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�/�*
�~�P�r�i�n�t�e�r�(�)
�{

�s�t�d�:�:�c�o�u�t �<�< �O�F�i�n�a�l �c�o�u�n�t �i�s �O �<�< �c�o�u�n�t�_ �<�< �s�t�d�:�:�e�n�d�l�;
�}

�v�o�i�d �p�r�i�n�t�1�(�)
�{

�m�u�d�u�o�:�:�M�u�t�e�x�L�o�c�k�G�u�a�r�d �l�o�c�k�(�m�u�t�e�x�_�)�;
�i�f �(�c�o�u�n�t�_ �< �1�0�)
�{

�s�t�d�:�:�c�o�u�t �<�< �O�T�i�m�e�r �1�: �O �<�< �c�o�u�n�t�_ �<�< �s�t�d�:�:�e�n�d�l�;
�+�+�c�o�u�n�t�_�;

�- �l�o�o�p�1�_�-�>�r�u�n�A�f�t�e�r�(�1�, �b�o�o�s�t�:�:�b�i�n�d�(�&�P�r�i�n�t�e�r�:�:�p�r�i�n�t�1�, �t�h�i�s�)�)�;
�+ �l�o�o�p�1�_�-�>�r�u�n�A�f�t�e�r�(�2�, �b�o�o�s�t�:�:�b�i�n�d�(�&�P�r�i�n�t�e�r�:�:�p�r�i�n�t�1�, �t�h�i�s�)�)�;

�}
�e�l�s�e
�{

�l�o�o�p�1�_�-�>�q�u�i�t�(�)�;
�}

�}
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�v�o�i�d �p�r�i�n�t�2�(�)
�{

�m�u�d�u�o�:�:�M�u�t�e�x�L�o�c�k�G�u�a�r�d �l�o�c�k�(�m�u�t�e�x�_�)�;
�i�f �(�c�o�u�n�t�_ �< �1�0�)
�{

�s�t�d�:�:�c�o�u�t �<�< �O�T�i�m�e�r �2�: �O �<�< �c�o�u�n�t�_ �<�< �s�t�d�:�:�e�n�d�l�;
�+�+�c�o�u�n�t�_�;
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�d�o�u�b�l�e �x�;
�d�o�u�b�l�e �y�;
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’�9�F�B�ñ �d�o�u�b�l�e �z�¥H�©�� �E�J�G�G{���B���ü�?	A���¿
�I
¹��

�@�@ �-�6�3�,�6 �+�6�3�,�7 �@�@ �p�r�i�v�a�t�e�:
�i�n�t �c�o�u�n�t�_�;
�d�o�u�b�l�e �x�;
�d�o�u�b�l�e �y�;

�+ �d�o�u�b�l�e �z�;
�}�;

�i�n�t �m�a�i�n�(�)

�Â�T�Ü �Y�„ �Z�•���B�›�� �E�J�G�G�¥{���ü�¤��	A�+���Œ�©�¡�b

�@�@ �-�6�1�,�7 �+�6�1�,�7 �@�@ �p�r�i�v�a�t�e�:
�m�u�d�u�o�:�:�n�e�t�:�:�E�v�e�n�t�L�o�o�p�* �l�o�o�p�1�_�;
�m�u�d�u�o�:�:�n�e�t�:�:�E�v�e�n�t�L�o�o�p�* �l�o�o�p�2�_�;
�i�n�t �c�o�u�n�t�_�;

�- �d�o�u�b�l�e �x�, �y�;
�+ �d�o�u�b�l�e �x�, �y�, �z�;
�}�;

�i�n�t �m�a�i�n�(�)
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�E�J�G�G�b�[ �m�u�d�u�o�:�:�n�e�t�:�:�T�c�p�C�l�i�e�n�t�¹	è��

�m�u�d�u�o�/�n�e�t�/�T�c�p�C�l�i�e�n�t�.�h
�c�l�a�s�s �T�c�p�C�l�i�e�n�t �: �b�o�o�s�t�:�:�n�o�n�c�o�p�y�a�b�l�e
�{
�p�u�b�l�i�c�:
�T�c�p�C�l�i�e�n�t�(�E�v�e�n�t�L�o�o�p�* �l�o�o�p�,

�c�o�n�s�t �I�n�e�t�A�d�d�r�e�s�s�& �s�e�r�v�e�r�A�d�d�r�,
�c�o�n�s�t �s�t�r�i�n�g�& �n�a�m�e�)�;

�m�u�d�u�o�/�n�e�t�/�T�c�p�C�l�i�e�n�t�.�h
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�[ �m�u�d�u�o�:�:�n�e�t�:�:�E�P�o�l�l�P�o�l�l�e�r�¹	è��

�m�u�d�u�o�/�n�e�t�/�p�o�l�l�e�r�/�E�P�o�l�l�P�o�l�l�e�r�.�c�c

�T�i�m�e�s�t�a�m�p �E�P�o�l�l�P�o�l�l�e�r�:�:�p�o�l�l�(�i�n�t �t�i�m�e�o�u�t�M�s�, �C�h�a�n�n�e�l�L�i�s�t�* �a�c�t�i�v�e�C�h�a�n�n�e�l�s�)
�{

�i�n�t �n�u�m�E�v�e�n�t�s �= �:�:�e�p�o�l�l�_�w�a�i�t�(�e�p�o�l�l�f�d�_�,
�&�*�e�v�e�n�t�s�_�.�b�e�g�i�n�(�)�,
�s�t�a�t�i�c�_�c�a�s�t�<�i�n�t�>�(�e�v�e�n�t�s�_�.�s�i�z�e�(�)�)�,
�t�i�m�e�o�u�t�M�s�)�;

�T�i�m�e�s�t�a�m�p �n�o�w�(�T�i�m�e�s�t�a�m�p�:�:�n�o�w�(�)�)�;
�m�u�d�u�o�/�n�e�t�/�p�o�l�l�e�r�/�E�P�o�l�l�P�o�l�l�e�r�.�c�c
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T���ž�p���íî���™�b�[ �m�u�d�u�o�:�:�n�e�t�:�:�B�u�f�f�e�r�¹	è��

�m�u�d�u�o�/�n�e�t�/�B�u�f�f�e�r�.�h
�c�l�a�s�s �B�u�f�f�e�r �: �p�u�b�l�i�c �m�u�d�u�o�:�:�c�o�p�y�a�b�l�e
�{
�p�u�b�l�i�c�:
�s�t�a�t�i�c �c�o�n�s�t �s�i�z�e�_�t �k�C�h�e�a�p�P�r�e�p�e�n�d �= �8�;
�s�t�a�t�i�c �c�o�n�s�t �s�i�z�e�_�t �k�I�n�i�t�i�a�l�S�i�z�e �= �1�0�2�4�;

�B�u�f�f�e�r�(�)
�: �b�u�f�f�e�r�_�(�k�C�h�e�a�p�P�r�e�p�e�n�d �+ �k�I�n�i�t�i�a�l�S�i�z�e�)�,

�r�e�a�d�e�r�I�n�d�e�x�_�(�k�C�h�e�a�p�P�r�e�p�e�n�d�)�,
�w�r�i�t�e�r�I�n�d�e�x�_�(�k�C�h�e�a�p�P�r�e�p�e�n�d�)

�{
�}
�/�/ 8
{

�p�r�i�v�a�t�e�:
�s�t�d�:�:�v�e�c�t�o�r�<�c�h�a�r�> �b�u�f�f�e�r�_�;
�s�i�z�e�_�t �r�e�a�d�e�r�I�n�d�e�x�_�;
�s�i�z�e�_�t �w�r�i�t�e�r�I�n�d�e�x�_�;

�}�;
�m�u�d�u�o�/�n�e�t�/�B�u�f�f�e�r�.�h
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�Â�T���f”L�C�S �E�J�G�G�� �D�I�V�O�L �O�B�N�F^�f”�����ž�¦�B���ü�?	A���¿�¥^�'�ñ

�f”�b�Â�/�m���|�•�†�s�b

�d�i�f�f �-�-�g�i�t �a�/�m�u�d�u�o�/�n�e�t�/�S�o�c�k�e�t�s�O�p�s�.�c�c �b�/�m�u�d�u�o�/�n�e�t�/�S�o�c�k�e�t�s�O�p�s�.�c�c
�-�-�- �a�/�m�u�d�u�o�/�n�e�t�/�S�o�c�k�e�t�s�O�p�s�.�c�c
�+�+�+ �b�/�m�u�d�u�o�/�n�e�t�/�S�o�c�k�e�t�s�O�p�s�.�c�c
�@�@ �-�1�2�5�,�7 �+�1�2�5�,�7 �@�@�i�n�t �s�o�c�k�e�t�s�:�:�a�c�c�e�p�t�(�i�n�t �s�o�c�k�f�d�, �s�t�r�u�c�t �s�o�c�k�a�d�d�r�_�i�n�* �a�d�d�r�)

�c�a�s�e �E�N�O�T�S�O�C�K�:
�c�a�s�e �E�O�P�N�O�T�S�U�P�P�:

�/�/ �u�n�e�x�p�e�c�t�e�d �e�r�r�o�r�s
�- �L�O�G�_�F�A�T�A�L �<�< �O�u�n�e�x�p�e�c�t�e�d �e�r�r�o�r �o�f �:�:�a�c�c�e�p�t�O�;
�+ �L�O�G�_�F�A�T�A�L �<�< �O�u�n�e�x�p�e�c�t�e�d �e�r�r�o�r �o�f �:�:�a�c�c�e�p�t �O �<�< �s�a�v�e�d�E�r�r�n�o�;

�b�r�e�a�k�;
�d�e�f�a�u�l�t�:

�L�O�G�_�F�A�T�A�L �<�< �O�u�n�k�n�o�w�n �e�r�r�o�r �o�f �:�:�a�c�c�e�p�t �O �<�< �s�a�v�e�d�E�r�r�n�o�;

�Â�T�� �D�M�B�T�T�S �E�J�G�G���*
¹ �D�I�V�O�L �O�B�N�F�ü^ �D�M�B�T�T �O�B�N�F�b

�d�i�f�f �-�-�g�i�t �a�/�m�u�d�u�o�/�n�e�t�/�B�u�f�f�e�r�.�h �b�/�m�u�d�u�o�/�n�e�t�/�B�u�f�f�e�r�.�h
�-�-�- �a�/�m�u�d�u�o�/�n�e�t�/�B�u�f�f�e�r�.�h
�+�+�+ �b�/�m�u�d�u�o�/�n�e�t�/�B�u�f�f�e�r�.�h
�@�@ �-�6�0�,�1�3 �+�6�0�,�1�3 �@�@�c�l�a�s�s �B�u�f�f�e�r �: �p�u�b�l�i�c �m�u�d�u�o�:�:�c�o�p�y�a�b�l�e

�s�t�d�:�:�s�w�a�p�(�w�r�i�t�e�r�I�n�d�e�x�_�, �r�h�s�.�w�r�i�t�e�r�I�n�d�e�x�_�)�;
�}

�- �s�i�z�e�_�t �r�e�a�d�a�b�l�e�B�y�t�e�s�(�)�;
�+ �s�i�z�e�_�t �r�e�a�d�a�b�l�e�B�y�t�e�s�(�) �c�o�n�s�t�;

�- �s�i�z�e�_�t �w�r�i�t�a�b�l�e�B�y�t�e�s�(�)�;
�+ �s�i�z�e�_�t �w�r�i�t�a�b�l�e�B�y�t�e�s�(�) �c�o�n�s�t�;

�- �s�i�z�e�_�t �p�r�e�p�e�n�d�a�b�l�e�B�y�t�e�s�(�)�;
�+ �s�i�z�e�_�t �p�r�e�p�e�n�d�a�b�l�e�B�y�t�e�s�(�) �c�o�n�s�t�;

�c�o�n�s�t �c�h�a�r�* �p�e�e�k�(�) �c�o�n�s�t�;
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�n�a�m�e�s�p�a�c�e �m�u�d�u�o
�{
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�c�l�a�s�s �T�i�m�e�s�t�a�m�p �: �p�u�b�l�i�c �m�u�d�u�o�:�:�c�o�p�y�a�b�l�e
�{

�/�/ �.�.�.
�}�;

�m�u�d�u�o�/�b�a�s�e�/�T�i�m�e�s�t�a�m�p�.�h
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�T�i�m�e�s�t�a�m�p �T�i�m�e�s�t�a�m�p�:�:�n�o�w�(�)
�{

�s�t�r�u�c�t �t�i�m�e�v�a�l �t�v�;
�g�e�t�t�i�m�e�o�f�d�a�y�(�&�t�v�, �N�U�L�L�)�;
�i�n�t�6�4�_�t �s�e�c�o�n�d�s �= �t�v�.�t�v�_�s�e�c�;
�r�e�t�u�r�n �T�i�m�e�s�t�a�m�p�(�s�e�c�o�n�d�s �* �k�M�i�c�r�o�S�e�c�o�n�d�s�P�e�r�S�e�c�o�n�d �+ �t�v�.�t�v�_�u�s�e�c�)�;
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�p�y�t�h�o�n�/�t�a�g�s�/�r�2�6�6�/�O�b�j�e�c�t�s�/�i�n�t�o�b�j�e�c�t�.�c
������ �/�* �R�e�t�u�r�n �t�y�p�e �o�f �i�_�d�i�v�m�o�d �*�/
������ �e�n�u�m �d�i�v�m�o�d�_�r�e�s�u�l�t �{
������ �D�I�V�M�O�D�_�O�K�, �/�* �C�o�r�r�e�c�t �r�e�s�u�l�t �*�/
������ �D�I�V�M�O�D�_�O�V�E�R�F�L�O�W�,�/�* �O�v�e�r�f�l�o�w�, �t�r�y �a�g�a�i�n �u�s�i�n�g �l�o�n�g�s �*�/
������ �D�I�V�M�O�D�_�E�R�R�O�R �/�* �E�x�c�e�p�t�i�o�n �r�a�i�s�e�d �*�/
������ �}�;
������

������ �s�t�a�t�i�c �e�n�u�m �d�i�v�m�o�d�_�r�e�s�u�l�t
������ �i�_�d�i�v�m�o�d�(�r�e�g�i�s�t�e�r �l�o�n�g �x�, �r�e�g�i�s�t�e�r �l�o�n�g �y�,
������ �l�o�n�g �*�p�_�x�d�i�v�y�, �l�o�n�g �*�p�_�x�m�o�d�y�)
������ �{
������ �l�o�n�g �x�d�i�v�y�, �x�m�o�d�y�;
������

