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OverviewOverview

�� Clustering Clustering 
–– Explore ”spatial“ structure of dataExplore ”spatial“ structure of data

�� Statistical (temporal) Pattern DiscoveryStatistical (temporal) Pattern Discovery
–– ExploreExplore temporal temporal structurestructure of of datadata

�� ClassificationClassification
–– ConnectConnect datadata and human and human interpretationinterpretation

Un-
supervised

Learning

Supervised

Learning



ClusteringClustering

�� Input: Input: large amounts of high dimensional large amounts of high dimensional 
(sensory) data(sensory) data

�� Objective: Objective: reduce data in dimension reduce data in dimension 
and/or amountand/or amount

�� Results are used for:Results are used for:
–– VisualizationVisualization
–– Data Compression Data Compression 
–– Representation for statistical pattern discovery and Representation for statistical pattern discovery and 

modelingmodeling



ClusteringClustering typestypes

�� ProjectionProjection methodsmethods (PCA …)(PCA …)

�� PartitioningPartitioning methodsmethods ((KK--MeansMeans...)...)

�� HierarchicalHierarchical methodsmethods

�� DensityDensity--BasedBased methodsmethods

�� GridGrid--basedbased methodsmethods



PartitioningPartitioning vs. vs. ProjectionProjection

Partioning

Projection
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ProjectionProjection methodsmethods

�� PrincipalPrincipal ComponentComponent Analysis (PCA)Analysis (PCA)

�� MDS (Multi Dimensional MDS (Multi Dimensional ScalingScaling):):
–– SammonSammon MappingMapping

�� IsoMapIsoMap

�� ProbabilisticProbabilistic PCAPCA

Preserve
distances

Maximum 
likelihood
of model

Minimize
reconstructi
on error
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PartitioningPartitioning methodsmethods

�� KmeansKmeans, , KmediansKmedians

�� CompetitiveCompetitive LearningLearning ((““neuralneural“ “ KmeansKmeans))
–– SelfSelf--OrganizingOrganizing MapsMaps (SOM, (SOM, KohonenKohonen 1982)1982)

�� ExpectationExpectation MaximizationMaximization (EM)(EM) Maximum 
likelihood

Distance to 
cluster center



KmeansKmeans

�� Cluster center = mean of the objects in the clusterCluster center = mean of the objects in the cluster
�� Algorithm:Algorithm:

–– (Arbitrarily) choose k centers as initial solution(Arbitrarily) choose k centers as initial solution
–– Do until no changes:Do until no changes:

�� Compute membership of each object to centersCompute membership of each object to centers
�� Update cluster centers (=means) according to new Update cluster centers (=means) according to new 

membershipsmemberships

�� KmeansKmeans with pruning:with pruning:
–– Additional steps:Additional steps:

�� Elimination of empty (or weak) clustersElimination of empty (or weak) clusters
�� Merging of near clustersMerging of near clusters



KmediansKmedians

�� Cluster center = most centrally located object Cluster center = most centrally located object 
in the clusterin the cluster

�� Algorithm:Algorithm:
–– (Arbitrarily) choose k centers as initial solution(Arbitrarily) choose k centers as initial solution
–– Repeat:Repeat:

�� Randomly pick one of the k centersRandomly pick one of the k centers
�� Replace it with another randomly chosen object from the other (Replace it with another randomly chosen object from the other (nn--

kk) objects) objects

–– Each object is assigned to the cluster with the closest Each object is assigned to the cluster with the closest 
representativerepresentative



CompetitiveCompetitive LearningLearning

�� Idea: Idea: 
–– competition between neuronscompetition between neurons
–– One neuron in the competitive layer forms one One neuron in the competitive layer forms one 

clustercluster
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Competitive LearningCompetitive Learning

�� The neuron with the highest value for a data The neuron with the highest value for a data 
item is the winneritem is the winner

�� New calculation of the weights of the winner New calculation of the weights of the winner 
neuronneuron

