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�D�é�d�i�c�a�c�e

�A� �m�o�n�p�è�r�e�,�F�a�w�z�i�,� �p�o�u�r� �s�a� �p�a�t�i�e�n�c�e�,� �s�e�s� �p�r�é�c�i�e�u�x� �c�o�n�s�e�i�l�s�,� �l�e�s� �v�a�l�e�u�r�s� �e�t� �p�r�i�n�c�i�p�e�s�q�u ��i�l� �m ��a
�é�d�u�q�u�é�s�,� �e�t� �t�o�u�s� �s�e�s� �s�a�c�r�i�f�i�c�e�s�;

�A� �m�a� �d�o�u�c�e� �m�a�m�a�n�,�H�a�d�l�a�,� �p�o�u�r� �t�o�u�t� �s�o�n� �a�m�o�u�r�,� �s�a� �t�e�n�d�r�e�s�s�e� �e�t� �s�o�n� �a�f�f�e�c�t�i�o�n� �s�a�n�s� �l�i�m�i�t�e�s�;

�A� �m�o�n�é�p�o�u�s�e�,�Z�e�i�n�a�b�,� �p�o�u�r� �s�o�n� �a�m�o�u�r�,� �s�a� �p�r�é�s�e�n�c�e� �e�t�s�o�n� �s�o�u�t�i�e�n�s�a�n�s� �f�a�i�l�l�e�,�e�t� �à� �q�u�i� �j�e
�d�o�i�s� �t�o�u�t�;

�A�m�e�s�t�r�è�s� �c�h�è�r�e�s� �f�i�l�l�e�s�,�J�a�n�a� �e�t� �N�o�u�r�p�o�u�r� �t�o�u�s� �l�e�s� �b�o�n�s� �m�o�m�e�n�t�s� �p�a�s�s�é�s� �e�n�s�e�m�b�l�e�;

�A� �m�a� �t�r�è�s� �c�h�è�r�e� �s�S�u�r�S�a�f�a�,� �p�o�u�r�t�o�u�t� �c�e� �q�u ��e�l�l�e� �a� �f�a�i�t� �p�o�u�r� �m�o�i�;

�A� �m�e�s� �f�r�è�r�e�s� �M�a�h�m�o�u�d� �e�t�A�h�m�a�d�,� �p�o�u�r� �l�e�u�r� �e�n�c�o�u�r�a�g�e�m�e�n�t�;

�A� �t�o�u�s� �c�e�u�x� �e�t� �c�e�l�l�e�s� �q�u�i� �m�e� �s�o�n�t� �c�h�e�r�s�,� �q�u�i� �o�n�t�p�a�r�t�i�c�i�p�é� �d�e� �p�r�è�s� �o�u� �d�e� �l�o�i�n� �à� �l ��a�b�o�u�t�i�s�s�e�m�e�n�t
�d�e� �c�e� �t�r�a�v�a�i�l�.





�R�e�m�e�r�c�i�e�m�e�n�t�s

�A� �D�i�e�u�,� �q�u�'�i�l� �s�o�i�t� �b�é�n�i� �e�t� �e�x�a�l�t�é�,� �n�o�u�s� �a�d�r�e�s�s�o�n�s� �l�e�s� �p�l�u�s� �c�h�a�l�e�u�r�e�u�x� �r�e�m�e�r�c�i�e�m�e�n�t�s�.� �J�a�m�a�i�s
�l�e�s� �m�o�t�s� �n�e� �p�o�u�r�r�a�i�e�n�t� �r�é�v�é�l�e�r� �c�e� �q�u�e� �n�o�u�s� �r�e�s�s�e�n�t�i�o�n�s� �e�n�v�e�r�s� �n�o�t�r�e� �c�r�é�a�t�e�u�r�.� �C�e�l�u�i� �q�u�i� �a
�v�o�u�l�u�,� �p�a�r� �s�a� �g�é�n�é�r�o�s�i�t�é�,� �c�o�u�r�o�n�n�e�r� �u�n� �l�o�n�g� �c�h�e�m�i�n� �d�'�e�n�d�u�r�a�n�c�e� �p�a�r� �l�a� �b�o�n�n�e� �r�é�u�s�s�i�t�e�.

�J�e� �t�i�e�n�s� �à� �r�e�m�e�r�c�i�e�r� �l�e� �d�i�r�e�c�t�e�u�r� �d�e� �m�a� �t�h�è�s�e�,� �l�e� �P�r�o�f�e�s�s�e�u�r� �A�d�n�a�n� �Y�A�S�S�I�N�E�,� �p�o�u�r� �s�o�n� �a�i�d�e
�i�n�e�s�t�i�m�a�b�l�e�,� �s�a� �d�i�s�p�o�n�i�b�i�l�i�t�é�,� �s�e�s� �e�n�c�o�u�r�a�g�e�m�e�n�t�s� �e�t� �s�e�s� �p�r�é�c�i�e�u�x� �c�o�n�s�e�i�l�s� �q�u�i� �o�n�t� �p�e�r�m�i�s� �d�e
�m�e�n�e�r� �à� �b�i�e�n� �c�e� �t�r�a�v�a�i�l�.

�J�'�a�d�r�e�s�s�e� �a�u�s�s�i� �m�e�s� �r�e�c�o�n�n�a�i�s�s�a�n�c�e�s� �à� �m�o�n� �e�n�c�a�d�r�e�u�r� �D�r�.� �H�a�s�s�a�n� �A�L�A�B�B�O�U�D�q�u�i�,� �d�e�p�u�i�s
�q�u�e�l�q�u�e�s� �a�n�n�é�e�s�s�e�s�c�o�n�s�e�i�l�s� �e�t�s�e�s�c�o�n�n�a�i�s�s�a�n�c�e�s� �m�'�o�n�t� �b�i�e�n� �a�i�d�é� �à� �a�v�a�n�c�e�r� �m�e�s� �t�r�a�v�a�u�x� �d�e
�r�e�c�h�e�r�c�h�e�.

�J�e� �s�o�u�h�a�i�t�e� �é�g�a�l�e�m�e�n�t� �e�x�p�r�i�m�e�r� �m�a� �g�r�a�t�i�t�u�d�e� �à� �M�o�n�s�i�e�u�r� �A�b�d�e�r�r�a�f�i�a�a� �K�O�U�K�A�M�,
�P�r�o�f�e�s�s�e�u�r� �à� �l ��U�n�i�v�e�r�s�i�t�é� �d�e� �T�e�c�h�n�o�l�o�g�i�e� �d�e� �B�e�l�f�o�r�t�-�M�o�n�t�b�é�l�i�a�r�d�,� �e�t� �M�o�n�s�i�e�u�r� �H�e�n�r�i
�B�A�S�S�O�N�,� �P�r�o�f�e�s�s�e�u�r� �à� �l ��U�n�i�v�e�r�s�i�t�é� �d�u� �L�i�t�t�o�r�a�l�- �C�ô�t�e� �d�'�O�p�a�l�e�,� �d�e� �m ��a�v�o�i�r� �f�a�i�t� �l ��h�o�n�n�e�u�r
�d ��a�c�c�e�p�t�e�r� �d�e� �r�a�p�p�o�r�t�e�r� �l�e� �t�r�a�v�a�i�l�d�e� �m�a� �t�h�è�s�e�.

�J�e� �t�i�e�n�s� �a�u�s�s�i� �à� �r�e�m�e�r�c�i�e�r� �M�m�e�.� �M�a�r�i�a�n�n�e� �D�E� �B�O�Y�S�S�O�N�- �M�a�î�t�r�e� �d�e� �C�o�n�f�é�r�e�n�c�e�s �
�U�n�i�v�e�r�s�i�t�é� �L�e� �H�a�v�r�e� �N�o�r�m�a�n�d�i�e�,� �M�o�n�s�i�e�u�r� �C�y�r�i�l� �F�O�N�L�U�P�T�,� �P�r�o�f�e�s�s�e�u�r� �à� �l ��U�n�i�v�e�r�s�i�t�é� �d�u
�L�i�t�t�o�r�a�l�- �C�ô�t�e� �d�'�O�p�a�l�e� �e�t� �M�o�n�s�i�e�u�r� �A�b�d�a�l�l�a�h� �E�L� �C�H�A�K�I�K�- �M�a�î�t�r�e� �d�e� �C�o�n�f�é�r�e�n�c�e�s� �à
�l ��U�n�i�v�e�r�s�i�t�é� �A�r�a�b�e� �d�e� �B�e�y�r�o�u�t�h�,� �p�o�u�r� �a�v�o�i�r� �a�c�c�e�p�t�é� �j�u�g�e�r� �m�o�n� �t�r�a�v�a�i�l�.

�M�e�s� �r�e�m�e�r�c�i�e�m�e�n�t�s� �v�o�n�t� �t�o�u�t� �p�a�r�t�i�c�u�l�i�è�r�e�m�e�n�t� �à�D�r�.� �H�a�m�d�i� �D�K�H�I�L� �e�t� �a�u�D�r�.� �M�o�h�a�m�a�d� �A�L
�F�A�L�O�U� �p�o�u�r�l�e�u�r�s�e�n�c�o�u�r�a�g�e�m�e�n�t�s� �c�o�n�t�i�n�u�e�l�s� �e�t� �s�e�s� �c�o�n�s�e�i�l�s� �d�e� �d�i�d�a�c�t�i�c�i�e�n� �a�v�i�s�é�.

�J�e� �v�o�u�d�r�a�i�s� �a�u�s�s�i� �e�x�p�r�i�m�e�r� �m�a� �g�r�a�t�i�t�u�d�e� �e�n�v�e�r�s� �t�o�u�s� �c�e�u�x� �q�u�i� �m�'�o�n�t� �a�c�c�o�r�d�é� �l�e�u�r� �s�o�u�t�i�e�n�,
�t�a�n�t� �p�a�r� �l�e�u�r� �g�e�n�t�i�l�l�e�s�s�e� �q�u�e� �p�a�r� �l�e�u�r� �d�é�v�o�u�e�m�e�n�t�.

�J�e� �n�e� �p�e�u�x� �n�o�m�m�e�r� �i�c�i� �t�o�u�t�e�s� �l�e�s� �p�e�r�s�o�n�n�e�s� �q�u�i� �d�e� �p�r�è�s� �o�u� �d�e� �l�o�i�n� �m�'�o�n�t� �a�i�d�é� �e�t� �e�n�c�o�u�r�a�g�é�,
�m�a�i�s� �j�e� �l�e�s� �e�n� �r�e�m�e�r�c�i�e� �v�i�v�e�m�e�n�t�.

�N�o�u�s� �v�o�u�d�r�i�o�n�s� �l�e�u�r� �a�d�r�e�s�s�e�r� �n�o�s� �r�e�m�e�r�c�i�e�m�e�n�t�s� �p�o�u�r� �n�o�u�s� �a�v�o�i�r� �é�p�a�u�l�é�s� �t�o�u�t� �l�e� �l�o�n�g� �d�e�s
�a�n�n�é�e�s� �d�'�é�t�u�d�e�s� �e�t� �p�o�u�r� �n�e� �j�a�m�a�i�s� �m�a�n�q�u�e�r� �d�e� �n�o�u�s� �e�n�c�o�u�r�a�g�e�r� �e�t� �d�e� �n�o�u�s� �s�o�u�t�e�n�i�r�.
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�R�é�s�u�m�é

�L�e�s� �t�r�a�v�a�u�x� �p�r�é�s�e�n�t�é�s� �d�a�n�s� �c�e�t�t�e� �t�h�è�s�e� �s ��i�n�s�c�r�i�v�e�n�t� �d�a�n�s� �l�e� �c�a�d�r�e� �d�e�s� �m�é�t�h�o�d�e�s� �d ��é�v�a�c�u�a�t�i�o�n

�d�e�s� �p�o�p�u�l�a�t�i�o�n�s�.� �I�l�s�v�i�s�e�n�t� �à�é�t�u�d�i�e�r� �l�e�s� �c�a�p�a�c�i�t�é�s� �e�t� �m�o�d�é�l�i�s�e�r� �l�e� �p�r�o�b�l�è�m�e� �d ��é�v�a�c�u�a�t�i�o�n

�(�b�l�e�s�s�é�s�,�s�i�n�i�s�t�r�é�s�,� �e�n�f�a�n�t�s�,� �p�e�r�s�o�n�n�e�s� �â�g�é�e�s�,� �e�t�c�.�)� �d�a�n�s� �u�n�e� �s�i�t�u�a�t�i�o�n� �d�e� �c�r�i�s�e� �(�a�t�t�e�n�t�a�t�s

�t�e�r�r�o�r�i�s�t�e�s�,� �c�a�t�a�s�t�r�o�p�h�e�s� �n�a�t�u�r�e�l�l�e�s�,� �e�t�c�.�)� �e�t� �d�é�v�e�l�o�p�p�e�r�d�e�s� �m�é�t�h�o�d�e�s� �d ��a�i�d�e� �à� �l�a� �d�é�c�i�s�i�o�n

�t�o�u�t� �e�n�p�r�o�p�o�s�a�n�t� �u�n�e� �m�e�i�l�l�e�u�r�e� �p�l�a�n�i�f�i�c�a�t�i�o�n� �e�t�d�e�s� �p�l�a�n�s�o�p�t�i�m�a�u�x�d ��é�v�a�c�u�a�t�i�o�n�d�e�s

�p�o�p�u�l�a�t�i�o�n�s�d�e� �l�a�z�o�n�e� �d�e� �c�r�i�s�e�v�e�r�s� �l�e�s� �c�e�n�t�r�e�s� �h�o�s�p�i�t�a�l�i�e�r�s�.

�L ��o�p�t�i�m�a�l�i�t�é�e�s�t� �r�e�p�r�é�s�e�n�t�é�e� �p�a�r�u�n�e� �v�a�l�e�u�r� �m�a�x�i�m�i�s�a�n�t�o�u�m�i�n�i�m�i�s�a�n�t� �u�n�e� �f�o�n�c�t�i�o�n�f�,� �d�i�t�e

�f�o�n�c�t�i�o�n� �o�b�j�e�c�t�i�v�e�,� �o�u� �f�o�n�c�t�i�o�n�d�e� �c�o�û�t�,�o�u�p�a�r�f�o�i�s�f�o�n�c�t�i�o�n� �é�c�o�n�o�m�i�q�u�e�.

�O�n� �s�e� �t�r�o�u�v�e� �d�o�n�c� �f�a�c�e� �à� �u�n�e�c�h�a�î�n�e�l�o�g�i�s�t�i�q�u�e�«�p�a�r�t�i�c�u�l�i�è�r�e�»�q�u�i�d�é�b�u�t�e� �p�a�r� �l�a� �d�e�m�a�n�d�e

�d ��a�p�p�r�o�v�i�s�i�o�n�n�e�m�e�n�t�, �d�é�c�l�a�r�é�e �p�a�r� �l�e�s� �z�o�n�e�s�e�n� �é�t�a�t� �d�e� �c�r�i�s�e�e�t�a�d�r�e�s�s�é�e� �a�u�x� �z�o�n�e�s

�f�o�u�r�n�i�s�s�e�u�r�s�,�e�t� �q�u�i� �s�e� �t�e�r�m�i�n�e�p�a�r� �l�a� �r�é�c�e�p�t�i�o�n� �d�e� �s�u�p�p�o�r�t�e�t� �d�e�s� �m�o�y�e�n�s�d�e�m�a�n�d�é�s� �p�o�u�r

�s�a�t�i�s�f�a�i�r�e� �c�e�t�t�e� �d�e�m�a�n�d�e�.

�N�o�t�r�e� �a�p�p�r�o�c�h�e�c�o�n�s�i�d�è�r�e� �l�e� �p�r�o�b�l�è�m�e� �c�o�m�m�e� �u�n�e�c�h�a�î�n�e�l�o�g�i�s�t�i�q�u�e� �d�a�n�s� �l�a�q�u�e�l�l�e� �n�o�u�s

�a�v�o�n�s�p�l�u�s�i�e�u�r�s�z�o�n�e�s�«�f�o�u�r�n�i�s�s�e�u�r�s�» �e�t� �p�l�u�s�i�e�u�r�s� �z�o�n�e�s�«�t�e�r�m�i�n�a�l�e�s�»�.� �D�a�n�s� �c�e�t�t�e

�a�p�p�r�o�c�h�e�,�l�e� �b�u�t� �f�o�n�d�a�m�e�n�t�a�l� �e�s�t� �d ��a�s�s�u�r�e�r�l�e� �t�r�a�n�s�p�o�r�t� �d�e�s� �b�i�e�n�s� �d ��u�n�e�o�u� �d�e� �p�l�u�s�i�e�u�r�s� �z�o�n�e�s

�f�o�u�r�n�i�s�s�e�u�r�s� �v�e�r�s� �u�n�e�o�u� �p�l�u�s�i�e�u�r�s� �z�o�n�e�s� �t�e�r�m�i�n�a�l�e�s� �g�é�o�g�r�a�p�h�i�q�u�e�m�e�n�t� �s�é�p�a�r�é�e�s�.

�N�o�t�r�e� �t�r�a�v�a�i�l�c�o�n�s�i�s�t�e� �à� �r�é�s�o�u�d�r�e� �l�e� �p�r�o�b�l�è�m�e� �d ��é�v�a�c�u�a�t�i�o�n�d�e� �b�l�e�s�s�é�s�d�a�n�s� �d�e�s� �z�o�n�e�s� �d�e� �c�r�i�s�e

�a�v�e�c� �u�n�e�n�o�u�v�e�l�l�e� �v�i�s�i�o�n� �q�u�i� �c�o�n�s�i�s�t�e�à� �o�p�t�i�m�i�s�e�r� �l�e� �t�e�m�p�s� �d�e� �t�r�a�n�s�p�o�r�t� �e�n� �l�e� �r�é�d�u�i�s�a�n�t� �a�u

�m�i�n�i�m�u�m� �e�t� �p�a�r� �c�o�n�s�é�q�u�e�n�c�e� �s�a�u�v�e�r�l�e� �m�a�x�i�m�u�m�d�e�s� �p�e�r�s�o�n�n�e�s� �t�o�u�c�h�é�e�s� �p�a�r� �c�e�t�t�e� �c�r�i�s�e

�d ��u�n�e� �f�a�ç�o�n� �d�y�n�a�m�i�q�u�e�,�e�f�f�i�c�a�c�e�e�t� �r�a�p�i�d�e� �p�o�u�r� �m�i�n�i�m�i�s�e�r�l�a� �p�e�r�t�e� �h�u�m�a�i�n�e�.

�P�o�u�r� �a�c�h�e�v�e�r� �c�e� �b�u�t�,�t�r�o�i�s�p�r�o�b�l�è�m�e�s� �s�e� �p�r�é�s�e�n�t�e�n�t� �:

· �P�r�o�b�l�è�m�e� �d ��a�f�f�e�c�t�a�t�i�o�n� �d�e�s�r�e�s�s�o�u�r�c�e�s� �(�a�m�b�u�l�a�n�c�e�s�e�t� �c�e�n�t�r�e�s� �h�o�s�p�i�t�a�l�i�e�r�s�)�a�u�x� �b�l�e�s�s�é�s�.

· �P�r�o�b�l�è�m�e� �d ��o�r�d�o�n�n�a�n�c�e�m�e�n�t�.

· �P�r�o�b�l�è�m�e� �d�e�c�a�p�a�c�i�t�é�m�a�x�i�m�a�l�e� �à� �r�e�s�p�e�c�t�e�r�.

�N�o�u�s� �p�r�o�p�o�s�o�n�s� �d�e�u�x� �a�p�p�r�o�c�h�e�s� �q�u�i� �p�e�r�m�e�t�t�e�n�t� �d�e� �r�é�s�o�u�d�r�e� �n�u�m�é�r�i�q�u�e�m�e�n�t� �c�e�s

�p�r�o�b�l�è�m�e�s�.

�L�a� �p�r�e�m�i�è�r�e� �a�p�p�r�o�c�h�e�s�u�p�p�o�s�e�q�u�e�t�o�u�s� �l�e�s� �b�l�e�s�s�é�s�s�o�n�t� �d�i�s�p�e�r�s�é�s� �d�a�n�s� �p�l�u�s�i�e�u�r�s�l�o�c�a�t�i�o�n�s�,

�g�é�o�g�r�a�p�h�i�q�u�e�m�e�n�t� �s�é�p�a�r�é�e�s�,�c�o�m�m�e� �s ��e�s�t� �p�a�s�s�é� �d�a�n�s�l ��a�t�t�a�q�u�e� �d�e� �P�a�r�i�s� �e�n� �2�0�1�5�.

�L�a� �d�e�u�x�i�è�m�e� �a�p�p�r�o�c�h�e�s�u�p�p�o�s�e�q�u�e� �l�e�s� �b�l�e�s�s�é�s�s�o�i�e�n�t�r�e�g�r�o�u�p�é�s� �d�a�n�s� �d�e�s�z�o�n�e�s�d�o�n�t� �c�h�a�c�u�n�e

�p�o�s�s�é�d�a�n�t�u�n� �d�e�g�r�é� �d�'�u�r�g�e�n�c�e� �d�i�f�f�é�r�e�n�t� �d�e� �l�'�a�u�t�r�e�.� �D�a�n�s� �c�e� �c�a�s�,�t�o�u�s�l�e�s� �b�l�e�s�s�é�s� �a�p�p�a�r�t�e�n�a�n�t

�à� �u�n�e� �m�ê�m�e� �z�o�n�e� �s�i�n�i�s�t�r�é�e� �o�n�t�l�a� �m�ê�m�e� �d�i�s�t�a�n�c�e� �d�e� �l�e�u�r� �z�o�n�e� �a�u�c�e�n�t�r�e� �h�o�s�p�i�t�a�l�i�e�r�.
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�E�n�f�i�n�,�L�e�s� �d�e�u�x� �m�o�d�è�l�e�s� �o�n�t� �é�t�é� �r�é�s�o�l�u�s� �p�a�r� �u�n�e� �m�é�t�h�o�d�e� �e�x�a�c�t�e�e�n� �u�t�i�l�i�s�a�n�t� �l�e� �l�o�g�i�c�i�e�l

�C�P�L�E�X�e�t� �p�a�r� �u�n� �a�l�g�o�r�i�t�h�m�e� �h�y�b�r�i�d�e�c�o�m�b�i�n�a�n�t� �l�a� �m�é�t�h�o�d�e� �d�e�l�a�r�e�c�h�e�r�c�h�e� �T�a�b�u �e�t

�l ��a�l�g�o�r�i�t�h�m�e� �G�R�A�S�P�.� �C�e�t�a�l�g�o�r�i�t�h�m�e�h�y�b�r�i�d�e�p�r�o�p�o�s�é�e�s�t�a�p�p�e�l�é�(�T�S�-�G�R�A�S�P�)�.

�C�e�s�y�s�t�è�m�e�a�i�d�e�l ��o�p�é�r�a�t�e�u�r�h�u�m�a�i�n�à�ê�t�r�e� �p�l�u�s� �e�f�f�i�c�a�c�e� �à� �p�r�e�n�d�r�e�r�a�p�i�d�e�m�e�n�t�d�e�b�o�n�n�e�s

�d�é�c�i�s�i�o�n�s�d�e�s�e�c�o�u�r�s� �d�a�n�s�d�e�s�s�i�t�u�a�t�i�o�n�s�d ��a�t�t�e�n�t�a�t�s� �a�c�c�i�d�e�n�t�e�l�s�,� �d�a�n�s�l�e�f�u�t�u�r�,� �e�t�p�r�o�m�e�t

�d ��ê�t�r�e�u�n�o�u�t�i�l�e�s�s�e�n�t�i�e�l�d ��a�i�d�e� �à� �l�a� �d�é�c�i�s�i�o�n�.



�I�n�t�r�o�d�u�c�t�i�o�n�G�é�n�é�r�a�l�e
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�I�n�t�r�o�d�u�c�t�i�o�n�G�é�n�é�r�a�l�e�:

· �C�o�n�t�e�x�t�e� �g�é�n�é�r�a�l

�A�u�j�o�u�r�d ��h�u�i�,�l�e�s� �c�r�i�s�e�s� �n�a�t�u�r�e�l�l�e�s�a�p�p�a�r�a�i�s�s�e�n�t�a�v�e�c�u�n�e�f�r�é�q�u�e�n�c�e�d�e�p�l�u�s�e�n�p�l�u�s

�é�l�e�v�é�e�, �c�e� �q�u�i� �p�r�o�v�o�q�u�e� �d�e�s� �i�n�o�n�d�a�t�i�o�n�s�, �d�e�s� �t�r�e�m�b�l�e�m�e�n�t�s� �d�e� �t�e�r�r�e�,�d�e�s�i�n�c�e�n�d�i�e�s

�c�o�n�s�i�d�é�r�a�b�l�e�s�,�d�e�s�t�s�u�n�a�m�i�s�,� �e�t�c�.� �E�n� �p�l�u�s�,� �d�e�s�c�r�i�s�e�s�a�r�t�i�f�i�c�i�e�l�l�e�s� �p�r�e�n�n�e�n�t� �l�e�u�r� �p�l�a�c�e�,� �d�u�e� �à

�p�l�u�s�i�e�u�r�s� �f�a�c�t�e�u�r�s�r�é�g�i�o�n�a�u�x�e�t� �i�n�t�e�r�n�a�t�i�o�n�a�u�x�, �p�a�r� �e�x�e�m�p�l�e�, �l�a� �c�a�t�a�s�t�r�o�p�h�e� �n�u�c�l�é�a�i�r�e� �d�e

�T�c�h�e�r�n�o�b�y�l� �e�n� �1�9�8�6�,�l�e�s� �f�u�i�t�e�s� �d�a�n�s� �l�e�s� �r�é�a�c�t�e�u�r�s� �n�u�c�l�é�a�i�r�e�s� �j�a�p�o�n�a�i�s�à� �F�u�k�u�s�h�i�m�a� �e�n� �2�0�1�1�,

�l�e�s� �a�t�t�e�n�t�a�t�s� �t�e�r�r�o�r�i�s�t�e�s�(�T�r�i�p�o�l�i�-�L�i�b�a�n�,�P�a�r�i�s�-�F�r�a�n�c�e�,�C�a�i�r�e�-�E�g�y�p�t�e�)�  &

�P�l�u�s�i�e�u�r�s�p�r�o�j�e�t�s�d�e�r�e�c�h�e�r�c�h�e�o�n�t� �é�t�é�r�é�a�l�i�s�é�s�a�f�i�n�d�e�d�é�v�e�l�o�p�p�e�r�d�e�s�o�u�t�i�l�s�d ��a�i�d�e� �à� �l�a

�d�é�c�i�s�i�o�n �d�a�n�s�d�e�s�s�i�t�u�a�t�i�o�n�s �d�e�p�o�s�t�c�a�t�a�s�t�r�o�p�h�e�e�n �z�o�n�e�u�r�b�a�i�n�e�e�t�d�e�f�o�u�r�n�i�r�d�e�s

�i�n�f�o�r�m�a�t�i�o�n�s�p�r�é�c�i�s�e�s�e�n� �t�e�m�p�s�r�é�e�l �a�u�c�e�n�t�r�e�d�e�g�e�s�t�i�o�n�e�t�a�u�x�é�q�u�i�p�e�s�d�e�s�e�c�o�u�r�s�.

�L ��e�n�s�e�m�b�l�e� �d�e�s�d�o�n�n�é�e�s�c�o�l�l�e�c�t�é�e�s�p�a�r�t�o�u�t�d�a�n�s�u�n�e�r�é�g�i�o�n� �s�i�n�i�s�t�r�é�e�f�o�r�m�e�u�n�e�b�a�s�e� �d�e

�d�o�n�n�é�e�s�s�u�r�l�a�q�u�e�l�l�e�o�n�p�e�u�t�s ��a�p�p�u�y�e�r�p�o�u�r�p�r�e�n�d�r�e�d�e�s� �d�é�c�i�s�i�o�n�s�d�e�s�e�c�o�u�r�s�e�f�f�i�c�a�c�e�s�,

�e�t� �e�n� �m�ê�m�e� �t�e�m�p�s� �r�a�p�i�d�e�s�. �A �p�a�r�t�i�r�d�e�q�u�e�l�q�u�e�s�d�o�n�n�é�e�s�, �l ��o�p�é�r�a�t�e�u�r�h�u�m�a�i�n�p�e�u�t

�f�a�c�i�l�e�m�e�n�t�p�r�e�n�d�r�e�d�e�s�d�é�c�i�s�i�o�n�s�e�f�f�i�c�a�c�e�s�e�t�e�x�a�c�t�e�s�.�M�a�i�s�a�v�e�c�u�n�t�r�è�s�g�r�a�n�d�n�o�m�b�r�e�d�e

�d�o�n�n�é�e�s�(�c ��e�s�t�l�e�c�a�s�d�a�n�s� �l�e�s�s�i�t�u�a�t�i�o�n�s �u�r�g�e�n�t�e�s�)�,�i�l �n�o�u�s�f�a�u�t�a�v�o�i�r�u�n �s�y�s�t�è�m�e

�i �n�f�o�r�m�a�t�i �q�u�e�c�a�p�a�b�l�e� �d�e�t�r�a�i�t�e�r�a�u�t�o�m�a�t�i�q�u�e�m�e�n�t�c�e�s�d�o�n�n�é�e�s�e�t� �f�a�i �r�e� �u�n� �t�r�i�e�f�f�i �c�a�c�e

�p�o�u�r� �r�é�c�o�l �t�e�r� �l�e�s� �i�n�f�o�r�m�a�t�i �o�n�s� �i �m�p�o�r�t�a�n�t�e�s�p�o�u�r�a�i�d�e�r�l ��a�g�e�n�t�h�u�m�a�i�n�à �b�i�e�n

�c�o�m�p�r�e�n�d�r�e� �l�a� �s�i�t�u�a�t�i�o�n� �e�t� �p�r�e�n�d�r�e�r�a�p�i�d�e�m�e�n�t�l�e�s� �m�e�i�l�l�e�u�r�e�s�d�é�c�i�s�i�o�n�s�d�e�s�e�c�o�u�r�s�.

�G�é�n�é�r�a�l�e�m�e�n�t�,� �a�p�r�è�s� �l�a� �d�é�c�l�a�r�a�t�i�o�n� �d�e� �l�a� �c�r�i�s�e�,� �u�n� �é�t�a�t� �d�e� �d�é�s�o�r�d�r�e�s ��a�p�p�a�r�a�i�t� �e�t� �l�e�s

�r�e�s�s�o�u�r�c�e�s� �s�o�n�t�g�é�n�é�r�a�l�e�m�e�n�t�m�a�l�d�i�s�t�r�i�b�u�é�e�s�.

�L�e�s� �t�r�a�j�e�c�t�o�i�r�e�s�s�u�i�v�i�e�s� �p�a�r� �l�e�s� �a�m�b�u�l�a�n�c�e�s�d�è�s� �l�e�u�r�s� �d�é�p�ô�t�s�j�u�s�q�u ��à�l�e�u�r�s� �d�e�s�t�i�n�a�t�i�o�n�s�s�o�n�t

�i�n�d�é�f�i�n�i�e�s�e�t� �s�u�j�e�t�s� �à� �p�l�u�s�i�e�u�r�s� �m�o�d�i�f�i�c�a�t�i�o�n�s�s�u�p�p�l�é�m�e�n�t�a�i�r�e�s�t�o�u�t�a�u� �c�o�u�r� �d�e� �l�a� �c�r�i�s�e�q�u�e�c�e

�s�o�i�t� �d�a�n�s�l�e� �c�h�o�i�x� �d�e�s�c�h�e�m�i�n�s�à� �p�a�r�c�o�u�r�i�r�,�o�u� �d�a�n�s� �l�e� �c�h�o�i�x� �d�e�l�e�u�r�s� �d�e�s�t�i�n�a�t�i�o�n�s� �(�b�l�e�s�s�é�s�,

�h�ô�p�i�t�a�u�x�)�,� �c�e� �d�é�s�o�r�d�r�e� �c�o�n�d�u�i�t� �à� �u�n�e� �p�e�r�t�e� �d�e� �t�e�m�p�s� �e�t� �à� �u�n�e� �m�a�u�v�a�i�s�e� �g�e�s�t�i�o�n� �d�e� �r�e�s�s�o�u�r�c�e�s

�v�a�l�a�b�l�e�s� �(�a�m�b�u�l�a�n�c�e�s�,� �h�ô�p�i�t�a�u�x�)� �c�e�q�u�i�a�u�g�m�e�n�t�e�n�o�t�r�e� �p�e�r�t�e�a�u� �p�l�u�s�i�e�u�r�s� �n�i�v�e�a�u�x� �s�u�r�t�o�u�t

�a�u� �n�i�v�e�a�u� �d�u� �c�o�û�t� �d�e� �f�o�n�c�t�i�o�n�n�e�m�e�n�t� �e�t� �a�u� �n�i�v�e�a�u�h�u�m�a�n�i�t�a�i�r�e� �(�p�e�r�t�e� �d�e� �l�a� �v�i�e� �d�e�s� �b�l�e�s�s�é�s�)�.

· �O�b�j�e�c�t�i�f

�L ��o�b�j�e�c�t�i�f�g�é�n�é�r�a�l�d�e�n�o�t�r�e�t�r�a�v�a�i�l� �e�s�t� �d�e� �r�é�s�o�u�d�r�e� �l�e� �p�r�o�b�l�è�m�e�i�n�t�é�g�r�é�d�e

�t�r�a�n�s�p�o�r�t�/�a�l�l�o�c�a�t�i�o�n�d�e� �b�l�e�s�s�é�s�,�d�a�n�s� �l�e�s� �c�a�s� �l�e�s� �p�l�u�s� �d�i�f�f�i�c�i�l�e�s�,� �p�o�u�r� �m�i�n�i�m�i�s�e�r� �a�u� �m�a�x�i�m�u�m

�l�a� �p�e�r�t�e� �h�u�m�a�i�n�e�.

�L�e� �c�S�u�r� �d�e� �n�o�t�r�e� �t�r�a�v�a�i�l�c�o�n�s�i�s�t�e� �à�p�r�é�s�e�n�t�e�r� �u�n�e� �s�t�r�a�t�é�g�i�e�p�e�r�m�e�t�t�a�n�t� �d�e� �t�r�a�i�t�e�r�l�e�s

�p�r�o�b�l�è�m�e�s� �s�u�i�v�a�n�t�s�:

�1�. �S�e�r�v�i�r� �l�e�s� �b�l�e�s�s�é�s� �s�e�l�o�n�l�e�u�r�s� �p�r�i�o�r�i�t�é�s�(�o�r�d�o�n�n�a�n�c�e�m�e�n�t� �s�e�l�o�n� �l�e�u�r�s� �d�e�g�r�é�s
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�d ��u�r�g�e�n�c�e�)�.

�2�. �A�f�f�e�c�t�a�t�i�o�n� �o�p�t�i�m�a�l�e� �d�e�s� �a�m�b�u�l�a�n�c�e�s� �a�u�x� �b�l�e�s�s�é�s�.

�3�. �A�f�f�e�c�t�a�t�i�o�n� �o�p�t�i�m�a�l�e� �d�e�s� �b�l�e�s�s�é�s� �a�u�x�h�ô�p�i�t�a�u�x�.

�4�. �O�p�t�i�m�i�s�e�r� �l�e� �t�e�m�p�s� �d�e� �t�r�a�n�s�p�o�r�t� �g�l�o�b�a�l� �d�e� �t�o�u�t�e� �l ��o�p�é�r�a�t�i�o�n�(�é�v�a�c�u�a�t�i�o�n� �d�e� �t�o�u�s� �l�e�s

�b�l�e�s�s�é�s�)�.

�P�o�u�r� �v�é�r�i�f�i�e�r� �e�t� �v�a�l�i�d�e�r�n�o�t�r�e�m�o�d�è�l�e�m�a�t�h�é�m�a�t�i�q�u�e�, �n�o�u�s� �l ��a�v�o�n�s�a�p�p�l�i�q�u�é�e�t� �t�e�s�t�é� �s�u�r

�d�i�f�f�é�r�e�n�t�s�s�c�é�n�a�r�i�o�s�d ��a�f�f�e�c�t�a�t�i�o�n�d�e�s� �b�l�e�s�s�é�s� �(�a�v�e�c�d�i�f�f�é�r�e�n�t�s�n�o�m�b�r�e�s�e�t� �d�i�f�f�é�r�e�n�t�e�s

�l�o�c�a�t�i�o�n�s�)�,� �d�e�s� �h�ô�p�i�t�a�u�x� �(�a�v�e�c� �d�i�f�f�é�r�e�n�t�e�s� �c�a�p�a�c�i�t�é�s�e�t�l�o�c�a�t�i�o�n�s�)� �e�t� �d ��a�m�b�u�l�a�n�c�e�s� �(�a�v�e�c

�d�i�f�f�é�r�e�n�t�e�s� �l�o�c�a�t�i�o�n�s�e�t� �d�i�f�f�é�r�e�n�t�s� �n�o�m�b�r�e�s�)�p�o�u�r� �m�o�n�t�r�e�r�s�o�n� �e�f�f�i�c�a�c�i�t�é�e�t� �s�a� �r�a�p�i�d�i�t�é�d�e

�f�o�u�r�n�i�r� �u�n�e� �s�o�l�u�t�i�o�n�.

�P�l�a�n� �s�y�n�t�h�é�t�i�q�u�e� �d�e� �l�a� �t�h�è�s�e�.

�N�o�t�r�e� �t�h�è�s�e� �e�s�t�d�é�c�o�m�p�o�s�é�e� �d�e�d�e�u�x�p�a�r�t�i�e�s�.

�L�a� �p�r�e�m�i�è�r�e� �p�a�r�t�i�e�a� �p�o�u�r� �o�b�j�e�c�t�i�f� �d�e� �p�r�é�s�e�n�t�e�r� �n�o�t�r�e� �r�e�v�u�e� �d�e� �l�i�t�t�é�r�a�t�u�r�e� �q�u�i� �s�'�e�s�t

�p�o�r�t�é�e� �s�u�r� �l�e�s� �t�r�a�v�a�u�x� �a�b�o�r�d�a�n�t� �l�a� �t�o�u�r�n�é�e� �d�e� �v�é�h�i�c�u�l�e�s�,� �l�a� �c�h�a�î�n�e� �l�o�g�i�s�t�i�q�u�e�,� �l�e�s� �d�i�f�f�é�r�e�n�t�e�s

�s�t�r�a�t�é�g�i�e�s� �d�e� �r�é�s�o�l�u�t�i�o�n� �e�t� �l�e� �c�a�d�r�e� �c�o�n�c�e�p�t�u�e�l� �d�e� �n�o�t�r�e� �r�e�c�h�e�r�c�h�e�.� �E�l�l�e� �e�s�t� �d�i�v�i�s�é�e� �e�n� �d�e�u�x

�c�h�a�p�i�t�r�e�s� �:

�L�e� �p�r�e�m�i�e�r� �c�h�a�p�i�t�r�e�(�c�h�a�p�i�t�r�e�1�) �p�r�é�s�e�n�t�e� �l�a�c�h�a�î�n�e�l�o�g�i�s�t�i�q�u�e� �e�t�s�e�s� �d�i�f�f�é�r�e�n�t�s

�p�r�o�b�l�è�m�e�s�d�e� �c�o�o�p�é�r�a�t�i�o�n�, �u�n�e� �d�e�s�c�r�i�p�t�i�o�n� �d�u�p�r�o�b�l�è�m�e� �d ��o�p�t�i�m�i�s�a�t�i�o�n�a�s�s�o�c�i�é�e�t�u�n�e

�p�r�é�s�e�n�t�a�t�i�o�n� �d�e�s� �m�é�t�h�o�d�e�s� �e�x�a�c�t�e�s�d�e� �r�é�s�o�l�u�t�i�o�n�. �E�n�s�u�i�t�e�, �d�a�n�s� �c�e� �c�h�a�p�i�t�r�e�,�o�n�p�r�é�s�e�n�t�e

�d ��u�n�e� �f�a�ç�o�n� �g�é�n�é�r�a�l�e�,�l�e�s�m�é�t�h�o�d�e�s�h�e�u�r�i�s�t�i�q�u�e�s� �e�t�m�é�t�a�-�h�e�u�r�i�s�t�i�q�u�e�s�:

�E�n� �p�r�e�m�i�e�r� �l�i�e�u�,�n�o�u�s�p�r�é�s�e�n�t�o�n�s�l�e�s�a�l�g�o�r�i�t�h�m�e�s� �l�e�s� �p�l�u�s� �u�t�i�l�i�s�é�s�p�o�u�r�l�a� �r�é�s�o�l�u�t�i�o�n

�d�e�s� �p�r�o�b�l�è�m�e�s� �d ��o�p�t�i�m�i�s�a�t�i�o�n� �c�o�m�b�i�n�a�t�o�i�r�e�c�o�m�p�l�e�x�e�s�d�a�n�s�u�n�e� �c�h�a�î�n�e� �l�o�g�i�s�t�i�q�u�e�. �E�n

�s�e�c�o�n�d� �l�i�e�u�,� �n�o�u�s�p�r�é�s�e�n�t�o�n�s�l�e�s� �a�l�g�o�r�i�t�h�m�e�s� �é�v�o�l�u�t�i�f�s�.

�E�n�f�i�n� �o�n�d�é�c�r�i�t� �l ��i�m�p�o�r�t�a�n�c�e� �e�t� �l ��e�f�f�i�c�a�c�i�t�é� �d�e�s� �a�l�g�o�r�i�t�h�m�e�s� �h�y�b�r�i�d�e�s� �e�t� �l�e�u�r�s� �a�p�p�l�i�c�a�t�i�o�n�s�.

�L�e� �d�e�u�x�i�è�m�e� �c�h�a�p�i�t�r�e�(�C�h�a�p�i�t�r�e�2�)�p�o�s�i�t�i�o�n�n�e� �n�o�t�r�e� �p�r�o�b�l�è�m�e� �e�t� �l�e�s� �o�b�j�e�c�t�i�f�s� �q�u�i� �o�n�t

�m�o�t�i�v�é� �n�o�s�t�r�a�v�a�u�x� �d�e� �r�e�c�h�e�r�c�h�e�.� �E�n� �e�f�f�e�t�,� �d�a�n�s� �c�e� �c�h�a�p�i�t�r�e�,�o�n� �m�e�t� �l ��a�c�c�e�n�t� �s�u�r�l�a

�c�o�n�v�e�r�g�e�n�c�e� �d�e� �n�o�t�r�e� �a�p�p�r�o�c�h�e� �a�v�e�c� �l�a�c�h�a�î�n�e�l�o�g�i�s�t�i�q�u�e�, �a�i�n�s�i�q�u�e�l�e�s�a�p�p�o�r�t�s� �d�e�s

�a�l�g�o�r�i�t�h�m�e�s� �d�e� �r�e�c�h�e�r�c�h�e�b�a�s�é�s� �s�u�r� �l�e�s�t�o�u�r�n�é�e�s�d�e� �v�é�h�i�c�u�l�e�s�(�V�.�R�.�P�)�e�t� �(�C�.�V�.�R�.�P�)�,�e�t

�l ��o�r�d�o�n�n�a�n�c�e�m�e�n�t� �d�e�s� �v�é�h�i�c�u�l�e�s� �(�V�.�S�.�P�) �p�a�r� �r�a�p�p�o�r�t� �à� �n�o�t�r�e� �p�r�o�b�l�é�m�a�t�i�q�u�e�.� �E�n�f�i�n�,�c�e�t�t�e

�é�t�u�d�e� �j�u�s�t�i�f�i�e� �n�o�t�r�e� �c�h�o�i�x�d�e� �r�é�s�o�l�u�t�i�o�n�q�u�e� �c�e� �s�o�i�t� �a�u� �n�i�v�e�a�u�d�e� �c�o�n�c�e�p�t�i�o�n� �d�e� �l�a

�m�é�t�h�o�d�o�l�o�g�i�e� �d�e� �d�é�v�e�l�o�p�p�e�m�e�n�t� �o�u� �d�a�n�s� �l ��a�p�p�l�i�c�a�t�i�o�n� �d�e�c�e�s� �m�é�t�h�o�d�e�s� �d�e� �r�e�c�h�e�r�c�h�e�.� �U�n�e

�é�t�u�d�e� �b�i�b�l�i�o�g�r�a�p�h�i�q�u�e� �d�a�n�s� �l�e� �d�o�m�a�i�n�e� �d�e� �g�e�s�t�i�o�n� �d�e� �c�r�i�s�e� �e�s�t� �é�g�a�l�e�m�e�n�t� �p�r�é�s�e�n�t�é�e�.
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�D�a�n�s�l�a�d�e�u�x�i�è�m�e�p�a�r�t�i�e�,�n�o�u�s� �p�r�é�s�e�n�t�o�n�s� �l�e�s� �r�é�s�u�l�t�a�t�s� �o�b�t�e�n�u�s� �s�u�i�t�e� �à�l�a� �m�o�d�é�l�i�s�a�t�i�o�n

�m�a�t�h�é�m�a�t�i�q�u�e� �d�e� �p�r�o�b�l�è�m�e� �d�e� �r�e�c�h�e�r�c�h�e� �t�r�a�i�t�é�e�t� �l�e�s� �m�é�t�h�o�d�e�s� �d�e� �r�é�s�o�l�u�t�i�o�n� �a�d�a�p�t�é�e�.

�D�a�n�s� �l�e� �p�r�e�m�i�e�r� �c�h�a�p�i�t�r�e� �d�e� �c�e�t�t�e� �p�a�r�t�i�e�(�C�h�a�p�i�t�r�e�3�)�,�o�n� �d�é�c�r�i�t� �n�o�t�r�e� �p�r�e�m�i�è�r�e

�a�p�p�r�o�c�h�e�,�é�t�a�p�e� �p�a�r� �é�t�a�p�e�,�t�o�u�t�e�n� �d�é�b�u�t�a�n�t� �p�a�r� �l�a� �m�o�d�é�l�i�s�a�t�i�o�n� �m�a�t�h�é�m�a�t�i�q�u�e� �d�u� �p�r�o�b�l�è�m�e

�p�u�i�s� �p�a�r� �l�a�r�é�s�o�l�u�t�i�o�n� �d�e� �c�e� �m�o�d�è�l�e� �a�v�e�c� �u�n�e�m�é�t�h�o�d�e� �e�x�a�c�t�e� �e�t� �e�n�f�i�n�l ��a�p�p�l�i�c�a�t�i�o�n� �d ��u�n�e

�m�é�t�h�o�d�e� �h�y�b�r�i�d�e� �b�a�s�é�e �s�u�r� �l�a �r�e�c�h�e�r�c�h�e�T�a�b�o�u� �e�t� �l ��a�l�g�o�r�i�t�h�m�e�(�G�R�A�S�P�) �(�G�r�e�e�d�y

�R�a�n�d�o�m�i�z�e�d� �A�d�a�p�t�i�v�e� �S�e�a�r�c�h�P�r�o�c�e�d�u�r�e�)�,� �a�p�p�e�l�é�e�(�T�S�-�G�R�A�S�P�)�.

�L�e� �s�e�c�o�n�d� �c�h�a�p�i�t�r�e� �d�e� �c�e�t�t�e� �p�a�r�t�i�e�(�C�h�a�p�i�t�r�e�4�)�,�p�r�é�s�e�n�t�e�l�a� �d�e�u�x�i�è�m�e� �a�p�p�r�o�c�h�e� �q�u�i

�r�é�s�o�u�t �u�n� �a�u�t�r�e�p�r�o�b�l�è�m�e�d�e� �t�r�a�n�s�p�o�r�t�d�a�n�s�u�n� �s�c�é�n�a�r�i�o� �d�i�f�f�é�r�e�n�t�e�t�a�v�e�c� �u�n�e� �c�o�n�c�e�p�t�i�o�n

�t�o�t�a�l�e�m�e�n�t�d�i�f�f�é�r�e�n�t�e� �d�e� �c�e�l�l�e� �r�é�s�o�l�u�e�a�v�e�c� �l�a� �p�r�e�m�i�è�r�e� �a�p�p�r�o�c�h�e�o�ù� �l�e�s� �b�l�e�s�s�é�s� �à� �t�r�a�n�s�p�o�r�t�e�r

�s�o�n�t� �r�e�g�r�o�u�p�é�s� �e�n�s�e�m�b�l�e� �d�a�n�s�p�l�u�s�i�e�u�r�s� �z�o�n�e�s� �d�i�s�t�a�n�t�e�s�. �N�o�u�s� �d�é�v�e�l�o�p�p�o�n�s� �u�n� �n�o�u�v�e�a�u

�m�o�d�è�l�e� �m�a�t�h�é�m�a�t�i�q�u�e� �r�é�s�o�l�u� �d ��a�b�o�r�d� �p�a�r� �u�n�e�m�é�t�h�o�d�e� �e�x�a�c�t�e�,�p�u�i�s� �p�a�r� �u�n�e� �a�d�a�p�t�a�t�i�o�n� �d�e

�l�a� �m�é�t�h�o�d�e� �h�y�b�r�i�d�e�(�T�S�-�G�R�A�S�P�)�.

�L�e� �m�a�n�u�s�c�r�i�t� �s�e� �t�e�r�m�i�n�e� �p�a�r� �u�n�e� �c�o�n�c�l�u�s�i�o�n� �g�é�n�é�r�a�l�e� �q�u�i� �r�é�s�u�m�e�l�e�s�t�r�o�i�s�a�p�p�r�o�c�h�e�s

�r�é�a�l�i�s�é�e�s�e�t� �p�r�o�p�o�s�e�,� �c�o�m�m�e� �p�e�r�s�p�e�c�t�i�v�e�,�u�n�e� �n�o�u�v�e�l�l�e� �c�o�n�c�e�p�t�i�o�n� �q�u�i� �r�é�s�o�u�t �l�e� �m�o�d�è�l�e

�p�r�é�s�e�n�t�é� �d�a�n�s� �l�a� �d�e�u�x�i�è�m�e� �a�p�p�r�o�c�h�e� �d ��u�n�e� �m�a�n�i�è�r�e� �t�o�t�a�l�e�m�e�n�t� �d�i�f�f�é�r�e�n�t�e�t�o�u�t� �e�n� �u�t�i�l�i�s�a�n�t

�l�e� �p�r�i�n�c�i�p�e� �d�e� �t�r�a�i�t�e�m�e�n�t� �d ��i�m�a�g�e�s�e�t�l ��h�y�b�r�i�d�a�t�i�o�n� �e�n�t�r�e� �G�R�A�S�P� �e�t� �T�S�.
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· �G�e�n�e�r�a�l� �c�o�n�t�e�x�t

�T�o�d�a�y�,� �n�a�t�u�r�a�l� �c�r�i�s�e�s� �a�p�p�e�a�r� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �f�r�e�q�u�e�n�c�y�,� �w�h�i�c�h� �c�a�u�s�e�s� �f�l�o�o�d�s�,
�e�a�r�t�h�q�u�a�k�e�s�,� �c�o�n�s�i�d�e�r�a�b�l�e� �f�i�r�e�s�,� �t�s�u�n�a�m�i�s�,� �e�t�c�.� �I�n� �a�d�d�i�t�i�o�n�,� �a�r�t�i�f�i�c�i�a�l� �c�r�i�s�e�s� �t�a�k�e� �t�h�e�i�r
�p�l�a�c�e�,� �d�u�e� �t�o� �s�e�v�e�r�a�l� �r�e�g�i�o�n�a�l� �a�n�d� �i�n�t�e�r�n�a�t�i�o�n�a�l� �f�a�c�t�o�r�s�,� �f�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �n�u�c�l�e�a�r
�d�i�s�a�s�t�e�r� �o�f� �C�h�e�r�n�o�b�y�l� �i�n� �1�9�8�6�,� �t�h�e� �l�e�a�k�s� �i�n� �t�h�e� �J�a�p�a�n�e�s�e� �n�u�c�l�e�a�r� �r�e�a�c�t�o�r�s� �i�n
�F�u�k�u�s�h�i�m�a� �i�n� �2�0�1�1�,� �t�h�e� �t�e�r�r�o�r�i�s�t� �a�t�t�a�c�k�s� �(�P�a�r�i�s�-�F�r�a�n�c�e�,� �T�r�i�p�o�l�i�-�L�e�b�a�n�o�n�,� �C�a�i�r�o�-
�E�g�y�p�t�)�E�t�c�.

�S�e�v�e�r�a�l� �r�e�s�e�a�r�c�h� �p�r�o�j�e�c�t�s� �h�a�v�e� �b�e�e�n� �c�o�n�d�u�c�t�e�d� �t�o� �d�e�v�e�l�o�p� �d�e�c�i�s�i�o�n� �s�u�p�p�o�r�t� �t�o�o�l�s� �i�n
�p�o�s�t�-�d�i�s�a�s�t�e�r� �s�i�t�u�a�t�i�o�n�s� �i�n� �u�r�b�a�n� �a�r�e�a�s� �a�n�d� �t�o� �p�r�o�v�i�d�e� �a�c�c�u�r�a�t�e� �r�e�a�l�-�t�i�m�e� �i�n�f�o�r�m�a�t�i�o�n
�t�o� �t�h�e� �m�a�n�a�g�e�m�e�n�t� �c�e�n�t�e�r� �a�n�d� �r�e�s�c�u�e� �t�e�a�m�s�.� �A�l�l� �d�a�t�a� �c�o�l�l�e�c�t�e�d�,�e�v�e�r�y�w�h�e�r�e�,�i�n� �a
�d�i�s�a�s�t�e�r� �a�r�e�a�,�f�o�r�m�s� �a� �d�a�t�a�b�a�s�e� �t�h�a�t� �c�a�n� �b�e� �r�e�l�i�e�d�o�n�u�p�o�n� �t�o� �m�a�k�e� �e�f�f�e�c�t�i�v�e� �a�n�d�,�a�t
�t�h�e� �s�a�m�e� �t�i�m�e�,�f�a�s�t� �r�e�s�c�u�e� �d�e�c�i�s�i�o�n�s�.� �F�r�o�m� �s�o�m�e� �d�a�t�a�,� �t�h�e� �h�u�m�a�n� �o�p�e�r�a�t�o�r� �c�a�n� �e�a�s�i�l�y
�m�a�k�e� �e�f�f�e�c�t�i�v�e� �a�n�d� �a�c�c�u�r�a�t�e� �d�e�c�i�s�i�o�n�s�.� �B�u�t� �w�i�t�h� �a� �v�e�r�y� �l�a�r�g�e� �a�m�o�u�n�t� �o�f� �d�a�t�a� �(�t�h�i�s� �i�s
�t�h�e� �c�a�s�e� �i�n� �u�r�g�e�n�t� �s�i�t�u�a�t�i�o�n�s�)�,� �w�e� �n�e�e�d� �t�o� �h�a�v�e� �a� �c�o�m�p�u�t�e�r� �s�y�s�t�e�m� �c�a�p�a�b�l�e�t�o
�a�u�t�o�m�a�t�i�c�a�l�l�y� �p�r�o�c�e�s�s� �t�h�i�s� �d�a�t�a� �a�n�d� �e�f�f�i�c�i�e�n�t�l�y� �s�o�r�t�s�o�u�t�i�m�p�o�r�t�a�n�t�i�n�f�o�r�m�a�t�i�o�n�t�h�a�t
�h�e�l�p�t�h�e� �h�u�m�a�n� �a�g�e�n�t�t�o�u�n�d�e�r�s�t�a�n�d� �t�h�e� �s�i�t�u�a�t�i�o�n� �a�n�d�t�o�q�u�i�c�k�l�y� �m�a�k�e� �t�h�e� �b�e�s�t� �r�e�l�i�e�f
�d�e�c�i�s�i�o�n�s�.

�G�e�n�e�r�a�l�l�y�,� �a�f�t�e�r� �t�h�e� �d�e�c�l�a�r�a�t�i�o�n� �o�f�a�c�r�i�s�i�s�,� �a� �s�t�a�t�e� �o�f� �d�i�s�o�r�d�e�r�a�p�p�e�a�r�e�d�a�n�d� �r�e�s�o�u�r�c�e�s
�a�r�e� �g�e�n�e�r�a�l�l�y� �p�o�o�r�l�y� �d�i�s�t�r�i�b�u�t�e�d�.

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

· �G�o�a�l

�T�h�e� �g�e�n�e�r�a�l� �o�b�j�e�c�t�i�v�e� �o�f� �o�u�r� �w�o�r�k� �i�s� �t�o� �s�o�l�v�e� �t�h�e� �i�n�t�e�g�r�a�t�e�d� �p�r�o�b�l�e�m� �o�f� �t�r�a�n�s�p�o�r�t� �/
�a�l�l�o�c�a�t�i�o�n� �o�f� �w�o�u�n�d�e�d�,� �i�n� �t�h�e� �m�o�s�t� �d�i�f�f�i�c�u�l�t� �c�a�s�e�s�,� �t�o� �m�i�n�i�m�i�z�e� �t�h�e� �h�u�m�a�n� �l�o�s�s�.

�T�h�e�h�e�a�r�t� �o�f� �o�u�r� �w�o�r�k� �i�s� �t�o� �p�r�e�s�e�n�t� �a� �s�t�r�a�t�e�g�y� �t�o� �a�d�d�r�e�s�s� �t�h�e� �f�o�l�l�o�w�i�n�g� �i�s�s�u�e�s�:

�1�. �S�e�r�v�e� �w�o�u�n�d�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e�i�r� �p�r�i�o�r�i�t�i�e�s� �(�s�c�h�e�d�u�l�i�n�g� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e�i�r

�d�e�g�r�e�e�s� �o�f� �u�r�g�e�n�c�y�)�.

�2�. �O�p�t�i�m�a�l� �a�s�s�i�g�n�m�e�n�t� �o�f� �a�m�b�u�l�a�n�c�e�s� �t�o� �t�h�e� �w�o�u�n�d�e�d�.

�3�. �O�p�t�i�m�a�l� �a�l�l�o�c�a�t�i�o�n� �o�f� �w�o�u�n�d�e�d� �t�o� �h�o�s�p�i�t�a�l�s�.
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�4�.�O�p�t�i�m�i�z�e� �t�h�e� �o�v�e�r�a�l�l� �t�r�a�n�s�p�o�r�t� �t�i�m�e� �o�f� �t�h�e� �e�n�t�i�r�e� �o�p�e�r�a�t�i�o�n� �(�e�v�a�c�u�a�t�i�o�n� �o�f� �a�l�l

�t�h�e� �i�n�j�u�r�e�d�)�.

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

�T�h�e�s�i�s� �S�y�n�t�h�e�t�i�c� �p�l�a�n�.

�O�u�r� �t�h�e�s�i�s� �i�s� �d�i�v�i�d�e�d� �i�n�t�o� �t�w�o� �p�a�r�t�s�.

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

�T�h�e� �f�i�r�s�t� �c�h�a�p�t�e�r�(�c�h�a�p�t�e�r� �1�)�p�r�e�s�e�n�t�s�:�t�h�e� �s�u�p�p�l�y� �c�h�a�i�n� �a�n�d� �i�t�s� �v�a�r�i�o�u�s� �c�o�o�p�e�r�a�t�i�o�n
�p�r�o�b�l�e�m�s�,� �a� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�e� �a�s�s�o�c�i�a�t�e�d� �o�p�t�i�m�i�z�a�t�i�o�n� �p�r�o�b�l�e�m� �a�n�d� �a� �p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �t�h�e
�e�x�a�c�t� �m�e�t�h�o�d�s� �o�f� �r�e�s�o�l�u�t�i�o�n�.� �T�h�e�n�,� �i�n� �t�h�i�s� �c�h�a�p�t�e�r�,� �w�e� �p�r�e�s�e�n�t�, �i�n� �a� �g�e�n�e�r�a�l� �w�a�y�,� �t�h�e
�h�e�u�r�i�s�t�i�c� �a�n�d� �m�e�t�a�-�h�e�u�r�i�s�t�i�c� �m�e�t�h�o�d�s�:

�F�i�r�s�t�,� �w�e� �p�r�e�s�e�n�t� �t�h�e� �m�o�s�t� �u�s�e�d� �a�l�g�o�r�i�t�h�m�s� �f�o�r� �s�o�l�v�i�n�g� �c�o�m�p�l�e�x� �c�o�m�b�i�n�a�t�o�r�i�a�l
�o�p�t�i�m�i�z�a�t�i�o�n� �p�r�o�b�l�e�m�s� �i�n� �a� �s�u�p�p�l�y� �c�h�a�i�n�.� �S�e�c�o�n�d�l�y�,� �w�e� �p�r�e�s�e�n�t� �t�h�e� �e�v�o�l�u�t�i�o�n�a�r�y� �a�l�g�o�r�i�t�h�m�s
�a�n�d� �f�i�n�a�l�l�y�,� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �a�n�d� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �h�y�b�r�i�d� �a�l�g�o�r�i�t�h�m�s�a�n�d� �t�h�e�i�r� �a�p�p�l�i�c�a�t�i�o�n�s
�a�r�e� �d�e�s�c�r�i�b�e�d�.

�T�h�e� �s�e�c�o�n�d� �c�h�a�p�t�e�r�(�C�h�a�p�t�e�r� �2�)�p�o�s�i�t�i�o�n�s� �o�u�r� �p�r�o�b�l�e�m� �a�n�d� �t�h�e� �o�b�j�e�c�t�i�v�e�s� �t�h�a�t
�m�o�t�i�v�a�t�e�d� �o�u�r� �r�e�s�e�a�r�c�h�.� �I�n�d�e�e�d�,� �i�n� �t�h�i�s� �c�h�a�p�t�e�r�,� �w�e� �f�o�c�u�s� �o�n� �t�h�e� �c�o�n�v�e�r�g�e�n�c�e� �o�f� �o�u�r
�a�p�p�r�o�a�c�h� �w�i�t�h� �t�h�e� �s�u�p�p�l�y� �c�h�a�i�n�,� �a�s� �w�e�l�l� �a�s� �t�h�e� �c�o�n�t�r�i�b�u�t�i�o�n�s� �o�f� �s�e�a�r�c�h� �a�l�g�o�r�i�t�h�m�s� �b�a�s�e�d�o�n
�(�V�R�P�)�,�(�C�V�R�P�)�,� �a�n�d� �(�V�S�P�)� �i�n� �r�e�l�a�t�i�o�n�w�i�t�h�o�u�r� �p�r�o�b�l�e�m�.� �F�i�n�a�l�l�y�,� �t�h�i�s� �s�t�u�d�y� �j�u�s�t�i�f�i�e�s� �o�u�r
�c�h�o�i�c�e� �o�f� �r�e�s�o�l�u�t�i�o�n�m�e�t�h�o�d�s�w�h�e�t�h�e�r� �i�t� �i�s� �a�t� �t�h�e�d�e�v�e�l�o�p�m�e�n�t� �m�e�t�h�o�d�o�l�o�g�y�c�o�n�c�e�p�t�u�a�l
�l�e�v�e�l� �o�r� �i�n� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e�s�e�r�e�s�e�a�r�c�h�m�e�t�h�o�d�s�.� �A� �b�i�b�l�i�o�g�r�a�p�h�i�c� �s�t�u�d�y� �i�n� �t�h�e� �f�i�e�l�d� �o�f
�c�r�i�s�i�s� �m�a�n�a�g�e�m�e�n�t� �i�s� �a�l�s�o� �p�r�e�s�e�n�t�e�d�.

�I�n� �t�h�e� �s�e�c�o�n�d� �p�a�r�t�,� �w�e� �p�r�e�s�e�n�t� �t�h�e� �m�a�t�h�e�m�a�t�i�c�a�l� �m�o�d�e�l�i�n�g� �o�f�o�u�r �t�r�e�a�t�e�d� �r�e�s�e�a�r�c�h
�p�r�o�b�l�e�m�,� �t�h�e� �r�e�s�o�l�u�t�i�o�n� �m�e�t�h�o�d�s� �a�n�d�t�h�e� �o�b�t�a�i�n�e�d� �r�e�s�u�l�t�s�.

�I�n� �t�h�e� �f�i�r�s�t� �c�h�a�p�t�e�r� �o�f� �t�h�i�s� �p�a�r�t�(�C�h�a�p�t�e�r� �3�)�,� �w�e� �d�e�s�c�r�i�b�e� �o�u�r� �f�i�r�s�t� �a�p�p�r�o�a�c�h�,� �s�t�e�p� �b�y
�s�t�e�p�,� �w�h�i�l�e� �b�e�g�i�n�n�i�n�g� �w�i�t�h� �t�h�e� �p�r�o�b�l�e�m� �m�a�t�h�e�m�a�t�i�c�a�l� �m�o�d�e�l�i�n�g�c�o�n�t�i�n�u�i�n�g�w�i�t�h�t�h�e
�r�e�s�o�l�u�t�i�o�n� �o�f� �t�h�i�s� �m�o�d�e�l� �w�i�t�h� �a�n� �e�x�a�c�t� �m�e�t�h�o�d�,�a�n�d�e�n�d�i�n�g� �w�i�t�h�t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �a� �h�y�b�r�i�d
�m�e�t�h�o�d� �b�a�s�e�d� �o�n� �t�h�e�s�e�q�u�e�n�t�i�a�l� �h�y�b�r�i�d�i�z�a�t�i�o�n�o�f�T�a�b�u�S�e�a�r�c�h� �a�n�d� �t�h�e� �(�G�r�e�e�d�y� �R�a�n�d�o�m�i�z�e�d
�A�d�a�p�t�i�v�e� �S�e�a�r�c�h� �P�r�o�c�e�d�u�r�e�)�(�G�R�A�S�P�)� �a�l�g�o�r�i�t�h�m�,� �c�a�l�l�e�d� �(�T�S�-�G�R�A�S�P�)�.
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�T�h�e� �s�e�c�o�n�d� �c�h�a�p�t�e�r� �o�f� �t�h�i�s� �p�a�r�t�(�C�h�a�p�t�e�r� �4�)�,� �p�r�e�s�e�n�t�s� �t�h�e� �s�e�c�o�n�d� �a�p�p�r�o�a�c�h� �t�h�a�t� �s�o�l�v�e�s
�a�n�o�t�h�e�r�o�p�t�i�m�i�z�a�t�i�o�n�p�r�o�b�l�e�m� �i�n� �a� �d�i�f�f�e�r�e�n�t� �s�c�e�n�a�r�i�o� �a�n�d� �w�i�t�h� �a� �t�o�t�a�l�l�y� �d�i�f�f�e�r�e�n�t�c�o�n�c�e�p�t
�w�h�e�r�e�w�o�u�n�d�e�d�, �s�u�b�j�e�c�t� �t�o� �r�e�s�c�u�e�,�a�r�e� �g�r�o�u�p�e�d� �t�o�g�e�t�h�e�r� �i�n� �s�e�v�e�r�a�l�d�i�s�t�a�n�t�z�o�n�e�s�.� �W�e
�d�e�v�e�l�o�p� �a� �n�e�w� �m�a�t�h�e�m�a�t�i�c�a�l� �m�o�d�e�l� �t�h�a�t� �i�s� �s�o�l�v�e�d� �b�y� �a�n� �e�x�a�c�t� �m�e�t�h�o�d�,� �a�n�d� �t�h�e�n� �b�y� �a�n
�a�d�a�p�t�a�t�i�o�n� �o�f� �t�h�e� �h�y�b�r�i�d� �m�e�t�h�o�d� �(�G�R�A�S�P�-�T�S�)�.

�T�h�e� �m�a�n�u�s�c�r�i�p�t� �e�n�d�s� �w�i�t�h� �a� �g�e�n�e�r�a�l� �c�o�n�c�l�u�s�i�o�n� �t�h�a�t� �s�u�m�m�a�r�i�z�e�s� �t�h�e� �t�h�r�e�e
�a�p�p�r�o�a�c�h�e�s� �a�n�d� �p�r�o�p�o�s�e�s�,� �a�s� �a� �p�e�r�s�p�e�c�t�i�v�e�,� �a� �n�e�w� �c�o�n�c�e�p�t�i�o�n� �t�h�a�t� �s�o�l�v�e�s� �t�h�e� �m�o�d�e�l
�p�r�e�s�e�n�t�e�d� �i�n� �t�h�e� �s�e�c�o�n�d� �a�p�p�r�o�a�c�h� �i�n� �a� �t�o�t�a�l�l�y� �d�i�f�f�e�r�e�n�t� �w�a�y� �w�h�i�l�e� �u�s�i�n�g� �t�h�e� �i�m�a�g�e
�p�r�o�c�e�s�s�i�n�g� �p�r�i�n�c�i�p�l�e� �a�n�d�t�h�e� �H�y�b�r�i�d�i�z�a�t�i�o�n� �b�e�t�w�e�e�n� �G�R�A�S�P� �a�n�d� �T�S�.
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�F�I�R�S�T� �P�A�R�T�:�L�I�T�T�E�R�A�T�U�R�E�R�E�V�U�E�A�N�D�T�H�E�S�I�S� �P�O�S�I�T�I�O�N�N�I�N�G

�T�h�i�s� �p�a�r�t� �a�i�m�s� �t�o� �p�r�e�s�e�n�t� �t�h�e�t�h�e�o�r�e�t�i�c�a�l�r�e�s�e�a�r�c�h� �f�r�a�m�e�w�o�r�k�.

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

�T�h�e� �f�i�r�s�t� �c�h�a�p�t�e�r� �r�e�p�r�e�s�e�n�t�s� �a� �b�i�b�l�i�o�g�r�a�p�h�i�c� �s�t�u�d�y� �a�n�d� �a� �s�t�a�t�e� �o�f� �t�h�e� �a�r�t� �o�f� �t�h�e� �d�i�f�f�e�r�e�n�t
�o�p�t�i�m�i�z�a�t�i�o�n�s�m�e�t�h�o�d�s� �a�n�d� �e�x�a�c�t� �r�e�s�o�l�u�t�i�o�n�s�m�e�t�h�o�d�s�u�s�e�d� �t�o� �s�o�l�v�e�c�o�m�p�l�e�x� �c�o�m�b�i�n�a�t�o�r�i�a�l
�p�r�o�b�l�e�m�s�.

�T�h�e� �s�e�c�o�n�d�c�h�a�p�t�e�r� �i�s� �d�e�v�o�t�e�d� �t�o� �t�h�e� �p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �v�a�r�i�o�u�s� �a�p�p�l�i�c�a�b�l�e� �r�e�s�o�l�u�t�i�o�n
�s�t�r�a�t�e�g�i�e�s� �d�u�r�i�n�g� �s�u�d�d�e�n� �c�r�i�s�e�s� �a�n�d� �t�o� �t�h�e� �e�x�p�l�a�n�a�t�i�o�n� �o�f� �t�h�e� �m�o�s�t� �a�d�o�p�t�e�d� �a�l�g�o�r�i�t�h�m�s� �u�n�t�i�l
�n�o�w� �f�o�r� �s�o�l�v�i�n�g� �t�r�a�n�s�p�o�r�t� �p�r�o�b�l�e�m�s� �w�i�t�h�i�n� �a� �c�r�i�s�i�s� �m�a�n�a�g�e�m�e�n�t� �s�u�p�p�l�y� �c�h�a�i�n�.� �W�e� �w�i�l�l� �a�l�s�o
�h�i�g�h�l�i�g�h�t� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� �a�p�p�r�o�x�i�m�a�t�e� �m�e�t�h�o�d�s� �a�n�d� �t�h�e�i�r� �a�p�p�l�i�c�a�t�i�o�n�s� �t�o� �o�u�r
�a�r�e�a� �o�f�r�e�s�e�a�r�c�h�,� �i�t�s� �b�e�n�e�f�i�t�s� �a�n�d� �i�t�s� �r�i�s�k�s�.
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�C�h�a�p�t�e�r�I � �P�r�e�p�a�r�a�t�i�o�n�a�n�d�g�e�n�e�r�a�l� �d�e�f�i�n�i�t�i�o�n�s

�1�.�1 �I�n�t�r�o�d�u�c�t�i�o�n

�S�i�n�c�e� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� �t�h�e� �2�0�t�h� �c�e�n�t�u�r�y�,� �t�h�e� �t�e�c�h�n�o�l�o�g�i�c�a�l� �a�d�v�a�n�c�e�m�e�n�t� �a�t� �a�l�l� �l�e�v�e�l�s
�h�a�s� �l�e�d� �t�o� �a� �h�u�g�e� �e�v�o�l�u�t�i�o�n� �i�n� �s�e�v�e�r�a�l� �s�e�c�t�o�r�s�,� �e�s�p�e�c�i�a�l�l�y� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �s�y�s�t�e�m�s�.� �I�n� �t�h�i�s
�r�e�s�e�a�r�c�h� �w�e� �w�i�l�l� �t�r�y� �t�o� �b�e�n�e�f�i�t� �f�r�o�m� �t�h�i�s� �d�e�v�e�l�o�p�m�e�n�t� �f�o�r� �t�h�e� �s�a�k�e� �o�f� �l�i�f�e� �s�a�v�i�n�g�.� �D�u�r�i�n�g� �a
�c�r�i�s�i�s�,� �w�e� �a�i�m� �t�o� �r�e�d�u�c�e� �t�h�e� �l�o�s�s� �t�o� �t�h�e� �m�i�n�i�m�u�m� �a�n�d� �h�o�p�e� �t�o� �r�e�t�u�r�n� �t�o� �t�h�e� �p�r�i�o�r� �c�r�i�s�i�s� �s�t�a�t�e
�a�s� �m�u�c�h� �a�s� �p�o�s�s�i�b�l�e�.� �T�h�e� �s�i�g�n�i�f�i�c�a�n�t� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�i�s� �t�y�p�e� �o�f� �c�o�m�p�u�t�e�r�i�z�a�t�i�o�n� �r�e�q�u�i�r�e�s
�t�h�e� �c�o�l�l�a�b�o�r�a�t�i�o�n� �a�n�d� �s�y�n�c�h�r�o�n�i�z�a�t�i�o�n� �b�e�t�w�e�e�n� �a�l�l� �t�h�e� �a�c�t�o�r�s� �a�n�d� �a�l�l� �t�h�e� �i�n�t�e�r�d�e�p�e�n�d�e�n�t
�t�a�s�k�s� �i�n� �t�h�e� �w�o�r�k� �a�r�e�a� �t�o� �a�c�h�i�e�v�e� �a� �g�l�o�b�a�l� �b�e�n�e�f�i�t�.

�S�u�p�p�l�y� �c�h�a�i�n� �i�n�t�e�g�r�a�t�i�o�n� �t�e�n�d�s� �t�o� �s�t�a�n�d�a�r�d�i�z�e� �a�n�d� �o�r�g�a�n�i�z�e� �t�h�e�r�o�u�t�i�n�g� �o�f� �i�n�t�e�r�r�e�l�a�t�e�d� �t�a�s�k�s�.

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

�T�h�i�s� �c�h�a�p�t�e�r� �p�r�e�s�e�n�t�s� �t�h�e� �c�o�n�t�e�x�t� �o�f� �o�u�r� �s�t�u�d�y� �a�n�d� �i�t�s� �r�e�l�a�t�i�o�n�s�h�i�p� �w�i�t�h� �t�h�e� �c�r�i�s�i�s

�m�a�n�a�g�e�m�e�n�t� �s�u�p�p�l�y� �c�h�a�i�n� �a�n�d� �a�p�p�r�o�x�i�m�a�t�e� �r�e�s�o�l�u�t�i�o�n� �m�e�t�h�o�d�s�.

�1�.�2 �L�o�g�i�s�t�i�c�s� �a�n�d�s�u�p�p�l�y�c�h�a�i�n

�I�n� �2�0�0�1�,� �a�c�c�o�r�d�i�n�g� �t�o� �A�k�b�a�r�i� �"�e�t�y�m�o�l�o�g�i�c�a�l�l�y�,� �t�h�e� �t�e�r�m� �l�o�g�i�s�t�i�c�s� �c�o�m�e�s� �f�r�o�m� �t�h�e

�G�r�e�e�k�"�.� �T�h�e� �d�e�f�i�n�i�t�i�o�n� �o�f� �t�h�e� �s�u�p�p�l�y� �c�h�a�i�n� �h�a�s� �e�v�o�l�v�e�d� �o�v�e�r� �t�i�m�e�.� �I�n� �t�h�e� �e�i�g�h�t�e�e�n�t�h

�c�e�n�t�u�r�y�,� �F�r�a�n�c�e� �w�a�s� �t�h�e� �f�i�r�s�t� �n�a�t�i�o�n� �t�h�a�t�,� �w�i�t�h� �t�h�e� �e�m�e�r�g�e�n�c�e� �o�f� �p�r�o�b�l�e�m�s� �o�f� �c�o�n�t�i�n�u�o�u�s

�s�u�p�p�l�y� �o�f� �m�i�l�i�t�a�r�y� �r�e�s�o�u�r�c�e�s� �(�w�e�a�p�o�n�s�,� �s�u�p�p�o�r�t�,� �f�o�o�d�,�.�.�.�)�,� �u�s�e�d� �l�o�g�i�s�t�i�c�s�.� �A�f�t�e�r� �s�e�v�e�r�a�l� �y�e�a�r�s

�t�h�i�s� �t�e�r�m� �i�s� �w�i�d�e�s�p�r�e�a�d� �i�n� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �s�e�c�t�i�o�n� �e�s�p�e�c�i�a�l�l�y� �i�n� �t�h�e� �i�n�d�u�s�t�r�i�a�l� �c�i�r�c�l�e�s� �w�i�t�h�i�n

�c�o�m�p�a�n�i�e�s�,�(�C�o�l�i�n�,� �1�9�8�1�)�,� �h�a�v�e� �p�r�o�p�o�s�e�d� �t�h�e� �f�o�l�l�o�w�i�n�g� �d�e�f�i�n�i�t�i�o�n�:� �L�o�g�i�s�t�i�c�s� �i�s� �t�h�e� �s�t�r�a�t�e�g�i�c

�p�r�o�c�e�s�s� �b�y� �w�h�i�c�h� �t�h�e� �c�o�m�p�a�n�y� �o�r�g�a�n�i�z�e�s� �a�n�d� �s�u�p�p�o�r�t�s� �h�i�s� �a�c�t�i�v�i�t�y�.� �A�s� �s�u�c�h�,� �w�e� �c�a�n

�d�e�t�e�r�m�i�n�e� �a�n�d� �m�a�n�a�g�e� �t�h�e� �r�e�l�a�t�e�d�m�a�t�e�r�i�a�l� �a�n�d� �i�n�f�o�r�m�a�t�i�o�n� �f�l�o�w�s�,�i�n�t�e�r�n�a�l� �a�n�d� �e�x�t�e�r�n�a�l�,

�u�p�s�t�r�e�a�m� �a�n�d� �d�o�w�n�s�t�r�e�a�m�.

�S�e�v�e�r�a�l� �t�y�p�e�s� �o�f� �l�o�g�i�s�t�i�c�s� �a�r�e� �a�v�a�i�l�a�b�l�e�:� �s�u�p�p�l�y� �l�o�g�i�s�t�i�c�s�,� �p�r�o�d�u�c�t�i�o�n� �l�o�g�i�s�t�i�c�s�,� �d�i�s�t�r�i�b�u�t�i�o�n

�l�o�g�i�s�t�i�c�s�,� �m�i�l�i�t�a�r�y� �l�o�g�i�s�t�i�c�s� �a�n�d� �f�i�n�a�l�l�y� �r�e�t�r�o�-�l�o�g�i�s�t�i�c�s�.
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�1�.�2�.�1�T�r�a�n�s�p�o�r�t�l�o�g�i�s�t�i�c�s

�L�o�g�i�s�t�i�c� �a�n�d� �t�r�a�n�s�p�o�r�t� �a�r�e� �c�l�o�s�e�l�y� �l�i�n�k�e�d�,� �w�e� �c�a�n� �h�a�v�e� �d�i�f�f�e�r�e�n�t� �t�y�p�e�s� �o�f� �t�r�a�n�s�p�o�r�t
�o�p�e�r�a�t�i�o�n�s� �s�u�c�h� �a�s� �c�o�m�m�o�d�i�t�y� �t�r�a�n�s�p�o�r�t�a�t�i�o�n�,� �p�a�s�s�e�n�g�e�r� �t�r�a�n�s�p�o�r�t�a�t�i�o�n�,� �r�e�l�o�c�a�t�i�o�n
�e�t�c�.

�F�o�r� �b�e�t�t�e�r�e�x�p�l�o�i�t�a�t�i�o�n�,�w�e� �c�a�n� �d�i�s�t�i�n�g�u�i�s�h�t�w�o�s�i�d�e�s�o�f� �i�n�f�o�r�m�a�t�i�o�n� �s�y�s�t�e�m�s�:

�I�. �R�e�g�u�l�a�t�o�r� �s�i�d�e�(�o�p�e�r�a�t�o�r�s�)�:

�T�h�e� �o�p�e�r�a�t�i�o�n� �g�o�e�s� �t�h�r�o�u�g�h�t�w�o�p�h�a�s�e�s�:

�a�. �P�l�a�n�n�i�n�g�:�I�t� �i�n�v�o�l�v�e�s� �d�e�s�i�g�n�i�n�g�,� �p�l�a�n�n�i�n�g� �a�n�d� �s�c�h�e�d�u�l�i�n�g� �t�r�a�n�s�p�o�r�t�a�t�i�o�n

�r�e�s�o�u�r�c�e�s

�b�. �R�e�g�u�l�a�t�i�o�n�:� �I�t� �c�o�n�s�i�s�t�s� �i�n� �r�e�f�i�n�i�n�g� �t�h�e� �s�c�h�e�d�u�l�e�s� �a�n�d� �t�h�e� �n�u�m�b�e�r� �o�f

�v�e�h�i�c�l�e�s� �a�t� �p�e�a�k� �h�o�u�r�s� �t�o� �i�m�p�r�o�v�e� �t�h�e� �q�u�a�l�i�t�y� �o�f� �s�e�r�v�i�c�e� �a�n�d� �o�p�t�i�m�i�z�e� �t�h�e

�u�s�e� �o�f� �t�h�e� �n�e�t�w�o�r�k�.

�I�I�. �C�l�i�e�n�t� �s�i�d�e�(�t�r�a�v�e�l�e�r�)�:

�I�t� �i�s� �v�e�r�y� �s�i�m�i�l�a�r� �t�o� �T�r�a�v�e�l�e�r� �S�a�l�e�s�m�a�n� �P�r�o�b�l�e�m� �(�T�.�S�.�P�)� �w�h�e�r�e� �w�e� �h�a�v�e� �i�n�t�e�r�e�s�t� �i�n
�r�e�d�u�c�t�i�o�n� �o�f�b�o�t�h� �c�o�s�t�s� �a�n�d� �t�r�a�v�e�l�i�n�g� �t�i�m�e�.

�A�t� �t�h�e� �t�r�a�n�s�p�o�r�t� �p�r�o�b�l�e�m� �l�e�v�e�l�,� �t�h�e� �s�u�p�p�l�y� �c�h�a�i�n� �a�p�p�l�i�c�a�t�i�o�n� �r�e�l�i�e�s� �o�n� �t�w�o� �t�r�a�n�s�p�o�r�t
�s�y�s�t�e�m�s�:

�A�.�H�u�m�a�n�s� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m�:

�I�t� �d�e�p�e�n�d�s� �o�n�:

�a�. �T�r�a�n�s�p�o�r�t�i�n�g� �t�o�o�l�s

ðü �I�n�f�r�a�s�t�r�u�c�t�u�r�e� �(�t�r�a�n�s�p�o�r�t�n�e�t�w�o�r�k�)�.

ðü �E�q�u�i�p�m�e�n�t�(�T�r�a�i�n�,� �b�u�s�,� �T�r�a�m�a�n�d� �c�a�r�s�)�.

�b�. �O�p�e�r�a�t�o�r�s� �w�h�o� �i�n�v�e�s�t� �a�n�d� �m�a�n�a�g�e� �t�h�e� �n�e�t�w�o�r�k�.

�c�. �T�h�e�p�a�s�s�e�n�g�e�r�s�w�h�o� �u�s�e� �t�h�i�s� �n�e�t�w�o�r�k�.

�B�.�C�o�m�m�o�d�i�t�i�e�s� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m�:

�T�h�e�y� �c�o�n�s�i�s�t� �i�n� �m�a�k�i�n�g� �a�v�a�i�l�a�b�l�e� �t�o� �t�h�e� �c�u�s�t�o�m�e�r�,�t�h�e� �q�u�a�l�i�t�y� �p�r�o�d�u�c�t�s� �i�n� �q�u�a�n�t�i�t�y
�a�n�d� �i�n� �t�h�e� �p�r�o�m�i�s�e�d� �t�i�m�e� �a�n�d� �a�t� �a�n� �e�c�o�n�o�m�i�c� �a�n�d� �c�o�m�p�e�t�i�t�i�v�e� �c�o�s�t�,� �s�u�c�h� �s�y�s�t�e�m
�i�n�c�l�u�d�e�s�:

�a�. �C�h�o�i�c�e� �o�f� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �m�o�d�e�:�R�o�a�d�s�,� �a�i�r�,�c�o�m�b�i�n�e�d�.

�b�. �C�h�o�i�c�e� �b�e�t�w�e�e�n� �a�v�a�i�l�a�b�l�e�,� �o�u�t�s�o�u�r�c�e�d� �o�r� �h�y�b�r�i�d� �t�r�a�n�s�p�o�r�t�a�t�i�o�n�.

�c�. �P�a�c�k�i�n�g� �t�y�p�e�.
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�d�. �S�t�o�c�k�m�a�n�a�g�e�m�e�n�t�.

�e�. �A�f�t�e�r� �s�a�l�e� �s�e�r�v�i�c�e�s�.

�1�.�2�.�2�C�r�i�s�i�s� �m�a�n�a�g�e�m�e�n�t�s�u�p�p�l�y�c�h�a�i�n

�C�r�i�s�i�s� �h�a�v�e� �s�e�v�e�r�a�l� �f�o�r�m�s� �t�h�e�y� �c�o�u�l�d� �b�e� �n�a�t�u�r�a�l� �(�T�s�u�n�a�m�i�,�f�l�o�o�d�s�,� �e�a�r�t�h�q�u�a�k�e� �e�t�c�.�)
�o�r� �t�r�i�g�g�e�r�e�d� �(�w�a�r�,� �n�u�c�l�e�a�r� �a�c�c�i�d�e�n�t�,� �t�e�r�r�o�r�i�s�t� �a�t�t�a�c�k�s� �e�t�c�.�)�.�C�r�i�s�i�s� �e�v�o�l�v�e�m�e�n�t�s� �c�o�u�l�d
�b�e�e�i�t�h�e�r�q�u�i�c�k� �o�r� �s�l�o�w� �d�e�p�e�n�d�i�n�g� �o�n� �c�r�i�s�i�s� �t�y�p�e� �a�n�d� �u�r�g�e�n�c�y� �d�e�g�r�e�e�.

�T�h�e� �f�a�s�t� �r�e�a�c�t�i�o�n� �i�s� �c�o�m�p�u�l�s�o�r�y� �i�n� �o�r�d�e�r� �t�o�d�e�a�l� �w�e�l�l� �w�i�t�h� �i�t�s� �c�o�n�s�e�q�u�e�n�c�e�s� �a�n�d
�r�e�t�u�r�n� �a�s� �f�a�s�t� �a�s� �p�o�s�s�i�b�l�e� �t�o� �t�h�e� �p�r�e�v�i�o�u�s� �s�t�a�t�e� �b�e�f�o�r�e� �c�r�i�s�i�s�a�n�n�o�u�n�c�e�m�e�n�t�;�a� �g�o�o�d
�m�e�t�h�o�d�o�l�o�g�y� �s�h�o�u�l�d� �b�e� �a�d�o�p�t�e�d� �f�o�r� �a�n� �e�f�f�i�c�i�e�n�t� �c�r�i�s�i�s� �m�a�n�a�g�e�m�e�n�t�.

�C�r�i�s�i�s�m�a�n�a�g�e�m�e�n�t� �i�n�c�l�u�d�e�s�:

�C�r�i�s�i�s� �p�r�e�v�e�n�t�i�o�n�:�S�o�m�e� �c�r�i�s�e�s� �c�a�n� �b�e� �p�r�e�d�i�c�t�a�b�l�e� �s�u�c�h� �a�s�d�r�o�u�g�h�t�;�f�a�m�i�n�e� �.�.�.� �T�h�e
�o�b�j�e�c�t�i�v�e� �o�f� �t�h�i�s� �s�t�e�p� �i�s� �t�o� �p�r�e�v�e�n�t� �t�h�e� �c�r�i�s�i�s� �f�r�o�m� �a�c�t�u�a�l�l�y� �h�a�p�p�e�n�i�n�g�.

