
)XQFWLRQDO�0DWHULDOV����1R��������� �������Û�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV

.LQHWLFV�RI�H[WUHPH�YDOXHV
0�$�/\VHQNR��$�9�7XU
��9�9�<DQRYVN\

,QVWLWXWH�IRU�6LQJOH�&U\VWDOV��1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�8NUDLQH����/HQLQ�$YH���������.KDUNLY��8NUDLQH
&HQWHU�'�(WXGH�6SDWLDOH�GHV�5D\RQQHPHQWV��&�1�5�6��8�3�6������$YHQXH&RORQHO�5RFKH��������7RXORXVH�&('(;����)UDQFH
5HFHLYHG�'HFHPEHU���������

(IIHFW� RI� DGGLWLYH� DQG�PXOWLSOLFDWLYH� QRLVH� RQ� OLQHDU� V\VWHPV� KDV� EHHQ� FRQVLGHUHG��$FORVHG�NLQHWLF�HTXDWLRQ�KDV� EHHQ�GHULYHG�IRU�WKH�GLVWULEXWLRQ�IXQFWLRQ�RI�H[WUHPH�YDOXHV�'LVWLQFWLRQV� LQ� WKH�FORVLQJ�VFKHPH�DV� FRPSDUHG� WR�GHULYDWLRQ� RI� WKH�XVXDO�)RFNHU�3ODQFNW\SH�NLQHWLF�HTXDWLRQ�DUH�GLVFXVVHG�
cÈ°°äº�¯ËÓº� mãÒ«ÓÒË� È��Ò�ÒmÓº�º� Ò� ä�ã	�Ò¹ãÒ}È�ÒmÓº�º� ��äÈ� ÓÈ� ãÒÓË®Ó©ËÒ°�Ëä©�� �ºã��ËÓº� ÏÈä}Ó��ºË� }ÒÓË�Ò�Ë°}ºË� �¯ÈmÓËÓÒË� �ã«� Á�Ó}�ÒÒ� ¯È°¹¯Ë�ËãËÓÒ«ª}°�¯ËäÈã	Ó©²� ÏÓÈ�ËÓÒ®�� |­°�Î�ËÓ©� º�ãÒ�Ò«� m� °²ËäË� ÏÈä©}ÈÓÒ«� ¹º� °¯ÈmÓËÓÒ
 °m©mº�ºä�º­©�Óº�º�}ÒÓË�Ò�Ë°}º�º��¯ÈmÓËÓÒ«��Ò¹È�nº}}Ë¯È��ãÈÓ}È�

(YROXWLRQ�RI�PRVW�SK\VLFDO�V\VWHPV�LV�RI�UDQGRP�FKDUDFWHU�>�@�DQG�LV�GHVFULEHG�E\�YDULRXVUDQGRP� W\SH� SURFHVVHV�� 7UDMHFWRULHV� RI� FRQWLQXRXV� UDQGRP� SURFHVVHV� DWWDLQ� ORFDO� H[WUHPHV�PD[LPD�DQG�PLQLPD��DW�FHUWDLQ�WLPH�SRLQWV�>�@��7KHVH�H[WUHPHV�FDQ�UHVXOW�LQ�IDLOXUH�RI�WKHZKROH�V\VWHP�RU�D�FHUWDLQ�SDUW�WKHUHRI��7KHUHIRUH��VWDWLVWLFDO�FKDUDFWHULVWLFV�RI�WKH�H[WUHPHVDUH�WR�EH�NQRZQ�WR�HYDOXDWH�WKH�RSHUDWLQJ�UHOLDELOLW\�RI�VXFK�V\VWHPV��7KRVH�FKDUDFWHULVWLFVLQFOXGH�GLVWULEXWLRQV�RI�H[WUHPH�WLPHV�DQG�YDOXHV�DV�ZHOO�DV�WKHLU�QXPEHU�SHU�D�ILQLWH�WLPHLQWHUYDO�7KH�GHVFULSWLRQ�SUREOHP�RI�WKH�UDQGRP�FXUYH�H[WUHPH�GLVWULEXWLRQ�ZDV�ILUVW� IRUPXODWHGDQG� VROYHG� E\� 6�2�5LFH� >�@�� /DWHU�� WKH� WUDMHFWRU\� H[WUHPHV� RI� VWDWLRQDU\� UDQGRP�SURFHVVHVZHUH�VWXGLHG�LQ�QXPHURXV�WKHRUHWLFDO�DQG�H[SHULPHQWDO�ZRUNV�>����Ü�@��7KH�PHWKRGV�GHYHO�RSHG� LQ� WKRVH� ZRUNV� DUH� XQVXLWDEOH� WR� GHVFULEH� WKH� H[WUHPHV� RI� QRQ�VWDWLRQDU\� UDQGRPSURFHVVHV�RI�YDULRXV�FODVVHV�,Q� WKLV� ZRUN�� WKH� DWWHQWLRQ� LV� JLYHQ� PDLQO\� WR� VWXG\� RI� WKH� GLVWULEXWLRQ� IXQFWLRQ� RIH[WUHPH� YDOXHV� IRU� V\VWHPV� VXEMHFWHG� WR� H[WHUQDO� VWRFKDVWLF� IDFWRUV�� 6XFK� V\VWHPV� DUHGHVFULEHG� E\� VWRFKDVWLF� GLIIHUHQWLDO� HTXDWLRQV� FRQWDLQLQJ� DQ� H[WHUQDO� UDQGRP�SURFHVV��7ZRVLPSOH�W\SHV�RI�HTXDWLRQV�ZLWK�DGGLWLYH�DQG�PXOWLSOLFDWLYH�QRLVH�DUH� FRQVLGHUHG��6WDWLVWLFDOSURSHUWLHV�RI� WKH�H[WHUQDO� UDQGRP�SURFHVV�DUH�DVVXPHG�WR�EH�NQRZQ�� LW� LV�DVVXPHG�WR�EH�DVWDWLRQDU\�DQG�*DXVVLDQ�RQH��6WDWLVWLFDO�SURSHUWLHV�RI�WKH�V\VWHP�DUH�RI�FRXUVH�QRQ�VWDWLRQ�DU\��DQG�LQ�WKH�FDVH�RI�PXOWLSOLFDWLYH�QRLVH��WKRVH�DUH�DOVR�QRQ�*DXVVLDQ��.LQHWLF�HTXDWLRQVIRU�WKH�H[WUHPH�YDOXH�GLVWULEXWLRQ�IXQFWLRQ�KDYH�EHHQ�REWDLQHG��3ULQFLSDO�GLVWLQFWLRQV�DVVR�FLDWHG� ZLWK� FORVLQJ� RI� WKH� NLQHWLF� HTXDWLRQV� DUH� GLVFXVVHG�� 7KH� FORVH� NLQHWLF� HTXDWLRQ� KDVEHHQ�GHPRQVWUDWHG�WR�DULVH�ZKHQ�DGGLWLRQDO�HTXDOLWLHV�H[LVWLQJ�LQ�VXFK�V\VWHPV�DUH�XVHG����([WUHPH�YDOXH�GLVWULEXWLRQ�IXQFWLRQ/HW�XV�GLVFXVV�WKH�SUREDELOLVWLF�GHVFULSWLRQ�RI�H[WUHPHV�IRU�D�UDQGRP�SURFHVV�[�W��WKDW�LVFRQWLQXRXV�DQG�GRXEOH�GLIIHUHQWLDEOH�LQ�WKH�URRW�PHDQ�VTXDUH�VHQVH�>�@�
)XQFWLRQDO�PDWHULDOV������������ ���


