed by taking into account not only 
brightness, but also color and texture content. Experiments on images from the Berkeley Image 
Segmentation Dataset show that the method is able to partition natural and human scenes in a 
number of regions consistent with human visual perception. A quantitative evaluation of the 
method compared with other approaches show that the genetic algorithm can be very 
competitive in partitioning color images. 
 
Adding Chaos to Differential Evolution for Range Image (IASP Best Paper Candidate)  
Ivanoe De Falco, Antonio Della Cioppa, Domenico Maisto, Umberto Scafuri, Ernesto Tarantino 
This paper presents a method for automatically pair-wise registering range images. 
Registration is effected adding chaos to a Differential Evolution technique and by applying the 
Grid Closest Point algorithm to find the best possible transformation of the second image 
causing 3D reconstruction of the original object. Experimental results show the capability of the 
method in picking up efficient transformations of images with respect to the classical Differential 
Evolution. The proposed method offers a good solution to build complete 3D models of objects 
from 3D scan datasets. 
 
Automatic Construction of Gaussian-Based Edge Detectors Using Genetic Programming  
(IASP Best Paper Candidate) 
Wenlong Fu, Mark Johnston, Mengjie Zhang 
Gaussian-based edge detectors have been developed for many years, but there are still 
problems with how to set scales for Gaussian filters and how to combine Gaussian filters. In 
order to address both problems, a Genetic Programming (GP) system is proposed to 
automatically choose scales for Gaussian filters and automatically combine Gaussian filters. In 
this study, the GP system is utilised to construct rotation invariant Gaussian-based edge 
detectors based on a benchmark image dataset. The experimental results show that the GP 
evolved Gaussian-based edge detectors are better than the Gaussian gradient and rotation 
invariant surround suppression to extract edge features. 
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Implicit Fitness Sharing for Evolutionary Synthesis of License Plate Detectors 
Krzysztof Krawiec, Mateusz Nawrocki 
A genetic programming algorithm for synthesis of object detection systems is proposed and 
applied to the task of license plate recognition in uncontrolled lighting conditions. The method 
evolves solutions represented as data flows of high-level parametric image operators. In an 
extended variant, the algorithm employs implicit fitness sharing, which allows identifying the 
particularly difficult training examples and focusing the training process on them. The 
experiment, involving heterogeneous video sequences acquired in diverse conditions, 
demonstrates that implicit fitness sharing substantially improves the predictive performance of 
evolved detection systems, providing maximum recognition accuracy achievable for the 
considered setup and training data. 
 
Human Action Recognition from Multi-Sensor Stream Data by Genetic Programming 
Feng Xie, Andy Song, Vic Ciesielski 



This paper presents an approach to recognition of human actions such as sitting, standing, 
walking or running by analysing the data produced by the sensors of a smart phone.  The data 
comes as streams of parallel time series from 21 sensors.  We have used genetic programming 
to evolve detectors for a number of actions and compared the detection accuracy of the 
evolved detectors with detectors built from the classical machine learning methods including 
Decision Trees, Naive Bayes, Nearest Neighbour and Support Vector Machines.  The evolved 
detectors were considerably more accurate.  We conclude that the proposed GP method can 
capture complex interaction of variables in parallel time series without using predefined 
features. 
 