�O�p�e�r�a�t�i�o�n�a�l� �r�e�s�p�o�n�s�e� �c�o�m�p�e�t�e�n�c�e�:� �I�t� �i�s� �t�h�e� �s�p�e�e�d� �o�f� �t�h�e� �r�e�f�l�e�x� �(�m�o�b�i�l�i�t�y�,� �d�e�p�l�o�y�m�e�n�t
�o�f� �t�h�e� �n�e�c�e�s�s�a�r�y�r�e�s�o�u�r�c�e�s�.�.�.�)� �t�h�e�s�e� �r�e�f�l�e�x�e�s� �m�u�s�t� �b�e� �p�l�a�n�n�e�d� �i�n� �a�d�v�a�n�c�e�.

�T�a�s�k�m�a�n�a�g�e�m�e�n�t�:�I�t� �c�o�n�c�e�r�n�s� �a�l�l� �t�h�e� �v�a�r�i�o�u�s� �s�y�n�c�h�r�o�n�i�z�e�d� �a�n�d� �w�e�l�l�-�s�e�q�u�e�n�c�e�d
�o�p�e�r�a�t�i�o�n�s� �t�h�a�t� �a�r�e� �s�e�t� �i�n� �m�o�t�i�o�n� �d�u�r�i�n�g� �t�h�e� �c�r�i�s�i�s� �w�i�t�h� �t�h�e� �a�i�m� �o�f� �r�e�s�t�o�r�i�n�g� �t�h�e
�s�i�t�u�a�t�i�o�n� �b�y� �m�i�n�i�m�i�z�i�n�g� �i�t�s� �e�f�f�e�c�t�s�.

�1�.�2�.�3�S�u�p�p�l�y�c�h�a�i�n

�T�h�e� �s�u�p�p�l�y� �c�h�a�i�n� �i�s� �d�e�f�i�n�e�d� �a�s� �t�h�e� �n�e�t�w�o�r�k� �o�f� �c�o�m�p�a�n�i�e�s� �t�h�a�t� �p�a�r�t�i�c�i�p�a�t�e�,� �u�p�s�t�r�e�a�m
�a�n�d� �d�o�w�n�s�t�r�e�a�m�,� �i�n� �t�h�e� �v�a�r�i�o�u�s� �p�r�o�c�e�s�s�e�s� �a�n�d� �a�c�t�i�v�i�t�i�e�s� �t�h�a�t� �c�r�e�a�t�e� �v�a�l�u�e� �i�n� �t�h�e� �f�o�r�m
�o�f� �p�r�o�d�u�c�t�s� �a�n�d� �s�e�r�v�i�c�e�s� �p�r�o�v�i�d�e�d� �t�o� �t�h�e� �e�n�d� �c�o�n�s�u�m�e�r�(�C�h�r�i�s�t�o�p�h�e�r�,� �L�o�g�i�s�t�i�c�s� �a�n�d
�s�u�p�p�l�y� �c�h�a�i�n� �m�a�n�a�g�m�e�n�t�,� �1�9�9�2�)�.� �T�h�u�s�,� �i�t� �c�a�n� �b�e� �d�e�f�i�n�e�d� �a�s� �a� �n�e�t�w�o�r�k� �o�f� �f�a�c�i�l�i�t�i�e�s
�t�h�a�t� �p�r�o�v�i�d�e�s� �t�h�e� �f�u�n�c�t�i�o�n�s� �o�f� �s�u�p�p�l�y�i�n�g� �r�a�w� �m�a�t�e�r�i�a�l�s�,� �t�r�a�n�s�f�o�r�m�i�n�g� �t�h�e�s�e� �r�a�w
�m�a�t�e�r�i�a�l�s� �i�n�t�o� �c�o�m�p�o�n�e�n�t�s� �a�n�d� �f�i�n�i�s�h�e�d� �p�r�o�d�u�c�t�s�,� �a�n�d� �d�i�s�t�r�i�b�u�t�i�n�g� �t�h�e� �f�i�n�i�s�h�e�d
�p�r�o�d�u�c�t� �t�o� �t�h�e� �c�u�s�t�o�m�e�r�(�B�i�l�l�i�n�g�t�o�n�,� �1�9�9�3�)�.� �T�h�e�n� �a�f�t�e�r� �a� �f�e�w� �y�e�a�r�s�(�R�.� �R�.� �L�u�m�m�u�s�,
�S�t�r�a�t�e�g�i�c� �s�u�p�p�l�y� �c�h�a�i�n� �p�l�a�n�n�i�n�g�,� �1�9�9�8�)�d�e�f�i�n�e�d� �i�t� �a�s� �a� �n�e�t�w�o�r�k� �o�f� �e�n�t�i�t�i�e�s� �t�h�r�o�u�g�h
�w�h�i�c�h� �t�h�e� �m�a�t�e�r�i�a�l� �f�l�o�w�p�a�s�s�e�s�;� �t�h�e�s�e� �e�n�t�i�t�i�e�s� �i�n�c�l�u�d�e� �s�u�p�p�l�i�e�r�s�,� �c�a�r�r�i�e�r�s�,� �a�s�s�e�m�b�l�y
�s�i�t�e�,� �d�i�s�t�r�i�b�u�t�i�o�n� �c�e�n�t�e�r�,� �r�e�t�a�i�l�e�r�s� �a�n�d� �c�u�s�t�o�m�e�r�s�.

�I�n� �f�a�c�t�,� �i�t� �b�r�i�n�g�s� �t�o�g�e�t�h�e�r� �a�p�p�r�o�a�c�h�e�s�,� �p�r�o�c�e�s�s�e�s� �a�n�d� �f�u�n�c�t�i�o�n�s� �t�h�a�t� �a�r�e� �e�s�s�e�n�t�i�a�l� �f�o�r
�r�e�d�u�c�i�n�g� �c�o�s�t�s� �a�n�d� �i�n�c�r�e�a�s�i�n�g� �i�t�s� �f�l�e�x�i�b�i�l�i�t�y� �i�n� �o�r�d�e�r� �t�o� �o�p�t�i�m�i�z�e� �i�t�s� �p�e�r�f�o�r�m�a�n�c�e�,�i�n
�o�t�h�e�r� �t�e�r�m�,�i�m�p�r�o�v�e� �t�h�e� �o�v�e�r�a�l�l� �p�r�o�d�u�c�t�i�o�n� �s�y�s�t�e�m� �a�n�d� �p�r�o�v�i�d�e� �e�f�f�e�c�t�i�v�e� �d�e�c�i�s�i�o�n
�s�u�p�p�o�r�t�.

�A�t� �a� �c�o�m�p�a�n�y�,�a�n�d�w�h�a�t�e�v�e�r� �i�t�s�d�o�m�a�i�n�o�f� �a�c�t�i�v�i�t�y�w�a�s�,� �t�h�r�e�e� �l�e�v�e�l�s� �o�f� �d�e�c�i�s�i�o�n�-
�m�a�k�i�n�g� �a�r�e� �p�r�e�s�e�n�t�e�d�:
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€ �S�t�r�a�t�e�g�i�c� �l�e�v�e�l�:�S�e�t� �o�f� �g�u�i�d�e�l�i�n�e�-�t�y�p�e� �d�e�c�i�s�i�o�n�s�m�a�k�i�n�g�a�n�d� �l�o�n�g�-�t�e�r�m� �a�c�t�i�o�n

�l�i�n�e�s�"�6� �m�o�n�t�h�s� �o�r� �m�o�r�e � �(�C�r�o�o�m�,� �2�0�0�0�)�.

€ �T�a�c�t�i�c�a�l� �l�e�v�e�l�:�A� �s�e�t� �o�f� �m�e�d�i�u�m�-�t�e�r�m� �d�e�c�i�s�i�o�n�s� �(�f�r�o�m� �a� �f�e�w� �w�e�e�k�s� �t�o� �a� �f�e�w

�m�o�n�t�h�s�)� �d�e�a�l�i�n�g� �w�i�t�h� �t�h�e� �i�s�s�u�e�s� �r�e�l�a�t�e�d� �t�o� �t�h�e� �m�a�n�a�g�e�m�e�n�t� �o�f� �c�o�m�p�a�n�y

�r�e�s�o�u�r�c�e�s� �a�v�a�i�l�a�b�l�e� �o�v�e�r� �a� �f�i�x�e�d� �h�o�r�i�z�o�n�.

€ �O�p�e�r�a�t�i�o�n�a�l� �L�e�v�e�l�:�S�e�t� �o�f� �d�a�i�l�y� �a�n�d� �w�e�e�k�l�y� �d�e�c�i�s�i�o�n�s� �g�e�n�e�r�a�t�i�n�g� �a� �d�e�t�a�i�l�e�d

�p�r�o�d�u�c�t�i�o�n� �o�r� �s�c�h�e�d�u�l�i�n�g� �p�l�a�n�,�(�J�.� �T�h�o�m�a�s�,� �1�9�9�6�)�.

�T�h�e� �h�u�m�a�n�i�t�a�r�i�a�n� �s�u�p�p�l�y� �c�h�a�i�n� �h�a�s� �t�h�e� �s�a�m�e� �o�b�j�e�c�t�i�v�e� �a�s�c�o�m�p�a�n�i�e�s� �s�u�p�p�l�y�c�h�a�i�n
�b�u�t�,� �i�n� �a� �c�o�n�t�e�x�t� �o�f� �g�r�e�a�t� �d�i�s�r�u�p�t�i�o�n�,� �i�t� �i�s� �m�o�r�e� �d�i�f�f�i�c�u�l�t� �t�o� �s�e�t� �u�p�,� �i�t�s� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s
�a�r�e� �i�d�e�n�t�i�f�i�e�d� �i�n� �f�i�v�e� �c�a�t�e�g�o�r�i�e�s�:

ðØ �T�h�e� �l�i�f�e� �c�y�c�l�e� �o�f� �t�h�e� �h�u�m�a�n�i�t�a�r�i�a�n� �o�p�e�r�a�t�i�o�n�.

ðØ �E�n�v�i�r�o�n�n�e�m�e�n�t�.

ðØ �T�h�e� �n�a�t�u�r�e� �o�f�f�l�o�w�.

ðü �P�h�y�s�i�c�a�l�f�l�o�w�s�.

ðü �I�n�f�o�r�m�a�t�i�o�n�f�l�o�w�s�.

ðØ �L�o�g�i�s�t�i�c� �n�e�t�w�o�r�k

ðØ �T�h�e�D�y�n�a�m�i�c�s

ðü �E�v�a�l�u�a�t�e� �u�r�g�e�n�t� �a�n�d� �e�s�s�e�n�t�i�a�l�n�e�e�d�s� �t�h�a�t�m�i�g�h�t� �b�e� �u�n�c�e�r�t�a�i�n�.

ðü �C�o�o�r�d�i�n�a�t�e� �t�h�e� �s�u�p�p�l�y�c�h�a�i�n

ðü �W�o�r�k� �i�n� �e�m�e�r�g�e�n�c�y� �c�o�n�d�i�t�i�o�n�s

�T�a�k�e� �i�n�t�o� �c�o�n�s�i�d�e�r�a�t�i�o�n� �t�h�a�t� �t�h�e� �p�r�o�v�i�d�e�d� �d�a�t�a� �a�r�e� �u�n�c�e�r�t�a�i�n� �a�n�d� �s�u�b�j�e�c�t� �t�o� �s�o�m�e
�s�u�b�s�e�q�u�e�n�t� �m�o�d�i�f�i�c�a�t�i�o�n�s�r�e�s�u�l�t�i�n�g� �f�r�o�m� �l�a�c�k� �o�f� �t�r�a�n�s�p�a�r�e�n�c�y�.

�M�o�d�e�l�i�n�g�:

�A�n�a�l�y�t�i�c�a�l� �m�o�d�e�l�:�S�e�t� �o�f� �m�a�t�h�e�m�a�t�i�c�a�l� �e�q�u�a�t�i�o�n�s� �t�o� �d�e�s�c�r�i�b�e� �t�h�e� �s�y�s�t�e�m�,� �n�o�t�e� �t�h�a�t� �i�t
�i�s� �n�e�c�e�s�s�a�r�y� �t�o� �m�a�k�e� �a� �c�e�r�t�a�i�n� �n�u�m�b�e�r� �o�f� �a�s�s�u�m�p�t�i�o�n�s� �a�n�d� �r�e�d�u�c�t�i�o�n�s� �f�o�r� �t�h�e
�a�n�a�l�y�t�i�c�a�l� �m�o�d�e�l� �t�o� �b�e� �s�i�m�p�l�e� �(�d�e�t�e�r�m�i�n�i�s�t�i�c� �o�r�s�t�o�c�h�a�s�t�i�c� �m�o�d�e�l�)�,� �a�n�a�l�y�t�i�c�a�l� �m�o�d�e�l�s
�a�r�e� �g�e�n�e�r�a�l�l�y� �c�o�n�t�e�n�t� �w�i�t�h� �a�s�p�e�c�t�s� �b�a�s�e�d� �o�n� �d�i�s�t�r�i�b�u�t�i�o�n� �i�n� �a� �d�y�a�d�i�c� �s�t�r�u�c�t�u�r�e�(�H�u�a�n�g�,
�T�h�e� �i�m�p�a�c�t�s� �o�f� �s�h�a�r�i�n�g� �p�r�o�d�u�c�t�i�o�n� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �s�u�p�p�l�y� �c�h�a�i�n� �d�y�n�a�m�i�c�s�:� �a� �r�e�v�i�e�w
�o�f� �t�h�e� �l�i�t�e�r�a�t�u�r�e�,� �2�0�0�3�)�.

�S�i�m�u�l�a�t�i�o�n�m�o�d�e�l�: �T�h�i�s� �m�o�d�e�l� �i�s� �u�s�e�d� �w�h�e�n� �t�h�e�r�e� �i�s� �n�o� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e
�d�i�f�f�e�r�e�n�t� �v�a�r�i�a�b�l�e�s� �o�f� �t�h�e� �s�y�s�t�e�m�.�I�t� �i�s� �b�o�t�h� �s�t�o�c�h�a�s�t�i�c� �a�n�d�d�y�n�a�m�i�c�;�t�h�e� �d�i�f�f�e�r�e�n�t
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�s�i�m�u�l�a�t�i�o�n�t�e�c�h�n�i�q�u�e�s� �o�f� �l�o�g�i�s�t�i�c� �c�h�a�i�n�s� �a�r�e� �c�l�a�s�s�i�f�i�e�d� �a�c�c�o�r�d�i�n�g� �t�o�(�M�a�r�i�a�,� �1�9�9�7�)�,� �i�n
�t�h�r�e�e�f�a�m�i�l�i�e�s�:

�a�. �S�p�r�e�a�d�s�h�e�e�t�s�i�m�u�l�a�t�i�o�n�,

�b�. �T�h�e� �s�y�s�t�e�m�s� �d�y�n�a�m�i�c�s� �a�p�p�r�o�a�c�h�,

�c�. �T�h�e� �d�i�s�c�r�e�t�e� �e�v�e�n�t�s� �a�p�p�r�o�a�c�h�,� �w�h�i�c�h� �e�d�u�c�a�t�e� �a�n�d� �t�r�a�i�n� �u�s�e�r�s� �i�n� �c�e�r�t�a�i�n� �a�s�p�e�c�t�s

�o�f� �s�u�p�p�l�y� �c�h�a�i�n� �m�a�n�a�g�e�m�e�n�t�.

�1�.�2�.�4�S�u�p�p�l�y� �c�h�a�i�n�s�t�r�u�c�t�u�r�e

�I�n� �2�0�0�1�,� �B�e�a�m�o�n� �a�n�d� �C�h�e�n� �p�r�o�p�o�s�e�d� �a� �s�t�r�u�c�t�u�r�i�n�g� �o�f� �t�h�e� �s�u�p�p�l�y� �c�h�a�i�n� �d�i�v�i�d�e�d� �i�n�t�o
�f�o�u�r� �f�a�m�i�l�i�e�s� �"�c�o�n�v�e�r�g�e�n�t�,� �d�i�v�e�r�g�e�n�t�,� �j�o�i�n�t� �a�n�d� �g�e�n�e�r�a�l�"�.

€ �T�h�e� �c�o�n�v�e�r�g�e�n�t� �c�h�a�i�n�,� �t�h�e� �m�a�t�e�r�i�a�l�s� �c�o�m�i�n�g� �f�r�o�m� �s�e�v�e�r�a�l� �s�u�p�p�l�i�e�r� �s�i�t�e�s

�c�o�n�v�e�r�g�e� �t�o�w�a�r�d�s� �a� �s�i�n�g�l�e� �d�e�s�t�i�n�a�t�i�o�n�s�i�t�e�,� �w�h�i�c�h�a�s�s�e�m�b�l�e�s� �t�h�e�m� �t�o�g�e�t�h�e�r

�l�i�k�e� �t�h�e� �c�a�s�e� �o�f� �t�h�e� �c�a�r� �b�u�i�l�d�i�n�g� �i�n�d�u�s�t�r�i�e�s�.

€ �T�h�e� �d�i�v�e�r�g�e�n�t� �c�h�a�i�n� �i�s� �t�h�e� �o�p�p�o�s�i�t�e� �o�f� �t�h�e� �c�o�n�v�e�r�g�e�n�t� �c�h�a�i�n� �w�h�e�r�e� �m�a�t�e�r�i�a�l�s

�s�t�a�r�t� �f�r�o�m� �a� �s�i�n�g�l�e� �s�o�u�r�c�e� �a�n�d� �s�h�a�r�e� �t�h�r�o�u�g�h� �t�h�e� �c�h�a�i�n�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e

�m�i�n�i�n�g� �i�n�d�u�s�t�r�y�.

€ �T�h�e� �j�o�i�n�t� �c�h�a�i�n� �i�s� �t�h�e� �u�n�i�o�n� �o�f� �a� �c�o�n�v�e�r�g�e�n�t� �c�h�a�i�n� �a�n�d� �a� �d�i�v�e�r�g�e�n�t� �c�h�a�i�n�.

€ �G�e�n�e�r�a�l� �c�h�a�i�n�s� �a�r�e� �n�e�i�t�h�e�r� �t�o�t�a�l�l�y� �c�o�n�v�e�r�g�e�n�t� �n�o�r� �t�o�t�a�l�l�y� �d�i�v�e�r�g�e�n�t�.

�1�.�2�.�5�C�o�n�t�r�o�l

�C�o�n�t�r�o�l�l�i�n�g�i�s� �a� �f�u�n�c�t�i�o�n� �t�h�a�t� �e�x�p�l�o�i�t�s� �t�h�e� �a�v�a�i�l�a�b�l�e� �r�e�s�o�u�r�c�e�s�o�f�a� �m�u�l�t�i�-�e�n�t�i�t�y
�s�u�p�p�l�y� �c�h�a�i�n�.

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

�1�.�2�.�5�.�1�C�e�n�t�r�a�l�i�z�e�d� �c�o�n�t�r�o�l�,� �c�o�n�v�e�n�t�i�o�n�a�l� �c�e�n�t�r�a�l�i�z�e�d� �s�y�s�t�e�m�s�:

�a�. �M�a�n�u�f�a�c�t�u�r�i�n�g� �R�e�s�o�u�r�c�e� �P�l�a�n�n�i�n�g�s�y�s�t�e�m�s�(�M�R�P�)�:�T�h�e�i�r� �m�a�i�n� �g�o�a�l�i�s�t�o

�p�r�o�v�i�d�e� �a�d�e�c�i�s�i�o�n� �s�u�p�p�o�r�t� �t�o�o�l�t�h�a�t�u�s�e�s� �a�n� �e�f�f�i�c�i�e�n�t� �p�l�a�n�n�i�n�g� �m�e�t�h�o�d�f�o�r�a�l�l

�r�e�s�o�u�r�c�e�s� �o�f� �a�n� �i�n�d�u�s�t�r�i�a�l� �e�n�t�e�r�p�r�i�s�e�.

�T�h�e� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�i�s� �m�e�t�h�o�d� �a�r�e�:

€ �S�t�r�a�t�e�g�i�c� �p�l�a�n�.

€ �I�n�d�u�s�t�r�i�a�l� �a�n�d� �c�o�m�m�e�r�c�i�a�l� �p�l�a�n�.
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€ �P�r�o�d�u�c�t�i�o�n� �M�a�n�a�g�e�r� �P�r�o�g�r�a�m�.

€ �C�a�l�c�u�l�a�t�i�o�n� �o�f� �n�e�e�d�s�.

€ �P�l�a�n�n�i�n�g� �o�f� �c�a�p�a�c�i�t�y� �n�e�e�d�s� �a�n�d� �m�o�n�i�t�o�r�i�n�g� �t�h�e� �e�x�e�c�u�t�i�o�n� �o�f� �p�l�a�n�s�.

�b�. �E�n�t�e�r�p�r�i�s�e�R�e�s�o�u�r�c�e�P�l�a�n�n�i�n�g�s�y�s�t�e�m�s�(�E�R�P�)�: �T�h�e�y� �a�r�e� �b�a�s�e�d� �o�n� �M�R�P� �a�n�d

�c�o�v�e�r� �s�e�v�e�r�a�l� �f�u�n�c�t�i�o�n�s�,� �a�m�o�n�g� �t�h�e�m�:

€ �R�e�l�i�a�b�l�e� �a�c�c�e�s�s� �t�o� �i�n�f�o�r�m�a�t�i�o�n�.

€ �C�e�n�t�r�a�l�i�z�a�t�i�o�n� �o�f� �d�a�t�a� �a�n�d� �s�i�m�u�l�t�a�n�e�o�u�s� �a�c�c�e�s�s�.

€ �P�r�o�p�o�s�a�l� �o�f� �E�-�C�o�m�m�e�r�c�e� �f�u�n�c�t�i�o�n�s�.

€ �S�o�m�e� �a�d�d�i�t�i�o�n�a�l� �m�o�d�u�l�e�s�.

�c�. �A�d�v�a�n�c�e�d� �P�l�a�n�n�i�n�g� �S�y�s�t�e�m� �(�A�P�S�)�:�T�h�e�i�r� �m�a�i�n� �g�o�a�l� �i�s� �t�o� �o�b�t�a�i�n� �o�p�t�i�m�i�z�e�d

�s�o�l�u�t�i�o�n�s� �a�t� �d�i�f�f�e�r�e�n�t� �d�e�c�i�s�i�o�n� �l�e�v�e�l�s�(�H�e�r�r�e�r�a�,� �2�0�1�1�)�w�h�i�l�e� �u�s�i�n�g� �d�i�f�f�e�r�e�n�t

�t�e�c�h�n�i�q�u�e�s� �a�n�d� �a�l�g�o�r�i�t�h�m�s�.

�I�n�a�d�d�i�t�i�o�n�t�o�(�E�R�P�)�,�(�A�P�S�)�p�r�o�v�i�d�e�s� �a� �s�o�l�u�t�i�o�n� �t�h�a�t� �o�p�t�i�m�i�z�e�s� �c�o�l�l�a�b�o�r�a�t�i�v�e� �w�o�r�k

�a�c�c�o�r�d�i�n�g� �t�o�p�r�e�d�e�f�i�n�e�d�o�b�j�e�c�t�i�v�e�s�.

�T�h�e� �m�a�i�n� �c�o�m�p�o�n�e�n�t�s�a�r�e� �:

€ �P�r�o�d�u�c�t�i�o�n� �p�l�a�n�n�i�n�g�.

€ �P�r�o�d�u�c�t�i�o�n�s�c�h�e�d�u�l�i�n�g�.

€ �D�i�s�t�r�i�b�u�t�i�o�n� �a�n�d� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �p�l�a�n�n�i�n�g�.

�1�.�2�.�5�.�2�E�v�a�l�u�a�t�i�o�n� �e�x�t�e�n�t� �i�n� �a�s�t�a�t�e� �o�f� �c�r�i�s�i�s

�E�v�a�l�u�a�t�i�o�n�i�s� �a�n� �e�s�s�e�n�t�i�a�l�e�l�e�m�e�n�t� �f�o�r�p�r�o�v�i�s�i�o�n�i�n�g� �e�s�t�i�m�a�t�e�d�n�e�e�d�s� �i�n� �t�h�e� �d�i�s�a�s�t�e�r
�a�r�e�a�.�A�f�t�e�r�w�a�r�d�s�,� �w�e� �c�a�n� �s�p�e�c�i�f�y� �t�h�e� �m�o�s�t� �u�r�g�e�n�t� �c�a�s�e�s� �t�o� �m�a�k�e� �i�n�t�e�r�v�e�n�t�i�o�n�,� �t�h�e
�q�u�a�l�i�t�y� �o�f� �t�h�i�s� �e�v�a�l�u�a�t�i�o�n� �i�s� �v�e�r�y� �i�m�p�o�r�t�a�n�t�,� �b�e�c�a�u�s�e� �a�l�l� �f�o�l�l�o�w�i�n�g� �i�n�t�e�r�v�e�n�t�i�o�n
�o�p�e�r�a�t�i�o�n�s� �w�i�l�l� �b�e� �h�e�a�v�i�l�y� �d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� �p�r�e�-�i�d�e�n�t�i�f�i�e�d� �s�i�t�u�a�t�i�o�n� �i�n� �t�h�e
�o�p�e�r�a�t�i�o�n�s� �f�i�e�l�d�.

�G�o�o�d� �a�s�s�e�s�s�m�e�n�t�s� �m�u�s�t�c�o�n�s�i�d�e�r�:� �w�o�u�n�d�e�d� �n�e�e�d�s� �i�n� �t�h�e� �a�f�f�e�c�t�e�d� �a�r�e�a�s�,� �r�e�s�o�u�r�c�e
�n�e�e�d�s� �a�n�d� �t�h�e�i�r� �l�o�c�a�l� �a�v�a�i�l�a�b�i�l�i�t�y�,� �t�h�e�i�n�f�r�a�s�t�r�u�c�t�u�r�e�c�a�p�a�c�i�t�y� �a�n�d� �f�i�n�a�l�l�y� �r�e�s�p�e�c�t
�t�h�e� �o�b�l�i�g�a�t�i�o�n�s�.

�1�.�3 �O�p�t�i�m�i�z�a�t�i�o�n� �p�r�o�b�l�e�m

�O�p�t�i�m�i�z�a�t�i�o�n�c�a�n� �b�e� �e�i�t�h�e�r� �a� �m�a�x�i�m�i�z�i�n�g�o�r� �m�i�n�i�m�i�z�i�n�g�v�a�l�u�e�o�f�a�n� �o�b�j�e�c�t�i�v�e

�f�u�n�c�t�i�o�n�f�.

�I�t� �i�s� �a� �q�u�e�s�t�i�o�n� �o�f� �f�i�n�d�i�n�g� �a�m�o�n�g� �t�h�e� �s�e�t� �o�f� �d�e�c�i�s�i�o�n� �v�a�r�i�a�b�l�e�s�,� �t�h�e� �e�l�e�m�e�n�t� �t�h�a�t� �o�p�t�i�m�i�z�e�s

�t�h�e� �o�p�t�i�m�i�z�a�t�i�o�n� �c�r�i�t�e�r�i�o�n�.
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�2�1

�T�w�o�e�s�s�e�n�t�i�a�l� �a�s�p�e�c�t�s� �b�r�i�n�g� �o�p�t�i�m�i�z�a�t�i�o�n� �m�e�t�h�o�d�s� �t�o�g�e�t�h�e�r�:

€ �D�i�s�t�r�i�b�u�t�e�d�c�a�l�c�u�l�a�t�i�o�n�.

€ �P�r�o�b�l�e�m�s� �o�f� �a�d�a�p�t�a�t�i�o�n� �a�n�d� �r�e�s�e�a�r�c�h� �s�e�l�f�-�a�d�a�p�t�a�t�i�o�n�.

�(�E�j�d�a�y�,� �2�0�1�1�)�d�e�f�i�n�e�s� �t�h�e� �c�o�n�c�e�p�t� �o�f� �o�p�t�i�m�i�z�a�t�i�o�n� �a�s� �c�o�m�p�r�i�s�i�n�g� �t�w�o� �m�a�i�n� �p�h�a�s�e�s�:

€ �M�o�d�e�l�i�n�g�.

€ �P�r�o�b�l�e�m� �r�e�s�o�l�u�t�i�o�n�.

�T�h�e� �e�f�f�i�c�i�e�n�t� �o�p�t�i�m�i�z�a�t�i�o�n� �m�e�t�h�o�d� �s�h�o�u�l�d� �c�o�n�s�i�d�e�r� �t�h�e� �f�o�l�l�o�w�i�n�g� �p�o�i�n�t�s�:

€ �R�o�b�u�s�t�n�e�s�s�:�S�t�a�n�d�a�r�d� �m�e�t�h�o�d� �a�p�p�l�i�c�a�b�l�e� �f�o�r� �a� �w�i�d�e� �c�l�a�s�s� �o�f� �p�r�o�b�l�e�m�s� �(�a�b�i�l�i�t�y� �t�o

�a�d�a�p�t� �t�o�d�a�t�a�s�e�t�s�v�a�r�i�a�t�i�o�n�s�)�.

€ �E�f�f�i�c�a�c�y�:�I�t� �s�h�o�u�l�d� �n�o�t� �b�e� �e�x�p�e�n�s�i�v�e� �i�n� �C�P�U� �t�i�m�e� �a�n�d� �R�A�M�.

€ �P�r�e�c�i�s�i�o�n�:�T�h�e� �n�u�m�e�r�i�c�a�l� �r�e�s�u�l�t� �m�u�s�t�h�a�n�g�o�v�e�r�t�h�e� �r�e�a�l�p�r�o�b�l�e�m� �o�p�t�i�m�i�z�e�d

�s�o�l�u�t�i�o�n�.

�T�h�e� �c�o�m�p�l�e�x�i�t�y� �o�f� �a� �d�e�c�i�s�i�o�n� �p�r�o�b�l�e�m� �i�s� �m�e�a�s�u�r�e�d� �a�g�a�i�n�s�t� �t�h�e� �l�o�w�e�r� �c�o�m�p�l�e�x�i�t�y� �o�f� �t�h�e

�a�l�g�o�r�i�t�h�m� �t�h�a�t� �s�o�l�v�e�s� �t�h�i�s�p�r�o�b�l�e�m�.

�L�e�t� �u�s�i�l�l�u�s�t�r�a�t�e�s�o�m�e� �c�o�m�p�l�e�x�i�t�y� �c�l�a�s�s�e�s�:

€ �T�h�e� �P�c�l�a�s�s�:�A� �p�r�o�b�l�e�m� �P� �i�s� �c�o�n�s�i�d�e�r�e�d�a�s�p�o�l�y�n�o�m�i�a�l� �i�f� �i�t� �c�a�n� �b�e� �s�o�l�v�e�d� �w�i�t�h� �a�n

�a�l�g�o�r�i�t�h�m� �o�f� �p�o�l�y�n�o�m�i�a�l� �c�o�m�p�l�e�x�i�t�y�,� �a�l�l� �o�f� �t�h�e�s�e� �p�r�o�b�l�e�m�s� �f�o�r�m� �t�h�e� �c�l�a�s�s� �P�.

€ �T�h�e� �P�-�S�p�a�c�e� �c�l�a�s�s�:�W�e� �a�r�e� �r�e�s�o�r�t�e�d� �t�o� �t�h�i�s� �p�r�o�b�l�e�m� �i�f� �e�x�i�s�t� �a�n� �a�l�g�o�r�i�t�h�m� �t�h�a�t

�s�o�l�v�e�s� �a� �p�r�o�b�l�e�m� �P� �i�n� �p�o�l�y�n�o�m�i�a�l� �s�p�a�c�e� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �t�h�e� �d�a�t�a� �s�i�z�e�.

€ �T�h�e� �c�l�a�s�s� �N�P�:�I�f� �w�e� �h�a�v�e�f�o�r� �e�v�e�r�y� �i�n�s�t�a�n�c�e� �o�f� �a� �p�r�o�b�l�e�m� �P�a� �s�o�l�u�t�i�o�n� �o�f� �t�h�e

�p�r�o�b�l�e�m� �i�n� �p�o�l�y�n�o�m�i�a�l� �t�i�m�e�,� �w�e� �s�a�y� �t�h�a�t� �P� �i�s� �i�n� �N�P�.

€ �T�h�e� �N�P�-�C�o�m�p�l�e�t�e� �C�l�a�s�s�:�N�o�t�i�o�n� �o�f� �d�o�m�i�n�a�n�c�e� �b�e�t�w�e�e�n� �p�r�o�b�l�e�m�s�,� �P� �d�o�m�i�n�a�t�e�s� �P�'

�i�f� �w�e� �c�a�n� �t�r�a�n�s�f�o�r�m� �a�n�y� �i�n�s�t�a�n�c�e� �I� �o�f� �P� �i�n�t�o� �a�n� �i�n�s�t�a�n�c�e� �I�'� �o�f� �P�'�d�u�e�t�o� �a

�p�o�l�y�n�o�m�i�a�l� �a�l�g�o�r�i�t�h�m�.� �I� �i�s� �a� �s�o�l�u�t�i�o�n� �o�f� �P� �i�f� �a�n�d� �o�n�l�y� �i�f� �I�'� �i�s� �a� �s�o�l�u�t�i�o�n� �o�f� �P�'�.

�1�.�4 �M�a�t�h�e�m�a�t�i�c�a�l� �m�o�d�e�l�i�n�g�e�n�c�o�u�n�t�e�r�e�d� �p�r�o�b�l�e�m�s

�1�.�4�.�1�L�i�n�e�a�r�m�o�d�e�l

�I�t� �i�s� �a� �m�a�t�h�e�m�a�t�i�c�a�l� �m�o�d�e�l� �t�h�a�t� �r�e�p�r�e�s�e�n�t�s� �a�n� �o�p�t�i�m�i�z�a�t�i�o�n� �p�r�o�b�l�e�m�. �T�h�e� �m�o�s�t

�p�o�p�u�l�a�r�m�e�t�h�o�d� �i�s� �t�h�e� �s�i�m�p�l�e�x�m�e�t�h�o�d�,� �w�h�i�c�h�i�s� �a� �v�e�r�y� �e�f�f�i�c�i�e�n�t� �m�e�t�h�o�d� �i�n� �p�r�a�c�t�i�c�e�,

�b�u�t� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n� �t�i�m�e� �c�a�n� �b�e�c�o�m�e� �v�e�r�y� �l�a�r�g�e�,�t�h�a�t� �i�s�w�h�y� �w�e� �a�r�e� �f�o�r�c�e�d� �t�o� �u�s�e

�a�d�d�i�t�i�o�n�a�l� �t�e�c�h�n�i�q�u�e�s� �(�e�x�.� �B�r�a�n�c�h� �a�n�d� �C�u�t�)� �t�o� �m�i�n�i�m�i�z�e�t�h�e� �o�v�e�r�a�l�l�p�r�o�c�e�s�s�i�n�g� �t�i�m�e�.
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�2�2

�1�.�4�.�2�B�i�n�a�r�y� �l�i�n�e�a�r�m�o�d�e�l

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

�F�o�r� �s�o�m�e� �p�r�o�b�l�e�m�s� �w�h�e�r�e� �w�e� �l�o�o�k� �f�o�r� �a�n� �e�n�t�i�r�e� �o�p�t�i�m�a�l� �s�o�l�u�t�i�o�n� �(�e�x�.�w�h�o�l�e� �q�u�a�n�t�i�t�y
�o�f�p�r�o�d�u�c�t�.�.�.�)�,� �w�e� �m�u�s�t�t�a�c�k�l�e�t�h�e� �p�r�o�b�l�e�m�w�i�t�h� �i�n�t�e�g�e�r�c�o�n�s�t�r�a�i�n�t� �i�n� �t�h�e�p�r�o�g�r�a�m�;
�o�t�h�e�r�w�i�s�e� �t�h�e� �o�p�t�i�m�a�l� �s�o�l�u�t�i�o�n� �i�s� �n�o�t� �c�o�m�p�l�e�t�e� �(�b�a�c�k�p�a�c�k�p�r�o�b�l�e�m�,� �f�i�l�l�i�n�g�p�r�o�b�l�e�m�)�.

�1�.�4�.�3�G�e�n�e�r�a�l� �p�r�i�n�c�i�p�l�e� �o�f� �c�u�t�t�i�n�g� �m�e�t�h�o�d�s

�I�n� �g�e�n�e�r�a�l�,� �t�h�e�s�e� �m�e�t�h�o�d�s�a�r�e� �r�e�p�e�t�i�t�i�v�e�,�a�t�e�a�c�h� �r�e�p�e�t�i�t�i�o�n�:

�a�) �W�e� �i�g�n�o�r�e� �t�h�e� �i�n�t�e�g�r�i�t�y� �c�o�n�s�t�r�a�i�n�t� �o�n� �t�h�e� �v�a�r�i�a�b�l�e�s� �(�s�i�m�p�l�e�x�)� �t�o� �s�o�l�v�e� �t�h�e

�l�i�n�e�a�r� �p�r�o�g�r�a�m� �a�n�d� �c�o�n�s�e�q�u�e�n�t�l�y� �w�e� �o�b�t�a�i�n� �a�n� �o�p�t�i�m�a�l� �s�o�l�u�t�i�o�n� �t�h�a�t� �c�a�n

�b�e� �c�o�m�p�l�e�t�e�.

�b�) �A� �c�o�m�p�l�e�m�e�n�t�a�r�y� �c�o�n�s�t�r�a�i�n�t� �i�s� �a�d�d�e�d� �t�o� �r�e�m�o�v�e� �o�n�l�y� �t�h�e� �n�o�n�-�c�o�m�p�l�e�t�e

�s�o�l�u�t�i�o�n� �a�l�r�e�a�d�y� �o�b�t�a�i�n�e�d�.� �T�h�i�s� �a�d�d�i�t�i�o�n�a�l� �c�o�n�s�t�r�a�i�n�t� �i�s� �c�a�l�l�e�d� �a� �c�u�t�.

�c�) �R�e�p�e�a�t� �t�h�e�p�r�e�v�i�o�u�s�s�t�e�p�s� �f�r�o�m� �t�h�e� �b�e�g�i�n�n�i�n�g�i�n� �e�a�c�h� �r�e�p�e�t�i�t�i�o�n�u�n�t�i�l�w�e

�o�b�t�a�i�n�a�c�o�m�p�l�e�t�e�s�o�l�u�t�i�o�n�.

�1�.�5 �E�x�a�c�t� �c�o�n�s�t�r�u�c�t�i�o�n� �m�e�t�h�o�d�s

�1�.�5�.�1�B�r�a�n�c�h� �&�B�o�u�n�d�(�B�&�B�)

�T�h�e� �p�r�i�n�c�i�p�l�e� �i�s� �t�o� �g�e�n�e�r�a�t�e� �t�h�e� �t�r�e�e� �p�r�o�g�r�e�s�s�i�v�e�l�y� �b�y� �t�r�y�i�n�g� �t�o� �s�t�a�r�t� �w�i�t�h� �t�h�e

�m�o�s�t� �p�r�o�m�i�s�i�n�g� �s�u�b�-�t�r�e�e�s� �a�n�d� �e�s�p�e�c�i�a�l�l�y� �b�y� �n�o�t� �e�x�p�l�o�r�i�n�g� �t�o� �t�h�e� �l�e�a�v�e�s�o�f�a� �s�u�b�-�t�r�e�e�,

�w�h�i�c�h�w�e� �k�n�o�w� �t�h�a�t� �i�t�d�o�e�s� �n�o�t�c�o�n�t�a�i�n� �t�h�e� �o�p�t�i�m�a�l� �s�o�l�u�t�i�o�n�.

�T�h�i�s� �m�e�t�h�o�d�i�s� �a�p�p�l�i�e�d� �f�o�r�s�o�l�v�i�n�g� �c�o�m�b�i�n�a�t�o�r�i�a�l� �o�p�t�i�m�i�z�a�t�i�o�n� �p�r�o�b�l�e�m�s� �w�i�t�h�a� �l�a�r�g�e

�n�u�m�b�e�r� �o�f� �p�o�s�s�i�b�l�e� �s�o�l�u�t�i�o�n�s�.� �W�e� �c�a�n� �a�s�s�o�c�i�a�t�e� �t�h�i�s� �m�e�t�h�o�d� �w�i�t�h� �a� �t�r�e�e� �w�h�o�s�e� �r�o�o�t

�c�o�n�t�a�i�n�s� �a�l�l� �o�f� �t�h�e� �f�e�a�s�i�b�l�e� �s�o�l�u�t�i�o�n�s�.�T�h�e� �o�t�h�e�r� �v�e�r�t�i�c�e�s� �e�m�a�n�a�t�i�n�g� �f�r�o�m� �t�h�e� �r�o�o�t� �a�r�e

�g�o�v�e�r�n�e�d� �b�y� �t�h�e�B�&�B�m�e�t�h�o�d�(�D�o�i�g�,� �1�9�6�0�)�,� �w�h�i�c�h� �i�s�b�a�s�e�d� �o�n� �a� �t�r�e�e� �s�e�a�r�c�h� �m�e�t�h�o�d

�f�o�r� �a�n� �o�p�t�i�m�a�l� �s�o�l�u�t�i�o�n� �b�y� �s�e�p�a�r�a�t�i�o�n�s� �a�n�d� �e�v�a�l�u�a�t�i�o�n�s�,� �r�e�p�r�e�s�e�n�t�i�n�g� �t�h�e� �s�o�l�u�t�i�o�n�s

�s�t�a�t�e�s� �b�y� �a� �s�t�a�t�e� �t�r�e�e�,� �w�i�t�h� �n�o�d�e�s�,� �a�n�d� �l�e�a�v�e�s�.

�T�h�e�B�&�B�a�l�g�o�r�i�t�h�m� �i�s� �b�a�s�e�d� �o�n� �t�h�r�e�e� �m�a�i�n� �a�x�e�s�:

�a�. �T�h�e� �s�e�p�a�r�a�t�i�o�n� �(�B�r�a�n�c�h�)�:

�T�h�e� �s�e�p�a�r�a�t�i�o�n� �a�i�m�s� �t�o� �s�u�b�d�i�v�i�d�e� �t�h�e� �p�r�o�b�l�e�m� �i�n�t�o�s�u�b� �p�r�o�b�l�e�m�s�.� �T�h�e� �r�o�o�t� �o�f� �t�h�e

�t�r�e�e� �r�e�p�r�e�s�e�n�t�s� �a�l�l� �o�f� �t�h�e� �f�e�a�s�i�b�l�e� �s�o�l�u�t�i�o�n�s�.� �T�h�u�s�,� �b�y� �d�e�a�l�i�n�g� �w�i�t�h� �a�l�l� �s�u�b�-�p�r�o�b�l�e�m�s

�a�n�d� �k�e�e�p�i�n�g� �a�t� �e�a�c�h� �r�e�s�e�a�r�c�h� �s�t�e�p� �t�h�e� �b�e�s�t� �s�o�l�u�t�i�o�n� �f�o�u�n�d�,� �t�h�e� �i�n�i�t�i�a�l� �p�r�o�b�l�e�m� �i�s
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�d�e�f�i�n�i�t�e�l�y� �s�o�l�v�e�d�.� �T�h�i�s�i�s� �e�q�u�i�v�a�l�e�n�t�t�o� �e�s�t�a�b�l�i�s�h� �a� �t�r�e�e�t�h�a�t� �p�e�r�m�i�t� �c�o�u�n�t�i�n�g�t�h�e

�s�e�t�o�f�a�l�l� �s�o�l�u�t�i�o�n�s�.� �T�h�e�r�e�m�a�i�n�i�n�g� �u�n�d�i�s�c�o�v�e�r�a�b�l�e�s�e�t� �o�f�t�r�e�e�n�o�d�e�s� �t�h�a�t� �c�a�n

�c�o�n�t�a�i�n� �a�n� �o�p�t�i�m�a�l� �s�o�l�u�t�i�o�n�i�s� �c�a�l�l�e�d� �s�e�t� �o�f� �a�c�t�i�v�e� �n�o�d�e�s�.

�b�. �T�h�e� �e�v�a�l�u�a�t�i�o�n� �(�B�o�u�n�d�)�:

�T�h�e� �f�u�n�d�a�m�e�n�t�a�l� �p�u�r�p�o�s�e� �o�f� �e�v�a�l�u�a�t�i�o�n� �i�s�t�o� �s�i�m�p�l�i�f�y� �t�h�e� �s�e�a�r�c�h� �s�p�a�c�e� �w�h�i�l�e
�e�l�i�m�i�n�a�t�i�n�g� �s�o�m�e� �s�u�b�s�e�t�s� �t�h�a�t� �d�o� �n�o�t� �c�o�n�t�a�i�n� �t�h�e� �o�p�t�i�m�a�l� �s�o�l�u�t�i�o�n�.�T�h�e� �g�o�a�l� �i�s� �t�o
�e�v�a�l�u�a�t�e� �t�h�e�e�x�p�l�o�r�a�t�i�o�n�i�n�t�e�r�e�s�t� �o�f� �t�h�e� �t�r�e�e�s�u�b�s�e�t�.� �T�h�e� �b�r�a�n�c�h� �&� �b�o�u�n�d
�e�l�i�m�i�n�a�t�e�s� �b�r�a�n�c�h�e�s� �i�n� �t�h�e� �s�e�a�r�c�h� �t�r�e�e� �a�s� �f�o�l�l�o�w�s�:

�T�h�e� �s�e�a�r�c�h� �f�o�r�a� �m�i�n�i�m�u�m� �c�o�s�t� �s�o�l�u�t�i�o�n� �r�e�q�u�i�r�e�s� �m�e�m�o�r�i�z�i�n�g� �t�h�e� �l�o�w�e�s�t

�e�n�c�o�u�n�t�e�r�e�d�c�o�s�t� �s�o�l�u�t�i�o�n� �d�u�r�i�n�g� �e�x�p�l�o�r�a�t�i�o�n�p�h�a�s�e�a�n�d�t�h�e�n�c�o�m�p�a�r�i�n�g� �t�h�e� �c�o�s�t

�o�f� �e�a�c�h�t�r�a�v�e�l�e�d�n�o�d�e�w�i�t�h�t�h�e� �b�e�s�t� �s�o�l�u�t�i�o�n�c�o�s�t�.� �I�f� �t�h�e� �c�o�s�t� �o�f� �t�h�e� �c�o�n�s�i�d�e�r�e�d

�n�o�d�e� �i�s� �h�i�g�h�e�r� �t�h�a�n� �t�h�e� �b�e�s�t� �c�o�s�t�,� �w�e� �s�t�o�p�e�x�p�l�o�r�i�n�g�t�h�e� �b�r�a�n�c�h� �a�n�d� �a�l�l�o�f� �i�t�s

�s�o�l�u�t�i�o�n�s� �t�h�a�t�w�i�l�l� �n�e�c�e�s�s�a�r�i�l�y� �b�e�w�i�t�h�h�i�g�h�e�r� �c�o�s�t� �t�h�a�n� �t�h�e� �b�e�s�t� �s�o�l�u�t�i�o�n�c�o�s�t

�a�l�r�e�a�d�y� �f�o�u�n�d�.

�c�. �T�h�e� �c�o�u�r�s�e�s�t�r�a�t�e�g�y�:

· �W�i�d�t�h�:� �T�h�i�s�s�t�r�a�t�e�g�y�p�r�i�v�i�l�e�g�e�s� �t�h�e� �r�o�o�t�c�l�o�s�e�s�t� �v�e�r�t�i�c�e�s�b�y� �m�a�k�i�n�g� �f�e�w�e�r

�s�e�p�a�r�a�t�i�o�n�s� �f�r�o�m� �t�h�e� �o�r�i�g�i�n�a�l� �p�r�o�b�l�e�m�.� �I�t� �i�s� �l�e�s�s� �e�f�f�e�c�t�i�v�e� �t�h�a�n� �t�h�e� �o�t�h�e�r� �t�w�o

�s�t�r�a�t�e�g�i�e�s� �p�r�e�s�e�n�t�e�d�.

· �D�e�p�t�h�:� �T�h�i�s� �s�t�r�a�t�e�g�y� �f�a�v�o�r�s� �t�h�e�f�a�r�t�h�e�s�t�v�e�r�t�i�c�e�s� �f�r�o�m� �t�h�e� �r�o�o�t� �b�y� �a�p�p�l�y�i�n�g

�m�o�r�e� �s�e�p�a�r�a�t�i�o�n�s� �t�o� �t�h�e� �i�n�i�t�i�a�l� �p�r�o�b�l�e�m�.� �T�h�i�s� �r�o�u�t�e� �q�u�i�c�k�l�y� �l�e�a�d�s� �t�o� �a�n� �o�p�t�i�m�a�l

�s�o�l�u�t�i�o�n� �b�y� �s�a�v�i�n�g� �t�h�e� �m�e�m�o�r�y�.

· �T�h�e� �b�e�s�t�:� �T�h�i�s� �s�t�r�a�t�e�g�y� �c�o�n�s�i�s�t�s� �o�f� �v�i�s�i�t�i�n�g� �s�u�b�-�p�r�o�b�l�e�m�s� �w�i�t�h� �t�h�e� �b�e�s�t

�t�e�r�m�i�n�a�l�.� �I�t� �a�l�s�o� �a�v�o�i�d�s� �t�h�e� �e�x�p�l�o�r�a�t�i�o�n� �o�f� �a�l�l� �t�h�e� �s�u�b�-�p�r�o�b�l�e�m�s� �t�h�a�t� �h�a�v�e� �a� �b�a�d

�e�v�a�l�u�a�t�i�o�n� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �o�p�t�i�m�a�l� �v�a�l�u�e�.

�1�.�5�.�2�B�r�a�n�c�h� �a�n�d� �C�u�t

�T�h�i�s� �m�e�t�h�o�d� �r�e�p�r�e�s�e�n�t�s� �a� �v�e�r�y� �p�o�w�e�r�f�u�l�r�e�s�o�l�u�t�i�o�n�a�l�g�o�r�i�t�h�m� �f�o�r� �d�i�f�f�e�r�e�n�t� �l�i�n�e�a�r� �o�r

�b�i�n�a�r�y� �l�i�n�e�a�r� �m�o�d�e�l� �a�n�d� �i�t� �c�a�n� �g�u�a�r�a�n�t�e�e� �t�h�e� �o�p�t�i�m�a�l�i�t�y�,� �i�t� �i�s� �a�n� �e�x�a�c�t�m�e�t�h�o�d�,� �w�h�i�c�h

�c�o�n�s�i�s�t�s� �i�n� �t�h�e� �c�o�m�b�i�n�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �c�u�t�t�i�n�g� �p�l�a�n�e� �m�e�t�h�o�d� �a�n�d� �t�h�e� �b�r�a�n�c�h�-�a�n�d�-

�b�o�u�n�d� �a�l�g�o�r�i�t�h�m�.

�W�e�f�i�n�d� �t�h�a�t�:

�B�r�a�n�c�h� �&� �C�u�t� �=�B�r�a�n�c�h� �&� �B�o�u�n�d� �+� �C�u�t�t�i�n�g� �P�l�a�n�e�s�.
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�G�e�n�e�r�a�t�i�n�g� �C�u�t�t�i�n�g� �P�l�a�n�:�T�h�e� �g�e�n�e�r�a�l� �i�d�e�a� �i�s� �t�o� �a�d�d� �c�o�n�s�t�r�a�i�n�t�s� �t�h�a�t� �e�l�i�m�i�n�a�t�e� �t�h�e

�f�r�a�c�t�i�o�n�a�l� �s�o�l�u�t�i�o�n�s� �o�f� �l�i�n�e�a�r� �p�r�o�g�r�a�m�m�i�n�g� �w�i�t�h�o�u�t� �e�l�i�m�i�n�a�t�i�n�g�t�h�e�e�n�t�i�r�e� �s�o�l�u�t�i�o�n�s�,

�w�h�i�c�h�,�i�n� �t�h�e� �f�i�r�s�t� �p�l�a�c�e�,�g�r�e�a�t�l�y� �r�e�d�u�c�e�s� �t�h�e� �s�i�z�e� �o�f�t�h�e� �B�r�a�n�c�h�-�a�n�d�-�B�o�u�n�d� �t�r�e�e� �a�n�d�i�n

�s�e�c�o�n�d� �p�l�a�c�e�,�s�p�e�e�d� �u�p� �e�x�e�c�u�t�i�o�n�.� �T�h�e� �B�r�a�n�c�h�-�a�n�d�-�C�u�t� �a�l�g�o�r�i�t�h�m� �m�o�d�i�f�i�e�s� �t�h�e� �B�r�a�n�c�h�-

�a�n�d�-�B�o�u�n�d�'�s� �b�a�s�i�c� �s�t�r�a�t�e�g�y� �b�y� �a�t�t�e�m�p�t�i�n�g� �t�o� �e�n�h�a�n�c�e� �t�h�e� �r�e�l�a�x�a�t�i�o�n� �o�f� �t�h�e� �l�i�n�e�a�r

�p�r�o�g�r�a�m�m�i�n�g� �o�f� �a�n� �I�P� �(�I�n�t�e�g�e�r� �P�r�o�g�r�a�m�m�i�n�g�)� �w�i�t�h� �n�e�w� �i�n�e�q�u�a�l�i�t�i�e�s� �b�e�f�o�r�e� �c�o�n�n�e�c�t�i�n�g

�a� �p�a�r�t�i�a�l� �s�o�l�u�t�i�o�n�.

�B�r�a�n�c�h� �&� �C�u�t� �c�a�n� �b�e� �u�s�e�d� �i�n� �c�o�n�j�u�n�c�t�i�o�n� �w�i�t�h� �h�e�u�r�i�s�t�i�c� �m�e�t�h�o�d�s� �t�o� �o�b�t�a�i�n� �a� �l�o�w�e�r

�b�o�u�n�d� �o�f� �t�h�e� �o�p�t�i�m�a�l� �v�a�l�u�e� �w�h�i�l�e� �u�s�i�n�g� �t�h�e� �B�r�a�n�c�h� �&� �B�o�u�n�d�a�l�g�o�r�i�t�h�m�.� �T�h�i�s�m�e�t�h�o�d

�i�s� �v�e�r�y� �p�o�p�u�l�a�r�.

�1�.�5�.�3�S�i�m�p�l�e�x�m�e�t�h�o�d

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

�I�n� �t�h�e� �f�i�r�s�t� �p�l�a�c�e�,� �t�h�e� �s�i�m�p�l�e�x� �a�l�g�o�r�i�t�h�m�(�D�a�n�t�z�i�g�,� �1�9�8�7�)�m�o�d�e�l�s� �t�h�e� �p�r�o�b�l�e�m� �i�n� �t�h�e
�f�o�r�m� �o�f� �a�n� �o�b�j�e�c�t�i�v�e� �f�u�n�c�t�i�o�n� �a�n�d� �c�o�n�s�t�r�a�i�n�t�s� �(�c�a�n�o�n�i�c�a�l� �p�r�o�g�r�a�m�)�,� �i�n� �t�h�e� �s�e�c�o�n�d� �p�l�a�c�e
�i�t� �t�r�a�n�s�f�o�r�m�s� �t�h�e� �c�a�n�o�n�i�c�a�l� �p�r�o�g�r�a�m� �i�n�t�o� �a� �s�t�a�n�d�a�r�d� �p�r�o�g�r�a�m� �b�y� �i�n�t�r�o�d�u�c�i�n�g�g�a�p�a�n�d
�a�r�t�i�f�i�c�i�a�l�v�a�r�i�a�b�l�e�s� �t�o�t�u�r�n� �i�n�e�q�u�a�l�i�t�y�i�n�t�o� �e�q�u�a�t�i�o�n�s�.

�A�l�g�o�r�i�t�h�m�P�r�i�n�c�i�p�l�e�s�:

ðü �S�t�a�r�t� �f�r�o�m� �a�n� �e�x�t�r�e�m�e� �p�o�i�n�t�.

ðü �M�o�v�e� �(�p�i�v�o�t�)� �t�o� �a� �n�e�a�r�b�y� �e�x�t�r�e�m�e� �p�o�i�n�t� �i�m�p�r�o�v�i�n�g� �t�h�e� �s�o�l�u�t�i�o�n�.

ðü �R�e�p�e�a�t� �u�n�t�i�l� �t�h�e� �o�p�t�i�m�u�m� �s�o�l�u�t�i�o�n� �i�s� �o�b�t�a�i�n�e�d�.

�1�.�5�.�4�D�y�n�a�m�i�c� �p�r�o�g�r�a�m�m�i�n�g

�D�y�n�a�m�i�c� �p�r�o�g�r�a�m�m�i�n�g� �i�s� �a� �p�r�o�g�r�a�m�m�i�n�g� �p�a�r�a�d�i�g�m�,� �t�h�a�t� �i�s�,� �a� �p�a�r�t�i�c�u�l�a�r� �w�a�y� �o�f
�u�n�d�e�r�s�t�a�n�d�i�n�g� �a� �g�i�v�e�n� �a�l�g�o�r�i�t�h�m�i�c� �p�r�o�b�l�e�m�.

�I�t� �i�s� �a� �u�s�e�f�u�l� �m�e�t�h�o�d� �f�o�r� �o�b�t�a�i�n�i�n�g� �a�n� �e�x�a�c�t� �s�o�l�u�t�i�o�n� �t�o� �a�n� �a�l�g�o�r�i�t�h�m�i�c� �p�r�o�b�l�e�m�,� �w�h�e�r�e
�a� �"�c�l�a�s�s�i�c�a�l�"� �s�o�l�u�t�i�o�n� �i�s� �f�o�u�n�d� �t�o� �b�e� �t�o�o� �c�o�m�p�l�e�x� �a�n�d� �i�n�e�f�f�i�c�i�e�n�t�.� �T�h�i�s�i�s� �c�a�l�l�e�d
�c�o�m�b�i�n�a�t�o�r�i�a�l� �o�p�t�i�m�i�z�a�t�i�o�n�.

�T�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �t�h�i�s� �m�e�t�h�o�d� �i�s� �b�a�s�e�d� �o�n� �t�h�e� �p�r�i�n�c�i�p�l�e� �o�f� �o�p�t�i�m�a�l�i�t�y� �s�t�a�t�e�d� �b�y� �t�h�e
�m�a�t�h�e�m�a�t�i�c�i�a�n� �R�i�c�h�a�r�d� �B�e�l�l�m�a�n�:� �"�a�n�y� �o�p�t�i�m�a�l� �p�o�l�i�c�y� �i�s� �c�o�m�p�o�s�e�d� �o�f� �o�p�t�i�m�a�l� �s�u�b�-
�p�o�l�i�c�i�e�s�"�.
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�1�.�6 �H�e�u�r�i�s�t�i�c�s� �a�n�d� �m�e�t�a�-�h�e�u�r�i�s�t�i�c�s� �s�e�a�r�c�h

�A�r�t�i�f�i�c�i�a�l� �i�n�t�e�l�l�i�g�e�n�c�e� �(�A�I�)� �h�a�s� �n�o�w� �b�e�c�o�m�e� �a�p�p�l�i�c�a�b�l�e� �i�n� �s�e�v�e�r�a�l� �a�r�e�a�s�,� �s�u�c�h� �a�s

�i�m�a�g�e� �p�r�o�c�e�s�s�i�n�g�,� �r�o�b�o�t�i�c�s�,� �l�o�g�i�s�t�i�c�s� �.�.�.� �b�u�t� �a�s� �f�o�r� �t�h�e� �r�e�s�o�l�u�t�i�o�n� �o�f� �l�o�g�i�s�t�i�c�s� �p�r�o�b�l�e�m�s�,�t�h�e

�A�I�f�a�c�e�d� �s�e�v�e�r�a�l� �o�b�s�t�a�c�l�e�s� �e�s�p�e�c�i�a�l�l�y� �i�n� �t�h�e� �f�i�e�l�d� �o�f� �s�o�l�v�i�n�g� �c�o�m�b�i�n�a�t�o�r�i�a�l� �p�r�o�b�l�e�m�s

�w�h�e�r�e� �w�e� �a�r�e� �o�b�l�i�g�e�d� �t�o� �f�i�n�d� �a�l�l� �t�h�e� �a�l�t�e�r�n�a�t�i�v�e�s� �s�o�l�u�t�i�o�n�s� �a�n�d� �t�o� �i�n�v�e�s�t� �t�h�e�m�,� �w�h�i�c�h� �i�s

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

�i�m�p�r�o�v�e� �t�h�e� �e�f�f�i�c�i�e�n�c�y� �o�f� �t�h�e� �s�e�a�r�c�h�.

�T�h�e� �h�e�u�r�i�s�t�i�c� �a�n�d� �m�e�t�a�-�h�e�u�r�i�s�t�i�c� �m�e�t�h�o�d�s�a�i�m� �t�o� �s�o�l�v�e� �t�h�e�s�e� �c�o�m�p�l�e�x� �p�r�o�b�l�e�m�s�,� �a�n�d

�t�h�e�y� �a�r�e� �c�o�n�s�i�d�e�r�e�d�a�s�i�m�p�o�r�t�a�n�t�s�u�p�p�l�i�e�r�s� �o�f� �e�f�f�e�c�t�i�v�e� �A�I� �r�e�s�e�a�r�c�h� �m�e�t�h�o�d�s�.

�a�. �H�e�u�r�i�s�t�i�c� �m�e�t�h�o�d�s�d�e�f�i�n�i�t�i�o�n�:

�I�t� �i�s� �a�d�i�s�c�i�p�l�i�n�e� �t�h�a�t� �p�r�o�p�o�s�e�s� �t�o� �f�o�r�m�u�l�a�t�e� �t�h�e� �r�u�l�e�s� �o�f� �s�c�i�e�n�t�i�f�i�c� �r�e�s�e�a�r�c�h�.
�S�o�m�e�t�i�m�e�s�i�t�l�e�a�d�s� �t�o� �a�n� �a�s�t�o�n�i�s�h�i�n�g� �r�e�s�u�l�t� �o�r�n�o�t�h�i�n�g�;�i�t� �s�e�e�k�s� �a� �g�o�o�d� �s�o�l�u�t�i�o�n� �c�l�o�s�e
�t�o� �o�p�t�i�m�a�l�i�t�y� �w�i�t�h� �a� �r�e�a�s�o�n�a�b�l�e� �c�a�l�c�u�l�a�t�i�o�n� �t�i�m�e�.� �T�h�e� �h�e�u�r�i�s�t�i�c� �a�l�g�o�r�i�t�h�m� �s�o�l�v�e�s� �a
�g�i�v�e�n� �o�p�t�i�m�i�z�a�t�i�o�n� �p�r�o�b�l�e�m� �b�u�t� �w�i�t�h�o�u�t� �a�n�y� �g�u�a�r�a�n�t�e�e� �o�f� �o�p�t�i�m�a�l�i�t�y� �w�i�t�h� �a
�r�e�a�s�o�n�a�b�l�e� �c�a�l�c�u�l�a�t�i�o�n� �t�i�m�e� �e�x�.�:� �t�h�e� �g�r�e�e�d�y� �s�e�a�r�c�h� �a�l�g�o�r�i�t�h�m�.

�b�. �M�e�t�a�-�h�e�u�r�i�s�t�i�c� �m�e�t�h�o�d�s�d�e�f�i�n�i�t�i�o�n�:

�T�h�e�s�e�s�t�o�c�h�a�s�t�i�c� �o�p�t�i�m�i�z�a�t�i�o�n� �a�l�g�o�r�i�t�h�m�s�c�o�m�b�i�n�e �s�e�v�e�r�a�l� �h�e�u�r�i�s�t�i�c� �a�p�p�r�o�a�c�h�e�s

�w�h�o�s�e� �m�a�i�n� �t�a�s�k�s�a�r�e�t�h�e� �a�b�i�l�i�t�y� �t�o� �e�x�t�r�a�c�t� �f�r�o�m� �a� �l�o�c�a�l� �m�i�n�i�m�u�m� �t�o� �a� �g�l�o�b�a�l

�m�i�n�i�m�u�m�.� �A� �m�e�t�a�-�h�e�u�r�i�s�t�i�c� �c�a�n� �b�e� �a�p�p�l�i�e�d� �t�o�d�i�f�f�e�r�e�n�t� �c�o�m�b�i�n�a�t�o�r�i�a�l� �o�p�t�i�m�i�z�a�t�i�o�n

�p�r�o�b�l�e�m�s� �u�s�i�n�g� �i�n�d�e�p�e�n�d�e�n�t� �s�t�r�a�t�e�g�i�e�s� �t�h�a�t� �g�u�i�d�e� �t�h�e� �s�e�a�r�c�h� �i�n� �s�o�l�u�t�i�o�n� �s�p�a�c�e�,�s�o� �a�s

�n�o�t� �t�o� �r�e�m�a�i�n� �i�n� �l�o�c�a�l� �m�i�n�i�m�a� �e�x�.�:� �a�n�t� �c�o�l�o�n�y� �o�p�t�i�m�i�z�a�t�i�o�n�,� �T�a�b�u� �S�e�a�r�c�h�,� �G�r�e�e�d�y

�R�a�n�d�o�m�i�z�e�d� �A�d�a�p�t�i�v�e� �S�e�a�r�c�h� �P�r�o�c�e�d�u�r�e�,�S�i�m�u�l�a�t�e�d� �A�n�n�e�a�l�i�n�g�e�t�c�.

�1�.�6�.�1�S�i�m�u�l�a�t�e�d� �A�n�n�e�a�l�i�n�g

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

�d�e�p�e�n�d�s� �o�n� �t�h�e� �q�u�a�l�i�t�y� �o�f� �d�i�f�f�e�r�e�n�t� �n�e�i�g�h�b�o�r�s�,� �b�e�s�t� �n�e�i�g�h�b�o�r�s� �h�a�v�e� �a� �h�i�g�h�e�r

�p�r�o�b�a�b�i�l�i�t�y�,�a�n�d�l�e�s�s� �g�o�o�d� �o�n�e�s� �h�a�v�e� �a� �l�o�w�e�r� �p�r�o�b�a�b�i�l�i�t�y�(�D�e�v�a�d�a�s� �&� �N�e�w�t�o�n�,� �1�9�8�9�)�.

�T�h�e� �s�e�a�r�c�h� �m�e�t�h�o�d� �r�e�q�u�i�r�e�s� �t�h�e� �u�s�e� �o�f� �a� �p�a�r�a�m�e�t�e�r� �c�a�l�l�e�d� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �n�o�t�e�d�T�,
�w�h�i�c�h�c�a�n� �v�a�r�y� �d�u�r�i�n�g�a�l�g�o�r�i�t�h�m�e�x�e�c�u�t�i�o�n� �p�r�o�c�e�s�s�:

ðØ �T�H�i�g�h�:� �I�n� �t�h�e�s�o�l�u�t�i�o�n�s�p�a�c�e�,� �a�l�l� �n�e�i�g�h�b�o�r�s� �h�a�v�e� �a�l�m�o�s�t� �t�h�e� �s�a�m�e� �p�r�o�b�a�b�i�l�i�t�y

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

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

�c�h�o�o�s�i�n�g� �a� �m�o�v�e�m�e�n�t�.

ðØ �T� �=� �0�:� �W�e� �c�a�n� �n�o� �l�o�n�g�e�r� �m�a�k�e� �a�n�y� �m�o�v�e�m�e�n�t�.

�T�h�e� �t�e�m�p�e�r�a�t�u�r�e� �v�a�r�i�e�s� �d�u�r�i�n�g� �t�h�e� �s�e�a�r�c�h�:�a�t� �t�h�e�b�e�g�i�n�n�i�n�g�,�T� �i�s� �h�i�g�h�,�a�n�d� �t�h�e�n�i�t

�d�e�c�r�e�a�s�e�s� �a�n�d� �e�n�d�s� �u�p�i�n�t�e�n�d�i�n�g� �t�o�z�e�r�o�.

�T�h�e� �f�u�n�c�t�i�o�n� �t�h�a�t� �s�p�e�c�i�f�i�e�s� �t�h�e� �e�v�o�l�u�t�i�o�n� �o�f� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �i�s� �c�a�l�l�e�d� �t�h�e� �c�o�o�l�i�n�g

�s�c�h�e�m�e�.

�I�n� �s�t�a�n�d�a�r�d� �s�i�m�u�l�a�t�e�d�a�n�n�e�a�l�i�n�g�,� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �d�e�c�r�e�a�s�e�s� �b�y� �l�e�v�e�l�.

�S�i�m�u�l�a�t�e�d� �a�n�n�e�a�l�i�n�g� �p�a�r�a�m�e�t�e�r�s� �c�a�n� �b�e� �a�d�j�u�s�t�e�d� �b�y� �o�b�s�e�r�v�i�n�g� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f

�a�c�c�e�p�t�a�n�c�e� �d�u�r�i�n�g� �t�h�e� �s�e�a�r�c�h�.

�I�f� �t�h�e� �i�n�i�t�i�a�l� �t�e�m�p�e�r�a�t�u�r�e� �i�s� �t�o�o� �h�i�g�h�,� �t�h�e� �s�t�a�r�t� �o�f� �t�h�e� �s�e�a�r�c�h� �i�s� �u�s�e�l�e�s�s�.

ðØ �I�n�i�t�i�a�l� �t�e�m�p�e�r�a�t�u�r�e�:� �A� �p�a�r�a�m�e�t�e�r� �s�e�t�s� �t�h�e� �i�n�i�t�i�a�l� �a�c�c�e�p�t�a�n�c�e� �p�e�r�c�e�n�t�a�g�e�,

ðØ �L�e�n�g�t�h� �o�f� �a� �s�t�e�p�:� �A� �p�a�r�a�m�e�t�e�r� �l�i�m�i�t�s� �t�h�e� �n�u�m�b�e�r� �o�f� �t�e�s�t�s� �(�i�t�e�r�a�t�i�o�n�s�)� �b�y� �l�e�v�e�l�,

�a�n�o�t�h�e�r� �p�a�r�a�m�e�t�e�r� �l�i�m�i�t�s� �t�h�e� �n�u�m�b�e�r� �o�f� �c�h�a�n�g�e�s� �(�m�o�v�e�m�e�n�t�s�)� �f�o�r� �t�h�e

�b�e�g�i�n�n�i�n�g� �o�f� �t�h�e� �s�e�a�r�c�h�,

ðØ �S�t�o�p� �c�r�i�t�e�r�i�o�n�:� �A� �c�o�u�n�t�e�r� �i�s� �u�s�e�d� �t�o�d�e�t�e�r�m�i�n�e� �i�f� �t�h�e� �a�l�g�o�r�i�t�h�m� �s�t�o�p�s� �i�t�s

�p�r�o�g�r�e�s�s�i�o�n�.� �T�h�e� �c�o�u�n�t�e�r� �i�s� �z�e�r�o� �a�t� �t�h�e� �b�e�g�i�n�n�i�n�g� �a�n�d� �i�n�c�r�e�m�e�n�t�s� �a�t� �e�a�c�h

�i�t�e�r�a�t�i�o�n�.� �T�h�e� �s�e�a�r�c�h� �s�t�o�p�s� �w�h�e�n� �t�h�e� �c�o�u�n�t�e�r� �r�e�a�c�h�e�s� �a� �c�e�r�t�a�i�n� �t�h�r�e�s�h�o�l�d�.

�A�t� �t�h�e� �e�n�d� �o�f� �a� �l�a�n�d�i�n�g�,� �t�h�e� �c�o�u�n�t�e�r� �i�s�:

ðØ �I�n�c�r�e�m�e�n�t�e�d�,� �i�f� �t�h�e� �a�c�c�e�p�t�a�n�c�e�p�e�r�c�e�n�t�a�g�e� �i�s� �b�e�l�o�w� �a� �t�h�r�e�s�h�o�l�d�,

ðØ �R�e�s�e�t�,� �i�f� �t�h�e� �q�u�a�l�i�t�y� �o�f� �t�h�e� �b�e�s�t� �s�o�l�u�t�i�o�n� �h�a�s� �c�h�a�n�g�e�d� �d�u�r�i�n�g� �t�h�e� �s�t�a�g�e�.

�1�.�6�.�2�T�a�b�u�S�e�a�r�c�h

�I�n�(�G�l�o�v�e�r�,� �T�a�b�u� �s�e�a�r�c�h ��P�a�r�t� �I�,� �1�9�8�9�)�,�(�G�l�o�v�e�r�,� �T�a�b�u� �s�e�a�r�c�h ��P�a�r�t� �I�I�,� �1�9�9�0�)�,� �w�a�s� �t�h�e

�f�i�r�s�t� �w�h�o� �d�e�v�e�l�o�p�s� �a� �m�e�t�a�-�h�e�u�r�i�s�t�i�c� �s�e�a�r�c�h� �c�a�l�l�e�d� �T�a�b�u� �S�e�a�r�c�h�,� �w�h�i�c�h� �b�e�c�a�m�e� �n�o�w

�w�i�d�e�l�y� �u�s�e�d� �f�o�r� �s�o�l�v�i�n�g� �c�o�m�p�l�e�x� �c�o�m�b�i�n�a�t�o�r�i�a�l� �o�p�t�i�m�i�z�a�t�i�o�n� �p�r�o�b�l�e�m�s� �o�f� �l�a�r�g�e� �o�r

�s�m�a�l�l� �s�i�z�e� �(�o�f�t�e�n� �N�P�- �h�a�r�d�)�.�I�n� �a�d�d�i�t�i�o�n�,�T�a�b�u� �S�e�a�r�c�h� �(�T�S�)� �h�a�s� �s�e�v�e�r�a�l� �a�p�p�l�i�c�a�t�i�o�n�s

�i�n� �n�o�n�l�i�n�e�a�r� �p�r�o�g�r�a�m�m�i�n�g� �(�N�L�P�)�.

�T�h�i�s� �r�e�s�e�a�r�c�h� �t�e�c�h�n�i�q�u�e� �i�s� �b�a�s�e�d� �o�n� �t�w�o� �p�h�a�s�e�s�:

�a�. �A�d�a�p�t�i�v�e� �m�e�m�o�r�y� �t�h�a�t� �d�e�p�e�n�d�s� �o�n� �f�o�u�r� �i�m�p�o�r�t�a�n�t� �r�e�f�e�r�e�n�c�e�s

�(�o�c�c�u�r�r�e�n�c�e�,� �r�e�c�e�n�t�l�y� �v�i�s�i�t�e�d�,� �q�u�a�l�i�t�y� �a�n�d� �i�n�f�l�u�e�n�c�e�)�.

�b�. �R�e�a�c�t�i�v�e� �e�x�p�l�o�r�a�t�i�o�n�,� �i�t� �i�s� �a�b�l�e� �t�o� �t�a�k�e� �t�a�c�t�i�c�a�l� �s�e�l�e�c�t�i�o�n�s� �t�o� �a�c�h�i�e�v�e

�e�f�f�i�c�i�e�n�c�y�.
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· �D�e�f�i�n�i�t�i�o�n�:

�T�h�e� �b�a�s�i�c� �i�d�e�a� �o�f�t�h�e� �T�a�b�u� �l�i�s�t� �r�e�q�u�i�r�e�s� �t�h�e� �m�e�m�o�r�i�z�a�t�i�o�n� �o�f�o�l�d� �v�i�s�i�t�e�d

�m�o�d�i�f�i�c�a�t�i�o�n�s� �o�r� �r�e�g�i�o�n�s� �a�n�d� �t�o� �i�n�t�r�o�d�u�c�e�c�e�r�t�a�i�n� �m�e�c�h�a�n�i�s�m�s�t�o� �p�r�o�h�i�b�i�t� �t�h�e

�s�e�a�r�c�h� �t�o� �r�e�t�u�r�n� �t�o�o� �q�u�i�c�k�l�y� �t�o� �t�h�e�s�e� �c�h�a�n�g�e�s�,� �t�h�e�s�e� �m�e�c�h�a�n�i�s�m�s� �a�r�e� �t�e�m�p�o�r�a�r�y

�p�r�o�h�i�b�i�t�i�o�n�s� �o�f� �c�e�r�t�a�i�n� �m�o�v�e�m�e�n�t�s�(�w�h�a�t�i�s� �c�a�l�l�e�d� �t�a�b�o�o� �m�o�v�e�m�e�n�t�s�)�,� �i�t� �i�s� �a

�q�u�e�s�t�i�o�n� �o�f� �p�r�o�h�i�b�i�t�i�n�g� �t�h�e� �m�o�v�e�m�e�n�t�s� �w�h�i�c�h� �w�o�u�l�d� �t�r�y� �t�o� �c�a�n�c�e�l� �t�h�e� �e�f�f�e�c�t� �o�f

�l�a�s�t� �e�x�e�c�u�t�e�d� �m�o�v�e�m�e�n�t�s�.� �A�t� �e�a�c�h� �i�t�e�r�a�t�i�o�n�,�T�S�c�h�o�o�s�e�s� �t�h�e� �b�e�s�t� �n�e�i�g�h�b�o�r�,

�w�h�i�c�h� �d�o�e�s� �n�o�t� �e�x�i�s�t� �i�n� �t�h�e� �T�a�b�u� �l�i�s�t�,� �e�v�e�n� �i�f� �i�t� �c�a�n� �d�e�g�r�a�d�e� �t�h�e� �c�o�s�t� �f�u�n�c�t�i�o�n�,

�f�o�r� �t�h�i�s� �r�e�a�s�o�n� �w�e� �s�a�y� �t�h�a�t�T�S�i�s�a�n�a�g�g�r�e�s�s�i�v�e� �m�e�t�h�o�d�(�F�i�g�u�r�e� �1�)�.

· �M�e�m�o�r�y�:

�T�h�e� �m�a�i�n� �r�o�l�e� �o�f� �u�s�i�n�g� �a�d�a�p�t�i�v�e� �m�e�m�o�r�y� �i�s� �t�o� �m�e�m�o�r�i�z�e�a�l�r�e�a�d�y� �v�i�s�i�t�e�d

�c�a�n�d�i�d�a�t�e�s�,� �t�h�i�s� �m�e�m�o�r�y� �i�s� �c�a�l�l�e�d�T�a�b�u� �l�i�s�t�,� �t�h�e� �m�a�i�n� �p�u�r�p�o�s�e� �o�f� �t�h�i�s� �m�e�m�o�r�y� �i�s

�t�o� �r�e�s�t�r�i�c�t� �t�h�e� �c�h�o�i�c�e�o�f� �r�e�d�u�n�d�a�n�t� �c�a�n�d�i�d�a�t�e�s� �w�h�o� �w�i�l�l� �b�e� �m�a�r�k�e�d� �a�s� �a�c�t�i�v�e

�T�a�b�u� �f�o�r� �a� �c�e�r�t�a�i�n� �m�o�m�e�n�t�;� �w�h�e�n� �t�h�e� �s�i�z�e� �o�f� �t�h�e� �l�i�s�t� �e�x�c�e�e�d�s� �t�h�e�u�s�e�r� �p�r�e�d�e�f�i�n�e�d

�l�i�m�i�t�,� �t�h�e� �f�i�r�s�t� �s�e�l�e�c�t�e�d� �c�a�n�d�i�d�a�t�e� �w�i�l�l� �b�e� �e�l�i�m�i�n�a�t�e�d� �f�r�o�m� �t�h�e� �l�i�s�t�,� �t�h�i�s� �m�e�t�h�o�d

�i�s� �c�a�l�l�e�d� �t�h�e� �a�s�p�i�r�a�t�i�o�n�.� �T�h�e� �f�u�n�d�a�m�e�n�t�a�l� �p�u�r�p�o�s�e� �o�f� �t�h�i�s� �m�e�m�o�r�y� �i�s� �t�o� �a�v�o�i�d� �t�h�e

�a�l�g�o�r�i�t�h�m� �t�o� �e�n�t�e�r� �a� �l�o�c�a�l� �o�p�t�i�m�u�m� �w�h�i�c�h� �i�m�p�r�o�v�e�s� �t�h�e� �r�e�s�e�a�r�c�h�,� �i�t�s� �r�o�l�e

�e�v�o�l�v�e�s� �d�u�r�i�n�g� �t�h�e� �r�e�s�o�l�u�t�i�o�n� �b�y� �a�l�l�o�w�i�n�g� �u�s� �t�o� �u�s�e� �t�h�e� �s�t�r�a�t�e�g�i�e�s� �o�f

�i�n�t�e�n�s�i�f�i�c�a�t�i�o�n� �a�n�d� �d�i�v�e�r�s�i�f�i�c�a�t�i�o�n�,� �t�h�e� �I�n�t�e�n�s�i�f�i�c�a�t�i�o�n� �s�t�r�a�t�e�g�y� �a�l�l�o�w�s� �t�h�e

�a�l�g�o�r�i�t�h�m� �t�o� �e�x�p�l�o�i�t� �i�n� �a�d�d�i�t�i�o�n� �t�h�e� �g�o�o�d� �c�a�n�d�i�d�a�t�e�s� �a�l�r�e�a�d�y� �f�o�u�n�d�,� �w�h�i�l�e� �t�h�e

�d�i�v�e�r�s�i�f�i�c�a�t�i�o�n� �s�t�r�a�t�e�g�y� �a�l�l�o�w�s� �u�s� �t�o� �e�x�p�l�o�r�e� �i�n� �s�p�a�c�e� �c�a�n�d�i�d�a�t�e�s� �w�h�o� �a�r�e� �n�e�v�e�r

�a�l�r�e�a�d�y� �v�i�s�i�t�e�d�.

· �E�x�c�e�p�t�i�o�n� �t�o� �p�r�o�h�i�b�i�t�i�o�n�s

�I�t� �i�s� �p�o�s�s�i�b�l�e� �t�o� �v�i�o�l�a�t�e� �a� �p�r�o�h�i�b�i�t�i�o�n� �w�h�e�n� �a� �p�r�o�h�i�b�i�t�e�d� �m�o�v�e�m�e�n�t� �m�a�k�e�s� �i�t

�p�o�s�s�i�b�l�e� �t�o� �o�b�t�a�i�n� �t�h�e� �b�e�s�t� �s�o�l�u�t�i�o�n� �r�e�g�i�s�t�e�r�e�d� �s�o� �f�a�r�.

· �S�p�e�c�i�f�y�i�n�g� �t�h�e� �T�a�b�u� �l�i�s�t� �m�e�c�h�a�n�i�s�m

�T�o� �d�e�s�c�r�i�b�e� �t�h�e�T�a�b�u�m�e�c�h�a�n�i�s�m� �i�t� �i�s� �n�e�c�e�s�s�a�r�y� �t�o� �s�p�e�c�i�f�y�:

€ �T�h�e�T�a�b�u� �l�i�s�t�s�t�r�u�c�t�u�r�e� �(�t�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� �e�l�e�m�e�n�t�s� �t�h�a�t� �c�o�m�p�o�s�e� �i�t�)�.

€ �H�o�w� �t�h�e� �l�i�s�t� �i�s� �u�p�d�a�t�e�d� �w�h�e�n� �a� �m�o�v�e� �i�s� �m�a�d�e�,� �(�W�h�i�c�h� �i�t�e�m�s� �a�r�e� �a�d�d�e�d�)�.

€ �W�h�i�c�h� �m�o�v�e�m�e�n�t�s� �o�r� �n�e�i�g�h�b�o�r�s� �a�r�e� �p�r�o�h�i�b�i�t�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e

�c�o�n�t�e�n�t�s� �o�f� �t�h�e� �l�i�s�t�.

€ �I�t� �i�s� �a�l�s�o� �n�e�c�e�s�s�a�r�y� �t�o� �d�e�t�e�r�m�i�n�e� �h�o�w� �l�o�n�g� �a�n� �e�l�e�m�e�n�t� �r�e�m�a�i�n�s� �T�a�b�u�.
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�1�.�6�.�3�A�n�t� �c�o�l�o�n�y� �o�p�t�i�m�i�z�a�t�i�o�n

�T�h�e� �a�n�t� �c�o�l�o�n�y�o�p�t�i�m�i�z�a�t�i�o�n�i�s� �a� �p�r�o�b�a�b�i�l�i�t�y� �r�e�s�o�l�u�t�i�o�n�t�e�c�h�n�i�q�u�e�;�(�D�o�r�i�g�o� �M�.� �,

�1�9�9�2�)�d�e�v�e�l�o�p�e�d� �i�t�.� �T�h�e� �i�d�e�a� �i�s� �t�o� �r�e�p�r�e�s�e�n�t� �t�h�e� �p�r�o�b�l�e�m� �t�o� �s�o�l�v�e� �i�n� �t�h�e� �f�o�r�m� �o�f� �t�h�e

�s�e�a�r�c�h� �f�o�r� �a� �b�e�t�t�e�r� �p�a�t�h� �i�n� �a� �g�r�a�p�h� �b�a�s�e�d� �o�n� �t�h�e� �a�c�t�u�a�l� �s�e�a�r�c�h� �m�e�t�h�o�d� �o�f� �a� �p�a�t�h

�b�e�t�w�e�e�n� �t�h�e� �c�o�l�o�n�y� �a�n�d� �t�h�e� �f�o�o�d� �s�o�u�r�c�e�.

�T�h�e� �b�e�h�a�v�i�o�r� �o�f� �a�r�t�i�f�i�c�i�a�l� �a�n�t�s� �i�s� �i�n�s�p�i�r�e�d� �b�y� �r�e�a�l� �a�n�t�s�;� �a�c�t�u�a�l�l�y�,� �a�n�t�s� �a�r�e� �b�l�i�n�d�,� �t�h�a�t�'�s

�w�h�y� �t�h�e�y� �m�o�v�e� �i�n� �a� �r�a�n�d�o�m� �w�a�y� �a�n�d� �l�e�a�v�e� �t�r�a�c�e�s� �o�f� �p�h�e�r�o�m�o�n�e� �o�n� �t�h�e� �r�o�a�d�s� �t�h�e�y

�c�r�o�s�s� �u�n�t�i�l�r�e�a�c�h�i�n�g� �f�o�o�d�s�o�u�r�c�e�,� �m�o�r�e� �p�h�e�r�o�m�o�n�e�s� �w�i�l�l� �b�e� �d�e�p�o�s�i�t�e�d� �o�n� �t�h�e� �r�o�a�d�,

�t�h�e� �m�o�r�e� �t�h�e� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �f�o�l�l�o�w�i�n�g� �t�h�i�s� �p�h�e�r�o�m�o�n�e� �i�n�c�r�e�a�s�e�s�(�f�i�g�u�r�e� �2�)�.� �A�r�t�i�f�i�c�i�a�l

�a�n�t�s� �f�o�l�l�o�w� �t�h�e� �s�a�m�e� �m�e�t�h�o�d� �b�u�t� �t�h�e�y� �d�e�p�o�s�i�t� �t�r�a�c�e�s� �o�f� �p�h�e�r�o�m�o�n�e� �o�n� �t�h�e

�c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �g�r�a�p�h� �a�n�d� �t�h�e�y� �c�h�o�o�s�e� �t�h�e�i�r� �p�a�t�h�s� �r�e�l�a�t�i�v�e� �t�o� �t�r�a�c�e�s� �o�f� �p�r�e�v�i�o�u�s�l�y

�d�e�p�o�s�i�t�e�d� �p�h�e�r�o�m�o�n�e�s�,� �t�h�e�s�e� �t�r�a�c�e�s� �e�v�a�p�o�r�a�t�e� �o�v�e�r� �t�i�m�e�.

�F�i�g�u�r�e�1�.� �T�a�b�u� �S�e�a�r�c�h� �p�r�o�c�e�d�u�r�e

�C�r�e�a�t�e� �n�e�i�g�h�b�o�r�s �E�v�a�l�u�a�t�e� �n�e�i�g�h�b�o�r�s

�U�p�d�a�t�e� �a�s�p�i�r�a�t�i�o�n
�c�o�n�d�i�t�i�o�n�s

�B�e�t�t�e�r� �n�o�n�-
�T�a�b�u

�n�e�i�g�h�b�o�r�?

�C�h�o�o�s�e� �b�e�s�t
�n�e�i�g�h�b�o�r�-�U�p�d�a�t�e

�T�a�b�u� �l�i�s�t

�S�t�o�p�p�i�n�g
�c�o�n�d�i�t�i�o�n
�s�a�t�i�s�f�i�e�d�?

�F�i�n�a�l� �s�o�l�u�t�i�o�n

�I�n�i�t�i�a�l� �S�o�l�u�t�i�o�n

�Y�e�s

�Y�e�s

�N�o
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�T�h�i�s� �m�e�t�a�-�h�e�u�r�i�s�t�i�c� �h�a�s� �s�o�l�v�e�d� �v�a�r�i�o�u�s� �c�o�m�b�i�n�a�t�o�r�i�a�l� �o�p�t�i�m�i�z�a�t�i�o�n� �p�r�o�b�l�e�m�s�,� �s�u�c�h

�a�s� �t�h�e�T�r�a�v�e�l�e�r�s�a�l�e�s�m�a�n� �p�r�o�b�l�e�m� �(�T�S�P�)�(�D�o�r�i�g�o� �M�.� �a�.�,� �1�9�9�7�)�,� �t�h�e� �q�u�a�d�r�a�t�i�c

�a�s�s�i�g�n�m�e�n�t� �p�r�o�b�l�e�m� �a�n�d� �t�h�e� �v�e�h�i�c�l�e� �r�o�u�t�i�n�g� �p�r�o�b�l�e�m�[�B�U�L� �9�9�]�.