������ �i�f �(�y �=�= �0�) �{

�����h�t�t�p�:�/�/�w�w�w�.�r�u�b�y�-�d�o�c�.�o�r�g�/�d�o�c�s�/�P�r�o�g�r�a�m�m�i�n�g�R�u�b�y�/�h�t�m�l�/�r�e�f�_�c�_�n�u�m�e�r�i�c�.�h�t�m�l�#�N�u�m�e�r�i�c�.�d�i�v�m�o�d
�����h�t�t�p�:�/�/�p�e�r�l�d�o�c�.�p�e�r�l�.�o�r�g�/�p�e�r�l�o�p�.�h�t�m�l�#�M�u�l�t�i�p�l�i�c�a�t�i�v�e�-�O�p�e�r�a�t�o�r�s
�����h�t�t�p�:�/�/�s�v�n�.�p�y�t�h�o�n�.�o�r�g�/�v�i�e�w�/�p�y�t�h�o�n�/�t�a�g�s�/�r�2�6�6�/�O�b�j�e�c�t�s�/�i�n�t�o�b�j�e�c�t�.�c�?�v�i�e�w�=�m�a�r�k�u�p
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������ �P�y�E�r�r�_�S�e�t�S�t�r�i�n�g�(�P�y�E�x�c�_�Z�e�r�o�D�i�v�i�s�i�o�n�E�r�r�o�r�,
������ �O�i�n�t�e�g�e�r �d�i�v�i�s�i�o�n �o�r �m�o�d�u�l�o �b�y �z�e�r�o�O�)�;
������ �r�e�t�u�r�n �D�I�V�M�O�D�_�E�R�R�O�R�;
������ �}
������ �/�* �(�-�s�y�s�.�m�a�x�i�n�t�-�1�)�/�-�1 �i�s �t�h�e �o�n�l�y �o�v�e�r�f�l�o�w �c�a�s�e�. �*�/
������ �i�f �(�y �=�= �-�1 �&�& �U�N�A�R�Y�_�N�E�G�_�W�O�U�L�D�_�O�V�E�R�F�L�O�W�(�x�)�)
������ �r�e�t�u�r�n �D�I�V�M�O�D�_�O�V�E�R�F�L�O�W�;
������ �x�d�i�v�y �= �x �/ �y�;
������ �/�* �x�d�i�v�*�y �c�a�n �o�v�e�r�f�l�o�w �o�n �p�l�a�t�f�o�r�m�s �w�h�e�r�e �x�/�y �g�i�v�e�s �f�l�o�o�r�(�x�/�y�)
������ �* �f�o�r �x �a�n�d �y �w�i�t�h �d�i�f�f�e�r�i�n�g �s�i�g�n�s�. �(�T�h�i�s �i�s �u�n�u�s�u�a�l
������ �* �b�e�h�a�v�i�o�u�r�, �a�n�d �C�9�9 �p�r�o�h�i�b�i�t�s �i�t�, �b�u�t �i�t���s �a�l�l�o�w�e�d �b�y �C�8�9�;
������ �* �f�o�r �a�n �e�x�a�m�p�l�e �o�f �o�v�e�r�f�l�o�w�, �t�a�k�e �x �= �L�O�N�G�_�M�I�N�, �y �= �5 �o�r �x �=
������ �* �L�O�N�G�_�M�A�X�, �y �= �-�5�.�) �H�o�w�e�v�e�r�, �x �- �x�d�i�v�y�*�y �i�s �a�l�w�a�y�s
������ �* �r�e�p�r�e�s�e�n�t�a�b�l�e �a�s �a �l�o�n�g�, �s�i�n�c�e �i�t �l�i�e�s �s�t�r�i�c�t�l�y �b�e�t�w�e�e�n
������ �* �-�a�b�s�(�y�) �a�n�d �a�b�s�(�y�)�. �W�e �a�d�d �c�a�s�t�s �t�o �a�v�o�i�d �i�n�t�e�r�m�e�d�i�a�t�e
������ �* �o�v�e�r�f�l�o�w�.
������ �*�/
������ �x�m�o�d�y �= �(�l�o�n�g�)�(�x �- �(�u�n�s�i�g�n�e�d �l�o�n�g�)�x�d�i�v�y �* �y�)�;
������ �/�* �I�f �t�h�e �s�i�g�n�s �o�f �x �a�n�d �y �d�i�f�f�e�r�, �a�n�d �t�h�e �r�e�m�a�i�n�d�e�r �i�s �n�o�n�-�0�,
������ �* �C�8�9 �d�o�e�s�n���t �d�e�f�i�n�e �w�h�e�t�h�e�r �x�d�i�v�y �i�s �n�o�w �t�h�e �f�l�o�o�r �o�r �t�h�e
������ �* �c�e�i�l�i�n�g �o�f �t�h�e �i�n�f�i�n�i�t�e�l�y �p�r�e�c�i�s�e �q�u�o�t�i�e�n�t�. �W�e �w�a�n�t �t�h�e �f�l�o�o�r�,
������ �* �a�n�d �w�e �h�a�v�e �i�t �i�f�f �t�h�e �r�e�m�a�i�n�d�e�r���s �s�i�g�n �m�a�t�c�h�e�s �y���s�.
������ �*�/
������ �i�f �(�x�m�o�d�y �&�& �(�(�y �^ �x�m�o�d�y�) �< �0�) �/�* �i�.�e�. �a�n�d �s�i�g�n�s �d�i�f�f�e�r �*�/�) �{
������ �x�m�o�d�y �+�= �y�;
������ �-�-�x�d�i�v�y�;
������ �a�s�s�e�r�t�(�x�m�o�d�y �&�& �(�(�y �^ �x�m�o�d�y�) �>�= �0�)�)�;
������ �}
������ �*�p�_�x�d�i�v�y �= �x�d�i�v�y�;
������ �*�p�_�x�m�o�d�y �= �x�m�o�d�y�;
������ �r�e�t�u�r�n �D�I�V�M�O�D�_�O�K�;
������ �}
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�p�y�t�h�o�n�/�t�a�g�s�/�r�2�6�6�/�O�b�j�e�c�t�s�/�i�n�t�o�b�j�e�c�t�.�c
������ �/�* �I�n�t�e�g�e�r �o�v�e�r�f�l�o�w �c�h�e�c�k�i�n�g �f�o�r �u�n�a�r�y �n�e�g�a�t�i�o�n�: �o�n �a �2���s�-�c�o�m�p�l�e�m�e�n�t
������ �* �b�o�x�, �-�x �o�v�e�r�f�l�o�w�s �i�f�f �x �i�s �t�h�e �m�o�s�t �n�e�g�a�t�i�v�e �l�o�n�g�. �I�n �t�h�i�s �c�a�s�e �w�e
������ �* �g�e�t �-�x �=�= �x�. �H�o�w�e�v�e�r�, �-�x �i�s �u�n�d�e�f�i�n�e�d �(�b�y �C�) �i�f �x �/�i�s�/ �t�h�e �m�o�s�t
������ �* �n�e�g�a�t�i�v�e �l�o�n�g �(�i�t���s �a �s�i�g�n�e�d �o�v�e�r�f�l�o�w �c�a�s�e�)�, �a�n�d �s�o�m�e �c�o�m�p�i�l�e�r�s �c�a�r�e�.
������ �* �S�o �w�e �c�a�s�t �x �t�o �u�n�s�i�g�n�e�d �l�o�n�g �f�i�r�s�t�. �H�o�w�e�v�e�r�, �t�h�e�n �o�t�h�e�r �c�o�m�p�i�l�e�r�s
������ �* �w�a�r�n �a�b�o�u�t �a�p�p�l�y�i�n�g �u�n�a�r�y �m�i�n�u�s �t�o �a�n �u�n�s�i�g�n�e�d �o�p�e�r�a�n�d�. �H�e�n�c�e �t�h�e
������ �* �w�e�i�r�d �O�0�-�O�.
������ �*�/
������ �#�d�e�f�i�n�e �U�N�A�R�Y�_�N�E�G�_�W�O�U�L�D�_�O�V�E�R�F�L�O�W�(�x�) �\
������ �(�(�x�) �< �0 �&�& �(�u�n�s�i�g�n�e�d �l�o�n�g�)�(�x�) �=�= �0�-�(�u�n�s�i�g�n�e�d �l�o�n�g�)�(�x�)�)
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�p�y�t�h�o�n�/�t�a�g�s�/�r�2�6�6�/�O�b�j�e�c�t�s�/�i�n�t�o�b�j�e�c�t�.�c
������ �/�*
������ �I�n�t�e�g�e�r �o�v�e�r�f�l�o�w �c�h�e�c�k�i�n�g �f�o�r �* �i�s �p�a�i�n�f�u�l�: �P�y�t�h�o�n �t�r�i�e�d �a �c�o�u�p�l�e �w�a�y�s�, �b�u�t
������ �t�h�e�y �d�i�d�n���t �w�o�r�k �o�n �a�l�l �p�l�a�t�f�o�r�m�s�, �o�r �f�a�i�l�e�d �i�n �e�n�d�c�a�s�e�s �(�a �p�r�o�d�u�c�t �o�f
������ �-�s�y�s�.�m�a�x�i�n�t�-�1 �h�a�s �b�e�e�n �a �p�a�r�t�i�c�u�l�a�r �p�a�i�n�)�.
������

������ �H�e�r�e���s �a�n�o�t�h�e�r �w�a�y�:
������

������ �T�h�e �n�a�t�i�v�e �l�o�n�g �p�r�o�d�u�c�t �x�*�y �i�s �e�i�t�h�e�r �e�x�a�c�t�l�y �r�i�g�h�t �o�r �*�w�a�y�* �o�f�f�, �b�e�i�n�g
������ �j�u�s�t �t�h�e �l�a�s�t �n �b�i�t�s �o�f �t�h�e �t�r�u�e �p�r�o�d�u�c�t�, �w�h�e�r�e �n �i�s �t�h�e �n�u�m�b�e�r �o�f �b�i�t�s
������ �i�n �a �l�o�n�g �(�t�h�e �d�e�l�i�v�e�r�e�d �p�r�o�d�u�c�t �i�s �t�h�e �t�r�u�e �p�r�o�d�u�c�t �p�l�u�s �i�*�2�*�*�n �f�o�r
������ �s�o�m�e �i�n�t�e�g�e�r �i�)�.
������

������ �T�h�e �n�a�t�i�v�e �d�o�u�b�l�e �p�r�o�d�u�c�t �(�d�o�u�b�l�e�)�x �* �(�d�o�u�b�l�e�)�y �i�s �s�u�b�j�e�c�t �t�o �t�h�r�e�e
������ �r�o�u�n�d�i�n�g �e�r�r�o�r�s�: �o�n �a �s�i�z�e�o�f�(�l�o�n�g�)�=�=�8 �b�o�x�, �e�a�c�h �c�a�s�t �t�o �d�o�u�b�l�e �c�a�n �l�o�s�e
������ �i�n�f�o�, �a�n�d �e�v�e�n �o�n �a �s�i�z�e�o�f�(�l�o�n�g�)�=�=�4 �b�o�x�, �t�h�e �m�u�l�t�i�p�l�i�c�a�t�i�o�n �c�a�n �l�o�s�e �i�n�f�o�.
������ �B�u�t�, �u�n�l�i�k�e �t�h�e �n�a�t�i�v�e �l�o�n�g �p�r�o�d�u�c�t�, �i�t���s �n�o�t �i�n �*�r�a�n�g�e�* �t�r�o�u�b�l�e�: �e�v�e�n
������ �i�f �s�i�z�e�o�f�(�l�o�n�g�)�=�=�3�2 �(�2�5�6�-�b�i�t �l�o�n�g�s�)�, �t�h�e �p�r�o�d�u�c�t �e�a�s�i�l�y �f�i�t�s �i�n �t�h�e
������ �d�y�n�a�m�i�c �r�a�n�g�e �o�f �a �d�o�u�b�l�e�. �S�o �t�h�e �l�e�a�d�i�n�g �5�0 �(�o�r �s�o�) �b�i�t�s �o�f �t�h�e �d�o�u�b�l�e
������ �p�r�o�d�u�c�t �a�r�e �c�o�r�r�e�c�t�.
������

������ �W�e �c�h�e�c�k �t�h�e�s�e �t�w�o �w�a�y�s �a�g�a�i�n�s�t �e�a�c�h �o�t�h�e�r�, �a�n�d �d�e�c�l�a�r�e �v�i�c�t�o�r�y �i�f �t�h�e�y���r�e
������ �a�p�p�r�o�x�i�m�a�t�e�l�y �t�h�e �s�a�m�e�. �E�l�s�e�, �b�e�c�a�u�s�e �t�h�e �n�a�t�i�v�e �l�o�n�g �p�r�o�d�u�c�t �i�s �t�h�e �o�n�l�y
������ �o�n�e �t�h�a�t �c�a�n �l�o�s�e �c�a�t�a�s�t�r�o�p�h�i�c �a�m�o�u�n�t�s �o�f �i�n�f�o�r�m�a�t�i�o�n�, �i�t���s �t�h�e �n�a�t�i�v�e �l�o�n�g
������ �p�r�o�d�u�c�t �t�h�a�t �m�u�s�t �h�a�v�e �o�v�e�r�f�l�o�w�e�d�.
������ �*�/
������

������ �s�t�a�t�i�c �P�y�O�b�j�e�c�t �*
������ �i�n�t�_�m�u�l�(�P�y�O�b�j�e�c�t �*�v�, �P�y�O�b�j�e�c�t �*�w�)
������ �{
������ �l�o�n�g �a�, �b�;
������ �l�o�n�g �l�o�n�g�p�r�o�d�; �/�* �a�*�b �i�n �n�a�t�i�v�e �l�o�n�g �a�r�i�t�h�m�e�t�i�c �*�/
������ �d�o�u�b�l�e �d�o�u�b�l�e�d�_�l�o�n�g�p�r�o�d�; �/�* �(�d�o�u�b�l�e�)�l�o�n�g�p�r�o�d �*�/
������ �d�o�u�b�l�e �d�o�u�b�l�e�p�r�o�d�; �/�* �(�d�o�u�b�l�e�)�a �* �(�d�o�u�b�l�e�)�b �*�/
������

������ �C�O�N�V�E�R�T�_�T�O�_�L�O�N�G�(�v�, �a�)�;
������ �C�O�N�V�E�R�T�_�T�O�_�L�O�N�G�(�w�, �b�)�;
������ �/�* �c�a�s�t�s �i�n �t�h�e �n�e�x�t �l�i�n�e �a�v�o�i�d �u�n�d�e�f�i�n�e�d �b�e�h�a�v�i�o�u�r �o�n �o�v�e�r�f�l�o�w �*�/
������ �l�o�n�g�p�r�o�d �= �(�l�o�n�g�)�(�(�u�n�s�i�g�n�e�d �l�o�n�g�)�a �* �b�)�;
������ �d�o�u�b�l�e�p�r�o�d �= �(�d�o�u�b�l�e�)�a �* �(�d�o�u�b�l�e�)�b�;
������ �d�o�u�b�l�e�d�_�l�o�n�g�p�r�o�d �= �(�d�o�u�b�l�e�)�l�o�n�g�p�r�o�d�;
������

������ �/�* �F�a�s�t �p�a�t�h �f�o�r �n�o�r�m�a�l �c�a�s�e�: �s�m�a�l�l �m�u�l�t�i�p�l�i�c�a�n�d�s�, �a�n�d �n�o �i�n�f�o
������ �i�s �l�o�s�t �i�n �e�i�t�h�e�r �m�e�t�h�o�d�. �*�/
������ �i�f �(�d�o�u�b�l�e�d�_�l�o�n�g�p�r�o�d �=�= �d�o�u�b�l�e�p�r�o�d�)
������ �r�e�t�u�r�n �P�y�I�n�t�_�F�r�o�m�L�o�n�g�(�l�o�n�g�p�r�o�d�)�;
������

������ �/�* �S�o�m�e�b�o�d�y �s�o�m�e�w�h�e�r�e �l�o�s�t �i�n�f�o�. �C�l�o�s�e �e�n�o�u�g�h�, �o�r �w�a�y �o�f�f�? �N�o�t�e
������ �t�h�a�t �a �!�= �0 �a�n�d �b �!�= �0 �(�e�l�s�e �d�o�u�b�l�e�d�_�l�o�n�g�p�r�o�d �=�= �d�o�u�b�l�e�p�r�o�d �=�= �0�)�.
������ �T�h�e �d�i�f�f�e�r�e�n�c�e �e�i�t�h�e�r �i�s �o�r �i�s�n���t �s�i�g�n�i�f�i�c�a�n�t �c�o�m�p�a�r�e�d �t�o �t�h�e
������ �t�r�u�e �v�a�l�u�e �(�o�f �w�h�i�c�h �d�o�u�b�l�e�p�r�o�d �i�s �a �g�o�o�d �a�p�p�r�o�x�i�m�a�t�i�o�n�)�.
������ �*�/
������ �{
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������ �c�o�n�s�t �d�o�u�b�l�e �d�i�f�f �= �d�o�u�b�l�e�d�_�l�o�n�g�p�r�o�d �- �d�o�u�b�l�e�p�r�o�d�;
������ �c�o�n�s�t �d�o�u�b�l�e �a�b�s�d�i�f�f �= �d�i�f�f �>�= �0�.�0 �? �d�i�f�f �: �-�d�i�f�f�;
������ �c�o�n�s�t �d�o�u�b�l�e �a�b�s�p�r�o�d �= �d�o�u�b�l�e�p�r�o�d �>�= �0�.�0 �? �d�o�u�b�l�e�p�r�o�d �:
������ �-�d�o�u�b�l�e�p�r�o�d�;
������ �/�* �a�b�s�d�i�f�f�/�a�b�s�p�r�o�d �<�= �1�/�3�2 �i�f�f
������ �3�2 �* �a�b�s�d�i�f�f �<�= �a�b�s�p�r�o�d �-�- �5 �g�o�o�d �b�i�t�s �i�s �O�c�l�o�s�e �e�n�o�u�g�h�O �*�/
������ �i�f �(�3�2�.�0 �* �a�b�s�d�i�f�f �<�= �a�b�s�p�r�o�d�)
������ �r�e�t�u�r�n �P�y�I�n�t�_�F�r�o�m�L�o�n�g�(�l�o�n�g�p�r�o�d�)�;
������ �e�l�s�e
������ �r�e�t�u�r�n �P�y�L�o�n�g�_�T�y�p�e�.�t�p�_�a�s�_�n�u�m�b�e�r�-�>�n�b�_�m�u�l�t�i�p�l�y�(�v�, �w�)�;
������ �}
������ �}

�p�y�t�h�o�n�/�t�a�g�s�/�r�2�6�6�/�O�b�j�e�c�t�s�/�i�n�t�o�b�j�e�c�t�.�c

�3�V�C�Z�¥�}
’�1��
y�B�t���½�ÄH�W�Î^�?�s�ž���ƒ^ �������������Q�������¥L�C����

�f�i�x�d�i�v�m�o�d�(�)�f”�b ����

�r�u�b�y�/�t�a�g�s�/�v�1�_�8�_�7�_�3�3�4�/�n�u�m�e�r�i�c�.�c
�������� �s�t�a�t�i�c �v�o�i�d
�������� �f�i�x�d�i�v�m�o�d�(�x�, �y�, �d�i�v�p�, �m�o�d�p�)
�������� �l�o�n�g �x�, �y�;
�������� �l�o�n�g �*�d�i�v�p�, �*�m�o�d�p�;
�������� �{
�������� �l�o�n�g �d�i�v�, �m�o�d�;
��������

�������� �i�f �(�y �=�= �0�) �r�b�_�n�u�m�_�z�e�r�o�d�i�v�(�)�;
�������� �i�f �(�y �< �0�) �{
�������� �i�f �(�x �< �0�)
�������� �d�i�v �= �-�x �/ �-�y�;
�������� �e�l�s�e
�������� �d�i�v �= �- �(�x �/ �-�y�)�;
�������� �}
�������� �e�l�s�e �{
�������� �i�f �(�x �< �0�)
�������� �d�i�v �= �- �(�-�x �/ �y�)�;
�������� �e�l�s�e
�������� �d�i�v �= �x �/ �y�;
�������� �}
�������� �m�o�d �= �x �- �d�i�v�*�y�;
�������� �i�f �(�(�m�o�d �< �0 �&�& �y �> �0�) �|�| �(�m�o�d �> �0 �&�& �y �< �0�)�) �{
�������� �m�o�d �+�= �y�;
�������� �d�i�v �-�= �1�;
�������� �}
�������� �i�f �(�d�i�v�p�) �*�d�i�v�p �= �d�i�v�;
�������� �i�f �(�m�o�d�p�) �*�m�o�d�p �= �m�o�d�;
�������� �}

�r�u�b�y�/�t�a�g�s�/�v�1�_�8�_�7�_�3�3�4�/�n�u�m�e�r�i�c�.�c
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�/�/ �ñ�'�B���¨�Ï�W�M
��Œ�Ð
��ñ”���z�}
’
�v�o�i�d �r�e�v�e�r�s�e�_�b�y�_�s�w�a�p�(�c�h�a�r�* �s�t�r�, �i�n�t �n�)
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�{
�c�h�a�r�* �b�e�g�i�n �= �s�t�r�;
�c�h�a�r�* �e�n�d �= �s�t�r �+ �n �- �1�;
�w�h�i�l�e �(�b�e�g�i�n �< �e�n�d�) �{

�c�h�a�r �t�m�p �= �*�b�e�g�i�n�;
�*�b�e�g�i�n �= �*�e�n�d�;
�*�e�n�d �= �t�m�p�;
�+�+�b�e�g�i�n�;
�-�-�e�n�d�;

�}
�}
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�V�e�r�s�i�o�n �2
�/�/ �ñ�'�=���¨�s����Ø�Œ�Ð
��ñ”��	®�}
’
�v�o�i�d �r�e�v�e�r�s�e�_�b�y�_�x�o�r�(�c�h�a�r�* �s�t�r�, �i�n�t �n�)
�{

�/�/ �W�A�R�N�I�N�G�: �B�A�D �c�o�d�e
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�m�o�c�k �c�o�n�n�e�c�t�(�2�)
�t�y�p�e�d�e�f �i�n�t �(�*�c�o�n�n�e�c�t�_�f�u�n�c�_�t�)�(�i�n�t �s�o�c�k�f�d�,

�c�o�n�s�t �s�t�r�u�c�t �s�o�c�k�a�d�d�r �*�a�d�d�r�,
�s�o�c�k�l�e�n�_�t �a�d�d�r�l�e�n�)�;

�c�o�n�n�e�c�t�_�f�u�n�c�_�t �c�o�n�n�e�c�t�_�f�u�n�c �= �d�l�s�y�m�(�R�T�D�L�_�N�E�X�T�, �O�c�o�n�n�e�c�t�O�)�;

�b�o�o�l �m�o�c�k�_�c�o�n�n�e�c�t�;

�$���� �ý�ñL�l�Ü���� �C�Z�ç« �w�w�w�.�c�h�e�n�s�h�u�o�.�c�o�m
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�i�n�t �m�o�c�k�_�c�o�n�n�e�c�t�_�e�r�r�n�o�;

�/�/ �m�o�c�k �c�o�n�n�e�c�t
�e�x�t�e�r�n �O�C�O �i�n�t �c�o�n�n�e�c�t�(�i�n�t �s�o�c�k�f�d�,

�c�o�n�s�t �s�t�r�u�c�t �s�o�c�k�a�d�d�r �*�a�d�d�r�,
�s�o�c�k�l�e�n�_�t �a�d�d�r�l�e�n�)

�{
�i�f �(�m�o�c�k�_�c�o�n�n�e�c�t�) �{

�e�r�r�n�o �= �m�o�c�k�_�c�o�n�n�e�c�t�_�e�r�r�n�o�;
�r�e�t�u�r�n �e�r�r�n�o �=�= �0 �? �0 �: �-�1�;

�} �e�l�s�e �{
�r�e�t�u�r�n �c�o�n�n�e�c�t�_�f�u�n�c�(�s�o�c�k�f�d�, �a�d�d�r�, �a�d�d�r�l�e�n�)�;

�}
�}

�m�o�c�k �c�o�n�n�e�c�t�(�2�)

�Â�T�ñ�½�‡�¥�1�Ø�¨ �c�o�n�n�e�c�t�(�2�)�8
¹�÷�$���á
Ì�1�-�¥ �N�P�D�L�c�o�n�n�e�c�t�(�2�)	Ú�‚�?

���Ø�¨ �c�o�n�n�e�c�t�(�)
����Ž�5�ö���C�í�K�¾�B�b�¹
��]�¸�ƒ�Õ�f	ƒ���á
Ì�¨ �d�l�s�y�m�(�R�T�D�L�_�-

�N�E�X�T�, �O�c�o�n�n�e�c�t�O�)���¤ �c�o�n�n�e�c�t�(�2�)�"�d�f”�¥�‡L�¹�¶���–�ª�Y�V�f”�·�Œ �D�P�O�O�F�D�U�@��

�G�V�O�D	Ÿ�Ø�¨ñ�b

�������� 	è�0�� �;�P�P�,�F�F�Q�F�S�¥ �$ �D�M�J�F�O�U �M�J�C�S�B�S�Z

�;�P�P�,�F�F�Q�F�S�¥ �$ �D�M�J�F�O�U �M�J�C�S�B�S�Z�ž^�•�¨
� �M�J�O�L �T�F�B�N�T	Ÿ�I�•�†�í�©k���}
’�n��

�h�t�t�p�:�/�/�s�v�n�.�a�p�a�c�h�e�.�o�r�g�/�r�e�p�o�s�/�a�s�f�/�z�o�o�k�e�e�p�e�r�/�t�a�g�s�/�r�e�l�e�a�s�e�-�3�.�3�.�3�/�s�r�c�/�c�/�t�e�s�t�s�/�L�i�b�C�M�o�c�k�s�.�h

�h�t�t�p�:�/�/�s�v�n�.�a�p�a�c�h�e�.�o�r�g�/�r�e�p�o�s�/�a�s�f�/�z�o�o�k�e�e�p�e�r�/�t�a�g�s�/�r�e�l�e�a�s�e�-�3�.�3�.�3�/�s�r�c�/�c�/�t�e�s�t�s�/�L�i�b�C�M�o�c�k�s�.�c�c

�������� ��ð�S�E

�4�U�B�D�L �0�W�F�S�G�M�P�X�¥�N�0	Ú�Î�4�ž�B�ñ�S�E��	V�[�Z�L�¹�9�Ð�îÿ	o	Ú�¥�f”���'

P�¨ �M�E�¥ �o�X�S�B�Q�•”���Ó�–	Úª�¤�“�b�#���ƒ	Ú�‚����•�b

�m�a�n �l�d�(�1�)
�-�-�w�r�a�p�=�s�y�m�b�o�l

�U�s�e �a �w�r�a�p�p�e�r �f�u�n�c�t�i�o�n �f�o�r �s�y�m�b�o�l�. �A�n�y �u�n�d�e�f�i�n�e�d �r�e�f�e�r�e�n�c�e �t�o
�s�y�m�b�o�l �w�i�l�l �b�e �r�e�s�o�l�v�e�d �t�o �O�_�_�w�r�a�p�_�s�y�m�b�o�l�O�. �A�n�y �u�n�d�e�f�i�n�e�d
�r�e�f�e�r�e�n�c�e �t�o �O�_�_�r�e�a�l�_�s�y�m�b�o�l�O �w�i�l�l �b�e �r�e�s�o�l�v�e�d �t�o �s�y�m�b�o�l�.

�T�h�i�s �c�a�n �b�e �u�s�e�d �t�o �p�r�o�v�i�d�e �a �w�r�a�p�p�e�r �f�o�r �a �s�y�s�t�e�m �f�u�n�c�t�i�o�n�. �T�h�e
�w�r�a�p�p�e�r �f�u�n�c�t�i�o�n �s�h�o�u�l�d �b�e �c�a�l�l�e�d �O�_�_�w�r�a�p�_�s�y�m�b�o�l�O�. �I�f �i�t �w�i�s�h�e�s �t�o
�c�a�l�l �t�h�e �s�y�s�t�e�m �f�u�n�c�t�i�o�n�, �i�t �s�h�o�u�l�d �c�a�l�l �O�_�_�r�e�a�l�_�s�y�m�b�o�l�O�.

�$���� �ý�ñL�l�Ü���� �C�Z�ç« �w�w�w�.�c�h�e�n�s�h�u�o�.�c�o�m

http://svn.apache.org/repos/asf/zookeeper/tags/release-3.3.3/src/c/tests/LibCMocks.h
http://svn.apache.org/repos/asf/zookeeper/tags/release-3.3.3/src/c/tests/LibCMocks.cc
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�H�e�r�e �i�s �a �t�r�i�v�i�a�l �e�x�a�m�p�l�e�:

�v�o�i�d �*
�_�_�w�r�a�p�_�m�a�l�l�o�c �(�s�i�z�e�_�t �c�)
�{

�p�r�i�n�t�f �(�O�m�a�l�l�o�c �c�a�l�l�e�d �w�i�t�h �%�z�u�\�n�O�, �c�)�;
�r�e�t�u�r�n �_�_�r�e�a�l�_�m�a�l�l�o�c �(�c�)�;

�}

�I�f �y�o�u �l�i�n�k �o�t�h�e�r �c�o�d�e �w�i�t�h �t�h�i�s �f�i�l�e �u�s�i�n�g �-�-�w�r�a�p �m�a�l�l�o�c�, �t�h�e�n �a�l�l
�c�a�l�l�s �t�o �O�m�a�l�l�o�c�O �w�i�l�l �c�a�l�l �t�h�e �f�u�n�c�t�i�o�n �O�_�_�w�r�a�p�_�m�a�l�l�o�c�O �i�n�s�t�e�a�d�.
�T�h�e �c�a�l�l �t�o �O�_�_�r�e�a�l�_�m�a�l�l�o�c�O �i�n �O�_�_�w�r�a�p�_�m�a�l�l�o�c�O �w�i�l�l �c�a�l�l �t�h�e �r�e�a�l
�O�m�a�l�l�o�c�O �f�u�n�c�t�i�o�n�.

�Y�o�u �m�a�y �w�i�s�h �t�o �p�r�o�v�i�d�e �a �O�_�_�r�e�a�l�_�m�a�l�l�o�c�O �f�u�n�c�t�i�o�n �a�s �w�e�l�l�, �s�o �t�h�a�t
�l�i�n�k�s �w�i�t�h�o�u�t �t�h�e �-�-�w�r�a�p �o�p�t�i�o�n �w�i�l�l �s�u�c�c�e�e�d�. �I�f �y�o�u �d�o �t�h�i�s�, �y�o�u
�s�h�o�u�l�d �n�o�t �p�u�t �t�h�e �d�e�f�i�n�i�t�i�o�n �o�f �O�_�_�r�e�a�l�_�m�a�l�l�o�c�O �i�n �t�h�e �s�a�m�e �f�i�l�e
�a�s �O�_�_�w�r�a�p�_�m�a�l�l�o�c�O�; �i�f �y�o�u �d�o�, �t�h�e �a�s�s�e�m�b�l�e�r �m�a�y �r�e�s�o�l�v�e �t�h�e �c�a�l�l
�b�e�f�o�r�e �t�h�e �l�i�n�k�e�r �h�a�s �a �c�h�a�n�c�e �t�o �w�r�a�p �i�t �t�o �O�m�a�l�l�o�c�O�.