Genetic Programming for Automatic Construction of Variant Features in Edge Detection 
Wenlong Fu, Mark Johnston, Mengjie Zhang 
Basic features for edge detection, such as derivatives, can be further manipulated to improve 
detection performance. However, how to effectively combine different basic features remains 
an open issue and needs to be investigated. In this study, Genetic Programming (GP) is 
proposed to automatically and effectively construct rotation variant features based on basic 
features from derivatives, F-test, and histograms of images. To reduce computational cost in 
the training stage, the basic features only use the horizontal responses to construct new 
horizontal features. These new features are then combined with their own rotated versions in 
the vertical direction in the testing stage. The experimental results show that the rotation variant 
features constructed by GP combine advantages from the basic features, reduce drawbacks 
from basic features alone, and improve the detection performance. 
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Land Cover/Land Use Multiclass Classification Using GP with Geometric Semantic 
Operators 
Mauro Castelli, Sara Silva, Leonardo Vanneschi, Ana Cabral, Maria J. Vasconcelos, Luís 
Catarino, João M.B. Carreiras 
Multiclass classification is a common requirement of many land cover/land use applications, 
one of the pillars of land science studies. Even though genetic programming has been applied 
with success to a large number of applications, it is not particularly suited for multiclass 
classification, thus limiting its use on such studies. In this paper we take a step forward towards 
filling this gap, investigating the performance of recently defined geometric semantic operators 
on two land cover/land use multiclass classification problems and also on a benchmark 
problem. Our results clearly indicate that genetic programming using the new geometric 
semantic operators outperforms standard genetic programming for all the studied problems, 
both on training and test data. 
 
Feedback-Based Image Retrieval Using Probabilistic Hypergraph Ranking Augmented 
by Ant Colony Algorithm 
Ling-Yan Pan, Yu-Bin Yang 
One fundamental issue in image retrieval is its lack of ability to take advantage of relationships 
among images and relevance feedback information. In this paper, we propose a novel 
feedback-based image retrieval technique using probabilistic hypergraph ranking augmented 
by ant colony algorithm, which aims at enhancing affinity between the related images by 
incorporating both semantic pheromone and low-level feature similarities. It can effectively 
integrate the high-order information of hypergraph and the feedback mechanism of ant colony 
algorithm. Extensive performance evaluations on two public datasets show that our new 
method significantly outperforms the traditional probabilistic hypergraph ranking on image 
retrieval tasks. 
 
Multiobjective Projection Pursuit for Semisupervised Feature Extraction 
Mihaela Elena Breaban 
The current paper presents a framework for linear feature extraction applicable in both 



unsupervised and supervised data analysis, as well as in their hybrid - the semi-supervised 
scenario. New features are extracted in a filter manner with a multi-modal genetic algorithm 
that optimizes simultaneously several projection indices. Experimental results show that the 
new algorithm is able to provide a compact and improved representation of the data set. The 
use of mixed labeled and unlabeled data under this scenario improves considerably the 
performance of constrained clustering algorithms such as constrained k-Means. 
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Multi-Objective Optimizations of Structural Parameter Determination for Serpentine 
Channel Heat Sink  
Xuekang Li, Xiaohong Hao, Yi Chen, Muhao Zhang, Bei Peng 
This paper presents an approach for modeling and optimization of the channel geometry of a 
serpentine channel heat sink using multi-objective genetic algorithm. A simple thermal 
resistance network model was developed to investigate the overall thermal performance of the 
serpentine channel heat sink. Based on a number of simulations, bend loss coefficient 
correlation for 1000<Re<2200 was obtained which was function of the aspect ratio (a), ratio of 
fins width to channel width (b). In this study, two objectives minimization of overall thermal 
resistance and pressure drop are carried out using multi-objective genetic algorithms. The 
channel width, fin width, channel height and inlet velocity are variables to be optimized subject 
to constraints of fixed length and width of heat sink. The study indicates that reduction in both 
thermal resistance and pressure drop can be achieved by optimizing the channel configuration 
and the inlet velocity. 
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CodeMonkey; a GUI Driven Platform for Swift Synthesis of Evolutionary Algorithms in 
Java 
Reza Etemadi, Nawwaf Kharma, Peter Grogono 
CodeMonkey is a GUI driven software development platform that allows non-experts and 
experts alike to turn an evolutionary algorithm design into a working Java program, with a 
minimal amount of manual code entry. CodeMonkey allows for a great number of different 
configurations of the generic evolutionary scheme, and that allows users to apply it to many 
different applications. This paper describes the concepts behind CodeMonkey, its internal 
architecture and manner of use. It concludes with a simple application that exhibits its utilization 
for multi-dimensional function optimization. CodeMonkey is provided free of charge, for non-
commercial users, as a plug-in for the Eclipse platform. 
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Repair Methods for Box Constraints Revisited 
Simon Wessing 
Box constraints are possibly the simplest kind of constraints one could think of in real-valued 
optimization, because it is trivial to detect and repair any violation of them. But so far, the topic 
has only received marginal attention in the literature compared to the more general 



