
On the dimensions of data 
l it th h th ticomplexity through synthetic 

data setsdata sets
O è C é ó C è fOnzè Congrés Internacional de l’Associació Catalana d’Intel·ligència Artificial

Núria Macià
E t B dó M illEster Bernadó-Mansilla

Albert Orriols-Puig
{nmacia,esterb,aorriols}@salle.url.edu

Grup de Recerca en Sistemes Intel·ligents
Enginyeria i Arquitectura La Salle

Universitat Ramon Llull



Motivation (I)

Competitive learners that extract accurate models from p
data have been developed
Which is the best technique?q
My learner has outperformed another in 1000 data sets. 
Will it outperform it again in the 1001st data set? g

Toward:
Data characterization to know which and why a method is the 
best for a given problem
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Motivation (II)
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Motivation (III)

The purpose of this work is to:The purpose of this work is to:
Analyze the impact of different data sets characteristics
Consider two frequent measuresConsider two frequent measures

Number of attributes
Number of instancesNumber of instances

Consider a measure about class geometry
Length of the class boundaryLength of the class boundary
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1. Approach

Study how different dimensions influence classifierStudy how different dimensions influence classifier 
behavior

Number of attributesNumber of attributes
Number of instances
Length of the class boundaryLength of the class boundary

Through synthetic data sets
Th id t ll d i ith kThey provide a controlled scenario with known 
characteristics
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2. Complexity dimensions

Number of attributes and instancesNumber of attributes and instances
No relation is observed among these characteristics and 
classifiers’ accuracyc ass e s accu acy
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2. Complexity dimensions

Length of the class boundaryLength of the class boundary
Linear correlation with classifiers’ accuracy 

Slide 8



2. Complexity dimensions

Length of the class boundaryLength of the class boundary
It estimates the density of points located near the class 
boundarybou da y
To compute the measure:

Build the minimum spanning tree (MST)Build the minimum spanning tree (MST)  
connecting all the points regardless 
of class
Count the number  of  edges joining 
opposite   classes   and   divide  this pp
value by the total number of points
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3. Synthetic data sets

Real-world problemsReal world problems
Not cover all the complexity spectrum
Are characterized by uncertainty missing values classAre  characterized by uncertainty, missing values, class 
imbalance…

Synthetic data sets
Provide a controlled frameworkProvide a controlled framework
Permit varying different dimensions independently
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3. Synthetic data sets

Generation procedureGeneration procedure
Set the number of instances n, the number of attributes m,
and the length of the class boundary b.g y
Generate n points that follow a uniform distribution
Build the MST
Label the point to obtain the required boundary

Attributes: 2

Instances: 17

Required boundary: 0 25Required boundary: 0.25
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4. Design of experiments

Three different paradigms of learners:Three different paradigms of learners:
Tree induction – C4.5
Rule learning – PARTRule learning – PART
Support vector machine – SMO

10 fold cross validation10-fold cross-validation
1000 synthetic data sets
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5. Results (I)

n = 200, b = 0.3
Cl ifi b h i il lClassifiers behave similarly
Accuracy rates range in the interval [0.6-08]: 1 - b
Variability indicates that other dimensions are required to 
describe the data complexity
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5. Results (II)

m = 2, b = 0.3
Cl ifi b h i il lClassifiers behave similarly
Spread of accuracy rates decreases with increasing 
number of instancesnumber of instances
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6. Conclusions

Information provided by the number of attributesInformation provided by the number of attributes 
and the number of instances can be embedded in 
the measure of length of the class boundaryg y
Length of the class boundary is a relevant estimate 
of classifier accuracy, but it is not enough toof classifier accuracy, but it is not enough to 
describe the whole data set complexity
Using synthetic data sets along the experimentsUsing synthetic data sets along the experiments 
allows us to vary different dimensions 
independently and work under a controlled scenarioindependently and work under a controlled scenario
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7. Further work

Synthetic data sets do not contain similarSynthetic data sets do not contain similar 
structures to those of real-world problems

Generate data sets that follow physical processesGenerate data sets that follow physical processes
Study other complexity dimensions
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