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Resum en la llengua del projecte (màxim 300 paraules) 
El treball realitzat es va dur a terme en el marc del projecte MID-CBR (TIN2006-15140-C03-01) en conjunt amb l'Hospital 
Clínic i Provincial de Barcelona (EPO del projecte). L’objectiu del projecte MID-CBR va ser l'establiment d'un marc 
integrador de Raonament Basat en Casos (CBR). CBR és una tècnica de classificació que resol nous casos fent servir 
casos resolts previament.  
El primer objectiu de la tesi va ser adaptar CBR per ser utilitzat en els problemes col·laboratius. Els problemes actuals 
tendeixen a enormes quantitats de dades amb unes característiques que impliquen diferents tipus de classificació a 
combinar. Aquest és l'objectiu dels algorismes d’ensemble learning: obtenir una classificació conjunta basada en 
classificacins simples. Com a part del disseny dels sistemes de col·laboració, calia tenir coneixement sobre el domini de les 
dades (càncer de melanoma i  dominis genèrics). 
Segons el descrit, la tesi tracta inicialment amb el problema del melanoma amb el que es van testejar els algorismes, a més 
també es va provar l'aplicació a dominis genèrics. A més, aquests problemes són multi-label i no tenen una unica 
classificació possible. Tenint en compte l'exemple d'un pacient, en una classificació single-label es considera que el pacient 
pot tenir càncer o no. En un problema multi-label podríem considerar que el pacient té n diferents tipus de càncer o no. 
L'adaptació de l'algoritme de CBR a la classificació multi-label era el segon objectiu de la tesi. 
Una vegada resumits els objectius d'aquesta tesi, podem descriure els seus objectius concerts. El primer pas va ser (a) 
obtenir una descripció del domini del problema i les seves dificultats, així com la manera d’afrontar-les. En segon lloc (b) la 
necessitat d'analitzar els diferents components dels classificadors ensemble per tal d’obtenir els patrons aplicables a la 
classificació. L’etapa següent va ser (c) l'aplicació de les decisions anteriors sobre el conjunt d'aprenentatge i les seves 
millores (part d'aquest treball es va realitzar en una estada de set mesos als Component Analysis and Human Sensing Labs 
del Robotics Institute a Carnegie Mellon University (Pittsburgh, PA, U.S.A.) sota supervisió del Dr. Fernando de la Torre). 
Next stage was (c) the application of ensemble learning and its improvements and finally (d) the implementation of multi-
label techniques. Finalment, (d) l'aplicació de les tècniques multi-label. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



 

 

Resum en anglès(màxim 300 paraules) 
The work performed was done within the framework of the MID-CBR project (TIN2006-15140-C03-01) in conjunction with 
the Hospital Clinic i Provincial de Barcelona (Project EPO). MID-CBR project target was the establishment of an integrative 
framework for Case-Based Reasoning (CBR) developments. CBR is a classification technique that solves new cases using 
others previously solved.  
The first goal of the thesis was to adapt CBR to be used in collaborative problems.  Current world problems tend to huge 
amounts of data with characteristics that implies different kinds of classification that may be combined. This is the aim of 
ensemble learning algorithms: to obtain a classification based on simple ones. As a part of the design of collaborative 
systems, knowledge about the data domain (melanoma cancer and generic domains) was needed. 
As described, the thesis deals initially with the melanoma problem with which the algorithms were tested; in addition the 
application to generic domains had been tested.  Moreover these problems are multi-label and not only one classification 
was possible. Considering the example of a patient, in a single-label classification we consider that the patient could have 
cancer or not. In a multi-label problem we could consider that the patient have n different kinds of cancer or not. The 
adaptation of CBR algorithm to multi-label classification was the second goal of the thesis. 
Once summarized the goals of this thesis the process followed and its details could be described. The first step was (a) to 
obtain a description of the problem domain and its difficulties, and how to tackle it. Secondly (b) the necessity of analyze the 
single parts of each ensemble was studied in other to obtain patterns to apply for classification (performed in part during a 
seven-month research stage at Component Analysis and Human Sensing Labs in the Robotics Institute at Carnegie Mellon 
University (Pittsburgh, PA, U.S.A.) under supervision of Dr. Fernando de la Torre). Next stage was (c) the application of 
ensemble learning and its improvements and finally (d) the implementation of multi-label techniques. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
2.- Memòria del treball (informe científic sense limitació de paraules). Pot incloure altres fitxers de qualsevol 
mena, no més grans de 10 MB cadascun d’ells. 
 