�F�i�g�u�r�e�2�.� �A�C�O� �p�r�o�c�e�d�u�r�e�i

�A�n� �a�n�t� �w�i�l�l� �m�o�v�e� �f�r�o�m� �n�o�d�e� �i� �t�o� �n�o�d�e� �j� �w�i�t�h� �p�r�o�b�a�b�i�l�i�t�y�.

�, �= �, "� �,

"� �, "� �,

�W�h�e�r�e�:

�, �i�s� �t�h�e� �a�m�o�u�n�t� �o�f� �p�h�e�r�o�m�o�n�e� �o�n� �t�h�e� �r�i�d�g�e�i�;� �j�.

�i�s� �t�h�e� �i�n�f�l�u�e�n�c�e� �c�o�n�t�r�o�l� �p�a�r�a�m�e�t�e�r� �o�f�,

�, �i�s� �t�h�e� �d�e�s�i�r�a�b�i�l�i�t�y� �o�f� �t�h�e� �r�i�d�g�e�i�;� �j�(�u�s�u�a�l�l�y
�,
�)�.

�i�s� �t�h�e� �i�n�f�l�u�e�n�c�e� �c�o�n�t�r�o�l� �p�a�r�a�m�e�t�e�r� �o�f�, �.

�T�h�e� �a�m�o�u�n�t� �o�f� �t�h�e� �p�h�e�r�o�m�o�n�e� �i�s� �u�p�d�a�t�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �f�o�l�l�o�w�i�n�g� �e�q�u�a�t�i�o�n�:

�, �=� �(�1�-�p�) �, �+�” �,

�W�h�e�r�e� �p� �i�s� �t�h�e� �e�v�a�p�o�r�a�t�i�o�n� �r�a�t�e� �o�f� �t�h�e� �p�h�e�r�o�m�o�n�e� �a�n�d�” �i�s� �t�h�e� �t�o�t�a�l� �a�m�o�u�n�t� �o�f� �t�h�e

�p�h�e�r�o�m�o�n�e� �d�e�p�o�s�i�t�e�d�.

�” �, �= �i�f� �t�h�e� �a�n�t�k�p�a�s�s�e�s� �o�n� �t�h�e� �r�i�d�g�e�i�,�j�;

�=� �0�i�f�e�l�s�e�;

�W�h�e�r�e �r�e�p�r�e�s�e�n�t�s�t�h�e� �c�o�s�t� �o�f� �p�a�s�s�a�g�e� �o�f� �t�h�e� �a�n�t�k�.
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�1�.�6�.�4�S�c�a�l�a�b�l�e� �A�l�g�o�r�i�t�h�m�s

�1�.�6�.�4�.�1�A�*�A�l�g�o�r�i�t�h�m

�I�t� �i�s� �a�n� �a�l�g�o�r�i�t�h�m� �f�o�r� �f�i�n�d�i�n�g� �a� �s�h�o�r�t�e�r� �p�a�t�h� �i�n� �a� �g�r�a�p�h� �f�r�o�m�x�0�t�o �.

�C�o�n�s�i�d�e�r� �a� �t�w�o�-�d�i�m�e�n�s�i�o�n�a�l� �m�a�t�r�i�x�(�f�i�g�u�r�e� �3�)�w�h�e�r�e� �w�e� �h�a�v�e� �s�e�v�e�r�a�l� �o�b�s�t�a�c�l�e�s� �a�n�d

�w�e� �w�i�l�l� �s�t�a�r�t� �f�r�o�m� �a�n�y� �p�o�i�n�t� �t�o� �a�n�o�t�h�e�r� �p�o�i�n�t� �(�d�e�s�t�i�n�a�t�i�o�n�)�,� �w�e� �m�u�s�t� �a�r�r�i�v�e� �(�i�f

�p�o�s�s�i�b�l�e�)� �t�o� �t�h�i�s� �d�e�s�t�i�n�a�t�i�o�n�,� �t�h�e� �a�l�g�o�r�i�t�h�m� �A� �*� �s�o�l�v�e�s� �t�h�i�s� �p�r�o�b�l�e�m� �a�s� �f�o�l�l�o�w�:

o �M�a�k�e� �a� �h�e�u�r�i�s�t�i�c� �a�s�s�e�s�s�m�e�n�t� �a�t� �e�a�c�h� �v�e�r�t�e�x� �t�o� �e�s�t�i�m�a�t�e� �t�h�e�b�e�s�t�-�u�s�e�d

�p�a�t�h�.

o �T�h�e� �v�e�r�t�i�c�e�s� �a�r�e� �t�r�a�v�e�r�s�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�i�s� �h�e�u�r�i�s�t�i�c� �e�v�a�l�u�a�t�i�o�n�:� �w�e

�r�e�t�a�i�n� �t�h�e� �s�u�m�m�i�t� �w�h�e�r�e� �t�h�e� �e�v�a�l�u�a�t�i�o�n� �i�s� �t�h�e� �s�m�a�l�l�e�s�t�.

�I�n� �t�h�e� �a�l�g�o�r�i�t�h�m� �A� �*�,� �w�e� �r�e�d�u�c�e� �t�h�e� �s�e�t�o�f� �v�e�r�t�i�c�e�s� �t�o� �e�x�p�l�o�r�e�.

�A�t� �e�a�c�h� �i�t�e�r�a�t�i�o�n�,� �i�t� �t�a�k�e�s� �a� �c�e�l�l� �w�h�o�s�e� �c�o�s�t� �i�s� �t�h�e� �s�m�a�l�l�e�s�t� �a�n�d� �g�o�e�s� �t�o� �a�n�o�t�h�e�r� �p�o�i�n�t

�b�y� �f�o�l�l�o�w�i�n�g� �t�h�e� �s�a�m�e� �m�e�t�h�o�d� �u�n�t�i�l� �a�r�r�i�v�i�n�g� �a�t� �t�h�e� �d�e�s�t�i�n�a�t�i�o�n� �i�f� �p�o�s�s�i�b�l�e�.

�T�h�e� �m�o�v�e�m�e�n�t�s� �o�f� �t�h�i�s� �a�l�g�o�r�i�t�h�m� �d�e�p�e�n�d� �o�n� �t�h�e� �c�o�s�t� �o�f� �p�a�s�s�a�g�e�.

�F�i�g�u�r�e�3�.� �A� �S�t�a�r� �a�l�g�o�r�i�t�h�m

�1�.�6�.�4�.�2�G�e�n�e�t�i�c�A�l�g�o�r�i�t�h�m�s

�G�e�n�e�t�i�c� �a�l�g�o�r�i�t�h�m�s� �a�r�e� �r�a�n�d�o�m�i�z�e�d� �a�n�d� �i�n�t�e�l�l�i�g�e�n�t� �a�d�a�p�t�i�v�e� �e�x�p�l�o�r�a�t�i�o�n

�m�e�t�a�h�e�u�r�i�s�t�i�c�a�l�g�o�r�i�t�h�m�s�,� �b�a�s�e�d� �o�n� �t�h�e� �e�v�o�l�u�t�i�o�n�a�r�y� �i�d�e�a�s� �o�f� �n�a�t�u�r�a�l� �s�e�l�e�c�t�i�o�n� �a�n�d

�g�e�n�e�t�i�c�s�;�t�h�e�y� �a�r�e� �u�s�e�d� �t�o� �s�o�l�v�e�o�p�t�i�m�i�z�a�t�i�o�n� �p�r�o�b�l�e�m�s�.�T�h�e�i�r� �t�e�c�h�n�i�q�u�e�c�o�n�s�i�s�t�s�o�f

�s�i�m�u�l�a�t�i�n�g� �t�h�e� �e�v�o�l�u�t�i�o�n� �p�r�o�c�e�s�s�e�s� �o�f� �n�a�t�u�r�a�l� �s�y�s�t�e�m�s�,� �t�o� �f�o�r�m� �a�n� �e�x�p�l�o�r�a�t�i�o�n

�a�l�g�o�r�i�t�h�m� �t�h�a�t� �h�a�s� �s�o�m�e� �o�f� �t�h�e� �h�u�m�a�n� �e�x�p�l�o�r�a�t�i�o�n� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� �A�t� �e�a�c�h

�g�e�n�e�r�a�t�i�o�n�,� �a� �n�e�w� �s�e�t� �o�f� �a�r�t�i�f�i�c�i�a�l� �c�r�e�a�t�u�r�e�s� �(�s�t�r�i�n�g�s�)� �i�s� �c�r�e�a�t�e�d� �u�s�i�n�g� �i�n�n�o�v�a�t�i�v�e

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

�w�i�t�h� �t�h�e� �h�o�p�e� �o�f� �i�m�p�r�o�v�i�n�g� �p�e�r�f�o�r�m�a�n�c�e�.

�T�h�e� �g�e�n�e�t�i�c� �a�l�g�o�r�i�t�h�m�s� �w�e�r�e� �d�e�v�e�l�o�p�e�d� �b�y� �J�o�h�n� �H�o�l�l�a�n�d�,�(�H�o�l�l�a�n�d�,� �1�9�7�5�)�,� �h�i�s

�c�o�l�l�e�a�g�u�e�s�,� �a�n�d� �h�i�s� �s�t�u�d�e�n�t�s�,� �a�t� �t�h�e� �U�n�i�v�e�r�s�i�t�y� �o�f� �M�i�c�h�i�g�a�n�.

�T�h�e� �m�e�c�h�a�n�i�s�m�s� �o�f� �a� �b�a�s�i�c� �g�e�n�e�t�i�c� �a�l�g�o�r�i�t�h�m� �a�r�e� �s�u�r�p�r�i�s�i�n�g�l�y� �s�i�m�p�l�e� �a�n�d� �i�n�v�o�l�v�e

�n�o�t�h�i�n�g� �m�o�r�e� �c�o�m�p�l�i�c�a�t�e�d� �t�h�a�n� �c�o�p�i�e�s� �o�f� �s�t�r�i�n�g�s� �a�n�d� �e�x�c�h�a�n�g�e�s� �o�f�s�t�r�i�n�g�s�;�i�t� �i�s�t�h�e

�r�e�a�s�o�n�s� �w�h�y� �t�h�i�s� �s�i�m�p�l�e� �p�r�o�c�e�s�s� �w�o�r�k�s�i�s�m�u�c�h�m�o�r�e� �c�o�m�p�l�e�x� �a�n�d� �s�u�b�t�l�e�r�.�E�a�s�y

�i�m�p�l�e�m�e�n�t�a�t�i�o�n� �a�n�d� �e�f�f�i�c�i�e�n�c�y� �a�r�e� �t�w�o� �o�f� �t�h�e� �m�o�s�t� �a�t�t�r�a�c�t�i�v�e� �f�e�a�t�u�r�e�s� �o�f� �g�e�n�e�t�i�c

�a�l�g�o�r�i�t�h�m�s�.

�A�d�v�a�n�t�a�g�e�:

�a�. �A�b�i�l�i�t�y� �t�o� �a�p�p�l�y� �o�n� �a�w�i�d�e� �r�a�n�g�e� �o�f� �a�p�p�l�i�c�a�t�i�o�n�s� �w�i�t�h�o�u�t� �w�o�r�r�y�i�n�g� �a�b�o�u�t
�t�h�e�i�r� �n�a�t�u�r�e�.

�b�. �S�i�m�u�l�t�a�n�e�o�u�s� �t�r�e�a�t�m�e�n�t� �o�n� �a�n�n�s�i�z�e�p�o�p�u�l�a�t�i�o�n�.

�c�. �U�s�i�n�g� �c�r�o�s�s�o�v�e�r� �a�n�d� �m�u�t�a�t�i�o�n�m�e�t�h�o�d�s�,� �w�h�i�c�h�e�m�e�r�g�e�t�o�w�a�r�d�s� �a� �g�l�o�b�a�l
�o�p�t�i�m�u�m� �b�y� �a�v�o�i�d�i�n�g� �l�o�c�a�l� �o�p�t�i�m�u�m�s�.

�O�p�e�r�a�t�i�o�n�s�:

�a�. �G�e�n�e�r�a�t�e�i�n�i�t�i�a�l� �p�o�p�u�l�a�t�i�o�n�o�f� �f�i�x�e�d� �s�i�z�e�N�i�n�d�i�v�i�d�u�a�l�s�,

�b�. �C�a�l�c�u�l�a�t�e�t�h�e� �v�a�l�u�e�s�o�f� �t�h�e�i�r� �o�b�j�e�c�t�i�v�e� �f�u�n�c�t�i�o�n�,

�c�. �U�s�e� �a� �m�e�t�h�o�d� �o�f� �s�e�l�e�c�t�i�n�g� �i�n�d�i�v�i�d�u�a�l�s�,

�d�. �A�p�p�l�y� �t�h�e� �c�r�o�s�s�o�v�e�r� �o�p�e�r�a�t�o�r� �w�i�t�h� �a� �p�r�o�b�a�b�i�l�i�t�y�t�o� �g�e�n�e�r�a�t�e� �i�n�d�i�v�i�d�u�a�l�s�,

�e�. �A�p�p�l�y� �t�h�e� �m�u�t�a�t�i�o�n� �o�p�e�r�a�t�o�r� �o�n� �t�h�e� �r�e�s�u�l�t�s� �a�l�r�e�a�d�y� �o�b�t�a�i�n�e�d� �w�i�t�h� �a
�p�r�o�b�a�b�i�l�i�t�y� �o�f�m�u�t�a�t�i�o�n� �t�o� �g�e�n�e�r�a�t�e� �i�n�d�i�v�i�d�u�a�l�s�,

�f�. �U�s�e� �a� �m�e�t�h�o�d� �o�f� �i�n�s�e�r�t�i�o�n� �o�f� �i�n�d�i�v�i�d�u�a�l�s� �f�r�o�m� �t�h�e� �n�e�w� �p�o�p�u�l�a�t�i�o�n�.

�g�. �E�v�a�l�u�a�t�e� �t�h�e� �v�a�l�u�e� �o�f� �t�h�e� �o�b�j�e�c�t�i�v�e� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� �i�n�d�i�v�i�d�u�a�l�s� �a�l�r�e�a�d�y
�i�n�s�e�r�t�e�d� �i�n� �t�h�e� �n�e�w� �p�o�p�u�l�a�t�i�o�n�,

�h�. �Q�u�a�l�i�t�y� �c�o�n�t�r�o�l�o�f� �t�h�e� �i�n�d�i�v�i�d�u�a�l�s� �o�b�t�a�i�n�e�d

ðØ �G�o�o�d�q�u�a�l�i�t�y�=�>� �S�t�o�p� �t�e�s�t�.

ðØ �B�a�d� �q�u�a�l�i�t�y� �=�>� �I�t�e�r�a�t�e� �a�g�a�i�n� �f�o�r� �t�h�e� �n�e�w� �g�e�n�e�r�a�t�i�o�n�.

�S�e�l�e�c�t�i�o�n�s�M�e�t�h�o�d�s�:

€ �R�a�n�k�s�e�l�e�c�t�i�o�n�.

€ �R�o�u�l�e�t�t�e�s�e�l�e�c�t�i�o�n�.

€ �R�a�n�d�o�m� �s�e�l�e�c�t�i�o�n�.

€ �T�o�u�r�n�a�m�e�n�t�s�e�l�e�c�t�i�o�n�.
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�R�a�n�k� �s�e�l�e�c�t�i�o�n�:

�E�a�c�h� �i�n�d�i�v�i�d�u�a�l� �i�s� �a�s�s�i�g�n�e�d� �h�i�s� �r�a�n�k�i�n�g� �i�n� �o�r�d�e�r� �o�f

ðü �M�a�x�i�m�i�z�a�t�i�o�n� �p�r�o�b�l�e�m�:�S�o�r�t�i�n�g� �i�n�d�i�v�i�d�u�a�l�s� �i�n� �a�s�c�e�n�d�i�n�g� �o�r�d�e�r� �d�e�p�e�n�d�i�n�g� �o�n

�t�h�e� �o�b�j�e�c�t�i�v�e� �f�u�n�c�t�i�o�n� �v�a�l�u�e�s�.

ðü �M�i�n�i�m�i�z�a�t�i�o�n� �p�r�o�b�l�e�m�:�S�o�r�t�i�n�g� �i�n�d�i�v�i�d�u�a�l�s� �i�n� �d�e�s�c�e�n�d�i�n�g� �o�r�d�e�r� �d�e�p�e�n�d�i�n�g

�o�n�t�h�e� �o�b�j�e�c�t�i�v�e� �f�u�n�c�t�i�o�n� �v�a�l�u�e�s�.

�R�o�u�l�e�t�t�e�s�e�l�e�c�t�i�o�n�:

ðü �M�a�x�i�m�i�z�a�t�i�o�n� �p�r�o�b�l�e�m�:�W�e� �a�s�s�o�c�i�a�t�e� �t�o� �e�a�c�h� �i�n�d�i�v�i�d�u�a�l� �a� �p�r�o�b�a�b�i�l�i�t�y� �o�f
�s�e�l�e�c�t�i�o�n�p�r�o�p�o�r�t�i�o�n�a�l� �t�o� �i�t�s� �v�a�l�u�e�i�n� �t�h�e� �o�b�j�e�c�t�i�v�e� �f�u�n�c�t�i�o�n�.

ðü �M�i�n�i�m�i�z�a�t�i�o�n� �p�r�o�b�l�e�m�:�W�e� �a�s�s�o�c�i�a�t�e� �t�o� �e�a�c�h� �i�n�d�i�v�i�d�u�a�l� �a� �p�r�o�b�a�b�i�l�i�t�y� �o�f

�s�e�l�e�c�t�i�o�n� �e�q�u�a�l� �t�o
�( �)

�( �)
�.

�R�a�n�d�o�m� �s�e�l�e�c�t�i�o�n�:

�E�a�c�h� �i�n�d�i�v�i�d�u�a�l� �i�s� �s�e�l�e�c�t�e�d� �r�e�g�a�r�d�l�e�s�s� �o�f� �h�i�s� �o�r� �h�e�r� �a�d�a�p�t�a�t�i�o�n� �v�a�l�u�e� �w�i�t�h� �a

�u�n�i�f�o�r�m� �p�r�o�b�a�b�i�l�i�t�y�o�f� �b�e�i�n�g�s�e�l�e�c�t�e�d�.

�T�o�u�r�n�a�m�e�n�t� �S�e�l�e�c�t�i�o�n�:

�T�h�i�s� �m�e�t�h�o�d� �i�n�c�r�e�a�s�e�s� �t�h�e�p�a�r�t�i�c�i�p�a�t�i�o�n�p�o�s�s�i�b�i�l�i�t�y� �o�f�p�o�o�r�-�q�u�a�l�i�t�y�i�n�d�i�v�i�d�u�a�l ��s�,

�a�c�c�o�r�d�i�n�g� �t�o� �t�h�e�i�r� �f�i�t�n�e�s�s�,�t�o� �t�h�e� �i�m�p�r�o�v�e�m�e�n�t� �o�f� �t�h�e� �p�o�p�u�l�a�t�i�o�n�.� �I�n�a�n�M �s�i�z�e

�s�u�b�p�o�p�u�l�a�t�i�o�n�,� �p�o�o�r� �q�u�a�l�i�t�y�i�n�d�i�v�i�d�u�a�l�s� �a�r�e� �c�o�m�p�e�t�i�n�g� �t�o� �c�h�o�o�s�e� �t�h�e� �b�e�s�t� �q�u�a�l�i�t�y

�o�n�e� �w�i�t�h� �r�e�s�p�e�c�t� �o�f�(�M� �<�N�)�.� �T�h�e� �w�i�n�n�i�n�g� �i�n�d�i�v�i�d�u�a�l� �i�s� �s�e�l�e�c�t�e�d� �f�o�r� �t�h�e

�a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �c�r�o�s�s�o�v�e�r� �o�p�e�r�a�t�o�r�.

�C�r�o�s�s�o�v�e�r� �o�p�e�r�a�t�o�r�s�:

�G�o�a�l�:�E�n�r�i�c�h� �t�h�e� �d�i�v�e�r�s�i�t�y� �o�f� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �b�y� �m�a�n�i�p�u�l�a�t�i�n�g� �t�h�e� �c�o�m�p�o�n�e�n�t�s� �o�f

�c�h�r�o�m�o�s�o�m�e�s�.

�B�e�h�a�v�i�o�r�:�L�e�t �b�e� �t�h�e�c�r�o�s�s�i�n�g� �p�r�o�b�a�b�i�l�i�t�y�;�T�w�o� �i�n�d�i�v�i�d�u�a�l�s�a�r�e�a�l�r�e�a�d�y� �c�h�o�s�e�n�,

�w�e� �g�e�n�e�r�a�t�e� �a� �r�a�n�d�o�m� �n�u�m�b�e�r�±"� �[�0�,� �1�]� �i�f�±�<�= �s�o� �t�h�e� �o�p�e�r�a�t�o�r�a�p�p�l�i�e�s�t�o� �t�h�e

�c�o�u�p�l�e�.

�O�p�e�r�a�t�i�o�n� �o�n� �t�w�o� �c�h�r�o�m�o�s�o�m�e�s� �w�i�t�h� �b�i�n�a�r�y� �c�o�d�i�n�g�:

�a�) �S�i�n�g�l�e� �p�o�i�n�t� �c�r�o�s�s� �o�p�e�r�a�t�o�r�:� �D�i�v�i�d�e� �e�a�c�h�p�a�r�e�n�t� �i�n�t�o� �t�w�o� �p�a�r�t�s� �a�t� �t�h�e� �s�a�m�e

�p�o�s�i�t�i�o�n� �(�r�a�n�d�o�m�l�y� �s�e�l�e�c�t�e�d�)�.

€ �C�h�i�l�d� �n�u�m�b�e�r� �1� �i�s� �c�o�m�p�o�s�e�d� �o�f� �t�h�e� �1�s�t�p�a�r�t� �o�f� �p�a�r�e�n�t� �1� �a�n�d� �t�h�e� �2�n�d

�p�a�r�t� �o�f� �p�a�r�e�n�t� �2�.
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€ �C�h�i�l�d� �n�u�m�b�e�r� �2� �i�s� �c�o�m�p�o�s�e�d� �o�f� �t�h�e� �1�s�t�p�a�r�t� �o�f� �p�a�r�e�n�t� �2� �a�n�d� �t�h�e� �2�n�d

�p�a�r�t� �o�f� �p�a�r�e�n�t� �1�.

�b�) �T�w�o�-�p�o�i�n�t� �c�r�o�s�s�o�v�e�r� �o�p�e�r�a�t�o�r�:� �D�i�v�i�d�e� �e�a�c�h� �p�a�r�e�n�t� �i�n�t�o� �t�h�r�e�e� �p�a�r�t�s� �a�t� �t�h�e

�s�a�m�e� �p�o�s�i�t�i�o�n� �(�r�a�n�d�o�m�l�y� �s�e�l�e�c�t�e�d�)

€ �C�h�i�l�d� �1� �w�i�l�l� �b�e� �t�h�e� �c�o�p�y� �o�f� �p�a�r�e�n�t� �1� �b�y� �r�e�p�l�a�c�i�n�g� �h�i�s� �p�a�r�t� �b�e�t�w�e�e�n� �t�h�e

�t�w�o� �p�o�s�i�t�i�o�n�s� �b�y� �t�h�a�t� �o�f� �p�a�r�e�n�t� �2�.

€ �C�h�i�l�d� �1� �w�i�l�l� �b�e� �t�h�e� �c�o�p�y� �o�f� �p�a�r�e�n�t� �2� �b�y� �r�e�p�l�a�c�i�n�g� �h�i�s� �p�a�r�t� �b�e�t�w�e�e�n� �t�h�e

�t�w�o� �p�o�s�i�t�i�o�n�s� �b�y� �t�h�a�t� �o�f� �p�a�r�e�n�t� �1�.

�M�u�t�a�t�i�o�n� �o�p�e�r�a�t�o�r�:

�T�h�i�s� �o�p�e�r�a�t�o�r� �g�u�a�r�a�n�t�e�e�s� �t�h�a�t� �g�e�n�e�t�i�c� �a�l�g�o�r�i�t�h�m� �w�i�l�l� �b�e� �a�b�l�e� �t�o� �r�e�a�c�h� �m�o�s�t

�p�o�i�n�t�s� �o�f� �t�h�e� �r�e�a�l�i�z�a�b�l�e� �d�o�m�a�i�n�.

�C�o�n�s�i�d�e�r�a�s� �m�u�t�a�t�i�o�n� �p�r�o�b�a�b�i�l�i�t�y�.�O�n�l�y� �i�n� �g�e�n�e�t�i�c� �a�l�g�o�r�i�t�h�m�s� �w�i�t�h� �b�i�n�a�r�y

�c�o�d�i�n�g�,�t�h�i�s� �p�r�o�b�a�b�i�l�i�t�y� �w�a�s� �c�a�r�r�i�e�d� �o�u�t� �o�n� �t�h�e� �g�e�n�e�s� �b�y� �c�h�a�n�g�i�n�g� �i�t�s� �v�a�l�u�e� �f�r�o�m

�0� �t�o� �1� �o�r� �f�r�o�m� �1� �t�o� �0� �a�n�d� �n�o�t� �o�n� �t�h�e� �e�n�t�i�r�e� �c�h�r�o�m�o�s�o�m�e� �(�t�h�e� �c�h�o�i�c�e� �o�f� �g�e�n�e�s� �t�o

�c�h�a�n�g�e� �i�s� �r�a�n�d�o�m�)�.

�W�i�t�h� �t�h�e� �d�i�f�f�e�r�e�n�t� �c�o�d�i�n�g�, �g�e�n�e�t�i�c� �a�l�g�o�r�i�t�h�m�s�i�s� �a�p�p�l�i�e�d� �t�o� �t�h�e� �w�h�o�l�e

�i�n�d�i�v�i�d�u�a�l� �(�c�h�r�o�m�o�s�o�m�e�)� �a�n�d� �n�o�t� �t�o� �t�h�e� �g�e�n�e�s�.

�I�n�s�e�r�t�i�o�n� �m�e�t�h�o�d�:

�A�f�t�e�r� �a�p�p�l�y�i�n�g� �c�r�o�s�s�o�v�e�r� �a�n�d� �m�u�t�a�t�i�o�n� �o�p�e�r�a�t�o�r�s�,� �t�h�i�s� �m�e�t�h�o�d� �i�s� �u�s�e�d� �t�o
�g�e�n�e�r�a�t�e� �a� �n�e�w� �p�o�p�u�l�a�t�i�o�n�.

�T�h�r�e�e�g�e�n�e�r�a�t�i�o�n�s�s�t�r�a�t�e�g�i�e�s� �a�r�e� �k�n�o�w�n�:

�S�t�r�a�t�e�g�y� �1�:�I�t� �c�o�n�s�i�s�t�s� �o�f� �c�h�o�o�s�i�n�g�N�i�n�d�i�v�i�d�u�a�l�s� �f�r�o�m� �t�h�e�c�h�i�l�d�r�e�n� �a�l�r�e�a�d�y

�c�r�e�a�t�e�d� �b�y� �s�u�p�p�o�s�i�n�g� �t�h�a�t"e �i�f �= �.�I�t� �i�s� �a� �g�e�n�e�r�a�t�i�o�n�a�l� �m�e�t�h�o�d� �t�h�a�t

�r�e�p�l�a�c�e�s� �t�h�e� �p�a�r�e�n�t� �c�h�r�o�m�o�s�o�m�e� �w�i�t�h� �a� �c�h�i�l�d� �c�h�r�o�m�o�s�o�m�e�.

�S�t�r�a�t�e�g�y� �2�:�I�t� �c�o�n�s�i�s�t�s� �o�f� �c�h�o�o�s�i�n�g�N �i�n�d�i�v�i�d�u�a�l�s� �f�r�o�m�N �p�a�r�e�n�t�s� �o�f� �t�h�e

�p�r�e�v�i�o�u�s� �p�o�p�u�l�a�t�i�o�n�a�n�d �n�e�w� �c�h�i�l�d�r�e�n�,� �b�u�t� �t�h�i�s� �s�t�r�a�t�e�g�y� �h�a�s� �a� �s�p�e�c�i�a�l� �c�a�s�e

�c�a�l�l�e�d� �t�h�e� �s�t�a�t�e� �o�f� �e�q�u�i�l�i�b�r�i�u�m�m�e�t�h�o�d� �t�h�a�t�s�a�v�e�s� �a� �l�a�r�g�e� �p�a�r�t� �o�f� �t�h�e

�p�o�p�u�l�a�t�i�o�n� �i�n� �t�h�e�n�e�x�t� �g�e�n�e�r�a�t�i�o�n� �a�n�d� �s�e�l�e�c�t�s�t�h�e� �b�e�s�t� �c�h�r�o�m�o�s�o�m�e�s� �a�t� �e�a�c�h

�i�t�e�r�a�t�i�o�n� �t�o� �g�e�n�e�r�a�t�e�c�h�i�l�d�c�h�r�o�m�o�s�o�m�e�s�.�T�o� �c�o�p�y�t�h�e� �w�o�r�s�t� �p�a�r�e�n�t�s�,�t�h�e� �r�e�s�t

�o�f� �u�n�s�e�l�e�c�t�e�d� �c�h�r�o�m�o�s�o�m�e�s� �w�i�l�l� �b�e� �c�o�p�i�e�d� �i�n�t�o� �t�h�e� �n�e�w� �g�e�n�e�r�a�t�i�o�n�.

�S�t�r�a�t�e�g�y� �3�:�C�a�l�l�e�d� �e�l�i�t�i�s�m�,� �i�t� �c�o�n�s�i�s�t�s� �i�n� �c�o�p�y�i�n�g� �s�o�m�e� �b�e�t�t�e�r� �c�h�r�o�m�o�s�o�m�e�s� �i�n

�t�h�e� �n�e�w� �p�o�p�u�l�a�t�i�o�n� �t�o� �a�v�o�i�d� �t�h�e� �l�o�s�s� �o�f� �t�h�e� �b�e�s�t� �c�h�r�o�m�o�s�o�m�e�s� �a�f�t�e�r� �t�h�e

�a�p�p�l�i�c�a�t�i�o�n�o�f� �t�h�e� �c�r�o�s�s�i�n�g� �a�n�d� �m�u�t�a�t�i�o�n� �o�p�e�r�a�t�o�r�s�,� �t�h�i�s� �m�e�t�h�o�d� �i�s� �v�e�r�y

�e�f�f�i�c�i�e�n�t� �b�e�c�a�u�s�e� �i�t� �i�m�p�r�o�v�e�s� �t�h�e� �a�l�g�o�r�i�t�h�m�s� �g�e�n�e�t�i�c�,� �b�e�c�a�u�s�e� �i�t� �r�e�t�a�i�n�s� �a�t
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�e�a�c�h� �i�t�e�r�a�t�i�o�n� �t�h�e� �b�e�s�t� �i�n�d�i�v�i�d�u�a�l� �f�o�u�n�d� �i�n� �a�l�l� �p�o�p�u�l�a�t�i�o�n�s� �p�r�e�v�i�o�u�s�l�y

�g�e�n�e�r�a�t�e�d�.

�S�t�o�p� �t�e�s�t�:

�I�n� �g�e�n�e�t�i�c� �a�l�g�o�r�i�t�h�m�,� �t�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�e� �s�t�o�p� �t�e�s�t� �i�s� �t�o� �e�n�s�u�r�e� �t�h�e� �o�p�t�i�m�a�l�i�t�y�o�r

�t�h�e�b�e�s�t�-�k�n�o�w�n�s�o�l�u�t�i�o�n�a�f�t�e�r� �a� �f�i�n�i�t�e� �n�u�m�b�e�r� �o�f�i�t�e�r�a�t�i�o�n�s�.

�T�w�o� �s�t�o�p�p�i�n�g� �c�r�i�t�e�r�i�a� �a�r�e� �k�n�o�w�n�:

ð? �S�t�o�p� �a�t� �a�p�r�e�f�i�x�e�d� �g�e�n�e�r�a�t�i�o�n� �n�u�m�b�e�r�.

ð? �S�t�o�p�a�t� �t�h�e� �t�i�m�e�w�h�e�n� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �s�t�o�p�s� �e�v�o�l�v�i�n�g� �o�r� �n�o� �l�o�n�g�e�r

�e�v�o�l�v�e�s� �s�u�f�f�i�c�i�e�n�t�l�y�.

�N�o�t�e� �t�h�a�t�w�e� �c�a�n�n�o�t�e�n�s�u�r�e�t�h�e� �g�o�o�d�a�l�g�o�r�i�t�h�m�c�o�n�v�e�r�g�e�n�c�e�d�u�e� �t�o�t�h�e� �s�t�o�p

�c�r�i�t�e�r�i�o�n� �w�h�i�c�h�i�s�t�o�t�a�l�l�y�a�r�b�i�t�r�a�r�y� �a�n�d� �t�h�e�r�e�t�u�r�n�e�d�s�o�l�u�t�i�o�n� �i�s� �o�n�l�y� �a�n

�a�p�p�r�o�x�i�m�a�t�i�o�n� �o�f� �t�h�e� �o�p�t�i�m�u�m�.

�S�i�z�e�o�f�M �i�s� �c�r�i�t�i�c�a�l� �b�e�c�a�u�s�e�i�f �M� �=� �N�,�i�t� �m�e�a�n�s� �t�h�a�t�t�h�e�p�r�o�v�i�d�e�d�r�e�s�u�l�t�s�o�f� �t�h�e

�s�e�l�e�c�t�i�o�n� �g�i�v�e�s� �e�a�c�h� �t�i�m�e� �t�h�e� �b�e�s�t� �i�n�d�i�v�i�d�u�a�l� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �t�h�e� �v�a�l�u�e� �o�f� �t�h�e

�o�b�j�e�c�t�i�v�e� �f�u�n�c�t�i�o�n�,� �s�o� �t�h�e� �s�e�a�r�c�h� �b�e�c�o�m�e�s� �s�i�n�g�l�e� �t�a�s�k� �a�n�d� �g�i�v�e�s� �o�n�l�y� �o�n�e� �s�o�l�u�t�i�o�n

�a�t� �a� �t�i�m�e�,� �t�h�i�s� �t�y�p�e� �o�f� �a�l�g�o�r�i�t�h�m� �c�o�n�v�e�r�g�e�s� �s�o�m�e�t�i�m�e�s� �q�u�i�c�k�l�y�t�o�a� �l�o�c�a�l�o�p�t�i�m�u�m�.

�I�f�M� �=� �1�,�t�h�e�n� �t�h�i�s� �s�e�l�e�c�t�i�o�n� �m�e�t�h�o�d� �w�i�l�l� �b�e� �r�a�n�d�o�m�.

�E�a�c�h� �i�n�d�i�v�i�d�u�a�l ��i � �i�s� �t�h�e�n� �r�e�p�r�o�d�u�c�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �i�t�s� �p�r�o�b�a�b�i�l�i�t�y�w�h�i�c�h

�m�e�a�n�s� �t�h�a�t�t�h�e� �g�o�o�d� �c�a�n�d�i�d�a�t�e�s� �a�r�e� �t�h�e� �m�o�s�t� �r�e�p�r�o�d�u�c�e�d� �a�n�d� �t�h�e� �b�a�d� �o�n�e�s� �w�i�l�l

�b�e� �e�l�i�m�i�n�a�t�e�d�.

�1�.�6�.�4�.�3�G�r�e�e�d�y�a�l�g�o�r�i�t�h�m�s

�T�h�e�s�e� �a�r�e� �t�h�e� �s�i�m�p�l�e�s�t� �a�n�d� �f�a�s�t�e�s�t� �a�l�g�o�r�i�t�h�m�s� �b�e�c�a�u�s�e� �t�h�e�y� �b�u�i�l�d� �a� �s�o�l�u�t�i�o�n

�i�t�e�r�a�t�i�v�e�l�y� �w�i�t�h�o�u�t� �r�e�s�o�r�t�i�n�g� �t�o� �t�h�e� �d�e�c�i�s�i�o�n�s� �m�a�d�e� �i�n� �p�r�e�v�i�o�u�s� �i�t�e�r�a�t�i�o�n�s�,� �t�h�e

�g�e�n�e�r�a�t�e�d�s�o�l�u�t�i�o�n� �r�e�l�i�e�s� �o�n� �t�h�e� �b�e�s�t� �c�h�o�i�c�e� �t�a�k�e�n� �a�t� �e�a�c�h� �m�o�m�e�n�t�,� �i�n� �c�a�s�e

�a�l�g�o�r�i�t�h�m� �f�a�i�l�s� �t�o� �s�y�s�t�e�m�a�t�i�c�a�l�l�y� �p�r�o�v�i�d�e� �t�h�e� �o�p�t�i�m�a�l� �s�o�l�u�t�i�o�n�,� �i�t� �i�s� �c�o�n�s�i�d�e�r�e�d�a�s�a

�g�r�e�e�d�y� �h�e�u�r�i�s�t�i�c�.

�A�m�o�n�g� �t�h�e� �g�r�e�e�d�y� �a�l�g�o�r�i�t�h�m�s� �i�s� �t�h�e� �m�o�s�t� �e�x�t�e�n�s�i�v�e� �a�l�g�o�r�i�t�h�m�,� �H�i�l�l� �C�l�i�m�b�i�n�g�i�i

�(�f�i�g�u�r�e� �4�)�.
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�F�i�g�u�r�e�4�.� �G�r�e�e�d�y� �a�l�g�o�r�i�t�h�m

�R�e�s�e�a�r�c�h� �a�l�g�o�r�i�t�h�m

�c�u�r�r�e�n�t�N�o�d�e� �=� �s�t�a�r�t�N�o�d�e�;

�l�o�o�p� �d�o

�L� �=� �N�E�I�G�H�B�O�R�S�(�c�u�r�r�e�n�t�N�o�d�e�)�;

�n�e�x�t�E�v�a�l� �=�-�I�N�F�;

�n�e�x�t�N�o�d�e� �=� �N�U�L�L�;

�f�o�r� �a�l�l� �x� �i�n� �L

�i�f� �(�E�V�A�L�(�x�)� �>� �n�e�x�t�E�v�a�l�)

�n�e�x�t�N�o�d�e� �=� �x�;

�n�e�x�t�E�v�a�l� �=� �E�V�A�L�(�x�)�;

�e�n�d� �i�f

�e�n�d� �f�o�r

�i�f� �n�e�x�t�E�v�a�l� �<�=� �E�V�A�L�(�c�u�r�r�e�n�t�N�o�d�e�)

�/�/�R�e�t�u�r�n� �c�u�r�r�e�n�t� �n�o�d�e� �s�i�n�c�e� �n�o� �b�e�t�t�e�r� �n�e�i�g�h�b�o�r�s

�e�x�i�s�t

�r�e�t�u�r�n� �c�u�r�r�e�n�t�N�o�d�e�;

�e�n�d� �i�f

�c�u�r�r�e�n�t�N�o�d�e� �=� �n�e�x�t�N�o�d�e�;

�E�n�d�d�o



�P�a�r�t� �I � �S�t�a�t�e� �o�f� �t�h�e� �a�r�t �C�h�a�p�t�e�r�I

�3�6

�1�.�6�.�4�.�4�G�r�e�e�d�y� �R�a�n�d�o�m�i�z�e�d� �A�d�a�p�t�i�v�e� �S�e�a�r�c�h� �P�r�o�c�e�d�u�r�e
�(�G�R�A�S�P�)

�(�F�e�o�,� �1�9�9�5�)�i�n�v�e�n�t�e�d� �t�h�e�(�G�R�A�S�P�)�m�e�t�a�h�e�u�r�i�s�t�i�c� �a�l�g�o�r�i�t�h�m�,� �i�t� �i�s� �a�n� �i�t�e�r�a�t�i�v�e� �s�e�a�r�c�h
�t�e�c�h�n�i�q�u�e�,� �a�t� �e�a�c�h� �i�t�e�r�a�t�i�o�n�,� �a� �n�e�w� �f�e�a�s�i�b�l�e� �s�o�l�u�t�i�o�n� �i�s� �c�o�n�s�t�r�u�c�t�e�d� �u�s�i�n�g� �t�h�e
�r�a�n�d�o�m�i�z�e�d� �g�r�e�e�d�y� �s�e�a�r�c�h� �p�r�o�c�e�d�u�r�e�,� �w�h�i�c�h� �i�s� �s�u�b�s�e�q�u�e�n�t�l�y� �s�u�b�j�e�c�t� �t�o� �s�e�v�e�r�a�l
�i�m�p�r�o�v�e�m�e�n�t�s� �w�h�i�l�e� �u�s�i�n�g� �l�o�c�a�l� �s�e�a�r�c�h�.� �A�l�l� �c�r�e�a�t�e�d� �c�a�n�d�i�d�a�t�e�s� �m�a�y� �b�e� �r�a�n�d�o�m�l�y
�a�d�d�e�d� �t�o� �a� �s�o�r�t�e�d� �l�i�s�t� �c�a�l�l�e�d� �R�C�L� �(�R�e�s�t�r�i�c�t�e�d� �C�a�n�d�i�d�a�t�e� �L�i�s�t�)�.

�A�t� �e�a�c�h� �i�t�e�r�a�t�i�o�n� �o�f� �t�h�e� �r�a�n�d�o�m�i�z�e�d� �g�r�e�e�d�y� �a�l�g�o�r�i�t�h�m�,� �w�e� �r�a�n�d�o�m�l�y� �s�e�l�e�c�t� �f�r�o�m
�t�h�e� �r�e�s�t�r�i�c�t�e�d� �c�a�n�d�i�d�a�t�e� �l�i�s�t�,� �a� �n�e�w� �c�a�n�d�i�d�a�t�e�t�h�a�t� �w�e� �a�d�d� �t�o� �t�h�e� �s�o�l�u�t�i�o�n�,� �t�h�i�s
�r�a�n�d�o�m� �c�h�o�i�c�e� �a�l�l�o�w�s� �t�o� �m�o�d�i�f�y� �t�h�e� �f�o�r�m� �o�f� �t�h�e� �c�o�n�s�t�r�u�c�t�e�d� �s�o�l�u�t�i�o�n�s�,� �w�h�i�c�h� �a�r�e
�n�o�r�m�a�l�l�y� �g�o�o�d�,� �s�i�n�c�e� �t�h�e� �r�a�n�d�o�m� �c�h�o�i�c�e� �i�s� �a�m�o�n�g� �a� �s�e�t� �o�f� �g�o�o�d�.

�T�h�i�s�m�e�t�a�h�e�u�r�i�s�t�i�c� �r�e�s�e�a�r�c�h�m�e�t�h�o�d� �i�s� �b�a�s�e�d� �o�n� �t�w�o� �p�h�a�s�e�s�:

€ �G�e�n�e�r�a�t�i�o�n� �o�f� �a� �s�o�l�u�t�i�o�n� �u�s�i�n�g� �t�h�e� �r�a�n�d�o�m� �a�n�d� �a�d�a�p�t�e�d� �g�r�e�e�d�y� �a�l�g�o�r�i�t�h�m�,

ðØ �T�h�e� �g�r�e�e�d�y� �a�l�g�o�r�i�t�h�m�,

ðØ �T�h�e� �a�d�a�p�t�a�t�i�o�n� �f�u�n�c�t�i�o�n�,

ðØ �T�h�e� �s�e�l�e�c�t�i�o�n� �w�i�t�h� �p�r�o�b�a�b�i�l�i�t�y�.

€ �A�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �l�o�c�a�l� �s�e�a�r�c�h� �o�n� �t�h�e� �r�e�s�u�l�t�i�n�g� �s�o�l�u�t�i�o�n� �a�l�r�e�a�d�y� �g�e�n�e�r�a�t�e�d

�i�n� �t�h�e� �f�i�r�s�t� �p�h�a�s�e� �t�o� �s�e�e� �i�f�t�h�e�r�e� �i�s� �s�t�i�l�l� �a�p�o�s�s�i�b�i�l�i�t�y�t�o� �b�e� �i�m�p�r�o�v�e�d�.

�1�.�6�.�4�.�5�H�y�b�r�i�d� �a�l�g�o�r�i�t�h�m�s

�H�y�b�r�i�d� �a�l�g�o�r�i�t�h�m�s� �a�r�e� �a� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �o�p�t�i�m�i�z�a�t�i�o�n� �t�e�c�h�n�i�q�u�e�s� �(�e�x�a�c�t� �m�e�t�h�o�d�s�,

�m�e�t�a�-�h�e�u�r�i�s�t�i�c� �a�l�g�o�r�i�t�h�m�s�)� �a�n�d� �a�r�e� �w�i�d�e�l�y� �a�p�p�l�i�e�d� �t�o� �s�o�l�v�e� �c�o�m�p�l�e�x� �p�r�o�b�l�e�m�s

�(�B�l�u�m�,� �2�0�1�0�)�,�(�L�o�z�a�n�o�,� �2�0�1�0�)�,�(�T�a�l�b�i�,� �2�0�0�2�)�.� �T�h�e�y� �c�a�n� �b�e� �c�l�a�s�s�i�f�i�e�d� �a�s� �c�o�l�l�a�b�o�r�a�t�i�v�e

�o�r� �i�n�t�e�g�r�a�t�i�v�e� �c�o�m�b�i�n�a�t�i�o�n�s�(�R�a�i�d�l�,� �2�0�0�5�)�.

�T�h�e�s�e� �c�o�m�b�i�n�a�t�i�o�n�s� �i�m�p�r�o�v�e� �t�h�e� �s�o�l�u�t�i�o�n�q�u�a�l�i�t�y�w�h�i�l�e� �b�e�n�e�f�i�t�i�n�g� �f�r�o�m� �t�h�e

�a�d�v�a�n�t�a�g�e�s� �o�f� �m�o�r�e� �t�h�a�n� �o�n�e� �a�l�g�o�r�i�t�h�m� �a�t� �t�h�e� �s�a�m�e�t�i�m�e�;�w�e� �c�a�n� �d�i�s�t�i�n�g�u�i�s�h� �t�w�o

�t�y�p�e�s� �o�f� �c�o�m�b�i�n�a�t�i�o�n�s�:

ð? �T�h�e� �c�o�l�l�a�b�o�r�a�t�i�v�e�c�o�m�b�i�n�a�t�i�o�n�,� �w�h�i�c�h� �i�s�,�b�a�s�e�d� �o�n� �t�h�e� �s�e�q�u�e�n�t�i�a�l� �o�r

�s�y�n�c�h�r�o�n�o�u�s� �e�x�c�h�a�n�g�e� �o�f� �i�n�f�o�r�m�a�t�i�o�n� �b�e�t�w�e�e�n� �s�o�m�e� �o�p�t�i�m�i�z�a�t�i�o�n

�t�e�c�h�n�i�q�u�e�s�.

ð? �T�h�e� �i�n�t�e�g�r�a�t�i�v�e� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �s�u�b�o�r�d�i�n�a�t�i�n�g� �t�h�e� �e�m�b�e�d�d�e�d� �c�o�m�p�o�n�e�n�t�s� �o�f

�a�n�o�t�h�e�r� �t�e�c�h�n�i�q�u�e�,� �i�n� �t�h�i�s� �c�a�s�e�,� �w�e� �h�a�v�e� �a� �d�o�m�i�n�a�n�t� �a�l�g�o�r�i�t�h�m� �a�n�d� �o�t�h�e�r� �(�s�)

�d�e�p�e�n�d�e�n�t� �a�l�g�o�r�i�t�h�m� �(�s�)�.
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�O�n�e� �o�f� �t�h�e� �m�o�s�t� �p�o�w�e�r�f�u�l� �c�o�m�b�i�n�a�t�i�o�n�s� �i�s�t�h�o�s�e� �t�h�a�t�c�o�m�b�i�n�e�s� �T�a�b�u� �S�e�a�r�c�h� �a�n�d

�G�R�A�S�P�.�(�L�a�g�u�n�a�,� �1�9�9�1�)�,� �w�e�r�e� �t�h�e� �f�i�r�s�t�w�h�o�s�t�u�d�y� �t�h�i�s� �m�a�n�e�u�v�e�r�.� �A� �f�e�w� �y�e�a�r�s� �l�a�t�e�r�,

�t�h�i�s� �m�e�t�h�o�d�b�e�c�a�m�e� �w�i�d�e�l�y� �a�d�o�p�t�e�d�a�n�d� �v�e�r�y� �u�s�e�f�u�l� �i�n� �m�a�n�y�f�i�e�l�d�s�,� �f�o�r� �e�x�a�m�p�l�e

�t�h�e� �r�e�n�t�a�l� �p�r�o�b�l�e�m�(�J�u�a�n� �A�.� �D�í�a�z�,� �2�0�1�7�)�.

�T�w�o� �s�t�r�a�t�e�g�i�e�s�c�o�u�l�d� �b�e� �a�d�o�p�t�e�d�t�o� �e�x�p�l�a�i�n� �t�h�e� �p�r�i�n�c�i�p�l�e� �o�f� �h�y�b�r�i�d�i�z�a�t�i�o�n�:

ð? �S�t�r�a�t�e�g�y� �1�:�F�o�r� �e�x�a�m�p�l�e�,� �w�e� �c�a�n� �a�p�p�r�o�a�c�h� �t�h�e� �g�l�o�b�a�l� �o�p�t�i�m�u�m� �b�y� �a� �r�a�n�d�o�m

�m�e�t�h�o�d� �a�n�d� �t�h�e�n� �r�e�f�i�n�e� �t�h�e� �r�e�s�u�l�t� �b�y� �s�u�c�c�e�s�s�i�v�e�l�y� �a�p�p�l�y�i�n�g� �a� �l�o�c�a�l� �m�e�t�h�o�d�.� �T�h�i�s

�h�y�b�r�i�d�i�z�a�t�i�o�n� �i�s� �c�a�l�l�e�d� �d�u�m�b� �h�y�b�r�i�d�i�z�a�t�i�o�n� �b�e�c�a�u�s�e� �i�t� �a�p�p�l�i�e�s� �o�n�e� �m�e�t�h�o�d� �a�f�t�e�r

�a�n�o�t�h�e�r�.� �I�t� �i�s� �c�l�e�a�r� �t�h�a�t� �t�h�e� �r�e�s�u�l�t� �w�i�l�l� �b�e� �b�e�t�t�e�r� �b�u�t� �a�t� �t�h�e� �e�x�p�e�n�s�e� �o�f� �t�h�e

�c�a�l�c�u�l�a�t�i�o�n�t�i�m�e�;�w�e� �w�i�l�l� �c�o�n�s�u�m�e� �m�o�r�e� �t�i�m�e� �t�h�a�n� �i�f� �w�e� �h�a�d� �a�p�p�l�i�e�d� �t�h�e� �t�w�o

�m�e�t�h�o�d�s� �s�e�p�a�r�a�t�e�l�y�,� �b�u�t� �t�o� �b�e�n�e�f�i�t�m�o�r�e�f�r�o�m� �t�h�e� �h�y�b�r�i�d�i�z�a�t�i�o�n�,� �i�t� �i�s

�a�d�v�a�n�t�a�g�e�o�u�s� �t�o� �a�p�p�l�y� �a� �g�l�o�b�a�l� �m�e�t�h�o�d� �a�n�d� �f�i�n�d� �t�h�e� �r�i�g�h�t� �m�o�m�e�n�t� �t�o� �s�w�i�t�c�h� �w�i�t�h

�a� �l�o�c�a�l� �m�e�t�h�o�d�.

ð? �S�t�r�a�t�e�g�y� �2�:�W�e� �t�r�y� �t�o� �f�i�n�d� �a� �l�o�c�a�l� �m�i�n�i�m�u�m� �s�t�a�t�e� �a�n�d� �s�t�a�y� �t�h�e�r�e� �o�n�l�y� �i�f� �i�t� �i�s� �t�h�e

�b�e�s�t� �o�f� �l�o�c�a�l� �m�i�n�i�m�a� �(�g�l�o�b�a�l�)�.� �T�h�i�s� �s�t�r�a�t�e�g�y� �h�a�s� �b�e�e�n� �u�s�e�d� �i�n� �t�h�r�e�e� �g�l�o�b�a�l

�o�p�t�i�m�i�z�a�t�i�o�n� �m�e�t�h�o�d�s�:

€ �T�h�e� �m�e�t�h�o�d� �o�f� �m�u�l�t�i�p�l�e� �i�n�i�t�i�a�l�i�z�a�t�i�o�n�s� �(�m�u�l�t�i� �s�t�a�r�t�)�:� �W�e� �r�e�p�e�a�t� �s�e�v�e�r�a�l

�t�i�m�e�s� �t�h�e� �e�x�e�c�u�t�i�o�n� �o�f� �a� �l�o�c�a�l� �o�p�t�i�m�i�z�a�t�i�o�n� �t�e�c�h�n�i�q�u�e� �a�t� �d�i�f�f�e�r�e�n�t� �p�o�i�n�t�s

�o�f� �t�h�e� �s�p�a�c�e� �o�f� �v�a�l�u�e�s�a�n�d� �w�e� �t�a�k�e� �t�h�e� �b�e�s�t� �r�e�s�u�l�t� �f�o�u�n�d�.

€ �T�u�n�n�e�l�i�n�g�m�e�t�h�o�d�:�W�e� �l�a�u�n�c�h� �t�h�e� �l�o�c�a�l� �s�e�a�r�c�h� �m�e�t�h�o�d� �t�o� �a�r�r�i�v�e� �a�t� �a� �l�o�c�a�l

�m�i�n�i�m�u�m�;� �T�h�e� �T�u�n�n�e�l�i�n�g� �t�e�c�h�n�i�q�u�e� �i�s� �u�s�e�d� �t�o� �e�l�i�m�i�n�a�t�e� �a�l�l� �p�o�i�n�t�s� �i�n� �t�h�e

�s�p�a�c�e� �t�h�a�t� �h�a�v�e� �a� �v�a�l�u�e� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�e� �l�o�c�a�l� �m�i�n�i�m�u�m� �a�l�r�e�a�d�y� �f�o�u�n�d

�p�r�e�v�i�o�u�s�l�y� �a�n�d� �t�h�e�n�r�e�-�o�p�t�i�m�i�z�e�t�o� �f�i�n�d� �a�n�o�t�h�e�r� �l�o�c�a�l� �m�i�n�i�m�u�m� �a�n�d� �s�o

�o�n�.

€ �T�h�e� �r�o�l�l�e�r� �c�o�a�s�t�e�r� �m�e�t�h�o�d� �(�S�t�e�e�p�e�s�t� �A�s�c�e�n�t� �D�e�s�c�e�n�t�:� �S�A�D�.�)�F�i�r�s�t�,�w�e� �l�o�o�k

�f�o�r� �a� �l�o�c�a�l� �m�i�n�i�m�u�m�,� �t�h�e�n� �t�h�i�s� �t�i�m�e� �w�e� �l�o�o�k� �f�o�r� �a� �l�o�c�a�l� �m�a�x�i�m�u�m�;� �t�h�i�s

�m�a�k�e�s� �i�t� �p�o�s�s�i�b�l�e� �t�o� �e�s�c�a�p�e� �f�r�o�m� �t�h�e� �l�o�c�a�l� �m�i�n�i�m�u�m� �s�t�a�t�e�.� �T�h�e�n� �w�e� �r�e�d�o

�a� �m�i�n�i�m�i�z�a�t�i�o�n� �f�o�l�l�o�w�e�d� �b�y� �a�n�o�t�h�e�r� �m�a�x�i�m�i�z�a�t�i�o�n� �a�n�d� �s�o� �o�n�.� �T�h�e

�s�m�a�l�l�e�s�t� �m�i�n�i�m�u�m� �f�o�u�n�d� �a�t� �t�h�e� �e�n�d�,� �i�s� �c�a�n�d�i�d�a�t�e� �t�o� �b�e� �t�h�e� �g�l�o�b�a�l

�m�i�n�i�m�u�m�.
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�1�.�7 �C�o�n�c�l�u�s�i�o�n

�I�n� �t�h�i�s� �c�h�a�p�t�e�r�,� �w�e� �p�r�e�s�e�n�t�e�d� �s�o�m�e� �t�y�p�e�s� �o�f� �e�x�i�s�t�i�n�g� �l�o�g�i�s�t�i�c�s�,�a�n�d� �t�h�e�n�w�e

�d�e�f�i�n�e�d� �t�h�e� �s�u�p�p�l�y� �c�h�a�i�n� �w�i�t�h� �i�t�s� �d�i�f�f�e�r�e�n�t� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �a�n�d� �i�t�s� �b�a�s�i�c� �e�l�e�m�e�n�t�s�.

�N�e�x�t�,� �w�e�p�r�e�s�e�n�t�e�d�t�h�e�o�p�t�i�m�a�l�i�t�y�p�r�o�b�l�e�m� �a�n�d� �t�h�e� �d�i�f�f�e�r�e�n�t� �a�l�g�o�r�i�t�h�m�s� �o�f� �e�x�a�c�t

�r�e�s�o�l�u�t�i�o�n� �l�i�n�e�a�r� �a�n�d� �b�i�n�a�r�y�l�i�n�e�a�r�m�o�d�e�l�s�, �b�u�t� �w�h�e�n� �t�h�e� �n�u�m�b�e�r� �o�f� �v�a�r�i�a�b�l�e�s

�b�e�c�o�m�e�s� �t�o�o� �i�m�p�o�r�t�a�n�t�,� �i�t� �i�s� �b�e�t�t�e�r� �t�o� �u�s�e�a�s�o�f�t�w�a�r�e�t�h�a�t� �i�s�c�a�p�a�b�l�e� �t�o�p�e�r�f�o�r�m

�d�i�f�f�e�r�e�n�t�i�t�e�r�a�t�i�o�n�s� �a�n�d�t�o�d�e�t�e�r�m�i�n�e� �t�h�e� �o�p�t�i�m�a�l� �s�o�l�u�t�i�o�n�.

�T�h�e� �d�i�f�f�e�r�e�n�t� �t�y�p�e�s� �o�f� �a�l�g�o�r�i�t�h�m�s� �u�s�e�d� �f�o�r�r�e�s�o�l�u�t�i�o�n� �a�r�e�:

€ �H�e�u�r�i�s�t�i�c� �a�l�g�o�r�i�t�h�m�s�,

€ �M�e�t�a�-�h�e�u�r�i�s�t�i�c�s�a�l�g�o�r�i�t�h�m�s�,

€ �H�y�b�r�i�d� �a�l�g�o�r�i�t�h�m�s

�T�h�e�o�b�j�e�c�t�i�v�e� �o�f� �t�h�i�s� �p�a�r�t� �i�s� �t�o� �f�o�c�u�s� �o�n� �t�h�e�m�o�s�t� �u�s�e�d� �a�n�d� �t�h�e� �m�o�s�t�k�n�o�w�n

�r�e�s�e�a�r�c�h�i�n�g�a�l�g�o�r�i�t�h�m�s�u�s�e�d� �t�o� �s�o�l�v�e� �t�h�e�e�x�i�s�t�i�n�g� �o�p�t�i�m�i�z�a�t�i�o�n� �p�r�o�b�l�e�m�s� �(�e�x�a�c�t� �a�n�d

�a�p�p�r�o�x�i�m�a�t�e� �m�e�t�h�o�d�s�)�,� �e�s�p�e�c�i�a�l�l�y� �t�h�o�s�e�i�n� �r�e�l�a�t�i�o�n� �w�i�t�h�t�h�e� �s�u�p�p�l�y� �c�h�a�i�n� �r�e�s�o�l�u�t�i�o�n�.

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

�2�.�1 �I�n�t�r�o�d�u�c�t�i�o�n

�F�o�r� �t�h�e�p�a�s�t�f�e�w� �y�e�a�r�s�, �m�a�n�y�r�e�s�e�a�r�c�h�e�r�s�s�t�u�d�i�e�d�t�h�e�c�r�i�s�i�s�m�a�n�a�g�e�m�e�n�t� �s�u�p�p�l�y

�c�h�a�i�n�,�m�o�r�e�s�p�e�c�i�f�i�c�a�l�l�y�;�t�h�e� �h�u�m�a�n�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �p�r�o�b�l�e�m�(�f�o�r�e�v�a�c�u�a�t�i�o�n� �p�u�r�p�o�s�e�)�h�a�d

�b�e�e�n� �w�i�d�e�l�y� �s�t�u�d�i�e�d� �a�n�d� �t�o�o�k�t�h�e� �h�i�g�h�e�s�t�p�r�i�o�r�i�t�y� �t�o�w�a�r�d� �r�e�a�c�h�i�n�g�o�p�t�i�m�a�l�i�t�y�.

�M�a�n�y� �a�p�p�r�o�a�c�h�e�s� �a�p�p�e�a�r�e�d� �f�o�r� �r�e�s�o�l�v�i�n�g� �i�t�w�i�t�h�i�n� �m�a�n�y� �f�i�e�l�d�s� �w�h�a�t�e�v�e�r� �t�h�e� �c�a�t�a�s�t�r�o�p�h�e

�w�a�s� �n�a�t�u�r�a�l�l�y� �p�r�o�d�u�c�e�d� �(�f�l�o�o�d�i�n�g�, �e�a�r�t�h�q�u�a�k�e�.�.�.�)� �o�r� �a�r�t�i�f�i�c�i�a�l�l�y�m�a�d�e�(�n�u�c�l�e�a�r�e�x�p�l�o�s�i�o�n�,

�w�a�r�,� �t�e�r�r�o�r�i�s�t� �a�t�t�a�c�k�s &�)�.�W�h�a�t�e�v�e�r� �t�h�e� �d�i�s�a�s�t�e�r� �t�y�p�e� �w�a�s�,� �a�l�l� �d�e�l�i�v�e�r�y� �d�e�a�d�l�i�n�e�s� �s�h�o�u�l�d� �b�e

�r�e�s�p�e�c�t�e�d�.� �N�o�t�e� �h�e�r�e�t�h�a�t�e�a�c�h� �d�i�s�a�s�t�e�r�i�s� �u�n�i�q�u�e� �a�n�d�h�a�s� �i�t�s� �o�w�n� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �(�d�i�f�f�e�r�e�n�t

�r�e�s�o�u�r�c�e�s� �a�n�d� �d�i�f�f�e�r�e�n�t� �p�r�i�o�r�i�t�i�e�s�)� �a�n�d�i�t�s� �o�w�n�d�e�p�e�n�d�e�n�c�i�e�s�.

�T�h�e�s�e �v�a�r�i�e�t�i�e�s�a�s�s�u�r�e� �t�h�e� �c�o�m�p�l�e�x�i�t�y� �o�f� �t�h�e� �o�p�t�i�m�i�z�a�t�i�o�n� �p�r�o�b�l�e�m�, �t�h�a�t ��s�w�h�y�t�h�e

�r�e�s�o�l�u�t�i�o�n� �r�e�q�u�i�r�e�s� �a� �g�o�o�d� �a�n�d�w�e�l�l�-�o�r�g�a�n�i�z�e�d�m�o�d�e�l�i�n�g� �b�a�s�e�d� �o�n� �s�u�p�p�l�y� �c�h�a�i�n�s�t�r�a�t�e�g�y� �t�h�a�t

�i�n�s�u�r�e� �t�h�e�s�m�o�o�t�h� �r�o�u�t�i�n�g� �o�f� �p�h�y�s�i�c�a�l� �a�n�d�i�n�f�o�r�m�a�t�i�o�n�a�l� �f�l�o�w�s�.

�2�.�2 �V�e�h�i�c�l�e� �R�o�u�t�i�n�g� �P�r�o�b�l�e�m� �(�V�.�R�.�P�)

�(�R�a�m�s�e�r�,� �1�9�5�9�)�P�r�o�p�o�s�e�s�t�h�e� �V�e�h�i�c�l�e� �R�o�u�t�i�n�g� �P�r�o�b�l�e�m� �(�V�.�R�.�P�)� �t�o� �s�o�l�v�e� �t�h�e� �p�r�o�b�l�e�m� �o�f

�d�e�l�i�v�e�r�i�n�g� �g�a�s�o�l�i�n�e� �t�o� �s�e�r�v�i�c�e� �s�t�a�t�i�o�n�s�.�(�V�.�R�.�P�) �i�s� �c�o�n�s�i�d�e�r�e�d� �a�s� �a� �g�e�n�e�r�a�l�i�z�a�t�i�o�n� �o�f�(�T�S�P�)

�(�T�r�a�v�e�l�i�n�g� �S�a�l�e�s�m�a�n� �P�r�o�b�l�e�m�)� �b�u�t� �t�h�e� �m�a�i�n� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e�m� �i�s� �t�h�a�t� �t�h�e� �s�a�l�e�s�m�a�n

�m�u�s�t� �r�e�t�u�r�n� �t�o� �t�h�e� �s�t�a�r�t�i�n�g� �l�o�c�a�t�i�o�n� �a�f�t�e�r� �s�o�m�e� �v�i�s�i�t�e�d� �p�o�i�n�t�s�(�f�i�g�u�r�e� �5�)�.

�(�V�.�R�.�P�)�i�s� �d�e�f�i�n�e�d�a�s�f�o�l�l�o�w�:

�W�e� �h�a�v�e ��n � �n�u�m�b�e�r� �o�f�i�d�e�n�t�i�c�a�l�v�e�h�i�c�l�e�s� �l�o�c�a�t�e�d� �i�n� �o�n�e� �c�e�n�t�r�a�l�d�e�p�o�t� �a�n�d� �t�h�e�i�r� �m�i�s�s�i�o�n�s

�i�s� �t�o� �d�e�l�i�v�e�r� �d�i�s�t�i�n�c�t� �q�u�a�n�t�i�t�i�e�s� �o�f� �g�o�o�d�s� �t�o� �m� �d�i�s�t�a�n�t� �c�l�i�e�n�t�s�w�i�t�h� �f�i�x�e�d� �d�e�m�a�n�d�.� �T�h�e

�o�b�j�e�c�t�i�v�e� �i�s� �t�o� �m�i�n�i�m�i�z�e� �t�h�e� �o�v�e�r�a�l�l� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �c�o�s�t� �b�y� �r�e�d�u�c�i�n�g�,� �i�n� �f�i�r�s�t� �p�l�a�c�e�,� �t�h�e

�o�v�e�r�a�l�l� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �t�i�m�e� �(�d�i�s�t�a�n�c�e�)� �i�n� �c�h�o�o�s�i�n�g� �t�h�e� �o�p�t�i�m�a�l� �r�o�u�t�e� �t�o� �b�e� �u�s�e�d� �b�y� �a� �g�r�o�u�p

�o�f� �v�e�h�i�c�l�e�s� �t�o� �s�e�r�v�e� �a� �g�r�o�u�p� �o�f� �c�u�s�t�o�m�e�r�s� �a�n�d�,� �i�n� �s�e�c�o�n�d� �p�l�a�c�e�,� �b�y� �r�e�d�u�c�i�n�g� �t�h�e� �n�u�m�b�e�r� �o�f

�t�h�e� �r�e�q�u�i�r�e�d� �v�e�h�i�c�l�e�s�.

�L�e�t� �G�b�e�a�n� �o�r�i�e�n�t�e�d� �g�r�a�p�h�.

�G� �=� �(�N�,� �A�)�,� �w�h�e�r�e ��N ��i�s� �t�h�e� �s�e�t� �o�f� �n�o�d�e�s� �(�c�u�s�t�o�m�e�r�s� �a�n�d� �d�e�p�o�t�)�,� �a�n�d ��A ��t�h�e�s�e�t� �o�f� �a�r�c�s� �t�h�a�t

�l�i�n�k� �b�e�t�w�e�e�n� �t�h�e�s�e� �n�o�d�e�s�.� �E�a�c�h� �a�r�c� �(�i�,� �j�)� �i�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �a� �c�o�s�t�, �a�n�d� �e�a�c�h� �c�o�s�t�u�m�e�r� �i"�

�N� �h�a�s� �a� �d�e�m�a�n�d�.

�(�V�.�R�.�P�)�g�o�a�l� �i�s� �t�o� �f�i�n�d� �a� �s�e�t� �o�f� �m�i�n�i�m�u�m� �c�o�s�t� �v�e�h�i�c�l�e� �r�o�u�t�e�s� �t�h�a�t� �s�e�r�v�i�c�e� �e�v�e�r�y� �c�o�s�t�u�m�e�r

�s�u�c�h� �t�h�a�t�:

· �E�a�c�h� �v�e�h�i�c�l�e ��s� �r�o�u�t�e� �o�r�i�g�i�n�a�t�e�s� �a�n�d� �t�e�r�m�i�n�a�t�e�s� �a�t� �t�h�e� �d�e�p�o�t�.
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· �E�a�c�h� �c�u�s�t�o�m�e�r� �i�s� �v�i�s�i�t�e�d� �o�n�l�y� �o�n�c�e� �b�y� �e�x�a�c�t�l�y� �o�n�e� �v�e�h�i�c�l�e� �a�n�d� �e�a�c�h� �v�e�h�i�c�l�e� �s�e�r�v�i�c�e�s

�o�n�l�y� �o�n�e� �r�o�u�t�e�.

· �E�a�c�h� �c�u�s�t�o�m�e�r�r�e�c�e�i�v�e�s�i�t�s� �d�e�m�a�n�d�.

· �T�h�e� �c�a�p�a�c�i�t�y� �o�f� �e�a�c�h� �v�e�h�i�c�l�e� �i�s� �r�e�s�p�e�c�t�e�d�.

�H�o�w�e�v�e�r�,�w�h�e�n� �v�e�h�i�c�l�e�s� �h�a�v�e�m�a�x�i�m�u�m� �c�a�p�a�c�i�t�i�e�s�, �t�h�e� �t�o�t�a�l� �d�e�m�a�n�d� �o�f� �e�a�c�h� �l�o�c�a�t�i�o�n

�s�h�o�u�l�d� �n�o�t� �e�x�c�e�e�d� �v�e�h�i�c�l�e� �c�a�p�a�c�i�t�y�a�n�d� �i�n� �t�h�i�s�c�a�s�e�,�t�h�e�(�V�.�R�.�P�)�i�s� �c�a�l�l�e�d� �C�a�p�a�c�i�t�a�t�e�d

�V�e�h�i�c�l�e� �R�o�u�t�i�n�g� �P�r�o�b�l�e�m�s� �(�C�.�V�.�R�.�P�)�.

�(�V�.�R�.�P�)�i�s� �c�l�a�s�s�i�f�i�e�d� �a�s� �a� �N�P� �h�a�r�d� �c�o�m�b�i�n�a�t�o�r�i�a�l� �o�p�t�i�m�i�z�a�t�i�o�n� �p�r�o�b�l�e�m�.� �W�h�i�l�e� �h�e�u�r�i�s�t�i�c

�a�p�p�r�o�a�c�h�e�s�d�o� �n�o�t� �g�u�a�r�a�n�t�e�e� �o�p�t�i�m�a�l�i�t�y�,� �t�h�e�y�p�r�o�d�u�c�e� �g�o�o�d� �r�e�s�u�l�t�s�.�R�e�c�e�n�t�l�y�m�e�t�a�-

�h�e�u�r�i�s�t�i�c�s� �m�e�t�h�o�d�s� �h�a�v�e� �a�r�i�s�e�n� �a�n�d� �p�r�o�v�e�n �t�h�e�i�r� �e�f�f�i�c�i�e�n�c�y� �a�s� �t�h�e� �m�o�s�t� �p�r�o�m�i�s�i�n�g

�a�p�p�r�o�a�c�h�e�s� �t�h�a�t� �d�i�r�e�c�t� �t�h�e� �r�e�s�e�a�r�c�h� �f�o�r� �t�h�e�(�V�.�R�.�P�)�.

�P�r�a�c�t�i�c�a�l�l�y�,�(�V�.�R�.�P�)�i�s� �s�u�b�j�e�c�t� �t�o�f�u�r�t�h�e�r�m�o�d�i�f�i�c�a�t�i�o�n�s� �i�n� �s�t�r�u�c�t�u�r�e� �a�n�d� �t�o� �m�u�l�t�i�p�l�e� �a�d�d�i�t�i�o�n�s

�i�n� �c�o�n�s�t�r�a�i�n�t�s�,�w�e� �c�a�n� �c�i�t�e�f�o�r� �e�x�a�m�p�l�e� �t�h�e�(�V�.�R�.�P�) �w�i�t�h� �t�i�m�e� �w�i�n�d�o�w�s�c�o�n�s�t�r�a�i�n�t�s

�(�V�.�R�.�P�.�T�.�W�)�w�h�i�c�h� �s�p�e�c�i�f�y� �t�h�e� �a�v�a�i�l�a�b�l�e� �d�e�l�i�v�e�r�y� �t�i�m�e�s�a�t� �w�h�i�c�h� �a�c�l�i�e�n�t�i�s� �a�v�a�i�l�a�b�l�e� �t�o

�r�e�c�e�i�v�e�i�t�s� �d�e�m�a�n�d�(�c�l�i�e�n�t�s� �a�r�e� �g�e�o�g�r�a�p�h�i�c�a�l�l�y� �d�i�s�p�e�r�s�e�d�)�,�a�l�s�o� �w�e� �c�a�n�f�i�n�d� �t�h�e�(�V�.�R�.�P�)�w�i�t�h

�P�i�c�k�-�u�p� �a�n�d� �D�e�l�i�v�e�r�y�w�h�e�r�e�e�a�c�h� �v�e�h�i�c�l�e� �m�u�s�t�v�i�s�i�t�t�h�e� �p�i�c�k�-�u�p�p�o�s�i�t�i�o�n�b�e�f�o�r�e�m�o�v�i�n�g� �t�o

�t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �d�e�l�i�v�e�r�y� �l�o�c�a�t�i�o�n�.

�M�a�n�y� �o�t�h�e�r� �a�l�t�e�r�n�a�t�i�v�e�s� �o�f� �t�h�e�(�V�.�R�.�P�)�e�x�i�s�t�s�u�c�h� �a�s�t�h�e� �m�u�l�t�i�p�l�e� �d�e�p�o�t�(�V�.�R�.�P�)�w�h�e�r�e�t�h�e

�c�o�m�p�a�n�y� �m�a�y�u�s�e�r�s�e�v�e�r�a�l� �d�e�p�o�t�s�t�o�s�e�r�v�e� �i�t�s� �c�u�s�t�o�m�e�r�s� �a�n�d� �t�h�e� �o�p�e�n�(�V�.�R�.�P�)�w�h�e�r�e� �e�a�c�h

�v�e�h�i�c�l�e� �i�s� �f�r�e�e� �t�o� �r�e�t�u�r�n� �t�o� �c�e�n�t�r�a�l� �d�e�p�o�t� �a�f�t�e�r� �a�c�c�o�m�p�l�i�s�h�i�n�g� �i�t�s� �m�i�s�s�i�o�n�s�.

�F�i�g�u�r�e�5�.� �(�V�.�R�.�P�)

�D�e�p�o�t

�D

�A

�B
�C

�1�3� �K�m
�P�i�c�k�u�p�/�D�e�l�i�v�e�r�y

�P�i�c�k�u�p�/�D�e�l�i�v�e�r�y
�P�i�c�k�u�p�/�D�e�l�i�v�e�r�y

�P�i�c�k�u�p�/�D�e�l�i�v�e�r�y �V�e�h�i�c�l�e� �1
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�2�.�3 �V�e�h�i�c�l�e� �s�c�h�e�d�u�l�i�n�g� �p�r�o�b�l�e�m�(�V�.�S�.�P�)

�B�a�s�e�l�y�,�V�.�S�.�P�i�s� �u�s�e�d� �t�o� �d�e�s�i�g�n� �a� �s�e�t� �o�f� �r�o�u�t�e�s� �t�h�a�t� �s�t�a�r�t� �f�r�o�m� �a�c�e�n�t�r�a�l� �d�e�p�o�t� �t�o� �s�e�r�v�e

�m�u�l�t�i�p�l�e� �d�i�s�t�r�i�b�u�t�e�d� �c�u�s�t�o�m�e�r�s� �a�t� �k�n�o�w�n� �p�l�a�c�e�s� �w�i�t�h�a� �k�n�o�w�n�d�e�m�a�n�d�;�t�h�i�s� �d�e�s�i�g�n� �s�h�o�u�l�d

�t�a�k�e� �i�n�t�o� �c�o�n�s�i�d�e�r�a�t�i�o�n� �t�h�r�e�e� �r�e�s�t�r�i�c�t�i�o�n�s�:

· �C�u�s�t�o�m�e�r� �s�a�t�i�s�f�a�c�t�i�o�n�.

· �V�e�h�i�c�l�e� �c�a�p�a�c�i�t�y�.

· �R�o�u�t�e� �d�u�r�a�t�i�o�n�.

�T�h�e� �m�a�i�n� �g�o�a�l� �o�f�(�V�.�S�.�P�)�i�s� �t�o� �b�u�i�l�d� �a� �s�c�h�e�d�u�l�e� �o�f� �r�o�u�t�e�s� �r�e�s�p�e�c�t�i�n�g� �t�h�e�s�e� �r�e�s�t�r�i�c�t�i�o�n�s� �a�n�d

�m�i�n�i�m�i�z�i�n�g� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �r�o�u�t�e�s� �i�n� �u�s�e� �a�n�d� �b�y� �c�o�n�s�e�q�u�e�n�c�e�s� �m�i�n�i�m�i�z�i�n�g� �t�h�e� �t�o�t�a�l

�t�i�m�e� �s�p�e�n�t�.� �T�h�i�s� �o�b�j�e�c�t�i�v�e� �(�s�c�h�e�d�u�l�i�n�g� �p�r�o�b�l�e�m�s�)� �i�s� �w�i�d�e�l�y� �d�i�s�c�u�s�s�e�d� �b�y�(�C�h�r�i�s�t�o�f�i�d�e�s� �N�.� �M�.�,

�1�9�8�9�)�(�C�h�r�i�s�t�o�f�i�d�e�s� �N�.� �M�.�,� �1�9�7�9�)�(�C�h�r�i�s�t�o�f�i�d�e�s� �N�.� �M�.�,� �E�x�a�c�t� �a�l�g�o�r�i�t�h�m�s� �f�o�r� �t�h�e� �v�e�h�i�c�l�e

�r�o�u�t�i�n�g� �p�r�o�b�l�e�m� �b�a�s�e�d� �o�n� �t�h�e� �s�p�a�n�n�i�n�g� �t�r�e�e� �a�n�d� �s�h�o�r�t�e�s�t� �p�a�t�h� �r�e�l�a�x�a�t�i�o�n�s�,� �1�9�8�1�)

�(�C�h�r�i�s�t�o�f�i�d�e�s� �N�.� �M�.�,� �S�t�a�t�e�-�s�p�a�c�e� �r�e�l�a�x�a�t�i�o�n� �p�r�o�c�e�d�u�r�e�s� �f�o�r� �t�h�e� �c�o�m�p�u�t�a�t�i�o�n� �o�f� �b�o�u�n�d�s� �t�o

�r�o�u�t�i�n�g� �p�r�o�b�l�e�m�s�,� �1�9�8�1�)�.

�2�.�4 �V�e�h�i�c�l�e� �r�o�u�t�i�n�g� �a�n�d� �s�c�h�e�d�u�l�i�n�g� �p�r�o�b�l�e�m�s�(�V�.�R�.�S�.�P�)

�R�o�u�t�i�n�g� �a�n�d� �s�c�h�e�d�u�l�i�n�g� �s�o�f�t�w�a�r�e� �m�u�s�t� �u�s�u�a�l�l�y� �b�e� �c�u�s�t�o�m�i�z�e�d� �t�o� �r�e�f�l�e�c�t� �t�h�e
�o�p�e�r�a�t�i�n�g� �e�n�v�i�r�o�n�m�e�n�t�a�n�d� �t�h�e� �c�u�s�t�o�m�e�r� �n�e�e�d�s� �a�n�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.�T�h�e� �V�e�h�i�c�l�e� �R�o�u�t�i�n�g
�a�n�d� �S�c�h�e�d�u�l�i�n�g� �P�r�o�b�l�e�m� �(�V�R�S�P�)� �c�o�n�c�e�r�n�s� �t�h�e� �d�e�t�e�r�m�i�n�a�t�i�o�n�o�f� �r�o�u�t�e�s� �a�n�d� �s�c�h�e�d�u�l�e�s� �f�o�r� �a
�f�l�e�e�t� �o�f� �v�e�h�i�c�l�e�s� �t�o� �s�a�t�i�s�f�y� �t�h�e� �d�e�m�a�n�d�s� �o�f�a� �s�e�t� �o�f� �c�u�s�t�o�m�e�r�s�(�A�b�d�e�l�k�a�d�e�r� �S�b�i�h�i�,� �2�0�0�7�)�.

�V�R�S�P� �a�r�e� �o�f�t�e�n� �p�r�e�s�e�n�t�e�d� �a�s� �g�r�a�p�h�i�c�a�l� �n�e�t�w�o�r�k�s

�O�b�j�e�c�t�i�v�e�s

�a�) �m�i�n�i�m�i�z�e� �v�e�h�i�c�l�e�s�n�u�m�b�e�r

�b�) �M�i�n�i�m�i�z�e� �m�i�l�e�s�.

�c�) �M�i�n�i�m�i�z�e� �l�a�b�o�r�.

�d�) �S�a�t�i�s�f�y� �s�e�r�v�i�c�e� �r�e�q�u�i�r�e�m�e�n�t�s�.

�e�) �M�a�x�i�m�i�z�e� �o�r�d�e�r�s�.

�f�) �M�a�x�i�m�i�z�e� �v�o�l�u�m�e� �d�e�l�i�v�e�r�e�d� �p�e�r� �m�i�l�e�.

�2�.�5 �C�o�n�v�e�r�g�e�n�c�e�w�i�t�h�S�u�p�p�l�y�C�h�a�i�n�M�a�n�a�g�e�m�e�n�t� �(�S�.�C�.�M�)

�S�u�p�p�l�y� �C�h�a�i�n� �M�a�n�a�g�e�m�e�n�t� �(�S�C�M�)� �i�s� �a�n� �e�s�s�e�n�t�i�a�l� �e�l�e�m�e�n�t� �t�o� �o�p�e�r�a�t�i�o�n�a�l�e�f�f�i�c�i�e�n�c�y�;

�i�t� �r�e�q�u�i�r�e�s� �t�h�e� �c�o�m�m�i�t�m�e�n�t� �o�f� �s�u�p�p�l�y� �c�h�a�i�n� �p�a�r�t�n�e�r�s� �t�o� �w�o�r�k� �c�l�o�s�e�l�y� �i�n� �c�o�o�r�d�i�n�a�t�i�n�g� �o�r�d�e�r

�g�e�n�e�r�a�t�i�o�n�,� �o�r�d�e�r� �t�a�k�i�n�g�,� �a�n�d� �o�r�d�e�r� �f�u�l�f�i�l�l�m�e�n�t

�I�n� �g�e�n�e�r�a�l�,� �w�h�e�n� �a� �c�r�i�s�i�s� �i�s� �d�e�c�l�a�r�e�d�,� �t�o�o� �m�a�n�y� �c�o�n�s�t�r�a�i�n�t�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �a�n�d� �s�h�o�u�l�d� �b�e� �w�e�l�l

�r�e�s�p�e�c�t�e�d� �i�n� �o�r�d�e�r� �t�o�r�e�s�o�l�v�e� �t�h�e� �s�i�t�u�a�t�i�o�n� �a�n�d�r�e�t�u�r�n� �t�o� �t�h�e� �p�r�e�v�i�o�u�s� �s�i�t�u�a�t�i�o�n�b�e�f�o�r�e� �c�r�i�s�i�s

�a�n�n�o�u�n�c�e�m�e�n�t�(�n�o�r�m�a�l� �s�i�t�u�a�t�i�o�n�)�.
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�T�h�e�s�u�p�p�l�y� �c�h�a�i�n�i�s� �c�o�m�p�o�s�e�d� �o�f�t�w�o�e�s�s�e�n�t�i�a�l� �e�l�e�m�e�n�t�s�:� �S�u�p�p�l�i�e�r�s� �a�n�d� �c�l�i�e�n�t�s�.

�I�n� �o�u�r� �s�t�u�d�y� �c�a�s�e�,� �t�h�e� �s�i�t�u�a�t�i�o�n�i�s� �d�e�s�c�r�i�b�e�d� �a�s� �f�o�l�l�o�w�:

· �W�e� �h�a�v�e� �m�u�l�t�i�p�l�e� �h�o�s�p�i�t�a�l�s�(�s�u�p�p�l�i�e�r�s�)�a�n�d�t�h�e�i�r� �m�i�s�s�i�o�n� �c�o�n�s�i�s�t� �i�n�p�r�o�v�i�d�i�n�g�l�o�c�a�l

�h�e�a�l�t�h� �c�a�r�e� �s�e�r�v�i�c�e�s�f�o�r�i�n�c�o�m�i�n�g�p�a�t�i�e�n�t�s�.

· �W�e� �h�a�v�e� �m�a�n�y� �w�o�u�n�d�e�d� �(�c�l�i�e�n�t�s�)� �i�n� �n�e�e�d� �f�o�r�t�h�e�s�e� �s�e�r�v�i�c�e�s� �a�n�d� �s�h�o�u�l�d� �b�e

�t�r�a�n�s�p�o�r�t�e�d� �t�o� �h�o�s�p�i�t�a�l�s�.

�I�n�t�h�i�s� �p�a�r�t�i�c�u�l�a�r�c�a�s�e�,� �w�e� �a�r�e� �n�o�t� �t�r�a�n�s�p�o�r�t�i�n�g� �g�o�o�d�s� �f�r�o�m� �s�u�p�p�l�i�e�r�s� �t�o� �c�l�i�e�n�t�s�,� �i�n�s�t�e�a�d�,� �w�e

�a�r�e� �m�o�v�i�n�g�c�l�i�e�n�t�s� �(�w�o�u�n�d�e�d�)�f�r�o�m� �t�h�e�i�r� �p�l�a�c�e�s�t�o�w�a�r�d� �h�o�s�p�i�t�a�l�s� �u�s�i�n�g� �a� �c�a�p�a�c�i�t�a�t�e�d� �v�e�h�i�c�l�e

�(�a�m�b�u�l�a�n�c�e�s�)�.

�T�h�e�r�e�f�o�r�e�,� �w�e� �a�r�e�d�e�a�l�i�n�g� �w�i�t�h� �a� �s�u�p�p�l�y� �c�h�a�i�n� �t�h�a�t� �s�t�a�r�t�s �w�i�t�h� �c�a�t�e�r�i�n�g� �r�e�q�u�e�s�t�s

�(�t�r�a�n�s�p�o�r�t�a�t�i�o�n�)�a�n�n�o�u�n�c�e�d� �b�y� �t�e�r�m�i�n�a�l� �z�o�n�e�s� �(�w�o�u�n�d�e�d�)�a�n�d�a�d�d�r�e�s�s�e�d� �t�o� �s�u�p�p�l�i�e�r� �z�o�n�e�s

�(�h�o�s�p�i�t�a�l�s�)� �a�n�d�e�n�d�s�w�i�t�h� �t�h�e� �r�e�c�e�p�t�i�o�n� �o�f� �r�e�q�u�e�s�t�e�d� �s�u�p�p�o�r�t� �(�w�o�u�n�d�e�d�)�.

�D�u�r�i�n�g� �t�h�i�s� �o�p�e�r�a�t�i�o�n�,� �m�a�n�y� �s�t�e�p�s�a�r�e� �t�a�k�i�n�g� �p�l�a�c�e�s�.� �A�n� �a�g�e�n�t� �m�u�s�t� �t�r�e�a�t� �t�h�e�s�e� �d�e�m�a�n�d�s�,

�t�h�e�n� �h�e�s�e�n�d�s�t�h�e� �r�e�q�u�e�s�t�e�d� �s�u�p�p�o�r�t�(�w�o�u�n�d�e�d�)�v�i�a� �t�r�a�n�s�p�o�r�t� �m�e�a�n�s� �(�a�m�b�u�l�a�n�c�e�s�)� �t�o� �t�h�e�i�r

�f�i�n�a�l� �d�e�s�t�i�n�a�t�i�o�n�s� �(�h�o�s�p�i�t�a�l�s�)� �w�h�i�l�e� �r�e�s�p�e�c�t�i�n�g� �p�r�e�d�e�f�i�n�e�d� �d�e�a�d�l�i�n�e�s�.

�2�.�6 �R�e�l�a�t�e�d� �w�o�r�k�s

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

�o�t�h�e�r�s� �d�e�d�i�c�a�t�e�d� �t�o� �e�v�a�c�u�a�t�i�o�n� �o�n�l�y�.

�S�u�p�p�l�y� �C�h�a�i�n� �M�a�n�a�g�e�m�e�n�t� �(�S�C�M�)� �i�s� �a�n� �e�s�s�e�n�t�i�a�l� �e�l�e�m�e�n�t� �t�o� �o�p�e�r�a�t�i�o�n�a�l� �e�f�f�i�c�i�e�n�c�y�,�i�t

�r�e�q�u�i�r�e�s� �t�h�e� �c�o�m�m�i�t�m�e�n�t� �o�f� �s�u�p�p�l�y� �c�h�a�i�n� �p�a�r�t�n�e�r�s� �t�o� �w�o�r�k� �c�l�o�s�e�l�y� �t�o� �c�o�o�r�d�i�n�a�t�e� �o�r�d�e�r

�g�e�n�e�r�a�t�i�o�n�,� �o�r�d�e�r� �t�a�k�i�n�g�,� �a�n�d� �o�r�d�e�r� �f�u�l�f�i�l�l�m�e�n�t�.