formulations, although it is a frequent use case. It is experimentally shown here that different 
repair methods can have a huge impact on the optimizer's performance when using the 
covariance matrix self-adaptation evolution strategy (CMSA-ES). Also, two novel repair 
methods, specially designed for this algorithm, sometimes outperform the traditional ones. 
 
Towards Non-linear Constraint Estimation for Expensive Optimization 
Fabian Gieseke, Oliver Kramer 
Constraints can render a numerical optimization problem much more difficult to address. In 
many real-world optimization applications, however, such constraints are not explicitly given. 
Instead, one has access to some kind of a "black-box" that represents the (unknown) constraint 
function. Recently, we proposed a fast linear constraint estimator that was based on binary 
search. This paper extends these results by (a) providing an alternative scheme that resorts to 
the effective use of support vector machines and by (b) addressing the more general task of 
non-linear decision boundaries. In particular, we make use of active learning strategies from 
the field of machine learning to select reasonable training points for the recurrent application of 
the classifier. We compare both constraint estimation schemes on linear and non-linear 
constraint functions, and depict opportunities and pitfalls concerning the effective integration of 
such models into a global optimization process. 
 
Scalability of Population-Based Search Heuristics for Many-Objective Optimization  
Ramprasad Joshi, Bharat Deshpande 
Beginning with Talagrand's seminal work, isoperimetric inequalities have been used extensively 
in analysing randomized algorithms. We develop similar inequalities and apply them to 
analysing population-based randomized search heuristics for multiobjective optimization in Rn 
space. We demonstrate the utility of the framework in explaining an empirical observation so 
far not explained analytically: the curse of dimensionality, for many-objective problems. The 
framework makes use of the black-box model now popular in EC research. 

 
Malicious Automatically Generated Domain Name Detection Using Stateful-SBB 
Fariba Haddadi, H. Gunes Kayacik, A. Nur Zincir-Heywood, Malcolm I. Heywood 
This work investigates the detection of Botnet Command and Control (C&C) activity by 
monitoring Domain Name System (DNS) traffic. Detection signatures are automatically 
generated using evolutionary computation technique based on Stateful-SBB. The evaluation 
performed shows that the proposed system can work on raw variable length domain name 
strings with very high accuracy. 

 
Searching for Risk in Large Complex Spaces (Extended Abstract) 
Kester Clegg, Rob Alexander  
University of York, York, UK - {kester.clegg|rob.alexander}@york.ac.uk 
Keywords: Search, Risk, Safety, Air Traffic Control, Simulation, RAMS. 
Safety analysts are starting to worry that large complex systems are becoming too difficult to 
analyze when part of the system is changed or placed under stress.  Traditional safety analysis 
techniques may miss safety hazards or (more likely) some of the circumstances that can cause 
them. To help analysts discover hazards in complex systems, ASHiCS has created a proof-of-
concept tool that uses evolutionary search and fast-time air traffic control (ATC) simulation to 
uncover airspace hazards.  
We use a fast-time ATC simulation (using RAMS Plus1) of an en-route air sector containing 
multiple flight paths and aircraft types, and into this we inject a serious incident (cabin pressure 
loss) that requires one aircraft to make an emergency descent.  We then use a near-neighbor 
random hill-climber to search for high-risk variants of that situation: we run a wide range of 
variants, select the subset of variants that caused the most risk, and then mutate the aircraft 
entry times to create a new set of situation variants that will hopefully have even greater risk.  
Weighted heuristics are able to focus on specific events, flight paths or aircraft so that the 
search can effectively target incidents of interest. 
Air traffic is generated by specifying the characteristics of each aircraft entering the sector, 
namely aircraft type, aircraft entry time, its entry and exit flight level and the waypoints 