�m�a�n �l�d�(�1�)
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Ì�í�E�Y�V �T�V�C���D�M�B�T�T�J�O�H�¥�÷�E	ŸL�C �N�P�D�L �P�C�K�F�D�U�b

�F�i�l�e�.�h
�c�l�a�s�s �F�i�l�e �: �b�o�o�s�t�:�:�n�o�n�c�o�p�y�a�b�l�e
�{
�p�u�b�l�i�c�:
�F�i�l�e�(�c�o�n�s�t �c�h�a�r�* �f�i�l�e�n�a�m�e�)�;
�~�F�i�l�e�(�)�;

�i�n�t �r�e�a�d�n�(�v�o�i�d�* �d�a�t�a�, �i�n�t �l�e�n�)�;
�i�n�t �w�r�i�t�e�n�(�c�o�n�s�t �v�o�i�d�* �d�a�t�a�, �i�n�t �l�e�n�)�;
�s�i�z�e�_�t �g�e�t�S�i�z�e�(�) �c�o�n�s�t�;

�p�r�i�v�a�t�e�:
�}�;

�F�i�l�e�.�h
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�M�o�c�k�F�i�l�e�.�c�c
�i�n�t �F�i�l�e�:�:�r�e�a�d�n�(�v�o�i�d�* �d�a�t�a�, �i�n�t �l�e�n�)
�{

�$���� �ý�ñL�l�Ü���� �C�Z�ç« �w�w�w�.�c�h�e�n�s�h�u�o�.�c�o�m
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�r�e�t�u�r�n �-�1�;
�}

�M�o�c�k�F�i�l�e�.�c�c
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�#�i�n�c�l�u�d�e �<�s�t�d�i�o�.�h�>

�i�n�t �m�a�i�n�(�)
�{

�i�n�t �i�;
�s�h�o�r�t �s�;

�$���� �ý�ñL�l�Ü���� �C�Z�ç« �w�w�w�.�c�h�e�n�s�h�u�o�.�c�o�m
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�f�l�o�a�t �f�;
�d�o�u�b�l�e �d�;
�c�h�a�r �n�a�m�e�[�8�0�]�;

�s�c�a�n�f�(�O�%�d �%�h�d �%�f �%�l�f �%�s�O�, �&�i�, �&�s�, �&�f�, �&�d�, �n�a�m�e�)�;
�p�r�i�n�t�f�(�O�%�d �%�d �%�f �%�f �%�s�\�n�O�, �i�, �s�, �f�, �d�, �n�a�m�e�)�;

�}
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�i�n�t �m�a�i�n�(�)
�{

�c�o�n�s�t �i�n�t �m�a�x�_�n�a�m�e �= �8�0�;
�c�h�a�r �n�a�m�e�[�m�a�x�_�n�a�m�e�]�;

�c�h�a�r �f�m�t�[�1�0�]�;
�s�p�r�i�n�t�f�(�f�m�t�, �O�%�%�%�d�s�O�, �m�a�x�_�n�a�m�e �- �1�)�;
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bas ic_s t r eambuf<>
s t reambuf ,  ws t reambuf

basic_s t r ingbuf<>
stringbuf,  wstringbuf

basic_filebuf<>
filebuf, wfilebuf

���Ü�ƒ
��ñ�?�õ�8�"�Â�ž�B�–�m	Ú��

�$���� �ý�ñL�l�Ü���� �C�Z�ç« �w�w�w�.�c�h�e�n�s�h�u�o�.�c�o�m



���� �J�P�T�U�S�F�B�N�¥�¨�o�Ð	��K ����

io
s_

b
as

e

b
as

ic
_

io
s<

>
io

s,
 w

io
s

b
a

si
c

_
st

re
a

m
b

u
f<

>
st

re
am

b
u

f
w

st
re

a
m

b
u

f

b
a

si
c

_
is

tr
e

a
m

<
>

is
tr

ea
m

w
is

tr
e

a
m

{
v

ir
tu

al
} b

a
si

c
_

o
st

re
a

m
<

>
o

st
re

a
m

w
o

st
re

a
m

{
v

ir
tu

al
}

b
as

ic
_

if
st

re
am

<
>

if
st

re
am

w
if

st
re

am

b
as

ic
_

fi
le

b
u

f<
>

fi
le

bu
f

w
fi

le
b

u
f

b
as

ic
_

is
tr

in
g

st
re

am
<

>
is

tr
in

g
st

re
am

w
is

tr
in

g
st

re
am

b
as

ic
_

st
ri

n
g

b
u

f<
>

st
ri

n
g

b
u

f
w

st
ri

n
g

b
u

f

b
a

si
c

_
o

fs
tr

e
a

m
<

>
o

fs
tr

ea
m

w
o

fs
tr

e
a

m b
a

si
c

_
o

st
ri

n
g

st
re

a
m

<
>

o
st

ri
n

g
st

re
a

m
w

o
st

ri
n

g
st

re
a

m

b
a

si
c

_
io

st
re

a
m

<
>

io
st

re
a

m
w

io
st

re
a

m

b
a

si
c

_
fs

tr
e

a
m

<
>

fs
tr

ea
m

w
fs

tr
e

a
m b
a

si
c

_
st

ri
n

g
st

re
a

m
<

>
st

ri
n

g
st

re
am

w
st

ri
n

g
st

re
a

m

�ÿ�i�ž �b�a�s�i�c�_�i�o�s�û�µ
� �s�t�r�e�a�m�b�u�f�¥�·�Œ� �7 �f�s�t�r�e�a�m�T�„ �s�t�r�i�n�g�s�t�r�e�a�m�T�5

�$���� �ý�ñL�l�Ü���� �C�Z�ç« �w�w�w�.�c�h�e�n�s�h�u�o�.�c�o�m



���� �J�P�T�U�S�F�B�N�¥�¨�o�Ð	��K ����

�s�Y���c �f�i�l�e�b�u�f�„ �s�t�r�i�n�g�b�u�f�¥���`�b	A��€�µ�Ä�^ �#�S�J�E�H�F��T�b

	A
��ƒ�"�Ø
Œ	X�¥!�9���µ
À�µ�¦�Î�uØ���1�-�¥�[�"�Ï�X�Y�V�?�õ �J�P�T�U�S�F�B�N

	ŸL�C�1�-�¥ �T�U�S�F�B�N���[L�C�ÿ�?	”�Z
¹�$

������������ 
ë�_���`�Z
ë�¥!�9�Œ�J

�'�«�á
Ì�s���B�/ �J�P�T�U�S�F�B�N�¥!�9�´�Q
��'�t �0�0 ���5�b

�á
Ì�©�¡��
ë�_���`�Ï�¥ �Q�V�C�M�J�D�?�õ�³�1
¡�@ �-�J�T�L�P�W�9�Ð�ð�5�b��n�u �&�G�G�F�D�U�J�W�F

�$���� �» �� �ñ�v �<��� �J�U�F�N �����>���’���F�¥ �Q�V�C�M�J�D�?�õ��Ñ�� �J�T���B�1�"�b�u �$���� �I�ñ�?�S�v

�<��� �J�U�F�N �����>�� �Q�V�C�M�J�D�?�õ�i�Å	V�9�Ð�Ÿ�b �?�õ�d�¹�¯�¨���.�¹�$�¯�¨�b ��

���ñ�½	Ú�³�1�¨�ž �o�s�t�r�e�a�m�¥�¹�Z�	è�Â �o�p�e�r�a�t�o�r�<�<�����á�.�Æ �o�f�s�t�r�e�a�m��

�o�s�t�r�i�n�g�s�t�r�e�a�m�û�‹�¾�?�¿�ç�ù�ý�T���ƒ�ü^ �0�0 �?�õ�<�Ø�¥�o	V�9�Ð�Ÿ�p���Š3	Ë

�¥���`	V�[�9�Ð��	Ë���`���V�7�$	Z�¼�
�}
’ �o�p�e�r�a�t�o�r�<�<�¯�¨�b

�J�P�T�U�S�F�B�N�¥�?�õ�8�"���Q�´�Q
� �-�J�T�L�P�W�ð�5���ƒ�t�¹�Z�?�õ�¥�"�¥^�¹
��¯�¨

��	Ë�¥�}
’���/�m�Ï�á�Ü�´�?�¥�?�õ�1�"�¨�´�L�S���b

ios_base

ios

i s t ream o s t r e a m

is t r ingst ream

ifstream

os t r ings t ream

ofs t ream

ios t ream

fs t ream

st r ings t ream

�$���� �ý�ñL�l�Ü���� �C�Z�ç« �w�w�w�.�c�h�e�n�s�h�u�o�.�c�o�m



���� �J�P�T�U�S�F�B�N�¥�¨�o�Ð	��K ����

���C�µ�¥�?�õ�8�"�Ï���†	Ø�¥�µ��

�t �J�G�T�U�S�F�B�N�J�T���B�J�T�U�S�F�B�N

�t �J�T�U�S�J�O�H�T�U�S�F�B�N�J�T���B�J�T�U�S�F�B�N

�t �P�G�T�U�S�F�B�N�J�T���B�P�T�U�S�F�B�N

�t �P�T�U�S�J�O�H�T�U�S�F�B�N�J�T���B�P�T�U�S�F�B�N

�t �G�T�U�S�F�B�N�J�T���B�J�P�T�U�S�F�B�N

�t �T�U�S�J�O�H�T�U�S�F�B�N�J�T���B�J�P�T�U�S�F�B�N

�á�ª�¹�‚�8
¹�†	Ø�¥�µ��

�t �i�o�s�?�õ �i�o�s�_�b�a�s�e���µ
À�µ�'�Õ�f	ƒ�/�ñ�½�}
’�ù�€ �i�o�s�_�b�a�s�e���`���Œ^	Z�¼

	V�[�.�Æ�B�ñ �i�o�s���`�9�}��$�Â�T
À�µ���ƒ	Ú�¨ �Q�V�C�M�J�D�?�õ^�‚^�´�Q �0�0

�ð�5�$

�t �i�s�t�r�e�a�m�?�õ �i�o�s���µ
À�µ�'�Õ�f	ƒ�/�ñ�½�}
’�ù�€ �i�o�s���`���Œ^	Z�¼	V�[�.

�Æ�B�ñ �i�s�t�r�e�a�m���`�9�}��$�Â�T
À�µ���ƒ	Ú�¨ �Q�V�C�M�J�D�?�õ^�‚^�´�Q �0�0 �ð

�5�$

�t �o�s�t�r�e�a�m�?�õ �i�o�s���µ
À�µ�'�Õ�f	ƒ�/�ñ�½�}
’�ù�€ �i�o�s���`���Œ^	Z�¼	V�[�.

�Æ�B�ñ �o�s�t�r�e�a�m���`�9�}��$�Â�T
À�µ���ƒ	Ú�¨ �Q�V�C�M�J�D�?�õ^�‚^�´�Q �0�0 �ð

�5�$

�t �i�o�s�t�r�e�a�m���×�?�õ �i�s�t�r�e�a�m�„ �o�s�t�r�e�a�m�b�¹I
¹ �J�P�T�U�S�F�B�N�1�]H�?�õ
��ñ �O�P�O��

�J�O�U�F�S�G�B�D�F �D�M�B�T�T�$�ƒ^�¤	g�?�õ�Î^L�C�?�õ�$^�‚^	V�[�¨�F�† �	�D�P�N�Q�P�T�J�U�J�P�O�


	Ÿ�9�}�$��n�u �&�G�G�F�D�U�J�W�F �$�����» �� �ñ�v �<��� �J�U�F�N �����>���Y�V�F�†��Ñ�� �I�B�T���B��

�o�[���þL�C�p�b�u �$���� �I�ñ�?�S�v �<��� �J�U�F�N �����>���Ð	V�?�[�F�†�}�9�?�õ�b��

�¨�F�†�9�Ð�?�õ��ª�¥�8�"��

�$���� �ý�ñL�l�Ü���� �C�Z�ç« �w�w�w�.�c�h�e�n�s�h�u�o�.�c�o�m



���� �J�P�T�U�S�F�B�N�¥�¨�o�Ð	��K ����

i s t ream ios o s t r e a m

is t r ingst ream

ifstream ofs t ream

os t r ings t ream

ios t ream

fs t ream

st r ings t ream

�ÿ�i�ž���•�¥!�9�Ï���º�µ�‡�ž�¥ �J�T���B�1�"�•�¨
� �Q�V�C�M�J�D�?�õ����ð	(�[�F�†

	Ÿ�}�9���F�†�1�"�[�£�L�VU�b�•�¥!�9
À�µ�¨�¥�´�E�?�õ�����×�?�õ�b

���Ï �J�P�T�U�S�F�B�N�¥�•L�C�´�¤�B�4���}
’�²���Â�/��

�c�l�a�s�s �i�s�t�r�e�a�m�;
�c�l�a�s�s �o�s�t�r�e�a�m�;

�c�l�a�s�s �i�o�s�t�r�e�a�m
�{
�p�u�b�l�i�c�:
�i�s�t�r�e�a�m�& �g�e�t�_�i�s�t�r�e�a�m�(�)�;
�o�s�t�r�e�a�m�& �g�e�t�_�o�s�t�r�e�a�m�(�)�;
�v�i�r�t�u�a�l �~�i�o�s�t�r�e�a�m�(�)�;

�/�/ �.�.�.
�}�;

�ƒ�"�B	Ÿ�����³�1 �i�o�s�t�r�e�a�m���`�V�C�¤�^ �i�s�t�r�e�a�m�¥�¹�Z���Ø�¨ �g�e�t�_�i�s�t�r�e�a�m�(�)

�f”�R�í�B�ñ �i�s�t�r�e�a�m�¥�„�¨� ���³�1 �i�o�s�t�r�e�a�m���`�V�C�¤�^ �o�s�t�r�e�a�m�¥�¹�Z���Ø

�¨ �g�e�t�_�o�s�t�r�e�a�m�(�)�f”�R�í�B�ñ �P�T�U�S�F�B�N�¥�„�¨�b�ÿ�?�‚s�•�Y���7�O�}
’�÷�b�	��

�i�s�t�r�e�a�m�„ �o�s�t�r�e�a�m�9�‚�AP�¨�´�E�?�õ
��b��á�d�È�È�P �i�o�s�t�r�e�a�m�D�M�B�T�T�¥�‡�ž�N

�´���B�ñ�ê���;	V���»	V�•��ª
ü^�ñ �T�P�Q�I�J�T�U�J�D�B�U�F�E �*�0���`���¹I
¹�Î�¨�ƒ
¹�¨�¥

�0�0 �•��$��

�$���� �ý�ñL�l�Ü���� �C�Z�ç« �w�w�w�.�c�h�e�n�s�h�u�o�.�c�o�m



���� �J�P�T�U�S�F�B�N�¥�¨�o�Ð	��K ����

������������ ���=�¥ �M�P�D�B�M�F

�J�P�T�U�S�F�B�N�¥�#Y�Î�‚�¸�ƒ�t��ñ�Î���c�B�*���=�¥ �M�P�D�B�M�F���G�B�D�F�UL�C���ƒ�*L

�l�Ï
À�¦�¨�¥�ê���É�B�„�9�F
� �J�P�T�U�S�F�B�N�¥�¯�������7�O�‚	V�E
ç�¹�•�Y���Ÿ�?�b

�/�B�U�I�B�O �.�Z�F�S�T�ž^S�T�Ì�€ �����b

�o�s�t�r�e�a�m�1&�ç�l�¥�Œ���œ”�„�œ�Ä”�¥ �o�p�e�r�a�t�o�r�<�<�î�ô�f”�¥�f”�8^��

�o�s�t�r�e�a�m�& �o�s�t�r�e�a�m�:�:�o�p�e�r�a�t�o�r�<�<�(�i�n�t �v�a�l�) �/�/�� �d�o�u�b�l�e �v�a�l
�{

�b�o�o�l �f�a�i�l�e�d �=
�u�s�e�_�f�a�c�e�t�<�n�u�m�_�p�u�t�>�(�g�e�t�l�o�c�(�)�)�.�p�u�t�(

�o�s�t�r�e�a�m�b�u�f�_�i�t�e�r�a�t�o�r�(�*�t�h�i�s�)�, �*�t�h�i�s�, �f�i�l�l�(�)�, �v�a�l�)�.�f�a�i�l�e�d�(�)�;
�/�/ �.�.�.