�G�e�n�e�r�a�l�l�y�,� �n�a�t�u�r�a�l� �a�n�d� �t�r�i�g�g�e�r�e�d� �d�i�s�a�s�t�e�r�s� �a�r�e� �u�n�e�x�p�e�c�t�e�d� �a�n�d� �c�a�u�s�e� �i�n�e�v�i�t�a�b�l�e� �c�a�u�s�a�l�i�t�i�e�s�.

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

�E�v�a�c�u�a�t�i�o�n� �O�p�e�r�a�t�i�o�n�s� �i�n�v�o�l�v�e� �u�s�i�n�g� �a�v�a�i�l�a�b�l�e� �r�e�s�o�u�r�c�e�s� �l�i�k�e� �a�m�b�u�l�a�n�c�e�s�,� �h�e�l�i�c�o�p�t�e�r�s�,� �e�t�c�.

�t�o� �t�r�a�n�s�p�o�r�t� �c�a�u�s�a�l�i�t�i�e�s� �f�r�o�m� �d�i�s�a�s�t�e�r� �a�r�e�a�s� �t�o� �s�a�f�e� �p�l�a�c�e�s� �l�i�k�e� �h�o�s�p�i�t�a�l�s�,� �c�l�i�n�i�c�s�,� �i�n� �o�r�d�e�r� �t�o

�i�m�p�r�o�v�e� �l�i�f�e�-�s�a�v�i�n�g�s�.

�I�n� �t�h�i�s� �r�e�g�a�r�d�,� �m�a�n�y� �r�e�s�e�a�r�c�h�e�r�s� �p�a�i�d� �l�o�t� �o�f� �a�t�t�e�n�t�i�o�n�t�o� �t�h�i�s� �t�o�p�i�c�.

�(�C�h�r�i�s�t�o�p�h�e�r�,� �F�r�o�m� �b�r�a�n�d� �v�a�l�u�e�s� �t�o� �c�u�s�t�o�m�e�r� �v�a�l�u�e�,� �1�9�9�6�)�,�(�M�.� �C�h�r�i�s�t�o�p�h�e�r�,� �1�9�9�8�)�(�P�e�c�k�,

�1�-�1�3�)�f�o�c�u�s�e�d� �o�n� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �a� �m�a�n�a�g�e�r�i�a�l� �a�g�e�n�d�a� �f�o�r� �t�h�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �a�n�d

�m�a�n�a�g�e�m�e�n�t� �o�f� �s�u�p�p�l�y� �c�h�a�i�n� �r�i�s�k�,� �w�i�t�h� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �t�o� �i�m�p�r�o�v�e� �t�h�e� �r�e�s�i�l�i�e�n�c�e� �o�f

�s�u�p�p�l�y� �c�h�a�i�n�s�,� �t�h�e�i�r�r�e�s�e�a�r�c�h� �h�a�s� �h�i�g�h�l�i�g�h�t�e�d� �t�h�e� �r�i�s�k�s� �t�o� �b�u�s�i�n�e�s�s� �c�o�n�t�i�n�u�i�t�y� �t�h�a�t� �l�i�e�s� �i�n� �t�h�e

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

�p�r�o�d�u�c�t�s� �a�n�d� �s�e�r�v�i�c�e�s� �t�o� �e�n�d�-�c�o�n�s�u�m�e�r�.

�(�R�.� �R�.� �L�u�m�m�u�s�,� �S�t�r�a�t�e�g�i�c� �s�u�p�p�l�y� �c�h�a�i�n� �p�l�a�n�n�i�n�g�,� �1�9�9�8�)�S�t�u�d�i�e�d�t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n

�i�n�f�o�r�m�a�t�i�o�n� �s�y�s�t�e�m� �a�n�d� �s�u�p�p�l�y� �c�h�a�i�n� �m�a�n�a�g�e�m�e�n�t� �(�S�C�M�)� �o�p�t�i�m�i�z�a�t�i�o�n�.�T�h�e�y� �d�e�f�i�n�e� �t�h�e

�s�u�p�p�l�y� �c�h�a�i�n� �a�s� �a� �n�e�t�w�o�r�k� �o�f� �e�n�t�i�t�i�e�s� �i�n� �w�h�i�c�h� �t�h�e� �m�a�t�e�r�i�a�l� �f�l�u�x� �p�a�s�s�e�s� �t�h�r�o�u�g�h� �t�h�e�s�e

�e�n�t�i�t�i�e�s�,� �i�n�c�l�u�d�i�n�g� �p�r�o�v�i�d�e�r�s�,� �t�r�a�n�s�p�o�r�t�e�r�s�,� �a�s�s�e�m�b�l�i�n�g� �s�i�t�e�s�,� �d�i�s�t�r�i�b�u�t�i�o�n� �c�e�n�t�e�r�s�,� �r�e�t�a�i�l�e�r�s

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

�p�r�a�c�t�i�c�a�l� �g�u�i�d�e�l�i�n�e�s� �f�o�r� �s�u�c�c�e�s�s�f�u�l� �s�u�p�p�l�y� �c�h�a�i�n� �m�a�n�a�g�e�m�e�n�t�.� �T�h�e�y� �a�l�s�o� �d�e�s�c�r�i�b�e�d� �t�h�e

�c�o�m�p�e�t�i�t�i�v�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �l�i�n�k�i�n�g� �a� �f�i�r�m�'�s� �s�u�p�p�l�y� �c�h�a�i�n� �s�t�r�a�t�e�g�y� �t�o� �i�t�s� �o�v�e�r�a�l�l�b�u�s�i�n�e�s�s

�s�t�r�a�t�e�g�y�,� �b�u�t� �t�h�e�y�d�i�d� �n�o�t�t�a�k�e� �i�n�t�o� �c�o�n�s�i�d�e�r�a�t�i�o�n� �t�h�e� �f�a�c�t� �o�f� �o�p�t�i�m�i�z�i�n�g� �t�h�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n

�t�i�m�e� �s�p�e�n�t� �i�n� �o�r�d�e�r� �t�o� �a�c�c�o�m�p�l�i�s�h� �t�a�s�k�s�.

�(�T�a�n�,� �2�0�0�1�)�h�a�v�e� �d�e�v�e�l�o�p�e�d� �a� �f�r�a�m�e�w�o�r�k� �o�f� �s�u�p�p�l�y� �c�h�a�i�n� �m�a�n�a�g�e�m�e�n�t� �l�i�t�e�r�a�t�u�r�e�;� �t�h�e�y

�p�r�o�p�o�s�e�d� �v�a�r�i�o�u�s� �s�u�p�p�l�y� �c�h�a�i�n� �m�a�n�a�g�e�m�e�n�t� �s�t�r�a�t�e�g�i�e�s� �a�n�d� �t�h�e� �c�o�n�d�i�t�i�o�n�s� �c�o�n�d�u�c�i�v�e� �t�o

�s�u�p�p�l�y� �c�h�a�i�n� �m�a�n�a�g�e�m�e�n�t�.� �T�h�e�i�r� �c�o�n�t�r�i�b�u�t�i�o�n� �w�a�s� �i�l�l�u�s�t�r�a�t�e�d� �b�y� �i�n�t�e�g�r�a�t�i�n�g� �t�h�e� �t�w�o� �b�o�d�i�e�s

�o�f� �l�i�t�e�r�a�t�u�r�e� �(�P�u�r�c�h�a�s�i�n�g� �a�n�d� �s�u�p�p�l�y� �p�e�r�s�p�e�c�t�i�v�e� �o�f� �t�h�e� �i�n�d�u�s�t�r�i�a�l� �b�u�y�e�r�s� �a�n�d� �T�r�a�n�s�p�o�r�t�a�t�i�o�n

�a�n�d� �l�o�g�i�s�t�i�c�s� �p�e�r�s�p�e�c�t�i�v�e� �o�f� �t�h�e� �m�e�r�c�h�a�n�t�s�)�i�n� �t�h�e� �u�n�i�f�i�c�a�t�i�o�n� �o�f� �s�u�p�p�l�y� �c�h�a�i�n� �m�a�n�a�g�e�m�e�n�t

�i�n�t�o� �a� �c�o�m�m�o�n�l�y� �a�c�c�e�p�t�e�d� �t�e�r�m�i�n�o�l�o�g�y� �t�h�a�t� �i�n�c�l�u�d�e�s� �a�l�l� �t�h�e�v�a�l�u�e�-�c�r�e�a�t�i�n�g�a�c�t�i�v�i�t�i�e�s� �a�l�o�n�g

�t�h�e� �v�a�l�u�e� �c�h�a�i�n� �a�n�d� �f�i�n�a�l�l�y� �t�h�e�y� �p�r�o�v�i�d�e�d� �t�h�r�e�e� �d�i�s�t�i�n�c�t� �d�e�s�c�r�i�p�t�i�o�n�s� �d�o�m�i�n�a�t�e� �p�r�i�o�r

�l�i�t�e�r�a�t�u�r�e�:

· �S�u�p�p�l�y� �c�h�a�i�n� �m�a�n�a�g�e�m�e�n�t� �m�a�y� �b�e� �u�s�e�d� �a�s� �a� �h�a�n�d�y� �s�y�n�o�n�y�m� �t�o� �d�e�s�c�r�i�b�e� �t�h�e
�p�u�r�c�h�a�s�i�n�g� �a�n�d� �s�u�p�p�l�y� �a�c�t�i�v�i�t�i�e�s� �o�f� �m�a�n�u�f�a�c�t�u�r�e�r�s�.

· �I�t� �m�a�y� �b�e� �u�s�e�d� �t�o� �d�e�s�c�r�i�b�e� �t�h�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �a�n�d� �l�o�g�i�s�t�i�c�s� �f�u�n�c�t�i�o�n�s� �o�f� �t�h�e
�m�e�r�c�h�a�n�t�s� �a�n�d� �r�e�t�a�i�l�e�r�s�.

· �I�t� �m�a�y� �b�e� �u�s�e�d� �t�o� �d�e�s�c�r�i�b�e� �a�l�l� �t�h�e� �v�a�l�u�e�-�a�d�d�i�n�g� �a�c�t�i�v�i�t�i�e�s� �f�r�o�m� �t�h�e� �r�a�w� �m�a�t�e�r�i�a�l�s
�e�x�t�r�a�c�t�o�r� �t�o� �t�h�e� �e�n�d� �u�s�e�r�s� �a�n�d� �i�n�c�l�u�d�i�n�g� �r�e�c�y�c�l�i�n�g�.

�(�S�i�l�v�a�,� �2�0�0�6�)�w�o�r�k�e�d� �o�n� �t�h�e� �d�i�s�t�r�i�b�u�t�e�d� �o�p�t�i�m�i�z�a�t�i�o�n� �p�r�o�b�l�e�m� �o�f� �a� �l�o�g�i�s�t�i�c� �s�y�s�t�e�m� �a�n�d� �i�t�s

�p�r�o�v�i�d�e�r�s�.� �T�h�e�y� �i�m�p�r�o�v�e�d� �t�h�e� �s�u�p�p�l�y� �c�h�a�i�n� �p�e�r�f�o�r�m�a�n�c�e� �b�y� �i�n�t�r�o�d�u�c�i�n�g� �a� �n�e�w� �m�u�l�t�i�-�a�g�e�n�t

�a�p�p�r�o�a�c�h� �f�o�r� �c�o�l�l�a�b�o�r�a�t�i�v�e� �m�a�n�a�g�e�m�e�n�t� �o�f� �l�o�g�i�s�t�i�c� �a�n�d� �s�u�p�p�l�y� �s�y�s�t�e�m�s� �b�a�s�e�d� �o�n� �t�h�e� �a�n�t

�c�o�l�o�n�y� �o�p�t�i�m�i�z�a�t�i�o�n�.� �T�h�e� �m�a�n�a�g�e�m�e�n�t� �m�e�t�h�o�d�o�l�o�g�y� �i�s� �d�e�f�i�n�e�d� �a�s� �a� �s�e�t� �o�f� �d�i�s�t�r�i�b�u�t�e�d

�s�c�h�e�d�u�l�i�n�g� �p�r�o�b�l�e�m�s� �t�h�a�t� �e�x�c�h�a�n�g�e� �i�n�f�o�r�m�a�t�i�o�n� �d�u�r�i�n�g� �t�h�e� �o�p�t�i�m�i�z�a�t�i�o�n� �p�r�o�c�e�s�s�.� �E�a�c�h

�p�r�o�b�l�e�m� �i�s� �s�o�l�v�e�d� �b�y� �a�n� �a�n�t� �c�o�l�o�n�y� �a�g�e�n�t� �t�h�a�t� �u�s�e�s� �t�h�e� �p�h�e�r�o�m�o�n�e� �m�a�t�r�i�x� �a�s� �t�h�e

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

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

�a�s� �o�n�e� �e�n�t�i�t�y� �a�n�d� �a�l�l� �s�u�b� �p�r�o�b�l�e�m�s� �(�t�a�s�k�s�)� �a�r�e� �e�x�e�c�u�t�e�d� �i�n� �c�o�h�e�r�e�n�c�e� �a�n�d� �h�a�r�m�o�n�y� �t�o� �r�e�a�c�h

�t�h�e� �f�i�n�a�l� �g�o�a�l�.

�(�M�.� �C�h�e�n�,� �2�0�0�7�)�d�e�s�c�r�i�b�e�d� �a� �l�i�n�e�a�r� �p�r�o�g�r�a�m� �t�o� �d�e�a�l� �w�i�t�h� �m�u�l�t�i�-�p�r�i�o�r�i�t�y� �g�r�o�u�p� �e�v�a�c�u�a�t�i�o�n

�i�n� �s�u�d�d�e�n� �o�n�s�e�t� �d�i�s�a�s�t�e�r�s�.� �T�h�e� �a�u�t�h�o�r�s �� �g�o�a�l� �i�s� �t�o�m�i�n�i�m�i�z�e� �t�h�e� �t�o�t�a�l� �t�r�a�v�e�l� �t�i�m�e� �t�o� �o�u�t�s�i�d�e



�P�a�r�t� �I � �S�t�a�t�e� �o�f� �t�h�e� �a�r�t �C�h�a�p�t�e�r�I�I

�4�6

�t�h�e� �a�f�f�e�c�t�e�d� �a�r�e�a�,� �i�n� �t�h�e�i�r�a�p�p�r�o�a�c�h�,�t�h�e�y�d�i�d� �n�o�t�t�a�k�e� �i�n�t�o� �c�o�n�s�i�d�e�r�a�t�i�o�n� �t�h�e� �l�i�f�e� �e�x�p�e�c�t�a�n�c�y

�o�f� �w�o�u�n�d�e�d� �a�n�d� �t�h�e�y� �h�a�v�e� �n�o� �p�l�a�n� �t�o� �t�r�a�n�s�p�o�r�t� �t�h�e�m� �t�o� �h�o�s�p�i�t�a�l�s�.

�(�W�e�i� �Y�i�,� �2�0�0�7�)�i�n�t�e�r�e�s�t�e�d� �i�n� �s�t�u�d�y�i�n�g� �t�h�e� �i�m�p�a�c�t� �o�f� �a� �d�i�s�a�s�t�e�r� �a�n�d� �p�r�e�s�e�n�t� �f�o�r� �t�h�i�s� �r�e�a�s�o�n� �a

�m�e�t�a�-�h�e�u�r�i�s�t�i�c� �a�p�p�r�o�a�c�h� �g�r�o�u�n�d�e�d� �o�n� �t�h�e� �a�n�t� �c�o�l�o�n�y� �o�p�t�i�m�i�z�a�t�i�o�n� �t�o� �s�o�l�v�e� �t�h�e� �l�o�g�i�s�t�i�c�s

�p�r�o�b�l�e�m� �o�f� �r�e�l�i�e�f� �a�c�t�i�v�i�t�i�e�s� �w�h�i�c�h� �i�n�c�l�u�d�e�s� �w�o�u�n�d�e�d� �e�v�a�c�u�a�t�i�o�n� �t�o� �m�e�d�i�c�a�l� �c�e�n�t�e�r�s� �a�n�d

�d�i�s�p�a�t�c�h�i�n�g� �c�o�m�m�o�d�i�t�i�e�s� �t�o� �d�i�s�t�r�i�b�u�t�i�o�n� �c�e�n�t�e�r�s� �i�n� �c�r�i�s�i�s� �z�o�n�e�s�,� �t�h�e�i�r� �s�t�r�a�t�e�g�y� �d�e�p�e�n�d�s� �o�n

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

�t�h�e�y� �s�o�l�v�e� �t�h�e� �a�s�s�i�g�n�m�e�n�t� �p�r�o�b�l�e�m� �b�e�t�w�e�e�n� �d�i�f�f�e�r�e�n�t� �t�y�p�e�s� �o�f� �v�e�h�i�c�l�e�s� �f�l�o�w�s� �a�n�d

�c�o�m�m�o�d�i�t�i�e�s�,� �t�h�e� �a�u�t�h�o�r�s� �s�u�g�g�e�s�t� �c�r�e�a�t�i�n�g� �t�e�m�p�o�r�a�r�i�l�y� �m�e�d�i�c�a�l� �f�a�c�i�l�i�t�i�e�s� �i�n� �d�i�f�f�e�r�e�n�t� �p�l�a�c�e�s

�i�n�s�i�d�e� �t�h�e� �a�f�f�e�c�t�e�d� �a�r�e�a�s� �i�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �e�x�i�s�t�i�n�g� �h�o�s�p�i�t�a�l�s�,� �a�l�s�o�t�h�e�y� �p�l�a�n� �t�o� �p�r�o�v�i�d�e

�n�e�c�e�s�s�a�r�y� �g�o�o�d�s� �t�o� �a�l�l� �e�x�i�s�t�i�n�g� �f�a�c�i�l�i�t�i�e�s� �a�n�d� �t�r�a�n�s�p�o�r�t� �a�l�l� �w�o�u�n�d�e�d� �t�o�w�a�r�d� �t�h�e�m�.�T�h�e� �m�a�i�n

�o�b�j�e�c�t�i�v�e� �w�a�s� �t�o� �m�i�n�i�m�i�z�e� �t�h�e� �d�e�l�a�y� �b�e�t�w�e�e�n� �s�u�p�p�l�i�e�r�s� �a�n�d� �d�i�s�t�r�i�b�u�t�i�o�n� �c�e�n�t�e�r�s� �i�n� �t�h�e

�a�f�f�e�c�t�e�d� �z�o�n�e�s�,� �t�o� �c�r�e�a�t�e� �t�e�m�p�o�r�a�r�i�l�y� �m�e�d�i�c�a�l�f�a�c�i�l�i�t�i�e�s�i�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �p�e�r�m�a�n�e�n�t� �m�e�d�i�c�a�l

�c�e�n�t�e�r�s� �a�n�d� �t�o� �p�r�o�v�i�d�e� �b�o�t�h� �o�f� �t�h�e�m� �w�i�t�h� �t�h�e� �n�e�c�e�s�s�a�r�y� �g�o�o�d� �a�n�d� �f�i�n�a�l�l�y� �t�o� �t�r�a�n�s�p�o�r�t� �t�h�e

�w�o�u�n�d�e�d� �t�o� �t�h�e�s�e� �m�e�d�i�c�a�l� �c�e�n�t�e�r�s�.� �T�h�e�y� �a�r�e� �s�e�r�v�i�n�g� �o�n�l�y� �s�e�v�e�r�e�l�y� �a�n�d� �m�o�d�e�r�a�t�e� �i�n�j�u�r�e�d

�p�e�o�p�l�e� �w�h�o� �a�r�e� �g�r�o�u�p�e�d� �i�n� �d�i�f�f�e�r�e�n�t� �p�l�a�c�e�s� �u�s�i�n�g� �d�i�f�f�e�r�e�n�t� �t�y�p�e�s� �o�f� �v�e�h�i�c�l�e�s� �w�i�t�h� �d�i�f�f�e�r�e�n�t

�c�a�p�a�c�i�t�i�e�s� �t�o� �t�r�a�n�s�p�o�r�t� �i�n�j�u�r�e�d� �p�e�o�p�l�e�.

�(�Z�a�b�i�n�s�k�y�,� �2�0�1�0�)�p�r�o�p�o�s�e�d� �a� �s�t�o�c�h�a�s�t�i�c� �o�p�t�i�m�i�z�a�t�i�o�n� �a�p�p�r�o�a�c�h� �f�o�r� �t�h�e� �s�t�o�r�a�g�e� �a�n�d

�d�i�s�t�r�i�b�u�t�i�o�n� �p�r�o�b�l�e�m� �o�f� �m�e�d�i�c�a�l� �s�u�p�p�l�i�e�s� �t�o� �b�e� �u�s�e�d� �f�o�r� �d�i�s�a�s�t�e�r� �m�a�n�a�g�e�m�e�n�t� �u�n�d�e�r� �a� �w�i�d�e

�v�a�r�i�e�t�y� �o�f� �p�o�s�s�i�b�l�e� �d�i�s�a�s�t�e�r� �t�y�p�e�s� �a�n�d� �m�a�g�n�i�t�u�d�e�s�.� �T�h�e�y� �d�e�v�e�l�o�p�e�d� �a� �s�t�o�c�h�a�s�t�i�c

�p�r�o�g�r�a�m�m�i�n�g� �m�o�d�e�l� �t�o� �s�e�l�e�c�t� �t�h�e� �s�t�o�r�a�g�e� �l�o�c�a�t�i�o�n�s� �o�f� �m�e�d�i�c�a�l� �s�u�p�p�l�i�e�s� �a�n�d� �r�e�q�u�i�r�e�d

�i�n�v�e�n�t�o�r�y� �l�e�v�e�l�s� �f�o�r� �e�a�c�h� �t�y�p�e� �o�f� �m�e�d�i�c�a�l� �s�u�p�p�l�y� �b�y� �m�a�i�n�t�a�i�n�i�n�g�b�a�l�a�n�c�e� �b�e�t�w�e�e�n� �t�h�e

�p�r�e�p�a�r�e�d�n�e�s�s� �a�n�d� �t�h�e� �r�i�s�k� �d�e�s�p�i�t�e� �t�h�e� �u�n�c�e�r�t�a�i�n�t�i�e�s� �o�f� �d�i�s�a�s�t�e�r� �e�v�e�n�t�s�.� �I�n� �t�h�e�i�r� �p�r�o�p�o�s�e�d

�m�o�d�e�l�,�t�h�e�y�d�i�d� �n�o�t�o�p�t�i�m�i�z�e� �t�h�e� �t�i�m�e� �s�p�e�n�t� �b�y� �r�o�u�t�i�n�g� �v�e�h�i�c�l�e�s�.� �T�h�e�y� �w�e�r�e� �o�n�l�y� �c�o�n�c�e�r�n�e�d

�i�n� �o�p�t�i�m�a�l� �r�o�u�t�i�n�g� �p�l�a�n� �o�f� �v�e�h�i�c�l�e�s� �w�i�t�h� �t�h�e�i�r� �l�o�a�d�i�n�g� �a�m�o�u�n�t�s� �o�f� �m�e�d�i�c�a�l� �s�u�p�p�l�i�e�s� �i�n� �a�n

�M�I�P� �m�o�d�e�l�.

�(�D�.�E�k�s�i�o�g�l�u�,� �2�0�1�0�)�u�s�e�d� �a� �m�i�x�e�d�-�i�n�t�e�g�e�r� �l�i�n�e�a�r� �p�r�o�g�r�a�m� �f�o�r� �e�v�a�c�u�a�t�i�o�n� �p�l�a�n�s� �o�f� �u�r�b�a�n� �a�r�e�a�s

�u�s�i�n�g� �p�u�b�l�i�c� �t�r�a�n�s�i�t�s�y�s�t�e�m�;�t�h�e�i�r� �o�b�j�e�c�t�i�v�e� �i�s� �t�o� �m�i�n�i�m�i�z�e� �t�h�e� �t�o�t�a�l� �e�v�a�c�u�a�t�i�o�n� �t�i�m�e� �a�n�d� �t�h�e

�n�u�m�b�e�r� �o�f� �c�a�s�u�a�l�t�i�e�s�.� �T�h�e� �m�a�i�n� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �o�u�r� �m�o�d�e�l� �a�n�d� �t�h�e�i�r� �m�o�d�e�l� �i�s� �t�h�a�t� �a�l�l

�c�i�t�i�z�e�n�s� �a�r�e� �g�r�o�u�p�e�d� �i�n� �s�p�e�c�i�f�i�c� �p�l�a�c�e�s� �(�s�t�a�t�i�o�n�s�)� �a�n�d� �a�l�l� �t�r�a�n�s�i�t� �v�e�h�i�c�l�e�s� �h�a�d� �t�o� �c�o�l�l�e�c�t

�c�i�t�i�z�e�n�s� �f�r�o�m� �t�h�e� �s�t�a�t�i�o�n�s� �w�i�t�h�i�n� �i�t�s� �p�r�e�d�e�f�i�n�e�d� �l�i�n�e�s� �t�o� �i�t�s� �c�l�o�s�e�s�t� �s�h�e�l�t�e�r�.�I�n� �a�d�d�i�t�i�o�n�,� �i�n

�t�h�e�i�r�m�o�d�e�l�,�t�h�e�y� �m�i�s�s�e�d� �o�u�t� �t�h�e� �n�o�t�i�o�n� �o�f� �p�r�i�o�r�i�t�i�e�s� �b�e�t�w�e�e�n� �s�t�a�t�i�o�n�s� �a�n�d� �t�h�e�r�e� �i�s� �n�o� �p�l�a�n

�t�o� �t�r�a�n�s�p�o�r�t� �i�n�d�i�v�i�d�u�a�l� �w�o�u�n�d�e�d� �t�o� �h�o�s�p�i�t�a�l�s�.

�(�X�i�n� �M�a�,� �2�0�1�0�)�p�r�e�s�e�n�t�e�d� �a� �w�o�u�n�d�e�d� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �m�o�d�e�l� �b�a�s�e�d� �o�n� �m�u�l�t�i�t�y�p�e� �v�e�h�i�c�l�e�s� �t�o

�s�o�l�v�e� �t�h�e� �w�o�u�n�d�e�d� �t�r�a�n�s�f�e�r� �p�r�o�b�l�e�m� �i�n� �l�a�r�g�e�-�s�c�a�l�e� �d�i�s�a�s�t�e�r�s�.� �I�n� �t�h�e�i�r� �a�p�p�r�o�a�c�h�,� �e�a�c�h� �v�e�h�i�c�l�e

�i�s� �a�s�s�i�g�n�e�d� �t�o� �a� �s�i�n�g�l�e� �d�i�s�a�s�t�e�r� �z�o�n�e� �n�o� �m�a�t�t�e�r� �h�o�w� �m�a�n�y� �w�o�u�n�d�e�d� �i�t� �c�o�n�t�a�i�n�s� �a�n�d� �w�i�t�h�o�u�t
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�t�a�k�i�n�g� �i�n�t�o� �c�o�n�s�i�d�e�r�a�t�i�o�n� �t�h�e� �t�i�m�e� �s�p�e�n�t� �i�n� �a� �d�i�s�a�s�t�e�r� �z�o�n�e� �w�h�i�c�h� �c�a�n� �c�a�u�s�e� �t�h�a�t� �s�o�m�e

�v�e�h�i�c�l�e�s� �w�h�i�c�h� �s�e�r�v�e� �z�o�n�e�s� �w�i�t�h� �l�i�t�t�l�e� �n�u�m�b�e�r� �o�f� �w�o�u�n�d�e�d� �w�i�l�l� �b�e� �f�r�e�e� �t�o� �s�e�r�v�e� �a�g�a�i�n� �a�f�t�e�r

�s�o�m�e� �t�i�m�e�,� �i�f� �o�p�p�o�r�t�u�n�i�t�y� �i�s� �o�f�f�e�r�e�d�,� �m�e�a�n�w�h�i�l�e� �o�t�h�e�r� �v�e�h�i�c�l�e�s� �w�h�i�c�h� �a�r�e� �s�e�r�v�i�n�g� �z�o�n�e�s

�w�i�t�h� �a� �h�u�g�e� �n�u�m�b�e�r� �o�f� �w�o�u�n�d�e�d� �w�o�u�l�d� �s�t�a�y� �b�u�s�y� �f�o�r� �a� �l�o�n�g�e�r� �t�i�m�e�,� �a�s� �a� �r�e�s�u�l�t�,� �a�s� �m�u�c�h� �a�s

�t�h�e� �n�u�m�b�e�r� �o�f� �w�o�u�n�d�e�d� �g�r�o�w�s� �i�n� �z�o�n�e�s� �a�s� �t�h�e�i�r� �e�v�a�c�u�a�t�i�o�n� �t�i�m�e� �a�n�d� �t�h�e�i�r� �r�i�s�k� �o�f� �d�e�a�t�h

�r�i�s�e�.

�(�J�o�ã�o� �C�o�u�t�i�n�h�o�-�R�o�d�r�i�g�u�e�s�,� �2�0�1�2�)�p�r�e�s�e�n�t�e�d� �a� �m�u�l�t�i� �o�b�j�e�c�t�i�v�e� �a�p�p�r�o�a�c�h� �t�o� �g�e�n�e�r�a�t�e� �u�r�b�a�n

�e�v�a�c�u�a�t�i�o�n� �p�l�a�n�s� �w�h�e�r�e� �p�e�o�p�l�e� �a�r�e� �g�r�o�u�p�e�d� �i�n�s�i�d�e� �a� �s�h�e�l�t�e�r� �a�n�d� �t�h�e�n� �t�h�e�y� �e�v�a�c�u�a�t�e

�w�o�u�n�d�e�d� �t�o� �h�o�s�p�i�t�a�l�s� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �t�y�p�e�s� �o�f� �v�e�h�i�c�l�e�s� �a�n�d� �t�h�e�r�e� �i�s� �n�o� �f�a�c�i�l�i�t�i�e�s� �c�a�p�a�c�i�t�i�e�s

�l�i�m�i�t�a�t�i�o�n�.� �U�s�i�n�g� �t�h�i�s� �s�t�r�a�t�e�g�y�,� �t�h�e�y� �o�p�t�i�m�i�z�e� �t�h�e� �t�r�a�n�s�p�o�r�t� �t�i�m�e� �b�u�t� �t�h�e�y� �r�i�s�k� �t�h�e� �w�o�u�n�d�e�d

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

�s�h�e�l�t�e�r�s� �w�h�i�c�h� �i�s� �n�o�t� �c�o�n�s�i�d�e�r�e�d� �i�n� �t�h�e�i�r� �p�r�o�p�o�s�e�d� �m�o�d�e�l� �a�n�d� �w�h�i�c�h� �i�s� �t�h�e� �m�a�i�n� �o�b�j�e�c�t�i�v�e

�i�n� �o�u�r� �p�r�o�p�o�s�e�d� �m�o�d�e�l�.

�(�N�o�r�a�i�m�i� �A�z�l�i�n� �M�o�h�d� �N�o�r�d�i�n�,� �2�0�1�2�)�s�t�u�d�i�e�d� �t�h�e� �f�a�c�t� �o�f� �f�i�n�d�i�n�g� �t�h�e� �s�h�o�r�t�e�s�t� �p�a�t�h� �f�o�r

�a�m�b�u�l�a�n�c�e� �r�o�u�t�i�n�g� �s�t�a�r�t�i�n�g� �f�r�o�m� �a�m�b�u�l�a�n�c�e� �s�t�a�t�i�o�n� �a�n�d� �e�n�d�i�n�g� �a�t� �e�m�e�r�g�e�n�c�y� �s�i�t�e�.� �T�h�e�y

�f�o�c�u�s�e�d� �o�n� �f�i�n�d�i�n�g� �t�h�e� �b�e�s�t� �r�o�a�d�s� �n�e�t�w�o�r�k� �f�o�r� �t�h�e� �a�r�e�a� �u�n�d�e�r� �s�t�u�d�y� �(�w�i�t�h� �t�h�e� �t�o�t�a�l� �s�h�o�r�t�e�s�t

�d�i�s�t�a�n�c�e�)� �u�s�i�n�g� �A�*�a�l�g�o�r�i�t�h�m�,� �i�n� �t�h�e�i�r� �m�o�d�e�l�,� �t�h�e�r�e� �i�s� �n�o� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �p�l�a�n� �g�i�v�e�n� �t�o

�a�m�b�u�l�a�n�c�e�s� �f�r�o�m� �t�h�e�i�r� �e�m�e�r�g�e�n�c�y� �s�i�t�e�s� �t�o� �m�e�d�i�c�a�l� �t�r�e�a�t�m�e�n�t� �c�e�n�t�e�r�s�.

�(�Z�h�a�n�g�,� �2�0�1�7�)�s�t�u�d�i�e�d� �t�h�e� �f�a�c�t� �o�f� �a� �d�i�s�a�s�t�e�r� �i�n�s�i�d�e� �a� �h�i�g�h�-�r�i�s�e� �b�u�i�l�d�i�n�g� �a�n�d� �d�e�f�i�n�e�d� �a� �n�e�w

�e�v�a�c�u�a�t�i�o�n� �d�e�v�i�c�e� �f�o�r� �e�m�e�r�g�e�n�c�y� �e�v�a�c�u�a�t�i�o�n� �p�r�o�b�l�e�m� �b�u�t�,� �a�s� �b�e�f�o�r�e�,� �t�h�e�y� �a�s�s�u�m�e�d� �t�h�a�t� �a�l�l

�p�e�o�p�l�e� �a�r�e� �g�r�o�u�p�e�d� �i�n� �t�h�e� �s�a�m�e� �p�l�a�c�e� �a�n�d� �t�h�e�y� �s�h�o�u�l�d� �a�l�l� �u�s�e� �t�h�e� �s�a�m�e� �r�o�u�t�e� �t�h�e� �s�a�m�e� �d�e�v�i�c�e

�w�i�t�h�o�u�t� �t�a�k�i�n�g� �i�n�t�o� �c�o�n�s�i�d�e�r�a�t�i�o�n� �t�h�e� �h�u�m�a�n� �m�e�d�i�c�a�l� �s�i�t�u�a�t�i�o�n� �a�n�d� �t�h�e� �t�i�m�e�s�p�e�n�t� �t�o

�p�e�r�f�o�r�m� �t�h�e�s�e� �a�c�t�i�o�n�s�.

�(�K�e�l�i�a�n�g� �C�h�a�n�g�,� �2�0�1�7�)�s�t�u�d�i�e�d� �t�h�e� �i�m�p�a�c�t� �o�f� �l�a�r�g�e� �d�i�s�a�s�t�e�r�s� �o�n� �r�o�a�d�s� �s�a�f�e�t�y� �a�n�d� �s�u�g�g�e�s�t�e�d

�f�o�r� �t�h�i�s� �r�e�a�s�o�n� �a� �n�o�n�l�i�n�e�a�r� �s�i�t�e� �d�i�s�t�r�i�b�u�t�i�o�n� �f�o�r� �v�e�h�i�c�l�e� �r�o�u�t�i�n�g� �p�r�o�b�l�e�m� �o�n� �t�h�e� �a�f�f�e�c�t�e�d

�p�o�i�n�t�s�.

�I�n �t�h�e�i�r �m�o�d�e�l�,� �t�h�e�y� �f�o�c�u�s�e�d� �o�n� �t�r�a�n�s�p�o�r�t�i�n�g� �m�a�t�e�r�i�a�l�s� �t�o� �u�n�c�e�r�t�a�i�n� �d�e�m�a�n�d� �p�o�i�n�t�s

�a�c�c�o�r�d�i�n�g� �t�o� �t�h�r�e�e� �o�b�j�e�c�t�i�v�e�s� �(�1�.� �M�i�n�i�m�i�z�e� �v�e�h�i�c�l�e� �t�o�t�a�l� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �c�o�s�t�,� �2�.� �M�a�x�i�m�i�z�e

�t�h�e� �n�u�m�b�e�r� �o�f� �t�r�a�n�s�p�o�r�t�e�d� �m�a�t�e�r�i�a�l�s�,� �3�.� �M�a�x�i�m�i�z�e� �t�h�e� �p�o�o�r�e�s�t� �r�o�u�t�e�s� �t�r�a�n�s�p�o�r�t�a�t�i�o�n

�c�a�p�a�c�i�t�i�e�s�)�,� �b�u�t� �t�h�e�y�d�i�d� �n�o�t�r�e�l�y� �o�n� �s�e�r�v�i�c�e� �p�r�i�o�r�i�t�y� �f�o�r� �d�e�m�a�n�d� �p�o�i�n�t�s�.

�(�Y�a�d�o�l�l�a�h�n�e�j�a�d�,� �2�0�1�7�)�p�r�o�p�o�s�e�d� �a� �m�o�d�e�l� �b�a�s�e�d� �o�n� �e�a�r�t�h�q�u�a�k�e� �d�i�s�a�s�t�e�r� �a�n�d� �f�o�c�u�s�i�n�g� �o�n

�t�r�a�n�s�f�e�r�r�i�n�g� �w�o�u�n�d�e�d� �t�o� �c�l�i�n�i�c�s� �a�n�d� �h�o�s�p�i�t�a�l�s� �u�s�i�n�g�a�i�r�l�i�n�e�s�a�n�d� �g�r�o�u�n�d� �t�r�a�n�s�p�o�r�t�a�t�i�o�n�.

�T�h�e�y� �i�n�t�r�o�d�u�c�e�d� �a� �m�u�l�t�i�-�o�b�j�e�c�t�i�v�e� �a�p�p�r�o�a�c�h� �t�o� �p�r�o�v�i�d�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �o�n� �a�v�a�i�l�a�b�l�e� �r�o�u�t�e�s�,

�b�u�t� �t�h�e�y� �g�r�o�u�p� �a� �c�e�r�t�a�i�n� �n�u�m�b�e�r� �o�f� �w�o�u�n�d�e�d� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �i�n�j�u�r�i�e�s� �i�n� �o�n�e� �v�e�h�i�c�l�e� �i�n� �e�a�c�h

�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �c�y�c�l�e� �a�n�d� �m�o�s�t� �w�o�u�n�d�e�d� �a�r�e� �l�o�c�a�t�e�d� �n�e�a�r� �t�o� �e�a�c�h� �o�t�h�e�r�.
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�(�C�h�a�w�i�s� �B�o�o�n�m�e�e�,� �2�0�1�7�)�w�o�r�k�e�d� �o�n� �f�i�n�d�i�n�g� �s�o�l�u�t�i�o�n�s� �f�o�r� �f�a�c�i�l�i�t�y� �l�o�c�a�t�i�o�n� �p�r�o�b�l�e�m� �i�n� �c�a�s�e

�w�h�e�r�e� �d�i�s�a�s�t�e�r�s� �a�r�e� �h�a�p�p�e�n�i�n�g� �o�r� �a�l�r�e�a�d�y� �h�a�p�p�e�n�e�d�.� �T�h�e�y� �i�n�t�e�n�d�e�d� �t�o� �f�i�n�d� �t�h�e� �b�e�s�t� �f�a�c�i�l�i�t�y ��s

�l�o�c�a�t�i�o�n� �d�e�p�e�n�d�i�n�g� �o�n� �m�a�n�y� �f�a�c�t�o�r�s� �s�u�c�h� �a�s� �d�i�s�t�r�i�b�u�t�i�o�n� �c�e�n�t�e�r�s�,� �h�o�s�p�i�t�a�l�s�,� �e�t�c�.� �U�n�l�i�k�e� �o�u�r

�m�o�d�e�l�,� �t�h�e�y� �d�i�d� �n�o�t� �f�o�c�u�s� �o�n� �t�h�e� �t�r�a�n�s�p�o�r�t�e�d� �i�n�j�u�r�e�d� �a�n�d� �t�h�e�y� �d�i�d� �n�o�t� �t�o�t�a�l�l�y� �c�o�u�n�t� �o�n

�e�x�i�s�t�e�n�t� �f�a�c�i�l�i�t�i�e�s� �(�i�n� �o�u�r� �c�a�s�e�:� �H�o�s�p�i�t�a�l�s�)� �t�o� �w�h�i�c�h� �w�e� �i�n�t�e�n�d� �t�o� �t�r�a�n�s�p�o�r�t� �w�o�u�n�d�e�d�,

�d�e�p�e�n�d�i�n�g� �o�n� �m�a�n�y� �c�r�i�t�e�r�i�a�.

�(�H�u�a�n�g�,� �T�h�e� �i�m�p�a�c�t�s� �o�f� �s�h�a�r�i�n�g� �p�r�o�d�u�c�t�i�o�n� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �s�u�p�p�l�y� �c�h�a�i�n� �d�y�n�a�m�i�c�s�:� �a

�r�e�v�i�e�w� �o�f� �t�h�e� �l�i�t�e�r�a�t�u�r�e�,� �2�0�0�3�)�h�a�v�e� �d�e�v�e�l�o�p�e�d� �a�n� �i�n�t�e�g�r�a�t�e�d� �m�u�l�t�i�-�o�b�j�e�c�t�i�v�e� �o�p�t�i�m�i�z�a�t�i�o�n

�m�o�d�e�l� �f�o�r� �o�p�t�i�m�i�z�i�n�g� �t�h�r�e�e� �o�b�j�e�c�t�i�v�e�s�:� �m�i�n�i�m�i�z�i�n�g� �h�u�m�a�n� �l�o�s�s�,� �o�p�t�i�m�i�z�i�n�g� �d�e�l�a�y� �c�o�s�t� �a�n�d

�f�a�i�r�n�e�s�s�,� �t�h�e�y� �c�o�m�b�i�n�e� �r�e�s�o�u�r�c�e�s� �a�l�l�o�c�a�t�i�o�n� �w�i�t�h� �e�m�e�r�g�e�n�c�y� �d�i�s�t�r�i�b�u�t�i�o�n� �i�n� �d�i�s�a�s�t�e�r

�r�e�s�p�o�n�s�e� �o�p�e�r�a�t�i�o�n�s�,�i�n� �t�h�e�i�r� �s�t�u�d�y� �t�h�e�y� �a�i�m� �t�o� �d�e�l�i�v�e�r� �u�r�g�e�n�t� �r�e�s�o�u�r�c�e�s� �t�o� �i�n�-�s�i�t�e� �w�o�u�n�d�e�d

�i�n� �a�d�e�q�u�a�t�e� �q�u�a�n�t�i�t�y� �a�s� �f�a�s�t� �a�s� �p�o�s�s�i�b�l�e� �w�i�t�h�i�n� �a�t�i�m�e� �b�a�r�r�i�e�r�,� �t�h�e�y� �d�o� �n�o�t� �c�o�n�s�i�d�e�r� �p�i�c�k�i�n�g

�u�p� �w�o�u�n�d�e�d� �t�o� �h�o�s�p�i�t�a�l�s� �o�r� �m�e�d�i�c�a�l� �t�r�e�a�t�m�e�n�t� �c�e�n�t�e�r�s�.� �O�t�h�e�r� �a�u�t�h�o�r�s� �l�i�k�e�(�B�y�u�n�g� �H�o�o�n� �O�h

�K�w�a�n�g�y�e�o�n� �K�i�m�H�a�n�-�L�i�m� �C�h�o�i�,� �2�0�1�7�)�s�t�u�d�y� �t�h�e� �w�o�u�n�d�e�d� �e�v�a�c�u�a�t�i�o�n� �p�r�o�b�l�e�m� �a�f�t�e�r� �a

�n�a�t�u�r�a�l� �d�i�s�a�s�t�e�r�;� �t�h�e�y� �w�e�r�e� �i�n�t�e�r�e�s�t�e�d� �i�n� �m�a�x�i�m�i�z�i�n�g� �t�h�e� �n�u�m�b�e�r� �o�f� �e�v�a�c�u�e�e�s� �b�y� �u�s�i�n�g

�h�e�l�i�c�o�p�t�e�r�s� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �c�a�p�a�b�i�l�i�t�i�e�s�.� �T�h�e� �m�a�i�n� �i�n�c�o�n�v�e�n�i�e�n�c�e� �o�f� �u�s�i�n�g� �h�e�l�i�c�o�p�t�e�r�s� �i�s� �t�h�a�t

�t�h�e�y� �n�e�e�d� �a� �v�a�s�t� �l�o�c�a�t�i�o�n� �t�o� �l�a�n�d�,� �w�h�i�c�h� �m�a�y� �n�o�t� �b�e� �a�l�w�a�y�s� �a�v�a�i�l�a�b�l�e� �a�n�d� �s�o�m�e�t�i�m�e

�i�n�a�p�p�l�i�c�a�b�l�e�.� �S�o�m�e� �o�f� �t�h�e� �a�u�t�h�o�r�s�l�i�k�e�(�W�e�x�,� �2�0�1�4�)�,�f�o�c�u�s�e�d� �o�n� �e�m�e�r�g�e�n�c�y� �r�e�s�p�o�n�s�e� �i�n� �c�r�i�s�i�s

�m�a�n�a�g�e�m�e�n�t�,� �t�h�e�y� �p�l�a�n� �t�o� �m�i�n�i�m�i�z�e� �t�h�e� �s�u�m� �o�f� �t�h�e� �t�o�t�a�l� �t�i�m�e� �s�p�e�n�t� �i�n� �e�v�a�c�u�a�t�i�n�g� �w�o�u�n�d�e�d

�o�u�t�s�i�d�e� �d�i�s�a�s�t�e�r� �a�r�e�a�s� �u�s�i�n�g� �d�i�f�f�e�r�e�n�t� �r�e�s�c�u�e� �u�n�i�t�s� �b�u�t� �d�o�n ��t� �h�a�v�e� �a� �p�l�a�n� �t�o� �t�r�a�n�s�p�o�r�t� �t�h�e�m

�t�o� �m�e�d�i�c�a�l� �u�n�i�t�s�.�(�M�o�r�i�,� �2�0�1�5�)�h�a�v�e� �p�l�a�n�n�e�d� �a�n� �e�v�a�c�u�a�t�i�o�n� �m�o�d�e�l� �u�s�i�n�g� �m�u�l�t�i�p�l�e� �t�y�p�e�s� �o�f

�h�e�l�i�c�o�p�t�e�r�s� �t�o� �m�a�x�i�m�i�z�e� �t�h�e� �n�u�m�b�e�r� �o�f� �t�r�a�n�s�p�o�r�t�e�d� �w�o�u�n�d�e�d� �t�o� �s�e�c�u�r�e� �a�r�e�a�s�,� �t�h�e�y� �t�o�o�k� �t�h�e

�t�i�m�e� �l�i�m�i�t� �f�o�r� �s�u�r�v�i�v�a�l� �a�s� �a� �h�a�r�d� �c�o�n�s�t�r�a�i�n�t� �t�o� �b�e� �r�e�s�p�e�c�t�e�d�,� �b�u�t� �i�n� �t�h�e�i�r� �s�t�r�a�t�e�g�y�,� �t�h�e�r�e� �i�s� �n�o

�p�l�a�n� �t�o� �e�v�a�c�u�a�t�e� �a�l�l� �v�i�c�t�i�m�s� �t�o� �m�e�d�i�c�a�l� �t�r�e�a�t�m�e�n�t� �c�e�n�t�e�r�s�.

�F�i�r�s�t�,� �i�n� �t�h�i�s� �s�e�c�t�i�o�n�,� �w�e� �p�r�e�s�e�n�t� �s�o�m�e� �w�o�r�k�s� �r�e�l�a�t�e�d� �t�o� �s�u�p�p�l�y� �c�h�a�i�n� �m�a�n�a�g�e�m�e�n�t� �a�n�d

�o�t�h�e�r�s� �d�e�d�i�c�a�t�e�d� �t�o� �e�v�a�c�u�a�t�i�o�n� �o�n�l�y�,� �a�f�t�e�r� �t�h�a�t�,� �w�e� �j�u�s�t�i�f�y� �o�u�r� �c�h�o�i�c�e� �o�f� �a�d�o�p�t�e�d� �a�l�g�o�r�i�t�h�m�s�.

�2�.�7 �P�r�o�o�f� �o�f� �s�e�l�e�c�t�e�d� �a�l�g�o�r�i�t�h�m�s

�T�h�e� �d�i�s�a�s�t�e�r� �a�r�e�a�c�o�u�l�d� �b�e�c�o�n�s�i�d�e�r�e�d�l�i�k�e� �a� �r�o�u�n�d� �f�i�e�l�d� �w�h�e�r�e� �a�l�l� �w�o�u�n�d�e�d� �a�r�e

�r�a�n�d�o�m�l�y� �d�i�s�t�r�i�b�u�t�e�d�.

�I�n� �r�e�a�l�i�t�y�,� �w�h�e�n� �a�n� �i�n�j�u�r�y� �i�s� �c�r�i�t�i�c�a�l�,� �i�t� �m�e�a�n�s� �t�h�a�t� �t�h�e� �w�o�u�n�d�e�d�h�a�v�e� �a�r�o�u�n�d� �2�0� �t�o� �3�0

�m�i�n�u�t�e�s� �t�o� �l�i�v�e�,� �a�f�t�e�r�t�h�a�t�;�h�e� �w�i�l�l� �b�e� �m�o�s�t� �p�r�o�b�a�b�l�y� �d�e�a�d�.

�W�e� �s�h�o�u�l�d� �n�o�t�e� �h�e�r�e� �t�h�a�t� �t�h�e�r�e� �i�s� �a� �w�a�s�t�e�d� �t�i�m�e� �c�a�l�c�u�l�a�t�e�d� �t�i�l�l� �f�i�r�s�t� �a�m�b�u�l�a�n�c�e� �a�r�r�i�v�e�s�t�o

�d�i�s�a�s�t�e�r� �z�o�n�e� �a�n�d� �t�h�e� �a�s�s�o�c�i�a�t�e�d� �d�o�c�t�o�r� �s�t�a�r�t�s� �h�i�s� �m�i�s�s�i�o�n� �(�W�o�u�n�d�e�d� �c�o�u�n�t�i�n�g�,� �w�o�u�n�d�e�d

�l�o�c�a�t�i�o�n�s� �i�n� �o�r�d�e�r� �t�o� �p�r�o�v�i�d�e� �e�n�v�i�r�o�n�m�e�n�t� �p�a�r�a�m�e�t�e�r�s� �t�o� �e�n�d� �u�s�e�r� �a�g�e�n�t� �w�h�o� �w�i�l�l� �e�n�t�e�r



�P�a�r�t� �I � �S�t�a�t�e� �o�f� �t�h�e� �a�r�t �C�h�a�p�t�e�r�I�I

�4�9

�t�h�e�s�e� �d�a�t�a� �a�n�d� �l�a�u�n�c�h� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �s�o�f�t�w�a�r�e�)�,� �s�o� �i�n� �f�a�c�t� �t�h�e� �a�v�e�r�a�g�e� �r�e�m�a�i�n�i�n�g� �t�i�m�e� �f�o�r

�t�h�i�s� �c�a�s�e� �i�s� �d�e�c�r�e�a�s�e�d� �t�o� �l�e�s�s� �t�h�a�n� �1�0�m�i�n�u�t�e�s�.

�E�a�c�h� �t�a�r�d�i�n�e�s�s� �s�e�c�o�n�d� �c�o�u�n�t�s� �i�n� �l�o�s�i�n�g� �a�n� �i�n�j�u�r�e�d� �s�o� �t�h�e� �f�a�s�t�e�r� �w�e� �p�r�o�v�i�d�e�r�e�s�u�l�t�s�;�t�h�e� �f�e�w�e�r

�w�o�u�n�d�e�d� �a�r�e� �d�e�a�d�.

�W�h�e�n� �t�h�e� �e�x�e�c�u�t�i�o�n� �t�i�m�e� �e�x�c�e�e�d�s� �t�h�e� �1�0�m�i�n�u�t�e�s ��b�a�r�r�i�e�r�,� �i�t� �m�e�a�n�s� �t�h�a�t� �t�h�e� �u�s�e�d� �m�e�t�h�o�d
�i�s� �u�s�e�l�e�s�s� �a�n�d� �i�t� �s�h�o�u�l�d� �b�e� �a�b�o�r�t�e�d�,� �t�h�a�t� �w�a�s� �t�h�e� �m�a�i�n� �r�e�a�s�o�n� �t�h�a�t� �m�a�d�e� �u�s� �s�e�a�r�c�h� �f�o�r� �a�v�e�r�y
�f�a�s�t� �r�e�l�i�a�b�l�e�a�l�g�o�r�i�t�h�m�,� �w�h�i�c�h�c�a�n� �p�r�o�v�i�d�e� �g�o�o�d� �s�o�l�u�t�i�o�n�s� �i�n� �a� �l�i�t�t�l�e� �t�i�m�e�.

�D�u�e� �t�o� �t�h�e� �c�o�m�p�l�e�x�i�t�y� �o�f� �o�u�r� �p�r�o�p�o�s�e�d� �p�r�o�b�l�e�m�,� �w�h�i�c�h� �i�s� �N�P�-�h�a�r�d�,� �w�e� �n�e�e�d� �t�o� �a�p�p�l�y� �a�n
�i�n�t�e�l�l�i�g�e�n�t� �f�a�s�t� �a�l�g�o�r�i�t�h�m� �t�o� �p�r�o�v�i�d�e� �s�o�l�u�t�i�o�n�s� �t�o� �s�u�c�h� �p�r�o�b�l�e�m�s�.

�A�s� �p�r�e�s�e�n�t�e�d� �i�n� �t�h�e� �p�r�e�v�i�o�u�s� �c�h�a�p�t�e�r� �n�u�m�b�e�r� �1�,� �m�a�n�y� �a�l�g�o�r�i�t�h�m�s� �c�o�u�l�d� �b�e� �a�d�o�p�t�e�d� �t�o� �s�o�l�v�e
�t�h�i�s� �k�i�n�d� �o�f� �c�o�m�p�l�e�x� �p�r�o�b�l�e�m�s� �s�u�c�h� �a�s� �G�e�n�e�t�i�c� �A�l�g�o�r�i�t�h�m�s� �(�G�A�)�,� �A�n�t� �C�o�l�o�n�y� �O�p�t�i�m�i�z�a�t�i�o�n
�(�A�C�O�)�,� �S�i�m�u�l�a�t�e�d� �A�n�n�e�a�l�i�n�g� �(�S�A�)�,� �T�a�b�u� �S�e�a�r�c�h� �(�T�S�)�,� �G�r�e�e�d�y� �R�a�n�d�o�m�i�z�e�d� �A�d�a�p�t�i�v�e� �S�e�a�r�c�h
�P�r�o�c�e�d�u�r�e� �(�G�R�A�S�P�)�,�a�n�d� �A�S�t�a�r�a�l�g�o�r�i�t�h�m� �e�t�c�.

�S�t�a�r�t�i�n�g� �w�i�t�h�(�G�A�)�,�o�n�e� �o�f� �t�h�e� �w�o�r�s�t� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �o�f� �t�h�i�s� �a�l�g�o�r�i�t�h�m� �i�s� �i�t�s� �h�u�g�e� �p�r�o�c�e�s�s�i�n�g

�t�i�m�e� �t�h�a�t�w�e�d�o� �n�o�t�h�a�v�e� �i�n� �o�u�r�c�a�s�e� �o�f�s�t�u�d�y�;�a�n� �a�d�d�i�t�i�o�n�a�l� �c�a�u�s�e� �i�s� �t�h�a�t� �i�t�s� �t�e�c�h�n�i�q�u�e

�c�o�n�s�i�s�t�s� �i�n� �c�r�o�s�s�i�n�g�-�o�v�e�r�a�n�d� �m�u�t�a�t�i�n�g�t�h�e� �s�e�l�e�c�t�e�d� �i�n�i�t�i�a�l� �s�o�l�u�t�i�o�n�s� �(�p�a�r�e�n�t� �s�o�l�u�t�i�o�n�)� �i�n

�o�r�d�e�r� �t�o� �c�r�e�a�t�e� �m�a�n�y� �n�e�i�g�h�b�o�r�h�o�o�d� �s�o�l�u�t�i�o�n�s� �(�C�h�i�l�d�s�)�.� �A�c�c�o�r�d�i�n�g� �t�o� �o�u�r�s�t�u�d�y�,�t�h�e�s�e

�o�p�e�r�a�t�i�o�n�s�c�o�u�l�d� �n�o�t�b�e� �a�p�p�l�i�e�d� �d�u�e� �t�o� �s�e�v�e�r�a�l� �r�e�a�s�o�n�s�.�M�a�i�n�l�y�,� �t�h�e� �n�a�t�u�r�e� �o�f� �o�u�r� �c�a�s�e

�r�e�q�u�i�r�e�s� �a� �p�r�e�-�m�o�n�i�t�o�r�i�n�g�o�f� �t�h�e�s�i�t�u�a�t�i�o�n� �b�e�f�o�r�e�g�o�i�n�g� �i�n�t�o� �a�c�t�i�o�n� �a�n�d� �c�o�n�s�t�r�u�c�t

�n�e�i�g�h�b�o�r�h�o�o�d�s�u�s�i�n�g�c�r�o�s�s�o�v�e�r� �a�n�d� �m�u�t�a�t�i�o�n� �m�e�t�h�o�d�s�, �t�h�e�s�e�t�w�o�m�e�t�h�o�d�s� �a�r�e� �n�o�t

�a�p�p�l�i�c�a�b�l�e� �b�e�c�a�u�s�e� �o�u�r� �s�o�l�u�t�i�o�n� �c�o�n�s�i�s�t�s�o�f� �s�e�v�e�r�a�l� �e�l�e�m�e�n�t�s� �w�h�e�r�e� �t�h�e�i�r�n�u�m�b�e�r�d�e�p�e�n�d�s

�o�n�t�h�e�s�t�u�d�i�e�d� �s�i�t�u�a�t�i�o�n�,� �t�h�e� �m�a�i�n� �e�l�e�m�e�n�t�s� �i�n� �u�s�e� �a�r�e� �h�o�s�p�i�t�a�l�s�,� �a�m�b�u�l�a�n�c�e�s� �a�n�d� �w�o�u�n�d�e�d

�n�u�m�b�e�r�.� �W�e� �c�a�n�n�o�t� �s�w�i�t�c�h� �b�e�t�w�e�e�n� �h�o�s�p�i�t�a�l�s� �r�a�n�d�o�m�l�y� �b�e�c�a�u�s�e� �h�o�s�p�i�t�a�l�s� �s�u�b�j�e�c�t� �t�o

�c�r�o�s�s�o�v�e�r�/� �m�u�t�a�t�i�o�n� �m�e�t�h�o�d�s�m�u�s�t�h�a�v�e� �a�v�a�i�l�a�b�l�e� �s�u�f�f�i�c�i�e�n�t� �s�e�r�v�i�n�g� �c�a�p�a�c�i�t�i�e�s� �o�r� �t�h�e

�o�p�e�r�a�t�i�o�n�b�e�c�a�m�e� �i�n�f�e�a�s�i�b�l�e� �a�n�d�c�o�u�l�d� �n�o�t�b�e� �d�o�n�e�.

�C�o�n�t�i�n�u�i�n�g� �w�i�t�h�(�A�C�O�)�w�h�e�r�e� �a�n�t�s� �s�h�o�u�l�d� �f�o�l�l�o�w� �t�h�e�h�i�g�h�e�s�t� �d�e�p�o�s�i�t�e�d�p�h�e�r�o�m�o�n�e� �t�r�a�i�l

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

�s�o�u�r�c�e�s�.�E�a�c�h� �a�m�b�u�l�a�n�c�e� �r�e�p�r�e�s�e�n�t�s�a�n� �a�n�t�,�t�h�i�s� �a�n�t� �s�h�o�u�l�d� �l�e�a�v�e� �i�t�s� �n�e�s�t�o�n�c�e�(�a�m�b�u�l�a�t�o�r�y

�c�e�n�t�e�r�)� �t�o�t�h�e� �f�i�r�s�t�f�o�o�d� �s�o�u�r�c�e�(�d�i�s�a�s�t�e�r� �z�o�n�e�s� �o�r� �s�e�p�a�r�a�t�e�d� �w�o�u�n�d�e�d�)� �a�n�d� �t�h�e�n� �h�e�a�d�s� �t�o� �t�h�e

�f�o�o�d� �s�o�u�r�c�e� �w�h�i�c�h� �i�s� �i�n� �o�u�r� �c�a�s�e� �(�h�o�s�p�i�t�a�l�s�)�w�h�i�c�h� �w�i�l�l� �b�e� �u�s�e�d� �a�s� �a� �n�e�w� �n�e�s�t� �t�o� �s�t�a�r�t� �f�r�o�m

�a�n�d� �h�e�a�d�s� �t�o� �a�n�o�t�h�e�r� �f�o�o�d� �s�o�u�r�c�e� �(�a�n�o�t�h�e�r� �s�e�p�a�r�a�t�e�d� �w�o�u�n�d�e�d� �o�r�a�n�o�t�h�e�r� �d�i�s�a�s�t�e�r� �z�o�n�e� �o�r

�m�a�y�b�e� �r�e�t�u�r�n� �t�o� �t�h�e� �s�a�m�e� �s�e�r�v�e�d� �d�i�s�a�s�t�e�r� �z�o�n�e� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �p�r�o�p�o�s�e�d� �s�i�t�u�a�t�i�o�n�)�.�(�A�C�O�)

�s�t�r�a�t�e�g�y� �l�e�a�d�s� �a�n�t�s� �t�o� �f�i�n�d� �t�h�e� �b�e�s�t� �w�a�y� �t�o� �r�e�a�c�h�f�o�o�d�s�o�u�r�c�e� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �d�e�n�s�i�t�y� �o�f

�t�h�e� �d�e�p�o�s�i�t�e�d� �p�h�e�r�o�m�o�n�e� �t�r�a�i�l� �b�y� �e�x�p�l�o�r�i�n�g� �a�n�t�s�w�h�i�c�h�,� �a�f�t�e�r� �f�i�n�d�i�n�g� �i�t�,� �w�i�l�l� �r�e�t�u�r�n� �t�o� �t�h�e

�n�e�s�t� �a�n�d� �i�n�c�r�e�a�s�e�s�t�h�e� �d�e�p�o�s�i�t�e�d� �p�h�e�r�o�m�o�n�e� �t�r�a�i�l�(�s�u�b�j�e�c�t� �t�o� �e�v�a�p�o�r�a�t�i�o�n� �p�r�o�c�e�s�s�)�.� �A�f�t�e�r

�t�h�a�t�,� �t�h�e�p�h�e�r�o�m�o�n�e� �t�r�a�i�l� �w�i�t�h�t�h�e�h�i�g�h�e�s�t�d�e�n�s�i�t�y� �m�e�a�n�s� �t�h�a�t� �i�t�s� �c�o�r�r�e�s�p�o�n�d�i�n�g� �a�n�t� �h�a�s
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�f�o�u�n�d� �t�h�e� �b�e�s�t� �p�a�t�h�,� �t�h�e� �l�o�n�g�e�s�t� �p�h�e�r�o�m�o�n�e� �t�r�a�i�l�i�s�s�u�b�j�e�c�t� �t�o� �e�v�a�p�o�r�a�t�i�o�n� �p�r�o�c�e�s�s�w�h�e�n� �n�o

�a�n�t�s� �f�o�l�l�o�w� �i�t� �a�n�d� �i�n�c�r�e�a�s�e�s� �i�t�s� �d�e�n�s�i�t�y�.� �T�h�i�s� �s�t�r�a�t�e�g�y� �i�s� �i�n�a�p�p�l�i�c�a�b�l�e� �i�n� �o�u�r� �r�e�s�e�a�r�c�h� �s�t�u�d�y

�b�e�c�a�u�s�e� �w�e� �m�a�y� �h�a�v�e� �m�u�l�t�i�p�l�e� �s�e�p�a�r�a�t�e�d� �d�i�s�t�a�n�t� �w�o�u�n�d�e�d� �a�n�d� �i�n� �t�h�i�s� �p�a�r�t�i�c�u�l�a�r� �c�a�s�e�,� �e�a�c�h

�a�m�b�u�l�a�n�c�e� �(�a�n�t�)� �s�h�o�u�l�d� �s�e�r�v�e� �o�n�l�y� �o�n�e� �w�o�u�n�d�e�d� �a�t� �a� �t�i�m�e� �t�o� �a� �h�o�s�p�i�t�a�l� �w�i�t�h� �a�v�a�i�l�a�b�l�e

�s�e�r�v�i�n�g� �c�a�p�a�c�i�t�y� �a�n�d� �t�h�e�n� �m�o�v�e� �t�o� �a�n�o�t�h�e�r� �w�o�u�n�d�e�d� �t�o� �s�e�c�u�r�e�.� �I�n� �t�h�i�s�c�a�s�e�,�t�h�e� �p�h�e�r�o�m�o�n�e

�t�r�a�i�l� �w�i�l�l� �a�l�w�a�y�s� �e�v�a�p�o�r�a�t�e� �a�n�d� �t�h�e�r�e� �i�s� �n�o� �n�e�e�d� �t�o� �i�n�c�r�e�a�s�e� �i�t�s� �d�e�n�s�i�t�y� �b�e�c�a�u�s�e� �t�h�e� �f�o�l�l�o�w�i�n�g

�a�n�t�s� �h�a�s� �n�o� �w�o�u�n�d�e�d� �t�o� �s�e�c�u�r�e�.

�M�o�v�i�n�g� �n�o�w� �t�o� �t�h�e� �t�h�i�r�d� �a�l�g�o�r�i�t�h�m� �S�A� �w�h�i�c�h� �c�o�u�l�d� �b�e� �m�o�r�e� �p�r�o�m�i�s�i�n�g�r�e�g�a�r�d�i�n�g�o�u�r� �c�a�s�e�,

�w�e� �a�r�e� �a�b�l�e� �t�o� �s�e�a�r�c�h� �t�h�e� �s�o�l�u�t�i�o�n� �s�p�a�c�e� �w�i�t�h� �n�o� �f�e�a�r� �o�f� �l�o�s�i�n�g� �s�o�l�u�t�i�o�n� �f�e�a�s�i�b�i�l�i�t�y� �b�e�c�a�u�s�e

�a�l�l� �c�o�n�s�t�r�a�i�n�t�s� �a�r�e� �a�p�p�l�i�c�a�b�l�e�i�n� �n�e�i�g�h�b�o�r�h�o�o�d� �c�o�n�s�t�r�u�c�t�i�o�n� �p�h�a�s�e�,� �b�u�t� �t�h�e� �m�a�i�n

�d�i�s�a�d�v�a�n�t�a�g�e� �o�f� �t�h�i�s� �a�l�g�o�r�i�t�h�m� �i�s� �i�t�s� �a�b�i�l�i�t�y�,� �a�c�c�o�r�d�i�n�g� �t�o� �o�u�r� �p�r�o�b�l�e�m�,� �t�o� �c�o�n�v�e�r�g�e� �t�o� �a� �l�o�c�a�l

�o�p�t�i�m�u�m� �b�y� �n�o�t� �e�x�p�a�n�d�i�n�g� �i�t�s� �n�e�i�g�h�b�o�r� �s�e�a�r�c�h� �i�n� �s�o�l�u�t�i�o�n� �s�p�a�c�e�.�T�h�e� �t�e�m�p�e�r�a�t�u�r�e� �l�e�v�e�l�,

�d�u�r�i�n�g� �s�e�a�r�c�h� �p�h�a�s�e�,�d�e�c�r�e�a�s�e�s�b�y� �l�e�v�e�l� �a�n�d�i�n� �t�h�i�s� �c�a�s�e�t�h�e� �e�x�p�l�o�r�a�t�i�o�n� �p�h�a�s�e� �i�s� �b�e�i�n�g

�r�e�d�u�c�e�d� �s�l�o�w�l�y� �t�o� �t�h�e� �m�i�n�i�m�u�m� �a�n�d� �f�i�n�a�l�l�y� �i�t� �s�t�o�p�s� �a�n�d� �r�e�t�u�r�n� �t�h�e� �b�e�s�t� �s�o�l�u�t�i�o�n� �f�o�u�n�d�w�i�t�h

�n�o� �g�u�a�r�a�n�t�e�e� �o�f� �o�p�t�i�m�a�l�i�t�y�.� �F�o�l�l�o�w�i�n�g� �t�h�i�s� �s�c�e�n�a�r�i�o�,� �w�e� �c�a�n� �l�o�s�e� �a� �p�r�o�m�i�s�i�n�g� �n�e�i�g�h�b�o�r� �d�u�e

�t�o� �t�e�m�p�e�r�a�t�u�r�e� �r�e�s�t�r�i�c�t�i�o�n�a�n�d�i�t �c�o�n�v�e�r�g�e�s� �e�a�s�i�l�y�t�o� �a� �l�o�c�a�l� �o�p�t�i�m�u�m�. �A�n�o�t�h�e�r

�d�i�s�a�d�v�a�n�t�a�g�e�o�f� �t�h�i�s� �a�l�g�o�r�i�t�h�m�i�s� �t�h�a�t�i�t�s�o�p�e�r�a�t�i�o�n�s� �a�r�e� �e�x�t�r�e�m�e�l�y� �c�o�n�s�u�m�i�n�g� �t�i�m�e�.

�C�o�n�t�i�n�u�i�n�g� �w�i�t�h�T�a�b�u� �S�e�a�r�c�h� �a�l�g�o�r�i�t�h�m�, �w�h�i�c�h� �i�s� �c�o�n�s�i�d�e�r�e�d� �a�s� �o�n�e� �o�f� �t�h�e�b�e�s�t�-�u�s�e�d

�t�e�c�h�n�o�l�o�g�i�e�s� �f�o�r� �s�o�l�v�i�n�g� �d�i�f�f�i�c�u�l�t� �o�p�t�i�m�i�z�a�t�i�o�n� �p�r�o�b�l�e�m�s� �t�h�a�t� �c�o�u�l�d� �n�o�t� �b�e� �s�o�l�v�e�d� �w�i�t�h

�c�l�a�s�s�i�c�a�l� �p�r�o�c�e�d�u�r�e�s�i�n� �a�m�u�c�h�-�r�e�d�u�c�e�d�t�i�m�e�.�G�l�o�v�e�r�w�a�s� �t�h�e� �f�i�r�s�t� �w�h�o� �d�e�v�e�l�o�p�e�d� �a� �T�a�b�u

�S�e�a�r�c�h�a�l�g�o�r�i�t�h�m� �t�h�a�t�h�a�s� �b�e�e�n� �e�f�f�e�c�t�i�v�e�l�y� �p�o�w�e�r�f�u�l� �a�n�d� �u�s�e�f�u�l� �f�o�r� �s�o�l�v�i�n�g� �c�o�m�b�i�n�a�t�o�r�i�a�l

�o�p�t�i�m�i�z�a�t�i�o�n�p�r�o�b�l�e�m�s�.� �T�h�i�s� �t�e�c�h�n�i�q�u�e� �r�e�l�i�e�s� �o�n� �t�w�o� �p�h�a�s�e�s�:� �a�.� �A�d�a�p�t�i�v�e� �m�e�m�o�r�y�;� �b�.

�R�e�s�p�o�n�s�i�v�e� �e�x�p�l�o�r�a�t�i�o�n�;� �t�h�e� �f�i�r�s�t� �o�n�e� �r�e�c�o�r�d� �a�n�c�i�e�n�t� �s�e�a�r�c�h� �i�n�f�o�r�m�a�t�i�o�n� �d�e�p�e�n�d�i�n�g� �o�n� �f�o�u�r

�i�m�p�o�r�t�a�n�t� �r�e�f�e�r�e�n�c�e�s�:� �o�c�c�u�r�r�e�n�c�e�,� �r�e�c�e�n�t�l�y� �v�i�s�i�t�e�d�,� �q�u�a�l�i�t�y� �a�n�d� �i�n�f�l�u�e�n�c�e�.� �T�h�e� �s�e�c�o�n�d� �o�n�e

�i�s� �c�a�p�a�b�l�e� �t�o� �m�a�k�e� �t�a�c�t�i�c�a�l� �s�e�l�e�c�t�i�o�n�s� �t�o� �a�c�h�i�e�v�e� �e�f�f�e�c�t�i�v�e�n�e�s�s�.�T�h�e� �m�a�i�n� �r�o�l�e� �o�f� �u�s�i�n�g� �a�n

�a�d�a�p�t�i�v�e� �m�e�m�o�r�y� �i�s� �t�o� �r�e�c�o�r�d� �t�h�e� �p�r�e�-�v�i�s�i�t�e�d� �g�o�o�d� �c�a�n�d�i�d�a�t�e�s�,� �t�h�i�s� �r�e�c�o�r�d� �i�s� �c�a�l�l�e�d� �T�a�b�u� �l�i�s�t

�(�f�o�r�b�i�d�d�e�n� �l�i�s�t�)�,� �i�t�s� �m�a�i�n� �p�u�r�p�o�s�e� �i�s� �t�o� �r�e�s�t�r�i�c�t� �c�h�o�o�s�i�n�g� �r�e�d�u�n�d�a�n�t� �c�a�n�d�i�d�a�t�e�s� �(�m�a�r�k�e�d� �a�s

�T�a�b�u� �a�c�t�i�v�e�)� �f�o�r� �s�o�m�e� �t�i�m�e�,� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �u�s�e�r� �p�r�e�-�f�i�x�e�d� �T�a�b�u� �l�i�s�t� �s�i�z�e�,� �w�h�e�n� �t�h�e� �l�i�s�t

�s�i�z�e� �e�x�c�e�e�d�s� �t�h�e� �u�s�e�r� �p�r�e�d�e�f�i�n�e�d� �l�i�m�i�t�,� �t�h�e� �f�i�r�s�t� �r�e�c�o�r�d� �i�s� �r�e�m�o�v�e�d� �(�a�s�p�i�r�a�t�i�o�n� �m�e�t�h�o�d�)�.� �T�h�e

�m�a�i�n� �i�m�p�o�r�t�a�n�c�e� �o�f� �t�h�i�s� �a�d�a�p�t�i�v�e� �m�e�m�o�r�y� �i�s� �t�o� �a�v�o�i�d� �e�n�t�e�r�i�n�g� �i�n� �a� �l�o�c�a�l� �o�p�t�i�m�u�m�a�n�d� �t�o

�e�n�h�a�n�c�e� �t�h�e� �s�e�a�r�c�h� �b�y� �u�s�i�n�g� �i�n�t�e�n�s�i�f�i�c�a�t�i�o�n� �o�r� �d�i�v�e�r�s�i�f�i�c�a�t�i�o�n� �s�t�r�a�t�e�g�i�e�s�,� �t�h�e� �i�n�t�e�n�s�i�f�i�c�a�t�i�o�n

�s�t�r�a�t�e�g�y� �a�l�l�o�w�s� �t�h�e� �a�l�g�o�r�i�t�h�m� �t�o� �e�x�p�l�o�i�t� �m�o�r�e� �t�h�e� �g�o�o�d� �f�o�u�n�d� �c�a�n�d�i�d�a�t�e�s� �w�h�i�l�e� �t�h�e

�d�i�v�e�r�s�i�f�i�c�a�t�i�o�n� �s�t�r�a�t�e�g�y� �l�e�a�d� �t�o� �e�x�p�l�o�r�e� �u�n�v�i�s�i�t�e�d� �c�a�n�d�i�d�a�t�e�s� �i�n�s�i�d�e� �t�h�e� �s�o�l�u�t�i�o�n� �s�p�a�c�e�.

�C�o�n�t�i�n�u�i�n�g�w�i�t�h�(�G�R�A�S�P�)�p�r�o�c�e�d�u�r�e�t�h�a�t� �i�n� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �t�o� �A�*� �a�l�g�o�r�i�t�h�m� �i�t� �i�s� �c�a�p�a�b�l�e� �t�o

�f�i�n�d� �q�u�i�c�k�e�r�e�f�f�i�c�i�e�n�t�s�o�l�u�t�i�o�n�s�.�A�f�t�e�r� �t�h�e�s�e� �p�r�e�v�i�o�u�s� �e�x�p�e�r�i�m�e�n�t�s�,� �w�e� �r�e�a�l�i�z�e� �t�h�a�t� �i�f� �w�e� �n�e�e�d
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�5�1

�t�o� �i�m�p�r�o�v�e� �s�o�l�u�t�i�o�n� �q�u�a�l�i�t�y� �a�n�d� �r�e�s�p�e�c�t�p�r�o�c�e�s�s�i�n�g�t�i�m�e� �b�a�r�r�i�e�r�,� �w�e�a�r�e� �f�o�r�c�e�d�t�o� �a�d�o�p�t� �a�n

�e�f�f�i�c�i�e�n�t� �a�l�g�o�r�i�t�h�m� �t�h�a�t� �p�r�e�v�e�n�t� �T�S� �f�r�o�m� �g�e�t�t�i�n�g� �s�t�u�c�k� �i�n� �a� �l�o�c�a�l� �o�p�t�i�m�u�m� �f�o�r� �a� �l�o�n�g� �t�i�m�e�.

�E�n�d�i�n�g� �w�i�t�h� �H�y�b�r�i�d� �a�l�g�o�r�i�t�h�m�s�,�t�h�e�y� �a�r�e� �p�o�p�u�l�a�r� �a�n�d� �w�e�l�l� �k�n�o�w�n� �f�o�r� �t�h�e�i�r� �e�f�f�i�c�i�e�n�c�y

�c�o�m�p�a�r�e�d� �t�o� �c�l�a�s�s�i�c� �m�e�t�a�-�h�e�u�r�i�s�t�i�c�s�.� �B�y� �u�s�i�n�g� �h�y�b�r�i�d�i�z�a�t�i�o�n�,� �w�e� �c�a�n� �a�v�o�i�d� �f�a�l�l�i�n�g� �i�n� �s�o�m�e

�p�r�o�b�l�e�m�s� �l�i�k�e� �t�h�e� �s�t�a�g�n�a�t�i�o�n� �u�n�d�e�r� �l�o�c�a�l� �o�p�t�i�m�a�,� �a�l�s�o� �w�e� �c�a�n� �e�f�f�i�c�i�e�n�c�y� �r�e�d�u�c�e� �t�h�e� �r�e�q�u�i�r�e�d

�p�r�o�c�e�s�s�i�n�g� �t�i�m�e� �s�p�e�n�t� �i�n� �c�a�l�c�u�l�a�t�i�n�g� �a�n� �o�p�t�i�m�a�l� �s�o�l�u�t�i�o�n� �o�r� �a�n� �a�c�c�e�p�t�a�b�l�e� �s�o�l�u�t�i�o�n�.� �M�a�n�y

�h�y�b�r�i�d�i�z�a�t�i�o�n� �s�t�r�a�t�e�g�i�e�s� �a�r�e� �d�e�v�e�l�o�p�e�d� �i�n� �l�i�t�e�r�a�t�u�r�e� �b�u�t� �w�e� �c�a�n� �i�d�e�n�t�i�f�y� �t�w�o�-�m�a�n� �c�l�a�s�s�e�s� �o�f

�h�y�b�r�i�d�i�z�a�t�i�o�n�.� �T�h�e� �f�i�r�s�t� �o�n�e� �i�s� �t�h�e� �h�y�b�r�i�d�i�z�a�t�i�o�n� �b�y� �p�a�r�a�l�l�e�l�i�z�a�t�i�o�n� �o�r� �b�y� �t�h�r�e�a�d�i�n�g� �a�n�d� �i�t� �i�s

�a� �s�t�r�a�t�e�g�y� �b�a�s�e�d� �o�n� �t�h�e� �e�x�p�l�o�i�t�a�t�i�o�n� �o�f� �c�o�n�c�u�r�r�e�n�c�e� �a�n�d� �c�o�o�p�e�r�a�t�i�o�n� �b�e�n�e�f�i�t�s� �w�h�e�n� �m�a�n�y

�m�e�t�a�-�h�e�u�r�i�s�t�i�c� �p�r�o�c�e�s�s�e�s� �a�r�e� �l�a�u�n�c�h�e�d� �i�n� �p�a�r�a�l�l�e�l�.� �T�h�e� �s�e�c�o�n�d� �a�p�p�r�o�a�c�h� �i�s� �t�h�e� �s�e�q�u�e�n�t�i�a�l

�h�y�b�r�i�d�i�z�a�t�i�o�n� �a�n�d� �i�t� �i�s� �b�a�s�e�d� �o�n� �t�h�e� �a�l�t�e�r�n�a�t�e� �b�e�t�w�e�e�n� �t�w�o� �m�e�t�a�-�h�e�u�r�i�s�t�i�c�s� �o�r� �m�o�r�e� �a�n�d� �o�n

�a� �c�o�o�p�e�r�a�t�i�o�n� �t�e�c�h�n�i�q�u�e� �l�i�k�e� �t�h�e� �c�o�m�m�u�n�i�c�a�t�i�o�n� �a�m�o�n�g� �s�o�m�e� �p�a�r�a�m�e�t�e�r�s�.� �T�h�e� �h�y�b�r�i�d

�a�l�g�o�r�i�t�h�m�,� �w�h�i�c�h� �w�e� �p�r�o�p�o�s�e�,�i�s� �a� �s�e�q�u�e�n�t�i�a�l� �h�y�b�r�i�d�i�z�a�t�i�o�n� �o�f�(�G�R�A�S�P�)�a�l�g�o�r�i�t�h�m� �a�n�d� �T�S

�p�r�o�c�e�d�u�r�e�.� �T�h�i�s� �a�p�p�r�o�a�c�h� �i�s� �b�a�s�e�d� �o�n� �r�e�s�t�a�r�t�i�n�g� �t�h�e� �T�a�b�u� �S�e�a�r�c�h� �f�r�o�m� �d�i�f�f�e�r�e�n�t� �i�n�i�t�i�a�l

�s�o�l�u�t�i�o�n�s� �g�e�n�e�r�a�t�e�d� �b�y�(�G�R�A�S�P�)�a�l�g�o�r�i�t�h�m�.

�T�h�e� �b�e�s�t� �s�t�r�a�t�e�g�y� �f�o�u�n�d�i�n� �l�i�t�e�r�a�t�u�r�e�w�a�s� �t�h�e�s�e�q�u�e�n�t�i�a�l� �h�y�b�r�i�d�i�z�a�t�i�o�n� �b�e�t�w�e�e�n�(�G�R�A�S�P�)

�a�n�d�T�S� �t�h�a�t�a�l�l�o�w� �T�S�,� �a�t� �e�a�c�h� �i�t�e�r�a�t�i�o�n�,� �t�o� �i�m�p�r�o�v�e� �t�h�e� �s�o�l�u�t�i�o�n� �p�r�e�v�i�o�u�s�l�y� �c�r�e�a�t�e�d� �a�n�d

�i�m�p�r�o�v�e�d� �w�i�t�h�(�G�R�A�S�P�) �p�r�o�c�e�d�u�r�e�.� �A�t� �e�a�c�h� �i�t�e�r�a�t�i�o�n�(�G�R�A�S�P�) �E�x�p�l�o�r�e� �n�e�i�g�h�b�o�r�s� �i�n

�s�o�l�u�t�i�o�n� �s�p�a�c�e� �a�n�d� �p�r�o�v�i�d�e� �T�S� �w�i�t�h� �t�h�e� �b�e�s�t�-�k�n�o�w�n� �s�o�l�u�t�i�o�n� �t�o� �w�o�r�k� �o�n� �a�n�d� �i�m�p�r�o�v�e� �i�t�s

�q�u�a�l�i�t�y�.� �T�h�i�s� �t�e�c�h�n�i�q�u�e� �c�o�u�l�d� �l�e�a�d� �t�o� �o�p�t�i�m�a�l�i�t�y� �i�n� �a�m�u�c�h�-�r�e�d�u�c�e�d�p�r�o�c�e�s�s�i�n�g� �t�i�m�e�.

�2�.�8 �R�e�s�e�a�r�c�h�m�o�t�i�v�a�t�i�o�n

�O�v�e�r� �t�h�e� �l�a�s�t� �f�e�w� �y�e�a�r�s� �m�a�n�y� �n�a�t�u�r�a�l� �d�i�s�a�s�t�e�r�s�,� �w�a�r�s� �a�n�d� �t�e�r�r�o�r�i�s�t� �a�t�t�a�c�k�s� �o�c�c�u�r�r�e�d� �a�n�d�l�e�d

�t�o� �h�u�n�d�r�e�d�s� �a�n�d� �t�h�o�u�s�a�n�d�s� �o�f� �w�o�u�n�d�e�d� �a�n�d� �k�i�l�l�e�d� �p�e�o�p�l�e�.

�D�u�r�i�n�g� �T�M�h�o�k�u� �E�a�r�t�h�q�u�a�k�e� �a�n�d� �T�s�u�n�a�m�i� �(�2�0�1�1�)�i�i�i�, �w�h�e�n� �a�n� �e�a�r�t�h�q�u�a�k�e� �f�o�l�l�o�w�e�d� �b�y� �a

�t�s�u�n�a�m�i� �h�i�t� �t�h�e� �e�a�s�t� �c�o�a�s�t� �o�f� �J�a�p�a�n�,� �1�5�,�8�9�4� �p�e�o�p�l�e� �w�e�r�e� �d�e�a�d� �w�h�i�l�e� �6�,�1�5�2� �i�n�j�u�r�e�d� �a�n�d� �2�,�5�6�2

�p�e�o�p�l�e� �m�i�s�s�i�n�g�.� �T�h�e� �H�a�i�t�i� �E�a�r�t�h�q�u�a�k�e� �(�2�0�1�0�)�i�v�,�t�h�e�s�t�r�o�n�g�e�s�t� �e�a�r�t�h�q�u�a�k�e� �t�o� �h�i�t� �t�h�e� �c�o�u�n�t�r�y

�s�i�n�c�e� �1�7�7�0�,� �l�e�d� �t�o� �o�v�e�r� �2�0�0�,�0�0�0� �d�e�a�t�h�s�,� �2� �m�i�l�l�i�o�n� �h�o�m�e�l�e�s�s�,� �a�n�d� �3� �m�i�l�l�i�o�n� �p�e�o�p�l�e� �i�n� �n�e�e�d� �o�f

�e�m�e�r�g�e�n�c�y� �a�i�d�.� �H�u�r�r�i�c�a�n�e� �K�a�t�r�i�n�a�,� �(�2�0�0�5�)�v�,�s�t�r�u�c�k� �t�h�e� �G�u�l�f� �C�o�a�s�t� �o�f� �t�h�e� �U�S�,� �t�h�i�s� �w�a�s� �t�h�e

�s�i�x�t�h� �s�t�r�o�n�g�e�s�t� �a�n�d� �f�i�f�t�h� �m�o�s�t� �d�e�s�t�r�u�c�t�i�v�e� �h�u�r�r�i�c�a�n�e� �t�o� �e�v�e�r� �h�i�t� �t�h�e� �U�S�.� �I�t� �k�i�l�l�e�d� �1�,�8�3�3� �p�e�o�p�l�e

�a�n�d� �l�e�f�t� �h�u�n�d�r�e�d�s� �o�f� �w�o�u�n�d�e�d�.� �I�n� �I�r�a�q� �(�2�0�0�3�)�v�i�,� �U�S� �t�r�o�o�p�s� �s�t�a�r�t�e�d� �t�h�e� �i�n�v�a�s�i�o�n� �o�f� �I�r�a�q� �i�n

�M�a�r�c�h� �2�0�0�3�,� �i�n� �c�o�a�l�i�t�i�o�n� �w�i�t�h� �t�h�e� �U�K� �a�n�d� �o�t�h�e�r� �n�a�t�i�o�n�s�.� �B�y�3�1� �A�u�g�u�s�t�2�0�1�0�,� �w�h�e�n� �t�h�e� �l�a�s�t

�U�S� �c�o�m�b�a�t� �t�r�o�o�p�s� �l�e�f�t�,� �4�,�4�2�1�w�e�r�e�k�i�l�l�e�d�.� �A�l�m�o�s�t� �3�2�,�0�0�0� �h�a�d� �b�e�e�n� �w�o�u�n�d�e�d� �i�n� �a�c�t�i�o�n�.