The work performed was done within the framework of the MID-CBR project (TIN2006-15140-C03-01) and 
more specifically in conjunction with the Melanoma Unit of Hospital Clinic i Provincial de Barcelona (Project 
EPO). MID-CBR project main target was the establishment of an integrative framework for Case-Based 
Reasoning (CBR) developments.  CBR is a technique that solves new cases using others previously solved. In 
order to get this objective four phases are applied (Retrieve, Reuse, Revise, and Retain). (1) Retrieve the 
most similar cases from the Case Memory with the assistance of a similarity function. (2) Try to reuse the 
solutions from the retrieved cases with the aim to solve the present case. (3) Make a revision of the solution. 
(4) Retain the useful information of the solved case, if it is necessary. All steps turns around the Case 
Memory, which contains the experience of system in terms of cases that are a description of a problem.  
Case-Based reasoning combines in an effective manner both learning from examples and usage of domain 
knowledge. This is because techniques for case retrieval and reuse should not be studied in an isolated 
manner; instead they should be designed and evaluated in a framework that integrates different types of CBR 
systems.  
 
The first goal of the thesis was to adapt CBR classical systems to be used in collaborative problems.  Current 
world problems tend to huge amounts of data with characteristics that implies different kinds of classification 
that may be combined. This is the aim of ensemble learning algorithms, to obtain a classification based on 
simple ones. As a part of the design of collaborative systems using CBR, knowledge about the data domain 
(the base domain was melanoma cancer and in advanced stages tends to generic domains) was needed. 
 
As described, the thesis deals initially with the melanoma problem with which the algorithms were tested; in 
addition the application to generic domains had been tested (UCI repository data set and synthetic data set).  
Moreover these problems are multi-label and not only one classification was possible. As an example of single 
to multi label change a patient could be considered as case study. In a single-label classification we consider 
that the patient could have cancer or not. In a multi-label problem we could consider that the patient have n 
different kinds of cancer (that could appear at the same time or not) or not. The adaptation of CBR algorithm 
to multi-label classification was the second goal of the thesis. 
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Once summarized the goals of this thesis the process followed and its details could be described. The first 
step was (a) to obtain a description of the problem domain and its difficulties, and how to tackle it. Secondly 
(b) the necessity of analyze the single parts of each ensemble was studied in other to obtain patterns to apply 
for classification. Next stage was (c) the application of ensemble learning and its improvements (performed in 
part during a seven-month research stage at Component Analysis and Human Sensing Labs in the Robotics 
Institute at Carnegie Mellon University (Pittsburgh, PA, U.S.A.) under supervision of Dr. Fernando de la Torre) 
and finally (d) the implementation of multi-label techniques.  
 