                                                        
1 http://www.eurocontrol.int/eec/public/standard_page/WP_Fast_Time_Simulation_Tools.html 



specifying its flight path and any level changes.  The traffic input files are created using genetic 
algorithms with restrictions on the distribution of aircraft to predetermined flight paths and an 
enforcement of wake turbulence separation. Once the input files have been created, a non-
graphic version of RAMS Plus (i.e. a version that runs without any visualization to speed up 
simulations) is executed and the outputs analyzed by heuristics in the ASHiCS software. 
The solution space is extremely large and cannot be exhaustively searched for the worst case; 
this is a problem for safety analysts who need a context to the search results so that they can 
determine event probabilities.  Our initial approach has been to conduct a sensitivity analysis to 
try and discover more about the average fitness of the population during the evolutionary 
search.  This provides some insight to the nature of the solution space, in terms of the 
frequency of other high risk scenarios and how sensitive such solutions are to mutation of their 
input configuration.  Our initial results suggest that for very large solutions spaces, where high 
scoring solutions are relatively rare, the range of the mutation operator (i.e. the degree to which 
the mutation operator can change the original) has a significant effect on the average fitness of 
the population.  From our experiments, mutation operators with large ranges that permit radical 
changes to the genotype perform significantly worse than operators with small ranges that 
permit gradual changes.    

 
Fig. 1 and 2 show the effect of altering the mutation operator by a factor of ten.  Fitness score 
is plotted vertically, with the number of generations horizontally.  The best scenario is passed 
on unchanged to the following generation (leading to plateaus where no mutation improves the 
previous best).  The ten best of each generation are also plotted showing that as evolution 
proceeds, in the case of the large mutation operator, the distance between the best and the 
next ten best fitness increases, indicating that the mutations are largely destructive in nature.  
Conversely, when a small mutation operator is used, the average fitness of the leading 
scenarios increases as the best of each generation increases, and the gap between them is 
much narrower, indicating that a mutation operator with a small range (therefore less 
destructive) will perform much better for our type of solution space. 
In our paper we describe the evolutionary search used by ASHiCS to discover high risk 
configurations of air sector traffic.  We provide arguments that show the use of destructive 
operators are unlikely to be effective in the type of high dimensional solution space represented 
by an air sector.  The sensitivity analysis suggests that the solution landscape is composed of 
steep-sided, narrow peaks of high fitness, in which only very small mutations are likely to result 
in a fitness improvement.  We believe this is an accurate characterization of the solution 
landscape, given that adjusting the start times of aircraft by just a few minutes can make a 
difference to conflict separation of several nautical miles.   
In our more recent work, we have increased the complexity of our scenarios by adding storms 
represented by a series of timed no-fly zones whose speed and direction are configured by the 
evolutionary search.  We further extended our study into the nature of the solution landscape 
by providing detailed information of nearby variants of the final scenario discovered by the 
search using a two stage process (this research is still in progress).  The information from the 
second stage should allow safety analysts to examine input parameter ranges of high risk 
variants, enabling them to better judge the probability of hazardous situations occurring in the 
sector being modeled, leading to more accurate recommendations for the implementation of 
safety barriers. 
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Cloud Scale Distributed Evolutionary Strategies for High Dimensional Problems 
Dennis Wilson, Kalyan Veeramachaneni, Una-May O’Reilly 
We develop and evaluate a cloud scale distributed covariance matrix adaptation based 
evolutionary strategy for problems with dimensions as high as 400. We adopt an island based 
distribution model and rely on a peer-to-peer communication protocol. We identify a variety of 
parameters in a distributed island model that could be randomized leading to a new dynamic 
migration protocol that can prove advantageous when computing on the cloud. Our approach 
enables efficient and high quality distributed sampling while mitigating the latencies and failure 
risks associated with running on a cloud. We evaluate performance on a real world problem 
from the domain of wind energy: wind farm turbine layout optimization. 
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On GPU Based Fitness Evaluation with Decoupled Training Partition  
Jazz Alyxzander Turner-Baggs Malcolm I. Heywood 
GPU acceleration of increasingly complex variants of evolutionary frameworks typically 
assumes that all the training data used during evolution resides on the GPU. Such an 
assumption places limits on the style of application to which evolutionary computation can be 
applied. Conversely, several coevolutionary frameworks explicitly decouple fitness evaluation 
from the size of the training partition. Thus, a subset of training exemplars is coevolved with the 
population of evolved individuals. In this work we articulate the design decisions necessary to 
support Pareto archiving for Genetic Programming under a commodity GPU platform. 
Benchmarking of corresponding CPU and GPU implementations demonstrates that the GPU 
platform is still capable of providing 20x reduction in computation time. 
 
