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�x�W�9� �&�¡�x� �Z�x� �U�-�,�x�9�%�(� �¡¢d���5�%���T�����9�H���9�5�^� �z�W� ³ �%¢d�W�U���U�a�5���*�x� � ¢����U�,�(¢\�%�¨�t�%�U�W�
�*�%��� ¤x�%�d���x�,�5¢T�9�`�,�º���9�5�^�,���%�a�*�,�5¢T�9�^�%�d�P�%����� �U�a�*�5� ���W���T��ªn���%���É�*�x� � ¢����U�,�(¢\�%�]�¯�a��!
�9�x�,�a��®�¢d�¡� �%�x�%� � �5¢T�9�¨��¢T�*���*�%�°�È� 4 4"!L�x�,� ²U� ���^���9� �L�x�x� �(� �5�5¢d�%�Ë���%�¨�W�¥�±�"!A�&�%� � ²a¢¯�%�
�x� ��� �T�9�±� � �a� 1 ª *x�%¢T��� �¦�,�E$H¤a���9�W� �H�%¢T���U�W�5¢T�W� À7*x�%¢dÓB���?® *x�%¢dÓB���PÄW®n�5�U�­��� ��� �h���
���x�x�W�%�x�W¢d�,�5�H� ¤¥���`�%�\��ª �t��¢d�]Ø�����*x×X®x�*�^� �\���%¢T� � � ���,�?�§�9�(�^�,�x�x� �5�U�W¢d�%�5¢T�9�£���W�H�U��!
�x� �x�x� �]¢d���(���*�%��¢¯�a���9�5�`�,�9� �%���5� ¤%�n�x�W�,�%¢\�x� �]���Z�H�x�%�U�x���U�a�n� �9�a�*�,¢d�%¢d�%�Z�%�d�,¢d�^�5� ¤%�Uª

