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��
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�1��
�N�o�.� �o�f� �g�a�t�i�n�g� �n�e�t��
�1�5��
��
�l�e�a�r�n�i�n�g� �r�a�t�e��
�0�.�1�5��
�N�o�.� �o�f� �h�i�e�r�a�r�c�h�y��
�4��
��
�m�o�m�e�n�t�u�m� �p�a�r�a�m�e�t�e�r��
�0�.�2��
��
��
��
�N�o�.� �o�f� �i�t�e�r�a�t�i�o�n��
�1�0�0��
�N�o�.� �o�f� �i�t�e�r�a�t�i�o�n��
�3�5��
��
�f�i�n�a�l� �e�r�r�o�r�(�S�S�E�)��
�3�8�.�3�5�4��
�f�i�n�a�l� �e�r�r�o�r��
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��
� �§ÀÇÀ �T�a�b�l�e� �1�.�¦¸ �¸ºé¸ �ÔÀÂ·ú° �âÃÂ·ÇÀ �³°ö¼Â´ �ÏÀ¡ÄÏÇí° �ßÁ£°þÃ¡¿ �ÖÀÂ´ �û¼ºÀþÃú° �üÀ®¹¡°Á¸ÇÀ �³°ö¼Â´ �°°µµÏ· �ÏÇ´¿Ù´.� �F�i�g�.� �4�Â´ �B�a�c�k�-�p�r�o�p�a�g�a�t�i�o�n�ú° �H�M�E�¦¸ �ñº³±ÏÇâ± �§ÀØÇ­¼ �ÐÇÀ½¡¿ �ûµ¥¸ �¡¿¯·ÇÀ �ö¼Å· �¤Áµµ¦¸ �×±¡·ÁÇÎ· �¥ÇöÇÑÇ �Í°ÌÀÙ´.� �©¿â±­¼ �y�àÃºÀ �l�o�g� �s�c�a�l�e�Î· �ª³¸Å»³ú¾¸Àç¸ �ñº³± �á°ú° ��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � �������¤ÁµµÇÀ �÷ÂÌÀ¡° �ÖÀ½À»À �Ë¾ �ö¼ �ÖÀÙ´.� �¶¸öÁ·¸ �ö¼Å·ÑÇ �¡¿¯· �ª°ºÀ �B�a�c�k�-�p�r�o�p�a�g�a�t�i�o�n�ºÀ �3�8�.�3�5�4�ÎÀ¥µ �ñºÏÇ©¿ �H�M�E� �&� �E�M�Ë¾í°®¸òÁºÀ �1�6�.�0�5�3�ÓÀ»À �Ë¾ �ö¼ �ÖÀÙ´.� �F�i�g�.�6�¡¿­¼ �¸ºé¸ �B�P�N�¸ºÙ´ �H�M�E�¡° �ÎÈÀ¾ �õ´ �¤Á®ÈÑÇ �á°ú°¦¸ �ò¾»À �ö¼ �ÖÀÙ´.� �


�


�á°Ð·


�	�»º �í³®¹¡¿­¼Â´ �â±¸ÁÇÀ �ñº±¼üÇ �Ã½º½ÛÅ¡¿ �ë´ÑÇ �Å½æ° �¸ÈÎ·Á¸ÇÀ �ÑÇè°¡Á»À �¦ÁÃ½ÏÇí° �¦Áî¾ �ñ¸ûÀÌÀ �¯º­ÈÏÇÂ´ �Ã½º½ÛÅ¡¿ �ë´ØÇ­¼ �Ü´ø¼ÑÇ �Å½æ° �¸ÈÎ·Á¸¸ÀÎ·Â´ �Ù´ê· �ö¼ �ø¾ú¾ø´ �®¹¦Á¦¸ �H�M�E�Í¿E�M�Ë¾í°®¸òÁ»À �ç»ë¿ÏÇç¸ �ØÇá° �ÒÇ �ö¼ �ÖÀ½À»À �¸ºÌÀí° �ÖÀÙ´.� �Ç¶ÑÇ �Å½æ° �¸ÈÎ·Á¸ºÀ �ÔÀâÃÂ· �¥µÌÀÍÅ¡¿ �ÇÀØÇ­¼ �Ã½º½ÛÅÇÀ �¯Æº¼»À �ª³¸Å¾³ �ö¼ �ÖÀÂ´¥µ �ÖÁî¾øÁ �£·ý´ÑÇ �¥µÌÀÍÅ¡¿­¼ �¡°åÀ �ßÁä¿ÑÇ �º¼ÐºÌÀ �«¹ù¾ÎÀöÁ¦¸ �P�C�A�Í¿ �P�L�S�¦¸ �ÌÀë¿ØÇ­¼ �Ðº°ºØÇ �»³î¾ �¡°åÀ �ßÁä¿ÑÇ �º¼Ðº,� �ïÁ �âÃÂ·¡¿ �Ì¹¡ÄÂ´ �µ¿âÇÌÀ �¡°åÀ �«Å �Í°¸¸»À �ÌÀë¿ÔÇ¸ÀÎ·á½ �Ã½º½ÛÅÇÀ �¯Æº¼»À �¡°åÀ �ßÀ �ª³¸Å»³Â´ �º¼Ðº¸ÀÎ· �ÐÇÀ½ÑÇ �á°ú° �ÎÈÀ¾ �ÁÁºÀ �á°ú°¦¸ �ò¾»À �ö¼ �ÖÀ½À»À �Ë¾ �ö¼ �ÖÀú¾Ù´.�


�


�¨°ç»ÇÀ �Û±


�	�»º �¬¿¸±¡° �ÌÀç·î¾öÁµµÏ· �öÁÉ´ �ÚÀ¿µ­È �¬¿¸±¾¼ÍÅ¦¸ �µµÍ¿ÖÁÅ½ �ÑÇ¹± �ú°ÐÇ �çÀÜ´¡¿ � � � � � � � � �¨°ç» �åµ³¸Ï´Ù´.�


�


�üÂí°®¹åÇ


�R�o�b�e�r�t� �A�.� �J�a�c�o�b�s� �a�n�d� �M�i�c�h�a�e�l� �I�.� �J�o�r�d�a�n� �“�L�e�a�r�n�i�n�g� �P�i�e�c�e�w�i�s�e� �C�o�n�t�r�o�l� �S�t�r�a�t�e�g�i�e�s� �i�n� �a� �M�o�d�u�l�a�r� �N�e�u�r�a�l� �N�e�t�w�o�r�k� �A�r�c�h�i�t�e�c�t�u�r�e�”� �p�p�.� �3�3�7�-�3�4�5�,�1�9�9�3�.�


� �M�i�c�h�a�e�l� �I�.� �J�o�r�d�a�n� �a�n�d� �R�o�b�e�r�t� �A�.� �J�a�c�o�b�s� �“�H�i�e�r�a�r�c�h�i�c�a�l� �m�i�x�t�u�r�e�s� �o�f� �e�x�p�e�r�t�s� �a�n�d� �t�h�e� �E�M� �a�l�g�o�r�i�t�h�m�”� �p�p�.� �1�8�1�-�2�1�4�,� �1�9�9�4�.�


�M�.� �I�.� �J�o�r�d�a�n� �R�.�A�.� �J�a�c�o�b�s�.� �I�n� �D�.� �J�.� �T�o�u�r�e�t�z�k�y� �R�.� �P�.� �L�i�p�p�m�a�n�n�,� �J�.� �E�.� �M�o�o�d�y�,� �e�d�i�t�o�r�,� �“�A�d�v�a�n�c�e�s� �i�n� �N�e�u�r�a�l� �I�n�f�o�r�m�a�t�i�o�n� �P�r�o�c�e�s�s�i�n�g� �S�y�s�t�e�m�s�”� �,� �p�p�.� �7�6�7�-�7�7�3�.� �S�a�n� �M�a�t�e�o�,� �1�9�9�1�.�


�N�.� �B�h�a�t� �a�n�d� �T�.�J�.� �M�c�A�v�o�y� �“�U�s�e� �o�f� �N�e�u�r�a�l� �N�e�t�s� �f�o�r� �D�y�n�a�m�i�c� �M�o�d�e�l�i�n�g� �a�n�d� �C�o�n�t�r�o�l� �o�f� �C�h�e�m�i�c�a�l� �P�r�o�c�e�s�s� �S�y�s�t�e�m�s�”�,� �p�p�.�5�7�3�-�5�8�3�,� �1�9�9�0�.�


�G�e�l�f�a�n�d�,� �S�.�B�.� �a�n�d� �M�i�t�t�e�r�,� �S�.�K�.� �“�S�i�m�u�l�a�t�e�d� �a�n�n�e�a�l�i�n�g� �w�i�t�h� �n�o�i�s�y� �o�r� �i�m�p�r�e�c�i�s�e� �e�n�e�r�g�y� �m�e�a�s�u�r�e�m�e�n�t�s�,� �J�.�O�p�t�.� �T�h�e�o�r�y� �A�p�p�l�.� �6�2�,�1�9�8�9�.�


�W�i�l�l�i�a�m�s�,� �R�.�J� �“�S�i�m�p�l�e� �s�t�a�t�i�s�t�i�c�a�l� �g�r�a�d�i�e�n�t� �f�o�l�l�o�w�i�n�g� �a�l�g�o�r�i�t�h�m�s� �f�o�r� �c�o�n�n�e�c�t�i�o�n�i�s�t� �r�e�i�n�f�o�r�c�e�m�e�n�t� �l�e�a�r�n�i�n�g�”� �M�a�c�h�i�n�e� �L�e�a�r�n�.� �8�,� �2�2�9�-�2�5�6�,� �1�9�9�2�.�


�B�a�r�t� �L�.�M�.� �H�a�p�p�e�l� �a�n�d� �J�a�c�o�b� �M�.� �J�.� �M�u�r�e� �“�D�e�s�i�g�n� �a�n�d� �E�v�o�l�u�t�i�o�n� �o�f� �M�o�d�u�l�a�r� �N�e�u�r�a�l� �N�e�t�w�o�r�k� �A�r�c�h�i�t�e�c�t�u�r�e�s�”� �p�p�.�9�8�5�-�1�0�0�4�.�1�9�9�4�.�


��
�


�


�


��� �E�M�B�E�D� �U�n�k�n�o�w�n� � �������	��� �E�M�B�E�D� �W�o�r�d�.�P�i�c�t�u�r�e�.�6� � �������	�


�F�i�g�.�3� �N�e�u�r�a�l� �n�e�t�w�o�r�k� �l�e�a�r�n�i�n�g� �d�a�t�a�	�	�	�	�F�i�g�.� �4� �M�o�d�e�l� �O�v�e�r�v�i�e�w� �f�o�r� �t�h�e� �f�i�v�e� �P�C�s� �


�


�


�


��� �E�M�B�E�D� �U�n�k�n�o�w�n� � �������	��� �E�M�B�E�D� �U�n�k�n�o�w�n� � �������


�	�


�F�i�g�.�5� �C�o�m�p�a�r�i�s�o�n� �o�f� �E�r�r�o�r� �w�i�t�h� �B�P�N� �a�n�d� �H�M�E�	�F�i�g�.� �6� �C�o�m�p�a�r�i�s�o�n� �w�i�t�h� �B�P�N� �a�n�d� �H�M�E�


�


�


�


�


