
����'LIIHUHQWLDO�*HRPHWU\ *RUNDY\\�9DV\O%�9HUNLQ�,QVWLWXWH�IRU�/RZ�7HPSHUDWXUH�3K\VLFV��.KDUNLY��8NUDLQHJRUNDYL\#LOW�NKDUNRY�XD36(8'2�63+(5,&$/�&21*58(1&,(6�,1�(�
/HW�)��)
 EH�UHJXODU� WZR�GLPHQVLRQDO�VXUIDFHV�ZLWKSRLQW� FRGLPHQVLRQ� �� LQ� IRXU�GLPHQVLRQDO� (XFOLGHDQVSDFH� (��� $� OLQH� FRQJUXHQFH� \�� )� o )
 LV� DGLIIHRPRUSKLVP� VXFK� WKDW� IRU� HDFK� SRLQW� 3�) WKHVWUDLJKW� OLQH� MRLQLQJ�3 DQG�3
� �\ �3� LV� D� FRPPRQWDQJHQW� OLQH� IRU�) DQG�)
�� 7KH� OLQH� FRQJUXHQFH�\ LVFDOOHG�SVHXGR�VSKHULFDO LI��� WKH�GLVWDQFH�_33
_�EHWZHHQ�3 DQG�3
 LV�HTXDO�WR�O��D�QRQ�]HUR�FRQVWDQW�LQGHSHQGHQW�RI�3��� WKH�DQJOH�EHWZHHQ�SODQHV�WDQJHQW� WR� �) DQG�)
 DWFRUUHVSRQGHQW� SRLQWV� 3 DQG� 3
 LV� D� QRQ�]HURFRQVWDQW�Z� LQGHSHQGHQW�RI�3�7KLV� FRQVWUXFWLRQ� FRUUHVSRQGV� WR� WKH� FODVVLFDOGHILQLWLRQ� RI� SVHXGR�VSKHULFDO� FRQJUXHQFLHV� IRU� Q�GLPHQVLRQDO� VXEPDQLIROGV� LQ� ��Q����GLPHQVLRQDO(XFOLGHDQ�VSDFH�>�@�



*HQHUDOLVLQJ� FODVVLFDO� UHVXOWV� E\� /�%LDQFKL�*�'DUERX[� DQG� $�9�%DFNOXQG�� .�7HQHEODW� DQG� &��/�7HUQJ� DUH� GHPRQVWUDWHG� WKDW� LI� WZR� Q�GLPHQVLRQDOVXEPDQLIROGV�0��0
� LQ�(�Q��� DUH� UHOLHG�E\�D�SVHXGR�VSKHULFDO� FRQJUXHQFH�� WKHQ� ERWK� 0� DQG� 0
� KDYHFRQVWDQW� QHJDWLYH� VHFWLRQDO� FXUYDWXUH�� 0RUHRYHU�� DQDUELWUDU\� VXEPDQLIROG� 0 Q RI� FRQVWDQW� QHJDWLYHVHFWLRQDO�FXUYDWXUH�LQ�( �Q���DGPLWV�D�ODUJH�FRQWLQXRXVIDPLO\�RI�GLIIHUHQW�SVHXGR�VSKHULFDO�FRQJUXHQFLHV >�@�6XEPDQLIROGV� RI� FRQVWDQW� QHJDWLYH� VHFWLRQDOFXUYDWXUH�LQ�(XFOLGHDQ�VSDFH�DUH�XVXDOO\�UHIHUUHG�WR�DVSVHXGR�VSKHULFDO�� $� SVHXGR�VSKHULFDO� FRQJUXHQFH0o 0
