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Abstract

Multivariate machine learning techniques for the classification of data from high-energy physics
(HEP) experiments have become standard tools in most HEP analyses. The multivariate classi-
fiers themselves have significantly evolved in recent years, also driven by developments in other
areas inside and outside science. TMVA is a toolkit integrated in ROOT which hosts a large vari-
ety of multivariate classification algorithms. They range from rectangular cut optimisation (using
a genetic algorithm) and likelihood estimators, over linear and non-linear discriminants (neural
networks), to sophisticated recent developments like boosted decision trees and rule ensemble
fitting. TMVA organises the simultaneous training, testing, and performance evaluation of all these
classifiers with a user-friendly interface, and expedites the application of the trained classifiers to
the analysis of data sets with unknown sample composition.
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2 TMVA Quick Start
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2.2 Version compatibility
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2.5.1 Displaying the results
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Figure 4:
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3.1.2 Selecting variables and variable transformations
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3.1.3 Preparation of training and testing data
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3.1.4 Booking the classifiers
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3.1.5 Training the classifiers
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3.1.6 Testing the classifiers
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3.1.7 Evaluating the classifiers
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3.1.8 Overtraining
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3.2 ROOT macros for plotting training, testing and evaluation results
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3.3.2 Booking selected classifiers
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3.4 Which classifier should I use for my problem?
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4.1.2 Principal component decomposition
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5.1 Rectangular cut optimisation
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5.1.2 Description of the classifier and its implementation
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Monte Carlo sampling
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Simulated Annealing
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5.2 Projective likelihood estimator (PDE approach)
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5.2.2 Description of the classifier and its implementation
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5.2.3 Ranking
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5.3 Multidimensional likelihood estimator (PDE range-search approach)
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5.3.1 Booking options
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5.3.2 Description of the classifier and its implementation
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5.6 Artificial Neural Networks (non-linear discriminants)
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5.6.1 Booking options

The Clermont-Ferrand neural network
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Code Example 28:
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Option Table 6:
>l²£´/°I¼£Ê�¶:¬�±U¯³²£´'²£µ�±U¯k²G´I­lËÙ²G¶p±UÈ/¸?>l«³¸§¶U¹C²G´3±'& ( ¸t¶®¶:¬G´�»C´/¸�Ê/¶:¬�«�´I¸§±�Ç2ÕH¬G«³Ê/¸�­P¼£¯³ÉE¸§´�¬�¶U¸*»/¸tË�¬GÊ/«x±U­�Ç ,3¸�¸
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¬G«³­®²C·�¸Tª�²G´/°�¼GÊ/¶U¸�»
Ç

The ROOT neural network (class TMultiLayerPerceptron)
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Code Example 29:
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Option Table 7:
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The MLP neural network
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Code Example 30:
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Option Table 8:
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5.6.2 Description of the classifiers and their implementation
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5.6.3 Network architecture
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5.7.2 Description of the classifier and its implementation
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5.8 Predictive learning via rule ensembles
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5.8.1 Booking options
�����74'��	��3v*
��CD=	���$�$�
�J��=��
�$�]l�������30^�?
��m���2�7DE�
@`@i�� �0pa



e�Lk�
Predictive learning via rule ensembles 58

.,����%�����!���� � ����g�<���%�^,��� � ;�!�� � 	*����g���#-a��
��c2% 
 ����# a�� ��c2%#��
 �������,%�c����
	�� � � �

Code Example 32:
*l²=²G×3¯k´/¼N²�Ë � Ê/«³¸ ( ¯x±wB�±UÈ/¸H°I¶U­&±2¬�¶U¼£Ê/¹C¸�´=±2¯³­�¬�µ�¶U¸�»/¸t°�´I¸�».¸�´3Ê/¹C¸§¶:¬�±U²�¶�Ì�±UÈ/¸l­®¸�ª§²£´�».¬�¶U¼GÊI¹C¸§´3±¯³­P¬TÊI­®¸§¶'&�»�¸§°�´/¸�»Y­&±®¶U¯³´I¼g¯k»/¸�´=±U¯x°�¸t¶�Ì3¬G´I»Y±UÈI¸p±UÈI¯x¶:»C¬�¶U¼GÊI¹C¸�´=±H¯³­H±UÈI¸�ª�²G´/°I¼£Ê/¶:¬�±U¯³²£´�²£µ�±U¯k²G´I­H­&±®¶U¯k´/¼/Ç ,3¸�¸ ,�¸�ª£Ç ��Ç �£Ç !

ËZ²�¶N¹C²�¶U¸*¯³´/ËZ²�¶U¹�¬�±U¯³²£´�²£´�±UÈ/¸*·�²=²£×3¯³´I¼�Ç

�����74'��	��3v*
��CDE�
 2J"<
�2������
��
 ^��-"��
��
 �$�������<

����3 R
� )6�-"��
��
 ^����]H	�� e�Lk��L�f L

5.8.2 Description of the classifier and its implementation
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