ñ�ö�Ø�¨ �n�u�m�_�p�u�t�:�:�p�u�t�(�)���ª�€�ö�€�Ø�¨ �n�u�m�_�p�u�t�:�:�d�o�_�p�u�t�(�)���7 �d�o�_�p�u�t�(�)^

�ñ�´�f”��
À�÷�E �J�O�M�J�O�F�b �J�P�T�U�S�F�B�N���Ÿ�?�Z
ë�¥�‚�@	c�ƒ�†�s	Ÿ�1�¿�N�b�ƒ�ñ�´�f

”�â�â	¶�n
��Ü �U�F�N�Q�M�B�U�F�¥L�C�b�ž�h�Ó�q�‹�¤�¥�z�)���I�r�„���›Î���û	y�‚��

	Ÿ�b�ƒ�ü^�¹I
¹�áª �J�P�T�U�S�F�B�N���W�˜�Z
ë�‚�)�z�b

�á
À�µ'�Æ�‹	!���Ï�¥�%�«���Ë�–�•�¥�]�Ð	V�[�M�„�4	A �G�B�D�F�U�¥�?�õ�8�"��

�I�U�U�Q�������H�D�D���H�O�V���P�S�H���P�O�M�J�O�F�E�P�D�T���M�J�C�T�U�E�D�������M�J�C�T�U�E�D�������I�U�N�M���6�4�&�3�4�����������B�������������I�U�N�M

	��N�s�����á�‚�ª�¹�[ �J�P�T�U�S�F�B�N�¹���$�¥��ª�ñ�½	o��1�Zª�*�t	X�› �J�P�T�U�S�F�B�N

�ìT�Ä�Z
ë�¥�Œ�Ä�¥	o���µ���v�¥L�¨�N�´�b

������������ �c�/���`


Ô�û�ß�N�o �J�P�T�U�S�F�B�N�K�v�¥�Œ�Ä^�c�/���`�p���á�d�È�!�]ð	º�¦�E�¥�4�Ä�b

�ƒ�ñ�ß�N�] �" a �¨ �¿ �+�B�W�B�* �B�* �ß�5�O�ì �¥ �*�O�Q�V�U�4�U�S�F�B�N�a �0�V�U�Q�V�U�4�U�S�F�B�N�a

�3�F�B�E�F�S�a �8�S�J�U�F�S�?�õ�8�"�� ���/�&�5�9�Þ
��ƒ
¹�B�*�N�Ó���«�b

�H	A��/���¨ �J�O�Q�V�U �T�U�S�F�B�N�VU�B�ñ	V�[�o���p�¥”	�
@���¨ �P�V�U�Q�V�U �T�U�S�F�B�N�V

U�B�ñ	V�[�o�•�p�¥”	�
@���à�7�¸�ª�%�«��
ë�_�¤	g�I�ñ���o�˜�†
ë�_���`�ð�5�p��

»�¬^�B�q
Å
ó�¥Y�f�b�Œ^���‡L�¥W�¸�1�—	n�¤���b

�*�0^�ñ�����¯���¥�ê�����ü�&�K�È�n�¥ �N�F�N�P�S�Z �T�U�S�F�B�N�a �G�J�M�F �T�U�S�F�B�N�a �T�P�D�L�F�U

�T�U�S�F�B�N	Ÿª��ñ
Ì��W�¥�µ�s���v��

�t ^�†�_ �*�0�Î^ �_ �*�0�b�º�����€�º�•�$�Î^�;	V���»	V�•�$
�����I�U�U�Q�������X�X�X���D�B�O�U�S�J�Q���P�S�H���M�P�D�B�M�F���I�U�N�M

�$���� �ý�ñL�l�Ü���� �C�Z�ç« �w�w�w�.�c�h�e�n�s�h�u�o�.�c�o�m



���� �J�P�T�U�S�F�B�N�¥�¨�o�Ð	��K ����

�t ¨�½�`�Ù�Î^Û���`�Ù�b	V�‚	V�[ �T�F�F�L�$	V�‚	V�[�|�í �O�3�«�$

�t �Ó�'”	��Î^�=�É�Å”	��b{�Æ”	��ìT�µ���8
¹�÷�$�Â�…�I�•�r���¥�)	Ø{

�Æ�¥�}
’�$

�t �µ�í�Ï�
�b �X�S�J�U�F �������3�«^�Ž�?���£�›�†�•�Æ�$�µ
À�µ	V�?�º�•�Æ
� ������ �3

�«�$�Å�/ ������ �3�«�8
¹�÷�$

�t ^�Ž�E�Ö�b�ö�‚�ö�R�í �&�8�0�6�-�%�#�-�0�$�,�p���$

�t �µ�'�t���p�¥�f	ƒ�b�ƒ^�K�4�¥�� �N�F�N�P�S�Z �T�U�S�F�B�N�+�¬�‚	V�?���p�� �G�J�M�F �T�U�S�F�B�N

�„ �T�P�D�L�F�U �T�U�S�F�B�N�¥���p�f	ƒ�›�†�‚�]�b �T�P�D�L�F�U �T�U�S�F�B�N	V�?�Û�ž���Z��	7	õ�¤��

�G�J�M�F �T�U�S�F�B�N	V�?�Û�ž�Ñ���H�•�¥�-�b

�ô	��[�
�	��¥���„�s�����á�‚�ª�¹�µ�÷�E!�9�B�ñ�����¥��	Ë�Ü�ò�Z
ë�¥�f

	ƒ�û	I
n�Û�†�b�ò�Õ �*�0!@��W���Ÿþ�l���µ�sþ�v��	è�“þ���b�Â�T�—�1�¨
ë

�_���`	Ÿ�y������	Ë�1
¹þt��º�b���Ÿ���ƒ�ñ��	Ë���c�¥ �J�O�U�F�S�G�B�D�F �G�V�O�D�U�J�P�O�T
À

���v�¨�����1
¹þ�g��Ü�ò�Õ �*�0!@�¥�+�Ÿ�û���c�É	Ÿ���ƒ�ñ��	Ë���c�¥ �J�O�U�F�S�G�B�D�F

�G�V�O�D�U�J�P�O�T�“�����Œ^�‚^
Ä�B�ñ�û�?�Ø�¨���b

�B�ñ��	Ë!�9�¤�z���v�E�Œ�û�i�€�?�õñ�b�1�Â �3�V�O�O�B�C�M�F^�ñ�“�z�¥���`���µ

�‚�9��”�¥L�C�b �*�O�Q�V�U�4�U�S�F�B�N���0�V�U�Q�V�U�4�U�S�F�B�N�z�x�9�µ�Ï�Ä�ñL�C��n�/�m���b�Q

�4 �i�s�t�r�e�a�m�/�o�s�t�r�e�a�m���º�µ�S��	o�4���¥
��*���ªL�C�����[�"�Ï����µ�¦�ö�€�?�õ

�i	”�Zñ��^�‚^ª
ü �i�s�t�r�e�a�m�/�o�s�t�r�e�a�m�ƒ�B�*���`�‚�8
¹
2�;�;�$

�$���� �ý�ñL�l�Ü���� �C�Z�ç« �w�w�w�.�c�h�e�n�s�h�u�o�.�c�o�m



���� �J�P�T�U�S�F�B�N�¥�¨�o�Ð	��K ����

ByteArrayInputSt ream

Inpu tS t r eam

FileInputStream

Fil terInputStream

Object InputSt ream

PipedInputSt ream

SequenceInpu tS t ream

net ty .ChannelBufferInputStream

BufferedInputStream

Data Inpu tS t r eam

PushbackInputS t ream

ByteArrayOutpu tS t ream

O u t p u t S t r e a m

FileOutputStream

Fi l te rOutputSt ream

Objec tOutpu tS t ream

PipedOutpu tS t ream

net ty .ChannelBufferOutputSt ream

BufferedOutputSt ream

D a t a O u t p u t S t r e a m

Pr in tS t ream

��’�–���L�Â �+�B�W�B�µ �$���� �*�"�<�v�¥ �U�F�N�Q�M�B�U�F���Å���
ë�ƒ�ñ�?�õ�8�"�?�e�Ä

�‚��b��

�Ï�1�� �$ �Ô�ý	Ú�³	%�ƒ�ñ�Ù�5���Y�È�¥�÷�E^�¨�B�ñ �J�O�U�VU �*�0���`� �G�J�M�F��

�1�*�1�&�� �T�P�D�L�F�U�����–�ª�¥�[ �r�e�a�d�(�)�/�w�r�i�t�e�(�)�/�l�s�e�e�k�(�)�/�f�c�n�t�l�(�)�©�B�"
��†	��f”��

�$���� �ý�ñL�l�Ü���� �C�Z�ç« �w�w�w�.�c�h�e�n�s�h�u�o�.�c�o�m



���� �J�P�T�U�S�F�B�N�¥�¨�o�Ð	��K ����

�ñ�½�ô�1�-�q�¥�F�†�b�ƒ�ñ�S�E�á�ª�¹�1
ë�_���`�¥�Z�Ã�1�e�±�Ú�r�b

�J�P�T�U�S�F�B�N���Ÿ�?�Z
ë
À�µ�1 �T�U�E�J�P�Ú��������r���Ÿ�Z
ë���ö�‚�Â �T�U�E�J�P����
2

���Ÿ�Z
ës�Å�¿�'&�¥�¯��!�9�7�4�[�žP�¨�€�1�›	”�Z�b�"�-	A��	Ÿ�ºa�†�B�t�e

�†�¥�1�p�‚�Ú�¥�‹�¨���Œ^�»�‚�¤�‚�¹ñ�¥�¯��!�9�±�����›H�}�N���9����ç�Ê�µ

�Ä�‚��‚�/�b

��L�=�¥�[�"�Ï���á
Ì	V�[�4	ÿ���B�t�e�†�Ú�r�¥ �T�U�S�J�Q���E�P�X�O�ñ�'�������¤�L

	æ�Ÿ�¥�]H�E
ç�±���‚�A�1�¥�}�N�b

�������� �B�ñ ������ �›�¥ �N�F�N�P�S�Z �C�V�G�G�F�S �P�V�U�Q�V�U �T�U�S�F�B�N

�á �ª �¹ �[ �o�p�e�r�a�t�o�r�<�<	Ÿ { �� ” 	� �d �È a �† �M�P�H�H�J�O�H�� �y �N �• 
� �B �ñ �e �†

�¥ �m�u�d�u�o�:�:�L�o�g�S�t�r�e�a�m�D�M�B�T�T�b�} 
’ �‚ �ž ������ �›�� �› �† �ÿ 	ë �¿ �J�P�T�U�S�F�B�N�� �} 
’ �Ê �¿

�I�U�U�Q�T�������H�J�U�I�V�C���D�P�N���D�I�F�O�T�I�V�P���S�F�D�J�Q�F�T���C�M�P�C���N�B�T�U�F�S���M�P�H�H�J�O�H���b

�ƒ�ñ �L�o�g�S�t�r�e�a�m�S�ž
�	Ë�˜�½�†�„	Ë�˜	V	”�Z���r
q�9� �Ú�bñ�‚�¦�û�ç�Å�ìT

�Ä�a�‚�¦�û �M�P�D�B�M�F���G�B�D�F�U�a
À�µ�?�õ�a �C�V�G�G�F�S�9
À�µ�?�õ�Ð�´�f”�a
À�µ�îÿ�s�¥�=

�i�a �C�V�G�G�F�S�v�l�%�ç�b�e�†�¹ª��a�† �M�P�H�H�J�O�H�[�#�e�†�¥�3�˜�1���Ð�b�ƒ���'�^

�#�K�B�S�O�F�� �������� �M�•�¥ �o�s�t�r�e�a�m�¥�J�ñ�b

�-�P�H�4�U�S�F�B�N�¥�¤	g�ç�l^

�c�l�a�s�s �B�u�f�f�e�r�;

�c�l�a�s�s �L�o�g�S�t�r�e�a�m �: �b�o�o�s�t�:�:�n�o�n�c�o�p�y�a�b�l�e
�{

�t�y�p�e�d�e�f �L�o�g�S�t�r�e�a�m �s�e�l�f�;
�p�u�b�l�i�c�:

�s�e�l�f�& �o�p�e�r�a�t�o�r�<�<�(�b�o�o�l�)�;

�s�e�l�f�& �o�p�e�r�a�t�o�r�<�<�(�s�h�o�r�t�)�;
�s�e�l�f�& �o�p�e�r�a�t�o�r�<�<�(�u�n�s�i�g�n�e�d �s�h�o�r�t�)�;
�s�e�l�f�& �o�p�e�r�a�t�o�r�<�<�(�i�n�t�)�;
�s�e�l�f�& �o�p�e�r�a�t�o�r�<�<�(�u�n�s�i�g�n�e�d �i�n�t�)�;
�s�e�l�f�& �o�p�e�r�a�t�o�r�<�<�(�l�o�n�g�)�;
�s�e�l�f�& �o�p�e�r�a�t�o�r�<�<�(�u�n�s�i�g�n�e�d �l�o�n�g�)�;
�s�e�l�f�& �o�p�e�r�a�t�o�r�<�<�(�l�o�n�g �l�o�n�g�)�;
�s�e�l�f�& �o�p�e�r�a�t�o�r�<�<�(�u�n�s�i�g�n�e�d �l�o�n�g �l�o�n�g�)�;

�s�e�l�f�& �o�p�e�r�a�t�o�r�<�<�(�c�o�n�s�t �v�o�i�d�*�)�;

�s�e�l�f�& �o�p�e�r�a�t�o�r�<�<�(�f�l�o�a�t�)�;
�s�e�l�f�& �o�p�e�r�a�t�o�r�<�<�(�d�o�u�b�l�e�)�;
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�/�/ �s�e�l�f�& �o�p�e�r�a�t�o�r�<�<�(�l�o�n�g �d�o�u�b�l�e�)�;

�s�e�l�f�& �o�p�e�r�a�t�o�r�<�<�(�c�h�a�r�)�;
�/�/ �s�e�l�f�& �o�p�e�r�a�t�o�r�<�<�(�s�i�g�n�e�d �c�h�a�r�)�;
�/�/ �s�e�l�f�& �o�p�e�r�a�t�o�r�<�<�(�u�n�s�i�g�n�e�d �c�h�a�r�)�;

�s�e�l�f�& �o�p�e�r�a�t�o�r�<�<�(�c�o�n�s�t �c�h�a�r�*�)�;
�s�e�l�f�& �o�p�e�r�a�t�o�r�<�<�(�c�o�n�s�t �s�t�r�i�n�g�&�)�;

�v�o�i�d �a�p�p�e�n�d�(�c�o�n�s�t �c�h�a�r�* �d�a�t�a�, �i�n�t �l�e�n�)�;
�c�o�n�s�t �B�u�f�f�e�r�& �b�u�f�f�e�r�(�) �c�o�n�s�t �{ �r�e�t�u�r�n �b�u�f�f�e�r�_�; �}
�v�o�i�d �r�e�s�e�t�B�u�f�f�e�r�(�) �{ �b�u�f�f�e�r�_�.�r�e�s�e�t�(�)�; �}

�p�r�i�v�a�t�e�:
�B�u�f�f�e�r �b�u�f�f�e�r�_�;

�}�;

�L�o�g�S�t�r�e�a�m�'&�‚^�L�ñ�½�†�¥��ñ�‚a�†�S�L�ñ�W���Z���`�b�ž�’�¥P�¨�ZT

^
Ä�H �M�P�H�h�����/�B�ñ �L�o�g�S�t�r�e�a�m���¨�›�ü�®�b �L�o�g�S�t�r�e�a�m�¥�î�'���®���ƒ
¹�S�‚

�ö�µI
¹�Ÿ�?å>�b

�"�-�ƒ�ñ �M�P�H�H�J�O�H	o�Î��	7�?��Ï���º�›�î
� �L�o�g�S�t�r�e�a�m�ƒ�B�†�s�b�|	Ÿ	V�?�¿

�¨�îÿ�s�¥�¥ �C�V�G�G�F�S���ƒ�"�Z�L���L�ñ��W�.�¾”	��b

������������ �œ”�ž�3�˜�1�¥�Ú�r���Ð

�m�u�d�u�o�:�:�L�o�g�S�t�r�e�a�m�¥�œ”���Ð^�1�-�•�¥���¨�¥^ �.�B�U�U�I�F�X �8�J�M�T�P�O�¥Ø�E���n

�-
ë�» �� �«�o�{�˜�|�œ”�¥�"�E�Ð�Å”�p�b�ƒ�ñØ�E�1 �T�U�E�J�P�„ �J�P�T�U�S�F�B�N�û�1	y�b

������������ �œ�Ä”�ž�3�˜�1�¥�Ú�r���Ð

�"�- �m�u�d�u�o�:�:�L�o�g�S�t�r�e�a�m�¥�œ�Ä”�ìT�Ä�•�¨�¥^ �s�n�p�r�i�n�t�f�(�)�bî�[�V�Ÿ�?��Ð

�T�U�E�J�P�û�Ü���1 �o�s�t�r�e�a�m	y�B�t�b

�œ�Ä ” �ž �3 �˜ �1 �¥ �� �Ð ^ �ñ �¯ �� �¥ �Å �5�� �ƒ �ñ 
5 �× ���� �M �[ 	Ÿ 
À �µ I 
¹ �É

�Z��" �- �¥ L �C�v �û �� �¿ �%�B�W�J�E �.�� �(�B�Z�� �������� �M�¥ �ý �T�u �$�P�S�S�F�D�U�M�Z �3�P�V�O�E�F�E

�#�J�O�B�S�Z���%�F�D�J�N�B�M �B�O�E �%�F�D�J�N�B�M���#�J�O�B�S�Z �$�P�O�W�F�S�T�J�P�O�T�v���}
’ �I�U�U�Q�������O�F�U�M�J�C���P�S�H���G�Q������

�°�ž �������� �M�Œ�µ�l�å�b

�'�M�P�S�J�B�O �-�P�J�U�T�D�I�?
ü
��•�¥�÷	y�¥Ø�E �(�S�J�T�V����ð�¥
‚�Ó�u �1�S�J�O�U�J�O�H �G�M�P�B�U�J�O�H��

�Q�P�J�O�U �O�V�N�C�F�S�T �R�V�J�D�L�M�Z �B�O�E �B�D�D�V�S�B�U�F�M�Z �X�J�U�I �J�O�U�F�H�F�S�T�v�?�V�� �1�-�%�* ���������� �} 
’ �n