a) Description of the problem domain and its difficulties  
 
The first stage of the thesis was focused on a detailed analysis of the domain to describe the types of data 
and its associated problems. Melanoma is now one of the most social interesting cancers because it is more 
frequent in our society and affects people of any age. According to the American Cancer Society although is 
not the most common skin cancer, it is which causes most deaths. This increase, caused by solar habits, 
makes crucial the early diagnosis, even more analyzing that this cancer is mortal in approximately twenty 
percent of cases and prompt diagnosis permits practically a secure regain. Domain experts worked with some 
plain databases with disjoined information that did not permit roomy experiments to identify melanoma 
patterns. In fact, diagnosis was not aided for computer systems and requires checking several reports, from 
different specialists, to give a unified prognostic. Dermatology experts from Hospital Clinic i Provincial de 
Barcelona (HCPB) wanted to do statistical analysis of its data, and characterize new melanoma patterns. One 
way to improve the early diagnosis was to use Knowledge Management and Decision Support Systems based 
on the statistical results of the cancer information. This implied a Data Mining (DM) problem that analyzes high 
dimensional data, with uncertainty and missing values, to extract the patterns for aid decision-making. Some 
of these techniques were proved in other kinds of cancer, like the breast one, with a result that permits 
promising investigation. But this technology needs a good data characterization and organization to work and 
this was non-existent in its domain. To create it data from more than three thousand melanoma patients were 
analyzed. This information contains reports of dermatologists, oncologists, surgeons, pathologists, and other 
specialists that work at HCPB. Some of these data were used in international studies that analyze specific 
aspects of the domain. But medical researchers wanted to study it on the whole to assess if clear patterns are 



 

 

reachable. This aim made these data really unique and valuable for its variety and completeness. Then, a 
data organization in melanoma domain to find out which kind of information was relevant and how it was 
related was proposed.  
 
The results obtained in this stage are summarized on following paper: 
 
R. Nicolas, E. Golobardes, A. Fornells, S. Puig, C. Carrera, and J. Malvehy. Identification of relevant 
knowledge for characterizing the melanoma domain. In Advances in Soft Computing, volume 49 2009, pages 
55–59. Springer Berlin-Heidelberg, 2008. 
 

b) Single systems analysis  
 
As a second step in the domain characterization the re-label the instances was needed. Recently diagnosis 

of melanoma was based on the ABCD rule which considers the following features commonly observed in this 
kind of tumor: (1) a diameter larger than 5 mm (2) color variegation (3) asymmetry and (4) border irregularity. 
Although most of melanomas were correctly diagnosed following this rule, a variable proportion of cases do 
not comply with these criteria. Therefore, medical researchers focused on identifying reliable melanoma 
patterns to improve diagnosis because the actual patterns did not offer a good one. The goal of this stage was 
to identify a set of reliable patterns from a data set built by a group of melanomas senior researchers. The 
extraction and validation process was performed by ULIC (Unsupervised Learning in CBR) system. The 
platform explored data from a data intensive approach based on partitional clustering technique. More 
concretely partitional clustering was used because the identification of disjoined regions in the domain 
associated to a certain pattern was needed. This family attempts to directly decompose the data set into a set 
of disjoint clusters.  
 
The details of the system and its results were described on: 
 
D. Vernet, R. Nicolas, E. Golobardes, A. Fornells, C. Garriga, S. Puig, and J. Malvehy. Pattern Discovery in 
Melanoma Domain Using Partitional Clustering. In Frontiers in AI and App., 184, IOSPress, pages 323–330, 
2008. 
 
Once the domain was studied, the techniques that could solve the necessities of medical experts were 
decided. These focused on two areas: ensemble learning and multi-label classification. 
 

c) Application of ensemble learning and its improvements  
 
As has been explained in previous stages, the diagnosis of melanoma in cancer involves various experts in 
each decision, a problem that makes it conducive to the use of ensemble learning. The performed work was 
framed in the use of different CBR systems forming an ensemble to classify new images of nevus. During this 
process the initial proposal was complemented with several contributions as the application of pre-process 
techniques to obtain better rules for combining ensembles or applying metric learning to improve the accuracy. 
 