EvoSpace: A Distributed Evolutionary Platform Based on the Tuple Space Model 
Mario García-Valdez, Leonardo Trujillo, Francisco Fernández de Vega, Juan Julián Merelo 
Guervós, Gustavo Olague 
This paper presents EvoSpace, a cloud service for the development of distributed evolutionary 
algorithms. EvoSpace is based on the tuplespace model, an associatively addressed memory 
space shared by several processes. Remote clients, here called EvoWorkers, connect to 
EvoSpace and periodically take a subset of individuals, perform evolutionary operations on 
them, and return a set of modified or new individuals. Several EvoWorkers carry out the 
evolutionary search in parallel and asynchronously, interacting with each other through the 



central repository. EvoSpace is designed to be domain independent and flexible, in the sense 
that in can be used with different types of evolutionary algorithms and applications. In this 
paper, two evolutionary algorithms are tested on the EvoSpace platform, a standard genetic 
algorithm benchmark and an interactive evolutionary system, achieving encouraging results. 
 
Cloud Driven Design of a Distributed Genetic Programming Platform 
Owen Derby, Kalyan Veeramachaneni, Una-May O’Reilly 
We describe how we design FlexGP, a distributed genetic programming (GP) system to 
efficiently run on the cloud. The system has a decentralized, fault-tolerant, cascading startup 
where nodes start to compute while more nodes are launched. It has a peer-to-peer neighbor 
discovery protocol which constructs a robust communication network across the nodes. 
Concurrent with neighbor discovery, each node launches a GP run differing in parameterization 
and training data from its neighbors. This factoring of parameters across learners produces 
many diverse models for use in ensemble learning. 
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Virtual Spatiality in Agent Controllers: Encoding Compartmentalization  
Jürgen Stradner, Heiko Hamann, Christopher S.F. Schwarzer, Nico K. Michiels, Thomas 
Schmickl 
Applying methods of artificial evolution to synthesize robot controllers for complex tasks is still a 
challenging endeavor. We report an approach which might have the potential to improve the 
performance of evolutionary algorithms in the context of evolutionary robotics. We apply a 
controller concept that is inspired by signaling networks found in nature. The implementation of 
spatial features is based on Voronoi diagrams that describe a compartmentalization of the 
agent's inner body. These compartments establish a virtual embodiment, including sensors and 
actuators, and influence the dynamics of virtual hormones. We report results for an exploring 
task and an object discrimination task. These results indicate that the controller, that 
determines the principle hormone dynamics, can successfully be evolved in parallel with the 
compartmentalizations that determine the spatial features of the sensors, actuators, and 
hormones. 
 
Evolving Counter-Propagation Neuro-controllers for Multi-objective Robot Navigation  
Amiram Moshaiov, Michael Zadok 
This study follows a recent investigation on evolutionary training of counter-propagation neural-
networks for multi-objective robot navigation in various environments. Here, in contrast to the 
original study, the training of the counter-propagation networks is done using an improved two-
phase algorithm to achieve tuned weights for both classification of inputs and the control 
function. The proposed improvement concerns the crossover operation among the networks, 
which requires special attention due to the classification layer. The numerical simulations, 
which are reported here, suggest that both the current and original algorithms are superior to 
the classical approach of using a feed-forward network. It is also observed that the current 
version has better convergence properties as compared with the original one. 
 