�� SelfSelf--Organizing Maps:Organizing Maps:
–– Additional treatment of “neighborhood”Additional treatment of “neighborhood”



ExpectationExpectation MaximizationMaximization (EM)(EM)

�� EM = EM = statistical model based on the finite statistical model based on the finite 
Gaussian mixture modelGaussian mixture model

�� Cluster = Cluster = Gaussian with mean, Gaussian with mean, stddevstddev. . 
and sampling probabilityand sampling probability

�� Basic algorithm:Basic algorithm:
–– Guess initial values for cluster parametersGuess initial values for cluster parameters
–– Repeat until convergence:Repeat until convergence:

�� Estimate the cluster probability for each instance (Expectation)Estimate the cluster probability for each instance (Expectation)
�� ReRe--estimate the parameters of the model using the probability estimate the parameters of the model using the probability 

score (Maximization)score (Maximization)

–– Convergence criteria: e.g. likelihood of the modelConvergence criteria: e.g. likelihood of the model
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HierarchicalHierarchical ClusteringClustering

�� DecomposeDecompose thethe datadata intointo severalseveral levelslevels of of 
clustersclusters

�� DendrogramDendrogram: a : a treetree thatthat splitssplits thethe datadata
recursivelyrecursively intointo smallersmaller subsetssubsets

�� BottomBottom--upup approachapproach ((agglomerativeagglomerative))
�� TopTop--downdown approachapproach ((divisivedivisive))

�� ExamplesExamples: BIRCH, CHAMELEON: BIRCH, CHAMELEON
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DensityDensity--basedbased methodsmethods

�� EpsilonEpsilon--neighborhoodneighborhood: : withinwithin a a radiusradius epsilonepsilon
of a of a givengiven objectobject

�� CoreCore objectobject:: epsilonepsilon--neighborhoodneighborhood of an of an 
objectobject containscontains at least at least MinPtsMinPts

�� DensityDensity--reachablereachable:: p p isis withinwithin thethe epsilonepsilon--
neighborhoodneighborhood of q, of q, 
q q isis corecore objectobject



DensityDensity--basedbased methodsmethods

�� StepsSteps::
–– Find Find corecore objectsobjects as as newnew clustersclusters
–– IterativelyIteratively splitsplit oror mergemerge densitydensity--reachablereachable

clustersclusters

�� UseUse R*R*--treetree ((multidimmultidim. . balancedbalanced treetree) ) forfor
good good performanceperformance

�� ExamplesExamples: : DBScanDBScan, DENCLUE, DENCLUE
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�� PartitioningPartitioning methodsmethods ((KK--MeansMeans...)...)

�� HierarchicalHierarchical methodsmethods

�� DensityDensity--BasedBased methodsmethods

�� GridGrid--basedbased methodsmethods



GridGrid--basedbased methodsmethods

�� QuantizeQuantize thethe spacespace intointo a finite a finite numbernumber of of 
cellscells

�� PerformPerform clusteringclustering on on thethe gridgrid structurestructure

�� ExamplesExamples: : WaveClusterWaveCluster, CLIQUE, CLIQUE



SUMMARYSUMMARY

�� Partitioning methods: Partitioning methods: 
–– Specify k, number of clusters (Specify k, number of clusters (�� vv--fold crossfold cross--validation)validation)
–– No arbitrarily shaped clustersNo arbitrarily shaped clusters

�� Hierarchical clustering:Hierarchical clustering:
-- results depends on the ordering of the data (divisive)results depends on the ordering of the data (divisive)
o frequently used in biology/sociologyo frequently used in biology/sociology

�� DensityDensity--based clustering:based clustering:
+   Discover clusters of arbitrary shape+   Discover clusters of arbitrary shape
+   Separate noise from data+   Separate noise from data
-- Many parameters to be adjusted by supervisorMany parameters to be adjusted by supervisor
-- High complexityHigh complexity