798 7 �ML�� =�N
A�Y��9=�CER�T A��?=
	���
������	���
������	���
����������?C[A�=��

ÇA�°�*�%¢T�n�5� � �5¢T�9�º®a���������a�X�5�f�x�­� �5�U���u�9�x�X� �5�5�U�a�5¢d�,�x���%�,�T�$¢¯�°¢¯�`�%�\�U�°�U���5¢d�%���*�%�/�#�$
��
�&���-�x�%�U�x���U�a�*�,�5¢T�9�¨�5�%�5�5�U�Éª 1 ���(�¶� �t�9�x���9�¥´L� � �5¢T��� �`�x�U�W¢T���=�A�W�9� � ¤x�x�U�W¢T�U�%� � �
��¢T�*��� ¤%¢T�5�5¢d�%�¡�x�%�U�x���U�a�*�,�5¢T�9���(�9���T�U®$�,���x� �(�U�W¢d�x� �¦���±�/�a��®z�a�%�©���W�h�°���5¢T�/�,�(� �©���
�*�%�u�A�,� �G���x�,�z� � � �U�%�*���%� ���,���*�%���x�%�U�x���U�����,�5¢T�9���5�%�5�5�U�}�����*�%���x�W�a�9�5��� �x� ��� �T�9�x�U�
�x�,���(�h�x���9�x�N�^�,¢d�]���9�U�%�N�,�z¢d�a�5�U�W� �5�Pª
���� �!#"%$#&�$�'�(%)+*,)�'-&/.0"2143�56)-'�&�7+&8$#"2'9)+!:)-5;)�'�&8</7�<�5=321�(=7�<> �"?<8<,$A@�!:)
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[�������������¡�W�����U�W���5�]�,�T���*�%�Z²a¢¯�%�x��� �G�x� �5¢T�9�£�x� � ¢�!
�5¢T�9�%�U®��x���°¢¯�%�]� �9�a���U�a�5¢T�9�%�U®x�5���5�%� �*�x�W¢d�%�h�,���x� � �5�U®±� �5��ªx�*�x�,�N� �9���Z�x�=���x�­¢¯�%�
Î5� �9�a���U���(¢\�%�x�,�TÑ¡�5�,���W�Ê�a�W�h�x� �a� �\�%�x���U���=���%�¦���­���%�5���È�%�N���9���x�%�U�x���U�����,�5¢T�9�
�x�x�5�x���(� �Uª �c�9�H� ¤¥�a�^�%�T��®��*�%�h�°�9���%�T�=�%¢\�U�(���W� ���¡�x�%¢T�T�°�x� �t�%¢T�\�]�x� ��� �T�9�%¢d�%�
�¯�a�W�����x�W���9�(�����$�U�����x�H�%�5� ��� �n���x�,�5¢T�$���9�X�*�%���(�*�5�%� �*�x�W���,���x�����^���x�W¢d�������%�T�
���%� �a���9�%�T¢d�%�Ë�a�¥�±�U�W�5� ¤%�¶�x�%�U�x���U�a�*�,�5¢T�9�ºª�Ç����U���¨�x�=�5� �U�¨�,�¶�£���U�%�U�(�,�5� �
�*²,� �T� �5�9�]�,�n���]¢d�%�x¢T�9¢T���x�,�T�d��� ¤%�5�U�%�����%�T���x�9�U�x�°�U���*� �5¢T�9�ºª
���%���x�"���%¢T�5¢T�9�]���%�h���x�%�T¢T�U�,�5¢T�9�]�,���x�W���9�(���}¢T�x�U���5¢����U�W��¢T���a�%���*�%�U�$�^�,¢d�`� �9��!
� �U�5�^���%�f�x�W�a�9�5���^�°�U�$�x�,���5�Z�x�U�,�º��¢T�*�`� �9�%�5� ¢T�U�a�5¢T�9�%�5�T��ª�Å¡�H�*�%�9�%�T���%�5�H�*�%�
�x�W���9�5�a�^���U� ¹Ð�u���9�5²]�,�t�^�x�,�(¢\�Ê�§�9�Ê�*�%�Z�,����¢d�%¢T�5�*�5� �5¢T�9�=�,�$�/�a�W¢T�9�%�t�U�­���5�t�W��� !
�U�W�U�%� � �����%�5�9�^� �5¢T�U�,�T�\�`���U�%�U�5�,�5� �]�����*�%�H�x�9�U�x�°�U���*� �5¢T�9�^�(�9����ª$�H�n�����5� �H¢T�U®
�*�x�x�x�9�­�����9�?� � ����������%Z�x�,�X�5�t�±���9�%�n�,�����%�n� �U�a�*�5�,��� �T�U���U�a�5�$�,���H�W�U�,�T�T�¶�%�5���A�%�
�5�9�(�5�U�=®x���%��¢T���U�a�=�x�¶� �&�%¢T� ��� �¡�a���W�U�%�(¢¯�%�]�*�%���x� �5¢T�9�É¢d�a�§�9�(�^�,�5¢T�9�£�%� � �x� �
�5�f�x�­�9���%� �t���(�x�x�%¢¯�%� � ���%�^�x�U�(�x���%�$� �9�^�%�T� �5� �T�h�x�%�x�%�U�x���U�a�5� ���$¢d�^�%�T�U���U��!
�*�,�5¢T�9�¬�����%���P��ª d$���x� � ¢d�,�T�T� ¢d�¦�x�%�U�x���U�a�*�,�5¢T�9�Ö�W�U�x�­� �5�U���(� �Í¢d�Ö�a�¥�±�U�W�5� ¤%�U®
�*�5�,� ¢d�%�¡�,�Z�W�����U�W�U�%� � �]�5�¡�x�"���%¢T�5¢T�9�¬�9�^���x�%�T¢T�U�,�5¢T�9�Ö�±���5¢T�5¢T�9�%�]�,�f¢T�x�U�a�5¢����U�W�
¢\�Z�a��� ¤x���^�%�T�^� �Ê�%�5���A�%�$� ¤¥�%�T��¢T�*� �5¢T�9�¡� �n¢¯�x�%�U�­�U�����x�9�U�x���U�a�*�,�(¢\�%��¢d�a�§�9�(�^�
!
�5¢T�9�ºª