�$���� �ý�ñL�l�Ü���� �C�Z�ç« �w�w�w�.�c�h�e�n�s�h�u�o�.�c�o�m



���� �J�P�T�U�S�F�B�N�¥�¨�o�Ð	��K ����

�(�P�P�H�M�F �7���„�c���Î�µ�ƒ	Ú �I�U�U�Q�������D�P�E�F���H�P�P�H�M�F���D�P�N���Q���E�P�V�C�M�F���D�P�O�W�F�S�T�J�P�O���b�µ�–

�•�¥�]�Ð	V�[�����ƒ�É�p	Z �����b

�|	Ÿ �m�u�d�u�o�:�:�L�o�g�S�t�r�e�a�m	V�?�ö�¿�¨ �(�S�J�T�V��Ø�EL�C�œ�Ä”���Ð�b

������������ �Ÿ�?���1

�®�¿ �m�u�d�u�o�:�:�L�o�g�S�t�r�e�a�m�˜�Õ
��“���µ�„��	V�[�ç�nñ�¥�Ÿ�?�z�¿ �o�s�t�r�i�n�g�s�t�r�e�a�m

�„ �T�U�E�J�P�b�á�S
��B�ñ�e�†�¥�Ÿ�?�©k���²�T�Â�/�V�b�V�Ï�¥”�3^�u�† �� ������ ������ �Q

�¥�¨H���[�x
ð�¹�†�Ê�����l���z�b

�������C�J�U �D�P�E�F
�s�n�p�r�i�n�t�f �o�s�t�r�i�n�g�s�t�r�e�a�m �L�o�g�S�t�r�e�a�m

�i�n�t ������ ������ ������

�d�o�u�b�l�e �������� �������� ��������

�i�n�t�6�4�_�t ������ ������ ������
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�/�/ �‚�A���c �L�o�g�S�t�r�e�a�m�� �o�s�t�r�e�a�m�h�Ó�q
�c�l�a�s�s �D�a�t�e
�{
�p�u�b�l�i�c�:
�D�a�t�e�(�i�n�t �y�e�a�r�, �i�n�t �m�o�n�t�h�, �i�n�t �d�a�y�)

�: �y�e�a�r�_�(�y�e�a�r�)�, �m�o�n�t�h�_�(�m�o�n�t�h�)�, �d�a�y�_�(�d�a�y�)
�{
�}

�- �v�o�i�d �w�r�i�t�e�T�o�(�s�t�d�:�:�o�s�t�r�e�a�m�& �o�s�) �c�o�n�s�t
�+ �t�e�m�p�l�a�t�e�<�t�y�p�e�n�a�m�e �O�S�t�r�e�a�m�>
�+ �v�o�i�d �w�r�i�t�e�T�o�(�O�S�t�r�e�a�m�& �o�s�) �c�o�n�s�t

�{
�c�h�a�r �b�u�f�[�3�2�]�;
�s�n�p�r�i�n�t�f�(�b�u�f�, �s�i�z�e�o�f �b�u�f�, �O�%�d�-�%�0�2�d�-�%�0�2�d�O�, �y�e�a�r�_�, �m�o�n�t�h�_�, �d�a�y�_�)�;
�o�s �<�< �b�u�f�;

�}

�p�r�i�v�a�t�e�:
�i�n�t �y�e�a�r�_�, �m�o�n�t�h�_�, �d�a�y�_�;

�}�;

�-�s�t�d�:�:�o�s�t�r�e�a�m�& �o�p�e�r�a�t�o�r�<�<�(�s�t�d�:�:�o�s�t�r�e�a�m�& �o�s�, �c�o�n�s�t �D�a�t�e�& �d�a�t�e�)
�+�t�e�m�p�l�a�t�e�<�t�y�p�e�n�a�m�e �O�S�t�r�e�a�m�>
�+�O�S�t�r�e�a�m�& �o�p�e�r�a�t�o�r�<�<�(�O�S�t�r�e�a�m�& �o�s�, �c�o�n�s�t �D�a�t�e�& �d�a�t�e�)
�{

�d�a�t�e�.�w�r�i�t�e�T�o�(�o�s�)�;
�r�e�t�u�r�n �o�s�;

�}
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�c�l�a�s�s �F�m�t �: �b�o�o�s�t�:�:�n�o�n�c�o�p�y�a�b�l�e
�{
�p�u�b�l�i�c�:
�t�e�m�p�l�a�t�e�<�t�y�p�e�n�a�m�e �T�>
�F�m�t�(�c�o�n�s�t �c�h�a�r�* �f�m�t�, �T �v�a�l�)
�{

�B�O�O�S�T�_�S�T�A�T�I�C�_�A�S�S�E�R�T�(�b�o�o�s�t�:�:�i�s�_�a�r�i�t�h�m�e�t�i�c�<�T�>�:�:�v�a�l�u�e �=�= �t�r�u�e�)�;
�l�e�n�g�t�h�_ �= �s�n�p�r�i�n�t�f�(�b�u�f�_�, �s�i�z�e�o�f �b�u�f�_�, �f�m�t�, �v�a�l�)�;

�}

�c�o�n�s�t �c�h�a�r�* �d�a�t�a�(�) �c�o�n�s�t �{ �r�e�t�u�r�n �b�u�f�_�; �}
�i�n�t �l�e�n�g�t�h�(�) �c�o�n�s�t �{ �r�e�t�u�r�n �l�e�n�g�t�h�_�; �}

�p�r�i�v�a�t�e�:
�c�h�a�r �b�u�f�_�[�3�2�]�;

�$���� �ý�ñL�l�Ü���� �C�Z�ç« �w�w�w�.�c�h�e�n�s�h�u�o�.�c�o�m



���� �J�P�T�U�S�F�B�N�¥�¨�o�Ð	��K ����

�i�n�t �l�e�n�g�t�h�_�;
�}�;
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�o�s�.�a�p�p�e�n�d�(�f�m�t�.�d�a�t�a�(�)�, �f�m�t�.�l�e�n�g�t�h�(�)�)�;
�r�e�t�u�r�n �s�;
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�s�t�r�u�c�t �S�l�i�c�e �{
�c�o�n�s�t �c�h�a�r�* �d�a�t�a�_�;
�s�i�z�e�_�t �s�i�z�e�_�;

�}�;

�/�/ �A �f�i�l�e �a�b�s�t�r�a�c�t�i�o�n �f�o�r �r�e�a�d�i�n�g �s�e�q�u�e�n�t�i�a�l�l�y �t�h�r�o�u�g�h �a �f�i�l�e
�c�l�a�s�s �S�e�q�u�e�n�t�i�a�l�F�i�l�e �{
�p�u�b�l�i�c�:
�S�e�q�u�e�n�t�i�a�l�F�i�l�e�(�) �{ �}
�v�i�r�t�u�a�l �~�S�e�q�u�e�n�t�i�a�l�F�i�l�e�(�)�;

�v�i�r�t�u�a�l �S�t�a�t�u�s �R�e�a�d�(�s�i�z�e�_�t �n�, �S�l�i�c�e�* �r�e�s�u�l�t�, �c�h�a�r�* �s�c�r�a�t�c�h�) �= �0�;
�v�i�r�t�u�a�l �S�t�a�t�u�s �S�k�i�p�(�u�i�n�t�6�4�_�t �n�) �= �0�;

�}�;

�/�/ �A �f�i�l�e �a�b�s�t�r�a�c�t�i�o�n �f�o�r �r�a�n�d�o�m�l�y �r�e�a�d�i�n�g �t�h�e �c�o�n�t�e�n�t�s �o�f �a �f�i�l�e�.
�c�l�a�s�s �R�a�n�d�o�m�A�c�c�e�s�s�F�i�l�e �{
�p�u�b�l�i�c�:
�R�a�n�d�o�m�A�c�c�e�s�s�F�i�l�e�(�) �{ �}
�v�i�r�t�u�a�l �~�R�a�n�d�o�m�A�c�c�e�s�s�F�i�l�e�(�)�;

�v�i�r�t�u�a�l �S�t�a�t�u�s �R�e�a�d�(�u�i�n�t�6�4�_�t �o�f�f�s�e�t�, �s�i�z�e�_�t �n�, �S�l�i�c�e�* �r�e�s�u�l�t�,
�c�h�a�r�* �s�c�r�a�t�c�h�) �c�o�n�s�t �= �0�;

�}�;
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�/�/ �m�u�s�t �p�r�o�v�i�d�e �b�u�f�f�e�r�i�n�g �s�i�n�c�e �c�a�l�l�e�r�s �m�a�y �a�p�p�e�n�d �s�m�a�l�l �f�r�a�g�m�e�n�t�s
�/�/ �a�t �a �t�i�m�e �t�o �t�h�e �f�i�l�e�.
�c�l�a�s�s �W�r�i�t�a�b�l�e�F�i�l�e �{
�p�u�b�l�i�c�:
�W�r�i�t�a�b�l�e�F�i�l�e�(�) �{ �}
�v�i�r�t�u�a�l �~�W�r�i�t�a�b�l�e�F�i�l�e�(�)�;

�v�i�r�t�u�a�l �S�t�a�t�u�s �A�p�p�e�n�d�(�c�o�n�s�t �S�l�i�c�e�& �d�a�t�a�) �= �0�;
�v�i�r�t�u�a�l �S�t�a�t�u�s �C�l�o�s�e�(�) �= �0�;
�v�i�r�t�u�a�l �S�t�a�t�u�s �F�l�u�s�h�(�) �= �0�;
�v�i�r�t�u�a�l �S�t�a�t�u�s �S�y�n�c�(�) �= �0�;

�}�;
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�c�l�a�s�s �C�h�i�l�d�;
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�C�h�i�l�d�* �m�y�C�h�i�l�d�;

�}�;

�c�l�a�s�s �C�h�i�l�d �: �b�o�o�s�t�:�:�n�o�n�c�o�p�y�a�b�l�e
�{
�p�r�i�v�a�t�e�:
�P�a�r�e�n�t�* �m�y�P�a�r�e�n�t�;

�}�;

�Â�T�°�¤P�¨�·�Œ�T�¹�î�ô���*
¹�Â�…�’���·�Œ�¥�µ�r�Ÿ�$�Â�…�]�¸���C	b�Ç�·�Œ�$

�$�I�J�M�E�„ �1�B�S�F�O�U�®¢�µ�3d�b�$��d�b���ñ �1�B�S�F�O�U���`�¥H�©���Â�…�’���ñ�½�Ï
À

�µ�·�_ñ�¥�·�Œ�$��d�b���ñ �$�I�J�M�E���`�¥H�©���Â�…�’���ñ�½�Ï
À�µ�·�_ñ�¥�·

�Œ�$

�ƒ�B�" 
� �Ù�5�B�� ^ �$���� 
ë �_ �� �` �I �ñ �h �. �¥ �Ù�5���‚ �V�C�� �µ 
� �T�N�B�S�U

�Q�P�J�O�U�F�S���á
Ì	V�[�¹�ù �T�N�B�S�U �Q�P�J�O�U�F�S�Ü���`�Ô�l���Ð�¹�´�Ô�l �������V�7�^¾�³	%

���`3���ù���ž �1�B�S�F�O�U�û�µ �$�I�J�M�E�¥ �T�N�B�S�U �Q�P�J�O�U�F�S���]H�ž �$�I�J�M�E�û�µ �1�B�S�F�O�U�¥

�T�N�B�S�U �Q�P�J�O�U�F�S���ƒ�"S�Ô�„�¨���Z�¥H�©�ü�‚�¨�„�•���C	b�Ç�·�Œ�b�’�–�����Ï�B�ñ

�����'�^�û�µ �J�O�U�B�"�û�µ���`��¥�Æ�?�·�Œ��

�$���� �ý�ñL�l�Ü���� �C�Z�ç« �w�w�w�.�c�h�e�n�s�h�u�o�.�c�o�m



���� �´�Ô�l�Ð”	����` ������

�T�N�B�S�U �Q�P�J�O�U�F�S�‹�¾^ �X�F�B�L �S�F�G�F�S�F�O�D�F���Ž�5�ö���C�Ö�Ì�„�¨���•�Á�=�i�„
P�b�ž�¸�'

�B�ñ^ �X�F�B�L �S�F�G�F�S�F�O�D�F���5�|	%�¿	��8�‹�¨�Æ�ß�b

�Â�T �1�B�S�F�O�U�š�µ �$�I�J�M�E�� �$�I�J�M�E�¥3���ù�®�� �1�B�S�F�O�U	e�Å�� �$�I�J�M�E�¥3���ù�l�¿

�1�B�S�F�O�U���*
¹�}
’�ü�1� �e�†��

�c�l�a�s�s �P�a�r�e�n�t�;
�c�l�a�s�s �C�h�i�l�d �: �b�o�o�s�t�:�:�n�o�n�c�o�p�y�a�b�l�e
�{
�p�u�b�l�i�c�:
�e�x�p�l�i�c�i�t �C�h�i�l�d�(�P�a�r�e�n�t�* �m�y�P�a�r�e�n�t�_�)

�: �m�y�P�a�r�e�n�t�(�m�y�P�a�r�e�n�t�_�)
�{
�}

�p�r�i�v�a�t�e�:
�P�a�r�e�n�t�* �m�y�P�a�r�e�n�t�;

�}�;

�c�l�a�s�s �P�a�r�e�n�t �: �b�o�o�s�t�:�:�n�o�n�c�o�p�y�a�b�l�e
�{
�p�u�b�l�i�c�:
�P�a�r�e�n�t�(�)

�: �m�y�C�h�i�l�d�(�n�e�w �C�h�i�l�d�(�t�h�i�s�)�)
�{
�}

�p�r�i�v�a�t�e�:
�b�o�o�s�t�:�:�s�c�o�p�e�d�_�p�t�r�<�C�h�i�l�d�> �m�y�C�h�i�l�d�;

�}�;

���
ë�ƒ�ñ!�9�Ï�� �$�I�J�M�E�¥�·�Œ�‚�?�„
]�ó�“�¸���Ž�5�¯�–�µ	V�?���C	b�Ç�·�Œ�b

�Â�T �1�B�S�F�O�U�Ð �$�I�J�M�E�¥3���ù�M�º�ÿ	ë���ü�1
•�P�B�t��

�c�l�a�s�s �P�a�r�e�n�t�;
�t�y�p�e�d�e�f �b�o�o�s�t�:�:�s�h�a�r�e�d�_�p�t�r�<�P�a�r�e�n�t�> �P�a�r�e�n�t�P�t�r�;

�c�l�a�s�s �C�h�i�l�d �: �b�o�o�s�t�:�:�n�o�n�c�o�p�y�a�b�l�e
�{
�p�u�b�l�i�c�:
�e�x�p�l�i�c�i�t �C�h�i�l�d�(�c�o�n�s�t �P�a�r�e�n�t�P�t�r�& �m�y�P�a�r�e�n�t�_�)

�: �m�y�P�a�r�e�n�t�(�m�y�P�a�r�e�n�t�_�)
�{
�}

�p�r�i�v�a�t�e�:
�b�o�o�s�t�:�:�w�e�a�k�_�p�t�r�<�P�a�r�e�n�t�> �m�y�P�a�r�e�n�t�;

�}�;
�t�y�p�e�d�e�f �b�o�o�s�t�:�:�s�h�a�r�e�d�_�p�t�r�<�C�h�i�l�d�> �C�h�i�l�d�P�t�r�;

�$���� �ý�ñL�l�Ü���� �C�Z�ç« �w�w�w�.�c�h�e�n�s�h�u�o�.�c�o�m



���� �´�Ô�l�Ð”	����` ������

�c�l�a�s�s �P�a�r�e�n�t �: �p�u�b�l�i�c �b�o�o�s�t�:�:�e�n�a�b�l�e�_�s�h�a�r�e�d�_�f�r�o�m�_�t�h�i�s�<�P�a�r�e�n�t�>�,
�p�r�i�v�a�t�e �b�o�o�s�t�:�:�n�o�n�c�o�p�y�a�b�l�e

�{
�p�u�b�l�i�c�:
�P�a�r�e�n�t�(�)
�{
�}

�v�o�i�d �a�d�d�C�h�i�l�d�(�)
�{

�m�y�C�h�i�l�d�.�r�e�s�e�t�(�n�e�w �C�h�i�l�d�(�s�h�a�r�e�d�_�f�r�o�m�_�t�h�i�s�(�)�)�)�;
�}