�S�i�m�i�l�a�r�l�y�,� �a�n� �e�n�o�r�m�o�u�s� �l�o�s�s� �w�a�s� �r�e�p�o�r�t�e�d� �i�n� �S�y�r�i�a� �s�i�n�c�e� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� �t�h�e� �c�o�n�f�l�i�c�t� �i�n

�2�0�1�1�v�i�i�,� �a�r�o�u�n�d� �1�1�.�5�%� �o�f� �t�h�e� �c�o�u�n�t�r�y ��s� �p�o�p�u�l�a�t�i�o�n� �h�a�v�e� �b�e�e�n� �k�i�l�l�e�d� �o�r� �i�n�j�u�r�e�d� �s�i�n�c�e� �t�h�e� �c�r�i�s�i�s

�e�r�u�p�t�e�d� �i�n� �M�a�r�c�h� �2�0�1�1�,� �t�h�e� �r�e�p�o�r�t� �e�s�t�i�m�a�t�e�s� �t�h�a�t� �t�h�e� �n�u�m�b�e�r� �o�f� �w�o�u�n�d�e�d� �i�s� �p�u�t� �a�t� �1�.�9



�P�a�r�t� �I � �S�t�a�t�e� �o�f� �t�h�e� �a�r�t �C�h�a�p�t�e�r�I�I

�5�2

�m�i�l�l�i�o�n�.� �L�i�f�e� �e�x�p�e�c�t�a�n�c�y� �h�a�s� �d�r�o�p�p�e�d� �f�r�o�m� �7�0� �i�n� �2�0�1�0� �t�o� �5�5�.�4� �i�n� �2�0�1�5�.�W�h�i�l�e� �i�n� �t�h�e� �L�i�b�y�a�n

�a�r�m�e�d� �c�o�n�f�l�i�c�t�(�2�0�1�1�)�v�i�i�i�,�A� �t�o�t�a�l� �o�f� �2�1�,�4�9�0� �(�0�.�5�%�)� �p�e�r�s�o�n�s� �w�e�r�e� �k�i�l�l�e�d� �a�n�d� �1�9�,�7�0�0� �(�0�.�4�7�%�)

�w�e�r�e� �i�n�j�u�r�e�d�.

�T�h�e�r�e� �i�s� �a�l�s�o� �a�n�o�t�h�e�r� �k�i�n�d� �o�f� �d�i�s�a�s�t�e�r�s� �w�h�i�c�h� �a�r�e� �m�a�d�e� �b�y� �p�e�o�p�l�e� �l�i�k�e� �T�e�r�r�o�r�i�s�t� �a�t�t�a�c�k�s

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

�a�t�t�a�c�k�s� �e�t�c�.� �b�u�t� �a�l�l� �o�f� �t�h�e�m� �h�a�v�e� �t�h�e� �s�a�m�e� �c�o�n�s�e�q�u�e�n�c�e�s� �a�n�d�c�o�m�m�o�n� �r�e�s�u�l�t�s� �r�e�v�e�a�l�e�d� �b�y� �a

�h�u�g�e� �n�u�m�b�e�r� �o�f� �k�i�l�l�e�d� �a�n�d� �w�o�u�n�d�e�d� �c�i�t�i�z�e�n�s�.� �A�l�l� �t�h�e�s�e� �a�t�t�a�c�k�s� �a�r�e� �c�o�n�s�i�d�e�r�e�d� �a�s� �t�e�r�r�o�r�i�s�t

�a�c�t�s� �a�n�d� �h�u�m�a�n� �d�i�s�a�s�t�e�r�s� �a�n�d� �t�r�e�a�t�e�d� �a�s� �h�i�g�h�-�l�e�v�e�l� �c�r�i�s�i�s�.� �F�o�r� �e�x�a�m�p�l�e�:� �P�a�r�i�s� �a�t�t�a�c�k�s�:�O�n� �t�h�e

�1�3�t�h �o�f� �N�o�v�e�m�b�e�r� �2�0�1�5�i�x�,� �s�i�x� �a�t�t�a�c�k�s� �i�n� �3�3� �m�i�n�u�t�e�s� �h�i�t� �t�h�e� �c�a�p�i�t�a�l� �o�f� �F�r�a�n�c�e�,� �f�r�o�m�F�r�a�n�c�e

�s�t�a�d�i�u�m� �t�o� �t�h�e� �c�a�p�i�t�a�l� �c�e�n�t�e�r� �a�n�d� �c�a�u�s�e�d� �t�h�e� �d�e�a�t�h� �f�o�r� �1�2�9� �c�i�t�i�z�e�n�s� �a�n�d� �h�u�n�d�r�e�d�s� �o�f

�w�o�u�n�d�e�d�s�p�r�e�a�d�s�w�i�t�h�i�n� �t�h�i�s� �g�e�o�g�r�a�p�h�i�c� �a�r�e�a�;� �m�o�s�t� �a�r�e� �s�e�r�i�o�u�s�l�y� �i�n�j�u�r�e�d�.

�A�l�l� �t�h�e�s�e� �m�o�t�i�v�a�t�i�o�n�s� �e�n�c�o�u�r�a�g�e� �u�s� �t�o� �c�o�n�s�i�d�e�r� �n�e�w� �t�e�c�h�n�i�q�u�e� �t�h�a�t� �c�o�m�b�i�n�e�s� �(�C�.�V�.�R�.�P�)

�w�i�t�h� �(�V�.�S�.�P�)� �i�n� �o�r�d�e�r� �t�o� �m�a�x�i�m�i�z�e� �l�i�f�e�-�s�a�v�i�n�g� �a�n�d� �s�o�l�v�e� �t�h�e� �i�n�t�e�g�r�a�t�e�d� �p�r�o�b�l�e�m� �o�f

�a�m�b�u�l�a�n�c�e� �s�c�h�e�d�u�l�i�n�g� �a�n�d� �r�e�s�o�u�r�c�e�s� �a�s�s�i�g�n�m�e�n�t�s�.



�P�a�r�t� �I � �S�t�a�t�e� �o�f� �t�h�e� �a�r�t �C�h�a�p�t�e�r�I�I
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�2�.�9 �C�o�n�c�l�u�s�i�o�n

�I�n� �t�h�i�s� �c�h�a�p�t�e�r�,� �w�e� �p�o�s�i�t�i�o�n�e�d�o�u�r� �p�r�o�b�l�e�m�,�t�h�e�n�w�e�l�i�s�t� �s�o�m�e� �r�e�l�a�t�e�d� �w�o�r�k� �f�o�u�n�d

�i�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e�,� �a�f�t�e�r� �t�h�a�t�,� �w�e�d�e�s�c�r�i�b�e�d�a�n�d� �c�o�m�p�a�r�e�d�s�e�v�e�r�a�l� �a�l�g�o�r�i�t�h�m�s� �u�s�e�d� �t�o� �s�o�l�v�e� �t�h�e

�C�r�i�s�i�s� �m�a�n�a�g�e�m�e�n�t� �s�u�p�p�l�y� �c�h�a�i�n�,� �a�n�d�a�t� �t�h�e� �e�n�d� �o�f� �t�h�i�s� �c�h�a�p�t�e�r�,� �w�e�j�u�s�t�i�f�i�e�d�o�u�r� �c�h�o�i�c�e� �o�f

�r�e�s�o�l�u�t�i�o�n� �a�l�g�o�r�i�t�h�m�s�a�n�d�w�e� �e�x�p�l�a�i�n�e�d�w�h�y� �h�y�b�r�i�d�i�z�a�t�i�o�n� �i�s� �m�o�r�e� �u�s�e�f�u�l�i�n� �o�u�r� �c�a�s�e� �o�f

�s�t�u�d�y�.



�5�4

�C�o�n�c�l�u�s�i�o�n�(�F�i�r�s�t�P�A�R�T�)

�I�n� �t�h�i�s� �p�a�r�t�,� �w�e� �i�n�v�e�s�t�i�g�a�t�e� �s�e�v�e�r�a�l� �a�l�g�o�r�i�t�h�m�s�u�s�e�d� �t�o� �a�t�t�a�i�n� �o�p�t�i�m�a�l� �r�e�s�u�l�t�s�.� �A�t� �f�i�r�s�t�,� �w�e
�p�r�e�s�e�n�t� �s�o�m�e� �o�f� �t�h�e� �m�o�s�t� �p�o�p�u�l�a�r� �e�x�a�c�t� �m�e�t�h�o�d�s� �c�i�t�e�d� �i�n� �l�i�t�e�r�a�t�u�r�e�.� �T�h�e�n� �a�t� �s�e�c�o�n�d�,� �w�e
�p�r�e�s�e�n�t� �s�o�m�e� �o�f� �t�h�e� �r�e�l�a�t�e�d� �w�o�r�k� �f�o�u�n�d� �i�n� �l�i�t�e�r�a�t�u�r�e�.� �A�t� �t�h�i�r�d�,� �w�e�d�e�s�c�r�i�b�e� �s�o�m�e� �o�f� �t�h�e� �m�o�s�t
�a�d�o�p�t�e�d� �m�e�t�a�h�e�u�r�i�s�t�i�c�s� �a�l�g�o�r�i�t�h�m�s� �t�h�a�t� �p�r�o�v�e� �t�h�e�i�r� �e�f�f�i�c�i�e�n�c�y� �i�n� �s�o�l�v�i�n�g� �c�o�m�p�l�e�x
�c�o�m�b�i�n�a�t�o�r�i�a�l� �p�r�o�b�l�e�m�s�.� �M�o�r�e�o�v�e�r�,� �a�t� �t�h�e� �e�n�d�,� �w�e� �b�r�i�e�f�l�y� �p�r�e�s�e�n�t� �o�u�r� �c�a�s�e� �o�f� �s�t�u�d�y� �a�n�d
�v�a�l�i�d�a�t�e� �o�u�r� �c�h�o�i�c�e�o�f� �a�l�g�o�r�i�t�h�m�s�.

�I�n� �t�h�e� �n�e�x�t� �p�a�r�t�,� �w�e� �p�r�e�s�e�n�t� �a�n�d� �d�i�s�c�u�s�s� �o�u�r� �c�a�s�e� �o�f� �s�t�u�d�y�.



�5�5

�S�E�C�O�N�D�P�A�R�T�:�M�O�D�E�L�L�I�N�G�A�N�D�R�E�S�E�A�R�C�H�M�E�T�H�O�D�O�L�O�G�Y

�T�h�e� �f�i�r�s�t� �c�h�a�p�t�e�r� �o�f� �t�h�i�s� �p�a�r�t� �(�C�h�a�p�t�e�r� �3�)� �f�o�c�u�s�e�s�o�n�s�o�l�v�i�n�g� �t�h�e� �e�v�a�c�u�a�t�i�o�n� �p�r�o�b�l�e�m� �i�n� �i�t�s

�m�o�s�t� �d�i�f�f�i�c�u�l�t� �c�a�s�e� �w�h�e�r�e� �a�l�l� �w�o�u�n�d�e�d� �a�r�e�s�e�p�a�r�a�t�e�d� �a�n�d� �d�i�s�t�a�n�t� �f�r�o�m� �e�a�c�h� �o�t�h�e�r� �a�n�d� �w�e

�p�l�a�n� �t�o� �t�r�a�n�s�p�o�r�t� �t�h�e�m�,� �u�s�i�n�g� �a�m�b�u�l�a�n�c�e�s�,� �a�s� �f�a�s�t� �a�s� �p�o�s�s�i�b�l�e� �t�o� �d�i�s�t�a�n�t� �h�o�s�p�i�t�a�l�s� �s�i�t�e�s�.� �W�e

�p�r�o�p�o�s�e� �a� �m�a�t�h�e�m�a�t�i�c�a�l� �m�o�d�e�l� �f�o�l�l�o�w�e�d� �b�y� �h�y�b�r�i�d�(�G�R�A�S�P�-�T�S�)�a�l�g�o�r�i�t�h�m� �t�h�a�t� �m�i�n�i�m�i�z�e

�t�h�e� �o�v�e�r�a�l�l� �e�v�a�c�u�a�t�i�o�n� �t�i�m�e� �a�n�d� �r�e�s�p�e�c�t� �t�h�e� �d�i�f�f�e�r�e�n�t� �i�m�p�o�s�e�d� �c�o�n�s�t�r�a�i�n�t�s�.

�T�h�e� �s�e�c�o�n�d� �c�h�a�p�t�e�r� �(�C�h�a�p�t�e�r� �4�)� �d�e�s�c�r�i�b�e�s� �a�n�o�t�h�e�r� �s�t�a�t�e� �o�f� �e�v�a�c�u�a�t�i�o�n� �p�l�a�n�n�i�n�g� �w�h�e�r�e

�w�o�u�n�d�e�d� �a�r�e� �g�r�o�u�p�e�d� �t�o�g�e�t�h�e�r� �i�n� �d�i�f�f�e�r�e�n�t� �d�i�s�a�s�t�e�r� �z�o�n�e�s�. �S�a�m�e� �c�o�n�s�t�r�a�i�n�t�s� �a�s� �t�h�e� �f�i�r�s�t

�a�p�p�r�o�a�c�h� �a�r�e� �a�p�p�l�i�c�a�b�l�e�. �O�u�r�g�o�a�l� �i�s� �t�o�s�c�h�e�d�u�l�e� �a�m�b�u�l�a�n�c�e�s� �m�i�s�s�i�o�n�s�a�n�d� �r�e�s�o�u�r�c�e�s

�a�s�s�i�g�n�m�e�n�t� �i�n� �t�h�e� �b�e�s�t� �w�a�y�i�n� �o�r�d�e�r� �t�o� �e�v�a�c�u�a�t�e�a�n�d� �s�e�c�u�r�e�t�h�e�s�e� �g�r�o�u�p�s�a�s� �f�a�s�t� �a�s� �p�o�s�s�i�b�l�e�.

�T�h�e� �t�h�i�r�d� �c�h�a�p�t�e�r� �(�C�h�a�p�t�e�r� �5�)� �r�e�p�r�e�s�e�n�t�s� �a� �n�e�w� �c�a�s�e� �o�f� �s�t�u�d�y� �i�n� �a� �l�a�r�g�e�-�s�c�a�l�e� �d�i�s�a�s�t�e�r� �w�h�e�r�e

�w�e� �c�a�n� �f�i�n�d� �s�e�p�a�r�a�t�e�o�r�j�o�i�n�e�d� �w�o�u�n�d�e�d� �i�n� �d�i�s�t�a�n�t� �o�r� �c�l�o�s�e� �a�r�e�a�s�i�n�s�i�d�e� �d�i�s�a�s�t�e�r� �z�o�n�e�s�.� �O�u�r

�o�b�j�e�c�t�i�v�e�s�a�r�e�t�o� �c�r�e�a�t�e� �g�r�o�u�p�s� �o�r� �d�i�v�i�d�e� �(�o�r� �n�o�t�)� �e�x�i�s�t�i�n�g� �g�r�o�u�p�s� �i�n�t�o� �s�e�v�e�r�a�l� �s�u�b� �g�r�o�u�p�s� �a�t

�f�i�r�s�t�,� �t�h�e�n�,� �a�t� �s�e�c�o�n�d�,� �s�o�l�v�e� �t�h�e�(�I�P�A�M�S�R�A�)�c�o�u�n�t�i�n�g� �o�n� �I�m�a�g�e� �p�r�o�c�e�s�s�i�n�g� �a�n�d� �o�t�h�e�r� �m�e�t�a�-

�h�e�u�r�i�s�t�i�c�s�m�e�t�h�o�d�s�.
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�C�h�a�p�t�e�r�I�I�I
�A� �h�y�b�r�i�d� �a�l�g�o�r�i�t�h�m� �T�a�b�u� �S�e�a�r�c�h � �G�R�A�S�P� �f�o�r

�w�o�u�n�d�e�d� �e�v�a�c�u�a�t�i�o�n� �i�n� �d�i�s�a�s�t�e�r� �r�e�s�p�o�n�s�e�.





�P�a�r�t� �I�I � �M�O�D�E�L�L�I�N�G� �A�N�D� �R�E�S�E�A�R�C�H� �M�E�T�H�O�D�O�L�O�G�Y �C�h�a�p�t�e�r�I�I�I
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�C�h�a�p�t�e�r�I�I�I � �A� �h�y�b�r�i�d� �a�l�g�o�r�i�t�h�m� �T�a�b�u� �S�e�a�r�c�h � �G�R�A�S�P� �f�o�r� �w�o�u�n�d�e�d
�e�v�a�c�u�a�t�i�o�n� �i�n� �d�i�s�a�s�t�e�r� �r�e�s�p�o�n�s�e�.

�3�.�1 �I�n�t�r�o�d�u�c�t�i�o�n

�N�a�t�u�r�a�l� �a�n�d� �t�r�i�g�g�e�r�e�d�-�d�i�s�a�s�t�e�r�s�h�a�v�e� �d�e�v�a�s�t�a�t�i�n�g� �a�n�d� �p�r�o�f�o�u�n�d� �n�e�g�a�t�i�v�e� �e�f�f�e�c�t�s� �o�n

�h�u�m�a�n� �l�i�v�e�s� �t�h�a�t� �r�e�q�u�i�r�e� �a� �s�p�e�e�d�y� �d�e�c�l�a�r�a�t�i�o�n� �o�f� �a�n� �e�m�e�r�g�e�n�c�y� �i�n� �o�r�d�e�r� �t�o� �m�i�n�i�m�i�z�e� �t�h�e�i�r

�s�e�v�e�r�e� �c�o�n�s�e�q�u�e�n�c�e�s�.� �H�e�n�c�e�,� �a� �p�r�o�m�p�t� �d�i�s�a�s�t�e�r� �r�e�s�p�o�n�s�e�,� �i�n� �a�d�d�i�t�i�o�n� �t�o� �e�f�f�e�c�t�i�v�e� �m�e�a�s�u�r�e�s

�s�u�c�h� �a�s� �i�n�f�o�r�m�e�d�d�e�c�i�s�i�o�n�-�m�a�k�i�n�g�,� �o�r�g�a�n�i�z�e�d� �e�v�a�c�u�a�t�i�o�n� �p�l�a�n�,� �r�i�g�h�t� �h�o�s�p�i�t�a�l� �s�e�l�e�c�t�i�o�n�,

�p�r�o�p�e�r� �r�e�s�c�u�e� �v�e�h�i�c�l�e�s�,� �e�f�f�i�c�i�e�n�t� �r�e�s�o�u�r�c�e�s� �a�s�s�i�g�n�m�e�n�t� �a�n�d� �t�i�m�e�l�y� �v�e�h�i�c�l�e� �s�c�h�e�d�u�l�i�n�g� �a�r�e

�c�r�i�t�i�c�a�l� �a�c�t�i�o�n�s� �n�e�e�d�e�d� �t�o� �o�r�g�a�n�i�z�e� �s�u�c�c�e�s�s�f�u�l� �s�e�c�u�r�e�d� �o�p�e�r�a�t�i�o�n�s� �t�h�a�t� �c�o�u�l�d�,� �i�f� �w�e�l�l

�p�r�e�p�a�r�e�d�,� �s�a�v�e� �m�a�n�y� �i�n�j�u�r�e�d� �b�o�d�i�e�s� �a�n�d� �l�e�s�s�e�n� �t�h�e� �h�u�m�a�n� �d�i�s�t�r�e�s�s�.� �T�o� �r�e�a�c�h� �t�h�i�s� �u�l�t�i�m�a�t�e

�g�o�a�l�,� �a� �c�o�m�p�l�i�c�a�t�e�d� �p�r�o�c�e�d�u�r�e� �s�h�o�u�l�d� �b�e� �i�n� �p�l�a�c�e� �a�n�d� �a�n�y� �f�a�i�l�u�r�e� �c�a�n� �p�o�t�e�n�t�i�a�l�l�y� �i�n�c�r�e�a�s�e

�t�h�e� �n�u�m�b�e�r� �o�f� �c�a�u�s�a�l�i�t�i�e�s�,� �t�h�u�s� �a� �c�o�m�p�l�e�t�e� �a�l�e�r�t�n�e�s�s� �a�n�d� �f�u�l�l� �c�a�u�t�i�o�n� �s�h�o�u�l�d� �b�e� �e�x�e�r�c�i�s�e�d�.

�I�n� �t�h�i�s�C�h�a�p�t�e�r�,� �w�e� �t�r�e�a�t� �t�h�e� �I�n�t�e�g�r�a�t�e�d� �P�r�o�b�l�e�m� �o�f� �A�m�b�u�l�a�n�c�e� �S�c�h�e�d�u�l�i�n�g� �a�n�d

�R�e�s�o�u�r�c�e� �A�s�s�i�g�n�m�e�n�t� �(�I�P�A�S�R�A�)� �i�n� �t�h�e� �c�a�s�e� �o�f� �a� �s�u�d�d�e�n� �d�i�s�a�s�t�e�r�.� �T�h�e� �m�a�i�n� �r�e�s�o�u�r�c�e�s� �t�o� �b�e

�a�s�s�i�g�n�e�d� �a�r�e� �t�h�e� �a�m�b�u�l�a�n�c�e�s� �a�n�d� �t�h�e� �h�o�s�p�i�t�a�l�s�.� �W�h�i�l�e�,� �t�h�e� �h�o�s�p�i�t�a�l�s� �s�e�r�v�i�n�g� �c�a�p�a�c�i�t�i�e�s� �m�i�g�h�t

�b�e�c�o�n�s�i�d�e�r�e�d� �o�r� �n�o�t� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �e�x�t�e�n�t� �o�f� �d�i�s�a�s�t�e�r� �a�n�d� �p�a�r�t�i�c�u�l�a�r�l�y� �t�o� �t�h�e� �w�o�u�n�d�e�d

�b�o�d�i�e�s �� �t�o�t�a�l� �n�u�m�b�e�r�.� �W�e� �f�o�r�m�u�l�a�t�e� �t�h�e� �(�I�P�A�S�R�A�)� �a�s� �a� �l�i�n�e�a�r� �m�o�d�e�l�,� �f�u�r�t�h�e�r�m�o�r�e� �a� �n�o�v�e�l

�h�y�b�r�i�d� �a�l�g�o�r�i�t�h�m� �b�a�s�e�d� �o�n� �T�a�b�u� �S�e�a�r�c�h� �(�T�S�)� �a�n�d� �G�r�e�e�d�y� �R�a�n�d�o�m�i�z�e�d� �A�d�a�p�t�i�v�e� �S�e�a�r�c�h

�P�r�o�c�e�d�u�r�e� �(�G�R�A�S�P�)� �i�s� �o�f�f�e�r�e�d� �t�o� �t�a�c�k�l�e� �t�h�i�s� �c�o�m�p�l�e�x� �p�r�o�b�l�e�m�.� �S�i�m�u�l�a�t�i�o�n� �t�e�s�t�s� �a�r�e� �a�l�s�o

�p�r�e�s�e�n�t�e�d� �t�o� �p�r�o�v�e� �t�h�e� �e�f�f�i�c�i�e�n�c�y� �o�f� �o�u�r� �m�o�d�e�l�l�i�n�g� �a�n�d� �r�e�s�o�l�u�t�i�o�n� �a�p�p�r�o�a�c�h�e�s�.

�3�.�2 �L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w

�A�s� �m�e�n�t�i�o�n�e�d� �b�e�f�o�r�e�,� �s�o�m�e� �p�r�e�v�i�o�u�s� �w�o�r�k�s� �a�r�e� �i�n�t�e�r�e�s�t�e�d� �i�n� �s�o�l�v�i�n�g� �t�h�e� �t�r�a�n�s�p�o�r�t

�o�p�t�i�m�i�z�a�t�i�o�n� �p�r�o�b�l�e�m� �i�n�s�i�d�e�a� �s�u�p�p�l�y� �c�h�a�i�n� �b�y� �r�e�d�u�c�i�n�g� �t�h�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �c�o�s�t� �o�f� �g�o�o�d�s

�a�c�c�o�r�d�i�n�g� �t�o� �p�r�e�d�e�f�i�n�e�d� �c�o�n�s�t�r�a�i�n�t�s� �a�n�d� �t�h�e� �o�t�h�e�r�s� �o�n�e�s�a�r�e� �i�n�t�e�r�e�s�t�e�d� �i�n� �e�v�a�c�u�a�t�i�n�g� �g�r�o�u�p�s

�o�f� �w�o�u�n�d�e�d� �t�o� �e�x�i�s�t�i�n�g� �h�o�s�p�i�t�a�l�s� �o�r� �t�o� �i�n� �s�i�t�e� �t�e�m�p�o�r�a�r�y� �c�r�e�a�t�e�d� �c�l�i�n�i�c�s�,� �b�u�t� �n�o�n�e� �o�f� �t�h�e�m

�c�o�n�s�i�d�e�r� �p�i�c�k�i�n�g� �u�p� �w�o�u�n�d�e�d� �o�n�e� �b�y� �o�n�e� �f�r�o�m� �d�i�f�f�e�r�e�n�t� �p�l�a�c�e�s� �o�r� �t�a�k�e� �t�h�e� �f�a�c�i�l�i�t�i�e�s

�c�a�p�a�c�i�t�i�e�s� �l�i�m�i�t�a�t�i�o�n� �i�n� �c�o�n�s�i�d�e�r�a�t�i�o�n�.

�O�u�r� �a�p�p�r�o�a�c�h� �d�e�a�l�s� �w�i�t�h� �a� �c�o�m�p�l�i�c�a�t�e�d� �c�a�s�e� �o�f� �c�r�i�s�i�s� �m�a�n�a�g�e�m�e�n�t� �w�h�e�r�e� �w�e� �h�a�v�e� �m�u�l�t�i�p�l�e

�d�i�s�p�e�r�s�e�d� �w�o�u�n�d�e�d� �a�n�d� �m�u�l�t�i�p�l�e� �d�i�s�t�a�n�t� �h�o�s�p�i�t�a�l�s�.� �O�u�r� �g�o�a�l� �i�s� �t�o� �r�e�d�u�c�e� �t�h�e� �o�v�e�r�a�l�l

�w�o�u�n�d�e�d ��s� �t�r�a�n�s�p�o�r�t� �t�i�m�e� �f�r�o�m� �t�h�e�i�r� �l�o�c�a�t�i�o�n�s� �t�o� �h�o�s�p�i�t�a�l�s� �b�y� �a�m�b�u�l�a�n�c�e�s� �i�n� �o�r�d�e�r� �t�o

�r�e�d�u�c�e� �m�o�r�t�a�l�i�t�y� �r�a�t�e�.� �T�w�o� �r�e�a�l�i�s�t�i�c� �s�c�e�n�a�r�i�o�s� �w�e�r�e�t�r�e�a�t�e�d�;�t�h�e� �f�i�r�s�t� �o�n�e� �c�o�n�s�i�d�e�r�s� �u�s�i�n�g

�h�o�s�p�i�t�a�l�s� �w�i�t�h� �l�i�m�i�t�e�d� �s�e�r�v�i�n�g� �c�a�p�a�c�i�t�y�.� �T�h�i�s� �s�c�e�n�a�r�i�o� �i�s� �a�p�p�l�i�c�a�b�l�e� �w�h�e�n� �w�e� �a�r�e� �f�a�c�i�n�g� �a�n

�e�m�e�r�g�e�n�c�y�w�i�t�h� �a� �s�m�a�l�l� �n�u�m�b�e�r� �o�f� �w�o�u�n�d�e�d� �a�n�d� �w�h�e�r�e� �t�h�e� �t�o�t�a�l� �h�o�s�p�i�t�a�l�s� �c�a�p�a�c�i�t�i�e�s� �c�a�n
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�c�o�v�e�r� �t�h�i�s� �n�u�m�b�e�r�.�H�o�w�e�v�e�r�,�w�h�e�n� �t�h�e� �w�o�u�n�d�e�d� �n�u�m�b�e�r� �i�n�c�r�e�a�s�e�s�,� �t�h�e� �f�i�r�s�t� �s�c�e�n�a�r�i�o

�b�e�c�o�m�e� �u�s�e�l�e�s�s� �a�n�d� �t�h�e� �s�e�c�o�n�d� �s�c�e�n�a�r�i�o� �w�i�t�h�o�u�t� �c�a�p�a�c�i�t�y� �c�o�n�s�t�r�a�i�n�t� �i�s� �b�e�i�n�g� �a�p�p�l�i�e�d�.� �W�e

�s�o�l�v�e� �t�h�e�(�I�P�A�S�R�A�) �b�y� �d�e�v�e�l�o�p�i�n�g� �a� �n�e�w� �a�l�g�o�r�i�t�h�m� �u�s�i�n�g� �h�y�b�r�i�d�i�z�a�t�i�o�n� �b�e�t�w�e�e�n� �t�w�o

�m�e�t�a�h�e�u�r�i�s�t�i�c� �m�e�t�h�o�d�s� �T�a�b�u� �S�e�a�r�c�h� �a�n�d�(�G�R�A�S�P�)�.� �T�h�e� �e�f�f�i�c�i�e�n�c�y� �o�f� �t�h�e� �p�r�o�p�o�s�e�d� �h�y�b�r�i�d

�a�l�g�o�r�i�t�h�m� �i�n� �t�e�r�m�o�f� �s�o�l�u�t�i�o�n� �q�u�a�l�i�t�y� �a�n�d� �p�r�o�c�e�s�s�i�n�g� �t�i�m�e� �i�s� �s�h�o�w�n� �i�n�s�e�c�t�i�o�n�3�.�5�.�4�.

�3�.�3 �P�r�o�b�l�e�m� �d�e�s�c�r�i�p�t�i�o�n� �a�n�d� �m�a�t�h�e�m�a�t�i�c�a�l� �m�o�d�e�l�l�i�n�g
�3�.�3�.�1�P�r�o�b�l�e�m� �d�e�s�c�r�i�p�t�i�o�n

�A�s� �e�x�p�l�a�i�n�e�d� �b�e�f�o�r�e�,� �w�e� �d�e�a�l� �w�i�t�h� �t�h�e� �I�n�t�e�g�r�a�t�e�d� �P�r�o�b�l�e�m� �o�f� �A�m�b�u�l�a�n�c�e

�S�c�h�e�d�u�l�i�n�g� �a�n�d� �R�e�s�o�u�r�c�e� �A�s�s�i�g�n�m�e�n�t� �w�h�e�r�e� �t�h�e� �r�e�s�o�u�r�c�e� �a�s�s�i�g�n�m�e�n�t� �c�o�n�c�e�r�n�s� �t�h�e

�a�l�l�o�c�a�t�i�o�n� �o�f� �h�o�s�p�i�t�a�l�s� �a�n�d� �a�m�b�u�l�a�n�c�e�s� �t�o� �w�o�u�n�d�e�d�.� �T�h�e� �s�i�t�u�a�t�i�o�n� �i�s� �d�e�s�c�r�i�b�e�d� �a�s

�f�o�l�l�o�w�:� �w�e� �h�a�v�e� �a� �f�i�n�i�t�e� �n�u�m�b�e�r� �o�f� �d�i�s�p�e�r�s�e�d� �w�o�u�n�d�e�d�,� �a� �f�l�e�e�t� �o�f� �a�m�b�u�l�a�n�c�e�s

�l�o�c�a�t�e�d� �i�n� �s�e�v�e�r�a�l� �a�m�b�u�l�a�t�o�r�y� �c�e�n�t�e�r�s� �a�n�d� �s�e�v�e�r�a�l� �h�o�s�p�i�t�a�l�s� �i�n� �d�i�s�t�a�n�t� �z�o�n�e�s�,� �w�e

�i�n�t�e�n�d� �t�o� �t�r�a�n�s�p�o�r�t� �t�h�e� �s�e�t� �o�f� �w�o�u�n�d�e�d� �t�o� �t�h�e� �h�o�s�p�i�t�a�l� �s�i�t�e�s� �w�i�t�h� �t�h�e� �f�l�e�e�t� �o�f

�a�m�b�u�l�a�n�c�e�s� �(�F�i�g�u�r�e�6�)�.� �A�m�b�u�l�a�n�c�e� �s�c�h�e�d�u�l�i�n�g� �i�s� �d�e�f�i�n�e�d� �b�y� �a� �s�e�q�u�e�n�c�e� �o�f� �t�a�s�k�s� �t�o

�b�e� �p�e�r�f�o�r�m�e�d� �w�h�e�r�e� �e�a�c�h� �t�a�s�k� �h�a�s� �i�t�s� �o�w�n� �s�t�a�r�t�i�n�g� �a�n�d� �e�n�d�i�n�g� �l�o�c�a�t�i�o�n�s�.� �W�e

�c�o�n�s�i�d�e�r� �t�w�o�v�e�r�s�i�o�n�s� �o�f� �t�h�e� �I�n�t�e�g�r�a�t�e�d� �P�r�o�b�l�e�m� �o�f� �A�m�b�u�l�a�n�c�e� �S�c�h�e�d�u�l�i�n�g� �a�n�d

�R�e�s�o�u�r�c�e� �A�s�s�i�g�n�m�e�n�t� �(�I�P�A�S�R�A�)�,� �t�h�e� �f�i�r�s�t� �o�n�e� �i�n�t�e�g�r�a�t�e�s� �a� �c�o�n�s�t�r�a�i�n�t� �o�f� �h�o�s�p�i�t�a�l

�c�a�p�a�c�i�t�y� �w�h�e�r�e� �e�a�c�h� �h�o�s�p�i�t�a�l�t�r�e�a�t�s� �a� �f�i�n�i�t�e�n�u�m�b�e�r� �o�f� �w�o�u�n�d�e�d� �a�n�d� �i�n� �t�h�e� �s�e�c�o�n�d

�o�n�e�,� �t�h�a�t� �c�o�n�s�t�r�a�i�n�t� �i�s� �r�e�m�o�v�e�d�,�i�n� �o�t�h�e�r�t�e�r�m�s� �w�i�t�h� �a�n� �i�n�f�i�n�i�t�e� �h�o�s�p�i�t�a�l� �c�a�p�a�c�i�t�y�.

�F�i�g�u�r�e�6�.� �D�i�s�t�a�n�t� �w�o�u�n�d�e�d� �e�v�a�c�u�a�t�i�o�n
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�3�.�3�.�2�A�s�s�u�m�p�t�i�o�n

�I�n� �t�h�i�s� �w�o�r�k�,� �w�e� �a�s�s�u�m�e� �t�h�a�t� �t�h�e� �f�o�l�l�o�w�i�n�g� �c�o�n�d�i�t�i�o�n�s� �a�r�e� �v�e�r�i�f�i�e�d� �a�n�d� �r�e�s�p�e�c�t�e�d�.

· �T�h�e�t�o�t�a�l� �w�o�u�n�d�e�d� �n�u�m�b�e�r� �i�s� �k�n�o�w�n� �i�n� �a�d�v�a�n�c�e�.

· �W�e� �u�s�e� �o�n�e� �t�y�p�e� �o�f�v�e�h�i�c�l�e�s�,� �w�h�i�c�h�i�s� �t�h�e� �a�m�b�u�l�a�n�c�e�s�,�b�e�c�a�u�s�e�t�h�e�y� �a�s�s�u�r�e

�w�o�u�n�d�e�d� �s�a�f�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n�.

· �W�e� �w�i�l�l� �a�s�s�u�m�e� �t�h�a�t� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �a�m�b�u�l�a�n�c�e�s� �t�o� �b�e� �u�s�e�d� �f�o�r� �w�o�u�n�d�e�d

�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �p�u�r�p�o�s�e� �i�s� �l�e�s�s� �t�h�a�n� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �w�o�u�n�d�e�d�,� �m�o�r�e�o�v�e�r

�w�e� �w�i�l�l� �l�i�m�i�t� �t�h�e� �a�m�b�u�l�a�n�c�e� �c�a�p�a�c�i�t�y� �t�o� �o�n�e� �w�o�u�n�d�e�d� �a�t� �a� �t�i�m�e� �(�S�t�a�n�d�a�r�d

�c�a�p�a�c�i�t�y�)�.

· �W�e� �w�i�l�l� �s�e�t� �a� �f�i�n�i�t�e� �c�a�p�a�c�i�t�y�c�i �f�o�r� �a� �h�o�s�p�i�t�a�l�h�i�.
· �W�e� �w�i�l�l� �c�o�n�s�i�d�e�r� �t�h�a�t� �t�h�e� �s�u�m� �o�f� �a�l�l� �h�o�s�p�i�t�a�l ��s� �c�a�p�a�c�i�t�i�e�s� �i�s� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�e

�t�o�t�a�l� �w�o�u�n�d�e�d� �n�u�m�b�e�r�.

· �A�l�l� �w�o�u�n�d�e�d� �a�r�e� �d�i�s�t�a�n�t�f�r�o�m� �e�a�c�h� �o�t�h�e�r�.

· �W�e� �w�i�l�l� �n�o�t� �c�o�n�s�i�d�e�r� �t�h�e� �w�a�s�t�e�d� �t�i�m�e� �s�p�e�n�t� �b�y� �t�h�e� �o�p�e�r�a�t�i�o�n� �o�f� �p�i�c�k�i�n�g� �u�p

�a�n�d� �p�u�t�t�i�n�g� �d�o�w�n� �(�L�o�a�d�/�U�n�l�o�a�d�)� �w�o�u�n�d�e�d�.

· �E�a�c�h� �h�o�s�p�i�t�a�l� �i�s� �c�a�p�a�b�l�e� �t�o� �t�r�e�a�t� �a�l�l� �k�i�n�d� �o�f� �i�n�j�u�r�i�e�s�.

�T�h�e� �d�i�s�a�s�t�e�r� �a�r�e�a� �i�s� �c�o�n�s�i�d�e�r�e�d�l�i�k�e� �a� �r�o�u�n�d� �f�i�e�l�d� �w�h�e�r�e� �a�l�l� �w�o�u�n�d�e�d�a�r�e

�d�i�s�t�r�i�b�u�t�e�d�.�I�n� �r�e�a�l�i�t�y�,� �w�h�e�n� �a�n� �i�n�j�u�r�y� �i�s� �c�r�i�t�i�c�a�l�,� �i�t� �m�e�a�n�s� �t�h�a�t� �t�h�e� �w�o�u�n�d�e�d� �h�a�v�e

�a�r�o�u�n�d� �2�0� �t�o� �3�0� �m�i�n�u�t�e�s� �t�o� �l�i�v�e�,� �a�f�t�e�r�t�h�a�t�;�h�e� �w�i�l�l� �b�e� �m�o�s�t� �p�r�o�b�a�b�l�y� �d�e�a�d�.�E�a�c�h

�t�a�r�d�i�n�e�s�s� �s�e�c�o�n�d� �c�o�u�n�t�s� �i�n� �l�o�s�i�n�g� �a�n� �i�n�j�u�r�e�d� �s�o� �t�h�e� �f�a�s�t�e�r� �w�e� �p�r�o�v�i�d�e� �r�e�s�u�l�t�s� �t�h�e

�f�e�w�e�r� �w�o�u�n�d�e�d� �a�r�e� �d�e�a�d�.�T�h�e�n� �w�e� �a�r�e� �i�n�t�e�r�e�s�t�e�d� �i�n� �e�f�f�i�c�i�e�n�t� �s�o�l�u�t�i�o�n�s� �c�a�l�c�u�l�a�t�e�d

�w�i�t�h� �a� �p�r�o�c�e�s�s�i�n�g� �t�i�m�e� �l�e�s�s� �t�h�a�n� �1�0� �m�i�n�.

�D�u�e� �t�o� �t�h�e� �c�o�m�p�l�e�x�i�t�y� �o�f� �o�u�r� �p�r�o�p�o�s�e�d� �p�r�o�b�l�e�m�,� �w�h�i�c�h� �i�s� �N�P�-�C�o�m�p�l�e�t�e� �a�s� �p�r�o�v�e�d

�i�n� �s�e�c�t�i�o�n�3�.�4�,� �w�e� �n�e�e�d� �t�o� �a�p�p�l�y� �a�n� �e�f�f�i�c�i�e�n�t� �a�l�g�o�r�i�t�h�m� �t�o� �p�r�o�v�i�d�e� �s�o�l�u�t�i�o�n�s� �t�o� �s�u�c�h

�p�r�o�b�l�e�m�s�.�H�e�n�c�e�,� �a� �h�y�b�r�i�d�(�G�R�A�S�P�-�T�S�)�a�l�g�o�r�i�t�h�m� �i�s� �a�d�o�p�t�e�d� �t�o� �s�o�l�v�e� �t�h�e�p�r�o�b�l�e�m�;

�i�t� �w�i�l�l� �b�e� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �n�e�x�t� �s�e�c�t�i�o�n�.� �I�n� �n�e�x�t�p�a�r�t�,�w�e� �p�r�e�s�e�n�t�(�G�R�A�S�P�)�,� �T�a�b�u

�S�e�a�r�c�h� �a�n�d� �t�h�e�i�r� �h�y�b�r�i�d�i�z�a�t�i�o�n� �a�n�d� �w�e� �d�i�s�c�u�s�s� �t�h�e�i�r� �a�d�a�p�t�i�o�n� �t�o� �o�u�r� �p�r�o�b�l�e�m�.
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�6�2

�3�.�3�.�3�M�a�t�h�e�m�a�t�i�c�a�l� �F�o�r�m�u�l�a�t�i�o�n

�W�e� �p�r�e�s�e�n�t� �b�e�l�o�w� �t�h�e� �d�a�t�a� �u�s�e�d� �i�n� �o�u�r� �m�o�d�e�l�l�i�n�g�.

· �H �i�s� �t�h�e� �s�e�t� �o�f� �h�o�s�p�i�t�a�l� �i�n�d�e�x�e�s� �a�n�d�|�H�|�t�h�e� �n�u�m�b�e�r� �o�f� �h�o�s�p�i�t�a�l�s�.
· �A �i�s� �t�h�e� �s�e�t� �o�f� �a�m�b�u�l�a�n�c�e�s� �i�n�d�e�x�e�s� �a�n�d� �|�A�|� �t�h�e� �n�u�m�b�e�r� �o�f� �a�m�b�u�l�a�n�c�e�s�.
· �P �i�s�t�h�e� �s�e�t� �o�f� �w�o�u�n�d�e�d� �i�n�d�e�x�e�s� �a�n�d�|�P�|�t�h�e� �n�u�m�b�e�r� �o�f� �w�o�u�n�d�e�d�.
· Hfic andPfic are respectively the set of fictive wounded andtheset of fictive hospitals.

Each vehicle is associated to a pair (�,!� ), where is a fictive wounded and!� a
fictive hospital and where thedistance between and!� is nil. These elements are
used to insure the starting of each vehicle missions. The distance between!� (or )
and each hospital!� represents the distance between the depot of ambulanceand the
hospital!�. In others terms, and!� represent the depot of ambulance.

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

· �t�0 �o�p�e�r�a�t�i�o�n ��s� �d�e�p�a�r�t�u�r�e� �t�i�m�e�.
· �T�p�,�h�:� �M�a�t�r�i�x�u�s�e�d� �t�o� �s�p�e�c�i�f�y� �t�h�e� �t�o�t�a�l� �r�o�u�t�i�n�g� �t�i�m�e� �s�p�e�n�t� �i�n� �t�r�a�n�s�p�o�r�t�i�n�g� �t�h�e

�i�n�j�u�r�e�d�p�t�o� �h�o�s�p�i�t�a�l�h�.� �T�h�i�s� �m�a�t�r�i�x� �i�s� �n�o�t� �s�y�m�m�e�t�r�i�c� �i�n� �r�e�a�l� �c�a�s�e�s�.
· �T�h�,�p�:� �M�a�t�r�i�x� �u�s�e�d� �t�o� �s�p�e�c�i�f�y� �t�h�e� �t�o�t�a�l� �r�o�u�t�i�n�g� �t�i�m�e� �s�p�e�n�t� �i�n� �m�o�v�i�n�g� �f�r�o�m� �t�h�e

�h�o�s�p�i�t�a�l�h�t�o� �t�h�e� �w�o�u�n�d�e�d�p�.� �W�e� �c�a�n� �c�o�n�s�i�d�e�r�h�e�r�e� �t�h�a�t�h�i�s� �t�h�e� �l�a�s�t� �v�i�s�i�t�e�d
�h�o�s�p�i�t�a�l� �a�n�d�p�t�h�e� �n�e�x�t� �w�o�u�n�d�e�d� �t�o� �s�e�c�u�r�e�.

· �G�:�a� �s�u�f�f�i�c�i�e�n�t�l�y� �l�a�r�g�e� �n�u�m�b�e�r�.

�I�n� �t�h�e�f�o�l�l�o�w�i�n�g�,�w�e� �i�n�t�r�o�d�u�c�e� �t�h�e� �v�a�r�i�a�b�l�e�s� �o�f� �t�h�e� �m�o�d�e�l�.

�C�m�a�x�:� �t�h�e� �d�a�t�e� �o�f� �o�p�e�r�a�t�i�o�n ��s� �e�n�d�i�n�g� �c�a�l�l�e�d� �t�h�e� �m�a�k�e�s�p�a�n�.� �T�h�i�s� �v�a�l�u�e� �i�s� �t�h�e

�o�b�j�e�c�t�i�v�e� �t�o�m�i�n�i�m�i�z�e� �i�n� �o�u�r� �m�o�d�e�l�l�i�n�g�.

�t�p�:� �t�h�e� �t�i�m�e� �w�h�e�n� �t�h�e� �a�m�b�u�l�a�n�c�e� �t�r�a�n�s�p�o�r�t�i�n�g� �w�o�u�n�d�e�d�p�a�r�r�i�v�e� �a�t� �h�o�s�p�i�t�a�l�.

�X�a�p�,�h�,�f�: �t�h�e� �o�n�l�y� �b�i�n�a�r�y� �f�l�o�w� �v�a�r�i�a�b�l�e� �o�f� �o�u�r� �m�a�t�h�e�m�a�t�i�c�a�l� �m�o�d�e�l� �i�s� �d�e�f�i�n�e�d� �a�s

�f�o�l�l�o�w

�X�a�p�,�h�,�f�=

· �1� �i�f� �t�h�e� �a�m�b�u�l�a�n�c�e� �a� �t�r�a�n�s�f�e�r� �t�h�e� �w�o�u�n�d�e�d� �p� �t�o�t�h�e
�h�o�s�p�i�t�a�l�h�a�n�d� �t�h�e�n� �m�o�v�e� �t�o� �s�e�c�u�r�e� �t�h�e� �w�o�u�n�d�e�d�f�.

· �0�i�f�e�l�s�e�.
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�3�.�3�.�4�M�o�d�e�l�i�n�g�p�r�e�s�e�n�t�a�t�i�o�n

�W�e� �p�r�e�s�e�n�t� �b�e�l�o�w� �t�h�e� �m�a�t�h�e�m�a�t�i�c�a�l� �m�o�d�e�l� �o�f� �o�u�r� �p�r�o�b�l�e�m�.� �N�o�t�e� �t�h�a�t� �a�s� �d�e�f�i�n�e�d
�b�e�f�o�r�e�,�i�s� �a� �f�i�c�t�i�v�e� �i�n�j�u�r�e�d� �a�s�s�o�c�i�a�t�e�d� �t�o�a�m�b�u�l�a�n�c�e ��a � �a�n�d!� �a� �f�i�c�t�i�v�e� �h�o�s�p�i�t�a�l
�a�s�s�o�c�i�a�t�e�d� �t�o� �t�h�e� �s�a�m�e� �a�m�b�u�l�a�n�c�e�.

�T�h�e� �O�b�j�e�c�t�i�v�e� �f�u�n�c�t�i�o�n�s�e�e�k�s� �t�o� �m�i�n�i�m�i�z�e� �t�h�e� �t�o�t�a�l� �t�i�m�e� �s�p�e�n�t� �b�y� �a�m�b�u�l�a�n�c�e
�r�o�u�t�i�n�g�.

�M�i�n�i�m�i�z�e

�S�u�b�j�e�c�t� �t�o� �t�h�e� �f�o�l�l�o�w�i�n�g� �c�o�n�s�t�r�a�i�n�t�s�:

"� �, �,"� �= �1�, "� "� �(�1�)

"� "� "� �, �,"� �,"�"� �= �1 "� !� "� �(�2�)

"� "� "� �, �,"� �,"�"� �= �1 "� "� �(�3�)

"� "� "� �, �,"� �,"�"� �= �1 "� "� �(�4�)

"� "� �, �,"� �,"� �= "� "� �,�,"� �,"� "� "� �,"� "� �(�5�)

"e �, �+ �, �+ �+ �, �, "� �1 "� "� �,"� "� �,"� "� �\ �, "` �(�6�)

"e "� "� �\ �(�7�)

�, �, "� �{�0�,�1�}�, "� !� "� "� �,"� �, "� �,"� !� "� �(�8�)

�C�o�n�s�t�r�a�i�n�t� �(�1�)� �e�n�s�u�r�e�s� �t�h�e� �s�t�a�r�t�i�n�g� �o�f� �e�a�c�h� �a�m�b�u�l�a�n�c�e� �m�i�s�s�i�o�n� �b�y� �a�s�s�o�c�i�a�t�i�n�g� �i�t� �t�o� �a

�f�i�c�t�i�v�e� �c�o�u�p�l�e� �o�f� �i�n�j�u�r�e�d� �a�n�d� �h�o�s�p�i�t�a�l�.� �N�o�t�e� �t�h�a�t� �t�h�e�s�e� �t�w�o� �f�i�c�t�i�v�e� �e�l�e�m�e�n�t�s� �a�r�e

�s�i�t�u�a�t�e�d� �i�n� �t�h�e� �s�a�m�e� �l�o�c�a�t�i�o�n� �a�s� �t�h�e� �a�s�s�o�c�i�a�t�e�d� �a�m�b�u�l�a�n�c�e� �a�t� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� �i�t�s

�m�i�s�s�i�o�n�.� �T�h�e� �d�i�s�t�a�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �f�i�c�t�i�v�e� �i�n�j�u�r�e�d� �a�n�d� �t�h�e� �f�i�c�t�i�v�e� �h�o�s�p�i�t�a�l� �i�s� �n�i�l� �a�n�d

�t�h�e� �d�i�s�t�a�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �f�i�c�t�i�v�e� �h�o�s�p�i�t�a�l� �a�n�d� �e�a�c�h� �i�n�j�u�r�e�d� �i�s� �e�q�u�a�l� �t�o� �t�h�e� �d�i�s�t�a�n�c�e

�b�e�t�w�e�e�n� �t�h�e� �i�n�i�t�i�a�l� �l�o�c�a�t�i�o�n� �o�f� �t�h�e� �a�m�b�u�l�a�n�c�e� �a�n�d� �t�h�e�i�n�j�u�r�e�d�,� �w�h�i�c�h�i�s� �i�n�i�t�i�a�l�l�y

�k�n�o�w�n�.

�C�o�n�s�t�r�a�i�n�t� �(�2�)� �e�n�s�u�r�e�s� �t�h�a�t� �e�a�c�h� �f�i�c�t�i�v�e� �h�o�s�p�i�t�a�l� �i�s� �t�o� �b�e� �v�i�s�i�t�e�d� �o�n�l�y� �o�n�c�e�.� �C�o�n�s�t�r�a�i�n�t

�(�3�)� �e�n�s�u�r�e�s� �t�h�a�t� �e�v�e�r�y� �i�n�j�u�r�e�d� �h�a�s� �o�n�l�y� �o�n�e� �d�i�r�e�c�t� �s�u�c�c�e�s�s�o�r� �a�n�d� �c�o�n�s�t�r�a�i�n�t� �(�4�)

�i�n�s�u�r�e�s� �t�h�a�t� �h�e� �h�a�s� �o�n�l�y� �o�n�e� �p�r�e�d�e�c�e�s�s�o�r�.� �I�n� �o�t�h�e�r� �t�e�r�m�s�,� �c�o�n�s�t�r�a�i�n�t�s� �(�3�)� �a�n�d� �(�4�)

�e�n�s�u�r�e� �t�h�a�t� �e�a�c�h� �i�n�j�u�r�e�d� �s�h�o�u�l�d� �b�e� �t�r�a�n�s�p�o�r�t�e�d� �o�n�c�e�.� �W�i�t�h� �c�o�n�s�t�r�a�i�n�t� �(�5�)� �w�e� �e�n�s�u�r�e

�t�h�a�t� �t�h�e� �s�u�c�c�e�s�s�o�r� �a�n�d� �t�h�e� �p�r�e�d�e�c�e�s�s�o�r� �o�f� �e�a�c�h� �i�n�j�u�r�e�d� �a�r�e� �t�r�a�n�s�p�o�r�t�e�d� �b�y� �t�h�e� �s�a�m�e

�a�m�b�u�l�a�n�c�e�.� �C�o�n�s�t�r�a�i�n�t� �(�6�)� �i�n�s�u�r�e� �t�h�e� �t�e�m�p�o�r�a�l� �s�u�c�c�e�s�s�i�o�n� �b�y� �c�o�n�s�i�d�e�r�i�n�g� �t�h�e� �b�i�n�a�r�y

�v�a�r�i�a�b�l�e�, �, �a�n�d� �t�h�e� �t�r�a�v�e�l�i�n�g� �t�i�m�e�s�, �a�n�d �, �,� �w�i�t�h� �t�h�i�s�c�o�n�s�t�r�a�i�n�t�,�w�e

�e�v�a�l�u�a�t�e� �t�h�e� �e�n�d�i�n�g� �d�a�t�e� �o�f� �e�a�c�h� �s�e�c�u�r�i�n�g� �m�i�s�s�i�o�n� �d�e�n�o�t�e�d� �b�y�.� �C�o�n�s�t�r�a�i�n�t� �(�7�)� �i�s
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�u�s�e�d� �t�o� �e�v�a�l�u�a�t�e� �t�h�e� �m�a�k�e�s�p�a�n� �w�h�i�c�h� �i�s� �t�h�e� �t�i�m�e� �s�p�e�n�t� �b�y� �t�h�e� �l�a�s�t� �m�i�s�s�i�o�n� �e�n�d�i�n�g�.

�T�h�e� �m�a�k�e�s�p�a�n� �i�n� �d�e�n�o�t�e�d� �b�y�.� �C�o�n�s�t�r�a�i�n�t� �(�8�)� �r�e�p�r�e�s�e�n�t�s� �d�e�c�i�s�i�o�n� �v�a�r�i�a�b�l�e�s�.

�T�h�e� �e�v�a�l�u�a�t�i�o�n� �o�f� �t�h�e� �m�a�k�e�s�p�a�n� �b�y� �c�o�n�s�t�r�a�i�n�t� �(�6�)� �a�n�d� �(�7�)� �r�e�p�r�e�s�e�n�t�s� �a� �s�e�r�i�o�u�s

�c�o�m�p�l�i�c�a�t�i�o�n� �a�t� �s�i�m�u�l�a�t�i�o�n� �s�t�a�g�e� �b�e�c�a�u�s�e� �o�f�G� �t�h�a�t�i�s� �a� �s�u�f�f�i�c�i�e�n�t�l�y� �l�a�r�g�e� �n�u�m�b�e�r�.� �T�o

�i�m�p�r�o�v�e� �t�h�e� �m�o�d�e�l�l�i�n�g�,� �w�e� �r�e�p�l�a�c�e� �c�o�n�s�t�r�a�i�n�t� �(�6�)� �a�n�d� �(�7�)� �r�e�s�p�e�c�t�i�v�e�l�y� �b�y� �c�o�n�s�t�r�a�i�n�t

�(�9�)� �a�n�d� �(�1�0�)�.� �W�e� �r�e�p�l�a�c�e� �a�l�s�o�t�p �b�y� �R�p �w�h�i�c�h� �r�e�p�r�e�s�e�n�t�s� �a� �n�u�m�b�e�r� �a�s�s�o�c�i�a�t�e�d� �t�o

�w�o�u�n�d�e�d�p�a�n�d� �u�s�e�d� �t�o� �a�v�o�i�d� �s�u�b�-�c�y�c�l�e�s�.

"e �1�+ �+ �| �| �, �, "� �1 �, "� "� �,"� "� �,"� "� �\ �, "` (9)

"e"� "� "� �, �,"� �\ �("�"� �, �+ �, �)�, "� "� (10)

�C�o�n�s�t�r�a�i�n�t� �(�9�)� �i�s� �i�m�p�o�s�e�d� �t�o� �a�v�o�i�d� �s�u�b�-�c�y�c�l�e�s� �a�n�d� �w�i�t�h� �c�o�n�s�t�r�a�i�n�t� �(�1�0�)�,�t�h�e� �m�a�k�e�s�p�a�n

�i�s� �r�e�d�u�c�e�d�b�y� �t�h�e� �t�o�t�a�l� �t�r�a�v�e�l�i�n�g� �t�i�m�e� �o�f� �e�a�c�h� �a�m�b�u�l�a�n�c�e�.� �B�y� �a�d�o�p�t�i�n�g� �c�o�n�s�t�r�a�i�n�t�s

�(�9�)� �a�n�d� �(�1�0�)� �i�n�s�t�e�a�d� �o�f� �c�o�n�s�t�r�a�i�n�t�s� �(�6�)� �a�n�d� �(�7�)�,� �w�e� �i�m�p�r�o�v�e�d� �t�h�e� �e�f�f�i�c�i�e�n�c�y� �o�f� �t�h�e

�m�o�d�e�l�l�i�n�g� �i�n� �t�e�r�m�s� �o�f� �s�i�m�u�l�a�t�i�o�n� �r�e�s�u�l�t�s�.� �N�o�t�e� �t�h�a�t� �t�h�e� �u�s�e� �o�f� �G� �i�n� �c�o�n�s�t�r�a�i�n�t� �(�9�)

�d�o�e�s� �n�o�t�a�f�f�e�c�t�s� �t�h�e� �q�u�a�l�i�t�y� �o�f� �s�i�m�u�l�a�t�i�o�n� �r�e�s�u�l�t�s� �a�s� �i�n� �t�h�e� �c�a�s�e� �o�f� �c�o�n�s�t�r�a�i�n�t� �(�6�)�.� �N�o�t�e

�t�h�a�t� �w�e� �i�n�t�e�g�r�a�t�e�d� �t�h�e� �a�m�b�u�l�a�n�c�e� �s�c�h�e�d�u�l�i�n�g� �a�n�d� �h�o�s�p�i�t�a�l� �a�f�f�e�c�t�a�t�i�o�n� �i�n� �t�h�e� �s�a�m�e

�v�a�r�i�a�b�l�e�, �, �t�o� �a�v�o�i�d� �t�h�e� �u�s�e� �o�f� �a� �b�i�g� �n�u�m�b�e�r� �i�n� �c�o�n�s�t�r�a�i�n�t� �(�1�0�)�.

�C�o�n�s�i�d�e�r�i�n�g� �t�h�e� �p�r�e�s�e�n�t�e�d� �c�o�n�s�t�r�a�i�n�t�s�,� �t�h�e� �c�a�p�a�c�i�t�y� �o�f� �h�o�s�p�i�t�a�l�s� �i�s� �n�o�t�c�o�n�s�i�d�e�r�e�d�.

�A�c�c�o�r�d�i�n�g� �t�o� �c�r�i�s�i�s� �e�x�t�e�n�t�,� �t�h�e� �p�r�o�b�l�e�m� �c�a�n� �b�e� �c�o�n�s�i�d�e�r�e�d� �w�i�t�h� �o�r� �w�i�t�h�o�u�t� �c�a�p�a�c�i�t�y

�c�o�n�s�t�r�a�i�n�t�.� �I�n� �f�a�c�t�,�f�o�r� �a� �m�a�j�o�r� �d�i�s�a�s�t�e�r�,� �w�h�e�n� �t�h�e� �n�u�m�b�e�r� �o�f� �i�n�j�u�r�e�d� �i�s� �l�a�r�g�e�r� �t�h�a�n

�t�h�e� �t�o�t�a�l� �c�a�p�a�c�i�t�y� �o�f� �h�o�s�p�i�t�a�l�s�,� �t�h�e� �c�a�p�a�c�i�t�y� �c�o�n�s�t�r�a�i�n�t� �s�h�o�u�l�d� �b�e� �i�g�n�o�r�e�d�.�H�o�w�e�v�e�r�,

�i�n� �o�t�h�e�r� �s�i�t�u�a�t�i�o�n�,� �w�h�e�n� �t�h�e� �n�u�m�b�e�r� �o�f� �i�n�j�u�r�e�d� �i�s� �l�e�s�s� �t�h�a�n� �t�h�e� �t�o�t�a�l� �c�a�p�a�c�i�t�y� �o�f� �a�l�l

�h�o�s�p�i�t�a�l�s�,� �i�t� �i�s� �m�o�r�e�r�e�a�l�i�s�t�i�c� �t�o� �c�o�n�s�i�d�e�r� �t�h�e� �c�a�p�a�c�i�t�y� �c�o�n�s�t�r�a�i�n�t� �i�n� �t�h�e� �m�o�d�e�l�l�i�n�g� �i�n

�o�r�d�e�r� �t�o� �p�r�o�p�o�s�e� �a�n� �a�d�e�q�u�a�t�e� �s�o�l�u�t�i�o�n�.� �C�a�p�a�c�i�t�y� �c�o�n�s�t�r�a�i�n�t� �i�s� �m�o�d�e�l�l�e�d� �b�y� �t�h�e

�f�o�l�l�o�w�i�n�g� �i�n�e�q�u�a�l�i�t�y�.

"� "� "� �, �,"� �,"�"� "d �,"� !� "� �\ �(�1�1�)

Our linearmodel is solved using CPLEX solver 12.6.

�3�.�4 �P�r�o�v�e� �o�f� �N�P�-�C�o�m�p�l�e�t�e�n�e�s�s

�C�o�n�s�i�d�e�r� �a� �p�a�r�t�i�c�u�l�a�r� �i�n�s�t�a�n�c�e� �o�f�(�I�P�A�S�R�A�) �w�h�e�r�e� �t�h�e� �n�u�m�b�e�r� �o�f�h�o�s�p�i�t�a�l�s�|�H�|� �i�s

�e�q�u�a�l� �t�o� �t�h�e� �n�u�m�b�e�r� �o�f� �w�o�u�n�d�e�d� �|�P�|� �a�n�d� �w�h�e�r�e� �t�h�e� �d�i�s�t�a�n�c�e� �b�e�t�w�e�e�n� �e�a�c�h� �i�n�j�u�r�e�d� �a�n�d� �t�h�e

�n�e�a�r�e�s�t� �h�o�s�p�i�t�a�l� �i�s� �n�e�g�l�i�g�i�b�l�e� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �d�i�s�t�a�n�c�e�s� �b�e�t�w�e�e�n� �h�o�s�p�i�t�a�l�s�.� �F�o�r� �t�h�a�t

�i�n�s�t�a�n�c�e�,� �o�u�r� �p�r�o�b�l�e�m� �i�s� �e�q�u�i�v�a�l�e�n�t� �t�o� �t�h�e�(�V�.�R�.�P�)�w�h�e�r�e� �t�h�e� �v�e�h�i�c�l�e�s� �a�r�e� �t�h�e� �a�m�b�u�l�a�n�c�e�s
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�a�n�d� �t�h�e� �c�i�t�i�e�s� �a�r�e� �t�h�e� �h�o�s�p�i�t�a�l�s�.� �T�h�e�(�V�.�R�.�P�)�i�s� �k�n�o�w�n� �t�o� �b�e� �N�P�-�H�a�r�d�,�a�n�d� �t�h�e�n�(�I�P�A�S�R�A�)

�i�s� �N�P�-�H�a�r�d�.

�3�.�5 �R�e�s�o�l�u�t�i�o�n� �m�e�t�h�o�d�s

�A�t� �f�i�r�s�t�,� �t�h�e� �p�r�o�p�o�s�e�d� �m�o�d�e�l� �i�s� �s�o�l�v�e�d� �u�s�i�n�g� �C�P�L�E�X� �s�o�l�v�e�r� �1�2�.�6�.� �A�s� �p�r�o�v�e�n� �i�n� �s�e�c�t�i�o�n

�3�.�4�,� �o�u�r� �p�r�o�b�l�e�m� �i�s� �N�p�-�C�o�m�p�l�e�t�e� �a�n�d� �t�h�e�n� �e�x�a�c�t� �s�o�l�u�t�i�o�n�s� �o�f�l�a�r�g�e�-�s�c�a�l�e�i�n�s�t�a�n�c�e�s� �a�r�e� �n�o�t

�p�r�a�c�t�i�c�a�l�.� �I�n� �t�h�i�s�s�e�c�t�i�o�n�,�w�e� �d�e�v�e�l�o�p� �o�u�r� �h�y�b�r�i�d� �a�l�g�o�r�i�t�h�m�.� �F�o�r� �t�h�i�s� �p�a�r�t�,� �w�e� �c�o�n�s�i�d�e�r� �t�h�a�t

�t�h�e� �p�r�o�b�l�e�m� �w�i�t�h�o�u�t� �c�a�p�a�c�i�t�y� �c�o�n�s�t�r�a�i�n�t� �i�s� �e�q�u�i�v�a�l�e�n�t� �t�o� �t�h�e� �p�r�o�b�l�e�m� �w�i�t�h� �i�n�f�i�n�i�t�e� �h�o�s�p�i�t�a�l

�c�a�p�a�c�i�t�y�.

�3�.�5�.�1�G�R�A�S�P

�W�e� �d�i�s�c�u�s�s� �n�o�w� �t�h�e� �a�d�a�p�t�a�t�i�o�n� �o�f�(�G�R�A�S�P�) �a�l�g�o�r�i�t�h�m� �t�o� �s�o�l�v�e� �o�u�r� �p�r�o�b�l�e�m�.� �A�s

�s�h�o�w�n� �i�n� �n�e�x�t� �d�i�a�g�r�a�m�,� �w�e� �s�t�a�r�t� �t�h�e� �a�l�g�o�r�i�t�h�m� �b�y� �i�n�i�t�i�a�l�i�z�i�n�g� �s�o�m�e� �p�a�r�a�m�e�t�e�r�s� �l�i�k�e

�t�h�e� �r�o�u�t�i�n�g� �t�i�m�e� �d�i�s�t�a�n�c�e�s� �b�e�t�w�e�e�n� �w�o�u�n�d�e�d� �a�r�e� �e�s�s�e�n�t�i�a�l�l�y�,� �a�m�b�u�l�a�n�c�e�s� �a�n�d� �t�h�e

�b�e�s�t� �s�o�l�u�t�i�o�n�.� �T�h�e�n� �w�e� �a�p�p�l�y� �a�n� �i�t�e�r�a�t�i�v�e� �r�a�n�d�o�m�i�z�e�d� �p�r�o�c�e�d�u�r�e� �t�o� �c�o�n�s�t�r�u�c�t� �a

�f�e�a�s�i�b�l�e� �s�o�l�u�t�i�o�n�.� �A�t� �e�a�c�h� �i�t�e�r�a�t�i�o�n� �o�f� �t�h�e� �r�a�n�d�o�m�i�z�e�d� �p�r�o�c�e�d�u�r�e�,� �w�e� �t�r�e�a�t� �t�h�e

�s�u�b�s�e�q�u�e�n�t� �i�n�j�u�r�e�d� �t�o� �s�e�c�u�r�e� �a�n�d� �w�e� �s�e�l�e�c�t� �r�a�n�d�o�m�l�y� �o�n�e� �o�f� �t�h�e� �n�e�a�r�e�s�t

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

�u�p�d�a�t�e� �t�h�e� �d�i�s�t�a�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �s�e�t� �o�f� �i�n�j�u�r�e�d� �a�n�d� �t�h�e� �s�e�l�e�c�t�e�d� �a�m�b�u�l�a�n�c�e� �a�t� �t�h�i�s

�i�t�e�r�a�t�i�o�n�.� �W�e� �u�p�d�a�t�e� �a�l�s�o� �t�h�e� �c�a�p�a�c�i�t�y� �o�f� �t�h�e� �s�e�l�e�c�t�e�d� �h�o�s�p�i�t�a�l�.� �W�h�e�n� �w�e� �f�i�n�i�s�h� �t�h�e

�t�r�e�a�t�m�e�n�t� �o�f� �a�l�l� �w�o�u�n�d�e�d�,� �w�e� �c�h�e�c�k� �i�f� �t�h�e� �c�o�n�s�t�r�u�c�t�e�d� �s�o�l�u�t�i�o�n� �i�s� �b�e�t�t�e�r� �t�h�a�n�a�l�l� �o�f

�t�h�e� �p�r�e�v�i�o�u�s� �c�o�n�s�t�r�u�c�t�e�d� �s�o�l�u�t�i�o�n�s�,� �i�f� �i�t� �w�a�s� �t�h�e� �c�a�s�e� �t�h�e�n� �w�e� �s�a�v�e� �i�t� �a�s� �t�h�e� �b�e�s�t

�s�o�l�u�t�i�o�n� �a�n�d� �t�h�e�n� �w�e� �r�e�i�n�i�t�i�a�l�i�z�e� �t�h�e� �p�a�r�a�m�e�t�e�r�s� �o�f� �t�h�e� �r�a�n�d�o�m�i�z�e�d� �p�r�o�c�e�d�u�r�e� �a�n�d

�w�e� �r�e�s�t�a�r�t� �i�t� �a�g�a�i�n�.� �T�h�e� �n�u�m�b�e�r� �o�f� �r�a�n�d�o�m�i�z�e�d� �c�o�n�s�t�r�u�c�t�i�o�n�s� �i�s� �i�n�i�t�i�a�l�l�y

�p�r�e�d�e�f�i�n�e�d�,�w�h�e�n� �i�t� �i�s� �r�e�a�c�h�e�d�,� �t�h�e� �p�r�o�c�e�d�u�r�e� �i�s� �s�t�o�p�p�e�d� �a�n�d� �t�h�e� �b�e�s�t� �s�o�l�u�t�i�o�n

�f�o�u�n�d� �i�s� �r�e�t�u�r�n�e�d�.

�3�.�5�.�2�T�a�b�u� �S�e�a�r�c�h

�W�e� �p�r�e�s�e�n�t� �i�n� �t�h�e� �n�e�x�t� �p�a�r�a�g�r�a�p�h� �t�h�e� �a�d�a�p�t�a�t�i�o�n� �o�f� �T�a�b�u� �S�e�a�r�c�h� �a�p�p�r�o�a�c�h� �t�o� �o�u�r
�p�r�o�b�l�e�m�.

�W�e� �p�r�o�v�i�d�e� �a� �d�e�t�a�i�l�e�d� �e�x�p�l�a�n�a�t�i�o�n� �f�o�r� �n�e�i�g�h�b�o�r�h�o�o�d� �c�o�n�s�t�r�u�c�t�i�o�n� �a�f�t�e�r� �t�h�i�s

�g�e�n�e�r�a�l� �d�e�s�c�r�i�p�t�i�o�n�.� �A�t� �f�i�r�s�t�,� �l�e�t� �u�s� �d�e�f�i�n�e� �a� �n�e�g�a�t�i�v�e� �i�t�e�r�a�t�i�o�n� �a�s� �a�n� �i�t�e�r�a�t�i�o�n� �t�h�a�t

�d�o�e�s� �n�o�t�i�m�p�r�o�v�e� �t�h�e� �b�e�s�t� �s�o�l�u�t�i�o�n� �f�o�u�n�d�.� �A�f�t�e�r� �t�h�a�t�,� �w�e� �u�s�e� �t�h�e� �n�u�m�b�e�r� �o�f

�s�u�c�c�e�s�s�i�v�e� �n�e�g�a�t�i�v�e� �i�t�e�r�a�t�i�o�n�s� �a�s� �a� �d�i�v�e�r�s�i�f�i�c�a�t�i�o�n� �c�r�i�t�e�r�i�o�n�,� �a�n� �i�n�t�e�n�s�i�f�i�c�a�t�i�o�n

�c�r�i�t�e�r�i�o�n� �a�n�d� �a� �s�t�o�p�p�i�n�g� �c�r�i�t�e�r�i�o�n�.� �B�e�f�o�r�e� �l�a�u�n�c�h�i�n�g� �t�h�e� �T�a�b�u� �S�e�a�r�c�h� �p�r�o�c�e�d�u�r�e�,� �a�n

�i�n�i�t�i�a�l� �s�o�l�u�t�i�o�n� �i�s� �g�e�n�e�r�a�t�e�d� �a�n�d� �a�l�l� �o�f� �t�h�e� �r�e�q�u�i�r�e�d� �p�a�r�a�m�e�t�e�r�s� �a�r�e� �i�n�i�t�i�a�l�i�z�e�d� �s�u�c�h

�a�s�t�h�e� �T�a�b�u� �l�i�s�t�,� �t�h�e� �c�u�r�r�e�n�t� �s�o�l�u�t�i�o�n�,� �t�h�e� �b�e�s�t� �s�o�l�u�t�i�o�n� �a�n�d� �t�h�e� �n�u�m�b�e�r� �o�f
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�s�u�c�c�e�s�s�i�v�e� �n�e�g�a�t�i�v�e� �i�t�e�r�a�t�i�o�n�s�.� �N�e�x�t�,� �w�e� �s�t�a�r�t� �t�h�e� �i�t�e�r�a�t�i�o�n�s� �o�f� �o�u�r� �a�l�g�o�r�i�t�h�m�.� �A�t

�e�a�c�h� �i�t�e�r�a�t�i�o�n�,� �t�h�e� �n�e�i�g�h�b�o�r�h�o�o�d� �o�f� �t�h�e� �c�u�r�r�e�n�t� �s�o�l�u�t�i�o�n� �i�s� �c�o�n�s�t�r�u�c�t�e�d�.

�T�h�e� �s�i�z�e� �o�f� �t�h�i�s� �n�e�i�g�h�b�o�r�h�o�o�d� �d�e�p�e�n�d�s� �o�n� �t�h�e� �n�u�m�b�e�r� �o�f� �s�u�c�c�e�s�s�i�v�e� �n�e�g�a�t�i�v�e

�i�t�e�r�a�t�i�o�n�s� �a�t� �t�h�e� �c�u�r�r�e�n�t� �i�t�e�r�a�t�i�o�n�.� �T�h�e�b�e�s�t� �n�o�n�-�T�a�b�u� �n�e�i�g�h�b�o�r� �u�p�d�a�t�e�s� �t�h�e� �c�u�r�r�e�n�t

�s�o�l�u�t�i�o�n�,� �i�f� �t�h�i�s� �n�e�i�g�h�b�o�r� �i�s� �b�e�t�t�e�r� �t�h�a�n� �t�h�e� �b�e�s�t� �e�x�p�l�o�r�e�d� �s�o�l�u�t�i�o�n�,� �t�h�e�n� �t�h�e� �b�e�s�t

�s�o�l�u�t�i�o�n� �w�i�l�l� �b�e� �u�p�d�a�t�e�d� �a�n�d� �t�h�e� �n�e�i�g�h�b�o�r� �i�s� �a�p�p�e�n�d�e�d� �t�o� �t�h�e�T�a�b�u �l�i�s�t�.� �I�f� �t�h�e

�m�a�x�i�m�a�l� �s�i�z�e� �o�f� �T�a�b�u� �l�i�s�t� �i�s� �r�e�a�c�h�e�d�,� �t�h�e� �o�l�d�e�s�t�e�l�e�m�e�n�t� �i�s� �r�e�m�o�v�e�d�.� �W�h�e�n� �t�h�e

�n�u�m�b�e�r� �o�f� �s�u�c�c�e�s�s�i�v�e� �n�e�g�a�t�i�v�e� �i�t�e�r�a�t�i�o�n�s� �i�s� �e�q�u�a�l� �t�o� �a� �f�i�x�e�d�i�n�t�e�g�e�r� �t�h�a�t�w�e� �d�e�n�o�t�e

�b�y� �I�M�A�X�,� �t�h�e� �T�a�b�u� �S�e�a�r�c�h� �i�s� �s�t�o�p�p�e�d� �a�n�d� �t�h�e� �b�e�s�t� �s�o�l�u�t�i�o�n� �i�s� �r�e�t�u�r�n�e�d�.

�T�h�e� �n�e�i�g�h�b�o�r�h�o�o�d� �o�f� �e�a�c�h� �c�o�n�s�t�r�u�c�t�e�d� �s�o�l�u�t�i�o�n�(�f�i�g�u�r�e� �7�)�i�s� �d�i�v�i�d�e�d� �i�n�t�o�t�h�r�e�e� �s�u�b

�n�e�i�g�h�b�o�r�h�o�o�d�s� �w�h�e�r�e� �e�a�c�h� �o�n�e� �i�s� �c�o�n�s�t�r�u�c�t�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �a� �p�a�r�t�i�c�u�l�a�r� �v�i�s�i�o�n�.� �F�o�r

�t�h�e� �f�i�r�s�t� �s�u�b�-�n�e�i�g�h�b�o�r�h�o�o�d� �c�o�n�s�t�r�u�c�t�i�o�n�,� �t�h�e� �m�e�t�h�o�d� �i�s� �d�o�n�e� �b�y� �s�e�l�e�c�t�i�n�g� �a� �v�e�h�i�c�l�e

�a�n�d� �r�e�p�l�a�c�i�n�g� �i�t� �w�i�t�h� �a�n�o�t�h�e�r� �o�n�e�(�f�i�g�u�r�e� �8�)�.� �T�h�e� �w�o�u�n�d�e�d� �i�s� �b�e�i�n�g� �i�n�s�e�r�t�e�d� �i�n� �i�n

�t�h�e� �o�t�h�e�r�v�e�h�i�c�l�e�-�a�s�s�o�c�i�a�t�e�d�c�y�c�l�e�.� �F�o�r� �t�h�e� �s�e�c�o�n�d� �s�u�b�-�n�e�i�g�h�b�o�r�h�o�o�d� �c�o�n�s�t�r�u�c�t�i�o�n

�(�f�i�g�u�r�e� �9�)�,� �w�e� �s�e�l�e�c�t� �a� �v�e�h�i�c�l�e� �a�n�d� �w�e� �s�w�i�t�c�h� �o�n�l�y� �t�h�e� �a�s�s�o�c�i�a�t�e�d� �w�o�u�n�d�e�d� �w�i�t�h

�a�n�o�t�h�e�r� �w�o�u�n�d�e�d�,� �i�n� �o�t�h�e�r� �t�e�r�m� �w�e� �s�w�i�t�c�h� �s�e�r�v�i�c�e� �o�r�d�e�r� �b�e�t�w�e�e�n� �i�t�s� �a�s�s�o�c�i�a�t�e�d

�w�o�u�n�d�e�d�.� �F�o�r� �t�h�e�c�o�n�s�t�r�u�c�t�i�o�n� �o�f� �t�h�e� �t�h�i�r�d� �n�e�i�g�h�b�o�r�h�o�o�d�(�f�i�g�u�r�e� �1�0�)�,� �w�e� �s�e�l�e�c�t� �a

�v�e�h�i�c�l�e� �a�n�d� �w�e� �r�e�p�l�a�c�e� �o�n�l�y� �t�h�e� �a�s�s�o�c�i�a�t�e�d� �h�o�s�p�i�t�a�l� �w�i�t�h� �a�n�o�t�h�e�r� �a�v�a�i�l�a�b�l�e� �o�n�e� �a�n�d

�u�p�d�a�t�e� �t�h�e�i�r� �c�a�p�a�c�i�t�i�e�s�.

�N�e�i�g�h�b�o�r�h�o�o�d� �C�o�n�s�t�r�u�c�t�i�o�n�:

�A�m�b�u�l�a�n�c�e

�N�u�m�b�e�r

�W�o�u�n�d�e�d

�N�u�m�b�e�r

�H�o�s�p�i�t�a�l

�N�u�m�b�e�r

�A�m�b�u�l�a�n�c�e

�N�u�m�b�e�r

�W�o�u�n�d�e�d

�N�u�m�b�e�r

�H�o�s�p�i�t�a�l

�N�u�m�b�e�r

�A�m�b�u�l�a�n�c�e

�N�u�m�b�e�r

�W�o�u�n�d�e�d

�N�u�m�b�e�r

�H�o�s�p�i�t�a�l

�N�u�m�b�e�r

�0 �2 �1 �1 �1 �0 �1 �0 �2

�F�i�g�u�r�e�7�.�I�n�i�t�i�a�l� �S�o�l�u�t�i�o�n

�2 �2 �1 �1 �1 �0 �1 �0 �2

�F�i�g�u�r�e�8�.�N�e�i�g�h�b�o�r� �1

�0 �2 �1 �1 �0 �0 �1 �1 �2

�F�i�g�u�r�e�9�.�N�e�i�g�h�b�o�r� �2

�0 �2 �1 �1 �1 �1 �1 �0 �2

�F�i�g�u�r�e�1�0�.�N�e�i�g�h�b�o�r� �3
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�3�.�5�.�3�H�y�b�r�i�d� �A�l�g�o�r�i�t�h�m

�W�i�t�h� �t�h�e�f�o�l�l�o�w�i�n�g� �d�i�a�g�r�a�m�s� �i�n�f�i�g�u�r�e�1�1�a�n�d� �i�n�f�i�g�u�r�e�1�2�,�w�e� �p�r�e�s�e�n�t� �r�e�s�p�e�c�t�i�v�e�l�y

�o�u�r�(�G�R�A�S�P�) �p�r�o�c�e�d�u�r�e� �a�n�d� �h�y�b�r�i�d� �a�l�g�o�r�i�t�h�m� �w�i�t�h� �t�h�e� �i�n�t�e�g�r�a�t�e�d� �T�a�b�u� �S�e�a�r�c�h

�p�r�o�c�e�d�u�r�e�.

�S�e�l�e�c�t� �n�e�x�t� �i�n�j�u�r�e�d

�S�e�l�e�c�t� �r�a�n�d�o�m�l�y� �o�n�e� �o�f� �t�h�e� �n�e�a�r�e�s�t
�a�m�b�u�l�a�n�c�e�s

�S�e�l�e�c�t� �r�a�n�d�o�m�l�y� �o�n�e� �o�f� �t�h�e� �n�e�a�r�e�s�t
�h�o�s�p�i�t�a�l�s

�U�p�d�a�t�e� �d�i�s�t�a�n�c�e� �b�e�t�w�e�e�n� �s�e�l�e�c�t�e�d
�a�m�b�u�l�a�n�c�e�a�n�d� �i�n�j�u�r�e�d

�U�p�d�a�t�e� �t�h�e� �c�a�p�a�c�i�t�y� �o�f� �s�e�l�e�c�t�e�d
�h�o�s�p�i�t�a�l

�N�O

�Y�e�s
�I�f� �c�u�r�r�e�n�t� �s�o�l�u�t�i�o�n�i�s�b�e�s�t� �t�h�a�n�p�r�e�v�i�o�u�s�s�o�l�u�t�i�o�n�s� �s�a�v�e

�c�u�r�r�e�n�t� �s�o�l�u�t�i�o�n� �a�s�t�h�e� �b�e�s�t� �s�o�l�u�t�i�o�n

�Kðß�k�+�1

�I�n�i�t�i�a�l�i�z�a�t�i�o�n

�N�O

�Y�E�S �R�e�t�u�r�n� �b�e�s�t� �s�o�l�u�t�i�o�n

�A�r�e� �a�l�l� �t�h�e
�w�o�u�n�d�e�d
�s�e�c�u�r�e�d�?

�K� �=� �K�M�A�X�?

�F�i�g�u�r�e�1�1�.� �G�R�A�S�P� �A�l�g�o�r�i�t�h�m�.
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�3�.�5�.�4�E�x�p�e�r�i�m�e�n�t�a�l� �r�e�s�u�l�t�s� �a�n�d� �D�i�s�c�u�s�s�i�o�n�s

�T�h�i�s� �s�e�c�t�i�o�n� �p�r�e�s�e�n�t�s� �t�h�e� �o�b�t�a�i�n�e�d� �r�e�s�u�l�t�s� �f�o�r� �t�h�e� �i�n�s�t�a�n�c�e�s� �o�f� �t�h�e�(�I�P�A�S�R�A�)�.�A�l�l
�A�l�g�o�r�i�t�h�m�s� �a�r�e� �c�o�d�e�d� �u�s�i�n�g� �j�a�v�a�,� �t�h�e� �c�o�m�p�u�t�e�r� �u�s�e�d� �f�o�r� �s�i�m�u�l�a�t�i�o�n� �h�a�s� �a� �C�P�U� �C�o�r�e
�I�7� �2�.�4� �G�H�Z�,� �1�6� �G�B� �o�f� �R�A�M�,� �2�G�B� �d�e�d�i�c�a�t�e�d� �V�G�A� �R�A�M� �a�n�d� �5�0�0� �G�B� �S�S�D� �h�a�r�d� �d�i�s�k�.

�I�n� �T�a�b�l�e� �1�,�w�e� �p�r�e�s�e�n�t� �i�n�s�t�a�n�c�e�s� �g�e�n�e�r�a�t�e�d� �f�o�r� �s�i�m�u�l�a�t�i�o�n� �t�e�s�t�s� �a�n�d� �f�o�r� �e�a�c�h� �o�n�e

�w�e� �g�i�v�e� �t�h�e� �n�u�m�b�e�r� �o�f� �w�o�u�n�d�e�d�,� �t�h�e� �n�u�m�b�e�r� �o�f� �a�m�b�u�l�a�n�c�e�s�,� �t�h�e� �n�u�m�b�e�r� �o�f

�h�o�s�p�i�t�a�l�s� �a�n�d� �t�h�e� �c�a�p�a�c�i�t�y� �o�f� �e�a�c�h� �h�o�s�p�i�t�a�l�.� �N�o�t�e� �t�h�a�t� �f�o�r� �e�v�e�r�y� �i�n�s�t�a�n�c�e� �t�w�o� �o�t�h�e�r

�d�a�t�a� �a�r�e� �d�e�f�i�n�e�d�,� �t�h�e� �d�i�s�t�a�n�c�e�s� �b�e�t�w�e�e�n� �h�o�s�p�i�t�a�l�s� �a�n�d� �i�n�j�u�r�e�d� �a�n�d� �t�h�e� �d�i�s�t�a�n�c�e�s

�b�e�t�w�e�e�n� �a�m�b�u�l�a�n�c�e�s� �a�n�d� �i�n�j�u�r�e�d� �a�t� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� �t�h�e� �s�e�c�u�r�e� �o�p�e�r�a�t�i�o�n�.

�I�n�s�t�a�n�c�e�s� �a�r�e� �c�l�a�s�s�i�f�i�e�d� �i�n� �t�h�r�e�e� �f�a�m�i�l�i�e�s� �F�1�,� �F�2� �a�n�d� �F�3�.� �F�1� �c�o�n�t�a�i�n�s� �i�n�s�t�a�n�c�e�s� �w�i�t�h

�G�e�n�e�r�a�t�e� �i�n�i�t�i�a�l� �s�o�l�u�t�i�o�n� �b�y� �G�R�A�S�P

�I�n�i�t�i�a�l�i�z�e� �c�u�r�r�e�n�t� �s�o�l�u�t�i�o�n� �a�n�d� �b�e�s�t
�s�o�l�u�t�i�o�n� �b�y� �i�n�i�t�i�a�l� �s�o�l�u�t�i�o�n

�I�n�i�t�i�a�l�i�z�e� �s�e�a�r�c�h� �p�a�r�a�m�e�t�e�r�s

�N�e�i�g�h�b�o�r�h�o�o�d� �c�o�n�s�t�r�u�c�t�i�o�n

�S�e�l�e�c�t�i�o�n� �o�f� �b�e�s�t� �n�o�n� �T�a�b�u� �n�e�i�g�h�b�o�r

�U�p�d�a�t�e� �c�u�r�r�e�n�t� �s�o�l�u�t�i�o�n�,� �b�e�s�t
�s�o�l�u�t�i�o�n� �a�n�d� �t�a�b�u� �l�i�s�t

�I�f� �t�h�e� �b�e�s�t� �s�o�l�u�t�i�o�n� �i�s� �i�m�p�r�o�v�e�d

�Iðß�0� �e�l�s�e� �Iðß�I� �+� �1

�I� �=� �I�M�A�X�?�N�O �Y�E�S

�Zðß�Z� �+�1

�Z� �=� �Z�m�a�x�? �Y�E�S

�N�O �R�e�t�u�r�n� �b�e�s�t
�s�o�l�u�t�i�o�n

�F�i�g�u�r�e�1�2�.� �H�y�b�r�i�d�G�R�A�S�P�-�T�S�p�r�o�c�e�d�u�r�e�.
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�a� �n�u�m�b�e�r� �o�f� �i�n�j�u�r�e�d� �e�q�u�a�l� �t�o� �1�0� �o�r� �1�5� �w�o�u�n�d�e�d�,� �F�2� �c�o�n�t�a�i�n�s� �i�n�s�t�a�n�c�e�s� �o�f� �2�0�,� �3�0� �o�r

�5�0� �i�n�j�u�r�e�d� �a�n�d� �F�3� �i�s� �t�h�e� �f�a�m�i�l�y� �c�o�n�t�a�i�n�i�n�g� �i�n�s�t�a�n�c�e�s� �o�f� �m�o�r�e� �t�h�a�n� �5�0� �w�o�u�n�d�e�d�.

�T�h�e� �d�e�v�i�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �C�P�L�E�X� �s�o�l�u�t�i�o�n� �a�n�d� �t�h�e� �s�o�l�u�t�i�o�n� �g�i�v�e�n� �b�y� �h�y�b�r�i�d

�a�l�g�o�r�i�t�h�m� �i�s� �c�a�l�c�u�l�a�t�e�d� �b�y�:

�G�a�p�=
�. �. �.

�.

�V�.�H�.�A�:�V�a�l�u�e� �g�i�v�e�n� �b�y� �H�y�b�r�i�d� �A�l�g�o�r�i�t�h�m

�V�.�C�:�V�a�l�u�e� �g�i�v�e�n� �b�y� �C�P�L�E�X

�I�n �t�a�b�l�e� �2�,� �w�e� �p�r�e�s�e�n�t� �t�h�e� �n�u�m�e�r�i�c�a�l� �r�e�s�u�l�t�s� �f�o�r� �c�a�p�a�c�i�t�a�t�e�d�(�I�P�A�S�R�A�)�.� �T�h�e
�s�i�m�u�l�a�t�i�o�n� �t�e�s�t�s� �o�f� �n�o�n�-�c�a�p�a�c�i�t�a�t�e�d�(�I�P�A�S�R�A�)�a�r�e� �p�r�e�s�e�n�t�e�d� �i�n�t�a�b�l�e� �3�.

�C�o�n�s�i�d�e�r� �n�o�w� �t�h�e� �c�a�p�a�c�i�t�a�t�e�d�(�I�P�A�S�R�A�)�.� �F�o�r� �i�n�s�t�a�n�c�e�s� �o�f� �f�a�m�i�l�y� �F�1�,� �t�h�e� �g�a�p� �i�s

�b�e�t�w�e�e�n� �0�%� �a�n�d� �0�.�9�4�%� �a�n�d� �t�h�e� �p�r�o�c�e�s�s�i�n�g� �t�i�m�e� �i�s� �l�e�s�s� �t�h�a�n� �6� �m�i�n�.� �A�l�l� �t�h�e� �s�o�l�u�t�i�o�n�s

�g�i�v�e�n� �b�y� �C�P�L�E�X� �a�r�e� �o�p�t�i�m�a�l�.� �F�r�o�m�t�w�e�l�v�e�i�n�s�t�a�n�c�e�s�,�n�i�n�e�s�o�l�u�t�i�o�n�s� �c�a�l�c�u�l�a�t�e�d� �b�y

�h�y�b�r�i�d� �a�l�g�o�r�i�t�h�m� �a�r�e� �o�p�t�i�m�a�l� �a�n�d�e�i�g�h�t�f�r�o�m� �t�h�e�m� �a�r�e� �g�i�v�e�n� �i�n� �l�e�s�s� �t�h�a�n� �8� �s�e�c�.� �F�o�r

�F�a�m�i�l�y� �F�2�,� �I�n�s�t�1�3�,� �I�n�s�t�1�4�,� �I�n�s�t�1�5� �a�n�d� �I�n�s�t�1�6� �a�r�e� �s�o�l�v�e�d� �o�p�t�i�m�a�l�l�y� �b�y� �C�P�L�E�X� �a�n�d

�t�h�e� �d�e�v�i�a�t�i�o�n� �b�e�t�w�e�e�n� �C�P�L�E�X� �s�o�l�u�t�i�o�n�a�n�d� �s�o�l�u�t�i�o�n� �g�i�v�e�n� �b�y� �h�y�b�r�i�d� �a�l�g�o�r�i�t�h�m� �i�s

�l�e�s�s� �t�h�a�n� �2�%�.� �T�h�e�s�e� �s�o�l�u�t�i�o�n�s� �a�r�e� �g�i�v�e�n� �i�n� �l�e�s�s� �t�h�a�n� �2�3� �s�e�c�.� �F�o�r� �t�h�e� �o�t�h�e�r�s� �i�n�s�t�a�n�c�e�s

�o�f� �F�2� �t�h�e� �p�r�o�c�e�s�s�i�n�g� �t�i�m�e� �i�s� �l�i�m�i�t�e�d� �t�o� �3�6�0�0� �s�e�c�s� �a�n�d� �e�x�c�e�p�t�i�n�g� �I�n�s�t�2�7� �a�n�d� �I�n�s�t�3�0�,

�t�h�e� �C�P�L�E�X� �g�a�p� �i�s� �l�e�s�s� �t�h�a�n� �6� �%�.� �F�o�r� �I�n�s�t�2�7� �a�n�d� �I�n�s�t�3�0� �t�h�e� �C�P�L�E�X� �g�a�p�s� �a�r�e

�r�e�s�p�e�c�t�i�v�e�l�y� �e�q�u�a�l�s� �t�o� �9�.�5�9�%� �a�n�d� �2�0�.�8�8�%�.� �T�h�e� �d�e�v�i�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e�s�e� �s�o�l�u�t�i�o�n�s

�a�n�d� �s�o�l�u�t�i�o�n�s� �g�i�v�e�n� �b�y� �h�y�b�r�i�d� �a�l�g�o�r�i�t�h�m� �i�s� �b�e�t�w�e�e�n�-�1�3�%� �a�n�d� �1�2�%�.� �F�o�r� �t�h�e

�i�n�s�t�a�n�c�e�s� �o�f� �F�a�m�i�l�y� �F�3�,� �t�h�e� �C�P�L�E�X� �g�a�p�s� �o�f� �i�n�s�t�3�1�,� �i�n�s�t�3�2� �a�n�d� �i�n�t�3�3� �a�r�e� �r�e�s�p�e�c�t�i�v�e�l�y

�6�.�1�1� �%�,� �9�.�7�3� �%� �a�n�d� �1�2�.�6�2� �%�.� �T�h�e� �d�e�v�i�a�t�i�o�n�s� �b�e�t�w�e�e�n� �C�P�L�E�X� �s�o�l�u�t�i�o�n�s� �a�n�d� �t�h�e

�s�o�l�u�t�i�o�n�s� �o�f� �h�y�b�r�i�d� �a�l�g�o�r�i�t�h�m� �a�r�e� �r�e�s�p�e�c�t�i�v�e�l�y� �5�.�1�3� �%�,� �3�.�6�2� �%� �a�n�d�-�1�.�9�7� �%�.� �T�h�e�s�e

�d�e�v�i�a�t�i�o�n�s� �a�r�e� �r�e�a�c�h�e�d� �a�f�t�e�r� �1�0�8�0�0� �s�e�c�s� �o�f� �r�u�n�n�i�n�g� �t�i�m�e�.� �F�o�r� �i�n�s�t�a�n�c�e�s� �f�r�o�m� �I�n�s�t�3�4

�t�o� �I�n�s�t�4�0�n�o� �s�o�l�u�t�i�o�n� �i�s� �g�i�v�e�n� �b�y� �C�P�L�E�X� �s�o�l�v�e�r� �a�f�t�e�r� �1�0�8�0�0� �s�e�c�s� �o�f� �p�r�o�c�e�s�s�i�n�g� �t�i�m�e�.

�F�o�r� �I�n�s�t�4�1�,� �I�n�s�t�4�2� �a�n�d� �I�n�s�t�4�3� �n�o� �s�o�l�u�t�i�o�n� �i�s� �r�e�t�u�r�n�e�d� �b�e�c�a�u�s�e� �o�f� �t�h�e�  ��o�u�t� �o�f

�m�e�m�o�r�y ��.

�N�o�t�e� �t�h�a�t� �d�e�v�i�a�t�i�o�n� �b�e�t�w�e�e�n� �C�P�L�E�X� �s�o�l�u�t�i�o�n�s� �a�n�d� �h�y�b�r�i�d� �a�l�g�o�r�i�t�h�m� �s�o�l�u�t�i�o�n�s� �i�s

�n�e�g�a�t�i�v�e� �w�h�e�n� �t�h�e�s�o�l�u�t�i�o�n� �g�i�v�e�n� �b�y� �h�y�b�r�i�d� �a�l�g�o�r�i�t�h�m� �i�s� �b�e�t�t�e�r� �t�h�a�n� �t�h�e� �o�n�e� �g�i�v�e�n

�b�y� �C�P�L�E�X�.� �N�o�t�e� �a�l�s�o� �t�h�a�t� �s�o�l�u�t�i�o�n�s� �g�i�v�e�n� �b�y� �C�P�L�E�X� �a�r�e� �n�o�t� �o�p�t�i�m�a�l� �f�o�r� �s�o�m�e

�i�n�s�t�a�n�c�e�s� �b�e�c�a�u�s�e� �o�f� �m�e�m�o�r�y� �l�i�m�i�t� �o�r� �p�r�o�c�e�s�s�i�n�g� �t�i�m�e� �l�i�m�i�t�a�t�i�o�n�.



�P�a�r�t� �I�I � �M�O�D�E�L�L�I�N�G� �A�N�D� �R�E�S�E�A�R�C�H� �M�E�T�H�O�D�O�L�O�G�Y �C�h�a�p�t�e�r�I�I�I

�7�0

�T�a�b�l�e�1�.� �P�r�o�b�l�e�m� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.

�F�a�m�i�l�y�I�n�s�t�a�n�c�e�|�P�| �|�H�| �|�A�|

�F�1

�I�n�s�t�1 �1�0 �2 �1
�I�n�s�t�2 �1�0 �3 �1
�I�n�s�t�3 �1�0 �2 �2
�I�n�s�t�4 �1�0 �3 �2
�I�n�s�t�5 �1�0 �2 �3
�I�n�s�t�6 �1�0 �3 �3
�I�n�s�t�7 �1�5 �2 �1
�I�n�s�t�8 �1�5 �3 �1
�I�n�s�t�9 �1�5 �2 �2
�I�n�s�t�1�0 �1�5 �3 �2
�I�n�s�t�1�1 �1�5 �2 �3
�I�n�s�t�1�2 �1�5 �3 �3

�F�2

�I�n�s�t�1�3 �2�0 �2 �1
�I�n�s�t�1�4 �2�0 �3 �1
�I�n�s�t�1�5 �2�0 �4 �1
�I�n�s�t�1�6 �2�0 �2 �2
�I�n�s�t�1�7 �2�0 �3 �2
�I�n�s�t�1�8 �2�0 �4 �2
�I�n�s�t�1�9 �2�0 �2 �3
�I�n�s�t�2�0 �2�0 �3 �3
�I�n�s�t�2�1 �2�0 �4 �3
�I�n�s�t�2�2 �2�0 �2 �4
�I�n�s�t�2�3 �2�0 �3 �4
�I�n�s�t�2�4 �2�0 �4 �4
�I�n�s�t�2�5 �3�0 �4 �4
�I�n�s�t�2�6 �3�0 �5 �4
�I�n�s�t�2�7 �3�0 �6 �4
�I�n�s�t�2�8 �5�0 �4 �4
�I�n�s�t�2�9 �5�0 �6 �4
�I�n�s�t�3�0 �5�0 �8 �4

�F�3

�I�n�s�t�3�1 �7�0 �5 �4
�I�n�s�t�3�2 �7�0 �8 �4
�I�n�s�t�3�3 �7�0 �9 �4
�I�n�s�t�3�4 �1�0�0 �5 �5
�I�n�s�t�3�5 �1�0�0 �8 �5
�I�n�s�t�3�6 �1�0�0 �1�0 �5
�I�n�s�t�3�7 �1�5�0 �8 �5
�I�n�s�t�3�8 �1�5�0 �1�0 �5
�I�n�s�t�3�9 �1�5�0 �1�2 �5
�I�n�s�t�4�0 �2�0�0 �1�0 �5
�I�n�s�t�4�1 �2�0�0 �1�5 �5
�I�n�s�t�4�2 �2�0�0 �2�0 �5



�P�a�r�t� �I�I � �M�O�D�E�L�L�I�N�G� �A�N�D� �R�E�S�E�A�R�C�H� �M�E�T�H�O�D�O�L�O�G�Y �C�h�a�p�t�e�r�I�I�I

�7�1

�T�a�b�l�e�2�.�C�o�m�p�a�r�i�s�o�n� �o�f� �o�b�t�a�i�n�e�d� �r�e�s�u�l�t�s� �o�f� �a�p�p�l�i�e�d� �m�e�t�h�o�d�s� �w�i�t�h� �c�a�p�a�c�i�t�y� �c�o�n�s�t�r�a�i�n�t�.

�I�n�s�t�a�n�c�e� �I�D
�C�P�L�E�X

�V�a�l�u�e� �(�s�e�c�)
�G�R�A�S�P�-�T�S
�V�a�l�u�e� �(�s�e�c�)

�C�P�L�E�X
�C�P�U� �(�s�e�c�)

�T�S�-�G�R�A�S�P
�C�P�U� �(�s�e�c�)

�C�P�L�E�X
�G�A�P

�T�S�-
�G�R�A�S�P

�G�A�P

�F�1

�I�n�s�t�1 �1�1�5�0�3 �1�1�5�0�3 �<� �1 �<� �1 �0�% �0�%
�I�n�s�t�2 �3�9�7�5 �3�9�7�5 �<� �1 �2 �0�% �0�%
�I�n�s�t�3 �2�7�8�2 �2�7�8�2 �2�.�8 �4�8 �0�% �0�%
�I�n�s�t�4 �3�7�7�6 �3�7�7�6 �0�.�8�1 �6 �0�% �0�%
�I�n�s�t�5 �4�8�7�0 �4�8�7�0 �1�.�2 �5 �0�% �0�%
�I�n�s�t�6 �2�9�4�3 �2�9�4�3 �7�.�6�4 �3�1�7 �0�% �0�%
�I�n�s�t�7 �4�6�7�5 �4�6�7�5 �0�.�5�2 �8�8 �0�% �0�%
�I�n�s�t�8 �1�3�0�2�3 �1�3�0�2�3 �0�.�3�1 �3�2 �0�% �0�%
�I�n�s�t�9 �2�3�2�8 �2�3�2�8 �1�7�2�.�2�9 �2�3�4 �0�% �0�%
�I�n�s�t�1�0 �8�7�1�9 �8�7�2�1 �1�2�3�.�0�7 �4�8 �0�% �0�.�0�2�%
�I�n�s�t�1�1 �3�0�2�3 �3�0�2�4 �5�3�.�1�3 �1�0�4 �0�% �0�.�0�3�%
�I�n�s�t�1�2 �1�8�0�1 �1�8�1�8 �3�5�5�.�7 �3�1�3 �0 �0�.�9�4�%

�F�2

�I�n�s�t�1�3 �1�6�8�1�6 �1�6�8�1�6 �<� �1 �3�8�7 �0�% �0�%
�I�n�s�t�1�4 �2�3�4�8�7 �2�3�4�8�7 �<� �1 �9�9 �0�% �0�%
�I�n�s�t�1�5 �2�8�9�2 �2�9�4�8 �<� �1 �7�1 �0�% �1�.�9�4�%
�I�n�s�t�1�6 �3�4�9�7 �3�4�9�9 �2�3 �2�4 �0�% �0�.�0�6�%
�I�n�s�t�1�7 �6�7�3�3 �6�7�9�2 �3�6�0�0 �1�9�5 �1�.�2�6�% �0�.�8�8�%
�I�n�s�t�1�8 �8�5�9�4 �8�7�5�3 �3�6�0�0 �1�6�4 �0�.�0�2�% �1�.�8�5�%
�I�n�s�t�1�9 �1�0�4�6�7 �1�0�4�6�3 �3�6�0�0 �5 �2�.�5�2�% �-�0�.�0�4�%
�I�n�s�t�2�0 �1�7�6�2 �1�7�7�7 �3�6�0�0 �5�4 �0�.�5�1�% �0�.�8�5�%
�I�n�s�t�2�1 �2�3�8�4 �2�4�1�3 �3�6�0�0 �1�6�3 �0�.�3�4�% �1�.�2�2�%
�I�n�s�t�2�2 �8�0�9�5 �8�0�8�5 �3�6�0�0 �3�7�6 �1�.�1�7�% �-�0�.�1�2�%
�I�n�s�t�2�3 �6�2�1�0 �6�1�6�5 �3�6�0�0 �3�8 �0�.�8�1�% �-�0�.�7�2�%
�I�n�s�t�2�4 �6�1�5�0 �6�1�1�3 �3�6�0�0 �9�4 �3�.�8�4�% �-�0�.�6�%
�I�n�s�t�2�5 �6�4�5�0 �6�4�8�7 �3�6�0�0 �3�2�9 �1�.�0�1�% �0�.�5�7�%
�I�n�s�t�2�6 �3�5�7�2 �3�5�4�1 �3�6�0�0 �1�1�1 �5�.�4�9�% �-�0�.�8�7�%
�I�n�s�t�2�7 �3�3�2�5 �3�4�4�4 �3�6�0�0 �1�0�8 �9�.�5�9�% �3�.�5�8�%
�I�n�s�t�2�8 �8�9�4�9 �9�6�6�4 �3�6�0�0 �3�8�7 �1�.�7�4�% �7�.�9�9�%
�I�n�s�t�2�9 �4�2�7�0 �4�7�6�2 �3�6�0�0 �2�4�5 �3�.�0�9�% �1�1�.�5�2�%
�I�n�s�t�3�0 �6�5�9�0 �5�7�7�9 �3�6�0�0 �2�4�2 �2�1�.�8�8�%�-�1�2�.�3�1�%

�F�3

�I�n�s�t�3�1 �8�4�3�3 �8�8�6�6 �1�0�8�0�0 �6�1 �6�.�1�1�% �5�.�1�3�%
�I�n�s�t�3�2 �7�4�9�0 �7�7�6�1 �1�0�8�0�0 �1�8�8 �9�.�7�3�% �3�.�6�2�%
�I�n�s�t�3�3 �7�9�2�6 �7�7�7�0 �1�0�8�0�0 �2�0�0 �1�2�.�6�2�%�-�1�.�9�7�%
�I�n�s�t�3�4 �N�.�S �1�5�5�5�2 �1�0�8�0�0 �4�0
�I�n�s�t�3�5 �N�.�S �4�9�2�4 �1�0�8�0�0 �2�7�9
�I�n�s�t�3�6 �N�.�S �9�4�9�8 �1�0�8�0�0 �5�7�0
�I�n�s�t�3�7 �N�.�S �1�5�4�3�8 �1�0�8�0�0 �7�3�4
�I�n�s�t�3�8 �N�.�S �1�7�2�4�9 �1�0�8�0�0 �3�0�5
�I�n�s�t�3�9 �N�.�S �1�0�1�5�9 �1�0�8�0�0 �6�3�4
�I�n�s�t�4�0 �N�.�S�-�O�.�M �2�0�1�9�7 �9�6�7�3 �8�6�6
�I�n�s�t�4�1 �N�.�S�-�O�.�M �1�6�0�1�7 �<� �1 �6�2�5
�I�n�s�t�4�2 �N�.�S�-�O�.�M �7�8�7�4 �<� �1 �8�2�0
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�7�2

�C�o�n�s�i�d�e�r� �n�o�w� �t�h�e� �n�o�n�-�c�a�p�a�c�i�t�a�t�e�d�(�I�P�A�S�R�A�) �g�i�v�e�n� �i�n� �t�a�b�l�e� �3�.� �S�t�a�r�t�i�n�g� �w�i�t�h

�i�n�s�t�a�n�c�e�s� �o�f� �f�a�m�i�l�y� �F�1�,� �t�h�e� �C�P�L�E�X� �g�a�p� �i�s� �b�e�t�w�e�e�n� �0�.�8�%� �a�n�d� �1�.�7�8� �%�,� �1�0� �o�f� �1�2

�i�n�s�t�a�n�c�e�s� �w�e�r�e� �o�p�t�i�m�a�l�,� �8� �o�f� �t�h�e�m� �w�e�r�e� �g�i�v�e�n� �i�n� �l�e�s�s� �t�h�a�n� �3� �m�i�n�u�t�e�s� �a�n�d� �t�h�e

�r�e�m�a�i�n�i�n�g� �2� �w�e�r�e� �g�i�v�e�n� �i�n� �l�e�s�s� �t�h�a�n� �4�4� �m�i�n�u�t�e�s�,� �I�n�s�t�7� �a�n�d� �I�n�s�t�1�1� �d�i�d�n ��t� �a�t�t�a�i�n

�o�p�t�i�m�a�l�i�t�y� �a�f�t�e�r� �a� �f�i�x�e�d� �p�r�o�c�e�s�s�i�n�g� �t�i�m�e� �o�f� �1� �h�o�u�r� �w�i�t�h� �a� �g�a�p� �e�q�u�a�l�s� �t�o� �1�.�7�8� �%� �a�n�d

�0�.�1�7� �%� �r�e�s�p�e�c�t�i�v�e�l�y�.� �W�i�t�h� �t�h�e� �h�y�b�r�i�d� �a�l�g�o�r�i�t�h�m�,� �f�r�o�m� �a� �t�o�t�a�l� �o�f� �1�2� �i�n�s�t�a�n�c�e�s�,� �9

�w�e�r�e� �o�p�t�i�m�a�l� �i�n� �l�e�s�s� �t�h�a�n� �3� �m�i�n�u�t�e�s�.� �F�o�r� �b�o�t�h� �I�n�s�t�7� �a�n�d� �1� �I�n�s�t� �1� �t�h�e� �h�y�b�r�i�d

�a�l�g�o�r�i�t�h�m� �p�r�o�d�u�c�e�s� �e�x�a�c�t�l�y� �t�h�e� �s�a�m�e� �v�a�l�u�e� �a�s� �C�P�L�E�X� �i�n� �l�e�s�s� �t�h�a�n� �5� �s�e�c�.� �F�i�n�a�l�l�y�,� �f�o�r

�I�n�s�t�1�1�,� �a� �d�e�v�i�a�t�i�o�n� �o�f� �0�.�1�4�%� �w�a�s� �g�i�v�e�n� �b�y� �h�y�b�r�i�d� �a�l�g�o�r�i�t�h�m� �w�i�t�h� �a� �p�r�o�c�e�s�s�i�n�g� �t�i�m�e

�e�q�u�a�l� �t�o� �3�8� �s�e�c�s�.� �C�o�n�t�i�n�u�i�n�g� �w�i�t�h� �F�2� �f�a�m�i�l�y�,� �I�n�s�t�1�3�,� �I�n�s�t�1�4�,� �I�n�s�t�1�7�,� �I�n�s�t�2�0�,� �I�n�s�t�2�1�,

�I�n�s�t�2�6� �a�n�d� �I�n�s�t�2�7� �w�e�r�e� �s�o�l�v�e�d�o�p�t�i�m�a�l�l�y� �b�y� �C�P�L�E�X� �i�n� �l�e�s�s� �t�h�a�n� �3�4�5� �s�e�c�s� �a�n�d� �t�h�e

�d�e�v�i�a�t�i�o�n� �b�e�t�w�e�e�n� �C�P�L�E�X� �s�o�l�u�t�i�o�n�s� �a�n�d� �t�h�e� �s�o�l�u�t�i�o�n�s� �g�i�v�e�n� �b�y� �h�y�b�r�i�d� �a�l�g�o�r�i�t�h�m

�i�s� �e�q�u�a�l� �t�o� �0�%� �f�o�r� �a�l�l� �i�n�s�t�a�n�c�e�s� �e�x�c�e�p�t� �f�o�r� �I�n�s�t�2�7� �w�h�e�r�e� �t�h�e� �d�e�v�i�a�t�i�o�n� �i�s� �e�q�u�a�l� �t�o

�3�.�1�3� �%�,� �a�l�l� �t�h�e�s�e� �s�o�l�u�t�i�o�n�s� �a�r�e� �g�i�v�e�n� �i�n� �l�e�s�s�t�h�a�n� �6� �m�i�n�u�t�e�s�.� �F�o�r� �i�n�s�t�a�n�c�e�s� �I�n�s�t�1�5�,

�I�n�s�t�1�6�,� �I�n�s�t�1�8�,� �I�n�s�t�1�9�,� �I�n�s�t�2�2�,� �I�n�s�t�2�3�,� �I�n�s�t�2�4�,� �I�n�s�t�2�5�,� �I�n�s�t�2�8�,� �I�n�s�t�2�9� �a�n�d� �I�n�s�t�3�0� �t�h�e

�C�P�L�E�X� �g�a�p� �i�s� �b�e�t�w�e�e�n� �0�.�0�7� �%� �a�n�d� �1�0�.�9�1� �%�.� �T�h�e� �d�e�v�i�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e�s�e� �s�o�l�u�t�i�o�n�s

�a�n�d� �s�o�l�u�t�i�o�n�s� �g�i�v�e�n� �b�y� �h�y�b�r�i�d� �a�l�g�o�r�i�t�h�m� �i�s� �b�e�t�w�e�e�n�-�3�.�7�5� �%� �a�n�d� �4� �%�.� �E�n�d�i�n�g� �w�i�t�h

�i�n�s�t�a�n�c�e�s� �o�f� �f�a�m�i�l�y� �F�3�,� �t�h�e� �C�P�L�E�X� �g�a�p�s� �o�f� �I�n�s�t�3�1� �a�n�d� �I�n�s�t�3�2� �a�r�e� �r�e�s�p�e�c�t�i�v�e�l�y� �0�.�0�6

�%� �a�n�d� �1�.�9�1� �%�.� �F�o�r� �I�n�s�t�3�3� �t�h�e� �C�P�L�E�X� �g�a�p� �i�s� �e�q�u�a�l� �t�o� �6�4�.�6�8� �%�,� �t�h�e�s�e� �s�o�l�u�t�i�o�n�s� �w�e�r�e

�a�t�t�a�i�n�e�d� �a�f�t�e�r� �1�0�8�0�0� �s�e�c�s� �o�f� �C�P�U� �C�o�n�s�u�m�i�n�g� �t�i�m�e�.� �T�h�e� �d�e�v�i�a�t�i�o�n�s� �b�e�t�w�e�e�n� �t�h�e�s�e

�s�o�l�u�t�i�o�n�s� �a�n�d� �t�h�e� �s�o�l�u�t�i�o�n�s� �p�r�o�d�u�c�e�d� �b�y� �t�h�e� �h�y�b�r�i�d� �a�l�g�o�r�i�t�h�m� �a�r�e� �e�q�u�a�l� �t�o� �2�.�8�6� �%�,

�0�.�5�5� �%� �a�n�d�-�6�0�.�8�1� �%� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e�s�e� �s�o�l�u�t�i�o�n�s� �a�r�e� �r�e�a�c�h�e�d� �i�n� �l�e�s�s� �t�h�a�n� �6

�m�i�n�u�t�e�s� �o�f� �p�r�o�c�e�s�s�i�n�g� �t�i�m�e�.� �F�o�r� �i�n�s�t�a�n�c�e�s� �I�n�s�t�3�4�,� �I�n�s�t�3�5�,� �I�n�s�t�3�6�,� �I�n�s�t�3�7�,� �I�n�s�t�3�8�,

�I�n�s�t�3�9� �a�n�d� �I�n�s�t�4�0� �t�h�e�r�e� �i�s� �n�o� �s�o�l�u�t�i�o�n� �g�i�v�e�n� �b�y� �C�P�L�E�X� �a�f�t�e�r� �1�0�8�0�0� �s�e�c�s� �a�n�d� �f�i�n�a�l�l�y

�f�o�r� �I�n�s�t�4�1� �n�o� �s�o�l�u�t�i�o�n� �i�s� �r�e�t�u�r�n�e�d� �d�u�e� �t�o�  ��o�u�t� �o�f� �m�e�m�o�r�y �� �b�u�t� �w�i�t�h� �a� �p�r�o�c�e�s�s�i�n�g

�t�i�m�e� �e�q�u�a�l� �t�o� �1�4�9�9� �s�e�c�,� �m�e�a�n�w�h�i�l�e� �f�o�r� �i�n�s�t�4�2� �t�h�e�  ��n�o� �s�o�l�u�t�i�o�n� �o�u�t� �o�f� �m�e�m�o�r�y �� �i�s

�r�e�t�u�r�n�e�d� �d�i�r�e�c�t�l�y�.

�W�e� �S�h�o�u�l�d� �n�o�t�e� �h�e�r�e� �t�h�a�t� �w�h�e�n� �t�h�e� �d�e�v�i�a�t�i�o�n� �b�e�t�w�e�e�n� �C�P�L�E�X� �s�o�l�u�t�i�o�n�s� �a�n�d

�H�y�b�r�i�d� �s�o�l�u�t�i�o�n�s� �i�s� �n�e�g�a�t�i�v�e�,� �i�t� �m�e�a�n�s� �t�h�a�t� �t�h�e� �p�r�o�d�u�c�e�d� �s�o�l�u�t�i�o�n�s� �b�y� �h�y�b�r�i�d

�a�l�g�o�r�i�t�h�m� �i�s� �b�e�t�t�e�r� �t�h�a�n� �t�h�e� �o�n�e�s� �p�r�o�d�u�c�e�d� �b�y� �C�P�L�E�X� �w�h�i�c�h� �a�r�e� �n�o�t� �o�p�t�i�m�a�l� �d�u�e

�t�o� �p�r�o�c�e�s�s�i�n�g� �t�i�m�e� �l�i�m�i�t�a�t�i�o�n� �o�r� �d�u�e� �t�o� �m�e�m�o�r�y� �l�i�m�i�t�a�t�i�o�n�.
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�T�a�b�l�e�3�.�C�o�m�p�a�r�i�s�o�n� �o�f� �o�b�t�a�i�n�e�d� �r�e�s�u�l�t�s� �o�f� �a�p�p�l�i�e�d� �m�e�t�h�o�d�s� �w�i�t�h�o�u�t� �c�a�p�a�c�i�t�y� �c�o�n�s�t�r�a�i�n�t�.

�I�n�s�t�a�n�c�e� �I�D �C�-�V�A�L� �(�s�e�c�)
�H�-�V�A�L

�(�s�e�c�)
�C�-�C�P�U
�(�s�e�c�)

�H�-�C�P�U� �(�s�e�c�)
�C�-

�G�A�P
�H�-�G�A�P

�F�1

�I�n�s�t�1 �1�1�2�7�5 �1�1�2�7�5 �<� �1 �<� �1 �0�% �0�%
�I�n�s�t�2 �9�4�8 �9�4�8 �<� �1 �<� �1 �0�% �0�%
�I�n�s�t�3 �2�2�5�9 �2�2�5�9 �<� �1 �<� �1 �0�% �0�%
�I�n�s�t�4 �3�5�9�5 �3�5�9�5 �<� �1 �<� �1 �0�% �0�%
�I�n�s�t�5 �4�8�3�9 �4�8�3�9 �2�5�9�5 �<� �1 �0�% �0�%
�I�n�s�t�6 �1�8�7�8 �1�8�7�8 �3 �<� �1 �0�% �0�%
�I�n�s�t�7 �3�4�8�7 �3�4�8�7 �3�6�0�0 �<� �1 �1�.�7�8�% �0�%
�I�n�s�t�8 �9�8�5�6 �9�8�5�6 �<� �1 �<� �1 �0�% �0�%
�I�n�s�t�9 �2�3�2�5 �2�3�2�5 �6�9 �5 �0�% �0�%
�I�n�s�t�1�0 �8�6�0�2 �8�6�1�4 �1�0�1�8 �3�8 �0�% �0�.�1�4�%
�I�n�s�t�1�1 �2�9�5�0 �2�9�5�0 �3�6�0�0 �5 �0�.�1�7�% �0�%
�I�n�s�t�1�2 �1�7�9�9 �1�7�9�9 �1�5�1 �1�7�0 �0�% �0�%

�F�2

�I�n�s�t�1�3 �1�1�3�3�8 �1�1�3�3�8 �2�.�6�4 �<� �1 �0�% �0�%
�I�n�s�t�1�4 �9�0�3�0 �9�0�3�0 �1�.�3�9 �<� �1 �0�% �0�%
�I�n�s�t�1�5 �2�8�2�6 �2�8�4�4 �3�6�0�0 �1�4�5 �0�.�0�7�% �0�.�6�4�%
�I�n�s�t�1�6 �2�3�9�8 �2�3�9�8 �3�6�0�0 �9 �0�.�5�4�% �0�%
�I�n�s�t�1�7 �1�1�3�1 �1�1�3�1 �4�1 �<�1 �0�% �0�%
�I�n�s�t�1�8 �7�9�7�1 �7�9�7�1 �3�6�0�0 �5�1 �0�.�8�4�% �0�%
�I�n�s�t�1�9 �1�0�4�6�3 �1�0�4�6�3 �3�6�0�0 �1�2 �4�.�7�3�% �0�%
�I�n�s�t�2�0 �8�5�2 �8�5�2 �6�6 �<� �1 �0�% �0�%
�I�n�s�t�2�1 �1�2�1�3 �1�2�1�3 �2�9�9 �3�4�5 �0�% �0�%
�I�n�s�t�2�2 �7�1�2�3 �7�1�2�3 �3�6�0�0 �4 �3�.�4�7�% �0�%
�I�n�s�t�2�3 �6�1�2�2 �6�1�0�1 �3�6�0�0 �6�3 �1�.�0�8�% �-�0�.�3�4�%
�I�n�s�t�2�4 �4�0�7�7 �4�0�9�9 �3�6�0�0 �2�3�7 �1�.�0�3�% �0�.�5�4�%
�I�n�s�t�2�5 �5�1�5�8 �5�1�3�3 �3�6�0�0 �2�8�1 �3�.�7�6�%�-�0�.�4�8�%
�I�n�s�t�2�6 �7�3�2 �7�3�2 �4�3 �4�5 �0�% �0�%
�I�n�s�t�2�7 �9�9�2 �1�0�2�3 �9�6 �1�3 �0�% �3�.�1�3�%
�I�n�s�t�2�8 �6�0�4�5 �6�1�2�6 �3�6�0�0 �2�8�7 �0�.�8�8�% �1�.�3�4�%
�I�n�s�t�2�9 �3�9�0�4 �3�7�4�8 �3�6�0�0 �2�4�1 �1�0�.�9�1�% �-�4�%
�I�n�s�t�3�0 �3�4�1�6 �3�2�8�8 �3�6�0�0 �3�1�7 �5�.�5�0�% �-�3�.�7�5�%

�F�3

�I�n�s�t�3�1 �1�7�3�2 �1�8�3�2 �1�0�8�0�0 �3�1�4 �0�.�0�6�% �2�.�8�6�%
�I�n�s�t�3�2 �2�1�9�8 �2�2�1�0 �1�0�8�0�0 �1�1�3 �1�.�9�1�%�0�.�5�5�%
�I�n�s�t�3�3 �9�4�6�5 �3�7�0�9 �1�0�8�0�0 �1�2�1 �6�4�.�6�8�% �-

�6�0�.�8�1�%�I�n�s�t�3�4 �N�.�S �9�5�6�4 �1�0�8�0�0 �3�1�7
�I�n�s�t�3�5 �N�.�S �1�6�1�0 �1�0�8�0�0 �2�5
�I�n�s�t�3�6 �N�.�S �7�4�8�0 �1�0�8�0�0 �2�1�6
�I�n�s�t�3�7 �N�.�S �2�1�1�0 �1�0�8�0�0 �2�7�4
�I�n�s�t�3�8 �N�.�S �1�7�2�4�9 �1�0�8�0�0 �3�0�5
�I�n�s�t�3�9 �N�.�S �3�5�6�4 �1�0�8�0�0 �7�0�9
�I�n�s�t�4�0 �N�.�S �2�6�2�9 �1�0�8�0�0 �4�1�4
�I�n�s�t�4�1 �N�.�S � �O�.�M �1�2�9�1�2 �1�4�9�9 �5�1�1
�I�n�s�t�4�2 �N�.�S � �O�.�M �1�9�2�6 �<� �1 �6�1�9
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�I�n� �f�i�g�u�r�e�s�1�3�a�n�d�1�4�,�w�e� �c�a�n� �c�l�e�a�r�l�y� �r�e�c�o�g�n�i�z�e� �t�h�e� �h�u�g�e� �d�i�f�f�e�r�e�n�c�e� �i�n� �C�P�U

�c�o�n�s�u�m�i�n�g� �T�i�m�e� �b�e�t�w�e�e�n� �C�P�L�E�X� �a�n�d�G�R�A�S�P�-�T�S�f�o�r� �b�o�t�h� �s�c�e�n�a�r�i�o�s�.

�F�i�g�u�r�e�1�3�.�C�P�L�E�X� �v�s� �H�y�b�r�i�d� �A�l�g�o�r�i�t�h�m � �c�o�m�p�a�r�i�s�o�n� �o�f� �p�r�o�c�e�s�s�i�n�g� �t�i�m�e� �/� �w�i�t�h� �c�a�p�a�c�i�t�y� �c�o�n�s�t�r�a�i�n�t�.

�F�i�g�u�r�e�1�4�.�C�P�L�E�X� �v�s� �H�y�b�r�i�d� �A�l�g�o�r�i�t�h�m � �c�o�m�p�a�r�i�s�o�n� �o�f� �p�r�o�c�e�s�s�i�n�g� �t�i�m�e� �/� �w�i�t�h�o�u�t� �c�a�p�a�c�i�t�y� �c�o�n�s�t�r�a�i�n�t�.
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�I�n� �f�i�g�u�r�e�s�1�5�a�n�d�1�6�w�e� �c�a�n� �c�l�e�a�r�l�y� �d�i�s�t�i�n�g�u�i�s�h�,� �i�n� �b�o�t�h� �s�c�e�n�a�r�i�o�s�,� �t�h�e� �v�a�l�u�e�s

�c�o�n�v�e�r�g�e�n�c�e� �b�e�t�w�e�e�n� �C�P�L�E�X� �a�n�d�(�G�R�A�S�P�-�T�S�)�,� �a�l�s�o� �w�e� �c�a�n� �v�i�s�u�a�l�l�y� �n�o�t�i�c�e� �t�h�e

�C�P�L�E�X� �l�i�m�i�t�a�t�i�o�n�s�.

�F�i�g�u�r�e�1�5�.�C�P�L�E�X� �v�s� �H�y�b�r�i�d� �A�l�g�o�r�i�t�h�m � �c�o�m�p�a�r�i�s�o�n� �o�f� �s�o�l�u�t�i�o�n� �v�a�l�u�e� �/� �w�i�t�h� �c�a�p�a�c�i�t�y� �c�o�n�s�t�r�a�i�n�t�.

�F�i�g�u�r�e�1�6�.�C�P�L�E�X� �v�s� �H�y�b�r�i�d� �A�l�g�o�r�i�t�h�m � �c�o�m�p�a�r�i�s�o�n� �o�f� �s�o�l�u�t�i�o�n� �v�a�l�u�e� �/� �w�i�t�h�o�u�t� �c�a�p�a�c�i�t�y� �c�o�n�s�t�r�a�i�n�t�.
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�3�.�6 �F�a�i�l�u�r�e�t�e�s�t�s

�N�o�t�e� �h�e�r�e�,� �b�e�f�o�r�e�a�t�t�a�i�n�i�n�g� �t�h�e�p�r�e�v�i�o�u�s�r�e�s�u�l�t�s�,�m�a�n�y� �f�a�i�l�u�r�e� �c�a�s�e�s�h�a�v�e�o�c�c�u�r�r�e�d�.
�A�t� �f�i�r�s�t�,� �w�e� �t�r�i�e�d�t�o� �a�p�p�l�y�T�S� �a�l�g�o�r�i�t�h�m� �a�l�o�n�e�a�n�d� �w�e� �i�m�p�l�e�m�e�n�t� �i�t� �a�f�t�e�r� �p�r�o�v�i�d�i�n�g�i�t�a�n
�i�n�i�t�i�a�l� �s�o�l�u�t�i�o�n� �u�s�i�n�g� �A� �S�t�a�r� �m�e�t�h�o�d�.� �R�e�s�u�l�t�s� �w�e�r�e� �v�e�r�y� �p�r�o�m�i�s�i�n�g� �i�n� �s�m�a�l�l� �a�n�d� �m�i�d�- �s�i�z�e
�i�n�s�t�a�n�c�e�s� �b�u�t� �w�h�e�n� �w�e� �m�o�v�e� �t�o� �b�i�g�-�s�i�z�e� �i�n�s�t�a�n�c�e�s� �t�h�e� �T�S� �d�e�v�i�a�t�i�o�n� �i�n�c�r�e�a�s�e�s� �q�u�i�c�k�l�y� �a�s
�s�h�o�w�n� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �t�a�b�l�e�s�.

�I�n� �t�h�e�s�e� �t�a�b�l�e�s�,� �f�i�r�s�t� �c�o�l�u�m�n� �s�h�o�w�s� �t�h�e� �i�n�s�t�a�n�c�e� �s�i�z�e�,� �s�e�c�o�n�d� �a�n�d� �t�h�i�r�d� �o�n�e�s� �s�h�o�w� �t�h�e

�o�b�t�a�i�n�e�d� �o�b�j�e�c�t�i�v�e� �v�a�l�u�e� �i�n� �C�P�L�E�X� �a�n�d� �T�S� �r�e�s�p�e�c�t�i�v�e�l�y�,� �t�h�e� �f�o�u�r�t�h� �a�n�d� �f�i�f�t�h� �c�o�l�u�m�n�s� �s�h�o�w

�t�h�e� �e�l�a�p�s�e�d� �r�u�n�t�i�m�e� �i�n� �C�P�L�E�X� �a�n�d� �T�S� �r�e�s�p�e�c�t�i�v�e�l�y� �a�n�d� �f�i�n�a�l�l�y� �w�e� �s�h�o�w� �t�h�e� �g�a�p� �f�o�r� �C�P�L�E�X

�a�n�d� �T�S� �i�n� �c�o�l�u�m�n�s� �6� �a�n�d� �7� �r�e�s�p�e�c�t�i�v�e�l�y�.

�A�l�l� �i�n�s�t�a�n�c�e�s� �a�r�e� �d�e�f�i�n�e�d� �a�s� �f�o�l�l�o�w�:�I�n�s�t�a�n�c�e� �n�a�m�e� �W�m�_�A�n�_�H�p� �m�e�a�n�s� �t�h�a�t� �t�h�e� �n�u�m�b�e�r� �o�f

�w�o�u�n�d�e�d�W �i�s� �e�q�u�a�l� �t�o�m�,� �t�h�e� �n�u�m�b�e�r� �o�f� �u�s�e�d� �a�m�b�u�l�a�n�c�e�s�A�i�s� �e�q�u�a�l� �t�o� �n� �a�n�d� �f�i�n�a�l�l�y� �t�h�e

�t�o�t�a�l� �n�u�m�b�e�r� �o�f� �h�o�s�p�i�t�a�l�s�H�i�s� �e�q�u�a�l� �t�o� �p�.

�T�o� �t�e�s�t� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �T�S� �w�e� �i�m�p�l�e�m�e�n�t� �d�i�f�f�e�r�e�n�t� �i�n�s�t�a�n�c�e�s� �w�i�t�h� �l�a�r�g�e� �p�r�o�b�l�e�m� �s�i�z�e�s�,
�R�e�s�u�l�t�s� �o�f� �l�a�r�g�e� �i�n�s�t�a�n�c�e�s� �w�i�t�h� �s�a�m�e� �n�u�m�b�e�r� �o�f� �h�o�s�p�i�t�a�l�s� �a�r�e� �t�r�e�a�t�e�d�.

�I�n� �a�l�l� �t�a�b�l�e�s�,� �w�e� �c�o�n�s�i�d�e�r� �t�h�e� �f�o�l�l�o�w�i�n�g� �d�e�f�i�n�i�t�i�o�n�s�:

�C�.�V�:� �C�P�L�E�X� �V�a�l�u�e

�T�S�.�V�:� �T�a�b�u� �S�e�a�r�c�h� �V�a�l�u�e

�C�.�C�P�U�:� �C�P�L�E�X� �C�P�U� �C�o�n�s�u�m�i�n�g� �t�i�m�e�.

�T�S�.�C�P�U�:� �T�a�b�u� �S�e�a�r�c�h� �C�P�U� �C�o�n�s�u�m�i�n�g� �T�i�m�e�.

�C� �G�a�p�:� �C�P�L�E�X� �G�a�p�.

�T�S�G�a�p�:� �T�a�b�u� �S�e�a�r�c�h� �G�a�p�.

�T�h�e� �D�e�v�i�a�t�i�o�n� �i�n� �T�a�b�u� �S�e�a�r�c�h� �i�s� �g�i�v�e�n� �u�s�i�n�g� �t�h�i�s� �f�o�r�m�u�l�a

�G�a�p�=
�. �.

�.

�I�n� �T�a�b�l�e�4� �(�p�a�r�t� �I�,� �I�I� �a�n�d� �I�I�)�,� �w�e� �p�r�e�s�e�n�t� �t�h�e� �n�u�m�e�r�i�c�a�l� �r�e�s�u�l�t�s� �f�o�r� �c�a�p�a�c�i�t�a�t�e�d�T�S�.�F�r�o�m� �9�5
�i�n�s�t�a�n�c�e�s� �T�S� �p�r�o�v�i�d�e�s� �3�0� �i�n�s�t�a�n�c�e�s� �w�i�t�h� �o�p�t�i�m�a�l� �v�a�l�u�e�s� �i�n� �a� �v�e�r�y� �r�e�d�u�c�e�d� �t�i�m�e� �l�e�s�s� �t�h�a�n� �3�9�0
�s�e�c�,� �f�o�r� �t�h�e� �r�e�m�a�i�n�i�n�g� �i�n�s�t�a�n�c�e�s� �T�S� �p�r�o�v�i�d�e�s� �e�f�f�i�c�i�e�n�t� �s�o�l�u�t�i�o�n�s� �w�i�t�h� �g�a�p� �v�a�l�u�e� �b�e�t�w�e�e�n
�0�.�1�2�%� �a�n�d� �5�.�4�%�,� �C�P�U� �p�r�o�c�e�s�s�i�n�g� �t�i�m�e� �w�a�s� �a�l�w�a�y�s� �l�e�s�s� �t�h�a�n� �3�9�0� �s�e�c�.� �w�h�i�c�h� �p�r�o�v�e� �t�h�e
�e�f�f�i�c�i�e�n�c�y� �o�f� �T�S�.
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�T�a�b�l�e�4�.�S�m�a�l�l� �s�i�z�e� �i�n�s�t�a�n�c�e�s�.�P�a�r�t�I

�I�n�s�t�a�n�c�e� �I�D �C�.�V �T�S�.� �V �C�.�C�P�U�(�s�e�c�)
�T�S�.�C�P�U

�(�s�e�c�)
�C� �G�a�p �T�S�G�a�p

�W�1�0�_�A�1�_�H�2 �1�1�5�0�3 �1�1�5�0�3 �0�.�0�3 �0 �0�% �0�%

�W�1�0�_�A�1�_�H�3 �3�9�7�5 �3�9�7�5 �0�.�3�1 �2 �0�% �0�%

�W�1�0�_�A�2�_�H�2 �2�2�5�9 �2�2�5�9 �1�.�4�4 �4 �0�% �0�%

�W�1�0�_�A�2�_�H�3 �3�5�9�5 �3�5�9�5 �0�.�2�7 �0 �0�% �0�%

�W�1�0�_�A�3�_�H�2 �4�8�3�9 �4�8�3�9 �0�.�6�7 �1 �0�% �0�%

�W�1�0�_�A�3�_�H�3 �1�8�7�8 �1�8�7�8 �1�.�4�4 �0 �0�% �0�%

�W�1�1�_�A�1�_�H�2 �8�9�0�4 �8�9�0�4 �0�.�0�5 �0 �0�% �0�%

�W�1�1�_�A�1�_�H�3 �4�5�2�7 �4�5�2�7 �0�.�0�5 �5 �0�% �0�%

�W�1�1�_�A�2�_�H�2 �8�8�4�9 �8�8�4�9 �0�.�8 �2 �0�% �0�%

�W�1�1�_�A�2�_�H�3 �1�4�5�4 �1�4�5�4 �1�7�6�.�5�2 �4 �0�% �0�%

�W�1�1�_�A�3�_�H�2 �4�7�4�1 �4�7�4�1 �3�7�.�3 �5 �0�% �0�%

�W�1�1�_�A�3�_�H�3 �2�0�3�7 �2�0�3�7 �9�.�5�6 �5 �0�% �0�%

�W�1�2�_�A�1�_�H�2 �1�1�4�0�2 �1�1�4�0�2 �0�.�0�1 �0 �0�% �0�%

�W�1�2�_�A�1�_�H�3 �2�6�1�3 �2�6�1�3 �0�.�0�5 �5 �0�% �0�%

�W�1�2�_�A�2�_�H�2 �7�8�2�4 �7�8�3�9 �6�4�.�5�8 �1�4�7 �0�% �0�.�1�9�%

�W�1�2�_�A�2�_�H�3 �3�1�6�9 �3�1�6�9 �1�9�.�1�6 �5 �0�% �0�%

�W�1�2�_�A�3�_�H�2 �7�2�0 �7�2�0 �0�.�4�5 �7 �0�% �0�%

�W�1�2�_�A�3�_�H�3 �9�4�8 �9�5�0 �2�.�9�1 �2�1 �0�% �0�.�2�1�%

�W�1�3�_�A�1�_�H�2 �1�6�5�8�4 �1�6�5�8�4 �0�.�0�6 �0 �0�% �0�%

�W�1�3�_�A�1�_�H�3 �4�3�0�4 �4�3�0�4 �6�4�.�0�3 �2�8 �0�% �0�%

�W�1�3�_�A�2�_�H�2 �6�0�9�3 �6�1�2�9 �1�0�3 �7�2 �0�% �0�.�5�9�%

�W�1�3�_�A�2�_�H�3 �8�3�8 �8�3�8 �3�3�6�.�4�7 �0 �0�% �0�%

�W�1�3�_�A�3�_�H�2 �4�8�5�5 �4�8�5�5 �4�.�3 �5 �0�% �0�%

�W�1�3�_�A�3�_�H�3 �2�3�5�2 �2�3�5�2 �4�8�.�1�4 �6�0 �0�% �0�%

�W�1�4�_�A�1�_�H�2 �1�2�1�5�6 �1�2�1�5�6 �0�.�0�2 �1�1�6 �0�% �0�%

�W�1�4�_�A�1�_�H�3 �8�5�9�6 �8�5�9�6 �0�.�0�9 �2 �0�% �0�%

�W�1�4�_�A�2�_�H�2 �1�2�2�0 �1�2�2�0 �0�.�2�8 �3 �0�% �0�%

�W�1�4�_�A�2�_�H�3 �2�3�8�0 �2�3�8�0 �0�.�5�5 �1 �0�% �0�%
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�F�i�g�u�r�e�1�9�.�C�P�L�E�X� �v�s�.� �T�S�;� �v�a�l�u�e� �a�n�d� �t�i�m�e� �d�e�v�i�a�t�i�o�n�-�B�i�g� �d�i�m�e�n�s�i�o�n�s� �i�n�s�t�a�n�c�e�s

�A�f�t�e�r� �t�h�i�s� �u�n�p�r�o�m�i�s�i�n�g�r�e�s�u�l�t�,�w�e�h�a�v�e�a�d�o�p�t�e�d�t�h�e� �h�y�b�r�i�d�i�z�a�t�i�o�n� �b�e�t�w�e�e�n� �T�S� �a�n�d� �S�A� �o�n�a
�s�m�a�l�l� �s�i�z�e� �i�n�s�t�a�n�c�e� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �a�s� �s�h�o�w�n� �i�n� �t�h�e� �n�e�x�t� �t�a�b�l�e�n�u�m�b�e�r� �6�.� �W�e
�a�p�p�l�i�e�d�(�T�S�_�S�A�)�o�n� �j�u�s�t� �5� �i�n�s�t�a�n�c�e�s�;� �F�o�r� �2� �o�f� �t�h�e�m� �(�W�9�_�A�7�_�H�4�)�a�n�d� �(�W�1�0�_�A�7�_�H�4�)�T�S�_�S�A
�w�a�s� �a�b�l�e� �t�o� �p�r�o�v�i�d�e� �o�p�t�i�m�a�l� �s�o�l�u�t�i�o�n�s� �i�n� �l�e�s�s� �1�6�s�e�c�s�a�l�s�o� �t�h�e� �C�P�U� �c�o�n�s�u�m�i�n�g� �t�i�m�e� �w�a�s
�l�o�w�e�r� �t�h�a�n� �t�h�e� �o�n�e� �c�o�n�s�u�m�e�d� �b�y� �T�S� �a�l�o�n�e�.� �F�o�r� �t�h�e� �3� �r�e�m�a�i�n�i�n�g� �i�n�s�t�a�n�c�e�s�,� �T�S�_�S�A� �c�o�u�l�d� �n�o�t
�r�e�a�c�h� �o�p�t�i�m�a�l�i�t�y�e�v�e�n� �w�i�t�h� �m�o�r�e� �w�a�s�t�e�d� �C�P�U� �c�o�n�s�u�m�i�n�g� �t�i�m�e�,� �d�e�v�i�a�t�i�o�n� �w�a�s� �b�e�t�w�e�e�n� �8�%
�a�n�d� �2�7�%�,� �w�h�i�l�e� �w�i�t�h� �T�S� �a�l�o�n�e� �t�h�e� �d�e�v�i�a�t�i�o�n� �w�a�s� �v�a�r�y�i�n�g� �b�e�t�w�e�e�n� �2�3�%� �a�n�d� �4�2�%�.�N�o�t�e� �h�e�r�e
�t�h�a�t� �T�S� �a�l�o�n�e� �t�o�o�k� �m�o�r�e� �C�P�U� �c�o�n�s�u�m�i�n�g� �t�i�m�e� �t�h�a�n� �T�S�_�S�A� �f�o�r� �a�l�l� �o�f� �t�h�e�s�e� �f�i�v�e� �i�n�s�t�a�n�c�e�s�.
�W�e�c�a�n� �c�l�e�a�r�l�y�c�o�n�c�l�u�d�e�t�h�a�t�i�t�w�a�s�a�n�o�t�h�e�r�f�a�i�l�u�r�e� �i�n� �t�e�r�m� �o�f� �q�u�a�l�i�t�y� �a�n�d� �p�r�o�c�e�s�s�i�n�g� �t�i�m�e
�f�o�r� �t�h�i�s� �t�y�p�e� �o�f� �h�y�b�r�i�d�i�z�a�t�i�o�n�.

�T�a�b�l�e�6�.�C�P�L�E�X� �v�s� �T�S�_�S�A

�I�n�s�t�a�n�c�e�s �C�.�V �T�S�.� �V
�T�S�_�S�A

�V

�T�S�.
�C�P�U
�(�s�e�c�)

�C�.
�C�P�U
�(�s�e�c�)

�T�S�_�S�A
�C�P�U
�(�s�e�c�)
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�A�.�G�a�p

�W�9�_�A�7�_�H�4 �7�2�0 �7�2�0 �7�2�0 �2�0 �2 �9 �- �- �-

�W�1�0�_�A�7�_�H�4�7�2�0 �7�2�0 �7�2�0 �2�2 �2�5 �1�5 �- �- �-

�W�1�3�_�A�7�_�H�4�7�2�0 �1�0�2�0 �7�8�0 �3�1 �2�1 �8�2�6 �- �4�1�.�7�%�8�.�3�%

�W�1�5�_�A�7�_�H�4�7�8�0 �9�6�0 �9�6�0 �4�3 �3�2�8�2 �1�2�2 �- �2�3�.�1�%�2�3�.�1�%

�W�1�8�_�A�7�_�H�4�9�0�0 �1�2�6�0 �1�1�4�0 �4�2 �1�4�9�9�4 �1�7�5 �7�.�1�4�%�4�0�.�0�%�2�6�.�7�%

�W�e� �v�i�s�u�a�l�i�z�e� �t�h�e�s�e� �r�e�s�u�l�t�s� �i�n� �f�i�g�u�r�e�2�0�.

�0

�2�0�0�0�0

�4�0�0�0�0

�6�0�0�0�0

�8�0�0�0�0

�1�0�0�0�0�0

�1�2�0�0�0�0

�1�4�0�0�0�0

�W
�2

�5
�_

�A
�4

�_
�H

�4
�W

�3
�0

�_
�A

�4
�_

�H
�4

�W
�3

�0
�_

�A
�5

�_
�H

�4
�W

�3
�0

�_
�A

�6
�_

�H
�4

�W
�5

�0
�_

�A
�4

�_
�H

�4
�W

�5
�0

�_
�A

�6
�_

�H
�4

�W
�5

�0
�_

�A
�8

�_
�H

�4
�W

�7
�0

�_
�A

�5
�_

�H
�4

�W
�7

�0
�_

�A
�8

�_
�H

�4

�W
�7

�0
�_

�A
�9

�_
�H

�4

�T�S� �T�i�m�e�C�p�l�e�x� �T�i�m�e�T�S� �V�a�l�u�e�C�p�l�e�x� �V�a�l�u�e



�P�a�r�t� �I�I�-�M�O�D�E�L�L�I�N�G� �A�N�D� �R�E�S�E�A�R�C�H� �M�E�T�H�O�D�O�L�O�G�Y �C�h�a�p�t�e�r�I�I�I

�8�2

�F�i�g�u�r�e�2�0�.� �C�P�L�E�X�-�T�a�b�u�-�T�S�_�S�A�d�e�v�i�a�t�i�o�n

�A�f�t�e�r� �t�h�e�s�e� �f�a�i�l�u�r�e�s�,� �w�e� �r�e�c�o�g�n�i�z�e� �t�h�a�t�,� �f�o�r� �s�m�a�l�l� �s�i�z�e� �i�n�s�t�a�n�c�e�s�,�T�S� �i�m�p�r�o�v�e�s� �r�e�s�u�l�t�s� �q�u�i�c�k�l�y
�b�u�t� �w�h�e�n� �w�e� �m�o�v�e� �t�o� �m�i�d�-�s�i�z�e� �i�n�s�t�a�n�c�e�s�,� �i�t� �c�a�n� �e�a�s�i�l�y�s�t�i�c�k�i�n� �a� �l�o�c�a�l� �o�p�t�i�m�u�m� �a�n�d� �n�e�e�d�s
�m�o�r�e� �t�i�m�e� �t�o� �e�s�c�a�p�e� �f�r�o�m� �i�t�.� �T�h�e� �h�y�b�r�i�d�i�z�a�t�i�o�n� �w�i�t�h�s�i�m�u�l�a�t�e�d�a�n�n�e�a�l�i�n�g� �i�m�p�r�o�v�e�s� �T�S
�r�e�s�u�l�t�s� �b�u�t� �w�i�t�h� �m�o�r�e� �p�r�e�c�i�o�u�s� �t�i�m�e� �w�a�s�t�e�d� �w�h�i�c�h� �m�a�k�e�i�t� �u�s�e�l�e�s�s� �d�u�e� �t�o� �t�i�m�e� �l�i�m�i�t�a�t�i�o�n
�w�h�i�c�h� �i�s� �a� �h�a�r�d� �c�o�n�s�t�r�a�i�n�t� �t�o� �r�e�s�p�e�c�t� �i�n� �o�r�d�e�r� �t�o� �a�c�h�i�e�v�e� �o�u�r� �o�b�j�e�c�t�i�v�e�.

�3�.�7 �C�o�n�c�l�u�s�i�o�n

�I�n� �t�h�i�s�c�h�a�p�t�e�r�,� �w�e� �s�t�u�d�y� �a� �r�e�a�l�-�l�i�f�e� �c�a�s�e� �o�f� �w�o�u�n�d�e�d� �c�a�r�r�y�i�n�g� �t�o�w�a�r�d� �h�o�s�p�i�t�a�l�s� �v�i�a

�a�m�b�u�l�a�n�c�e�s� �t�h�r�o�u�g�h�o�u�t� �a� �c�r�i�s�i�s� �i�n� �t�h�e� �c�a�s�e� �o�f� �s�u�d�d�e�n� �d�i�s�a�s�t�e�r�.� �T�h�i�s� �I�n�t�e�g�r�a�t�e�d� �P�r�o�b�l�e�m� �o�f

�A�m�b�u�l�a�n�c�e� �S�c�h�e�d�u�l�i�n�g� �a�n�d� �R�e�s�o�u�r�c�e� �A�s�s�i�g�n�m�e�n�t�(�I�P�A�S�R�A�) �h�a�s� �b�e�e�n� �t�r�e�a�t�e�d� �a�n�d

�f�o�r�m�u�l�a�t�e�d� �a�s� �a� �b�i�n�a�r�y� �l�i�n�e�a�r� �m�o�d�e�l� �t�h�a�t� �m�i�n�i�m�i�z�e� �t�h�e� �t�o�t�a�l� �t�i�m�e� �s�p�e�n�t� �b�y� �r�o�u�t�i�n�g

�a�m�b�u�l�a�n�c�e�s� �p�i�c�k�i�n�g� �u�p� �w�o�u�n�d�e�d� �f�r�o�m� �t�h�e�i�r� �l�o�c�a�t�i�o�n�s� �t�o� �d�i�s�t�a�n�t� �h�o�s�p�i�t�a�l�s�.�W�e� �a�p�p�l�i�e�d� �a�n

�e�f�f�e�c�t�i�v�e� �h�y�b�r�i�d� �m�e�t�a�-�h�e�u�r�i�s�t�i�c� �a�l�g�o�r�i�t�h�m� �b�a�s�e�d� �o�n� �t�h�e� �T�a�b�u� �s�e�a�r�c�h� �a�n�d�(�G�R�A�S�P�)�.�W�e� �a�l�s�o

�o�f�f�e�r�e�d� �a� �m�e�t�h�o�d�o�l�o�g�y� �t�h�a�t� �c�a�n� �b�e� �a�d�o�p�t�e�d� �t�o� �p�r�o�v�i�d�e� �a�n� �e�f�f�i�c�i�e�n�t� �e�v�a�c�u�a�t�i�o�n� �p�l�a�n�s� �u�n�d�e�r

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

�h�a�s� �p�r�o�v�e�d� �h�i�s� �c�a�p�a�b�i�l�i�t�y� �o�f� �e�v�a�c�u�a�t�i�n�g� �w�o�u�n�d�e�d� �f�r�o�m� �t�h�e�i�r� �p�o�s�i�t�i�o�n�s� �t�o� �h�o�s�p�i�t�a�l�s� �w�i�t�h�i�n

�r�e�a�s�o�n�a�b�l�e� �t�i�m�e

�A�f�t�e�r� �d�i�s�c�u�s�s�i�n�g� �t�h�e� �o�b�t�a�i�n�e�d� �r�e�s�u�l�t�s� �f�o�r� �b�o�t�h� �s�c�e�n�a�r�i�o�s� �i�n� �S�e�c�t�i�o�n�3�.�5�.�3�,� �a�n�d� �d�e�p�e�n�d�i�n�g� �o�n

�t�h�e� �s�i�t�u�a�t�i�o�n�,� �w�e� �c�a�n� �n�o�t�i�c�e� �t�h�e� �h�u�g�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �c�h�o�o�s�i�n�g� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �s�c�e�n�a�r�i�o�s

�e�s�p�e�c�i�a�l�l�y� �w�i�t�h� �l�a�r�g�e� �i�n�s�t�a�n�c�e�s�,� �t�h�e� �c�h�o�i�c�e� �s�h�o�u�l�d� �b�e� �b�a�s�e�d� �o�n� �t�h�e� �o�n�-�s�i�t�e� �p�r�o�v�i�d�e�d

�i�n�f�o�r�m�a�t�i�o�n�,� �e�s�p�e�c�i�a�l�l�y� �w�o�u�n�d�e�d� �n�u�m�b�e�r� �a�n�d� �h�o�s�p�i�t�a�l�s� �t�h�e�o�r�e�t�i�c�a�l� �c�a�p�a�c�i�t�i�e�s�,� �b�e�f�o�r�e� �t�a�k�i�n�g

�t�h�e� �f�i�n�a�l� �d�e�c�i�s�i�o�n�. �B�o�t�h� �e�x�a�c�t� �a�n�d� �h�y�b�r�i�d� �v�e�r�s�i�o�n�s� �o�f� �a�l�g�o�r�i�t�h�m�s� �h�a�v�e� �b�e�e�n� �e�x�t�e�n�s�i�v�e�l�y

�t�e�s�t�e�d� �o�n� �r�a�n�d�o�m�l�y� �g�e�n�e�r�a�t�e�d� �i�n�s�t�a�n�c�e�s� �o�f� �t�h�e�(�I�P�A�S�R�A�)�.� �O�u�r� �a�l�g�o�r�i�t�h�m�s� �p�r�o�v�i�d�e� �i�n� �b�o�t�h
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�s�c�e�n�a�r�i�o�s ��o�p�t�i�m�a�l� �s�o�l�u�t�i�o�n�s� �f�o�r� �i�n�s�t�a�n�c�e�s� �w�i�t�h� �w�o�u�n�d�e�d� �n�u�m�b�e�r� �u�p� �t�o� �5�0�,� �a�m�b�u�l�a�n�c�e

�n�u�m�b�e�r� �u�p� �t�o� �8� �a�n�d� �h�o�s�p�i�t�a�l�s� �n�u�m�b�e�r� �u�p� �t�o� �4�.� �A�l�s�o�,� �i�t� �g�i�v�e�s� �a�n� �e�f�f�i�c�i�e�n�t� �s�o�l�u�t�i�o�n� �f�o�r

�i�n�s�t�a�n�c�e�s� �w�i�t�h� �m�o�r�e� �t�h�a�n� �7�0� �w�o�u�n�d�e�d�,� �8� �a�m�b�u�l�a�n�c�e�s� �a�n�d� �4� �h�o�s�p�i�t�a�l�s� �i�n� �l�e�s�s� �t�h�a�n� �5� �m�i�n� �o�f

�e�x�e�c�u�t�i�o�n� �t�i�m�e�,� �a�n�d� �e�v�e�n� �w�h�e�n� �i�t� �d�e�a�l�s� �w�i�t�h� �a�n� �i�n�s�t�a�n�c�e� �w�i�t�h� �2�0�0� �w�o�u�n�d�e�d�,� �1�5� �a�m�b�u�l�a�n�c�e�s

�a�n�d� �5� �h�o�s�p�i�t�a�l�s� �o�r� �m�o�r�e�,� �i�t� �c�o�n�t�i�n�u�e�s� �p�r�o�v�i�d�i�n�g� �f�e�a�s�i�b�l�e� �s�o�l�u�t�i�o�n�s� �i�n� �l�e�s�s� �t�h�a�n� �1�0� �m�i�n� �o�f� �C�P�U

�c�o�n�s�u�m�i�n�g� �t�i�m�e� �w�h�i�c�h� �p�r�o�v�e� �i�t�s� �e�f�f�i�c�i�e�n�c�y� �i�n� �t�e�r�m� �o�f� �q�u�a�l�i�t�y� �a�n�d� �t�i�m�e�.

�A�t� �t�h�e� �e�n�d�,� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �p�r�o�p�o�s�e�d� �h�y�b�r�i�d� �a�l�g�o�r�i�t�h�m� �a�r�e� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�o�s�e� �o�b�t�a�i�n�e�d

�w�i�t�h� �t�h�e� �e�x�a�c�t� �m�e�t�h�o�d� �o�f� �C�P�L�E�X� �s�o�l�v�e�r�.� �T�h�e� �c�o�m�p�a�r�i�s�o�n� �o�f� �t�h�e� �e�x�e�c�u�t�i�o�n� �t�i�m�e� �i�l�l�u�s�t�r�a�t�e�s

�t�h�e� �e�f�f�i�c�i�e�n�c�y� �o�f� �o�u�r� �p�r�o�p�o�s�e�d� �m�o�d�e�l�;� �i�t�s� �r�e�s�u�l�t�s� �s�h�o�w� �c�l�e�a�r�l�y� �t�h�a�t� �i�t� �i�s� �c�a�p�a�b�l�e� �o�f� �g�e�n�e�r�a�t�i�n�g

�o�p�t�i�m�a�l� �s�o�l�u�t�i�o�n�s� �w�i�t�h�i�n� �s�e�c�o�n�d�s�.� �T�h�e� �C�P�L�E�X�r�e�s�o�l�u�t�i�o�n�,� �b�a�s�e�d� �o�n� �o�u�r� �m�o�d�e�l�i�n�g�,� �a�l�s�o

�p�r�o�v�e�s� �i�t�s� �e�f�f�i�c�i�e�n�c�y� �b�u�t� �w�i�t�h� �m�o�r�e� �p�r�e�c�i�o�u�s� �t�i�m�e� �w�a�s�t�e�d�.� �H�o�w�e�v�e�r�,� �t�h�e� �e�f�f�i�c�i�e�n�c�y� �o�f� �t�h�e

�e�x�a�c�t� �m�e�t�h�o�d� �d�e�c�r�e�a�s�e�s� �a�s� �t�h�e� �n�u�m�b�e�r� �o�f� �i�n�s�t�a�n�c�e�s� �g�r�o�w�s�;� �i�t� �i�s� �o�n�l�y� �e�f�f�e�c�t�i�v�e� �w�i�t�h� �a� �m�e�d�i�u�m

�n�u�m�b�e�r� �o�f� �i�n�s�t�a�n�c�e�s�.





�C�h�a�p�t�e�r�I�V
�A� �h�y�b�r�i�d� �G�R�A�S�P�-�T�a�b�u�S�e�a�r�c�h�a�p�p�r�o�a�c�h� �t�o� �s�o�l�v�e� �t�h�e

�i�n�t�e�g�r�a�t�e�d�p�r�o�b�l�e�m� �o�f� �a�m�b�u�l�a�n�c�e�m�i�s�s�i�o�n�s �

�s�c�h�e�d�u�l�i�n�g� �a�n�d� �r�e�s�o�u�r�c�e�s� �a�s�s�i�g�n�m�e�n�t� �i�n� �t�h�e� �e�v�e�n�t�s� �o�f

�m�u�l�t�i�p�l�e� �d�i�s�a�s�t�e�r� �z�o�n�e�s�.
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�C�h�a�p�t�e�r�I�V � �A� �h�y�b�r�i�d� �G�R�A�S�P�-�T�a�b�u� �S�e�a�r�c�h� �a�p�p�r�o�a�c�h� �t�o� �s�o�l�v�e� �t�h�e
�i�n�t�e�g�r�a�t�e�d� �p�r�o�b�l�e�m� �o�f� �a�m�b�u�l�a�n�c�e�m�i�s�s�i�o�n�s ��s�c�h�e�d�u�l�i�n�g� �a�n�d� �r�e�s�o�u�r�c�e�s
�a�s�s�i�g�n�m�e�n�t� �i�n� �t�h�e� �e�v�e�n�t�s� �o�f� �m�u�l�t�i�p�l�e� �d�i�s�a�s�t�e�r� �z�o�n�e�s�.

�4�.�1 �M�o�t�i�v�a�t�i�o�n� �a�n�d� �I�n�t�r�o�d�u�c�t�i�o�n

�I�n� �t�h�i�s� �d�e�c�a�d�e�,� �m�a�n�y� �n�a�t�u�r�a�l� �a�n�d�t�r�i�g�g�e�r�e�d�d�i�s�a�s�t�e�r�s� �h�a�v�e� �o�c�c�u�r�r�e�d� �a�l�l� �o�v�e�r� �t�h�e� �w�o�r�l�d

�a�n�d� �t�h�e�y� �h�a�v�e� �c�a�u�s�e�d� �s�e�r�i�o�u�s� �d�a�m�a�g�e�s� �t�o� �i�n�f�r�a�s�t�r�u�c�t�u�r�e�,� �d�e�a�t�h� �t�o� �t�h�o�u�s�a�n�d�s� �o�f� �p�e�o�p�l�e�a�n�d

�t�h�e�y� �a�f�f�e�c�t� �t�h�e� �e�c�o�n�o�m�i�c� �d�e�v�e�l�o�p�m�e�n�t�,� �s�u�c�h� �a�s� �I�n�d�o�n�e�s�i�a� �t�s�u�n�a�m�i�x �i�n� �2�0�0�4�.� �5�.�1�2� �W�e�n�c�h�u�a�n

�e�a�r�t�h�q�u�a�k�e�x�i�i�n� �2�0�0�8�,� �f�r�e�e�z�i�n�g� �r�a�i�n� �d�i�s�a�s�t�e�r� �i�n� �s�o�u�t�h�e�r�n� �C�h�i�n�a�x�i�i�i�n� �2�0�0�8�,� �d�e�v�a�s�t�a�t�i�n�g� �2�0�1�1

�e�a�r�t�h�q�u�a�k�e� �i�n� �J�a�p�a�n�x�i�i�i�,� �f�l�o�o�d� �d�i�s�a�s�t�e�r� �i�n� �I�n�d�i�a�x�i�v�i�n� �2�0�1�3� �a�n�d� �h�a�i�l� �d�i�s�a�s�t�e�r� �i�n� �Y�a�n�c�h�e�n�g�x�v�i�n

�2�0�1�6�,� �J�i�a�n�g�s�u�.� �E�s�p�e�c�i�a�l�l�y� �i�n� �J�u�l�y� �2�0�1�6�,� �h�e�a�v�y� �r�a�i�n� �c�o�n�t�i�n�u�e�s� �t�o� �s�t�r�i�k�e� �t�h�e� �n�o�r�t�h� �o�f� �C�h�i�n�a�x�v�i�,

�w�i�t�h� �s�e�v�e�r�e� �f�l�o�o�d� �i�n� �s�o�u�t�h�e�r�n� �C�h�i�n�a� �a�t� �t�h�e� �s�a�m�e� �t�i�m�e�.�I�n� �a�d�d�i�t�i�o�n�,� �o�n� �t�h�e� �7�t�h�o�f� �F�e�b�r�u�a�r�y

�2�0�0�9� �a� �b�u�s�h�f�i�r�e� �o�c�c�u�r�r�e�d� �i�n� �t�h�e� �s�t�a�t�e� �o�f� �V�i�c�t�o�r�i�a�x�v�i�i�-�A�u�s�t�r�a�l�i�a� �a�n�d� �c�a�u�s�e�s� �l�o�t� �o�f� �d�a�m�a�g�e�s� �i�n

�p�r�o�p�e�r�t�i�e�s� �a�n�d� �k�i�l�l�e�d� �1�7�4� �c�i�t�i�z�e�n�s� �a�n�d� �a�r�o�u�n�d� �4�1�4� �w�o�u�n�d�e�d� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �i�n�j�u�r�i�e�s

�H�o�w�e�v�e�r�,� �i�n� �a�d�d�i�t�i�o�n� �t�o� �r�e�a�l� �d�i�s�a�s�t�e�r�s�,� �t�h�e� �o�c�c�u�r�r�e�n�c�e� �o�f� �t�e�r�r�o�r�i�s�t� �a�t�t�a�c�k�s� �w�a�s� �g�r�o�w�i�n�g� �u�p

�f�r�e�q�u�e�n�t�l�y� �a�l�l� �o�v�e�r� �t�h�e� �w�o�r�l�d�.�A�l�l� �o�f� �t�h�e�s�e� �a�t�t�a�c�k�s� �a�r�e� �t�r�e�a�t�e�d� �a�s� �h�i�g�h�-�l�e�v�e�l�c�r�i�s�i�s�,� �w�h�i�c�h

�c�a�n�n�o�t�b�e� �p�r�e�d�i�c�t�e�d�.� �W�h�e�n� �i�t� �h�a�p�p�e�n�s�,� �w�e� �m�u�s�t� �a�c�t� �i�m�m�e�d�i�a�t�e�l�y� �a�n�d� �h�a�v�e� �t�h�e� �a�b�i�l�i�t�y� �t�o

�m�a�k�e� �g�o�o�d� �a�n�d� �e�f�f�i�c�i�e�n�t� �d�e�c�i�s�i�o�n�s� �a�s� �f�a�s�t� �a�s� �p�o�s�s�i�b�l�e� �i�n� �o�r�d�e�r� �t�o� �m�i�n�i�m�i�z�e� �t�h�e� �h�u�m�a�n� �l�o�s�s�.

�C�i�t�i�z�e�n� �m�a�s�s� �c�a�s�u�a�l�t�y� �e�v�e�n�t�s� �a�r�e� �b�e�c�o�m�i�n�g� �m�o�r�e� �a�n�d� �m�o�r�e� �i�m�p�o�r�t�a�n�t� �s�e�c�u�r�i�t�y� �i�s�s�u�e� �a�l�l� �o�v�e�r

�t�h�e� �w�o�r�l�d� �s�i�n�c�e� �t�e�r�r�o�r�i�s�m� �i�s� �n�o�t� �a�n� �e�n�d�e�m�i�c� �p�h�e�n�o�m�e�n�o�n�,� �b�u�t� �a�n� �e�p�i�d�e�m�i�c�(�S�t�e�i�n� �M�,� �1�9�9�9�)

�F�o�r� �e�x�a�m�p�l�e�:

ðØ �O�k�l�a�h�o�m�a� �C�i�t�y� �a�t�t�a�c�k�x�v�i�i�i�:�O�n� �A�p�r�i�l� �1�9�,� �1�9�9�5�,� �T�h�e� �A�l�f�r�e�d� �P�.� �M�u�r�r�a�h� �F�e�d�e�r�a�l� �B�u�i�l�d�i�n�g

�i�n� �O�k�l�a�h�o�m�a� �C�i�t�y� �w�a�s� �p�a�r�t�i�a�l�l�y� �d�e�s�t�r�o�y�e�d� �b�y� �a� �t�e�r�r�o�r�i�s�t� �b�o�m�b�.� �I�n�j�u�r�i�e�s� �w�e�r�e

�s�u�s�t�a�i�n�e�d� �b�y� �7�5�9� �p�e�o�p�l�e�,� �1�6�8� �o�f� �w�h�o�m� �d�i�e�d�.� �M�o�s�t� �w�o�u�n�d�e�d� �w�e�r�e� �t�r�a�n�s�p�o�r�t�e�d� �t�o

�l�o�c�a�l� �m�e�d�i�c�a�l� �c�e�n�t�e�r�s� �b�y� �p�r�i�v�a�t�e� �v�e�h�i�c�l�e�s� �w�i�t�h�i�n� �2� �h�o�u�r�s�.� �M�o�r�e� �s�e�v�e�r�e�l�y� �i�n�j�u�r�e�d

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

ðØ �T�r�i�p�o�l�i� �a�t�t�a�c�k� �i�n� �L�e�b�a�n�o�n�x�i�x�:�O�n� �t�h�e� �2�3�r�d� �o�f� �a�u�g�u�s�t� �2�0�1�3� �t�h�e� �t�e�r�r�o�r� �c�o�n�q�u�e�r�e�d� �t�h�e

�c�i�t�y�.� �T�w�o� �m�o�s�q�u�e�s� �w�e�r�e� �h�i�t� �b�y� �2� �c�a�r�s� �b�o�m�b� �w�h�o� �h�a�v�e� �e�x�p�l�o�d�e�d� �a�f�t�e�r� �a� �l�a�p�s�e� �o�f� �2

�m�i�n�u�t�e�s� �o�f� �t�i�m�e�,� �t�h�i�s� �c�a�u�s�e�d� �t�h�e� �d�e�a�t�h� �o�f� �8�7� �c�i�t�i�z�e�n�s� �a�n�d� �m�o�r�e� �t�h�a�n� �5�0�0�i�n�j�u�r�e�d

�p�e�o�p�l�e� �w�i�t�h� �m�o�r�e� �t�h�a�n� �1�5�0� �i�n� �a� �c�r�i�t�i�c�a�l� �c�o�n�d�i�t�i�o�n�.

ðØ �S�i�n�a�i� �a�t�t�a�c�k� �i�n� �E�g�y�p�t�x�x�: �O�n� �N�o�v�e�m�b�e�r� �2�4�,� �2�0�1�7�,� �a� �m�o�s�q�u�e� �i�n� �n�o�r�t�h�e�r�n� �S�i�n�a�i� �w�a�s

�a�t�t�a�c�k�e�d� �b�y� �a�n� �a�r�m�e�d� �g�r�o�u�p� �t�h�a�t� �c�a�u�s�e�d� �3�0�5� �d�e�a�t�h�s� �(�i�n�c�l�u�d�i�n�g� �2�8� �c�h�i�l�d�r�e�n�)� �a�n�d� �1�2�0

�i�n�j�u�r�i�e�s� �i�n� �a� �r�e�l�a�t�i�v�e�l�y� �s�m�a�l�l� �g�e�o�g�r�a�p�h�i�c�a�l� �a�r�e�a� �a�n�d� �f�a�r� �f�r�o�m� �h�o�s�p�i�t�a�l�s�.
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�E�v�a�c�u�a�t�i�o�n� �i�s� �o�n�e� �o�f� �t�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �a�c�t�i�v�i�t�i�e�s� �i�n� �d�i�s�a�s�t�e�r� �r�e�s�p�o�n�s�e�.� �T�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�i�s

�c�h�a�p�t�e�r�i�s� �t�o� �p�r�o�p�o�s�e� �a� �m�e�t�h�o�d�o�l�o�g�y� �t�h�a�t� �s�o�l�v�e� �e�f�f�i�c�i�e�n�t�l�y� �t�h�e�(�I�P�A�S�R�A�)�.� �I�t� �d�e�t�e�r�m�i�n�e�s

�w�h�i�c�h� �a�m�b�u�l�a�n�c�e� �s�h�o�u�l�d� �s�e�r�v�e� �w�h�i�c�h� �c�r�i�s�i�s�z�o�n�e� �a�n�d� �t�r�a�n�s�p�o�r�t� �s�o�m�e� �o�r� �a�l�l� �o�f� �i�t�s� �w�o�u�n�d�e�d

�t�o� �a� �s�p�e�c�i�f�i�c� �h�o�s�p�i�t�a�l�.� �O�u�r� �m�a�i�n� �t�a�r�g�e�t� �i�s� �t�o� �m�i�n�i�m�i�z�e� �t�h�e� �t�o�t�a�l� �t�r�a�v�e�l�l�i�n�g� �t�i�m�e� �o�f� �t�r�a�n�s�p�o�r�t�i�n�g

�a�m�b�u�l�a�n�c�e�s� �b�e�t�w�e�e�n� �d�i�s�a�s�t�e�r� �z�o�n�e�s� �a�n�d� �h�o�s�p�i�t�a�l�s� �i�n� �o�r�d�e�r� �t�o�r�e�d�u�c�e� �t�h�e� �m�o�r�t�a�l�i�t�y� �r�a�t�e� �t�o

�t�h�e� �m�i�n�i�m�u�m�.� �A�t� �f�i�r�s�t�,�w�e� �d�e�s�i�g�n�e�d� �t�h�e�i�n�t�e�g�r�a�t�e�d� �p�r�o�b�l�e�m� �o�f� �a�m�b�u�l�a�n�c�e� �m�i�s�s�i�o�n�s

�s�c�h�e�d�u�l�i�n�g� �a�n�d� �r�e�s�o�u�r�c�e�s� �a�s�s�i�g�n�m�e�n�t�(�I�P�A�M�S�R�A�) �m�o�d�e�l�a�s� �a� �b�i�n�a�r�y� �l�i�n�e�a�r� �p�r�o�g�r�a�m� �a�n�d

�t�h�e�n�,� �i�n� �a� �s�u�b�s�e�q�u�e�n�t� �s�t�e�p�,� �w�e� �p�r�e�s�e�n�t�e�d� �a� �m�a�t�h�e�m�a�t�i�c�a�l� �m�o�d�e�l�l�i�n�g� �s�u�c�c�e�e�d�e�d� �b�y� �a� �B�r�a�n�c�h

�a�n�d� �C�u�t� �r�e�s�o�l�u�t�i�o�n� �u�n�d�e�r� �C�P�L�E�X�s�o�l�v�e�r�.� �S�e�c�o�n�d�l�y�,� �d�u�e� �t�o� �t�h�e� �c�o�m�p�u�t�a�t�i�o�n�a�l� �c�o�m�p�l�e�x�i�t�y� �o�f

�s�u�c�h� �c�o�m�p�l�i�c�a�t�e�d� �p�r�o�b�l�e�m�s�,� �w�e� �p�r�o�p�o�s�e�d� �a� �h�y�b�r�i�d� �a�l�g�o�r�i�t�h�m� �t�h�a�t� �o�u�t�p�e�r�f�o�r�m�s� �t�r�a�d�i�t�i�o�n�a�l

�m�e�t�a�h�e�u�r�i�s�t�i�c�s�m�e�t�h�o�d�s� �i�n� �t�e�r�m� �o�f� �b�o�t�h� �r�e�s�o�l�u�t�i�o�n� �t�i�m�e� �a�n�d� �e�f�f�e�c�t�i�v�e� �s�o�l�u�t�i�o�n�,� �t�h�i�s

�a�l�g�o�r�i�t�h�m� �c�o�u�n�t�s� �o�n� �t�h�e� �a�l�t�e�r�n�a�t�i�o�n� �b�e�t�w�e�e�n� �t�w�o� �a�l�g�o�r�i�t�h�m�s�:� �T�a�b�u� �S�e�a�r�c�h� �a�n�d�(�G�R�A�S�P�)

�p�r�o�c�e�d�u�r�e� �(�G�R�A�S�P�-�T�S�)�.

�4�.�2 �M�i�s�s�i�o�n

�T�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�i�s� �s�t�u�d�y� �i�s� �r�e�v�e�a�l�e�d� �b�y� �p�r�o�p�o�s�i�n�g� �a�n� �e�v�a�c�u�a�t�i�o�n� �p�l�a�n�n�i�n�g� �m�e�t�h�o�d

�t�h�a�t� �o�n�l�y� �d�e�p�e�n�d�s� �o�n� �a�m�b�u�l�a�n�c�e�s�.� �M�o�r�e�o�v�e�r�,� �w�e� �p�r�o�p�o�s�e� �a� �n�o�v�e�l� �a�p�p�r�o�a�c�h� �u�s�i�n�g

�h�y�b�r�i�d�i�z�a�t�i�o�n� �b�e�t�w�e�e�n� �t�w�o� �m�e�t�a�h�e�u�r�i�s�t�i�c� �m�e�t�h�o�d�s� �T�a�b�u� �S�e�a�r�c�h� �a�n�d�(�G�R�A�S�P�)�t�o� �d�e�a�l� �w�i�t�h

�s�u�c�h� �c�o�m�p�l�e�x� �c�a�s�e�s� �w�h�e�r�e� �w�e� �h�a�v�e� �m�u�l�t�i�p�l�e� �d�i�s�p�e�r�s�e�d� �d�i�s�a�s�t�e�r� �z�o�n�e�s� �a�n�d� �m�u�l�t�i�p�l�e� �d�i�s�t�a�n�t

�h�o�s�p�i�t�a�l�s�,� �o�u�r� �m�i�s�s�i�o�n� �i�s� �t�o� �r�e�d�u�c�e� �t�h�e� �o�v�e�r�a�l�l� �w�o�u�n�d�e�d ��s� �t�r�a�n�s�p�o�r�t� �t�i�m�e� �f�r�o�m� �t�h�e�i�r� �p�h�y�s�i�c�a�l

�l�o�c�a�t�i�o�n�s� �t�o� �h�o�s�p�i�t�a�l�s� �i�n� �o�r�d�e�r� �t�o� �r�e�d�u�c�e� �t�h�e� �o�v�e�r�a�l�l� �m�o�r�t�a�l�i�t�y� �r�a�t�e�.

�T�h�e� �a�i�m� �o�f� �t�h�i�s�c�h�a�p�t�e�r�i�s� �t�o� �p�r�o�v�i�d�e� �t�h�e� �b�e�s�t� �a�m�b�u�l�a�n�c�e� �s�c�h�e�d�u�l�i�n�g� �m�i�s�s�i�o�n�(�s�)� �a�n�d

�r�e�s�o�u�r�c�e�s� �a�s�s�i�g�n�m�e�n�t� �p�r�o�c�e�s�s�,� �i�t� �d�e�t�e�r�m�i�n�e�s� �f�o�r� �e�a�c�h� �a�m�b�u�l�a�n�c�e� �a� �s�i�n�g�l�e� �m�i�s�s�i�o�n� �o�r� �a

�s�e�q�u�e�n�c�e� �o�f� �m�i�s�s�i�o�n�s� �t�o� �f�o�l�l�o�w�.� �E�a�c�h� �m�i�s�s�i�o�n� �i�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �a� �s�e�q�u�e�n�c�e� �o�f� �t�a�s�k�s� �t�o� �b�e

�p�e�r�f�o�r�m�e�d� �w�h�e�r�e� �e�a�c�h� �t�a�s�k� �h�a�s� �i�t�s� �o�w�n� �p�r�e�d�e�f�i�n�e�d� �w�o�u�n�d�e�d� �n�u�m�b�e�r�,� �s�t�a�r�t�i�n�g� �a�n�d� �e�n�d�i�n�g

�l�o�c�a�t�i�o�n�s�.

