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SUMMARY Y 

Manyy current information processing systems have to process huge amounts of data. 
Oftenn both the number of measurements as well as the number of variables in each 
measurementt —the dimensionality of the data— is very large. Such high dimensional 
dataa is acquired in various forms: images containing thousands of pixels, documents 
thatt are represented by frequency counts of several thousands of words in a dictionary, 
orr sound represented by measuring the energy in hundreds of frequency bands. Be-
causee so many variables are measured, a wide variety of tasks can be performed on the 
basiss of these sorts of data. For example, images can be used to recognize hand-written 
digitss and characters, but also to recognize faces of different people. 

Informationn processing systems are used to perform several types of tasks, such as clas-
sification,, regression and data visualization. In classification, the goal is to predict the 
classs of new objects on the basis of a set of supervised examples. For example, in a 
digitt recognition task the supervised examples are images of digits together with a la-
bell  indicating which digit is depicted in the image. The supervised examples are used 
too find a function that maps new images to a prediction of the class label. Regression 
iss similar to classification, but the goal is here to predict a continuous number rather 
thann a discrete class label. For example, a challenging regression application would be 
too predict the age of a person on the basis of an image of his face. In data visualization 
thee goal is to produce an insightful graphical display of data. For example, the results 
off  image database queries can be presented using a two dimensional visualization, such 
thatt similar images are displayed near to each other. 

Inn many applications where high dimensional data is used the diversity in the data 
consideredd is often limited. For example, only a limited variety of images is processed 
bvv a system that recognizes people from an image of their face. Images depicting digits 
orr cars are not processed bv such a svstem, or perhaps onlv to conclude that it does 
nott depict a face. In general, the high dimensional data that is processed for specific 
taskss can be described in a more compact manner. Often, the data can either be divided 
intoo several groups or clusters, or the data can be represented using fewer numbers: the 
dimensionalityy can be reduced. 

Itt turns out that it is not onlv possible to find such compact data representations, but 
thatt it is a prerequisite to successfullv learn classification and regression functions from 
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highh dimensional examples. Also for visualization of high dimensional data a more 
compactt representation is needed, since the number of variables that can be graphically 
displayedd is inherently limited. In this thesis we present the results of our research on 
methodss for clustering and dimension reduction. Most of the methods we consider are 
basedd on the estimation of probabilistic mixture densities: densities that are a weighted 
averagee of several simple component densities. A wide variety of complex density func-
tionss can be obtained by combining simple component densities in a mixture. 

Layoutt of this thesis. In Chapter 1 we give a general introduction and motivate the 
needd for clustering and dimension reduction methods. We continue in Chapterr 2 with a 
revieww of different types of existing clustering and dimension reduction methods. 

Inn Chapter 3 we introduce mixture densities and the expectation-maximization (EM) 
algorithmm to estimate their parameters. Although the EM algorithm has many attrac-
tivee properties, it is not guaranteed to return optimal parameter estimates. We present 
greedyy EM parameter estimation algorithms which start with a one-component mixture 
andd then iteratively add a component to the mixture and re-estimate the parameters of 
thee current mixture. Experimentally, we demonstrate that our algorithms avoid many 
off  the sub-optimal estimates returned by the EM algorithm. Finally, we present an ap-
proachh to accelerate mixture densities estimation from many data points. We apply this 
approachh to both the standard EM algorithm and our greedy EM algorithm. 

Inn Chapter 4 we present a non-linear dimension reduction method that uses a con-
strainedd EM algorithm for parameter estimation. Our approach is similar to Koho-
nen'ss self-organizing map, but in contrast to the self-organizing map, our parameter 
estimationn algorithm is guaranteed to converge and optimizes a well-defined objective 
function.. In addition, our method allows data with missing values to be used for pa-
rameterr estimation and it is readily applied to data that is not specified by real numbers 
butt for example by discrete variables. We present the results of several experiments to 
demonstratee our method and to compare it with Kohonen's self-organizing map. 

Inn Chapter 5 we consider an approach for non-linear dimension reduction which is 
basedd on a combination of clustering and linear dimension reduction. This approach 
formss one global non-linear low dimensional data representation by combining multi-
ple,, locally valid, linear low dimensional representations. We derive an improvement 
off  the original parameter estimation algorithm, which requires less computation and 
leadss to better parameter estimates. We experimentally compare this approach to sev-
erall  other dimension reduction methods. We also apply this approach to a setting where 
highh dimensional 'outputs' have to be predicted from high dimensional 'inputs'. Exper-
imentally,, we show that the considered non-linear approach leads to better predictions 
thann a similar approach which also combines several local linear representations, but 
doess not combine them into one global non-linear representation. 

Inn Chapter 6 we summarize our conclusions and discuss directions for further research. 