�p�r�i�v�a�t�e�:
�C�h�i�l�d�P�t�r �m�y�C�h�i�l�d�;

�}�;

�i�n�t �m�a�i�n�(�)
�{

�P�a�r�e�n�t�P�t�r �p�(�n�e�w �P�a�r�e�n�t�)�;
�p�-�>�a�d�d�C�h�i�l�d�(�)�;

�}

�
ë�ƒ�ñ �T�I�B�S�F�E�@�Q�U�S���X�F�B�L�@�Q�U�S�¥�S�E»�¬�µ�Ä�l�5�v�S�b

	I
n�B�ñ�±�¯���B�Ä�¥���`���˜�� �B �$�I�J�M�E �I�B�T �Q�B�S�F�O�U�T�� �N�P�N �B�O�E �E�B�E�� �B �1�B�S�F�O�U

�I�B�T �P�O�F �P�S �N�P�S�F �$�I�J�M�E�	�S�F�O�
�� �B �1�B�S�F�O�U �L�O�P�X�T �I�J�T���I�F�S �T�Q�P�V�T�F�S���ƒ�ñ���`���˜�¨ �+�B�W�B

�V•�B�Ä�û�‚�¯����	—�l�"�ö�ú�á
Ì�Þ�ç���`3���ù�b

�p�u�b�l�i�c �c�l�a�s�s �P�a�r�e�n�t
�{

�p�r�i�v�a�t�e �P�a�r�e�n�t �m�y�S�p�o�u�s�e�r�;
�p�r�i�v�a�t�e �A�r�r�a�y�L�i�s�t�<�C�h�i�l�d�> �m�y�C�h�i�l�d�r�e�n�;

�}

�p�u�b�l�i�c �c�l�a�s�s �C�h�i�l�d
�{

�p�r�i�v�a�t�e �P�a�r�e�n�t �m�y�M�o�m�;
�p�r�i�v�a�t�e �P�a�r�e�n�t �m�y�D�a�d�;

�}

�Â�T�¨ �$���� 	ŸL�C���Â�…�Œ�?�E
ç���C	b�Ç�·�Œ���]H�E
ç���C�=�i�„
P�;�$�¹�ù

�T�I�B�S�F�E�@�Q�U�S�Ü
Š�·�Œ���Ð�¹�´�Ô�l���á
Ì�ü�‚�¨�„�•�ƒ
��ñ�Ù�5
���

�c�l�a�s�s �P�a�r�e�n�t�;
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�}�;
�t�y�p�e�d�e�f �b�o�o�s�t�:�:�s�h�a�r�e�d�_�p�t�r�<�C�h�i�l�d�> �C�h�i�l�d�P�t�r�;

�c�l�a�s�s �P�a�r�e�n�t �: �b�o�o�s�t�:�:�n�o�n�c�o�p�y�a�b�l�e
�{
�p�u�b�l�i�c�:
�P�a�r�e�n�t�(�)
�{
�}

�v�o�i�d �s�e�t�S�p�o�u�s�e�r�(�c�o�n�s�t �P�a�r�e�n�t�P�t�r�& �s�p�o�u�s�e�r�)
�{

�m�y�S�p�o�u�s�e�r �= �s�p�o�u�s�e�r�;
�}

�v�o�i�d �a�d�d�C�h�i�l�d�(�c�o�n�s�t �C�h�i�l�d�P�t�r�& �c�h�i�l�d�)
�{

�m�y�C�h�i�l�d�r�e�n�.�p�u�s�h�_�b�a�c�k�(�c�h�i�l�d�)�;
�}

�p�r�i�v�a�t�e�:
�b�o�o�s�t�:�:�w�e�a�k�_�p�t�r�<�P�a�r�e�n�t�> �m�y�S�p�o�u�s�e�r�;
�s�t�d�:�:�v�e�c�t�o�r�<�C�h�i�l�d�P�t�r�> �m�y�C�h�i�l�d�r�e�n�;

�}�;

�i�n�t �m�a�i�n�(�)
�{

�P�a�r�e�n�t�P�t�r �m�o�m�(�n�e�w �P�a�r�e�n�t�)�;
�P�a�r�e�n�t�P�t�r �d�a�d�(�n�e�w �P�a�r�e�n�t�)�;
�m�o�m�-�>�s�e�t�S�p�o�u�s�e�r�(�d�a�d�)�;
�d�a�d�-�>�s�e�t�S�p�o�u�s�e�r�(�m�o�m�)�;
�{

�C�h�i�l�d�P�t�r �c�h�i�l�d�(�n�e�w �C�h�i�l�d�(�m�o�m�, �d�a�d�)�)�;
�m�o�m�-�>�a�d�d�C�h�i�l�d�(�c�h�i�l�d�)�;
�d�a�d�-�>�a�d�d�C�h�i�l�d�(�c�h�i�l�d�)�;

�}
�{

�C�h�i�l�d�P�t�r �c�h�i�l�d�(�n�e�w �C�h�i�l�d�(�m�o�m�, �d�a�d�)�)�;
�m�o�m�-�>�a�d�d�C�h�i�l�d�(�c�h�i�l�d�)�;
�d�a�d�-�>�a�d�d�C�h�i�l�d�(�c�h�i�l�d�)�;

�}
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�/�/ �C �c�o�d�e

�s�t�r�u�c�t �p�l�a�n�e�t
�{

�d�o�u�b�l�e �x�, �y�, �z�;
�d�o�u�b�l�e �v�x�, �v�y�, �v�z�;
�d�o�u�b�l�e �m�a�s�s�;

�}�;

�v�o�i�d �a�d�v�a�n�c�e�(�i�n�t �n�b�o�d�i�e�s�, �s�t�r�u�c�t �p�l�a�n�e�t �*�b�o�d�i�e�s�, �d�o�u�b�l�e �d�t�)
�{

�f�o�r �(�i�n�t �i �= �0�; �i �< �n�b�o�d�i�e�s�; �i�+�+�)
�{

�s�t�r�u�c�t �p�l�a�n�e�t �*�p�1 �= �&�(�b�o�d�i�e�s�[�i�]�)�;
�f�o�r �(�i�n�t �j �= �i �+ �1�; �j �< �n�b�o�d�i�e�s�; �j�+�+�)
�{

�s�t�r�u�c�t �p�l�a�n�e�t �*�p�2 �= �&�(�b�o�d�i�e�s�[�j�]�)�;
�d�o�u�b�l�e �d�x �= �p�1�-�>�x �- �p�2�-�>�x�;
�d�o�u�b�l�e �d�y �= �p�1�-�>�y �- �p�2�-�>�y�;
�d�o�u�b�l�e �d�z �= �p�1�-�>�z �- �p�2�-�>�z�;
�d�o�u�b�l�e �d�i�s�t�a�n�c�e�_�s�q�u�a�r�e�d �= �d�x �* �d�x �+ �d�y �* �d�y �+ �d�z �* �d�z�;
�d�o�u�b�l�e �d�i�s�t�a�n�c�e �= �s�q�r�t�(�d�i�s�t�a�n�c�e�_�s�q�u�a�r�e�d�)�;
�d�o�u�b�l�e �m�a�g �= �d�t �/ �(�d�i�s�t�a�n�c�e �* �d�i�s�t�a�n�c�e�_�s�q�u�a�r�e�d�)�;
�p�1�-�>�v�x �-�= �d�x �* �p�2�-�>�m�a�s�s �* �m�a�g�;
�p�1�-�>�v�y �-�= �d�y �* �p�2�-�>�m�a�s�s �* �m�a�g�;
�p�1�-�>�v�z �-�= �d�z �* �p�2�-�>�m�a�s�s �* �m�a�g�;
�p�2�-�>�v�x �+�= �d�x �* �p�1�-�>�m�a�s�s �* �m�a�g�;
�p�2�-�>�v�y �+�= �d�y �* �p�1�-�>�m�a�s�s �* �m�a�g�;
�p�2�-�>�v�z �+�= �d�z �* �p�1�-�>�m�a�s�s �* �m�a�g�;

�}
�}
�f�o�r �(�i�n�t �i �= �0�; �i �< �n�b�o�d�i�e�s�; �i�+�+�)
�{

�s�t�r�u�c�t �p�l�a�n�e�t �* �p �= �&�(�b�o�d�i�e�s�[�i�]�)�;
�p�-�>�x �+�= �d�t �* �p�-�>�v�x�;
�p�-�>�y �+�= �d�t �* �p�-�>�v�y�;
�p�-�>�z �+�= �d�t �* �p�-�>�v�z�;

�}
�}
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�/�/ �C�+�+ �c�o�d�e
�s�t�r�u�c�t �V�e�c�t�o�r�3
�{

�V�e�c�t�o�r�3�(�d�o�u�b�l�e �x�, �d�o�u�b�l�e �y�, �d�o�u�b�l�e �z�)
�: �x�(�x�)�, �y�(�y�)�, �z�(�z�)

�{
�}

�d�o�u�b�l�e �x�;
�d�o�u�b�l�e �y�;
�d�o�u�b�l�e �z�;

�}�;

�s�t�r�u�c�t �P�l�a�n�e�t
�{

�P�l�a�n�e�t�(�c�o�n�s�t �V�e�c�t�o�r�3�& �p�o�s�i�t�i�o�n�, �c�o�n�s�t �V�e�c�t�o�r�3�& �v�e�l�o�c�i�t�y�, �d�o�u�b�l�e �m�a�s�s�)
�: �p�o�s�i�t�i�o�n�(�p�o�s�i�t�i�o�n�)�, �v�e�l�o�c�i�t�y�(�v�e�l�o�c�i�t�y�)�, �m�a�s�s�(�m�a�s�s�)

�{
�}

�V�e�c�t�o�r�3 �p�o�s�i�t�i�o�n�;
�V�e�c�t�o�r�3 �v�e�l�o�c�i�t�y�;
�c�o�n�s�t �d�o�u�b�l�e �m�a�s�s�;

�}�;
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�C�b��

�/�/ �C�+�+ �c�o�d�e
�v�o�i�d �a�d�v�a�n�c�e�(�i�n�t �n�b�o�d�i�e�s�, �P�l�a�n�e�t�* �b�o�d�i�e�s�, �d�o�u�b�l�e �d�e�l�t�a�_�t�i�m�e�)
�{

�f�o�r �(�P�l�a�n�e�t�* �p�1 �= �b�o�d�i�e�s�; �p�1 �!�= �b�o�d�i�e�s �+ �n�b�o�d�i�e�s�; �+�+�p�1�)
�{

�f�o�r �(�P�l�a�n�e�t�* �p�2 �= �p�1 �+ �1�; �p�2 �!�= �b�o�d�i�e�s �+ �n�b�o�d�i�e�s�; �+�+�p�2�)
�{

�V�e�c�t�o�r�3 �d�i�f�f�e�r�e�n�c�e �= �p�1�-�>�p�o�s�i�t�i�o�n �- �p�2�-�>�p�o�s�i�t�i�o�n�;
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�d�o�u�b�l�e �d�i�s�t�a�n�c�e�_�s�q�u�a�r�e�d �= �m�a�g�n�i�t�u�d�e�_�s�q�u�a�r�e�d�(�d�i�f�f�e�r�e�n�c�e�)�;
�d�o�u�b�l�e �d�i�s�t�a�n�c�e �= �s�t�d�:�:�s�q�r�t�(�d�i�s�t�a�n�c�e�_�s�q�u�a�r�e�d�)�;
�d�o�u�b�l�e �m�a�g�n�i�t�u�d�e �= �d�e�l�t�a�_�t�i�m�e �/ �(�d�i�s�t�a�n�c�e �* �d�i�s�t�a�n�c�e�_�s�q�u�a�r�e�d�)�;
�p�1�-�>�v�e�l�o�c�i�t�y �-�= �d�i�f�f�e�r�e�n�c�e �* �p�2�-�>�m�a�s�s �* �m�a�g�n�i�t�u�d�e�;
�p�2�-�>�v�e�l�o�c�i�t�y �+�= �d�i�f�f�e�r�e�n�c�e �* �p�1�-�>�m�a�s�s �* �m�a�g�n�i�t�u�d�e�;

�}
�}
�f�o�r �(�P�l�a�n�e�t�* �p �= �b�o�d�i�e�s�; �p �!�= �b�o�d�i�e�s �+ �n�b�o�d�i�e�s�; �+�+�p�)
�{

�p�-�>�p�o�s�i�t�i�o�n �+�= �d�e�l�t�a�_�t�i�m�e �* �p�-�>�v�e�l�o�c�i�t�y�;
�}

�}
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planet: x y z vx vy vz mass

planet[5]: x y z vx vy vz mass x y z vx vy vz mass x y z ...

p0 p1

Vector3: x y z

Planet: position velocity mass

Vector3 Vector3

Planet[5]: position velocity mass position velocity mass position ...

P0 P1

�$���� �Ð�5�ç�l
�
� �7�F�D�U�P�S���ƒ�ñ���`��ñ�¥�=�i�ƒ	��i
À�µ�¿�M�� �1�M�B�O�F�U�¥�ƒ	�

�„ �$ �Q�M�B�O�F�U�B���B�"�� �1�M�B�O�F�U�<�>�¥�ƒ	��9�„ �$ ”�F�B�"�b


6�B�Z
ë�� �$���� �¥ �J�O�M�J�O�F�f”���ƒ	Ú�9��
�	�v�T�¨���á
Ì	V�[�b�•�¹�Ø�¨

�7�F�D�U�P�S�������P�Q�F�S�B�U�P�S�����	�
�©� �T�˜���I�r���ö3�î�„ �$ �B�"�Ú�r�¥�}
’�b

�‚^
Ä�ñ�I�ñ�Ô�ý�û�?�S�ž���46���`�¥H�©�‚�•�Y�Ÿ�?��	Ÿ	A	A �+�B�W�B�¥�=�i

�ƒ	��b

�Â�T�á
Ì�¨ �D�M�B�T�T �7�F�D�U�P�S���a �D�M�B�T�T �1�M�B�O�F�U�a �1�M�B�O�F�U�<�>�¥�ZT�•�B�ñ �+�B�W�B�ñ�¥ �/��

�C�P�E�Z�ñ�½���=�i�ƒ	��|�ö^��

�$���� �ý�ñL�l�Ü���� �C�Z�ç« �w�w�w�.�c�h�e�n�s�h�u�o�.�c�o�m



���� �´�Ô�l�Ð”	����` ������

Vector3: x y z

Planet: position velocity mass

Planet[5]: position velocity mass position velocity mass position ...

p0 p1

Vector3: hdl head x y z

Planet: hdl head pos vel mass

head x y z head x y z

Planet[5]: hdl head p0 p1 p2 p3 p4

head pos vel mass

head x y z head x y z

head pos vel mass

head x y z head x y z

Planet: Planet:
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�/�/ �C�+�+ �c�o�d�e
�B�i�g�I�n�t�e�g�e�r �f�a�c�t�o�r�i�a�l�(�i�n�t �n�)
�{

�B�i�g�I�n�t�e�g�e�r �r�e�s�u�l�t�(�1�)�;
�f�o�r �(�i�n�t �i �= �1�; �i �<�= �n�; �+�+�i�) �{

�r�e�s�u�l�t �*�= �i�;
�}
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�r�e�t�u�r�n �r�e�s�u�l�t�;
�}

�/�/ �J�a�v�a �c�o�d�e
�p�u�b�l�i�c �s�t�a�t�i�c �B�i�g�I�n�t�e�g�e�r �f�a�c�t�o�r�i�a�l�(�i�n�t �n�) �{

�B�i�g�I�n�t�e�g�e�r �r�e�s�u�l�t �= �B�i�g�I�n�t�e�g�e�r�.�O�N�E�;
�f�o�r �(�i�n�t �i �= �1�; �i �<�= �n�; �+�+�i�) �{

�r�e�s�u�l�t �= �r�e�s�u�l�t�.�m�u�l�t�i�p�l�y�(�B�i�g�I�n�t�e�g�e�r�.�v�a�l�u�e�O�f�(�i�)�)�;
�}
�r�e�t�u�r�n �r�e�s�u�l�t�;

�}
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�e�a�g�e�r �c�o�p�y �s�t�r�i�n�g �1
�/�/ �h�t�t�p�:�/�/�w�w�w�.�s�g�i�.�c�o�m�/�t�e�c�h�/�s�t�l�/�s�t�r�i�n�g

�/�/ �C�l�a�s�s �i�n�v�a�r�i�a�n�t�s�:
�/�/ �(�1�) �[�s�t�a�r�t�, �f�i�n�i�s�h�) �i�s �a �v�a�l�i�d �r�a�n�g�e�.
�/�/ �(�2�) �E�a�c�h �i�t�e�r�a�t�o�r �i�n �[�s�t�a�r�t�, �f�i�n�i�s�h�) �p�o�i�n�t�s �t�o �a �v�a�l�i�d �o�b�j�e�c�t
�/�/ �o�f �t�y�p�e �v�a�l�u�e�_�t�y�p�e�.
�/�/ �(�3�) �*�f�i�n�i�s�h �i�s �a �v�a�l�i�d �o�b�j�e�c�t �o�f �t�y�p�e �v�a�l�u�e�_�t�y�p�e�; �i�n �p�a�r�t�i�c�u�l�a�r�,
�/�/ �i�t �i�s �v�a�l�u�e�_�t�y�p�e�(�)�.
�/�/ �(�4�) �[�f�i�n�i�s�h �+ �1�, �e�n�d�_�o�f�_�s�t�o�r�a�g�e�) �i�s �a �v�a�l�i�d �r�a�n�g�e�.
�/�/ �(�5�) �E�a�c�h �i�t�e�r�a�t�o�r �i�n �[�f�i�n�i�s�h �+ �1�, �e�n�d�_�o�f�_�s�t�o�r�a�g�e�) �p�o�i�n�t�s �t�o
�/�/ �u�n�i�n�i�n�i�t�i�a�l�i�z�e�d �m�e�m�o�r�y�.