Toward Automatic Gait Generation for Quadruped Robots Using Cartesian Genetic 
Programming  
Kisung Seo, Soohwan Hyun 
This paper introduces a new gait generation method for quadruped robots using CGP 
(Cartesian Genetic Programming) based on refinement of regression polynomials for a joint 
trajectory. CGP uses as genotype a linear string of integers that are mapped to a directed 
graph. Therefore, some evolved modules for regression polynomials in CGP can be shared 
and reused among multiple outputs for joint trajectories. To investigate the effectiveness of the 
proposed approach, experiments on gaits were executed for a Bioloid quadruped robot in the 
Webots environment. 
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Co-evolutionary Approach to Design of Robotic Gait 
Jan Černý, Jiří Kubalík  
Manual design of motion patterns for legged robots is difficult task often with suboptimal results. 
To automate this process variety of approaches have been tried including various evolutionary 
algorithms. In this work we present an algorithm capable of generating viable motion patterns 
for multi-legged robots. This algorithm consists of two evolutionary algorithms working in co-
evolution. The GP is evolving motion of a single leg while the GA deploys the motion to all legs 
of the robot. Proof-of-concept experiments show that the co-evolutionary approach delivers 
significantly better results than those evolved for the same robot with simple genetic 
programming algorithm alone. 
 
A Comparison between Different Encoding Strategies for Snake-Like Robot Controllers 
Dámaso Pérez-Moneo Suárez, Claudio Rossi 
In this paper, we present the results of the tests we have performed with different encoding 
strategies for evolving controllers for a snake-like robot. This study is aimed at finding the best 
encoding for on-line learning of basic skills, such as locomotion (both free and directed to an 
objective) and obstacle avoidance. The snake moves in a virtual world, which realistically 
simulates all the physical conditions of the real world. This is the first step of our research on 
on-line, embedded and open-ended evolution of robot controllers, where robots have to learn 
how to survive during their lifetime, and occasionally mate with other robots. A simple (1+1) 
evolutionary strategy has been adopted for lifetime learning. The results of the tests have 
shown that the best results, tested on the locomotion skills, is the “He1Sig” controller, that uses 
a different set of parameters for each segment of the snake but only one mutation rate, 
common to all parameters, that is encoded in the chromosome and therefore undergoes 
evolution itself. 
 
MONEE: Using Parental Investment to Combine Open-Ended and Task-Driven Evolution 
Nikita Noskov, Evert Haasdijk, Berend Weel, A.E. Eiben 
This paper is inspired by a vision of self-sufficient robot collectives that adapt autonomously to 
deal with their environment and to perform user-defined tasks at the same time. We introduce 
the MONEE algorithm as a method of combining open-ended (to deal with the environment) 
and task-driven (to satisfy user demands) adaptation of robot controllers through evolution. A 
number of experiments with simulated e-pucks serve as proof of concept and show that with 
MONEE, the robots adapt to cope with the environment and to perform multiple tasks. Our 
experiments indicate that MONEE distributes the tasks evenly over the robot collective without 
undue emphasis on easy tasks. 
 
Evolving Gaits for Physical Robots with the HyperNEAT Generative Encoding: The 
Benefits of Simulation 
Suchan Lee, Jason Yosinski, Kyrre Glette, Hod Lipson, Jeff Clune 
Creating gaits for physical robots is a longstanding and open challenge. Recently, the 
HyperNEAT generative encoding was shown to automatically discover a variety of gait 
regularities, producing fast, coordinated gaits, but only for simulated robots. A follow-up study 
found that HyperNEAT did not produce impressive gaits when they were evolved directly on a 
physical robot. A simpler encoding hand-tuned to produce regular gaits was tried on the same 
robot, and outperformed HyperNEAT, but these gaits were first evolved in simulation before 
being transferred to the robot. In this paper, we tested the hypothesis that the beneficial 
properties of HyperNEAT would outperform the simpler encoding if HyperNEAT gaits are first 
evolved in simulation before being transferred to reality. That hypothesis was confirmed, 
resulting in the fastest gaits yet observed for this robot, including those produced by nine 
different algorithms from three previous papers describing gait- generating techniques for this 
robot. This result is important because it confirms that the early promise shown by generative 