FG*,"+H�$I.0)�7J1K"2'-H%)-'2$:)-'�&L.2"2143�5;)�'�&�7+&8$#"2'M)�'�H�$A*,"2'�5;)�'�&
«��,���,���P�9�P® ¢d���5� �%�5�,�5� �^�x�W���%�5���^��¢d�%�H�U���%¢d�W�9�x���U�a�5�����W���±� � �9��¢d�%�¶�°�9�W�����%�
���9�W�h�±�,���U�L�È�%�����%�-���%�&� �U�,�5¢T�U���5�¡�%�5� � ��ªÐ�cªG�a�¡�*�%�=���x�%�T¢\�U� �5¢T�9�-�,���%¢\�%��!
�W� �5���d�%�5¢T�9� �9�5���x�%¢T� �U®X��¢d�%�x�,�j�5�%�5�5�U���Z���%�¨¢d�����%¢\�(¢\�a���x��¢d�a�(!L���%� !A� �T¢T�&²¨¢d�a�5�U� !
�È�,� � � � ª�� �x�9�U�x���U�a�*�,�(¢\�%���(�9�5�(�U� �x�,���(�h� �9�±����¢T�*�£�*�%�Z� ¤%¢T�5�5¢d�%�Ë�x�W�a�9�5����!
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��¢d�%�h�U�a�9¢d�W�%�x���U���(�t���%��®º���9�W� �,���U� ®x���%�5�t�°���5¢T�/�,�(���5�,���L�����­�t�x� ��� �T�9�±�U�W���5�
�x�W�9���%� ���x�9�U�x�°�U���*� �5¢T�9�=�,�t���(¢\�x���"8�� � ���,�$�5�,���L�����­��� �9�^�%¢T�d�,�5¢T�9�ºª
�$¢¯�­�5�U®x�*�%���5�%�5�5�U�Æ�x�,���5�=�x�W�,�9¢T�x���*�x�x�x�9�­�t�t�%¢T�T�^�*�%���x�9�U�x�°�U���*� �5¢T�9�=¢T���x��!
�x�U��� �9�%�5�*�(�%� �5¢T�9�ºª �u� �U���%�5��¢d�^�%�T�U���U�a�*�,�(¢\�%�¦¢T�=�%�9�5�^� �\�T�-�x�9�%���%�5¢d�%�-� �x¢�!
�5�9�W�^�N¢\���Í� �x�x¢\�(¢\�%�x�,�����U�,�*�x�W� �]�*�,¢T�T�9�W� �Ö��¢T�*�Ö�W� ���x� � �=�5�-�¨�*�x� � ¢����¡¢d�^�%�T�"!
���U�����,�5¢T�9�Ö�d���%�9�x� ����®����©�x�P���¡�5�-�U���±� �~�9�x�É�5�%�5�5�U� ¢d�a�5�Ö�*�%¢T���U�a�9¢d�W�%��!
���U���]���%�¦�,�x�¦�(�9���=�*�x�x�%�T�U���U�a�*���W�-�x�%�U�x���U�a�*�,�5¢T�9� �§�U� �*�x�W� �^�5���*�%�£� �x¢�!
�5�9� ª
*%� � �9�%��®%�*�%�Z�%�5�H�,�º�È���°¢\�T¢d�����°� �&�x���%¢T�*�°���§�%�$� ¤x�%�¯� ¢¯�%¢d�%�����x�W���9�5�a�=¹Ð�n�(�9�x�W� �
� �9�x�^�(¢¯�`�%�\¢���� �]�*�%�h���­���%�9�%�Z�*� �*²£�,���t�­¢\�(¢¯�%��� ¤x�%�d���x�,�5�9�­�Ë�(� ¤9�Uª=���%�`� �9��!
���U�������W��� �9�a���U���(¢\�%�%��� � ���%�f�x�W�a�9�5���^�°¢¯�%���d���%�9�x�,���H� �%���5�U�°�§�9�u�*�%���x�W�a´L� � �
�5�U�W���t� �����^�a�x�x�W�9�x�W¢d�,�5���%���*� �5¢T�9�x�,�x�5�*�a�W�5¢d�%�¶�±��¢d���Uªu���%�t�%�W�U�,�n�,�x�,�������,�����,�
� �9�^���U�a�*���W¢T� �H¢T���*�%�¶�W� ���%�\�(¢¯�%���P�/�,¢T�d���%¢T�T¢\�W���,�n�*�x� �5¢d�,�G¢d�a�5�U�W� �9�x�%� � �(¢\�%����¢T�*�
�*�%�Z�x�%�U�x���U�a�5� �¡� �%�x��®º�t�%¢T�&�£�T� �5�5�U�%���*�%�^�x�W�%�%�\�U�Æ� �n� �9�%�5¢T�5�5�U�%� �¡�x� �W��� �U�
� �9�x�Z���%�£�x�9�U�x�°�U���*� �5¢T�9�ºª
�$¢¯�x� �\�T��®%�x�%�U�x���U�����,�5¢T�9�^�,�d�W�U� �x�°�x�­�9���%� � �=�x�,�$�5�Z�±�t�U�,�(�Z�5�=Î5�x�U�x�%�aÑ�®9�±���*�
��¢T�*�¡�W� �*�±� � �Z�5�=���%�^� �9�a�5�U�������%�¡�d�P���9�%���,���*�%���t�­¢\�(�5�U���5� ¤%�¶�,����� �T��� �Z�5�
�*�%���5�*�5�%� �*�x�­�°�a�%�¡� ¤9�(�U�����,���*�%�^�x�%�U�x���U�a�*�,�5¢T�9���,�Z�É�t�%���T��ª^���%¢T�Z�U�����±�
�,�&�%¢T� ��� �^�a�¶���U�a�%�$�,��� ¤9¢T�5�(¢¯�%���x�W� �%¢\� ���U�W�X���9�X�^���5²�!L�x���5� ¤%�(!��§�%�5�^�,�5�(¢¯�%�N�¯�a��!
�9�x�,��� ���T¢d²,� f , � d � ���%� � ���/�����%�����Z�(���%¢T�Z���U�%�U�5� �5¢T�9���,�����%�n�x�%�U�x���U�����,�5¢T�9�
�§�9�u�*�%�Z�x�x�(�x���5���,�$¢¯�`��� �x¢d�,�5����� � ���x�,� ²�ª

