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Abstract

ECOC  METHODS (1 HOUR)

Error  correcting output  codes,  originally proposed  to enhance  the reliability  of the  transmission of  binary signals  through  a noisy channel, have been successfully used in the framework of decomposition
methods  for   multiclass  classification  problems   to  improve  the generalization capabilities of learning machines.  By this approach an overall  classification problem is  decomposed into  a set  of simpler
dichotomic  subtasks, through  a  manipulation of  the output  targets assigned to each class.

Dietterich and Bakiri in 1991 demonstrated that in classification tasks ECOC  methods can achieve  better performances  than methods  based on distributed output codes proposed  in 1987 by Sejnowski and Rosenberg. In  fact,   using  codewords  for  coding  the   classes  suggest  the introduction of codes with error recovering abilities.

From  a  statistical standpoint  ECOC  methods  can  be viewed  as  an approximation of  a Bayes  classifier(James, 1998; Berger  1999).  The good  generalization properties  of ECOC  methods have  been explained through the  reduction of both bias and  variance(Kong and Dietterich, 1995) by interpreting them as large margin classifiers (Schapire ar al 1998; Allwein et  al 2000). An interesting extension  of ECOC approach
presented by  Schapire et  al (1997), consists  of the  combination of error correcting output codes with boosting technique.

ECOC  methods show  good performances  on different  benchmark machine learning problems and in  several domains have shown improvements over standard   k-way  classification  methods.   For  instance   ECOC  was
successfully applied  to classify cloud types (Aha  and Bankert 1997), for text classification (Berger  1999, Ghani 2000), for text-to-speech synthesis(  Bakiri and  Dietterich 1999),  to classify  olive  oils by means of  electronic noses (Pardi  et al 2001), for  face verification (Kittler  et al  2001) and  to classify  malignant and  normal tissues
using gene expression DNA microarray data (Valentini 2001).

ECOC  methods  present  several  open  problems,  including:  (a)  the trade-off  between error recovering  capabilities and  learnability of the  dichotomies induced by  the decomposition  scheme (Allwein  et al
2000); (b) the  relationship between codeword  length and performances (Ghani 2000); (c) the proper selection of dichotomic learning machines for the decomposition unit  (Gani, 2000;, Masulli and Valentini, 2000;
Berger,  1999); (d)  the designing  of  codes for  a given  multiclass problem  (Mayoraz  and  Moreira,  1997; Alpaydin  and  Mayoraz,  1997; Crammer and Singer, 2000).

In  this tutorial  we also  present an  experimental analysis  of some factors   affecting  the   effectiveness  of   ECOC   classifiers.  In particular, (a) we study if the architecture of ECOC learning machines
influences  the   dependence  among   codeword  bit  errors  and  the performance of  the overall multiclassifier; (b)  we compare different decoding functions  and different base  learners in order  to evaluate
their influence on the generalization error of the ECOC ensembles; (c) we analyze  the relationships between ensemble  accuracy, base learner accuracy and the error correction power of ECOC codes.

BAYESIAN FRAMEWORK FOR NEURAL NETWORKS (1 HOUR)

In this tutorial the fundamentals of Bayesian learning techniques are shown, and some applications to modeling are illustrated. In the setting of parametric modeling, the conventional maximum likelihood approach
is to find a single parameter vector which maximizes a likelihood function. In contrast, the Bayesian scheme considers a prior distribution over parameters which is updated by Bayes's Theorem to a posterior distribution when we use the data through a statistical model (the likelihood). In this way we can explicitly put in the model
all the information we have a priori, and let the data give form to the model. We shall show the basics of Bayesian modeling techniques both from a theoretical and a practical viewpoint.
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