encodings, specifically HyperNEAT, are not limited to simulation, but work on challenging real-
world engineering challenges such as evolving gaits for real robots. 

 
 

EvoSTOC   
 

Friday 5 April    0930-1110    room 4 
EvoSTOC 
Chair: Anabela Simões 

 
Adapting the Pheromone Evaporation Rate in Dynamic Routing Problems 
Michalis Mavrovouniotis, Shengxiang Yang 
Ant colony optimization (ACO) algorithms have proved to be able to adapt to dynamic 
optimization problems (DOPs) when stagnation behaviour is avoided. Several approaches 
have been integrated with ACO to improve its performance for DOPs. The adaptation 
capabilities of ACO rely on the pheromone evaporation mechanism, where the rate is usually 
fixed. Pheromone evaporation may eliminate pheromone trails that represent bad solutions 
from previous environments. In this paper, an adaptive scheme is proposed to vary the 
evaporation rate in different periods of the optimization process. The experimental results show 
that ACO with an adaptive pheromone evaporation rate achieves promising results, when 
compared with an ACO with a fixed pheromone evaporation rate, for different DOPs. 
 
Finding Robust Solutions to Dynamic Optimization Problems 
Haobo Fu, Bernhard Sendhoff, Ke Tang, Xin Yao 
Most research in evolutionary dynamic optimization is based on the assumption that the 
primary goal in solving Dynamic Optimization Problems (DOPs) is Tracking Moving Optimum 
(TMO). Yet, TMO is impractical in cases where keeping changing solutions in use is impossible. 
To solve DOPs more practically, a new formulation of DOPs was proposed recently, which is 
referred to as Robust Optimization Over Time (ROOT). In ROOT, the aim is to find solutions 
whose fitnesses are robust to future environmental changes. In this paper, we point out the 
inappropriateness of existing robustness definitions used in ROOT, and therefore propose two 
improved versions, namely survival time and average fitness. Two corresponding metrics are 
also developed, based on which survival time and average fitness are optimized respectively 
using population-based algorithms. Experimental results on benchmark problems demonstrate 
the advantages of our metrics over existing ones on robustness definitions survival time and 
average fitness. 
 
An Ant-Based Selection Hyper-heuristic for Dynamic Environments 
Berna Kiraz, A. Şima Etaner-Uyar, Ender Özcan 
Dynamic environment problems require adaptive solution methodologies which can deal with 
the changes in the environment during the solution process for a given problem. A selection 
hyper-heuristic manages a set of low level heuristics (operators) and decides which one to 
apply at each iterative step. Recent studies show that selection hyper-heuristic methodologies 
are indeed suitable for solving dynamic environment problems with their ability of tracking the 
change dynamics in a given environment. The choice function based selection hyper-heuristic 
is reported to be the best hyper-heuristic on a set of benchmark problems. In this study, we 
investigate the performance of a new learning hyper-heuristic and its variants which are 
inspired from the ant colony optimization algorithm components. The proposed hyper-heuristic 
maintains a matrix of pheromone intensities (utility values) between all pairs of low level 
heuristics. A heuristic is selected based on the utility values between the previously invoked 
heuristic and each heuristic from the set of low level heuristics. The ant-based hyper-heuristic 
performs better than the choice function and even its improved version across a variety of 
dynamic environments produced by the Moving Peaks Benchmark generator. 
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This technology-transfer event showcases some technology solutions that the evolutionary 
computation community can offer to industry.  Five short presentations will be made, followed by 
some industrial participants illustrating the problems they are facing as technology users, and for 
which they are seeking solutions.  An open discussion session will follow.    
 