��)4)+ &K(?) .0"2143�56)-'�&�7+&8$#"2' 1K"0'����232*,7�@�!#)
���9�u�*�%���,�x�9�%�5¢T�9�]� �G�*�%���5�*�(�%� �*�x�W�����%�=� ¤9�(�U�����,�n� � �x���W�5�T���u���U�%�U�5�,�5� �]�x�%�"!
�x���U�����,�5¢T�9�º®��`�*�x� � ¢d�,���%�5�U�H¢d���5�U�L�È�,� �`¢\�Z�%� � �x� �¨�*�x�,�H� 8��U�W���,�T�$�&�%�a¢\� � �����%�
�x���5�(¢¯�%�T�^� �%�¶�%¢d�x�,�(¢\�%�%�Z�,�n�x�%�U�x���U�a�*�,�5¢T�9�£� �T�U���U�a�5� � ��ª»��ª��x�­�9���%� �5¢T�9� �,�n¢d��!
�x¢\� � �P®9�%�W�x�U�W¢d�%�Z�,�����%���%�\� �P®¥�%¢T�x¢d�%���*�x� � ¢d�,�c¢d�^�%�T�U���U�����,�5¢T�9�%���9�X�*�x�%�5�%�5�5�U�°�U®
� �5��ª�� ª$���%¢T�H¢\�N�t�x�,�������U�,�T� �����	��% �
� � � � 
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 "M'%"-&><�7�1�*K$�� 1 )6"?!A.�1K"2.0)
Å �%�U� ¢¯�a�*�W�%���%� ¢d�%� �-�%� � �x�%�U�x���U�����,�5¢T�9� �5�9�a�t¢d�a�5�Í��� � �5�*���%�T¢T�*�%� ���x�W� !
�9�5���^�°¢¯�%�]�U�a�9¢d�W�9�x�°�U���U®?�9�%�^�x�,���5�=�U�x���%�T�h�]�����9�a�*�=�*�(���%�5¢T�5¢T�9�£�A�W�9�Õ�*�%�
� �9���a�U���5¢T�9�x� ���5���*�%��¢d�x�%�,�/�,�(¢\�a���x�9�U�x���U�a�*�,�(¢\�%�=���x�x�W�9�,� �ºª$Ì��9�%�5� ³ �%�U�a�5�T��®��
�È�x�%�����°�U���*� � �­� ³ �%¢d�W�U���U�a��¢T���*�x� �t�x�%�x�9�U�x�°�U���5� �¬Î5���T�xÑ�� �9�x���U���=�x��¢d�%� �9� !
�x�9�5� �5� ���%�5¢d�%�h���%�H�§�U�,���x�W� ���,�$�*�%�Z�%� � �x�%�U�x���U�a�*�,�5¢T�9�É�5�9�(�5�U�=ª
�t�����=� ¤%�5�U�%�5¢T�9�£�,�n���%¢\�Z�x�­¢¯�%� ¢d�%�T��®X�*�%�Z¢d�a�*�W�%���%� �5¢T�9�£�,�n�*�%���x�%�U�x���U�����,�5¢T�9�
�5�9�a�t�*�%�%�%�\�}�%���h� �x���%��� �*�%�¡�x�U�x�P�9¢T�9�x�É�,�Z�*�%�����*�%�U�]� �%�^�x�9�%�U�a�5�=�,���*�%�
�x�W���9�5�a�^��¢d�%���U���%¢d�W�9�x���U�a�Uª
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d$¤%¢\�(�5¢d�%�¶�x�%�U�x���U�a�*�,�5¢T�9�°�U���%¢d�W�9�x���U�a�5�����W���a�U�%�U�5�,�T�T�h�%���n�x� �(¢\�%�%� �]�§�9�u�x����!
�x�\¢d�%���d���W���"!A�(�U�,�T�h¢d�^�%�T�U���U�a�*�,�5¢T�9�%���*�x� �Z���W�^�%¢T�U�5���W� �%¢T�U�,�T�\�¨�5�*�(�%� �*�x�W� �¡¢d�a�5�
���9���%�T� �Z���%���*�x�%�(�9�5�(�U���Uªt�N�%� �5�^���W�Z���%�¶�W�x�x���,�n¢d�^�%�T�U���U�����,�5¢T�9�%�Z�������W�
�����5�]¢d���5�U�­� �5�5� �Ö¢d�º®f�a�%� �a�x�x�W�,��� � ��� �&�x�a�%¢\�����=���9� ����� % � ��D D � ��%b� � �IB
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^���W��� �9�%�5¢T�x�U�W� �¡�5�`���9�5�Õ�*�%�^�x�,�5¢T���,�n�U�,� �=���U�%�U�(�,�5� ���x�9�U�x�°�U���*� �5¢T�9�ºª
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Go to the first, previous, next, last section, table of contents. 