�/�/ �N�o�t�e �o�n�e �i�m�p�o�r�t�a�n�t �c�o�n�s�e�q�u�e�n�c�e�: �a �s�t�r�i�n�g �o�f �l�e�n�g�t�h �n �m�u�s�t �m�a�n�a�g�e
�/�/ �a �b�l�o�c�k �o�f �m�e�m�o�r�y �w�h�o�s�e �s�i�z�e �i�s �a�t �l�e�a�s�t �n �+ �1�.

�c�l�a�s�s �s�t�r�i�n�g
�{
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�p�u�b�l�i�c�:
�c�o�n�s�t�_�p�o�i�n�t�e�r �d�a�t�a�(�) �c�o�n�s�t �{ �r�e�t�u�r�n �s�t�a�r�t�; �}
�i�t�e�r�a�t�o�r �b�e�g�i�n�(�) �{ �r�e�t�u�r�n �s�t�a�r�t�; �}
�i�t�e�r�a�t�o�r �e�n�d�(�) �{ �r�e�t�u�r�n �f�i�n�i�s�h�; �}
�s�i�z�e�_�t�y�p�e �s�i�z�e�(�) �c�o�n�s�t�{ �r�e�t�u�r�n �f�i�n�i�s�h �- �s�t�a�r�t�; �}
�s�i�z�e�_�t�y�p�e �c�a�p�a�c�i�t�y�(�) �c�o�n�s�t �{ �r�e�t�u�r�n �e�n�d�_�o�f�_�s�t�o�r�a�g�e �- �s�t�a�r�t�; �}

�p�r�i�v�a�t�e�:
�c�h�a�r�* �s�t�a�r�t�;
�c�h�a�r�* �f�i�n�i�s�h�;
�c�h�a�r�* �e�n�d�_�o�f�_�s�t�o�r�a�g�e�;

�}�;
�e�a�g�e�r �c�o�p�y �s�t�r�i�n�g �1

CONTENT

string
start

finish

end_of_storage

size

capacity
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�e�a�g�e�r �c�o�p�y �s�t�r�i�n�g �2
�c�l�a�s�s �s�t�r�i�n�g
�{
�p�u�b�l�i�c�:
�c�o�n�s�t�_�p�o�i�n�t�e�r �d�a�t�a�(�) �c�o�n�s�t �{ �r�e�t�u�r�n �s�t�a�r�t�; �}
�i�t�e�r�a�t�o�r �b�e�g�i�n�(�) �{ �r�e�t�u�r�n �s�t�a�r�t�; �}
�i�t�e�r�a�t�o�r �e�n�d�(�) �{ �r�e�t�u�r�n �s�t�a�r�t �+ �s�i�z�e�_�; �}
�s�i�z�e�_�t�y�p�e �s�i�z�e�(�) �c�o�n�s�t�{ �r�e�t�u�r�n �s�i�z�e�_�; �}
�s�i�z�e�_�t�y�p�e �c�a�p�a�c�i�t�y�(�) �c�o�n�s�t �{ �r�e�t�u�r�n �c�a�p�a�c�i�t�y�_�; �}

�p�r�i�v�a�t�e�:
�c�h�a�r�* �s�t�a�r�t�;
�s�i�z�e�_�t �s�i�z�e�_�;
�s�i�z�e�_�t �c�a�p�a�c�i�t�y�_�;

�}�;
�e�a�g�e�r �c�o�p�y �s�t�r�i�n�g �2
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size

capacity
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capacity
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�e�a�g�e�r �c�o�p�y �s�t�r�i�n�g �3
�c�l�a�s�s �s�t�r�i�n�g
�{
�p�r�i�v�a�t�e�:
�c�h�a�r�* �s�t�a�r�t�;
�u�i�n�t�3�2�_�t �s�i�z�e�;
�u�i�n�t�3�2�_�t �c�a�p�a�c�i�t�y�;

�}�;
�e�a�g�e�r �c�o�p�y �s�t�r�i�n�g �3

CONTENT

string
start (64-bit)

size capacity

size
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�c�o�p�y�-�o�n�-�w�r�i�t�e �s�t�r�i�n�g
�c�l�a�s�s �c�o�w�_�s�t�r�i�n�g �/�/ �l�i�b�s�t�d�c�+�+�-�v�3
�{

�s�t�r�u�c�t �R�e�p
�{

�s�i�z�e�_�t �s�i�z�e�;
�s�i�z�e�_�t �c�a�p�a�c�i�t�y�;
�s�i�z�e�_�t �r�e�f�c�o�u�n�t�;
�c�h�a�r�* �d�a�t�a�[�1�]�; �/�/ �v�a�r�i�a�b�l�e �l�e�n�g�t�h

�}�;
�c�h�a�r�* �s�t�a�r�t�;

�}�;
�c�o�p�y�-�o�n�-�w�r�i�t�e �s�t�r�i�n�g
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�s�h�o�r�t�-�s�t�r�i�n�g�-�o�p�t�i�m�i�z�e�d �s�t�r�i�n�g
�c�l�a�s�s �s�s�o�_�s�t�r�i�n�g �/�/ �_�_�g�n�u�_�e�x�t�:�:�_�_�s�s�o�_�s�t�r�i�n�g
�{

�c�h�a�r�* �s�t�a�r�t�;
�s�i�z�e�_�t �s�i�z�e�;

�s�t�a�t�i�c �c�o�n�s�t �i�n�t �k�L�o�c�a�l�S�i�z�e �= �1�5�;

�u�n�i�o�n
�{

�c�h�a�r �b�u�f�f�e�r�[�k�L�o�c�a�l�S�i�z�e�+�1�]�;
�s�i�z�e�_�t �c�a�p�a�c�i�t�y�;

�} �d�a�t�a�;
�}�;
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string
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capacity
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(short)

start

size
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(long)

start

size

capacity

unused
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= 31

size

capacity
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�4�4�0 �T�U�S�J�O�H�� �������C�J�U�Ï�µ�B�ñ�l�l�¥�ª�Ä	b�W���Â�T��¸�3�˜�1 �N�B�Y�@�T�J�[�F�	�
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�¿ ���( �¥�Å���á
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���`�� �M�P�D�B�M �C�V�G�G�F�S	V�[�9�v�À ���� �3�«�b

�s�h�o�r�t�-�s�t�r�i�n�g�-�o�p�t�i�m�i�z�e�d �s�t�r�i�n�g �2
�c�l�a�s�s �s�s�o�_�s�t�r�i�n�g �/�/ �o�p�t�i�m�i�z�e�d �f�o�r �6�4�-�b�i�t
�{

�c�h�a�r�* �s�t�a�r�t�;
�u�i�n�t�3�2�_�t �s�i�z�e�;

�s�t�a�t�i�c �c�o�n�s�t �i�n�t �k�L�o�c�a�l�S�i�z�e �= �s�i�z�e�o�f�(�v�o�i�d�*�) �=�= �8 �? �1�9 �: �1�5�;

�u�n�i�o�n
�{

�c�h�a�r �b�u�f�f�e�r�[�k�L�o�c�a�l�S�i�z�e�+�1�]�;
�u�i�n�t�3�2�_�t �c�a�p�a�c�i�t�y�;

�} �d�a�t�a�;
�}�;

�s�h�o�r�t�-�s�t�r�i�n�g�-�o�p�t�i�m�i�z�e�d �s�t�r�i�n�g �2

start (64-bit)

size capacity

buffer

local buffer up to 19 bytes
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capacity

size

start

(long)
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�r�e�c�i�p�e�s�/�a�l�g�o�r�i�t�h�m�/�p�e�r�m�u�t�a�t�i�o�n�.�c�c
�� �#�i�n�c�l�u�d�e �<�a�l�g�o�r�i�t�h�m�>
�� �#�i�n�c�l�u�d�e �<�i�o�s�t�r�e�a�m�>
�� �#�i�n�c�l�u�d�e �<�i�t�e�r�a�t�o�r�>
�� �#�i�n�c�l�u�d�e �<�v�e�c�t�o�r�>
��

�� �i�n�t �m�a�i�n�(�)
�� �{
�� �i�n�t �e�l�e�m�e�n�t�s�[�] �= �{ �1�, �2�, �3�, �4 �}�;
�� �c�o�n�s�t �s�i�z�e�_�t �N �= �s�i�z�e�o�f�(�e�l�e�m�e�n�t�s�)�/�s�i�z�e�o�f�(�e�l�e�m�e�n�t�s�[�0�]�)�;

���� �s�t�d�:�:�v�e�c�t�o�r�<�i�n�t�> �v�e�c�(�e�l�e�m�e�n�t�s�, �e�l�e�m�e�n�t�s �+ �N�)�;
����

���� �i�n�t �c�o�u�n�t �= �0�;
���� �d�o
���� �{
���� �s�t�d�:�:�c�o�u�t �<�< �+�+�c�o�u�n�t �<�< �O�: �O�;
���� �s�t�d�:�:�c�o�p�y�(�v�e�c�.�b�e�g�i�n�(�)�, �v�e�c�.�e�n�d�(�)�,
���� �s�t�d�:�:�o�s�t�r�e�a�m�_�i�t�e�r�a�t�o�r�<�i�n�t�>�(�s�t�d�:�:�c�o�u�t�, �O�, �O�)�)�;
���� �s�t�d�:�:�c�o�u�t �<�< �s�t�d�:�:�e�n�d�l�;
���� �} �w�h�i�l�e �(�n�e�x�t�_�p�e�r�m�u�t�a�t�i�o�n�(�v�e�c�.�b�e�g�i�n�(�)�, �v�e�c�.�e�n�d�(�)�)�)�;
���� �}

�r�e�c�i�p�e�s�/�a�l�g�o�r�i�t�h�m�/�p�e�r�m�u�t�a�t�i�o�n�.�c�c
�����I�U�U�Q�T�������H�J�U�I�V�C���D�P�N���D�I�F�O�T�I�V�P���S�F�D�J�Q�F�T��
�����I�U�U�Q�������C�M�P�H���D�T�E�O���O�F�U���T�P�M�T�U�J�D�F���B�S�U�J�D�M�F���E�F�U�B�J�M�T����������
�����I�U�U�Q�������D�T���V�U�T�B���F�E�V�� �X�B�H�O�F�S���L�O�V�U�I��
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�1�: �1�, �2�, �3�, �4�,
�2�: �1�, �2�, �4�, �3�,
�3�: �1�, �3�, �2�, �4�,
�4�: �1�, �3�, �4�, �2�,
�5�: �1�, �4�, �2�, �3�,
�6�: �1�, �4�, �3�, �2�,
�7�: �2�, �1�, �3�, �4�,
�8�: �2�, �1�, �4�, �3�,
�9�: �2�, �3�, �1�, �4�,
�/�/ �B�� �2�4�›

	Ë»�¥�}
’�Î�?3�î���×�†
����1�Â �� �ñ �B�a �� �ñ �C�¥�†�†�†
����}
’�n �Q�F�S�N�V��

�U�B�U�J�P�O�����D�D�b{��^

�1�: �a�, �a�, �b�, �b�, �b�,
�2�: �a�, �b�, �a�, �b�, �b�,
�3�: �a�, �b�, �b�, �a�, �b�,
�4�: �a�, �b�, �b�, �b�, �a�,
�5�: �b�, �a�, �a�, �b�, �b�,
�6�: �b�, �a�, �b�, �a�, �b�,
�7�: �b�, �a�, �b�, �b�, �a�,
�8�: �b�, �b�, �a�, �a�, �b�,
�9�: �b�, �b�, �a�, �b�, �a�,
�1�0�: �b�, �b�, �b�, �a�, �a�,

�ÿ��
5!

2! � 3!
= 10
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±
^�����½
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������¿
Ä�ñ�†
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�r�e�c�i�p�e�s�/�a�l�g�o�r�i�t�h�m�/�c�o�m�b�i�n�a�t�i�o�n�.�c�c
�� �i�n�t �m�a�i�n�(�)
�� �{
�� �i�n�t �v�a�l�u�e�s�[�] �= �{ �1�, �2�, �3�, �4�, �5�, �6�, �7 �}�;

���� �i�n�t �e�l�e�m�e�n�t�s�[�] �= �{ �1�, �1�, �1�, �0�, �0�, �0�, �0 �}�;
���� �c�o�n�s�t �s�i�z�e�_�t �N �= �s�i�z�e�o�f�(�e�l�e�m�e�n�t�s�)�/�s�i�z�e�o�f�(�e�l�e�m�e�n�t�s�[�0�]�)�;
���� �a�s�s�e�r�t�(�N �=�= �s�i�z�e�o�f�(�v�a�l�u�e�s�)�/�s�i�z�e�o�f�(�v�a�l�u�e�s�[�0�]�)�)�;
���� �s�t�d�:�:�v�e�c�t�o�r�<�i�n�t�> �s�e�l�e�c�t�o�r�s�(�e�l�e�m�e�n�t�s�, �e�l�e�m�e�n�t�s �+ �N�)�;
����
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���� �i�n�t �c�o�u�n�t �= �0�;
���� �d�o
���� �{
���� �s�t�d�:�:�c�o�u�t �<�< �+�+�c�o�u�n�t �<�< �O�: �O�;
���� �f�o�r �(�s�i�z�e�_�t �i �= �0�; �i �< �s�e�l�e�c�t�o�r�s�.�s�i�z�e�(�)�; �+�+�i�)
���� �{
���� �i�f �(�s�e�l�e�c�t�o�r�s�[�i�]�)
���� �{
���� �s�t�d�:�:�c�o�u�t �<�< �v�a�l�u�e�s�[�i�] �<�< �O�, �O�;
���� �}
���� �}
���� �s�t�d�:�:�c�o�u�t �<�< �s�t�d�:�:�e�n�d�l�;
���� �} �w�h�i�l�e �(�p�r�e�v�_�p�e�r�m�u�t�a�t�i�o�n�(�s�e�l�e�c�t�o�r�s�.�b�e�g�i�n�(�)�, �s�e�l�e�c�t�o�r�s�.�e�n�d�(�)�)�)�;
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�/�/ 8
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�3�3�: �4�, �5�, �7�,
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�3�5�: �5�, �6�, �7�,
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�� �s�t�r�u�c�t �I�P�r�a�n�g�e
�� �{
�� �u�i�n�t�3�2�_�t �s�t�a�r�t�I�p�; �/�/ �i�n�c�l�u�s�i�v�e
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