�4�.�3 �P�r�o�b�l�e�m� �d�e�s�c�r�i�p�t�i�o�n� �a�n�d� �m�a�t�h�e�m�a�t�i�c�a�l� �m�o�d�e�l�l�i�n�g

�T�h�i�s� �c�a�s�e� �o�f� �s�t�u�d�y� �i�s� �d�e�s�c�r�i�b�e�d� �a�s� �f�o�l�l�o�w�:

�I�n�l�a�r�g�e�-�s�c�a�l�e�c�r�i�s�i�s�,� �w�e� �h�a�v�e� �m�a�n�y� �w�o�u�n�d�e�d� �g�r�o�u�p�e�d� �i�n� �s�e�v�e�r�a�l�d�i�s�a�s�t�e�r�s ��z�o�n�e�s�.� �W�e� �s�h�o�u�l�d

�t�r�a�n�s�p�o�r�t� �t�h�e�m� �a�s� �f�a�s�t� �a�s� �p�o�s�s�i�b�l�e� �t�o� �h�o�s�p�i�t�a�l�s�.� �I�n� �f�a�c�t�,� �d�u�e� �t�o�t�h�e� �l�a�r�g�e� �w�o�u�n�d�e�d� �n�u�m�b�e�r

�a�n�d� �t�o� �t�h�e� �h�o�s�p�i�t�a�l�s� �l�i�m�i�t�e�d� �c�a�p�a�c�i�t�i�e�s�,� �w�e� �a�r�e� �f�o�r�c�e�d� �t�o� �d�i�s�t�r�i�b�u�t�e� �w�o�u�n�d�e�d� �t�o� �s�e�v�e�r�a�l

�h�o�s�p�i�t�a�l�s�.
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�4�.�4 �P�r�o�b�l�e�m� �d�e�s�c�r�i�p�t�i�o�n

�W�e� �a�r�e� �c�o�n�c�e�r�n�e�d� �i�n� �s�t�u�d�y�i�n�g� �i�n�s�i�d�e� �a� �c�r�i�s�i�s� �m�a�n�a�g�e�m�e�n�t� �p�r�o�b�l�e�m�,� �a� �p�a�r�t�i�c�u�l�a�r� �c�a�s�e� �o�f
�w�o�u�n�d�e�d� �e�v�a�c�u�a�t�i�o�n� �w�h�e�r�e�t�h�e�r�e� �a�r�e� �m�a�n�y� �g�r�o�u�p�s� �o�f� �w�o�u�n�d�e�d� �a�n�d� �w�e� �h�a�v�e� �t�o� �t�r�a�n�s�p�o�r�t�n
�d�i�s�a�s�t�e�r� �z�o�n�e�s� �t�o�m �h�o�s�p�i�t�a�l�s� �s�i�t�e�s� �w�i�t�h�k �a�m�b�u�l�a�n�c�e�s� �(�F�i�g�u�r�e�2�1�)�.� �W�e� �d�e�a�l� �w�i�t�h� �t�h�e
�I�n�t�e�g�r�a�t�e�d� �P�r�o�b�l�e�m� �o�f� �A�m�b�u�l�a�n�c�e� �M�i�s�s�i�o�n�s� �S�c�h�e�d�u�l�i�n�g� �a�n�d� �R�e�s�o�u�r�c�e�s� �A�s�s�i�g�n�m�e�n�t
�(�I�P�A�M�S�R�A�)�w�h�e�r�e� �t�h�e� �r�e�s�o�u�r�c�e�s� �t�o� �a�s�s�i�g�n� �a�r�e� �h�o�s�p�i�t�a�l�s� �a�n�d� �a�m�b�u�l�a�n�c�e�s�.�T�h�e� �s�i�t�u�a�t�i�o�n� �i�s
�d�e�s�c�r�i�b�e�d� �a�s� �f�o�l�l�o�w�:

�W�e� �h�a�v�e� �a� �l�i�m�i�t�e�d� �n�u�m�b�e�r� �o�f� �d�i�s�t�a�n�t� �d�i�s�a�s�t�e�r� �z�o�n�e�s�,� �s�e�v�e�r�a�l� �a�m�b�u�l�a�n�c�e�s� �l�o�c�a�t�e�d� �i�n�o�n�e

�a�m�b�u�l�a�t�o�r�y� �c�e�n�t�e�r� �a�n�d� �s�e�v�e�r�a�l� �h�o�s�p�i�t�a�l�s� �g�e�o�g�r�a�p�h�i�c�a�l�l�y� �d�i�s�t�a�n�t� �f�r�o�m� �e�a�c�h� �o�t�h�e�r ��s�.� �E�a�c�h

�a�m�b�u�l�a�n�c�e�c�a�n� �s�e�r�v�e� �s�e�v�e�r�a�l� �d�i�s�a�s�t�e�r� �z�o�n�e�s� �l�o�c�a�t�e�d� �i�n� �i�t�s� �c�o�v�e�r�a�g�e� �a�r�e�a�.�W�e�n�a�m�e� �t�h�e� �g�r�o�u�p

�o�f�a�m�b�u�l�a�n�c�e� �n�u�m�b�e�r�,�a�s�s�o�c�i�a�t�e�d� �d�i�s�a�s�t�e�r� �z�o�n�e�s�,� �h�o�s�p�i�t�a�l�n�u�m�b�e�r�s� �a�n�d� �w�o�u�n�d�e�d� �n�u�m�b�e�r�s

�a�s�a�n� �e�n�t�i�t�y�,� �i�n� �o�t�h�e�r�t�e�r�m�;�t�h�e� �w�h�o�l�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �p�r�o�b�l�e�m� �i�s� �d�i�v�i�d�e�d� �i�n�t�o�s�e�v�e�r�a�l� �s�u�b

�p�r�o�b�l�e�m�s� �w�h�e�r�e� �e�a�c�h� �s�u�b�-�p�r�o�b�l�e�m� �i�s� �a�n� �e�n�t�i�t�y�.� �S�o�l�v�i�n�g� �t�h�e� �w�h�o�l�e� �p�r�o�b�l�e�m� �i�s� �e�q�u�i�v�a�l�e�n�t� �t�o

�s�o�l�v�e� �o�n�e� �e�n�t�i�t�y�.� �T�h�e� �s�a�m�e� �s�t�r�a�t�e�g�y� �a�p�p�l�i�e�s� �o�n� �a�l�l� �o�t�h�e�r�s� �e�n�t�i�t�i�e�s�.

�W�e� �c�o�n�s�i�d�e�r� �t�w�o� �d�i�f�f�e�r�e�n�t� �s�c�e�n�a�r�i�o�s� �o�f� �t�h�e� �(�I�P�A�M�S�R�A�)�.� �I�n� �t�h�e� �f�i�r�s�t� �o�n�e�,� �w�e� �t�r�e�a�t� �t�h�e

�(�I�P�A�M�S�R�A�) �u�s�i�n�g� �h�o�s�p�i�t�a�l� �c�a�p�a�c�i�t�y� �c�o�n�s�t�r�a�i�n�t� �a�n�d� �i�n� �t�h�e� �s�e�c�o�n�d�o�n�e�,�w�e� �r�e�m�o�v�e� �t�h�a�t

�c�o�n�s�t�r�a�i�n�t�,� �i�n� �o�t�h�e�r� �t�e�r�m�,� �w�e� �c�o�n�s�i�d�e�r� �t�h�a�t� �a�l�l� �h�o�s�p�i�t�a�l�s� �h�a�v�e� �a�n� �i�n�f�i�n�i�t�e� �c�a�p�a�c�i�t�y�.

�F�i�g�u�r�e�2�1�.�A�m�b�u�l�a�n�c�e�-�c�r�i�s�i�s� �z�o�n�e�s�-�h�o�s�p�i�t�a�l� �a�s�s�i�g�n�m�e�n�t� �m�e�t�h�o�d�o�l�o�g�y

�S�2

�H�1

�H�2

�H�3

�S�1
�a�1

�A�m�b�u�l�a�t�o�r�y�C�e�n�t�e�r

�S�3



�P�a�r�t� �I�I�-�M�O�D�E�L�L�I�N�G� �A�N�D� �R�E�S�E�A�R�C�H� �M�E�T�H�O�D�O�L�O�G�Y �C�h�a�p�t�e�r�I�V

�9�0

�A�s�s�u�m�p�t�i�o�n

�S�o�m�e� �a�s�s�u�m�p�t�i�o�n�s�s�h�o�u�l�d� �b�e� �r�e�s�p�e�c�t�e�d�.

€ �T�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �d�i�s�a�s�t�e�r� �z�o�n�e�s�,� �w�o�u�n�d�e�d� �n�u�m�b�e�r� �i�n� �e�a�c�h� �d�i�s�a�s�t�e�r� �z�o�n�e� �a�n�d

�a�m�b�u�l�a�n�c�e�s� �n�u�m�b�e�r� �a�r�e� �a�l�r�e�a�d�y� �k�n�o�w�n� �i�n� �a�d�v�a�n�c�e�.

€ �W�e� �w�i�l�l� �a�s�s�u�m�e� �t�h�a�t� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �a�m�b�u�l�a�n�c�e�s� �t�o� �b�e� �u�s�e�d� �f�o�r� �w�o�u�n�d�e�d

�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �p�u�r�p�o�s�e� �i�s� �l�e�s�s� �t�h�a�n� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �w�o�u�n�d�e�d�,� �a�l�s�o� �w�e� �w�i�l�l

�l�i�m�i�t� �t�h�e� �a�m�b�u�l�a�n�c�e� �c�a�p�a�c�i�t�y� �t�o� �o�n�e� �w�o�u�n�d�e�d� �a�t� �a� �t�i�m�e� �(�S�t�a�n�d�a�r�d� �c�a�p�a�c�i�t�y�)�.

€ �E�a�c�h� �h�o�s�p�i�t�a�l!� �i�s� �a�b�l�e� �t�o�s�e�r�v�e� �a� �f�i�n�i�t�e� �n�u�m�b�e�r�o�f� �w�o�u�n�d�e�d� �a�n�d� �h�a�s� �t�h�e

�a�b�i�l�i�t�y� �t�o� �t�r�e�a�t� �a�l�l� �k�i�n�d� �o�f� �i�n�j�u�r�i�e�s�.
€ �A�l�l� �d�i�s�a�s�t�e�r�s� �z�o�n�e�s� �a�r�e� �d�i�s�t�a�n�t� �f�r�o�m� �e�a�c�h� �o�t�h�e�r�.

€ �W�e� �w�i�l�l� �n�o�t� �c�o�n�s�i�d�e�r� �t�h�e� �w�a�s�t�e�d� �t�i�m�e� �s�p�e�n�t� �b�y� �t�h�e� �o�p�e�r�a�t�i�o�n� �o�f

�L�o�a�d�i�n�g�/�U�n�l�o�a�d�i�n�g� �w�o�u�n�d�e�d� �f�r�o�m� �i�t�s� �l�o�c�a�t�i�o�n� �t�o� �h�o�s�p�i�t�a�l�.

€ �W�e� �w�i�l�l� �a�s�s�u�m�e� �t�h�a�t� �t�h�e� �b�e�s�t� �p�a�t�h�s� �a�r�e� �a�l�w�a�y�s� �u�s�e�d� �b�y� �a�m�b�u�l�a�n�c�e�s�.

€ �E�a�c�h� �d�i�s�a�s�t�e�r� �z�o�n�e� �i�s� �c�o�n�s�i�d�e�r�e�d� �l�i�k�e� �a� �r�o�u�n�d� �f�i�e�l�d� �w�i�t�h� �s�m�a�l�l� �r�a�d�i�u�s� �a�n�d� �c�o�n�t�a�i�n�s

�a� �f�i�n�i�t�e� �n�u�m�b�e�r� �o�f� �w�o�u�n�d�e�d�.

�G�e�n�e�r�a�l�l�y�,� �e�a�c�h�w�o�u�n�d�e�d� �i�s� �a�s�s�o�c�i�a�t�e�d� �t�o� �o�n�e� �m�e�d�i�c�a�l� �d�i�a�g�n�o�s�t�i�c� �w�h�i�c�h� �i�s� �d�i�v�i�d�e�d� �i�n

�f�o�u�r� �c�a�t�e�g�o�r�i�e�s�:

�1�. �C�r�i�t�i�c�a�l� �i�n�j�u�r�y

�2�. �S�e�v�e�r�e� �i�n�j�u�r�y

�3�. �M�o�d�e�r�a�t�e� �i�n�j�u�r�y

�4�. �S�l�i�g�h�t� �i�n�j�u�r�y

�W�h�e�n� �t�h�e� �i�n�j�u�r�i�e�s� �a�r�e� �c�l�a�s�s�i�f�i�e�d� �a�s� �c�r�i�t�i�c�a�l� �o�r� �s�e�v�e�r�e�,� �i�t� �m�e�a�n�s� �t�h�a�t� �w�e� �s�h�o�u�l�d� �a�c�t� �f�a�s�t

�a�n�d� �p�r�o�v�i�d�e� �h�e�l�p� �t�o� �w�o�u�n�d�e�d� �a�s� �f�a�s�t� �a�s� �p�o�s�s�i�b�l�e� �i�n� �o�r�d�e�r� �t�o� �s�a�v�e�t�h�e�i�r� �l�i�v�e�s�.� �U�s�u�a�l�l�y�,� �i�n

�t�h�e�s�e� �t�w�o� �c�a�s�e�s� �t�h�e� �w�o�u�n�d�e�d� �m�a�x�i�m�u�m� �a�l�l�o�w�e�d� �w�a�i�t�i�n�g� �t�i�m�e� �i�s� �u�p� �t�o� �3�0� �m�i�n�u�t�e�s� �a�f�t�e�r

�t�h�a�t�t�h�e� �i�n�j�u�r�e�d�w�i�l�l� �b�e� �m�o�s�t� �p�r�o�b�a�b�l�y� �d�e�a�d�.� �T�o� �r�e�d�u�c�e� �m�o�r�t�a�l�i�t�y�r�a�t�e�a�n�d� �d�u�e� �t�o� �t�h�e

�c�o�m�p�l�e�x�i�t�y� �o�f� �o�u�r� �p�r�o�p�o�s�e�d� �p�r�o�b�l�e�m�,�w�e�s�h�o�u�l�d� �a�d�o�p�t� �a�n� �e�f�f�i�c�i�e�n�t� �f�a�s�t� �a�l�g�o�r�i�t�h�m� �t�h�a�t� �i�s

�c�a�p�a�b�l�e� �t�o� �s�o�l�v�e� �s�u�c�h� �c�o�m�p�l�e�x� �p�r�o�b�l�e�m�s� �a�n�d� �c�a�n� �q�u�i�c�k�l�y� �p�r�o�v�i�d�e� �e�f�f�i�c�i�e�n�t� �s�o�l�u�t�i�o�n�s

�w�i�t�h�i�n� �a� �s�m�a�l�l� �p�r�o�c�e�s�s�i�n�g� �t�i�m�e� �w�h�i�c�h� �w�i�l�l� �n�o�t� �e�x�c�e�e�d�s� �t�h�e� �1�0� �m�i�n� �b�a�r�r�i�e�r�.�T�o� �a�c�h�i�e�v�e

�o�u�r� �g�o�a�l�,� �w�e� �p�r�o�p�o�s�e� �a� �h�y�b�r�i�d� �G�R�A�S�P�-�T�a�b�u� �S�e�a�r�c�h�a�l�g�o�r�i�t�h�m� �t�h�a�t�w�i�l�l� �b�e� �d�e�t�a�i�l�e�d� �i�n

�s�e�c�t�i�o�n�4�.�6�.

�T�o� �p�r�o�v�e� �t�h�a�t� �o�u�r� �p�r�o�b�l�e�m� �i�s�N�P�-�C�o�m�p�l�e�t�e�,� �w�e�c�o�n�s�i�d�e�r� �a� �s�p�e�c�i�f�i�c� �i�n�s�t�a�n�c�e� �w�h�e�r�e� �e�a�c�h

�s�i�n�i�s�t�e�r� �z�o�n�e� �c�o�n�t�a�i�n�s� �o�n�l�y� �o�n�e� �s�i�n�g�l�e� �w�o�u�n�d�e�d�,� �i�n� �t�h�i�s� �c�a�s�e�,� �o�u�r� �p�r�o�b�l�e�m� �i�s� �s�i�m�i�l�a�r� �t�o

�t�h�e� �V�e�h�i�c�l�e� �R�o�u�t�i�n�g� �P�r�o�b�l�e�m� �(�V�.�R�.�P�)�,� �w�h�i�c�h� �i�s� �k�n�o�w�n� �a�s� �N�p�-�C�o�m�p�l�e�t�e� �p�r�o�b�l�e�m�.
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�4�.�5 �M�a�t�h�e�m�a�t�i�c�a�l� �F�o�r�m�u�l�a�t�i�o�n

· H = { �, �, &�, } is the set of usedHospitals where |H|= m,
· S = { �, �, &�, } is the set ofSinister zoneswhere|S|= n,
· A = { �, �, &�, } is the set ofAmbulances where |A|= k,
· : Theoreticalcapacity of hospital , it is themaximumnumber of woundedthat hospital

canhandleat the beginning of the operation(i = 1, 2, „, m),
· �( �, �): Matrix used to specify the total time spent in transporting all wounded belonging to zone

s toward hospital h "� �( �,!��) "� �S�×�H,

· : The timespent in accomplishing all of missions belonging to ambulancea "� a "� �A,
· G: A sufficiently large number,
· : Set of wounded in sinister zones where |P| is the total wounded number in all disaster

zones.

�W�e� �d�e�f�i�n�e� �t�h�e� �f�o�l�l�o�w�i�n�g� �b�i�n�a�r�y� �i�n�t�e�g�e�r� �v�a�r�i�a�b�l�e�s�:

�( �, �)�( �, �)�=

· �1� �i�f� �a�m�b�u�l�a�n�c�e� �«�a�»� �s�e�r�v�e�s� �z�o�n�e�t�o�w�a�r�d�s� �h�o�s�p�i�t�a�l

�b�e�f�o�r�e� �s�e�r�v�i�n�g� �z�o�n�e�t�o�w�a�r�d�s� �h�o�s�p�i�t�a�l

· �0� �i�f� �e�l�s�e

�( �, �)�=

· �1� �i�f� �a�m�b�u�l�a�n�c�e� �«�a�»� �i�s� �a�f�f�e�c�t�e�d� �t�o� �h�o�s�p�i�t�a�l� �h� �f�o�r� �s�e�r�v�i�n�g

�z�o�n�e�s

· �0� �i�f� �e�l�s�e

�O�u�r� �m�a�i�n� �g�o�a�l� �i�s� �t�o� �m�i�n�i�m�i�z�e� �t�h�e� �t�o�t�a�l� �t�i�m�e� �s�p�e�n�t� �t�o� �s�e�r�v�e� �a�l�l� �d�i�s�a�s�t�e�r� �z�o�n�e�s�.

�:� �T�h�e� �f�i�n�i�s�h� �t�i�m�e� �o�f� �t�h�e� �l�a�s�t� �a�s�s�i�g�n�e�d� �v�e�h�i�c�l�e�a�f�o�r� �s�e�r�v�i�n�g� �t�h�e� �l�a�s�t� �g�r�o�u�p� �o�f� �w�o�u�n�d�e�d� �i�n� �t�h�e
�l�a�s�t� �d�i�s�a�s�t�e�r� �z�o�n�e�s�.� �I�n� �o�t�h�e�r� �t�e�r�m�,� �t�h�e� �o�p�e�r�a�t�i�o�n� �t�e�r�m�i�n�a�t�i�o�n� �d�a�t�e� �n�a�m�e�d� �m�a�k�e�s�p�a�n�.

�U�s�i�n�g� �t�h�e� �p�r�e�v�i�o�u�s� �n�o�t�a�t�i�o�n�,� �s�o�l�v�i�n�g� �o�u�r� �p�r�o�b�l�e�m� �i�s� �e�q�u�i�v�a�l�e�n�t� �t�o� �s�o�l�v�e� �t�h�e� �f�o�l�l�o�w�i�n�g� �b�i�n�a�r�y
�l�i�n�e�a�r� �m�o�d�e�l�:

�M�i�n

�S�u�b�j�e�c�t� �t�o�:

"� �( �, �)�,�( �, �)�( �, �)"� �×
�( �, �) �( �, �)

"d �1 "� �( �,!� �) "� �S�×�H�; "� a "� �A�; (1)

"� �( �, �)�,�( �, �)�( �, �)"� �×
�( �, �) �( �, �)

"d �1 "� ( �,!� ) "� �S�×�H�; "� a "� �A�; (2)

"� �( �, �)�,�( �, �)�( �, �)"� �× �= "� �( �, �)�.�( �, �)�( �, �)"� �× "� �( �,!� �) "� �S 2�×�H 2 (3)

"� �( �, �)"�
"�

"d �(!��) "� �h"� �H (4)

"� �( �, �)"� �= �1 "� �a"� �A (5)

"� �( �, �)"�
"�

�= �| �( �)�| "� �s"� �S (6)
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="� �(�( �, �)"� "�
�( �, �)"� "�

�(�2 �( �, �) "� "� �( �, �)�,�( �, �)�)�( �, �)"� "� �× �( �, �) �+ "� �( �, �)�,�( �, �)�,�( �, �) �× �( �,�)�) "� �a"� �A (7)

�( �, �) "d"� �( �, �)�,�( �, �)�( �, �)"� �×
�( �, �) �( �, �)

"� �a"� �A�,"� �( �,!� �) "� �S 2�×�H 2 (8)

�. �( �, �) "e"� �( �, �)�,�( �, �)�( �, �)"� �×
�( �, �) �( �, �)

"� �a"� �A�,"� �( �,!� �) "� �S 2�×�H 2 (9)

"e "� a "� �A (10)

�C�o�n�s�t�r�a�i�n�t�s� �(�1�)� �m�e�a�n�s� �t�h�a�t� �e�a�c�h� �m�i�s�s�i�o�n�( �,!� �)�h�a�s� �a�t� �m�o�s�t� �o�n�e�s�u�c�c�e�s�s�o�r�,� �c�o�n�s�t�r�a�i�n�t
�(�2�)� �e�n�s�u�r�e� �t�h�a�t� �e�a�c�h� �m�i�s�s�i�o�n�( �,!� �) �a�d�m�i�t� �a�t� �m�o�s�t� �o�n�e� �p�r�e�d�e�c�e�s�s�o�r�.� �C�o�n�s�t�r�a�i�n�t�s� �(�3�)
�e�n�s�u�r�e�s� �t�h�e� �s�t�r�e�a�m� �c�o�n�s�e�r�v�a�t�i�o�n�,� �i�f� �a� �m�i�s�s�i�o�n� �h�a�s� �a� �p�r�e�d�e�c�e�s�s�o�r� �t�h�e�n� �i�t� �m�u�s�t� �a�d�m�i�t� �a
�s�u�c�c�e�s�s�o�r�.
�C�o�n�s�t�r�a�i�n�t� �(�4�)� �g�u�a�r�a�n�t�e�e�s� �t�h�a�t� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r�o�f� �t�r�a�n�s�p�o�r�t�e�d� �w�o�u�n�d�e�d� �t�o� �e�a�c�h� �h�o�s�p�i�t�a�l
�s�h�o�u�l�d� �n�o�t� �e�x�c�e�e�d� �i�t�s� �m�a�x�i�m�u�m� �c�a�p�a�c�i�t�y�.� �C�o�n�s�t�r�a�i�n�t� �(�5�)� �e�n�s�u�r�e�s� �t�h�a�t� �t�h�e� �f�i�r�s�t� �m�i�s�s�i�o�n
�(�0�,� �0�)� �m�a�d�e� �b�y� �e�a�c�h� �a�m�b�u�l�a�n�c�e� �h�a�d� �e�x�a�c�t�l�y� �o�n�e� �p�r�e�d�e�c�e�s�s�o�r� �a�n�d� �o�n�e� �s�u�c�c�e�s�s�o�r�.
�C�o�n�s�t�r�a�i�n�t� �(�6�)� �e�n�s�u�r�e�s� �t�h�a�t� �t�h�e� �t�o�t�a�l� �w�o�u�n�d�e�d� �n�u�m�b�e�r�o�f� �e�a�c�h� �s�i�n�i�s�t�e�r� �z�o�n�e� �s�h�o�u�l�d� �b�e
�t�r�a�n�s�p�o�r�t�e�d� �t�o� �h�o�s�p�i�t�a�l�s� �w�i�t�h� �t�h�e� �f�l�e�e�t� �o�f� �a�m�b�u�l�a�n�c�e�s�.� �C�o�n�s�t�r�a�i�n�t� �n�u�m�b�e�r� �(�7�)� �e�v�a�l�u�a�t�e�s
�t�h�e� �e�n�d� �o�f� �t�r�a�n�s�p�o�r�t�i�n�g� �t�i�m�e� �f�o�r� �a�l�l� �w�o�u�n�d�e�d� �s�e�r�v�e�d� �b�y� �a�n� �a�m�b�u�l�a�n�c�e�  ��a �� �a�f�t�e�r
�a�c�c�o�m�p�l�i�s�h�i�n�g� �a�l�l� �o�f� �i�t�s� �m�i�s�s�i�o�n�s�.� �C�o�n�s�t�r�a�i�n�t�s� �(�8�)� �a�n�d� �(�9�)�a�r�e� �b�i�n�d�i�n�g� �c�o�n�s�t�r�a�i�n�t�s
�b�e�t�w�e�e�n� �v�a�r�i�a�b�l�e� �A� �a�n�d� �v�a�r�i�a�b�l�e� �x�.� �C�o�n�s�t�r�a�i�n�t� �(�1�0�)� �i�s� �u�s�e�d� �t�o� �e�v�a�l�u�a�t�e� �t�h�e� �m�a�k�e�s�p�a�n
�w�h�i�c�h� �i�s� �t�h�e� �t�i�m�e� �s�p�e�n�t� �b�y� �t�h�e� �l�a�s�t� �m�i�s�s�i�o�n� �e�n�d�i�n�g�.
�A�c�c�o�r�d�i�n�g� �t�o� �c�r�i�s�i�s� �d�e�g�r�e�e�,� �t�h�e� �p�r�o�b�l�e�m� �c�a�n� �b�e� �c�o�n�s�i�d�e�r�e�d� �w�i�t�h� �o�r� �w�i�t�h�o�u�t� �c�a�p�a�c�i�t�y
�c�o�n�s�t�r�a�i�n�t� �(�4�)�.� �G�e�n�e�r�a�l�l�y�,� �i�n� �a� �m�a�j�o�r� �d�i�s�a�s�t�e�r�,� �t�h�e� �n�u�m�b�e�r� �o�f� �i�n�j�u�r�e�d� �i�s� �l�a�r�g�e�r� �t�h�a�n� �t�h�e
�t�o�t�a�l� �h�o�s�p�i�t�a�l�s�c�a�p�a�c�i�t�i�e�s�;�i�n� �t�h�i�s� �c�a�s�e� �t�h�e� �c�a�p�a�c�i�t�y� �c�o�n�s�t�r�a�i�n�t� �s�h�o�u�l�d� �b�e� �i�g�n�o�r�e�d�.� �Y�e�t�,
�a�c�c�o�r�d�i�n�g� �t�o� �s�i�t�u�a�t�i�o�n� �e�s�p�e�c�i�a�l�l�y� �w�h�e�n� �t�h�e� �t�o�t�a�l� �w�o�u�n�d�e�d� �n�u�m�b�e�r� �i�n� �a�l�l� �s�i�n�i�s�t�e�r� �z�o�n�e�s
�i�s� �l�o�w�e�r� �t�h�a�n� �t�h�e� �t�o�t�a�l� �c�a�p�a�c�i�t�y� �o�f� �a�l�l� �h�o�s�p�i�t�a�l�s�,� �i�t� �i�s� �m�o�r�e� �c�o�n�v�e�n�i�e�n�t� �t�o� �a�p�p�l�y� �t�h�e
�c�a�p�a�c�i�t�y� �c�o�n�s�t�r�a�i�n�t� �i�n� �t�h�e� �m�o�d�e�l�i�n�g� �i�n� �o�r�d�e�r� �t�o� �p�r�o�p�o�s�e� �a�n� �a�d�e�q�u�a�t�e� �s�o�l�u�t�i�o�n�.

�4�.�6 �R�e�s�o�l�u�t�i�o�n� �m�e�t�h�o�d�s

�W�e� �d�e�s�c�r�i�b�e� �i�n� �t�h�i�s� �s�e�c�t�i�o�n� �t�h�e� �a�d�o�p�t�e�d� �a�l�g�o�r�i�t�h�m�s� �w�h�i�c�h� �a�r�e�C�P�L�E�X�-�T�S� �(�C�-�T�S�)

�a�n�d� �(�G�R�A�S�P�-�T�S�)�,� �a�f�t�e�r� �t�h�a�t� �w�e� �d�i�s�c�u�s�s� �t�h�e�i�r� �h�y�b�r�i�d�i�z�a�t�i�o�n� �a�n�d� �t�h�e�i�r� �a�d�a�p�t�i�o�n� �t�o� �o�u�r

�p�r�o�b�l�e�m�.

�4�.�6�.�1�G�R�A�S�P�-�T�S

�A�t� �f�i�r�s�t�,� �w�e� �i�n�i�t�i�a�l�i�z�e� �s�o�m�e� �p�a�r�a�m�e�t�e�r�s� �s�u�c�h� �a�s� �t�h�e� �r�o�u�t�i�n�g� �t�i�m�e� �b�e�t�w�e�e�n� �d�i�s�a�s�t�e�r� �z�o�n�e�s�,

�a�m�b�u�l�a�n�c�e�s�,� �h�o�s�p�i�t�a�l�s� �a�n�d� �t�h�e� �b�e�s�t� �s�o�l�u�t�i�o�n�,�a�f�t�e�r� �t�h�a�t�,�w�e� �a�p�p�l�y�(�G�R�A�S�P�)�p�r�o�c�e�d�u�r�e

�t�o� �c�o�n�s�t�r�u�c�t� �a� �f�e�a�s�i�b�l�e� �s�o�l�u�t�i�o�n�.�A�t� �e�a�c�h� �i�t�e�r�a�t�i�o�n�,� �w�e� �t�r�e�a�t� �t�h�e� �s�e�l�e�c�t�e�d� �z�o�n�e� �w�i�t�h� �s�o�m�e

�o�r� �a�l�l� �o�f� �i�t�s� �r�e�l�a�t�e�d� �w�o�u�n�d�e�d� �a�n�d� �w�e� �s�e�l�e�c�t� �r�a�n�d�o�m�l�y� �o�n�e� �o�f� �t�h�e� �n�e�a�r�e�s�t� �h�o�s�p�i�t�a�l�s� �a�n�d

�o�n�e� �o�f� �t�h�e� �a�m�b�u�l�a�n�c�e�s�.�N�e�x�t�,� �w�i�t�h�i�n� �t�h�e� �s�a�m�e� �i�t�e�r�a�t�i�o�n�,� �w�e� �u�p�d�a�t�e� �t�h�e� �d�i�s�t�a�n�c�e�s

�b�e�t�w�e�e�n� �t�h�e� �s�i�n�i�s�t�e�r� �z�o�n�e� �a�n�d� �t�h�e� �s�e�l�e�c�t�e�d� �a�m�b�u�l�a�n�c�e�,� �t�h�e� �h�o�s�p�i�t�a�l� �c�a�p�a�c�i�t�y� �a�n�d� �t�h�e

�n�u�m�b�e�r� �o�f� �r�e�m�a�i�n�i�n�g� �w�o�u�n�d�e�d� �i�n�s�i�d�e� �t�h�a�t� �s�i�n�i�s�t�e�r� �z�o�n�e�.� �T�h�e�n� �w�e� �m�o�v�e� �t�o� �t�h�e� �n�e�x�t
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�s�i�n�i�s�t�e�r� �z�o�n�e�.� �A�f�t�e�r� �w�e� �f�i�n�i�s�h� �t�h�e� �t�r�e�a�t�m�e�n�t� �o�f� �a�l�l� �s�i�n�i�s�t�e�r� �z�o�n�e�s�,� �w�e� �c�h�e�c�k� �i�f� �t�h�e

�c�o�n�s�t�r�u�c�t�e�d� �s�o�l�u�t�i�o�n� �i�s� �b�e�t�t�e�r� �t�h�a�n� �a�l�l� �o�f� �t�h�e� �p�r�e�v�i�o�u�s� �c�o�n�s�t�r�u�c�t�e�d� �o�n�e�s�, �i�n �t�h�e

�a�f�f�i�r�m�a�t�i�v�e�c�a�s�e� �w�e� �s�a�v�e� �i�t� �a�s� �t�h�e� �b�e�s�t� �s�o�l�u�t�i�o�n�,� �a�f�t�e�r� �t�h�a�t� �w�e� �r�e�i�n�i�t�i�a�l�i�z�e� �a�l�l� �o�f� �t�h�e

�r�a�n�d�o�m�i�z�e�d� �p�r�o�c�e�d�u�r�e� �r�e�l�a�t�e�d� �p�a�r�a�m�e�t�e�r�s� �a�n�d�r�e�l�a�u�n�c�h�i�t� �a�g�a�i�n� �a�n�d� �a�g�a�i�n� �u�n�t�i�l� �t�h�e

�p�r�e�d�e�f�i�n�e�d� �t�o�t�a�l� �i�t�e�r�a�t�i�o�n� �n�u�m�b�e�r� �i�s� �r�e�a�c�h�e�d�.�A�t� �t�h�i�s� �p�o�i�n�t� �t�h�e� �a�l�g�o�r�i�t�h�m� �i�s� �t�e�r�m�i�n�a�t�e�d

�a�n�d� �t�h�e� �b�e�s�t� �s�o�l�u�t�i�o�n� �f�o�u�n�d� �i�s� �r�e�t�u�r�n�e�d�.

�B�e�f�o�r�e� �s�t�a�r�t�i�n�g� �t�h�e� �T�a�b�u� �S�e�a�r�c�h� �p�r�o�c�e�d�u�r�e�,� �w�e� �d�e�f�i�n�e� �a� �n�e�g�a�t�i�v�e� �v�a�l�u�e�D�w�h�i�c�h� �w�i�l�l

�n�o�t� �a�f�f�e�c�t� �t�h�e� �b�e�s�t� �s�o�l�u�t�i�o�n� �p�r�e�v�i�o�u�s�l�y� �f�o�u�n�d� �b�y�(�G�R�A�S�P�)�.� �T�h�e� �n�e�i�g�h�b�o�r�h�o�o�d

�c�o�n�s�t�r�u�c�t�i�o�n� �w�i�l�l� �b�e� �d�e�t�a�i�l�e�d� �i�n� �t�h�e� �n�e�x�t� �s�u�b�s�e�c�t�i�o�n�.� �A�t� �t�h�e� �b�e�g�i�n�n�i�n�g�,� �a�l�l� �o�f� �t�h�e

�r�e�q�u�i�r�e�d� �p�a�r�a�m�e�t�e�r�s� �s�u�c�h� �a�s� �T�a�b�u� �l�i�s�t� �s�i�z�e�,� �c�u�r�r�e�n�t� �s�o�l�u�t�i�o�n�,� �b�e�s�t� �s�o�l�u�t�i�o�n� �a�n�d� �t�h�e

�n�u�m�b�e�r� �o�f� �t�h�e� �a�l�l�o�w�e�d� �s�u�c�c�e�s�s�i�v�e� �i�t�e�r�a�t�i�o�n�s� �w�h�e�r�e�D�r�e�m�a�i�n�s� �n�e�g�a�t�i�v�e� �a�r�e� �i�n�i�t�i�a�l�i�z�e�d�.

�T�h�e�n� �w�e� �s�t�a�r�t� �t�h�e� �i�t�e�r�a�t�i�o�n�s� �o�f� �o�u�r� �a�l�g�o�r�i�t�h�m�.� �I�n� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� �t�h�e� �e�x�e�c�u�t�i�o�n

�p�r�o�c�e�s�s�,� �w�e� �d�e�f�i�n�e� �t�h�e� �m�a�x�i�m�u�m� �i�t�e�r�a�t�i�o�n�s� �n�u�m�b�e�r� �a�n�d� �w�e� �a�s�s�o�c�i�a�t�e� �a� �n�e�g�a�t�i�v�e

�n�e�i�g�h�b�o�r� �v�a�l�u�e� �b�e�c�a�u�s�e� �i�t� �w�i�l�l� �n�o�t� �a�f�f�e�c�t� �o�r� �i�m�p�r�o�v�e� �t�h�e� �v�a�l�u�e� �o�f� �t�h�e� �b�e�s�t� �s�o�l�u�t�i�o�n

�f�o�u�n�d�.�W�e� �u�s�e� �t�h�e� �n�u�m�b�e�r� �o�f� �s�u�c�c�e�s�s�i�v�e� �u�n�i�m�p�r�o�v�e�d� �i�t�e�r�a�t�i�o�n�s� �a�s� �a�n

�i�n�t�e�n�s�i�f�i�c�a�t�i�o�n�/�d�i�v�e�r�s�i�f�i�c�a�t�i�o�n� �c�r�i�t�e�r�i�o�n�,� �a�n�d� �a� �s�t�o�p�p�i�n�g� �c�r�i�t�e�r�i�o�n�.�A�t� �e�a�c�h� �i�t�e�r�a�t�i�o�n�,� �a

�n�e�i�g�h�b�o�r�h�o�o�d� �o�f� �t�h�e� �c�u�r�r�e�n�t� �s�o�l�u�t�i�o�n� �i�s� �c�o�n�s�t�r�u�c�t�e�d�. �T�h�e� �n�u�m�b�e�r� �o�f� �s�u�c�c�e�s�s�i�v�e

�u�n�i�m�p�r�o�v�e�d� �i�t�e�r�a�t�i�o�n�s� �d�e�t�e�r�m�i�n�e�s� �t�h�e� �n�u�m�b�e�r� �o�f� �t�h�e� �c�r�e�a�t�e�d� �n�e�i�g�h�b�o�r�h�o�o�d�s� �a�t� �t�h�e

�c�u�r�r�e�n�t� �i�t�e�r�a�t�i�o�n�.�T�h�e� �a�c�t�u�a�l� �s�o�l�u�t�i�o�n� �i�s� �s�w�i�t�c�h�e�d� �b�y� �t�h�e� �b�e�s�t� �n�e�i�g�h�b�o�r ��s� �s�o�l�u�t�i�o�n�,� �w�h�i�c�h

�d�o�e�s� �n�o�t� �e�x�i�s�t� �i�n� �t�h�e� �T�a�b�u� �l�i�s�t�.� �M�o�r�e�o�v�e�r�,� �i�n� �t�h�e� �c�a�s�e� �w�h�e�r�e� �t�h�e� �l�a�t�t�e�r� �i�s� �b�e�t�t�e�r� �t�h�a�n�t�h�e

�b�e�s�t�-�e�x�p�l�o�r�e�d� �s�o�l�u�t�i�o�n�,� �i�t� �w�i�l�l� �b�e� �t�h�e� �b�e�s�t� �s�o�l�u�t�i�o�n� �e�x�p�l�o�r�e�d� �a�n�d� �i�t� �w�i�l�l� �b�e� �i�n�s�e�r�t�e�d� �i�n

�t�h�e� �T�a�b�u� �l�i�s�t�.� �W�h�e�n� �t�h�e� �m�a�x�i�m�a�l� �s�i�z�e� �o�f� �T�a�b�u� �l�i�s�t� �i�s� �r�e�a�c�h�e�d�,� �t�h�e� �o�l�d�e�s�t� �e�l�e�m�e�n�t� �i�s

�r�e�m�o�v�e�d�.� �I�n� �a�d�d�i�t�i�o�n�,� �o�n�c�e� �t�h�e� �n�u�m�b�e�r� �o�f� �s�u�c�c�e�s�s�i�v�e� �n�e�g�a�t�i�v�e� �u�n�i�m�p�r�o�v�e�d� �i�t�e�r�a�t�i�o�n�s

�i�s� �e�q�u�a�l� �t�o� �a� �f�i�x�e�d� �i�n�t�e�g�e�r� �d�e�n�o�t�e�d�b�y �,� �t�h�e� �T�a�b�u� �S�e�a�r�c�h� �i�s� �t�e�r�m�i�n�a�t�e�d� �a�n�d� �t�h�e� �b�e�s�t

�s�o�l�u�t�i�o�n� �i�s� �r�e�t�u�r�n�e�d�.� �S�u�c�c�e�s�s�i�v�e�l�y�,� �t�h�e� �p�r�o�c�e�s�s� �o�f� �n�e�i�g�h�b�o�r�h�o�o�d� �c�o�n�s�t�r�u�c�t�i�o�n� �i�s� �d�e�t�a�i�l�e�d�.

�T�h�e� �n�e�i�g�h�b�o�r�h�o�o�d� �o�f� �e�a�c�h� �s�o�l�u�t�i�o�n� �c�r�e�a�t�e�d� �i�s� �d�i�v�i�d�e�d� �i�n�t�o�t�h�r�e�e� �d�i�f�f�e�r�e�n�t� �w�e�l�l�-

�c�o�n�s�t�r�u�c�t�e�d� �s�u�b� �n�e�i�g�h�b�o�r�h�o�o�d�s�.� �T�h�e� �a�d�o�p�t�e�d� �m�e�t�h�o�d� �i�n� �t�h�e� �f�i�r�s�t� �n�e�i�g�h�b�o�r�h�o�o�d

�c�o�n�s�t�r�u�c�t�i�o�n� �c�o�n�s�i�s�t�s� �i�n� �s�e�l�e�c�t�i�n�g� �a� �h�o�s�p�i�t�a�l� �a�t� �f�i�r�s�t� �t�h�e�n� �a�t� �s�e�c�o�n�d� �i�n� �r�e�p�l�a�c�i�n�g� �i�t� �w�i�t�h

�a� �n�e�w� �o�n�e� �a�n�d� �u�p�d�a�t�i�n�g�t�h�e�i�r� �c�u�r�r�e�n�t� �c�a�p�a�c�i�t�i�e�s� �w�i�t�h�o�u�t� �v�i�o�l�a�t�i�n�g� �b�o�t�h� �h�o�s�p�i�t�a�l�s

�c�a�p�a�c�i�t�i�e�s�.� �F�o�r� �t�h�e� �s�e�c�o�n�d� �s�u�b�-�n�e�i�g�h�b�o�r�h�o�o�d� �c�o�n�s�t�r�u�c�t�i�o�n� �w�e� �s�e�l�e�c�t� �a�n� �a�m�b�u�l�a�n�c�e� �a�n�d

�w�e� �a�p�p�l�y� �t�h�e� �s�a�m�e� �s�t�r�a�t�e�g�y� �a�s� �t�h�e� �f�i�r�s�t� �o�n�e� �b�u�t� �o�n�l�y� �o�n� �t�h�a�t� �a�m�b�u�l�a�n�c�e� �a�s�s�o�c�i�a�t�e�d

�h�o�s�p�i�t�a�l�,� �w�o�u�n�d�e�d� �a�n�d� �s�i�n�i�s�t�e�r� �z�o�n�e�a�n�d� �f�i�n�a�l�l�y� �f�o�r� �t�h�e� �t�h�i�r�d� �s�u�b� �n�e�i�g�h�b�o�r�h�o�o�d

�c�o�n�s�t�r�u�c�t�i�o�n�,� �w�e� �s�e�l�e�c�t� �a� �s�i�n�i�s�t�e�r� �a�n�d� �w�e� �o�n�l�y� �u�p�d�a�t�e� �t�h�e� �n�u�m�b�e�r� �o�f� �w�o�u�n�d�e�d� �t�o� �b�e

�t�r�a�n�s�p�o�r�t�e�d� �w�i�t�h�o�u�t� �v�i�o�l�a�t�i�n�g� �h�o�s�p�i�t�a�l� �c�a�p�a�c�i�t�y� �a�n�d� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �t�h�e� �s�i�n�i�s�t�e�r

�c�a�r�d�i�n�a�l�i�t�y�.
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�4�.�6�.�2�H�y�b�r�i�d� �A�l�g�o�r�i�t�h�m

�I�n� �t�h�i�s�s�e�c�t�i�o�n�,�w�e� �s�h�o�w� �t�h�e� �a�d�a�p�t�a�t�i�o�n� �o�f� �t�h�e�s�e� �t�w�o� �a�l�g�o�r�i�t�h�m�s� �w�i�t�h� �o�u�r� �p�r�o�b�l�e�m�.
�H�y�b�r�i�d� �a�l�g�o�r�i�t�h�m�s� �a�r�e� �p�o�p�u�l�a�r� �a�n�d� �w�i�d�e�l�y� �a�p�p�l�i�e�d� �d�u�e� �t�o� �t�h�e�i�r� �e�f�f�i�c�i�e�n�c�y� �c�o�m�p�a�r�e�d� �t�o
�c�l�a�s�s�i�c� �m�e�t�a�-�h�e�u�r�i�s�t�i�c�s�.�H�y�b�r�i�d� �m�e�t�h�o�d�s� �h�a�v�e� �b�e�e�n� �w�i�d�e�l�y� �r�e�l�i�e�d� �o�n� �t�o� �s�o�l�v�e� �c�o�m�p�l�e�x
�p�r�o�b�l�e�m�s�.�T�h�e� �m�a�i�n� �r�e�a�s�o�n� �t�o� �u�s�e� �h�y�b�r�i�d�i�z�a�t�i�o�n� �i�s� �t�o� �a�v�o�i�d� �f�a�l�l�i�n�g� �i�n� �s�o�m�e� �p�r�o�b�l�e�m�s
�e�s�p�e�c�i�a�l�l�y� �t�h�e� �s�t�a�g�n�a�t�i�o�n� �u�n�d�e�r� �l�o�c�a�l� �o�p�t�i�m�a�,�a�l�s�o�h�y�b�r�i�d�i�z�a�t�i�o�n� �i�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �i�t�s
�c�o�n�v�e�r�g�e�n�c�e� �s�p�e�e�d� �t�o� �n�u�m�e�r�i�c�a�l� �r�e�s�u�l�t�,�a�n�d� �i�t�r�e�d�u�c�e�s� �e�f�f�e�c�t�i�v�e�l�y� �t�h�e�r�e�q�u�i�r�e�d
�p�r�o�c�e�s�s�i�n�g� �t�i�m�e� �s�p�e�n�t� �i�n� �c�a�l�c�u�l�a�t�i�n�g� �a�n� �o�p�t�i�m�a�l� �s�o�l�u�t�i�o�n� �o�r� �a�n� �e�f�f�i�c�i�e�n�t� �s�o�l�u�t�i�o�n�.�Y�e�t�,
�i�n� �m�a�n�y� �c�a�s�e�s�,� �m�e�t�a�h�e�u�r�i�s�t�i�c�s� �e�n�c�o�u�n�t�e�r�s� �s�o�m�e� �c�o�n�v�e�r�g�e�n�c�e� �p�r�o�b�l�e�m�s� �i�n� �s�o�l�v�i�n�g
�p�r�o�b�l�e�m�s� �t�o� �o�p�t�i�m�a�l�i�t�y�.�R�e�c�e�n�t�l�y�,�t�h�e�c�o�o�p�e�r�a�t�i�o�n�s�t�r�u�c�t�u�r�e�s�b�e�t�w�e�e�n� �m�e�t�a�h�e�u�r�i�s�t�i�c�s
�a�n�d� �e�x�a�c�t� �a�p�p�r�o�a�c�h�e�s�i�s� �b�e�c�o�m�i�n�g� �m�o�r�e� �a�n�d� �m�o�r�e� �a�d�o�p�t�e�d� �b�y� �r�e�s�e�a�r�c�h�e�r�s�.�B�y� �a�p�p�l�y�i�n�g
�t�h�e�s�e� �s�t�r�a�t�e�g�i�e�s�,� �w�e� �b�e�n�e�f�i�t� �f�r�o�m� �t�h�e� �a�d�v�a�n�t�a�g�e�s� �o�f� �b�o�t�h� �t�y�p�e�s� �o�f� �m�e�t�h�o�d�s� �a�n�d� �e�n�h�a�n�c�e
�t�h�e�m� �t�o� �f�i�n�d� �e�f�f�i�c�i�e�n�t� �s�o�l�u�t�i�o�n�s�.

�I�n� �l�i�t�e�r�a�t�u�r�e�,� �w�e� �h�a�v�e� �f�o�u�n�d� �m�a�n�y� �h�y�b�r�i�d�i�z�a�t�i�o�n� �s�t�r�a�t�e�g�i�e�s� �b�u�t� �w�e� �a�r�e� �i�n�t�e�r�e�s�t�e�d� �i�n� �j�u�s�t
�t�w�o� �t�y�p�e�s� �o�f� �t�h�e�m�.� �T�h�e� �f�i�r�s�t� �t�y�p�e� �o�f� �h�y�b�r�i�d�i�z�a�t�i�o�n� �c�o�u�n�t�s� �o�n� �u�s�i�n�g� �e�v�e�n� �p�a�r�a�l�l�e�l�i�z�a�t�i�o�n
�o�r� �t�h�r�e�a�d�i�n�g�,� �i�t�s� �t�e�c�h�n�i�q�u�e� �d�e�p�e�n�d�s� �o�n� �t�h�e� �e�x�p�l�o�i�t�a�t�i�o�n� �o�f� �c�o�n�c�u�r�r�e�n�c�e� �a�n�d� �b�e�n�e�f�i�t�s
�f�r�o�m� �t�h�e� �c�o�o�p�e�r�a�t�i�o�n�b�e�t�w�e�e�n�m�a�n�y� �m�e�t�a�-�h�e�u�r�i�s�t�i�c�p�r�o�c�e�s�s�e�s� �t�h�a�t�a�r�e� �l�a�u�n�c�h�e�d� �i�n
�p�a�r�a�l�l�e�l�.� �T�h�e� �s�e�c�o�n�d� �t�y�p�e� �i�s� �t�h�e� �s�e�q�u�e�n�t�i�a�l� �h�y�b�r�i�d�i�z�a�t�i�o�n�,� �i�t�s� �t�e�c�h�n�i�q�u�e� �c�o�u�n�t�s� �o�n� �t�h�e
�a�l�t�e�r�n�a�n�s�b�e�t�w�e�e�n� �t�w�o� �o�r� �m�o�r�e� �m�e�t�a�-�h�e�u�r�i�s�t�i�c�s� �a�n�d� �o�n� �t�h�e� �c�o�o�p�e�r�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e�m
�s�u�c�h� �a�s� �t�h�e� �c�o�m�m�u�n�i�c�a�t�i�o�n� �a�m�o�n�g� �s�o�m�e� �p�a�r�a�m�e�t�e�r�s�.�T�h�e� �s�t�r�a�t�e�g�y� �o�f� �t�h�e� �o�f�f�e�r�e�d� �h�y�b�r�i�d
�a�l�g�o�r�i�t�h�m�s �c�o�n�s�i�s�t�s� �i�n� �a� �s�e�q�u�e�n�t�i�a�l� �h�y�b�r�i�d�i�z�a�t�i�o�n� �o�f�(�C�P�L�E�X�) �a�l�g�o�r�i�t�h�m� �a�n�d�(�T�S�)
�p�r�o�c�e�d�u�r�e�(�C�-�T�S�)� �f�o�r� �t�h�e� �f�i�r�s�t� �o�n�e�a�n�d�a� �s�e�q�u�e�n�t�i�a�l� �h�y�b�r�i�d�i�z�a�t�i�o�n� �o�f�(�G�R�A�S�P�)�a�l�g�o�r�i�t�h�m
�a�n�d�(�T�S�) �p�r�o�c�e�d�u�r�e�(�G�R�A�S�P�-�T�S�)� �f�o�r� �t�h�e� �s�e�c�o�n�d� �o�n�e�.� �T�h�i�s�(�G�R�A�S�P�-�T�S�)�a�p�p�r�o�a�c�h� �i�s
�b�a�s�e�d� �o�n� �r�e�s�t�a�r�t�i�n�g� �t�h�e� �T�a�b�u� �S�e�a�r�c�h� �f�r�o�m� �d�i�f�f�e�r�e�n�t� �i�n�i�t�i�a�l� �s�o�l�u�t�i�o�n�s� �p�r�e�v�i�o�u�s�l�y
�g�e�n�e�r�a�t�e�d� �b�y�(�G�R�A�S�P�)�a�l�g�o�r�i�t�h�m�,� �w�h�i�l�e� �t�h�e� �(�C�-�T�S�)� �c�o�n�s�i�s�t�s� �o�n�l�a�u�n�c�h�i�n�g�T�S� �p�r�o�c�e�d�u�r�e
�f�r�o�m� �t�h�e� �i�n�i�t�i�a�l� �s�o�l�u�t�i�o�n� �c�o�n�s�t�r�u�c�t�e�d� �w�i�t�h� �C�P�L�E�X�.
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�W�e� �d�e�s�c�r�i�b�e� �o�u�r� �h�y�b�r�i�d�(�G�R�A�S�P�-�T�S�)�a�l�g�o�r�i�t�h�m� �w�i�t�h� �t�h�e� �i�n�t�e�g�r�a�t�e�d� �T�a�b�u� �S�e�a�r�c�h
�p�r�o�c�e�d�u�r�e� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �f�i�g�u�r�e�s� �2�2�a�n�d�2�3�.

�K� �=� �K�M�A�X

�?

�A�r�e� �a�l�l� �t�h�e
�W�o�u�n�d�e�d
�s�e�c�u�r�e�d�?

�I�n�i�t�i�a�l�i�z�a�t�i�o�n
�kðß�1

�S�e�l�e�c�t�r�a�n�d�o�m�l�y� �o�n�e�o�f� �t�h�e
�n�e�a�r�e�s�t�c�r�i�s�i�s� �z�o�n�e�s� �t�o

�a�m�b�u�l�a�t�o�r�y� �c�e�n�t�e�r

�S�e�l�e�c�t� �r�a�n�d�o�m�l�y� �o�n�e� �a�m�b�u�l�a�n�c�e

�S�e�l�e�c�t� �r�a�n�d�o�m�l�y� �o�n�e� �o�f� �t�h�e
�n�e�a�r�e�s�t�h�o�s�p�i�t�a�l�s

�U�p�d�a�t�e� �c�a�p�a�c�i�t�y� �o�f� �s�e�l�e�c�t�e�d� �h�o�s�p�i�t�a�l
�U�p�d�a�t�e� �t�h�e� �n�u�m�b�e�r� �o�f� �i�n�j�u�r�e�d� �t�o� �s�e�c�u�r�e� �i�n� �c�u�r�r�e�n�t

�c�r�i�s�i�s� �z�o�n�e
�U�p�d�a�t�e� �d�i�s�t�a�n�c�e�s� �b�e�t�w�e�e�n� �s�e�l�e�c�t�e�d� �a�m�b�u�l�a�n�c�e�a�n�d

�c�r�i�s�i�s� �z�o�n�e

�N�O

�Y�e�s

�I�f� �c�u�r�r�e�n�t� �s�o�l�u�t�i�o�n�i�s� �b�e�t�t�e�r�t�h�a�n�p�r�e�v�i�o�u�s�s�o�l�u�t�i�o�n�s
�s�a�v�e� �c�u�r�r�e�n�t� �s�o�l�u�t�i�o�n� �a�s� �t�h�e� �b�e�s�t� �s�o�l�u�t�i�o�n

�kðß�k�+�1

�N�O

�Y�E�S
�R�e�t�u�r�n� �b�e�s�t� �s�o�l�u�t�i�o�n

�S�e�l�e�c�t� �r�a�n�d�o�m�l�y�a� �n�u�m�b�e�r� �o�f� �i�n�j�u�r�e�d� �t�o� �t�r�a�n�s�f�e�r
�f�r�o�m� �t�h�e� �s�e�l�e�c�t�e�d� �c�r�i�s�i�s� �z�o�n�e

�F�i�g�u�r�e�2�2�.�G�R�A�S�P� �p�r�o�c�e�d�u�r�e
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�N�o�t�e� �h�e�r�e� �t�h�a�t� �t�h�e� �v�a�l�u�e�s� �o�f� �I�_�(�M�a�x� �)�,�K�_�(�M�a�x� �)� �a�n�d� �Z�_�(�M�a�x� �)�a�r�e� �s�u�b�j�e�c�t� �t�o� �m�o�d�i�f�i�c�a�t�i�o�n�s
�d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �i�n�s�t�a�n�c�e�s� �s�i�z�e�.� �W�e� �p�r�e�s�e�n�t� �i�n� �t�h�e� �n�e�x�t� �t�a�b�l�e�7�,� �t�h�e� �v�a�l�u�e�s� �o�f� �t�h�e�s�e�s
�i�t�e�r�a�t�i�o�n�s� �a�c�c�o�r�d�i�n�g� �t�o� �i�n�s�t�a�n�c�e�s� �s�i�z�e�.

�T�a�b�l�e�7�.� �P�a�r�a�m�e�t�e�r�'�s� �v�a�l�u�e�s

Family
F1 10000 1000 1000
F2 500000 2000 3000
F3 1000000 3000 5000

�4�.�7 �E�x�p�e�r�i�m�e�n�t�a�l� �r�e�s�u�l�t�s� �a�n�d� �D�i�s�c�u�s�s�i�o�n�s

�A�l�l� �a�l�g�o�r�i�t�h�m�s� �a�r�e� �c�o�d�e�d� �w�i�t�h� �J�A�V�A�-�N�e�t�B�e�a�n�s� �8�.�2� �p�r�o�g�r�a�m�m�i�n�g� �l�a�n�g�u�a�g�e� �o�n� �a

�W�i�n�d�o�w�s� �8�.�1� �p�r�o� �u�s�i�n�g� �T�o�s�h�i�b�a� �S�a�t�e�l�l�i�t�e� �C�o�r�e� �I�7�,� �2�.�4� �G�H�Z� �a�n�d� �1�6� �G�B� �o�f� �R�A�M� �w�i�t�h� �5�0�0� �G�B

�S�S�D� �H�a�r�d� �d�i�s�k� �a�n�d� �2�G�B� �A�M�D� �R�A�D�E�O�N� �d�e�d�i�c�a�t�e�d� �V�G�A�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �a�r�e� �c�o�m�p�a�r�e�d� �w�i�t�h

�t�h�o�s�e� �o�b�t�a�i�n�e�d� �b�y� �C�P�L�E�X� �V�1�2�.�7�1� �r�u�n�n�i�n�g� �o�n� �t�h�e� �s�a�m�e� �m�a�c�h�i�n�e�.

�G�e�n�e�r�a�t�e� �i�n�i�t�i�a�l� �s�o�l�u�t�i�o�n� �b�y� �G�R�A�S�P

�I�n�i�t�i�a�l�i�z�e� �c�u�r�r�e�n�t�s�o�l�u�t�i�o�n� �a�n�d� �b�e�s�t
�s�o�l�u�t�i�o�n� �b�y� �i�n�i�t�i�a�l� �s�o�l�u�t�i�o�n

�I�n�i�t�i�a�l�i�z�e� �s�e�a�r�c�h� �p�a�r�a�m�e�t�e�r�s
�I ðß �1
�Z ðß �1

�N�e�i�g�h�b�o�r�h�o�o�d� �c�o�n�s�t�r�u�c�t�i�o�n

�S�e�l�e�c�t�i�o�n� �o�f� �b�e�s�t� �n�o�n� �T�a�b�u� �n�e�i�g�h�b�o�r

�U�p�d�a�t�e� �c�u�r�r�e�n�t� �s�o�l�u�t�i�o�n�,� �b�e�s�t
�s�o�l�u�t�i�o�n� �a�n�d� �T�a�b�u� �l�i�s�t

�I�f� �t�h�e� �b�e�s�t� �s�o�l�u�t�i�o�n� �i�s� �i�m�p�r�o�v�e�d

�Iðß�0� �e�l�s�e� �Iðß�I� �+� �1

�N�O �Y�E�S

�Zðß�Z� �+�1

�Y�E�S

�N�O �R�e�t�u�r�n� �b�e�s�t
�s�o�l�u�t�i�o�n

�F�i�g�u�r�e�2�3�.� �G�R�A�S�P�_�T�S�p�r�o�c�e�d�u�r�e

�I�=�I�M�A�X�?

�Z�=�Z�M�A�X�?
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�I�n�s�t�a�n�c�e�s� �a�r�e� �d�i�v�i�d�e�d� �i�n� �t�h�r�e�e� �f�a�m�i�l�i�e�s� �F�1�,� �F�2� �a�n�d� �F�3�.� �F�1� �c�o�n�t�a�i�n�s� �i�n�s�t�a�n�c�e�s� �w�i�t�h� �a� �n�u�m�b�e�r

�o�f� �i�n�j�u�r�e�d�v�a�r�i�a�n�t�s�b�e�t�w�e�e�n�5�0�a�n�d�2�0�0� �w�o�u�n�d�e�d�,� �a�m�b�u�l�a�n�c�e�s� �v�a�r�i�a�n�t� �b�e�t�w�e�e�n� �5� �a�n�d� �2�0�,

�h�o�s�p�i�t�a�l�s� �v�a�r�i�a�n�t� �b�e�t�w�e�e�n� �2� �a�n�d� �5�,� �s�i�n�i�s�t�e�r� �v�a�r�i�a�n�t� �b�e�t�w�e�e�n� �2� �a�n�d� �4�.�F�2� �c�o�n�t�a�i�n�s� �i�n�s�t�a�n�c�e�s

�o�f�3�0�0� �t�o�4�5�0� �w�o�u�n�d�e�d�a�m�b�u�l�a�n�c�e�s� �v�a�r�i�a�n�t� �b�e�t�w�e�e�n� �3�0� �a�n�d� �4�0�,�h�o�s�p�i�t�a�l�s� �v�a�r�i�a�n�t� �b�e�t�w�e�e�n

�6� �a�n�d� �8�,� �s�i�n�i�s�t�e�r� �v�a�r�i�a�n�t� �b�e�t�w�e�e�n� �6� �a�n�d� �1�2�a�n�d� �F�3� �i�s� �t�h�e� �f�a�m�i�l�y� �t�h�a�t� �c�o�n�t�a�i�n�s� �i�n�s�t�a�n�c�e�s� �o�f

�m�o�r�e� �t�h�a�n�4�0�0� �w�o�u�n�d�e�d�,� �4�0� �a�m�b�u�l�a�n�c�e�s�,� �8� �h�o�s�p�i�t�a�l�s� �a�n�d� �m�o�r�e� �t�h�a�n� �1�5�. �T�h�e� �d�e�v�i�a�t�i�o�n

�b�e�t�w�e�e�n� �C�P�L�E�X� �s�o�l�u�t�i�o�n� �a�n�d� �t�h�e� �s�o�l�u�t�i�o�n� �g�i�v�e�n� �b�y� �h�y�b�r�i�d� �a�l�g�o�r�i�t�h�m� �i�s� �c�a�l�c�u�l�a�t�e�d� �b�y�:

�G�a�p�=
�. �. �. �. �.

�. �.

�V�.�H�.�A�.�:�V�a�l�u�e� �g�i�v�e�n� �b�y� �H�y�b�r�i�d� �A�l�g�o�r�i�t�h�m

�V�.�C�.�:�V�a�l�u�e� �g�i�v�e�n� �b�y� �C�P�L�E�X

�S�t�a�r�t�i�n�g� �w�i�t�h� �t�h�e� �p�r�o�p�o�s�e�d� �h�y�b�r�i�d� �a�l�g�o�r�i�t�h�m�(�G�R�A�S�P�-�T�S�)�,� �f�o�r� �F�1� �f�a�m�i�l�y�,� �w�e� �l�i�m�i�t� �t�h�e� �C�P�U

�e�x�e�c�u�t�i�o�n� �t�i�m�e� �f�o�r� �3� �m�i�n� �m�a�x�i�m�u�m� �t�h�e�n� �f�o�r� �f�a�m�i�l�y� �F�2�,� �t�h�e� �p�r�o�c�e�s�s�i�n�g� �t�i�m�e�i�s� �l�i�m�i�t�e�d� �t�o� �7

�m�i�n�u�t�e�s ��m�a�x�i�m�u�m� �a�n�d� �f�i�n�a�l�l�y� �w�h�e�n� �w�e� �m�o�v�e� �t�o� �t�h�e� �t�h�i�r�d� �f�a�m�i�l�y� �F�3�,� �t�h�e� �t�i�m�e� �b�a�r�r�i�e�r� �i�s

�f�i�x�e�d� �t�o� �1�5�m�i�n�u�t�e�s ��m�a�x�i�m�u�m�.

�M�e�a�n�w�h�i�l�e�,� �f�o�r� �C�P�L�E�X�,� �w�e� �l�i�m�i�t� �t�h�e� �C�P�U� �c�o�n�s�u�m�i�n�g� �t�i�m�e� �f�o�r� �1� �h�o�u�r� �f�o�r� �s�m�a�l�l� �a�n�d� �m�i�d�-

�s�i�z�e� �i�n�s�t�a�n�c�e�s� �(�F�a�m�i�l�i�e�s� �F�1� �a�n�d� �F�2�)�,� �b�u�t�w�h�e�n� �w�e� �m�o�v�e� �t�o� �t�h�e� �b�i�g� �s�i�z�e� �i�n�s�t�a�n�c�e�s� �(�F�a�m�i�l�y

�F�3�)�,� �t�h�e� �e�x�e�c�u�t�i�o�n� �t�i�m�e� �i�s� �f�i�x�e�d� �f�o�r� �a� �m�a�x�i�m�u�m� �o�f� �3� �h�o�u�r�s� �o�f� �c�o�n�t�i�n�u�o�u�s� �e�x�e�c�u�t�i�o�n�.

�I�n� �t�h�i�s� �p�a�p�e�r�,� �w�e� �c�o�m�p�u�t�e� �t�h�e� �c�o�n�s�u�m�e�d� �t�i�m�e� �s�p�e�n�t� �b�y� �e�a�c�h� �a�m�b�u�l�a�n�c�e� �f�r�o�m� �t�h�e� �b�e�g�i�n�n�i�n�g

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

�t�h�e� �l�a�t�e�s�t� �a�m�b�u�l�a�n�c�e� �m�i�s�s�i�o�n�.

�D�e�t�a�i�l�e�d� �r�e�s�u�l�t�s� �a�r�e� �g�i�v�e�n� �i�n� �t�w�o� �t�a�b�l�e�s� �a�n�d� �g�r�a�p�h�i�c�a�l�l�y� �s�h�o�w�n� �i�n� �f�o�u�r� �f�l�o�w� �c�h�a�r�t�s�.

· �F�i�r�s�t� �s�c�e�n�a�r�i�o�:� �I�n�s�t�a�n�c�e�s� �w�i�t�h� �h�o�s�p�i�t�a�l�s� �c�a�p�a�c�i�t�i�e�s

o �T�a�b�l�e�s�9�.

· �S�e�c�o�n�d� �s�c�e�n�a�r�i�o�:� �I�n�s�t�a�n�c�e�s� �w�i�t�h�o�u�t� �h�o�s�p�i�t�a�l�s� �c�a�p�a�c�i�t�i�e�s

o �T�a�b�l�e�s�1�0�.

�F�o�r� �t�a�b�l�e�s�9�a�n�d�1�0�w�e� �d�e�f�i�n�e� �t�h�e� �f�o�l�l�o�w�i�n�g� �p�r�o�p�e�r�t�i�e�s

· �F�a�m�i�l�y� �d�e�s�c�r�i�p�t�i�o�n�:�f�o�r� �e�x�a�m�p�l�e�,� �I�n�s�t�a�n�c�e� �n�a�m�e� �P�d�_�A�k�_�H�m�_�S�n� �m�e�a�n�s� �t�h�a�t� �t�h�e� �t�o�t�a�l

�n�u�m�b�e�r� �o�f� �w�o�u�n�d�e�d� �P� �i�s� �e�q�u�a�l� �t�o�d�,� �t�h�e� �n�u�m�b�e�r� �o�f� �u�s�e�d� �a�m�b�u�l�a�n�c�e�s� �A� �i�s� �e�q�u�a�l� �t�o�k�,
�t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �h�o�s�p�i�t�a�l�s� �H� �i�n� �u�s�e� �i�s� �e�q�u�a�l� �t�o�m�a�n�d� �f�i�n�a�l�l�y� �w�e� �d�e�t�e�r�m�i�n�e� �t�h�e

�t�o�t�a�l� �n�u�m�b�e�r� �o�f� �s�i�n�i�s�t�e�r� �z�o�n�e�s� �S�t�h�a�t�i�s� �e�q�u�a�l� �t�o�n�.
· �C�o�l�u�m�n�s� �d�e�s�c�r�i�p�t�i�o�n�:�T�h�e� �f�i�r�s�t� �c�o�l�u�m�n� �s�h�o�w�s� �t�h�e�F�a�m�i�l�y�n�a�m�e�;�t�h�e� �s�e�c�o�n�d� �o�n�e

�s�h�o�w�s� �t�h�e�i�n�s�t�a�n�c�e� �s�i�z�e�.�T�h�e� �t�h�i�r�d�f�o�u�r�t�h�a�n�d� �f�i�f�t�h�o�n�e�s� �s�h�o�w� �t�h�e� �o�b�t�a�i�n�e�d� �o�b�j�e�c�t�i�v�e

�v�a�l�u�e� �i�n� �s�e�c�o�n�d�s�w�i�t�h�C�P�L�E�X� �a�n�d� �h�y�b�r�i�d�s� �a�l�g�o�r�i�t�h�m�s�r�e�s�p�e�c�t�i�v�e�l�y�,� �t�h�e�s�i�x�t�h�,

�s�e�v�e�n�t�h�a�n�d�e�i�g�h�t�h �c�o�l�u�m�n�s� �s�h�o�w� �t�h�e� �c�o�n�s�u�m�i�n�g� �C�P�U� �r�u�n�t�i�m�e�,� �i�n� �s�e�c�o�n�d�s�,� �f�o�r



�P�a�r�t� �I�I�-�M�O�D�E�L�L�I�N�G� �A�N�D� �R�E�S�E�A�R�C�H� �M�E�T�H�O�D�O�L�O�G�Y �C�h�a�p�t�e�r�I�V

�9�8

�C�P�L�E�X� �a�n�d� �h�y�b�r�i�d�s�r�e�s�p�e�c�t�i�v�e�l�y� �a�n�d� �f�i�n�a�l�l�y� �w�e� �s�h�o�w� �t�h�e� �c�a�l�c�u�l�a�t�e�d� �g�a�p� �f�o�r� �C�P�L�E�X

�a�n�d� �h�y�b�r�i�d� �i�n� �c�o�l�u�m�n�s�9�,� �1�0�a�n�d�1�1�r�e�s�p�e�c�t�i�v�e�l�y�.

�T�o� �t�e�s�t� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f�(�G�R�A�S�P�-�T�S�)�w�e� �i�m�p�l�e�m�e�n�t� �d�i�f�f�e�r�e�n�t� �i�n�s�t�a�n�c�e�s� �w�i�t�h� �l�a�r�g�e

�p�r�o�b�l�e�m� �s�i�z�e�s�,� �r�e�s�u�l�t�s� �o�f� �l�a�r�g�e� �i�n�s�t�a�n�c�e�s� �w�i�t�h� �s�a�m�e� �n�u�m�b�e�r� �o�f� �h�o�s�p�i�t�a�l�s� �a�r�e� �t�r�e�a�t�e�d�.

�N�o�t�e� �h�e�r�e� �t�h�a�t� �w�h�e�n�w�e� �i�n�t�e�n�d� �t�o� �u�s�e� �h�o�s�p�i�t�a�l�s� �w�i�t�h� �c�a�p�a�c�i�t�i�e�s�,� �w�e� �a�s�s�u�m�e� �t�h�a�t�a�l�l�h�o�s�p�i�t�a�l�s

�c�a�p�a�c�i�t�i�e�s�c�a�n� �c�o�v�e�r� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �w�o�u�n�d�e�d�c�o�m�i�n�g� �f�r�o�m� �a�l�l�s�i�n�i�s�t�e�r� �z�o�n�e�s�. �I�n

�a�d�d�i�t�i�o�n�,� �w�e� �s�h�o�u�l�d� �m�e�n�t�i�o�n� �h�e�r�e� �t�h�a�t� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �w�o�u�n�d�e�d� �a�m�o�n�g� �d�i�s�a�s�t�e�r�s� �z�o�n�e�s

�i�s� �t�o�t�a�l�l�y�r�a�n�d�o�m�i�z�e�d�.

�I�n� �t�a�b�l�e�8�w�e� �d�e�t�e�r�m�i�n�e� �f�o�r� �e�a�c�h� �f�a�m�i�l�y�,� �t�h�e� �h�o�s�p�i�t�a�l�s� �i�n� �s�e�r�v�i�c�e� �a�n�d� �t�h�e� �a�d�o�p�t�e�d� �c�a�p�a�c�i�t�y

�f�o�r� �e�a�c�h� �o�n�e� �o�f� �t�h�e�m�.

�T�a�b�l�e�8�.�H�o�s�p�i�t�a�l�s� �a�v�a�i�l�a�b�l�e� �c�a�p�a�c�i�t�i�e�s

Family H1 H2 H3 H4 H5 H6 H7

F1 42 48 35 50 95 - -

F2 42 48 35 50 95 365 280

F3 142 148 135 150 295 265 280

�N�o�t�e� �h�e�r�e� �t�h�a�t� �t�h�e� �d�e�v�i�a�t�i�o�n� �b�e�t�w�e�e�n� �C�P�L�E�X� �s�o�l�u�t�i�o�n�s� �a�n�d� �h�y�b�r�i�d� �s�o�l�u�t�i�o�n�s� �w�a�s�m�e�a�s�u�r�e�d�;

�w�h�e�n� �n�e�g�a�t�i�v�e� �i�t� �m�e�a�n�s� �t�h�a�t� �t�h�e� �h�y�b�r�i�d� �g�e�n�e�r�a�t�e�d� �s�o�l�u�t�i�o�n� �b�e�t�t�e�r� �t�h�a�n� �t�h�e� �b�e�s�t� �k�n�o�w�n� �o�n�e

�g�e�n�e�r�a�t�e�d� �b�y� �C�P�L�E�X� �d�u�e� �t�o� �m�e�m�o�r�y� �o�r� �p�r�o�c�e�s�s�i�n�g� �t�i�m�e� �l�i�m�i�t�a�t�i�o�n�.

�T�a�b�l�e�s�9�a�n�d�1�0�s�h�o�w�s� �r�e�s�u�l�t�s� �f�o�r� �a� �s�a�m�p�l�e� �o�f� �t�h�e� �g�e�n�e�r�a�t�e�d� �i�n�s�t�a�n�c�e�s�(�F�1�,� �F�2� �a�n�d� �F�3�)�u�s�e�d

�f�o�r� �s�i�m�u�l�a�t�i�o�n� �a�s�s�e�s�s�m�e�n�t�s�.� �N�o�t�e� �t�h�a�t� �a�t� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� �t�h�e� �s�e�c�u�r�e� �o�p�e�r�a�t�i�o�n�,� �w�e� �p�r�o�v�i�d�e

�f�o�r� �e�a�c�h� �i�n�s�t�a�n�c�e� �t�h�r�e�e� �o�t�h�e�r� �d�a�t�a�:� �T�h�e� �d�i�s�t�a�n�c�e�s� �b�e�t�w�e�e�n� �h�o�s�p�i�t�a�l�s� �a�n�d� �s�i�n�i�s�t�e�r� �z�o�n�e�s�,� �t�h�e

�d�i�s�t�a�n�c�e�s� �b�e�t�w�e�e�n� �a�m�b�u�l�a�n�c�e�s� �a�n�d� �s�i�n�i�s�t�e�r� �z�o�n�e�s� �a�n�d� �t�h�e� �w�o�u�n�d�e�d� �n�u�m�b�e�r� �i�n� �e�a�c�h� �d�i�s�a�s�t�e�r

�z�o�n�e�.

�F�o�r� �F�1� �f�a�m�i�l�y� �w�e� �l�i�m�i�t� �C�P�L�E�X� �C�P�U� �c�o�n�s�u�m�i�n�g� �t�i�m�e� �t�o� �3�6�0�0� �s�e�c�s� �a�n�d� �f�o�r� �F�2�a�n�d� �F�3�F�a�m�i�l�i�e�s�,
�t�h�e� �C�P�U� �c�o�n�s�u�m�i�n�g� �t�i�m�e� �w�a�s� �l�i�m�i�t�e�d� �t�o� �1�0�8�0�0� �s�e�c�s�.

�I�n� �t�a�b�l�e�9�. �W�e� �e�x�a�m�i�n�e� �t�h�r�e�e� �f�a�m�i�l�i�e�s� �o�f� �i�n�s�t�a�n�c�e�s� �F�1�,� �F�2� �a�n�d� �F�3�.� �F�r�o�m� �t�w�e�n�t�y�-�s�e�v�e�n
�i�n�s�t�a�n�c�e�s� �C�P�L�E�X� �p�r�o�v�i�d�e�s� �o�p�t�i�m�a�l� �s�o�l�u�t�i�o�n�s� �f�o�r� �j�u�s�t� �t�h�r�e�e� �o�f� �t�h�e�m� �i�n� �l�e�s�s� �t�h�a�n� �1� �s�e�c�,� �t�h�e
�w�o�r�s�t� �g�a�p� �c�a�l�c�u�l�a�t�e�d� �f�o�r� �t�h�e� �r�e�m�a�i�n�i�n�g� �i�n�s�t�a�n�c�e�s� �w�a�s� �e�q�u�a�l� �t�o� �1�0�.�0�4�%� �i�n� �i�n�s�t�a�n�c�e
�(�W�4�0�0�_�A�4�0�_�H�7�_�S�3�)� �a�n�d� �t�h�e� �b�e�s�t� �g�a�p� �a�t�t�a�i�n�e�d� �0�.�2�%� �i�n� �i�n�s�t�a�n�c�e� �(�W�2�0�0�_�A�1�5�_�H�5�_�S�4�)�.

�T�o� �e�v�a�l�u�a�t�e� �t�h�e� �s�o�l�u�t�i�o�n� �q�u�a�l�i�t�y� �f�o�r� �t�h�e� �h�y�b�r�i�d� �a�l�g�o�r�i�t�h�m� �(�G�R�A�S�P�-�T�S�)�,� �w�e� �r�e�a�l�i�z�e� �t�h�a�t�,� �f�o�r
�F�1� �f�a�m�i�l�y�,� �i�t� �p�r�o�d�u�c�e�d� �f�o�r� �i�n�s�t�a�n�c�e� �(�W�2�0�0�_�A�1�5�_�H�5�_�S�4�)� �t�h�e� �s�a�m�e�v�a�l�u�e� �p�r�o�v�i�d�e�d� �b�y� �C�P�L�E�X
�i�n� �1� �m�i�n�u�t�e� �o�f� �C�P�U� �p�r�o�c�e�s�s�i�n�g� �t�i�m�e�.� �F�o�r� �t�h�e� �r�e�m�a�i�n�i�n�g� �i�n�s�t�a�n�c�e�s� �t�h�e� �p�r�o�c�e�s�s�i�n�g� �t�i�m�e� �i�s
�l�i�m�i�t�e�d� �t�o� �3�6�0�0� �s�e�c�s�,� �t�h�e� �d�e�v�i�a�t�i�o�n� �b�e�t�w�e�e�n� �C�P�L�E�X� �p�r�o�d�u�c�e�d� �s�o�l�u�t�i�o�n�s� �a�n�d� �s�o�l�u�t�i�o�n�s� �g�i�v�e�n
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�9�9

�b�y� �(�G�R�A�S�P�-�T�S�)� �v�a�r�i�e�s� �b�e�t�w�e�e�n� �(�0�.�1�4�%�)� �w�i�t�h� �i�n�s�t�a�n�c�e� �(�W�1�2�5�_�A�1�5�_�H�4�_�S�3�)� �a�n�d� �(�3�.�9�9�%�)
�w�i�t�h� �i�n�s�t�a�n�c�e� �(�W�1�5�0�_�A�1�5�_�H�4�_�S�3�)�.� �F�o�r� �F�2� �f�a�m�i�l�y�,� �t�h�e� �p�r�o�c�e�s�s�i�n�g� �t�i�m�e� �i�s� �l�i�m�i�t�e�d� �t�o� �1�0�8�0�0
�s�e�c�s�,� �n�o�n�e� �o�f� �t�h�e� �i�n�s�t�a�n�c�e�s� �p�r�o�d�u�c�e�d� �b�y� �C�P�L�E�X� �w�e�r�e� �o�p�t�i�m�a�l�.� �T�h�e� �d�e�v�i�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e�s�e
�s�o�l�u�t�i�o�n�s� �a�n�d� �s�o�l�u�t�i�o�n�s� �g�i�v�e�n� �b�y� �h�y�b�r�i�d� �a�l�g�o�r�i�t�h�m� �i�s� �b�e�t�w�e�e�n�-�1�.�3�3�%� �w�i�t�h� �i�n�s�t�a�n�c�e
�(�W�4�0�0�_�A�4�0�_�H�7�_�S�3�)� �a�n�d� �8�.�6�9�%� �w�i�t�h� �i�n�s�t�a�n�c�e� �(�W�5�0�0�_�A�5�0�_�H�7�_�S�7�)�.� �E�x�p�e�c�t�i�n�g� �i�n�s�t�a�n�c�e�s
�(�W�4�5�0�_�A�4�0�_�H�7�_�S�5�)�,� �(�W�5�0�0�_�A�5�0�_�H�7�_�S�7�)� �a�n�d� �(�W�5�5�0�_�A�5�0�_�H�7�_�S�7�)�,� �t�h�e� �h�y�b�r�i�d� �a�l�g�o�r�i�t�h�m
�c�a�l�c�u�l�a�t�e�d� �g�a�p� �i�s� �l�e�s�s� �t�h�a�n� �6� �%�.� �T�h�e� �c�a�l�c�u�l�a�t�e�d� �g�a�p� �f�o�r� �t�h�o�s�e� �i�n�s�t�a�n�c�e�s� �w�e�r�e� �r�e�s�p�e�c�t�i�v�e�l�y
�6�.�8�3�%�,� �8�.�6�9�%� �a�n�d� �8�.�8�7�%�.

�H�e�n�c�e�,� �f�o�r� �F�3� �f�a�m�i�l�y�,� �t�h�e� �C�P�L�E�X� �g�a�p�s� �f�o�r� �i�n�s�t�a�n�c�e�s� �(�W�6�0�0�_�A�3�5�_�H�6�_�S�3�)�,
�(�W�6�0�0�_�A�5�0�_�H�7�_�S�3�)�,� �(�W�7�0�0�_�A�4�5�_�H�6�_�S�5�)�,� �(�W�9�0�0�_�A�5�0�_�H�6�_�S�4�)�,� �(�W�9�0�0�_�A�5�0�_�H�7�_�S�7�)�,
�(�W�1�0�0�0�_�A�4�5�_�H�6�_�S�5�)� �a�n�d� �(�W�1�0�0�0�_�A�5�0�_�H�7�_�S�7�)� �a�r�e� �r�e�s�p�e�c�t�i�v�e�l�y� �3�.�3�2�%�,� �2�.�1�1�%�,� �3�.�9�9�%�,
�3�.�5�1�%�,� �6�.�8�%�,� �7�.�5�2�%� �a�n�d� �5�.�1�5�%�.� �H�o�w�e�v�e�r�,� �f�o�r� �i�n�s�t�a�n�c�e� �(�W�8�0�0�_�A�4�0�_�H�7�_�S�3�)� �C�P�L�E�X� �w�a�s
�u�n�a�b�l�e� �t�o� �d�e�l�i�v�e�r� �f�e�a�s�i�b�l�e� �s�o�l�u�t�i�o�n� �a�f�t�e�r� �1�0�8�0�0� �s�e�c�s� �o�f� �C�P�U� �c�o�n�s�u�m�i�n�g� �t�i�m�e�,� �i�t� �r�e�t�u�r�n�s� �a�n
 ��o�u�t� �o�f� �m�e�m�o�r�y �� �m�e�s�s�a�g�e�.� �I�n� �t�h�e� �m�e�a�n�t�i�m�e�,� �a�n�d� �f�o�r� �t�h�e� �s�a�m�e� �i�n�s�t�a�n�c�e�s� �e�x�c�e�p�t�i�n�g
�(�W�8�0�0�_�A�4�0�_�H�7�_�S�3�)�,� �o�u�r� �h�y�b�r�i�d� �a�l�g�o�r�i�t�h�m� �p�r�o�v�i�d�e�s� �e�f�f�i�c�i�e�n�t� �s�o�l�u�t�i�o�n�s� �w�i�t�h� �a� �g�a�p� �v�a�r�y�i�n�g
�b�e�t�w�e�e�n� �(�2�.�1�1�%�)� �a�n�d� �(�7�.�5�2�%�)� �i�n� �l�e�s�s� �t�h�a�n� �o�r� �e�q�u�a�l� �t�o� �1�0� �m�i�n�u�t�e�s� �o�f� �C�P�U� �c�o�n�s�u�m�i�n�g� �t�i�m�e�.
�M�o�r�e�o�v�e�r�,� �i�t� �c�o�n�t�i�n�u�e�s� �p�r�o�v�i�d�i�n�g� �f�e�a�s�i�b�l�e� �s�o�l�u�t�i�o�n� �f�o�r� �i�n�s�t�a�n�c�e� �(�W�8�0�0�_�A�4�0�_�H�7�_�S�3�)� �a�n�d
�b�e�y�o�n�d� �i�n� �l�e�s�s� �t�h�a�n� �1�0� �m�i�n�u�t�e�s� �o�f� �C�P�U� �c�o�n�s�u�m�i�n�g� �t�i�m�e�.

�N�o�t�e� �h�e�r�e� �t�h�a�t� �w�h�e�n� �t�h�e� �d�e�v�i�a�t�i�o�n� �b�e�t�w�e�e�n� �C�P�L�E�X� �s�o�l�u�t�i�o�n�s� �a�n�d� �h�y�b�r�i�d� �s�o�l�u�t�i�o�n�s� �i�s
�n�e�g�a�t�i�v�e�,� �i�t� �m�e�a�n�s� �t�h�a�t� �t�h�e� �h�y�b�r�i�d� �g�e�n�e�r�a�t�e�d� �s�o�l�u�t�i�o�n� �i�s� �b�e�t�t�e�r� �t�h�a�n� �t�h�e� �b�e�s�t� �k�n�o�w�n� �o�n�e
�g�e�n�e�r�a�t�e�d� �b�y� �C�P�L�E�X� �d�u�e� �t�o� �m�e�m�o�r�y� �o�r� �p�r�o�c�e�s�s�i�n�g� �t�i�m�e� �l�i�m�i�t�a�t�i�o�n�.



�P�a�r�t� �I�I�-�M�O�D�E�L�L�I�N�G� �A�N�D� �R�E�S�E�A�R�C�H� �M�E�T�H�O�D�O�L�O�G�Y �C�h�a�p�t�e�r�I�V

�1�0�0

�T�a�b�l�e�9�.�C�P�L�E�X� �v�s� �C�.�T�S� �v�s� �G�R�A�S�P�-�T�S�w�i�t�h� �c�a�p�a�c�i�t�y� �c�o�n�s�t�r�a�i�n�t�.