Technology Provider Presentations by 
 

 
Ami Moshaiov 
“Supporting concept selection for design and planning by evolutionary multi-objective 
optimization” 
The conceptual design stage is a crucial design step. We introduced a novel methodology to support 
concept selection, which we term Set-Based Concept (SBC) approach. The SBC approach 
constitutes a revolution to design space exploration and concept selection. According to this 
approach design space exploration is simultaneously done at two levels including the conceptual 
solution level and the detailed solution level. The presentation will include an introduction to the SBC 
approach and a discussion on its variants, and in particular those that have been developed at Tel-
Aviv University. Currently we collaborate with the aircraft industry to implement our tools to a 
conceptual design problem of interest to that industry. Here, we propose to collaborate with other 
industries to check the potential of our tools to support concept selection by the industrial partner. 
Contact: moshaiov@post.tau.ac.il 
 
 
Gabriel Kronberger  
“Applications of Evolved Virtual Sensors in the Automotive Industry” 
We will show two concrete successful applications of genetic programming to evolve virtual sensors. 
In the first application we used a symbolic regression approach to evolve virtual sensors for NOx and 
soot emissions of diesel engines based on data from an engine test bench. The evolved virtual 
sensors are highly accurate and compact and can be used to estimate emissions based solely on 
easily measureable engine data (e.g. RPM, fuel consumption, temperatures). In the second 
application we used the same approach to evolve virtual sensors for the blast furnace process for the 
production of molten iron. The resulting models accurately model the unobservable internal state of 
the blast furnace and can be used to improve the control and stability of the process. 
Contact: gabriel.kronberger@fh-hagenberg.at 
 
 
Andreas Beham 
“Pick-optimized Storage Assignment in Production Warehouses” 
Picking and routing are two time-consuming processes in warehouse operations. We have taken a 
look on how to optimize the location of items in the warehouse of one of our industry partners in the 
automotive industry. In the presentation we will give an overview of the implemented approach, the 
software solution, and some of the lessons learnt. 
Contact: andreas.beham@fh-hagenberg.at 
 
 
Stephan Hutterer 
“Smart Electric Grid Engineering with HeuristicLab” 
Soft computing techniques become of increasing importance for future power systems, with manifold 
applications ranging from real-time generation scheduling over power flow control to processing of 
huge demand or supply data. HeuristicLab provides a generic workbench comprising soft computing 
techniques, suitable to be used for typical power grid engineering problems. Different show cases 
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shall demonstrate the application to data mining issues, where accurate forecasting models are built 
for customer demand prognosis or renewable plants' generation prediction based on measurement 
data. A second application area illustrates the utilization of HeuristicLab for optimization of smart grid 
control and planning tasks. 
Contact: stephan.hutterer@fh-wels.at 

 
 

John Woodward 
“DAASE (Dynamic Adaptive Automated Software Engineering)” 
http://daase.cs.ucl.ac.uk/ 
Current software development processes are expensive, laborious and error prone. They achieve 
adaptivity at only a glacial pace, largely through enormous human effort, forcing highly skilled 
engineers to waste significant time adapting many tedious implementation details. Often, the 
resulting software is equally inflexible, forcing users to also rely on their innate human adaptivity to 
find "workarounds". Yet software is one of the most inherently flexible engineering materials with 
which we have worked, DAASE seeks to use computational search as an overall approach to 
achieve the software's full potential for flexibility and adaptivity. In so-doing we will be creating new 
ways to develop and deploy software. This is the new approach to software engineering DAASE 
seeks to create. It places computational search at the heart of the processes and products it creates 
and embeds adaptivity into both. DAASE will also create an array of new processes, methods, 
techniques and tools for a new kind of software engineering, radically transforming the theory and 
practice of software engineering. 
Contact: jrw@cs.stir.ac.uk 
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