LexYacc

This is the structure which performs the connection between the generated parser and OPAL. 

Three different functions - all called parse - provide access to this parser. You can parse either 

standard input 
or (the contents of) some file 
or a denotation. 

LexYacc Sign 
LexYacc Impl 

Go to the first, previous, next, last section, table of contents. 

Go to the first, previous, next, last section, table of contents. 

Signature of LexYacc

LexYacc Impl: IMPLEMENTATION LexYacc 
Parameter (Part of LexYacc Sign) 
Imports (Part of LexYacc Sign) 
Parsing (Part of LexYacc Sign) 

SIGNATURE LexYacc[data]

Go to the first, previous, next, last section, table of contents. 

Go to the first, previous, next, last section, table of contents. 

Parameter

SORT data

data is usually an abstract syntax type. It must be the same type that is constructed by the yacc actions.
Since the interface is handcoded, no type checking is possible. You may encounter weird error messages
if you supply a parameter type which is different from that used in the yacc parser. 

Go to the first, previous, next, last section, table of contents. 

Go to the first, previous, next, last section, table of contents. 

Parsing

All of the functions deliver a "fail" answer if a parse error occurs. This answer contains the message
generated by the parser. 

FUN parse: com[data]                

FUN parse: file -> com[data]        

FUN parse: denotation -> com[data]

Go to the first, previous, next, last section, table of contents. 
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Go to the first, previous, next, last section, table of contents. 

Signature of Integral

Integral Impl: IMPLEMENTATION Integral 

SIGNATURE Integral

IMPORT  Real            ONLY real
        Seq[real]       ONLY seq

FUN integrate: (real->real) -> real**real -> seq[real]
        
FUN fastIntegrate: (real->real) -> real**real -> seq[real]

The following specification applies to both functions above. They differ in the algorithm used, not
in the input/output relation. 

SPC integrate(f)(a,b) == List 
PRE a < b 

f "gutartig" (d.h. genuegend oft stetig differenzierbar) 
POST 

Compute an approximation of the integral of f between a and b. The result is a list
of better and better approximations. The nth element of the list is the
approximation with 2^n intervals. 

Go to the first, previous, next, last section, table of contents. 
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