 
Figure 1: Collaborative Case-Based Reasoning Schema applied to melanoma cancer problems 

 
The first step was the design of an ensemble learning system using Case-Based Reasoning. The 
Dermatology Department of HCPB works with two of the most promising techniques of image analysis for 
melanoma diagnosis: Dermatoscopy and Reflectance Confocal Microscopy (RCM). The first is based in the 



 

 

microscopical image created with epiluminiscence (x10.30) and the second make the image with the 
reflectance of a coherent laser (x100) with a cell resolution. Through the application of both analyses they 
perform a diagnostic process based on two steps. First, they analyzed if the new case was melanocytic or not. 
Next they assessed if this case was malignant or not. Thus, the combination of both diagnoses allows experts 
to determine if the new case was Melanoma, Basal Cell Carcinoma (BCC) or a non-malignant tumor. 
Moreover, one benefit of this approach was that expert does not need to perform any invasive test to the 
patient. The goal of this step was to develop a framework for helping experts to automate the diagnosis 
process under their supervision. The approach modeled the protocol through several ensemble systems, 
which contain the logical decision, performed by Confocal and Dermoscopic experts. The ensemble was 
based in CBR because the approach used past experiences to solve new cases and this is exactly the same 
procedure used by experts. 
 
As an example, figure 1 shows the functional process of the proposal. There are two modules (one per each 
kind of image) that made an independent classification following CBR schema and both classification are 
combined in the last module creating an ensemble. 
 
This work was presented on: 
 
R. Nicolas, E. Golobardes, A. Fornells, S. Segura, S. Puig, C. Carrera, J. Palou, and J. Malvehy. Using 
ensemble-based reasoning to help experts in melanoma diagnosis. In Frontiers in AI and App., vol 184, pages 
178–185. IOS Press, 2008. 
 
Secondly the system was improved using pre-process rules. To catch this aim up the effort was based on 
solving the problems observed in the base system. The first approach focused on the importance of the work 
in combination of different diagnostic criteria to ascertain the stand out of confocal in the medical protocol. 
This solution denoted that due to its high precision, confocal microscope allows medical experts to improve its 
prognostic capacity making up its high economical and temporal cost and the combination of this technique 
with dermatoscopy allows even a better diagnostic. But this work stresses one difficulty, which is that the 
available attributes were discrete. Considering this characteristic of the data, the use of a preprocessing 
technique of the data domain that is independent from the medical experts should be interesting. Eventually, 
both techniques were combined to create a computer-aided system that uses the two CBR modules to classify 
new cases and fetching obtained rules to combine the classification results. The whole process follows the 
medical protocol in this kind of decisions and the introduction of the rules guaranteed more reliability in the 
integrated system because all rarities of the data were detected. 
 
This improvement were detailed on: 
 
R. Nicolas, D. Vernet, E. Golobardes, A. Fornells, S. Puig, and J. Malvehy. Improving the combination of CBR 
systems with preprocessing rules in melanoma domain. In Workshop Proceedings of the 8th International 
Conference on Case-Based Reasoning, pages 225–234, 2009. 
 
At last Distance Metric Learning (DML) was applied to previous solutions. The result was a Collaborative 
Computer Aided System for melanoma diagnosis that uses DML to improve its operation. The main aim of this 
work was to improve the classification accuracy and, moreover, the specificity and sensitivity rates that were 
crucial for medical experts. In order to achieve this goal, a second step in the system was taken, in this case 
working on the case memories of the sub-systems applying DML to establish a new projection of the data that 
allows a better distance analysis. Although the accuracy rates were in fact promising all these efforts were not 
enough in the most important study values for medical experts, the specificity and sensitivity rates. These 
results were crucial in medical research and need to tend to 100%. Keeping in mind the goal of increasing the 
statistical results attached to false positives and negatives, the improvement in comparison with previous 
proposals should be done in a different manner. In this case instead of focusing the effort on improving the 
combination, issue accomplished with the previous stage, the work has been done with the case memory. The 
wish has been the achievement of a better distance analysis between cases and, consequently, a more 
accurate classification. In this way, we have studied different pre-process techniques were studied and, at last, 
a DML module was implemented. The decision of using DML was based on the characteristics of the domain 
and the desired improvements. This part of the work was performed during a research stage at Component 
Analysis and Human Sensing Labs in the Robotics Institute at Carnegie Mellon University (Pittsburgh, PA, 
U.S.A.) under supervision of Dr. Fernando de la Torre. This stage was done from 1st. March to 1st. October 
2010 and produced two crossed publications (the journal one still in press). 
 