�I�n�s�t�a�n�c�e� �I�D �C� �V� �(�s�e�c�)
�G�R�A�S�P�-�T�S� �V

�(�s�e�c�)
�C� �C�P�U
�(�s�e�c�)

�G�R�A�S�P�-
�T�S� �C�P�U
�(�s�e�c�)

�C� �G�A�P
�G�R�A�S�P�-�T�S

�G�A�P

�F�1

�W�5�0�_�A�5�_�H�2�_�S�2�1�0�1�2�4 �1�0�1�4�6 �<�1 �3�1 �0�.�0�0�% �0�.�2�2�%

�W�7�5�_�A�5�_�H�2�_�S�2 �8�3�9�3 �8�4�8�9 �<�1 �3�6 �0�.�0�0�% �1�.�1�4�%

�W�1�0�0�_�A�1�0�_�H�3�_�S�2�3�6�5�9 �3�7�1�4 �<�1 �4�3 �0�.�0�0�% �1�.�5�0�%

�W�1�2�5�_�A�1�0�_�H�4�_�S�3�5�8�2�5 �6�0�0�9 �3�6�0�0 �2�9�4 �0�.�2�3�% �3�.�1�6�%

�W�1�2�5�_�A�1�5�_�H�4�_�S�3�4�3�7�1 �4�3�7�7 �3�6�0�0 �3�8 �2�.�2�1�% �0�.�1�4�%

�W�1�5�0�_�A�1�0�_�H�4�_�S�3�9�5�3�7 �9�8�2�9 �3�6�0�0 �5�5�0 �0�.�3�6�% �3�.�0�6�%

�W�1�5�0�_�A�1�5�_�H�4�_�S�3�8�3�9�5 �8�7�3�0 �3�6�0�0 �3�5�0 �0�.�3�3�% �3�.�9�9�%

�W�2�0�0�_�A�1�5�_�H�5�_�S�4�8�8�7�8 �8�8�7�8 �3�6�0�0 �6�1 �0�.�2�0�% �0�.�0�0�%

�W�2�0�0�_�A�2�0�_�H�5�_�S�4�8�9�0�6 �9�0�7�2 �3�6�0�0 �2�3�3 �2�.�0�8�% �1�.�8�6�%

�F�2

�W�3�0�0�_�A�3�5�_�H�6�_�S�2�3�4�5�8 �3�5�0�1 �1�0�8�0�0 �2�8�9 �5�.�2�3�% �1�.�2�4�%

�W�3�0�0�_�A�3�0�_�H�6�_�S�6�4�2�9�6 �4�5�1�3 �1�0�8�0�0 �2�7�6 �2�.�4�7�% �5�.�0�5�%

�W�3�5�0�_�A�3�5�_�H�6�_�S�2�3�3�7�7 �3�4�8�3 �1�0�8�0�0 �6�0�0 �0�.�3�5�% �3�.�1�4�%

�W�4�0�0�_�A�3�5�_�H�6�_�S�3�5�7�6�7 �5�9�6�0 �1�0�8�0�0 �3�2�7 �1�.�2�7�% �3�.�3�5�%

�W�4�0�0�_�A�4�0�_�H�7�_�S�3�2�4�0�0 �2�3�6�8 �1�0�8�0�0 �5�0�3 �1�0�.�0�4�% �-�1�.�3�3�%

�W�4�5�0�_�A�4�0�_�H�6�_�S�4�8�7�7�5 �9�1�2�6 �1�0�8�0�0 �6�0�0 �2�.�6�8�% �4�.�0�0�%

�W�4�5�0�_�A�4�0�_�H�7�_�S�5�5�2�3�8 �5�5�9�6 �1�0�8�0�0 �5�1�9 �3�.�5�7�% �6�.�8�3�%

�W�5�0�0�_�A�5�0�_�H�7�_�S�7�4�4�7�8 �4�8�6�7 �1�0�8�0�0 �6�0�0 �3�.�8�2�% �8�.�6�9�%

�W�5�5�0�_�A�4�5�_�H�7�_�S�6�4�9�0�8 �5�1�7�9 �1�0�8�0�0 �6�0�0 �8�.�9�6�% �5�.�5�2�%

�W�5�5�0�_�A�5�0�_�H�7�_�S�7�6�5�2�9 �7�1�0�8 �1�0�8�0�0 �6�0�0 �3�.�0�9�% �8�.�8�7�%

�F�3

�W�6�0�0�_�A�3�5�_�H�6�_�S�3�7�8�0�3 �8�0�6�2 �1�0�8�0�0 �6�0�0 �0�.�8�6�% �3�.�3�2�%

�W�6�0�0�_�A�5�0�_�H�7�_�S�3�8�0�0�3 �8�1�7�2 �1�0�8�0�0 �6�0�0 �3�.�7�9�% �2�.�1�1�%

�W�7�0�0�_�A�4�5�_�H�6�_�S�5�2�4�3�4 �2�5�3�1 �1�0�8�0�0 �6�0�0 �0�.�4�5�% �3�.�9�9�%

�W�8�0�0�_�A�4�0�_�H�7�_�S�3 �N�.�S�-�O�.�M �1�1�5�3�9 �3�4�1�3 �6�0�0

�W�9�0�0�_�A�5�0�_�H�6�_�S�4�9�0�9�9 �9�4�1�8 �1�0�8�0�0 �6�0�0 �2�.�5�9�% �3�.�5�1�%

�W�9�0�0�_�A�5�0�_�H�7�_�S�7�3�5�5�7 �3�7�9�9 �1�0�8�0�0 �6�0�0 �7�.�2�0�% �6�.�8�0�%

�W�1�0�0�0�_�A�4�5�_�H�6�_�S�5�5�1�7�0 �5�5�5�9 �1�0�8�0�0 �6�0�0 �1�.�9�5�% �7�.�5�2�%

�W�1�0�0�0�_�A�5�0�_�H�7�_�S�7�1�1�1�8�7 �1�1�7�6�3 �1�0�8�0�0 �6�0�0 �2�.�3�7�% �5�.�1�5�%

�I�n� �t�h�e� �n�e�x�t� �t�a�b�l�e�1�0�,�w�e� �e�x�t�a�n�t� �f�o�r� �t�h�e� �s�a�m�e� �i�n�s�t�a�n�c�e�s�,� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �n�o�n�-�c�a�p�a�c�i�t�a�t�e�d
�v�e�r�s�i�o�n� �o�f� �(�I�P�A�M�S�R�A�)�.

�F�r�o�m� �t�w�e�n�t�y�-�s�e�v�e�n� �i�n�s�t�a�n�c�e�s�,� �C�P�L�E�X� �w�a�s� �a�b�l�e� �t�o� �p�r�o�v�i�d�e� �o�p�t�i�m�a�l� �s�o�l�u�t�i�o�n�s� �f�o�r� �s�i�x

�i�n�s�t�a�n�c�e�s�:� �(�W�5�0�_�A�5�_�H�2�_�S�2�)�,� �(�W�7�5�_�A�5�_�H�2�_�S�2�)�,� �(�W�1�0�0�_�A�1�0�_�H�3�_�S�2�)�,

�(�W�1�5�0�_�A�1�0�_�H�4�_�S�3�)�,� �(�W�3�0�0�_�A�3�5�_�H�6�_�S�2�)� �a�n�d� �(�W�3�5�0�_�A�3�5�_�H�6�_�S�2�)� �i�n� �a� �r�e�a�s�o�n�a�b�l�e� �t�i�m�e

�l�e�s�s� �t�h�a�n� �4� �m�i�n�u�t�e�s�.� �T�h�e� �G�a�p� �f�o�r� �a�l�l� �r�e�m�a�i�n�i�n�g� �i�n�s�t�a�n�c�e�s� �v�a�r�i�e�s� �b�e�t�w�e�e�n� �(�0�.�7�7�%�)� �f�o�r

�i�n�s�t�a�n�c�e� �(�W�6�0�0�_�A�3�5�_�H�6�_�S�3�)� �a�n�d� �(�1�1�.�1�6�%�)� �f�o�r� �i�n�s�t�a�n�c�e� �(�W�9�0�0�_�A�5�0�_�H�7�_�S�7�)�.
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�1�0�1

�R�e�g�a�r�d�i�n�g� �o�u�r� �h�y�b�r�i�d� �a�l�g�o�r�i�t�h�m�,� �t�h�e� �c�a�l�c�u�l�a�t�e�d�g�a�p� �i�n� �t�h�e� �w�o�r�s�t� �c�a�s�e� �w�a�s� �(�8�.�7�8�%�)� �f�o�r
�i�n�s�t�a�n�c�e� �(�W�5�0�0�_�A�5�0�_�H�7�_�S�7�)�,� �a�n�d� �(�-�1�.�1�1�%�)� �f�o�r� �i�n�s�t�a�n�c�e� �(�W�9�0�0�_�A�5�0�_�H�7�_�S�7�)� �i�n� �t�h�e� �b�e�s�t
�c�a�s�e�.

�S�t�a�r�t�i�n�g� �w�i�t�h� �i�n�s�t�a�n�c�e�s� �o�f� �F�1�f�a�m�i�l�y�,� �t�h�e� �C�P�L�E�X� �g�a�p� �i�s� �b�e�t�w�e�e�n� �(�0�.�9�1�%�)� �a�n�d� �(�7�.�3�9�%�)�,� �4� �o�f� �9

�i�n�s�t�a�n�c�e�s� �w�e�r�e� �o�p�t�i�m�a�l�,� �3� �o�f� �t�h�e�m� �w�e�r�e� �g�i�v�e�n� �i�n� �l�e�s�s� �t�h�a�n� �1� �m�i�n�u�t�e� �a�n�d� �t�h�e� �r�e�m�a�i�n�i�n�g� �o�n�e

�w�a�s� �g�i�v�e�n� �i�n� �l�e�s�s� �t�h�a�n� �3� �m�i�n�u�t�e�s�,� �i�n�s�t�a�n�c�e�s� �(�W�1�2�5�_�A�1�0�_�H�4�_�S�3�)�,� �(�W�1�2�5�_�A�1�5�_�H�4�_�S�3�)�,

�(�W�1�5�0�_�A�1�5�_�H�4�_�S�3�)�,� �(�W�2�0�0�_�A�1�5�_�H�5�_�S�4�)� �a�n�d� �(�W�2�0�0�_�A�2�0�_�H�5�_�S�4�)� �d�i�d� �n�o�t� �a�t�t�a�i�n

�o�p�t�i�m�a�l�i�t�y� �a�f�t�e�r� �a� �f�i�x�e�d� �p�r�o�c�e�s�s�i�n�g� �t�i�m�e� �o�f� �1� �h�o�u�r� �w�i�t�h�a� �g�a�p� �e�q�u�a�l�s� �t�o� �(�0�.�9�9�%�)�,� �(�7�.�3�9�%�)�,

�(�0�.�9�1�%�)�,� �(�1�.�0�7�%�)� �a�n�d� �(�1�.�7�%�)� �r�e�s�p�e�c�t�i�v�e�l�y�.� �W�i�t�h� �t�h�e� �h�y�b�r�i�d� �a�l�g�o�r�i�t�h�m�,� �f�r�o�m� �a� �t�o�t�a�l� �o�f� �9

�i�n�s�t�a�n�c�e�s�,� �n�o�n�e� �w�a�s� �o�p�t�i�m�a�l�.� �F�o�r�i�n�s�t�a�n�c�e�,�(�W�1�2�5�_�A�1�5�_�H�4�_�S�3�)� �t�h�e� �h�y�b�r�i�d� �a�l�g�o�r�i�t�h�m

�p�r�o�d�u�c�e�s� �a� �l�o�w�e�r� �v�a�l�u�e� �t�h�a�n� �C�P�L�E�X� �w�i�t�h� �a� �g�a�p� �o�f� �(�-�0�.�8�3�%�)� �i�n� �l�e�s�s� �t�h�a�n� �3� �m�i�n�u�t�e�s�.� �F�o�r� �t�h�e

�r�e�m�a�i�n�i�n�g� �i�n�s�t�a�n�c�e�s� �(�W�5�0�_�A�5�_�H�2�_�S�2�)�,� �(�W�7�5�_�A�5�_�H�2�_�S�2�)�,� �(�W�1�0�0�_�A�1�0�_�H�3�_�S�2�)�,

�(�W�1�2�5�_�A�1�0�_�H�4�_�S�3�)�,� �(�W�1�2�5�_�A�1�5�_�H�4�_�S�3�)�,� �(�W�1�5�0�_�A�1�5�_�H�4�_�S�3�)�,� �(�W�2�0�0�_�A�1�5�_�H�5�_�S�4�)� �a�n�d

�(�W�2�0�0�_�A�2�0�_�H�5�_�S�4�)� �t�h�e� �d�e�v�i�a�t�i�o�n� �g�i�v�e�n� �b�y� �t�h�e� �h�y�b�r�i�d� �a�l�g�o�r�i�t�h�m� �w�a�s� �e�q�u�a�l� �t�o� �(�1�.�7�9�%�)�,

�(�2�.�7�1�%�)�,� �(�1�.�8�4�%�)�,� �(�3�.�1�2�%�)�,� �(�4�.�0�7�%�)�,� �(�3�.�7�3�%�)�,� �(�4�.�7�6�%�)� �a�n�d� �(�4�.�5�7�%�)� �w�i�t�h� �a� �p�r�o�c�e�s�s�i�n�g� �t�i�m�e

�l�e�s�s� �t�h�a�n� �2�5�0� �s�e�c�s�.

�C�o�n�t�i�n�u�i�n�g� �w�i�t�h� �F�2� �f�a�m�i�l�y�,� �i�n�s�t�a�n�c�e� �(�W�3�0�0�_�A�3�5�_�H�6�_�S�2�)� �a�n�d� �(�W�3�5�0�_�A�3�5�_�H�6�_�S�2�)�,� �w�e�r�e

�s�o�l�v�e�d� �o�p�t�i�m�a�l�l�y� �b�y� �C�P�L�E�X� �i�n� �l�e�s�s� �t�h�a�n� �1�2�7� �s�e�c�s� �a�n�d� �t�h�e� �d�e�v�i�a�t�i�o�n� �b�e�t�w�e�e�n� �C�P�L�E�X� �s�o�l�u�t�i�o�n

�a�n�d� �t�h�e� �s�o�l�u�t�i�o�n� �g�i�v�e�n� �b�y� �h�y�b�r�i�d� �a�l�g�o�r�i�t�h�m� �i�s� �e�q�u�a�l� �t�o� �(�2�.�6�9�%�)� �a�n�d� �(�0�.�7�%�)� �c�o�r�r�e�s�p�o�n�d�i�n�g�l�y�.

�F�o�r� �a�l�l� �i�n�s�t�a�n�c�e�s� �e�x�c�e�p�t� �f�o�r� �i�n�s�t�a�n�c�e�s� �(�W�5�0�0�_�A�5�0�_�H�7�_�S�7�)�,� �(�W�5�5�0�_�A�4�5�_�H�7�_�S�6�)� �a�n�d

�(�W�5�5�0�_�A�5�0�_�H�7�_�S�7�)� �w�h�e�r�e� �t�h�e� �d�e�v�i�a�t�i�o�n� �i�s� �e�q�u�a�l� �t�o� �(�8�.�7�8�%�)�,� �(�7�.�4�4�%�)� �a�n�d� �(�8�.�1�5�%�)�,� �w�e�r�e

�g�i�v�e�n� �i�n� �l�e�s�s� �t�h�a�n� �7� �m�i�n�u�t�e�s�.� �F�o�r� �i�n�s�t�a�n�c�e�s� �(�W�3�0�0�_�A�3�0�_�H�6�_�S�6�)�,� �(�W�4�0�0�_�A�3�5�_�H�6�_�S�3�)�,

�(�W�4�0�0�_�A�4�0�_�H�7�_�S�3�)�,� �(�W�4�5�0�_�A�4�0�_�H�6�_�S�4�)� �a�n�d� �(�W�4�5�0�_�A�4�0�_�H�7�_�5�)� �t�h�e� �C�P�L�E�X� �g�a�p� �i�s

�b�e�t�w�e�e�n� �(�2�.�2�6�%�)� �a�n�d� �(�8�.�7�9�%�)�.� �T�h�e� �d�e�v�i�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e�s�e� �s�o�l�u�t�i�o�n�s� �a�n�d� �s�o�l�u�t�i�o�n�s� �g�i�v�e�n

�b�y� �h�y�b�r�i�d� �a�l�g�o�r�i�t�h�m� �i�s� �b�e�t�w�e�e�n� �(�1�.�6�2�%�)� �a�n�d� �(�5�.�9�2�%�)�.

�E�n�d�i�n�g� �w�i�t�h� �F�3� �F�a�m�i�l�y�,� �f�r�o�m� �a� �t�o�t�a�l� �o�f� �8� �i�n�s�t�a�n�c�e�s�,� �s�i�x� �f�e�a�s�i�b�l�e� �s�o�l�u�t�i�o�n�s� �w�e�r�e� �p�r�o�v�i�d�e�d� �b�y

�C�P�L�E�X�.� �T�h�e� �C�P�L�E�X� �g�a�p�,� �i�n� �i�n�s�t�a�n�c�e�s� �(�W�6�0�0�_�A�3�5�_�H�6�_�S�3�)�,� �(�W�6�0�0�_�A�5�0�_�H�7�_�S�3�)�,

�(�W�7�0�0�_�A�4�5�_�H�6�_�S�5�)�,� �(�W�8�0�0�_�A�4�0�_�H�7�_�S�3�)�,� �(�W�9�0�0�_�A�5�0�_�H�6�_�S�4�)� �a�n�d� �(�W�9�0�0�_�A�5�0�_�H�7�_�S�7�)

�w�e�r�e� �e�q�u�a�l� �t�o� �(�0�.�7�7�%�)�,� �(�5�.�6�%�)�,� �(�3�.�9�9�%�)�,� �(�0�.�9�8�%�)�,� �(�3�.�1�2�%�)� �a�n�d� �(�1�1�.�1�6�%�)� �r�e�s�p�e�c�t�i�v�e�l�y�.� �F�o�r

�t�h�e�s�e� �i�n�s�t�a�n�c�e�s� �(�G�R�A�S�P�-�T�S�)� �p�r�o�v�i�d�e�s� �e�f�f�i�c�i�e�n�t� �s�o�l�u�t�i�o�n� �w�i�t�h� �g�a�p� �v�a�l�u�e�s� �b�e�t�w�e�e�n� �(�-�1�.�1�1�%�)

�a�n�d� �(�7�.�1�1�%�)� �i�n� �l�e�s�s� �t�h�a�n� �1�0� �m�i�n�u�t�e�s� �e�x�c�e�p�t� �f�o�r� �i�n�s�t�a�n�c�e� �(�W�7�0�0�_�A�4�5�_�H�6�_�S�5�)� �w�h�i�c�h� �i�s� �g�i�v�e�n

�i�n� �e�x�a�c�t�l�y� �1�0� �m�i�n�u�t�e�s�.� �F�o�r� �t�h�e� �r�e�m�a�i�n�i�n�g� �i�n�s�t�a�n�c�e�s� �(�W�1�0�0�0�_�A�4�5�_�H�6�_�S�5�)� �a�n�d

�(�W�1�0�0�0�_�A�5�0�_�H�7�_�S�7�)�  ��N�o� �S�o�l�u�t�i�o�n�,� �O�u�t�-�O�f�-�M�e�m�o�r�y �� �m�e�s�s�a�g�e� �w�a�s� �r�e�t�u�r�n�e�d� �b�y� �C�P�L�E�X

�a�f�t�e�r� �1�0�8�0�0� �s�e�c�s� �o�f� �C�P�U� �p�r�o�c�e�s�s�i�n�g� �t�i�m�e�.� �T�h�e� �(�G�R�A�S�P�-�T�S�)�c�o�n�t�i�n�u�e�s� �g�e�n�e�r�a�t�i�n�g� �f�e�a�s�i�b�l�e

�s�o�l�u�t�i�o�n�s� �i�n� �a� �r�e�a�s�o�n�a�b�l�e� �t�i�m�e� �w�h�i�c�h� �c�a�n� �c�l�e�a�r�l�y� �d�e�m�o�n�s�t�r�a�t�e� �t�h�a�t� �f�o�r� �b�i�g� �i�n�s�t�a�n�c�e�s

�(�G�R�A�S�P�-�T�S�)� �w�a�s� �m�o�r�e� �e�f�f�i�c�i�e�n�t� �t�h�a�n� �C�P�L�E�X� �i�n� �t�e�r�m� �o�f� �q�u�a�l�i�t�y� �a�n�d� �C�P�U� �p�r�o�c�e�s�s�i�n�g� �t�i�m�e�.



�P�a�r�t� �I�I�-�M�O�D�E�L�L�I�N�G� �A�N�D� �R�E�S�E�A�R�C�H� �M�E�T�H�O�D�O�L�O�G�Y �C�h�a�p�t�e�r�I�V

�1�0�2

�T�a�b�l�e�1�0�.�C�P�L�E�X�V�s� �C�.�T�S�V�s� �G�R�A�S�P�-�T�S�,�w�i�t�h�o�u�t� �c�a�p�a�c�i�t�y� �c�o�n�s�t�r�a�i�n�t�.
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�1�0�5

�4�.�8 �C�o�n�c�l�u�s�i�o�n

�T�h�i�s�c�h�a�p�t�e�r�i�n�v�e�s�t�i�g�a�t�e�s�o�p�t�i�m�i�z�a�t�i�o�n� �m�o�d�e�l�s� �f�o�r� �e�m�e�r�g�e�n�c�y� �e�v�a�c�u�a�t�i�o�n� �p�l�a�n�s� �i�n

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

�t�h�e� �(�I�P�A�M�S�R�A�)�t�h�a�t� �m�i�n�i�m�i�z�e� �t�h�e� �t�o�t�a�l� �t�i�m�e� �s�p�e�n�t� �b�y� �r�o�u�t�i�n�g� �a�m�b�u�l�a�n�c�e�s� �p�i�c�k�i�n�g� �u�p

�w�o�u�n�d�e�d� �f�r�o�m� �t�h�e�i�r� �l�o�c�a�t�i�o�n�s� �t�o� �d�i�s�t�a�n�t� �h�o�s�p�i�t�a�l�s� �i�n� �t�h�e� �e�v�e�n�t� �o�f� �m�u�l�t�i� �d�i�s�a�s�t�e�r� �z�o�n�e�s

�e�v�a�c�u�a�t�i�o�n� �p�r�o�b�l�e�m� �i�n� �a�n� �e�m�e�r�g�e�n�c�y� �r�e�s�p�o�n�s�e�.� �A� �m�a�t�h�e�m�a�t�i�c�a�l� �m�o�d�e�l� �a�n�d� �a� �h�y�b�r�i�d

�(�G�R�A�S�P�-�T�S�)� �a�p�p�r�o�a�c�h� �w�e�r�e� �a�p�p�l�i�e�d� �t�o� �n�u�m�e�r�o�u�s� �s�i�t�u�a�t�i�o�n�s� �w�i�t�h� �a� �s�e�t� �o�f� �r�a�n�d�o�m�l�y

�g�e�n�e�r�a�t�e�d� �i�n�s�t�a�n�c�e�s� �u�n�d�e�r� �v�a�r�i�o�u�s� �c�i�r�c�u�m�s�t�a�n�c�e�s� �t�o� �e�x�a�m�i�n�e� �t�h�e�i�r� �e�f�f�i�c�i�e�n�c�y�.� �T�h�e

�m�a�t�h�e�m�a�t�i�c�a�l� �m�o�d�e�l� �w�a�s� �s�o�l�v�e�d� �u�s�i�n�g� �C�P�L�E�X� �s�o�l�v�e�r� �i�n� �o�r�d�e�r� �t�o� �e�v�a�l�u�a�t�e� �t�h�e� �q�u�a�l�i�t�y� �o�f

�s�o�l�u�t�i�o�n�s� �p�r�o�d�u�c�e�d� �b�y� �h�y�b�r�i�d� �(�G�R�A�S�P�-�T�S�)�.� �O�u�r� �m�a�i�n� �c�o�n�c�e�r�n� �i�s� �t�o� �m�i�n�i�m�i�z�e� �t�h�e� �t�o�t�a�l

�t�r�a�n�s�p�o�r�t�i�n�g� �t�i�m�e� �o�f� �w�o�u�n�d�e�d� �c�o�m�i�n�g� �f�r�o�m� �m�u�l�t�i�p�l�e� �d�i�s�a�s�t�e�r� �z�o�n�e�s� �t�o� �t�h�e� �d�e�s�i�g�n�a�t�e�d

�h�o�s�p�i�t�a�l�s� �s�i�t�e�s�.� �T�w�o� �s�c�e�n�a�r�i�o�s� �w�e�r�e� �t�r�e�a�t�e�d�.� �F�o�r� �b�o�t�h� �o�f� �t�h�e�m�,� �t�h�e� �m�o�d�e�l� �h�a�s� �p�r�o�v�e�d� �i�t�s

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

�i�s� �i�t�s� �h�i�g�h� �s�p�e�e�d� �i�n� �g�e�n�e�r�a�t�i�n�g� �e�f�f�i�c�i�e�n�t�s�o�l�u�t�i�o�n�s�.

�B�y� �s�o�l�v�i�n�g� �o�u�r� �m�o�d�e�l� �u�s�i�n�g� �t�h�e� �e�x�a�c�t� �m�e�t�h�o�d� �C�P�L�E�X�,� �w�e� �c�a�n� �v�a�l�i�d�a�t�e� �t�h�e� �r�e�s�u�l�t�s� �g�e�n�e�r�a�t�e�d

�b�y� �o�u�r� �h�y�b�r�i�d� �a�l�g�o�r�i�t�h�m�s�.

�B�o�t�h� �e�x�a�c�t� �a�n�d� �h�y�b�r�i�d� �v�e�r�s�i�o�n�s� �o�f�a�l�g�o�r�i�t�h�m�s� �h�a�v�e� �b�e�e�n� �e�x�t�e�n�s�i�v�e�l�y� �t�e�s�t�e�d� �o�n� �r�a�n�d�o�m�l�y

�g�e�n�e�r�a�t�e�d� �i�n�s�t�a�n�c�e�s� �o�f� �t�h�e� �(�I�P�A�M�S�R�A�)�.� �W�i�t�h� �F�1� �a�n�d� �F�2� �f�a�m�i�l�i�e�s�,� �o�u�r� �(�G�R�A�S�P�-�T�S�)

�a�l�g�o�r�i�t�h�m� �p�r�o�v�i�d�e� �i�n� �b�o�t�h�s�c�e�n�a�r�i�o�s ��e�f�f�i�c�i�e�n�t� �s�o�l�u�t�i�o�n�s� �i�n� �a� �r�e�a�s�o�n�a�b�l�e� �p�r�o�c�e�s�s�i�n�g� �t�i�m�e�.

�E�n�d�i�n�g� �w�i�t�h� �F�3� �f�a�m�i�l�y�,� �C�P�L�E�X� �s�o�l�v�e�r�p�r�o�v�i�d�e�s� �f�e�a�s�i�b�l�e� �s�o�l�u�t�i�o�n�s� �f�o�r� �s�o�m�e� �i�n�s�t�a�n�c�e�s� �i�n

�1�0�8�0�0� �s�e�c�s�,� �b�u�t� �f�o�r� �t�h�e� �r�e�m�a�i�n�i�n�g� �i�n�s�t�a�n�c�e�s�,� �a�n�d� �d�u�e� �t�o� �M�e�m�o�r�y� �o�r� �p�r�o�c�e�s�s�i�n�g� �t�i�m�e

�l�i�m�i�t�a�t�i�o�n�,� �n�o� �s�o�l�u�t�i�o�n�s� �w�e�r�e� �p�r�o�v�i�d�e�d�.� �M�e�a�n�w�h�i�l�e� �(�G�R�A�S�P�-�T�S�)� �c�o�n�t�i�n�u�e�s� �p�r�o�v�i�d�i�n�g�,� �i�n

�b�o�t�h� �s�c�e�n�a�r�i�o�s�,� �e�f�f�i�c�i�e�n�t� �s�o�l�u�t�i�o�n�s� �i�n�l�e�s�s� �t�h�a�n� �o�r� �e�q�u�a�l� �t�o� �1�0� �m�i�n� �o�f� �C�P�U� �c�o�n�s�u�m�i�n�g� �t�i�m�e�,

�w�h�i�c�h� �p�r�o�v�e� �i�t�s� �e�f�f�i�c�i�e�n�c�y� �i�n� �t�e�r�m� �o�f� �q�u�a�l�i�t�y� �a�n�d� �p�r�o�c�e�s�s�i�n�g� �t�i�m�e�.

�A�f�t�e�r� �d�i�s�c�u�s�s�i�n�g� �t�h�e� �g�e�n�e�r�a�t�e�d� �r�e�s�u�l�t�s� �f�o�r� �b�o�t�h� �s�c�e�n�a�r�i�o�s�,� �a�n�d� �b�a�s�e�d� �o�n� �t�h�e� �s�i�t�u�a�t�i�o�n�,� �w�e� �c�a�n
�n�o�t�i�c�e� �t�h�e� �h�u�g�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �c�h�o�o�s�i�n�g� �b�e�t�w�e�e�n� �t�h�e�s�e� �t�w�o� �s�c�e�n�a�r�i�o�s� �e�s�p�e�c�i�a�l�l�y� �w�h�e�n� �i�t
�c�o�m�e�s� �t�o� �l�a�r�g�e� �i�n�s�t�a�n�c�e�s� �s�i�z�e�.� �T�h�e� �c�h�o�i�c�e� �s�h�o�u�l�d� �b�e� �b�a�s�e�d� �o�n� �t�h�e� �o�n�-�s�i�t�e� �p�r�o�v�i�d�e�d
�i�n�f�o�r�m�a�t�i�o�n�,� �e�s�p�e�c�i�a�l�l�y� �w�o�u�n�d�e�d� �n�u�m�b�e�r� �a�n�d� �h�o�s�p�i�t�a�l�s� �t�h�e�o�r�e�t�i�c�a�l� �c�a�p�a�c�i�t�i�e�s�,� �b�e�f�o�r�e� �t�a�k�i�n�g
�t�h�e� �f�i�n�a�l� �d�e�c�i�s�i�o�n�.� �O�u�r� �a�l�g�o�r�i�t�h�m� �(�G�R�A�S�P�-�T�S�)� �p�r�o�v�i�d�e�s� �i�n� �b�o�t�h�s�c�e�n�a�r�i�o�s ��e�f�f�i�c�i�e�n�t
�s�o�l�u�t�i�o�n�s� �f�o�r� �i�n�s�t�a�n�c�e�s�,� �w�i�t�h� �a� �w�o�u�n�d�e�d� �n�u�m�b�e�r� �e�x�c�e�e�d�i�n�g� �1�0�0�0�,� �m�o�r�e� �t�h�a�n� �5�0� �a�m�b�u�l�a�n�c�e�s
�n�u�m�b�e�r�,� �o�v�e�r� �7� �h�o�s�p�i�t�a�l�s� �a�n�d� �s�i�n�i�s�t�e�r� �n�u�m�b�e�r� �b�e�y�o�n�d� �7� �i�n� �l�e�s�s� �t�h�a�n� �1�0� �m�i�n� �o�f� �C�P�U
�c�o�n�s�u�m�i�n�g� �t�i�m�e�.

�A�t� �t�h�e� �e�n�d�,� �t�h�e� �a�c�h�i�e�v�e�d� �r�e�s�u�l�t�s� �o�f� �t�h�e� �p�r�o�p�o�s�e�d� �a�l�g�o�r�i�t�h�m� �w�e�r�e� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�o�s�e
�p�r�o�d�u�c�e�d� �b�y� �t�h�e� �e�x�a�c�t� �m�e�t�h�o�d� �o�f� �C�P�L�E�X� �s�o�l�v�e�r�.� �T�h�e� �e�v�a�l�u�a�t�i�o�n� �o�f� �t�h�e� �c�o�m�p�l�e�t�i�n�g� �t�i�m�e
�i�l�l�u�s�t�r�a�t�e�s� �t�h�e� �e�f�f�i�c�i�e�n�c�y� �o�f� �o�u�r� �p�r�o�p�o�s�e�d� �m�o�d�e�l� �f�o�r� �b�i�g� �s�i�z�e� �i�n�s�t�a�n�c�e�s�.� �B�a�s�e�d� �o�n� �i�t�s� �r�e�s�u�l�t�s�,
�w�e� �c�a�n� �c�o�n�f�i�r�m� �t�h�a�t� �i�t�i�s� �u�s�e�f�u�l� �a�n�d� �a�b�l�e� �t�o� �g�e�n�e�r�a�t�e� �e�f�f�i�c�i�e�n�t� �s�o�l�u�t�i�o�n�s� �w�i�t�h�i�n� �a� �s�h�o�r�t� �t�i�m�e�.
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�R�e�g�a�r�d�i�n�g� �C�P�L�E�X�,� �i�t� �i�s� �e�f�f�i�c�i�e�n�t� �o�n�l�y� �w�i�t�h� �s�m�a�l�l� �i�n�s�t�a�n�c�e�s� �d�u�e� �t�o� �t�h�e� �m�a�s�s� �r�e�s�o�l�u�t�i�o�n� �t�i�m�e
�t�h�a�t� �i�t� �t�a�k�e�s�.� �A�c�c�o�r�d�i�n�g�l�y�,� �o�u�r� �p�r�o�p�o�s�e�d� �h�y�b�r�i�d� �a�l�g�o�r�i�t�h�m� �(�G�R�A�S�P�-�T�S�)� �i�s� �r�o�b�u�s�t� �f�o�r� �s�m�a�l�l
�a�n�d� �m�i�d�-�s�i�z�e� �i�n�s�t�a�n�c�e�s� �a�n�d� �m�o�r�e� �s�u�i�t�a�b�l�e� �i�n� �t�e�r�m� �o�f� �q�u�a�l�i�t�y� �a�n�d� �e�x�e�c�u�t�i�o�n� �t�i�m�e� �f�o�r� �b�i�g� �s�i�z�e
�i�n�s�t�a�n�c�e�s�.
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�C�o�n�c�l�u�s�i�o�n�(�S�e�c�o�n�d�P�A�R�T�)

�I�n� �t�h�i�s� �p�a�r�t�,�w�e� �p�r�e�s�e�n�t�t�h�r�e�e�d�i�f�f�e�r�e�n�t� �a�p�p�r�o�a�c�h�e�s� �t�o� �d�e�a�l� �w�i�t�h� �w�o�u�n�d�e�d� �e�v�a�c�u�a�t�i�o�n� �w�i�t�h�i�n
�c�r�i�s�i�s� �m�a�n�a�g�e�m�e�n�t�,� �i�n� �a�d�d�i�t�i�o�n� �t�o�t�w�o�d�i�f�f�e�r�e�n�t� �s�c�e�n�a�r�i�o�s�f�o�r�t�h�e� �f�i�r�s�t� �t�w�o� �a�p�p�r�o�a�c�h�e�s�.

�I�n� �t�h�e� �s�a�m�e� �o�c�c�a�s�i�o�n�,� �w�e� �s�h�o�w� �s�o�m�e� �f�a�i�l�u�r�e�a�p�p�l�i�e�d�t�e�s�t�s�f�o�r� �s�o�m�e� �o�f�e�x�i�s�t�i�n�g�m�e�t�a�h�e�u�r�i�s�t�i�c�s
�a�l�g�o�r�i�t�h�m�s�u�s�e�d� �t�o� �s�o�l�v�e� �t�h�e� �w�o�u�n�d�e�d� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �p�r�o�b�l�e�m�.
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�P�u�b�l�i�c�a�t�i�o�n�s

· �K�H�O�R�B�A�T�L�Y �M�,� �D�K�H�I�L� �H�,� �A�L�A�B�B�O�U�D� �H�,� �Y�A�S�S�I�N�E� �A�.�, �A� �h�y�b�r�i�d� �a�l�g�o�r�i�t�h�m� �T�a�b�u

�S�e�a�r�c�h  � �G�R�A�S�P� �f�o�r� �w�o�u�n�d�e�d� �e�v�a�c�u�a�t�i�o�n� �i�n� �d�i�s�a�s�t�e�r� �r�e�s�p�o�n�s�e�, �a�c�c�e�p�t�e�d �f�o�r �R�A�I�R�O

October �2�0�1�8�.

· �K�H�O�R�B�A�T�L�Y �M�,� �D�K�H�I�L� �H�,� �A�L�A�B�B�O�U�D� �H�,� �Y�A�S�S�I�N�E� �A�.�, �A� �b�i�n�a�r�y� �l�i�n�e�a�r

�m�o�d�e�l�l�i�n�g� �a�n�d� �a� �h�y�b�r�i�d� �G�R�A�S�P�-�T�a�b�u� �S�e�a�r�c�h� �a�p�p�r�o�a�c�h� �t�o� �s�o�l�v�e� �t�h�e� �i�n�t�e�g�r�a�t�e�d

�p�r�o�b�l�e�m� �o�f� �a�m�b�u�l�a�n�c�e� �m�i�s�s�i�o�n� �s�c�h�e�d�u�l�i�n�g� �a�n�d� �r�e�s�o�u�r�c�e�s� �a�s�s�i�g�n�m�e�n�t� �f�o�r� �e�v�a�c�u�a�t�i�o�n

�p�u�r�p�o�s�e� �i�n� �t�h�e� �e�v�e�n�t�s� �o�f� �m�u�l�t�i�p�l�e� �d�i�s�a�s�t�e�r� �z�o�n�e�s�, �s�u�b�m�i�t�t�e�d� �t�o� �J�O�R�S�,� �O�c�t�o�b�e�r� �2�0�1�8�.
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�C�o�n�c�l�u�s�i�o�n

�I�n� �t�h�e� �i�n�t�e�r�v�e�n�t�i�o�n� �o�f� �a� �s�u�d�d�e�n� �c�r�i�s�i�s� �o�r� �d�i�s�a�s�t�e�r�,�c�a�s�u�a�l�t�y� �e�v�a�c�u�a�t�i�o�n� �p�l�a�y�s� �a� �c�r�i�t�i�c�a�l� �r�o�l�e
�i�n� �a�f�f�e�c�t�i�n�g�,� �d�i�r�e�c�t�i�n�g� �a�n�d� �o�r�i�e�n�t�i�n�g� �a�l�l� �r�e�s�c�u�e� �p�r�o�c�e�d�u�r�e�s� �a�n�d� �o�p�e�r�a�t�i�o�n�s�.

�O�u�r� �r�e�s�e�a�r�c�h� �w�o�r�k� �f�i�t�s� �i�n�t�o� �t�h�e� �v�a�s�t� �f�i�e�l�d� �o�f� �d�i�g�i�t�a�l� �o�p�t�i�m�i�z�a�t�i�o�n� �a�n�d� �o�p�e�r�a�t�i�o�n�a�l� �r�e�s�e�a�r�c�h�.
�W�i�t�h�i�n� �a� �c�r�i�s�i�s� �m�a�n�a�g�e�m�e�n�t� �l�o�g�i�s�t�i�c� �c�h�a�i�n�,� �t�h�i�s� �t�h�e�s�i�s�r�e�q�u�i�r�e�s� �t�h�e� �c�o�n�t�r�i�b�u�t�i�o�n� �o�f� �s�e�v�e�r�a�l
�o�p�t�i�m�i�z�a�t�i�o�n�p�r�o�b�l�e�m�s�s�u�c�h�t�h�e�V�e�h�i�c�l�e�R�o�u�t�i�n�g� �P�r�o�b�l�e�m� �(�V�R�P�)� �w�i�t�h� �c�a�p�a�c�i�t�y� �(�C�V�R�P�)� �a�n�d
�t�h�e� �v�e�h�i�c�l�e�s� �s�c�h�e�d�u�l�i�n�g� �p�r�o�b�l�e�m� �(�V�S�P�)�.� �T�h�e�s�e� �t�w�o� �p�r�o�b�l�e�m�s� �a�r�e� �c�l�a�s�s�i�f�i�e�d� �i�n� �t�h�e� �t�h�e�o�r�y� �o�f
�c�o�m�p�l�e�x�i�t�y� �a�s� �N�P�-�h�a�r�d�.

�T�h�e� �s�c�i�e�n�t�i�f�i�c� �a�p�p�r�o�a�c�h� �o�f� �o�u�r� �s�t�u�d�y� �i�s� �b�a�s�e�d� �o�n� �t�h�e� �c�o�m�b�i�n�a�t�i�o�n� �b�e�t�w�e�e�n� �(�C�.�V�.�R�.�P�.�)� �a�n�d
�(�V�.�S�.�P�)�.� �W�e� �i�n�v�e�s�t�i�g�a�t�e�d� �t�h�e� �I�n�t�e�g�r�a�t�e�d� �V�e�h�i�c�l�e� �S�e�q�u�e�n�c�i�n�g� �a�n�d� �R�e�s�o�u�r�c�e� �A�l�l�o�c�a�t�i�o�n
�P�r�o�b�l�e�m� �(�I�P�A�S�R�A�)� �t�o� �a�d�d�r�e�s�s� �t�h�e� �p�r�o�b�l�e�m� �o�f� �t�r�a�n�s�p�o�r�t�i�n�g� �t�h�e� �w�o�u�n�d�e�d�.

�A�t� �t�h�e� �b�e�g�i�n�n�i�n�g�,� �w�e� �s�t�a�r�t�e�d� �i�n� �t�h�e�f�i�r�s�t� �p�a�r�t� �o�f� �t�h�e� �t�h�e�s�i�s� �b�y� �a� �s�t�a�t�e� �o�f� �t�h�e� �a�r�t� �o�n� �t�h�e� �s�u�p�p�l�y
�c�h�a�i�n�,�t�h�e� �d�i�f�f�e�r�e�n�t� �r�e�s�o�l�u�t�i�o�n� �s�t�r�a�t�e�g�i�e�s�c�i�t�e�d� �i�n� �l�i�t�e�r�a�t�u�r�e�a�n�d� �t�h�e� �c�o�n�c�e�p�t�u�a�l� �f�r�a�m�e�w�o�r�k
�o�f� �o�u�r� �r�e�s�e�a�r�c�h�,� �a�s� �w�e�l�l� �a�s� �t�h�e� �m�o�s�t� �p�o�p�u�l�a�r� �a�l�g�o�r�i�t�h�m�s� �u�s�e�d� �f�o�r� �t�h�e� �r�e�s�o�l�u�t�i�o�n� �o�f� �o�u�r
�o�p�t�i�m�i�z�a�t�i�o�n� �p�r�o�b�l�e�m�,� �t�h�e�n� �w�e� �j�u�s�t�i�f�i�e�d� �o�u�r� �c�h�o�i�c�e� �o�f�t�h�e� �a�d�o�p�t�e�d�r�e�s�o�l�u�t�i�o�n� �m�e�t�h�o�d�s
�w�h�e�t�h�e�r� �a�t� �t�h�e� �c�o�n�c�e�p�t�u�a�l� �l�e�v�e�l� �o�r� �i�n� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �r�e�s�e�a�r�c�h� �m�e�t�h�o�d�s� �a�l�r�e�a�d�y
�m�e�n�t�i�o�n�e�d�.

�T�h�e�n�,� �i�n� �t�h�e� �s�e�c�o�n�d� �p�a�r�t� �o�f� �o�u�r� �t�h�e�s�i�s�,� �w�e� �i�n�t�r�o�d�u�c�e�d� �t�h�e� �i�n�t�e�g�r�a�t�e�d� �p�r�o�b�l�e�m� �o�f�A�m�b�u�l�a�n�c�e
�S�c�h�e�d�u�l�i�n�g�a�n�d�R�e�s�o�u�r�c�e�s� �A�s�s�i�g�n�m�e�n�t�t�o� �w�o�u�n�d�e�d� �(�I�P�A�S�R�A�)�,�a�f�t�e�r� �t�h�a�t�,�w�e� �c�r�e�a�t�e�d
�i�n�s�t�a�n�c�e�s� �i�n�s�p�i�r�e�d� �b�y� �r�e�a�l� �c�a�s�e�s� �(�T�r�i�p�o�l�i� �a�t�t�a�c�k�s� �i�n� �2�0�1�2�,� �P�a�r�i�s�a�t�t�a�c�k�s� �i�n� �2�0�1�5�,� �a�n�d� �a�l�s�o� �o�f
�m�a�n�y� �o�t�h�e�r� �c�r�i�s�e�s� �a�r�o�u�n�d� �t�h�e� �w�o�r�l�d�)�.

�I�n�a�f�i�r�s�t� �p�l�a�c�e�,� �w�e� �h�a�v�e� �d�e�v�e�l�o�p�e�d� �t�w�o� �m�a�t�h�e�m�a�t�i�c�a�l� �m�o�d�e�l�s� �a�d�a�p�t�e�d� �t�o� �t�h�e� �d�i�f�f�e�r�e�n�t
�t�e�m�p�o�r�a�r�y� �s�i�t�u�a�t�i�o�n�s� �a�l�r�e�a�d�y� �b�u�i�l�t�.� �I�n� �a� �s�e�c�o�n�d� �p�l�a�c�e�,� �w�e� �p�r�o�p�o�s�e�d� �h�y�b�r�i�d� �r�e�s�o�l�u�t�i�o�n
�a�l�g�o�r�i�t�h�m�s� �t�h�a�t� �a�r�e� �b�o�t�h� �f�a�s�t� �a�n�d� �e�f�f�i�c�i�e�n�t�.� �I�n� �t�h�e� �t�h�i�r�d� �c�h�a�p�t�e�r�,� �w�e� �s�t�u�d�i�e�d� �t�h�e� �(�I�P�A�S�R�A�)
�i�n� �t�h�e� �c�a�s�e� �w�h�e�r�e� �t�h�e� �w�o�u�n�d�e�d� �a�r�e� �s�e�p�a�r�a�t�e�d�a�n�d� �r�e�s�i�d�e� �i�n� �s�e�v�e�r�a�l� �d�i�s�t�a�n�t� �l�o�c�a�t�i�o�n�s� �a�n�d� �w�e
�w�i�l�l� �t�r�a�n�s�p�o�r�t� �t�h�e�m� �t�o� �s�e�v�e�r�a�l� �h�o�s�p�i�t�a�l�s� �a�s� �f�a�r� �a�w�a�y� �a�s� �p�o�s�s�i�b�l�e�,� �t�h�e�n� �i�n� �t�h�e� �f�o�u�r�t�h� �c�h�a�p�t�e�r
�w�e� �g�e�n�e�r�a�l�i�z�e�d� �t�h�e� �(�I�P�A�S�R�A�)� �a�n�d� �i�n�t�r�o�d�u�c�e�d� �a�n� �i�n�t�e�g�r�a�t�e�d� �s�c�h�e�d�u�l�i�n�g� �p�r�o�b�l�e�m� �f�o�r
�a�m�b�u�l�a�n�c�e� �m�i�s�s�i�o�n�s� �a�n�d� �r�e�s�o�u�r�c�e� �a�l�l�o�c�a�t�i�o�n� �(�I�P�A�M�S�R�A�)�.�T�h�i�s� �p�r�o�b�l�e�m� �i�s� �a�p�p�l�i�e�d� �i�n� �c�a�s�e�s
�w�h�e�r�e� �t�h�e� �w�o�u�n�d�e�d� �a�r�e� �g�r�o�u�p�e�d� �t�o�g�e�t�h�e�r� �i�n� �s�e�v�e�r�a�l� �r�e�m�o�t�e� �a�r�e�a�s� �a�n�d�,� �a�t� �e�a�c�h� �a�m�b�u�l�a�n�c�e
�i�s� �a�s�s�i�g�n�e�d� �a� �s�e�t� �o�f� �s�u�b�-�g�r�o�u�p�s� �o�f� �w�o�u�n�d�e�d� �t�r�a�n�s�p�o�r�t� �m�i�s�s�i�o�n�s� �t�o� �a� �t�a�r�g�e�t� �h�o�s�p�i�t�a�l� �l�o�c�a�t�e�d� �i�n
�d�i�s�t�a�n�t� �a�r�e�a�s�,� �a�n�d� �s�o� �c�o�n�t�i�n�u�e�d� �u�n�t�i�l� �a�l�l� �w�o�u�n�d�e�d�,� �i�n� �a�l�l� �a�f�f�e�c�t�e�d� �a�r�e�a�s�,� �a�r�e�s�e�c�u�r�e�d�a�s� �s�o�o�n
�a�s� �p�o�s�s�i�b�l�e�.�W�e� �s�t�u�d�y�t�w�o� �r�e�a�l� �r�e�s�o�l�u�t�i�o�n� �s�c�e�n�a�r�i�o�s�:� �t�h�e� �f�i�r�s�t� �s�c�e�n�a�r�i�o� �c�o�n�s�i�d�e�r�s� �h�o�s�p�i�t�a�l�s
�w�i�t�h�l�i�m�i�t�e�d� �c�a�s�u�a�l�t�y� �s�e�r�v�i�c�e� �c�a�p�a�c�i�t�y� �a�n�d� �t�h�e� �s�e�c�o�n�d� �s�c�e�n�a�r�i�o� �e�l�i�m�i�n�a�t�e�s� �t�h�i�s� �c�o�n�s�t�r�a�i�n�t
�a�n�d� �c�o�n�s�i�d�e�r�s� �t�h�a�t� �a�l�l� �h�o�s�p�i�t�a�l�s� �m�u�s�t� �r�e�c�e�i�v�e� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �i�n�j�u�r�e�d� �w�h�o� �a�r�r�i�v�e� �t�h�e�r�e�.
�T�h�e� �c�h�o�i�c�e� �b�e�t�w�e�e�n� �t�h�e�s�e� �t�w�o� �s�c�e�n�a�r�i�o�s� �i�s� �b�a�s�e�d� �o�n� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �r�e�c�e�i�v�e�d� �f�r�o�m� �o�u�t�s�i�d�e
�a�g�e�n�t�s� �o�n� �s�i�t�e�,� �t�h�i�s� �i�n�f�o�r�m�a�t�i�o�n� �m�u�s�t� �s�p�e�c�i�f�y� �t�h�e� �n�u�m�b�e�r� �o�f� �w�o�u�n�d�e�d�, �t�h�e�i�r� �p�h�y�s�i�c�a�l
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�l�o�c�a�t�i�o�n�s� �a�n�d� �t�h�e� �n�u�m�b�e�r� �o�f� �h�o�s�p�i�t�a�l�s� �w�i�t�h� �t�h�e�i�r� �c�a�p�a�c�i�t�i�e�s�,� �w�h�e�n� �t�h�e� �n�u�m�b�e�r� �o�f� �w�o�u�n�d�e�d
�e�x�c�e�e�d�s� �t�h�e� �c�a�p�a�c�i�t�y� �o�f� �a�l�l� �c�o�m�b�i�n�e�d� �h�o�s�p�i�t�a�l�s�,� �t�h�e� �s�e�c�o�n�d� �s�c�e�n�a�r�i�o� �i�s� �a�d�o�p�t�e�d�.

�F�i�n�a�l�l�y�,� �w�e� �p�r�e�s�e�n�t�e�d� �i�n� �t�h�e� �f�i�f�t�h� �c�h�a�p�t�e�r�,�a� �t�h�i�r�d� �a�p�p�r�o�a�c�h� �i�n� �t�h�e� �p�r�o�c�e�s�s� �o�f� �d�e�v�e�l�o�p�m�e�n�t
�f�o�r� �t�h�e� �r�e�s�o�l�u�t�i�o�n� �o�f� �o�u�r� �p�r�o�b�l�e�m� �w�h�e�r�e� �w�e� �i�n�t�e�g�r�a�t�e� �t�h�e� �p�r�i�n�c�i�p�l�e� �o�f�p�o�i�n�t� �c�l�o�u�d� �l�a�b�e�l�l�i�n�g
�i�n� �o�u�r� �r�e�s�e�a�r�c�h� �m�e�t�h�o�d�o�l�o�g�y�.� �A�t� �t�h�e� �b�e�g�i�n�n�i�n�g�,� �w�e� �e�x�p�l�a�i�n� �t�h�e�w�o�u�n�d�e�d�g�r�o�u�p�i�n�g� �c�r�i�t�e�r�i�a�,
�t�h�e�n�,�w�e�p�a�s�s� �t�o� �t�h�e� �n�u�m�e�r�i�c�a�l� �r�e�s�o�l�u�t�i�o�n� �a�l�w�a�y�s� �b�e�i�n�g� �b�a�s�e�d� �o�n� �t�h�e�h�y�b�r�i�d�i�z�a�t�i�o�n� �b�e�t�w�e�e�n
�(�G�R�A�S�P�)� �a�n�d� �(�T�S�)� �b�u�t� �w�i�t�h� �a�d�a�p�t�a�t�i�o�n� �o�f� �t�h�e� �p�r�o�g�r�a�m� �a�l�r�e�a�d�y� �o�f�f�e�r�e�d�.

�P�e�r�s�p�e�c�t�i�v�e�s

�I�n� �t�h�i�s� �t�h�e�s�i�s�,� �w�e� �h�a�v�e� �a�l�r�e�a�d�y� �s�t�a�r�t�e�d� �w�o�r�k�i�n�g� �w�i�t�h� �a� �n�e�w�r�e�s�o�l�u�t�i�o�n� �a�p�p�r�o�a�c�h� �t�h�a�t

�d�e�p�e�n�d�s� �o�n� �c�r�e�a�t�i�n�g� �v�i�r�t�u�a�l� �g�r�o�u�p�s� �o�f� �w�o�u�n�d�e�d� �b�e�f�o�r�e� �s�t�a�r�t�i�n�g�t�h�e� �e�v�a�c�u�a�t�i�o�n� �p�r�o�c�e�s�s�.

�F�o�r� �f�u�t�u�r�e� �w�o�r�k�,� �w�e� �b�e�l�i�e�v�e� �t�h�a�t� �t�h�e�r�e� �i�s� �a� �n�e�e�d� �f�o�r� �f�u�r�t�h�e�r� �i�m�p�r�o�v�e�m�e�n�t�s� �b�y�:

�1�. �D�e�v�e�l�o�p�i�n�g� �a� �m�e�t�a�-�h�e�u�r�i�s�t�i�c� �a�p�p�r�o�a�c�h� �t�o� �s�o�l�v�e� �t�h�e� �m�u�l�t�i� �p�r�i�o�r�i�t�y� �g�r�o�u�p�s�.

�2�. �A�d�d�i�n�g� �d�y�n�a�m�i�c� �h�o�s�p�i�t�a�l� �c�a�p�a�c�i�t�y�.

�3�. �I�m�p�l�e�m�e�n�t�i�n�g� �t�h�e� �u�s�e� �o�f� �f�i�r�e�f�i�g�h�t�e�r� �t�r�u�c�k�.

�4�. �I�m�p�l�e�m�e�n�t�i�n�g� �t�h�e� �n�o�t�i�o�n� �o�f� �w�o�u�n�d�e�d� �u�r�g�e�n�c�y� �a�n�d� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �p�r�i�o�r�i�t�y�.
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�D�a�n�s� �l ��i�n�t�e�r�v�e�n�t�i�o�n� �d ��u�n�e� �c�r�i�s�e� �o�u� �d ��u�n� �d�é�s�a�s�t�r�e� �s�o�u�d�a�i�n�,� �l ��é�v�a�c�u�a�t�i�o�n� �d�e� �b�l�e�s�s�é�s� �j�o�u�e
�u�n� �r�ô�l�e� �e�s�s�e�n�t�i�e�l�q�u�i� �a�f�f�e�c�t�e�,� �d�i�r�i�g�e� �e�t� �o�r�i�e�n�t�e� �t�o�u�t�e�s� �l�e�s� �p�r�o�c�é�d�u�r�e�s� �e�t� �o�p�é�r�a�t�i�o�n�s� �d�e� �s�e�c�o�u�r�s�.

�N�o�t�r�e� �t�r�a�v�a�i�l� �d�e� �r�e�c�h�e�r�c�h�e� �s ��e�n�c�a�d�r�e� �d�a�n�s� �l�e� �d�o�m�a�i�n�e� �v�a�s�t�e� �d�e� �l ��o�p�t�i�m�i�s�a�t�i�o�n� �n�u�m�é�r�i�q�u�e� �e�t
�l�a� �r�e�c�h�e�r�c�h�e� �o�p�é�r�a�t�i�o�n�n�e�l�l�e�.�A�u� �s�e�i�n� �d ��u�n�e� �c�h�a�i�n�e� �l�o�g�i�s�t�i�q�u�e� �d�e� �g�e�s�t�i�o�n� �d�e� �c�r�i�s�e�,� �c�e�t�t�e� �t�h�è�s�e
�n�é�c�e�s�s�i�t�e�l�a� �c�o�n�t�r�i�b�u�t�i�o�n�d�e� �p�l�u�s�i�e�u�r�s�p�r�o�b�l�è�m�e�s�d�e� �r�e�c�h�e�r�c�h�e� �d ��o�p�t�i�m�a�l�i�t�é� �s�u�r�t�o�u�t� �l�e
�p�r�o�b�l�è�m�e�d�e�t�o�u�r�n�é�e�s� �d�e� �v�é�h�i�c�u�l�e�s�(�V�.�R�.�P�)� �e�n� �p�a�r�t�i�c�u�l�i�e�r�a�v�e�c� �c�a�p�a�c�i�t�é�(�C�.�V�.�R�.�P�)� �e�t� �l�e
�p�r�o�b�l�è�m�e�d ��o�r�d�o�n�n�a�n�c�e�m�e�n�t�d�e� �v�é�h�i�c�u�l�e�s�(�V�.�S�.�P�)�.�C�e�s� �d�e�u�x� �p�r�o�b�l�è�m�e�s�s�o�n�t� �c�l�a�s�s�i�f�i�é�s� �d�a�n�s
�l�a� �t�h�é�o�r�i�e� �d�e� �l�a� �c�o�m�p�l�e�x�i�t�é� �c�o�m�m�e� �N�P�-�h�a�r�d�.

�L�a� �d�é�m�a�r�c�h�e� �s�c�i�e�n�t�i�f�i�q�u�e� �d�e� �n�o�t�r�e� �é�t�u�d�e� �e�s�t� �b�a�s�é�e� �s�u�r� �l�a� �c�o�m�b�i�n�a�i�s�o�n� �e�n�t�r�e� �(�C�.�V�.�R�.�P�)� �e�t
�(�V�.�S�.�P�)�.� �N�o�u�s� �a�v�o�n�s�é�t�u�d�i�é�l�e�p�r�o�b�l�è�m�e� �i�n�t�é�g�r�é�d ��o�r�d�o�n�n�a�n�c�e�m�e�n�t� �d�e�v�é�h�i�c�u�l�e�s�e�t
�d ��a�l�l�o�c�a�t�i�o�n� �d�e� �r�e�s�s�o�u�r�c�e�s� �(�I�P�A�S�R�A�)�p�o�u�r� �a�s�s�u�r�e�r� �l�a� �r�é�s�o�l�u�t�i�o�n� �d�u� �p�r�o�b�l�è�m�e� �t�r�a�n�s�p�o�r�t� �d�e
�b�l�e�s�s�é�s�.

�T�o�u�t� �d ��a�b�o�r�d�,� �n�o�u�s� �a�v�o�n�s� �c�o�m�m�e�n�c�é�d�a�n�s�l�a� �p�r�e�m�i�è�r�e� �p�a�r�t�i�e� �d�e� �l�a� �t�h�è�s�e�p�a�r�u�n� �é�t�a�t�d�e� �l ��a�r�t

�s�u�r� �l�a� �c�h�a�i�n�e� �l�o�g�i�s�t�i�q�u�e� �e�t�l�e�s� �d�i�f�f�é�r�e�n�t�e�s� �s�t�r�a�t�é�g�i�e�s�d�e� �r�é�s�o�l�u�t�i�o�n� �e�t� �l�e� �c�a�d�r�e� �c�o�n�c�e�p�t�u�e�l� �d�e

�n�o�t�r�e� �r�e�c�h�e�r�c�h�e�,�a�i�n�s�i� �q�u�e�l�e�s� �a�l�g�o�r�i�t�h�m�e�s� �l�e�s� �p�l�u�s�p�o�p�u�l�a�i�r�e�s�u�t�i�l�i�s�é�s�p�o�u�r� �l�a� �r�é�s�o�l�u�t�i�o�n� �d�e

�n�o�t�r�e�p�r�o�b�l�è�m�e� �d ��o�p�t�i�m�i�s�a�t�i�o�n�,�p�u�i�s�o�n�a�j�u�s�t�i�f�i�é�n�o�t�r�e� �c�h�o�i�x� �d�e�m�é�t�h�o�d�e�s� �d�e�r�é�s�o�l�u�t�i�o�n� �q�u�e

�c�e� �s�o�i�t� �a�u� �n�i�v�e�a�u�c�o�n�c�e�p�t�u�e�l�o�u� �d�a�n�s� �l ��a�p�p�l�i�c�a�t�i�o�n� �d�e� �m�é�t�h�o�d�e�s� �d�e� �r�e�c�h�e�r�c�h�e�s�d�é�j�à� �c�i�t�é�e�s�.

�E�n�s�u�i�t�e�,� �d�a�n�s�l�a� �s�e�c�o�n�d�e� �p�a�r�t�i�e� �d�e� �n�o�t�r�e� �t�h�è�s�e�,� �o�n�a �i�n�t�r�o�d�u�i�t �l�e� �p�r�o�b�l�è�m�e� �i�n�t�é�g�r�é

�d ��o�r�d�o�n�n�a�n�c�e�m�e�n�t� �d�e�s� �v�é�h�i�c�u�l�e�s� �e�t� �d ��a�l�l�o�c�a�t�i�o�n� �d�e�s� �r�e�s�s�o�u�r�c�e�s� �a�u�x� �b�l�e�s�s�é�s�(�I�P�A�S�R�A�)�,�p�u�i�s

�o�n� �a� �c�r�é�é�d�e�s� �i�n�s�t�a�n�c�e�s� �i�n�s�p�i�r�é�e�s�d�e�s� �c�a�s� �r�é�e�l�s� �(�l�e�s� �a�t�t�a�q�u�e�s� �d�e� �p�a�r�i�s� �e�n� �2�0�1�5�,� �l�e�s� �a�t�t�a�q�u�e�s� �d�e

�T�r�i�p�o�l�i � �L�i�b�a�n� �e�n� �2�0�1�2� �e�t� �a�u�s�s�i� �d�e� �b�e�a�u�c�o�u�p� �d ��a�u�t�r�e� �c�r�i�s�e�s� �a�u�t�o�u�r� �d�u� �m�o�n�d�e�)�.

�D�a�n�s� �u�n� �p�r�e�m�i�e�r� �l�i�e�u�,�n�o�u�s� �a�v�o�n�s�d�é�v�e�l�o�p�p�é�s� �d�e�u�x� �m�o�d�è�l�e�s� �m�a�t�h�é�m�a�t�i�q�u�e�s� �a�d�a�p�t�é�s� �a�u�x

�d�i�f�f�é�r�e�n�t�e�s� �s�i�t�u�a�t�i�o�n�s� �p�r�o�v�i�s�o�i�r�e�s� �d�é�j�à� �c�o�n�s�t�r�u�i�t�e�s�.�D�a�n�s� �u�n� �s�e�c�o�n�d� �l�i�e�u�,� �n�o�u�s� �a�v�o�n�s� �p�r�o�p�o�s�é

�d�e�s� �a�l�g�o�r�i�t�h�m�e�s� �d�e� �r�é�s�o�l�u�t�i�o�n�s� �h�y�b�r�i�d�e�s�q�u�i� �s�o�n�t� �à� �l�a� �f�o�i�s� �r�a�p�i�d�e�s� �e�t� �e�f�f�i�c�a�c�e�s�.� �D�a�n�s� �l�e

�t�r�o�i�s�i�è�m�e� �c�h�a�p�i�t�r�e�,� �o�n� �a� �é�t�u�d�i�é� �l�e�(�I�P�A�S�R�A�)� �d�a�n�s� �l�e� �c�a�s� �o�ù� �l�e�s�b�l�e�s�s�é�s�s�o�n�t�s�é�p�a�r�é�s�e�t� �r�é�s�i�d�e�n�t

�d�a�n�s� �p�l�u�s�i�e�u�r�s� �l�o�c�a�t�i�o�n�s� �d�i�s�t�a�n�t�e�s�e�t� �o�n� �v�a� �l�e�s� �t�r�a�n�s�p�o�r�t�e�r�v�e�r�s�p�l�u�s�i�e�u�r�s� �h�ô�p�i�t�a�u�x� �a�u�s�s�i

�d�i�s�t�a�n�t�s�l�e� �p�l�u�s� �v�i�t�e� �p�o�s�s�i�b�l�e�,�p�u�i�s� �d�a�n�s� �l�e� �q�u�a�t�r�i�è�m�e� �c�h�a�p�i�t�r�e� �o�n� �a� �g�é�n�é�r�a�l�i�s�é� �l�e�(�I�P�A�S�R�A�)�e�t

�o�n� �a� �i�n�t�r�o�d�u�i�t� �u�n� �p�r�o�b�l�è�m�e� �i�n�t�é�g�r�é� �d ��o�r�d�o�n�n�a�n�c�e�m�e�n�t� �d�e�s� �m�i�s�s�i�o�n�s� �d�e�s� �a�m�b�u�l�a�n�c�e�s� �e�t

�d ��a�l�l�o�c�a�t�i�o�n� �d�e�s� �r�e�s�s�o�u�r�c�e�s� �(�I�P�A�M�S�R�A�)�.� �C�e� �p�r�o�b�l�è�m�e� �e�s�t� �a�p�p�l�i�q�u�é� �d�a�n�s� �l�e� �c�a�s�o�ù� �l�e�s� �b�l�e�s�s�é�s

�s�o�n�t� �r�e�g�r�o�u�p�é�s� �e�n�s�e�m�b�l�e�s� �d�a�n�s� �p�l�u�s�i�e�u�r�s� �z�o�n�e�s� �d�i�s�t�a�n�t�e�s� �e�t�,�à� �c�h�a�q�u�e� �a�m�b�u�l�a�n�c�e� �e�s�t� �a�f�f�e�c�t�é

�u�n� �e�n�s�e�m�b�l�e� �d�e� �m�i�s�s�i�o�n�s� �d�e� �t�r�a�n�s�p�o�r�t� �d�e� �s�o�u�s�-�g�r�o�u�p�e�s� �d�e� �b�l�e�s�s�é�s� �v�e�r�s� �u�n� �h�ô�p�i�t�a�l� �c�i�b�l�e� �s�i�t�u�é

�d�a�n�s� �u�n�e� �l�o�c�a�t�i�o�n� �a�u�s�s�i� �d�i�s�t�a�n�t�e�,�e�t� �a�i�n�s�i� �d�e� �s�u�i�t�e� �j�u�s�q�u ��à� �c�e� �q�u�e� �t�o�u�s� �l�e�s� �b�l�e�s�s�é�s�,�d�a�n�s�t�o�u�t�e�s

�l�e�s� �z�o�n�e�s� �s�i�n�i�s�t�r�é�e�s�,�s�o�n�t�t�r�a�n�s�p�o�r�t�é�s�l�e� �p�l�u�s� �t�ô�t� �p�o�s�s�i�b�l�e�.� �D�e�u�x� �s�c�é�n�a�r�i�o�s�r�é�e�l�s�d�e� �r�é�s�o�l�u�t�i�o�n
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�s�e� �p�r�é�s�e�n�t�e�n�t�:� �l�e� �p�r�e�m�i�e�r� �s�c�é�n�a�r�i�o� �c�o�n�s�i�d�è�r�e� �q�u�e� �l�e�s� �h�ô�p�i�t�a�u�x� �p�o�s�s�è�d�e�n�t�d�e� �c�a�p�a�c�i�t�é� �d�e

�s�e�r�v�i�c�e� �d�e� �b�l�e�s�s�é�s� �l�i�m�i�t�é� �e�t� �l�e� �s�e�c�o�n�d� �s�c�é�n�a�r�i�o� �é�l�i�m�i�n�e�c�e�t�t�e� �c�o�n�t�r�a�i�n�t�e� �e�t� �c�o�n�s�i�d�è�r�e� �q�u�e� �t�o�u�s

�l�e�s� �h�ô�p�i�t�a�u�x� �d�o�i�v�e�n�t� �r�e�c�e�v�o�i�r� �t�o�u�t� �l�e� �n�o�m�b�r�e� �d�e� �b�l�e�s�s�é�s�q�u�i� �y� �e�n� �a�r�r�i�v�e�n�t�.� �L�e� �c�h�o�i�x� �e�n�t�r�e

�c�e�s� �d�e�u�x� �s�c�é�n�a�r�i�o�s� �s�e� �b�a�s�e� �s�u�r� �l�e�s� �i�n�f�o�r�m�a�t�i�o�n�s� �r�e�ç�u�s�d�e�s� �a�g�e�n�t�s� �e�x�t�é�r�i�e�u�r�s� �e�n� �s�i�t�e�,� �c�e�s

�i�n�f�o�r�m�a�t�i�o�n�s� �d�o�i�v�e�n�t� �p�r�é�c�i�s�e�r� �l�e� �n�o�m�b�r�e� �d�e� �b�l�e�s�s�é�s� �e�t�l�e�u�r�s� �l�o�c�a�t�i�o�n�s� �p�h�y�s�i�q�u�e�s�e�t� �l�e� �n�o�m�b�r�e

�d�e�s� �h�ô�p�i�t�a�u�x� �a�v�e�c� �l�e�u�r�s� �c�a�p�a�c�i�t�é�s�,� �q�u�a�n�d� �l�e� �n�o�m�b�r�e� �d�e� �b�l�e�s�s�é�s� �d�é�p�a�s�s�e� �l�a� �c�a�p�a�c�i�t�é� �d�e� �t�o�u�s

�l�e�s� �h�ô�p�i�t�a�u�x�r�é�u�n�i�s�,� �o�n� �a� �r�e�c�o�u�r�s� �à� �a�d�o�p�t�e�r� �l�e� �s�e�c�o�n�d� �s�c�é�n�a�r�i�o�.

�E�n�f�i�n�,�n�o�u�s� �p�r�é�s�e�n�t�o�n�s�,� �d�a�n�s� �l�e� �c�i�n�q�u�i�è�m�e� �c�h�a�p�i�t�r�e�,�u�n�e� �t�r�o�i�s�i�è�m�e� �a�p�p�r�o�c�h�e�e�n� �c�o�u�r� �d�e

�d�é�v�e�l�o�p�p�e�m�e�n�t�p�o�u�r� �l�a� �r�é�s�o�l�u�t�i�o�n� �d�e� �n�o�t�r�e� �p�r�o�b�l�è�m�e� �o�ù� �o�n� �i�n�t�è�g�r�e� �l�e� �p�r�i�n�c�i�p�e� �d�e�n�u�a�g�e� �d�e

�p�o�i�n�t�s�d�a�n�s� �n�o�t�r�e� �m�é�t�h�o�d�o�l�o�g�i�e� �d�e� �r�e�c�h�e�r�c�h�e�.� �A�u� �d�é�b�u�t�,� �n�o�u�s� �e�x�p�l�i�q�u�o�n�s� �l�e�s� �c�r�i�t�è�r�e�s� �d�e

�g�r�o�u�p�a�g�e� �e�n�s�u�i�t�e�,� �o�n�p�a�s�s�e�à� �l�a� �r�é�s�o�l�u�t�i�o�n� �n�u�m�é�r�i�q�u�e� �e�n� �s�e� �b�a�s�a�n�t�t�o�u�j�o�u�r�s�s�u�r� �l ��h�y�b�r�i�d�a�t�i�o�n

�e�n�t�r�e�(�G�R�A�S�P�)�e�t�(�T�S�)�m�a�i�s� �a�v�e�c� �a�d�a�p�t�a�t�i�o�n� �d�u� �p�r�o�g�r�a�m�m�e� �d�é�j�à� �o�f�f�e�r�t�.

�P�e�r�s�p�e�c�t�i�v�e�s

�D�a�n�s� �c�e�t�t�e� �t�h�è�s�e�,� �n�o�u�s� �a�v�o�n�s� �d�é�j�à� �c�o�m�m�e�n�c�é� �à� �t�r�a�v�a�i�l�l�e�r� �a�v�e�c� �u�n�e� �n�o�u�v�e�l�l�e� �a�p�p�r�o�c�h�e� �d�e

�r�é�s�o�l�u�t�i�o�n� �q�u�i� �c�o�n�s�i�s�t�e� �à� �c�r�é�e�r� �d�e�s�g�r�o�u�p�e�s� �v�i�r�t�u�e�l�s� �d�e� �b�l�e�s�s�é�s� �a�v�a�n�t� �d�e� �c�o�m�m�e�n�c�e�r� �l�e

�p�r�o�c�e�s�s�u�s� �d�'�é�v�a�c�u�a�t�i�o�n�.

�P�o�u�r� �l�e�s� �t�r�a�v�a�u�x� �f�u�t�u�r�s�,� �n�o�u�s� �p�e�n�s�o�n�s� �q�u ��i�l� �e�s�t� �n�é�c�e�s�s�a�i�r�e� �d ��a�p�p�o�r�t�e�r� �d ��a�u�t�r�e�s� �a�m�é�l�i�o�r�a�t�i�o�n�s
�e�n�:

�1�. �D�é�v�e�l�o�p�p�a�n�t�u�n�e� �a�p�p�r�o�c�h�e� �m�é�t�a�-�h�e�u�r�i�s�t�i�q�u�e� �p�o�u�r� �r�é�s�o�u�d�r�e� �l�e�s� �g�r�o�u�p�e�s� �m�u�l�t�i�-

�p�r�i�o�r�i�t�a�i�r�e�s�.

�2�. �A�j�o�u�t�a�n�t�u�n�e� �c�a�p�a�c�i�t�é� �h�o�s�p�i�t�a�l�i�è�r�e� �d�y�n�a�m�i�q�u�e�.

�3�. �M�e�t�t�a�n�t�e�n� �S�u�v�r�e� �l�a� �n�o�t�i�o�n� �d�'�u�r�g�e�n�c�e� �d�e�s� �b�l�e�s�s�é�s� �e�t� �d�e� �p�r�i�o�r�i�t�é� �d�e� �t�r�a�n�s�p�o�r�t�.
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�u�r�b�a�n� �a�r�e�a�s�.�C�o�m�p�u�t�e�r�s� �&� �I�n�d�u�s�t�r�i�a�l� �E�n�g�i�n�e�e�r�i�n�g�,� �5�7�(�4�)�,� �4�8�8�-�4�9�5�.

�D�a�n�t�z�i�g�,� �G�.� �(�1�9�8�7�)�.�O�r�i�g�i�n�s� �o�f� �t�h�e� �s�i�m�p�l�e�x� �m�e�t�h�o�d�.�S�t�a�n�f�o�r�d�:� �S�t�a�n�f�o�r�d� �U�n�i�v�e�r�s�i�t�y�.

�D�e�v�a�d�a�s�,� �S�.�,� �&� �N�e�w�t�o�n�,� �A�.� �(�1�9�8�9�)�.� �A�l�g�o�r�i�t�h�m�s� �f�o�r� �h�a�r�d�w�a�r�e� �a�l�l�o�c�a�t�i�o�n�i�n� �d�a�t�a� �p�a�t�h� �s�y�n�t�h�e�s�i�s�.�I�E�E�E
�T�r�a�n�s�a�c�t�i�o�n�s� �o�n� �C�o�m�p�u�t�e�r�-�A�i�d�e�d� �D�e�s�i�g�n� �o�f� �I�n�t�e�g�r�a�t�e�d� �C�i�r�c�u�i�t�s� �a�n�d� �S�y�s�t�e�m�s�,� �8�,� �7�6�8�-�8�1�.

�D�o�i�g�,� �A�.� �H�.� �(�1�9�6�0�)�.� �A�n� �a�u�t�o�m�a�t�i�c� �m�e�t�h�o�d� �o�f� �s�o�l�v�i�n�g� �d�i�s�c�r�e�t�e� �p�r�o�g�r�a�m�m�i�n�g� �p�r�o�b�l�e�m�s�.�E�c�o�n�o�m�e�t�r�i�c�a�,
�2�8�(�3�)�,� �4�9�7�-�5�2�0�.

�D�o�r�i�g�o�,� �M�.� �(�1�9�9�2�)�.�O�p�t�i�m�i�z�a�t�i�o�n�,� �l�e�a�r�n�i�n�g� �a�n�d� �n�a�t�u�r�a�l� �a�l�g�o�r�i�t�h�m�s�.�M�i�l�a�n�o�:� �P�h�D� �t�h�e�s�i�s�,� �D�i�p�a�r�t�i�m�e�n�t�o
�d�i� �E�l�e�t�t�r�o�n�i�c�a�,� �P�o�l�i�t�e�c�n�i�c�o� �d�i� �M�i�l�a�n�o�.
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�D�o�r�i�g�o�,� �M�.� �a�.� �(�1�9�9�7�)�.� �A�n�t� �c�o�l�o�n�y� �s�y�s�t�e�m�:� �A� �c�o�o�p�e�r�a�t�i�v�e� �l�e�a�r�n�i�n�g� �a�p�p�r�o�a�c�h� �t�o� �t�r�a�v�e�l�i�n�g� �s�a�l�e�s�m�a�n
�p�r�o�b�l�e�m�.�I�E�E�E� �T�r�a�n�s�a�c�t�i�o�n�s� �o�n� �E�v�o�l�u�t�i�o�n�a�r�y� �C�o�m�p�u�t�a�t�i�o�n�,� �1�(�1�)�,� �5�6�-�6�6�.

�E�j�d�a�y�,� �M�.� �(�2�0�1�1�)�.�O�p�t�i�m�i�s�a�t�i�o�n� �M�u�l�t�i�-�O�b�j�e�c�t�i�f�s� �à� �b�a�s�e� �d�e� �M�é�t�a�m�o�d�è�l�e� �p�o�u�r� �l�e�s� �p�r�o�c�é�d�é�s� �d�e� �m�i�s�e� �e�n
�f�o�r�m�e�.� �T�h�è�s�e� �d�e� �d�o�c�t�o�r�a�t�.�P�a�r�i�s�:� �É�c�o�l�e� �d�e�s� �M�I�N�E�S� �P�a�r�i�s�T�e�c�h�.

�E�l� �S�a�y�e�d� �A�R�,� �E�.� �C�.� �(�2�0�1�8�)�.�E�f�f�i�c�i�e�n�t� �3�D� �p�o�i�n�t� �c�l�o�u�d�s� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �f�o�r� �f�a�c�e� �d�e�t�e�c�t�i�o�n� �u�s�i�n�g� �l�i�n�e�a�r
�p�r�o�g�r�a�m�m�i�n�g� �a�n�d� �d�a�t�a� �m�i�n�i�n�g�.�T�h�e� �I�m�a�g�i�n�g� �S�c�i�e�n�c�e� �J�o�u�r�n�a�l�,� �6�6�(�1�)�,� �2�3�-�3�7�.

�F�e�o�,� �T�.� �&�.� �(�1�9�9�5�)�.� �G�r�e�e�d�y� �r�a�n�d�o�m�i�z�e�d� �a�d�a�p�t�i�v�e� �s�e�a�r�c�h� �p�r�o�c�e�d�u�r�e�s�.�J�o�u�r�n�a�l� �o�f� �g�l�o�b�a�l� �o�p�t�i�m�i�z�a�t�i�o�n�,
�6�(�2�)�,� �1�0�9�-�1�3�3�.

�G�l�o�v�e�r�,� �F�.� �(�1�9�8�9�)�.� �T�a�b�u� �s�e�a�r�c�h ��P�a�r�t� �I�.�O�R�S�A� �J�o�u�r�n�a�l� �o�n�C�o�m�p�u�t�i�n�g� �1�,� �1�9�0�-�2�0�6�.

�G�l�o�v�e�r�,� �F�.� �(�1�9�9�0�)�.� �T�a�b�u� �s�e�a�r�c�h ��P�a�r�t� �I�I�.�O�R�S�A� �J�o�u�r�n�a�l� �o�n� �C�o�m�p�u�t�i�n�g� �2�,� �4�-�3�2�.

�H�e�r�r�e�r�a�,� �C�.� �(�2�0�1�1�)�.�C�a�d�r�e� �g�é�n�é�r�i�q�u�e� �d�e� �p�l�a�n�i�f�i�c�a�t�i�o�n� �l�o�g�i�s�t�i�q�u�e� �d�a�n�s� �u�n� �c�o�n�t�e�x�t�e� �d�e� �d�é�c�i�s�i�o�n�s
�c�e�n�t�r�a�l�i�s�é�e�s� �e�t� �d�i�s�t�r�i�b�u�é�e�s�,� �P�h�.�D�.� �t�h�e�s�i�s�.�N�a�n�c�y� �I�:� �U�n�i�v�e�r�s�i�t�é� �H�e�n�r�i� �P�o�i�n�c�a�r�é�.

�H�o�l�l�a�n�d�,� �J�.� �H�.� �(�1�9�7�5�)�.�A�d�a�p�t�a�t�i�o�n� �i�n� �N�a�t�u�r�a�l� �a�n�d� �A�r�t�i�f�i�c�i�a�l� �S�y�s�t�e�m�s�.�C�a�m�b�r�i�d�g�e�:� �M�A�:� �M�I�T� �P�r�e�s�s�.
�S�e�c�o�n�d� �e�d�i�t�i�o�n� �.

�H�u�a�n�g�,� �G�.� �L�.� �(�2�0�0�3�)�.� �T�h�e� �i�m�p�a�c�t�s� �o�f� �s�h�a�r�i�n�g� �p�r�o�d�u�c�t�i�o�n� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �s�u�p�p�l�y� �c�h�a�i�n� �d�y�n�a�m�i�c�s�:� �a
�r�e�v�i�e�w� �o�f� �t�h�e� �l�i�t�e�r�a�t�u�r�e�.�I�n�t�e�r�n�a�t�i�o�n�a�l� �J�o�u�r�n�a�l� �o�f� �P�r�o�d�u�c�t�i�o�n� �R�e�s�e�a�r�c�h�,� �v�o�l� �4�1�,� �N�o�.� �7�,� �1�4�8�3�-
�1�5�1�7�.

�H�u�a�n�g�,� �G�.� �L�.� �(�2�0�0�3�)�.� �T�h�e� �i�m�p�a�c�t�s� �o�f� �s�h�a�r�i�n�g� �p�r�o�d�u�c�t�i�o�n� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �s�u�p�p�l�y� �c�h�a�i�n� �d�y�n�a�m�i�c�s�:� �a
�r�e�v�i�e�w� �o�f� �t�h�e� �l�i�t�e�r�a�t�u�r�e�.�I�n�t�e�r�n�a�t�i�o�n�a�l� �J�o�u�r�n�a�l� �o�f� �P�r�o�d�u�c�t�i�o�n� �R�e�s�e�a�r�c�h�,� �4�1�,� �1�4�8�3�-�1�5�1�7�.

�J�.� �T�h�o�m�a�s�,�P�.� �G�.� �(�1�9�9�6�)�.� �C�o�o�r�d�i�n�a�t�e�d� �s�u�p�p�l�y� �c�h�a�i�n� �m�a�n�a�g�e�m�e�n�t�.�E�u�r�o�p�e�a�n� �J�o�u�r�n�a�l� �o�f� �O�p�e�r�a�t�i�o�n�a�l
�R�e�s�e�a�r�c�h�,� �9�4�,� �1�-�1�5�.

�J�o�ã�o� �C�o�u�t�i�n�h�o�-�R�o�d�r�i�g�u�e�s�,� �L�.� �T�.�-�A�.� �(�2�0�1�2�)�.�S�o�l�v�i�n�g� �a� �l�o�c�a�t�i�o�n�-�r�o�u�t�i�n�g� �p�r�o�b�l�e�m� �w�i�t�h� �a� �m�u�l�t�i�o�b�j�e�c�t�i�v�e
�a�p�p�r�o�a�c�h�.�E�n�g�e�n�e�e�r�i�n�g� �S�c�i�e�n�c�e� �a�n�d� �T�e�c�h�n�o�l�o�g�y�,� �a�n� �I�n�t�e�r�n�a�t�i�o�n�a�l� �J�o�u�r�n�a�l�:� �t�h�e� �d�e�s�i�g�n� �o�f� �u�r�b�a�n
�e�v�a�c�u�a�t�i�o�n� �p�l�a�n�s�,� �2�2�,� �2�0�6�-�2�1�8�.

�J�u�a�n� �A�.� �D�í�a�z�,� �D�.� �E�.�-�F�.�-�V�.�-�S�.�-�R�.� �(�2�0�1�7�)�.�G�R�A�S�P� �a�n�d� �h�y�b�r�i�d� �G�R�A�S�P�-�T�a�b�u� �h�e�u�r�i�s�t�i�c�s� �t�o� �s�o�l�v�e� �a� �m�a�x�i�m�a�l
�c�o�v�e�r�i�n�g� �l�o�c�a�t�i�o�n� �p�r�o�b�l�e�m� �w�i�t�h� �c�u�s�t�o�m�e�r� �p�r�e�f�e�r�e�n�c�e� �o�r�d�e�r�i�n�g�.�E�x�p�e�r�t� �S�y�s�t�e�m�s� �w�i�t�h
�A�p�p�l�i�c�a�t�i�o�n�s�,� �8�2�,� �6�7�-�7�6�.

�K�e�l�i�a�n�g� �C�h�a�n�g�,� �H�.� �Z�.� �(�2�0�1�7�)�.� �M�u�l�t�i�o�b�j�e�c�t�i�v�e� �L�o�c�a�t�i�o�n� �R�o�u�t�i�n�g� �P�r�o�b�l�e�m� �c�o�n�s�i�d�e�r�i�n�g� �U�n�c�e�r�t�a�i�n� �D�a�t�a
�a�f�t�e�r� �D�i�s�a�s�t�e�r�s�.�D�i�s�c�r�e�t�e� �D�y�n�a�m�i�c�s� �i�n� �N�a�t�u�r�e� �a�n�d� �S�o�c�i�e�t�y�.� �V�o�l�u�m�e� �2�0�1�7�,� �A�r�t�i�c�l�e� �I�D� �1�7�0�3�6�0�8�.

�L�a�g�u�n�a�,� �M�.� �&�.�-�V�.� �(�1�9�9�1�)�.� �s�e�a�r�c�h� �h�e�u�r�i�s�t�i�c� �f�o�r� �j�u�s�t�-�i�n � �t�i�m�e� �s�c�h�e�d�u�l�i�n�g� �i�n� �p�a�r�a�l�l�e�l� �m�a�c�h�i�n�e�s�.�J�o�u�r�n�a�l� �o�f
�I�n�t�e�l�l�i�g�e�n�t� �M�a�n�u�f�a�c�t�u�r�i�n�g�,� �v�o�l� �2�,� �i�s�s�u�e� �4�,�,� �2�5�3�-�2�6�0�.

�L�o�z�a�n�o�,� �M�.� �&�.�-�M�.� �(�2�0�1�0�)�.� �H�y�b�r�i�d� �m�e�t�a�h�e�u�r�i�s�t�i�c�s� �w�i�t�h� �e�v�o�l�u�t�i�o�n�a�r�y� �a�l�g�o�r�i�t�h�m�s� �s�p�e�c�i�a�l�i�z�i�n�g� �i�n
�i�n�t�e�n�s�i�f�i�c�a�t�i�o�n� �a�n�d� �d�i�v�e�r�s�i�f�i�c�a�t�i�o�n�:� �O�v�e�r�v�i�e�w� �a�n�d� �p�r�o�g�r�e�s�s�r�e�p�o�r�t�.�C�o�m�p�u�t�e�r�s� �&� �O�p�e�r�a�t�i�o�n�s
�R�e�s�e�a�r�c�h�,� �v�o�l�u�m�e� �3�7�,� �i�s�s�u�e� �3�,� �3�7�(�3�)�,� �4�8�1�-�4�9�7�.

�M�.� �C�h�e�n�,� �L�.� �C�.�-�H�.� �(�2�0�0�7�)�.� �T�r�a�f�f�i�c� �s�i�g�n�a�l� �t�i�m�i�n�g� �f�o�r� �u�r�b�a�n� �e�v�a�c�u�a�t�i�o�n�.�J�o�u�r�n�a�l� �o�f� �U�r�b�a�n� �p�l�a�n�n�i�n�g� �a�n�d
�d�e�v�e�l�o�p�m�e�n�t�,� �1�3�3�3�(�1�)�,� �3�0�-�4�2�.

�M�.� �C�h�r�i�s�t�o�p�h�e�r�,� �L�.� �M�.� �(�1�9�9�8�)�.� �E�d�u�c�a�t�i�o�n�a�l� �d�e�v�e�l�o�p�m�e�n�t� �f�o�r� �m�a�r�k�e�t�i�n�g� �l�o�g�i�s�t�i�c�s�.�I�n�t�e�r�n�a�t�i�o�n�a�l� �J�o�u�r�n�a�l
�o�f� �P�h�y�s�i�c�a�l� �D�i�s�t�r�i�b�u�t�i�o�n� �a�n�d� �L�o�g�i�s�t�i�c�s� �M�a�n�a�g�e�m�e�n�t�,� �2�8�(�4�)�,� �2�3�4�-�2�4�1�.
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�M�a�r�i�a�.� �(�1�9�9�7�)�.�I�n�t�r�o�d�u�c�t�i�o�n� �t�o� �M�o�d�e�l�i�n�g� �a�n�d� �S�i�m�u�l�a�t�i�o�n�,� �I�n� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �W�i�n�t�e�r� �S�i�m�u�l�a�t�i�o�n
�C�o�n�f�e�r�e�n�c�e�.

�M�o�r�i�,� �A�.� �K�.� �(�2�0�1�5�)�.� �S�w�a�r�m� �O�p�t�i�m�i�z�a�t�i�o�n� �/� �G�r�e�e�d�y�-�S�e�a�r�c�h� �A�l�g�o�r�i�t�h�m� �f�o�r� �H�e�l�i�c�o�p�t�e�r� �M�i�s�s�i�o�n
�A�s�s�i�g�n�m�e�n�t� �i�n� �D�i�s�a�s�t�e�r� �R�e�l�i�e�f�.�J�o�u�r�n�a�l� �o�f� �A�e�r�o�s�p�a�c�e� �I�n�f�o�r�m�a�t�i�o�n� �S�y�s�t�e�m�s�,� �1�2�(�1�0�)�,� �6�4�6�-�6�6�0�.

�N�o�r�a�i�m�i� �A�z�l�i�n� �M�o�h�d� �N�o�r�d�i�n�,� �Z�.� �A�.� �(�2�0�1�2�)�.� �F�i�n�d�i�n�g� �S�h�o�r�t�e�s�t� �P�a�t�h� �o�f� �t�h�e� �A�m�b�u�l�a�n�c�e� �R�o�u�t�i�n�g�:� �I�n�t�e�r�f�a�c�e
�o�f� �A�*� �A�l�g�o�r�i�t�h�m� �u�s�i�n�g� �C�#� �P�r�o�g�r�a�m�m�i�n�g�.�I�E�E�E� �S�y�m�p�o�s�i�u�m� �o�n� �H�u�m�a�n�i�t�i�e�s�,� �S�c�i�e�n�c�e� �a�n�d
�E�n�g�i�n�e�e�r�i�n�g� �R�e�s�e�a�r�c�h�,� �1�5�6�9�-�1�5�7�3�.

�P�e�c�k�,� �M�.� �C�.� �(�1�-�1�3�)�.� �B�U�I�L�D�I�N�G� �T�H�E� �R�E�S�I�L�I�E�N�T� �S�U�P�P�L�Y� �C�H�A�I�N�.�I�n�t�e�r�n�a�t�i�o�n�a�l� �J�o�u�r�n�a�l� �o�f� �L�o�g�i�s�t�i�c�s
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