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Abstract

The paper describes a recent attempt at reconstructing, by means of machine learning

techniques, expressive performance skills from examples of real musical perfor-

mances. An inductive machine learning algorithm is used to analyze the expressive

timing (rubato) patterns in some actual performances by various famous pianists of

Robert Schumann’s “Träumerei” (from “Kinderszenen”, op.15). Two approaches

based on the same learning algorithm, but using different vocabularies for describing

example performances and formulating the rules are described. The experimental re-

sults are quite interesting and instructive, but they also point to some rather serious

limitations of the available data collection.
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�-� �"� �� ��*�"� $�&�#&!�"��� �)&*��� ��((�&"'� �"� (��� �)&*�� (��(� �&�� !#&�� �#!$ �,� (��"�� '�-�� �"

)$.�#+"� '��$��� +�  � ��� �&#'' -� �$$&#,�!�(��� (#� ��(� #"�� #�� (��� �*�� �� ��  �"��&� $&#(#(-$�'�� ��

�&�� $ �""�"�� (#� �"(&#�)��� !#&�� �#!$ �,� ��'(&��(� $�((�&"'� �"(#� (���  ��&"�&�'� '��$�� *#���).

 �&-� �(�#)��� (��(� +#) �� $&#��� -� "#(� �� $� �"� (��� �)&&�"(� '()�-�� ����)'�� (��� �"(&#�)�(�#"� #�

!#&�� �#!$ �,� (�&��(� �#"��$('� �"�&��'�'� (��� �!#)"(� #�� (&��"�"�� ��(�� "������ (#� #�(��"� '(�� �

 ��&"�"�� &�') ('��
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�� )��.� �'�� ����#� %�')!.� �-%!��#��� �.� )��

��$+�0"�#)�$#��� !�"�)�)�$#� $�� ��()'��)� �-%'�((�+�� (��%�(� )��)� )��� !��'#�'� ��#� '��$�#�/�� �#�� �%0

%!.� �)��)� �(� �� %'$�!�"� �(%����!!.� ,�)�� "��(*'�� 
��� �#� ����)�$#�� �#� �#�!.(�(� $�� )��� �$'$,�)/� %�'0

�$'"�#��(� '�+��!(� )��)� ��� %!�.��� �$"%�'��!�� (��)�$#(� �#� )��� (��$#�� %�')� $�� )��� %����� &*�)�� ���0

��'�#)!.� )��#� �#� )��� ��'()� %�')� �)�$*��� ��� �(� �-)'�"�!.� �$#(�()�#)� ��'$((� )��� )�'��� %�'�$'"�#��(��

�#� (*""�'.�� )��(� ��(�� ()*�.� �(� )$$� !�"�)��� )$� �!!$,� *(� )$� �'�,� ��#�'�!� �$#�!*(�$#(�� �)� �$�(� �#��0

��)�� )��)� )��� !��'#�#�� (.()�"� "�.� ��� ��!�� )$� ��&*�'�� %�'�$'"�'0� $'� ().!�0(%������� '*!�(�� �*)� �)

�!($� '�+��!(� (�'�$*(� !�"�)�)�$#(� $�� $*'� �*''�#)� '�%'�(�#)�)�$#� (���"�� )��)� %'�+�#)� )��� (.()�"

�'$"� !��'#�#�� "$'�� '���#��� �-%'�((�$#� %'�#��%!�(�
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���� � ������� ��������� ���� ��������������� ��������


#� �!)�'#�)�+�� �%%'$���� ,�(� )�()��� �#� �� (��$#�� (�)� $�� �-%�'�"�#)(�� ��+�#� )��� �*''�#)� !�"�)�0
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��� ���� �)� ,�(� %!�.��� ��()�'� )��#� �)(� %'�����(($'�� �#�� �
����
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���� �#� ����)�$#�� ����� �-�"%!�� �(� �(($���)��� ,�)�� �� #*"�'��� +�!*�� )��)� '�%'�(�#)(� )��� %'���(�

���'��� $�� ��������
��� $'� �
�����
��� �%%!����� ���� ��(�'��� $*)%*)� $�� )��� !��'#�#�� (.()�"� ,$*!�� ��

�� (�)� $�� '*!�(� �$'� #$)�0!�+�!� ��������
��� �#�� �
�����
���� '�(%��)�+�!.�� ���)� �(� )��� (�"�� !�+�!� $#

,����� "$()� $�� )��� ���� �-%'�((�$#� '*!�(� �'�� �$'"*!�)��� �(���� ������ �'���'��� ������� �$'� )��� !��'#0

�#�� �!�$'�)�"� %'$%�'�� )��� ��()'��)� )�( � �(� )��� (�"�� �(� ��$+�� �� !��'#� (."�$!��� ����(�$#� '*!�(� %!*(

#*"�'��� �#)�'%$!�)�$#� )��!�(� �$'� ������#�� )��� %'���(�� ���'��� $�� )�"%$� ���#��� �� ($� )��� (�"�

!��'#�#�� �!�$'�)�"� ,�(� *(��� �(� �#� )��� %'�+�$*(� �-%�'�"�#)(�

���� ������������ ������ )��� (�)� $�� ��(�'�%)$'(� $'� ���)*'�(� *(��� )$� ��(�'���� ����� �#��+��*�!� #$)�� �#�

�)(� '$!�� �#� )��� "*(���!� �$#)�-)�� �$#(�()��� $�� �#)'�#(��� #$)�� �))'��*)�(� �#�"��� %�)���� �*'�)�$#��� �#0

�$'"�)�$#� ��$*)� )��� �""����)�� �$#)�-)�� ������ )��� �""����)�� %'�����(($'� �#�� (*���(($'� #$)�(

��*'�)�$#� $�� )��� #�����$'�#�� #$)�(� �#�� �#)�'+�!(� ��),��#� )��"� �#�� )��� �*''�#)� #$)���� �� ��,� �)0

)'��*)�(� �-%'�((�#�� )��� %$(�)�$#� $�� )��� #$)�� �#� ($"�� $�+�$*(� ()'*�)*'�!� ��"�#(�$#(� �!� �� )��� "�)0

'���!� ()'�#�)�� $�� )��� #$)�� �#�� �)(� '�!�)�+�� %$(�)�$#� ,�)��#� )��� �*''�#)� %�'�(���� �#�� ��#�!!.� $�� ),$

�$#��%)(� )��)� ,�'�� ��$%)��� �'$"� )��� +$���*!�'.� $�� )��� ���� '*!�� (�)�� )��� �����
�� �#�� 	����

�

�	������ �(� ����#��� �#� ��'���'��� ������ �#�� ��*#���'��� ���	��� ,�)�� ����)�$#�!� �#�$'"�)�$#� ��$*)

)��� �����'�#��� �#� ��'"$#��� ���'��� ��#�� )��� ��()�#���� ��),��#� )��� ��'"$#.� *#��'!.�#�� )��� �*'0

'�#)� #$)�� �#�� )��� %'�+�$*(� �#�� �$!!$,�#�� ��'"$#��(�� ��)�� '�(%��)� )$� )��� %�'�(�� �))'��*)�(�� ,�
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 � �$''�(%$#�� )$� ��%%�(� �����
�� ���������� ,��!�� )��
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����� ���*'�� ���
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$�.�$�� /�� /�*�� �$+'� "&,�*�+,��� "&� /!�,!�*� ,!�� $��*&"& � �$ '*",!%� /'-$�� ��,-�$$1� *��"+�'.�*� +'%�

'�� ,!�� ���� *-$�+�� '*� �,� $��+,� +'%�� +"%"$�*�  �&�*�$� (*"&�"($�+���

���� � 	����������� ���
��� ��
���
���� �������

���*&"& � �0(�*"%�&,+� /",!� .�*"'-+� +�,+� '�� ("�&"+,+� /�*�� (�*�'*%���� ��*��� /�� +!'/� '&�� ,1("��$

*�+-$,�� ��*".��� �*'%� ,!�� +�%�� ��,�� �+� "&� +��,"'&� ��
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&�21�� �&�� �*�&��$� '�� ,!�� +��'&�� (�*,� '�� ,!�� �����
�
� � /�*�� -+��� �+� ,*�"&"& � �0�%($�+�� �&�� ,!�

*-$�+� $��*&��� �*'%� ,!�,� /�*�� ,!�&� ,�+,��� '&� ,!�� �"*+,� (�*,�

�" -*�� 
� +!'/+� ,!�� *�+-$,� �&�� � �"&� �'%(�*�+� ",� ,'� �*�&��$�+� (�*�'*%�&���� �� �'%(�*"+'&� /",!

,!�� *�+-$,� '�� ,!�� +,*-�,-*�4��+��� $��*&�*� �+��� �" -*�� ��� *�.��$+� +" &"�"��&,� �"���*�&��+� �&�� +- 4

 �+,+� ,!�,� ,!�� +,*-�,-*�4��+��� $��*&�*� "+� +-(�*"'*�� �,� $��+,� '&� ,!"+� ,�+#�� ,!�� �"���*�&��+� ��,/��&

,!�� +1+,�%�+� �&�� �*�&��$�+� (�*�'*%�&��� �*�� %�*#��$1� $�* �*� "&� ,!�� &',�4$�.�$� $��*&"& � ��+��� �&�

,!�� +1+,�%�+� .�*"�,"'&+�  �&�*�$$1� ,�&�� ,'� ��� *�,!�*� �0,*�%��� �'/�.�*�� ,!�+�� �*�� (*�$"%"&�*1� *�4

+-$,+� ,!�,� +!'-$�� ��� ,�#�&� /",!� ��  *�"&� '�� +�$,�� �'*� '&�� ,!"& �� ,!�� ,*�"&"& � %�,�*"�$� ,!�,� /�+� �.�"$4

��$�� �'*� ,!�� �0(�*"%�&,+� "+� ,''� $"%",��� ,'� (�*%",� -+� ,'� �*�/� �'&�$-+"'&+� ,!�,�  '� ��1'&�� ,!"+� (�*4

,"�-$�*� ("���� '�� %-+"��� �&�� +��'&�$1�� �� )-�&,",�,".�� �&�$1+"+� '�� ,!�� *�+-$,+� �� /�� �'%(-,��� ,!�

�� *��� '�� � *��%�&,� ��,/��&� ,!�� +1+,�%�+� +'$-,"'&� �&�� ,!�� ,!*��� ("�&"+,+�� (�*�'*%�&��+� �

+!'/��� ,!�,� �'*� ,!�� &',�4$�.�$� $��*&�*� ,!�� �**'*� "&� ,�*%+� '�� ,!�� ��+'$-,�� �"���*�&��� ��,/��&� ,!�

�-*.�+� "+� "&����� $�* �*�� �-,� ,!�,� ,!�� &-%��*� '�� 3�'**��,�� �$�++"�"��,"'&� ���"+"'&+� �"����� ,!�� &-%4
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