All the details of the work performed at Carnegie Melon University related to the present thesis has been 
published on: 
 
R. Nicolas, D. Vernet, E. Golobardes, A. Fornells, F. de la Torre, and S. Puig, "Applying Distance Metric 
Learning in a Collaborative Melanoma Diagnosis System with Case-Based Reasoning," in Proceedings of the 
14th United Kingdom Workshop on Case-Based Reasoning at The 29th SGAI International Conference on 
Innovative Techniques and Applications of Artificial Intelligence, CMS Press, University of Greenwich, UK, 
pages 58-66, 2009. 
 



 

 

R. Nicolas, D. Vernet, E. Golobardes, A. Fornells, F. de la Torre, and S. Puig, “Applying Distance Metric 
Learning in a Collaborative Melanoma Diagnosis System with Case-Based Reasoning,” in Special Issue of the 
BCS SGAI journal Expert Update. In Press 
 

d) Implementation of multi-label techniques  
 

Taking a step further in the work it was deduced that in the field of melanoma cancer and the majority of real 
world domains tended to present multi-label classification problems instead of single-label. This led to the 
jump in the standings in the analysis of such problems and the adaptation of the classic algorithm of CBR to a 
multi-label proposal. This point would be easily extended to generic problems in face recognition or teaching 
applications.  
 
This necessities are shown on: 
 
D. Vernet, R. Nicolas, E. Golobardes, A. Fornells, and A. Garcia-Piquer, "Intelligent Tutoring System 
Framework for the Acquisition of Knowledge and Competences," in 40th ASEE/IEEE Frontiers in Education 
(FIE) Conference, pages 111-112, 2010. 
 
That current real world problems are better represented with multi-label data set than with single-label ones is 
clear in categorization problems (emotions, texts, weather…) or face verification between others. The increase 
of problems of this nature made necessary the proposal of methods to deal with this kind of data. Those works 
were divided in two different families: (a) to adapt the data set in order to work with single-label algorithms 
instead of designing new ones. This group of techniques is known as Problem Transformation Methods 
(PTM). The main problem of this family is that the unification of different labels into a single one loses 
information. (b) The second group deals with the problem modifying classical algorithms to work in a multi-
label mode. These are known as Algorithm Adaptation Methods (AAM). The effort of the work has been 
focused on the second approach because wouldn’t like to lose any kind of information during the classification 
process. 
In this stage the contribution has been done in two different lines: (a) design, implementation and test of a 
robust Case-Based Reasoning system for multi-label classification; (b) proposal of a benchmark data set 
generator in order to test and compare proposed algorithm with other ones and provide a test bed for future 
multi-label community works. The first part of the contributions was materialized through a CBR algorithm with 
two different options in Reuse stage. This Reuse step composed a solution based on the k-recovered cases 
(using a standard CBR Recover stage). The first Reuse approach, labeled as Probabilistic Reuse, was based 
on the idea of counting the appearance of each label and considering that it is set to 1 if we count more than a 
half of the k recovered cases with this label set to value 1. This Reuse step was based on the base idea of 
multi-label k-nearest neighbor algorithm. The second option, named Probabilistic Reuse based on Experience, 
add the use of experience to the Probabilistic reuse in order to better consider the best cases. The second 
contribution was based on the absence of benchmark data set not linked to a specific algorithm. There are 
some approaches tested in both families (PTM and AAM) but each algorithm tested uses its own data set that 
is specific for its characteristics. So, to compare in equal opportunities between all these methods and chose 
the better one would need a generic data set. Dealing with this problem a public data set generator that allows 
this comparisons using data non-specific for each kind of algorithm has been proposed. 
 
This work has been presented on: 
 
R. Nicolas, A. Sancho-Asensio, E. Golobardes, A. Fornells, A. Orriols-Puig. Multi-Label Classification based 
on Analog Reasoning. Machine Learning Journal, submited, 2011. 
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