�LQ�( �Q����ZKHQ�YLHZHG�DV�D�WUDQVIRUPDWLRQ�RIQ�GLPHQVLRQDO� VXEPDQLIROGV�� LV� FDOOHG� D� %DFNOXQGWUDQVIRUPDWLRQ�RI�SVHXGR�VSKHULFDO�VXEPDQLIROGV�7KH� SUHVHQWHG� JHRPHWULF� FRQVWUXFWLRQ� ZDV� RI� JUHDWLPSRUWDQFH� IRU� WKH� VROLWRQ� WKHRU\�� 1RZ� LW� LV� ZHOO�NQRZQ� WKDW�SVHXGR�VSKHULFDO�Q�GLPHQVLRQDO�VXEPDQL�IROGV� LQ� (�Q�� DUH� GHVFULEHG� E\� VROXWLRQV� RI� VRPHVSHFLDO� V\VWHP� RI� QRQ�OLQHDU� 3'(V� JHQHUDOLVLQJ� WKHFODVVLFDO� VLQH�*RUGRQ� HTXDWLRQ� ][\  N VLQ ]�� 7KHJHRPHWULF� %DFNOXQG� WUDQVIRUPDWLRQ� RI� SVHXGR�VSKHULFDO� VXEPDQLIROGV� PD\� EH� LQWHUSUHWHG� DV� VRPHSDUWLFXODU�GLIIHUHQWLDO�UHODWLRQV�EHWZHHQ�FRUUHVSRQGLQJVROXWLRQV�RI�WKH�PHQWLRQHG�V\VWHP�RI�QRQ�OLQHDU�3'(V�7KHVH� UHODWLRQV� SRVVHV� YDULRXV� LQWHUHVWLQJ� SURSHUWLHV�ZKRVH� VWXG\LQJ� JHQHUDWHG� LPSRUWDQW� LGHDV� IRU� WKHWKHRU\�RI�VROLWRQV��6R��DFWXDOO\�WKH�SVHXGR�VSKHULFDO�Q�GLPHQVLRQDO�VXEPDQLIROGV� LQ�( �Q�� SUHVHQW�RQH�RI� WKHPRVW�XVHG�H[DPSOHV�RI�LQWHJUDEOH�V\VWHPV�>�@�



$V�IRU�Q�GLPHQVLRQDO�SVHXGR�VSKHULFDO�VXEPDQLIROGVLQ� (P ZLWK� P!�Q���� DQ� DSSURSULDWH� WKHRU\� RI%DFNOXQG� WUDQVIRUPDWLRQV� LV� QRW� GHYHORSHG� \HW�� 7KHVWXG\LQJ� RI� SVHXGR�VSKHULFDO� FRQJUXHQFLHV� EHWZHHQWZR�GLPHQVLRQDO� VXUIDFHV� LQ� (� ZDV� LQLWLDWHG� E\<X�$PLQRY DQG�$�6\P�LQ�>�@��ODWHU�VRPH�UHVXOWV�ZHUHREWDLQHG� E\� WKH� DXWKRU�� LW� ZDV� GHPRQVWUDWHG� WKDW� WKHVLWXDWLRQ� KHUH� KDV� WR� EH� UDWKHU� GLIIHUHQW� IURP� WKHFODVVLFDO�RQH�,Q�RUGHU�WR�H[FOXGH�WKH�SDUWLFXODU�FODVV�RI�VXUIDFHV�LQWKUHH�GLPHQVLRQDO� DIILQH� SODQHV� LQ�(��� ZKLFK� FDQ� EHWUHDWHG�OLNH�WR�VXUIDFHV�LQ�(���ZH�ZLOO�FRQVLGHU�VXUIDFHVLQ�(� ZLWK� WZR�GLPHQVLRQDO� ILUVW� QRUPDO� VSDFH� RQO\�(YHU\�VXFK�VXUIDFH�LQ�(� GRHV�QRW�EHORQJ�WR�DQ\�(� LQ(���PRUHRYHU�LW�KDV�D�QRQ�GHJHQHUDWH�*DXVV�LPDJH�)LUVW� RI� DOO�� LI� D� VXUIDFH� ) � LQ� ( � DGPLWV� D� OLQHFRQJUXHQFH�� WKHQ� IURP� ORFDO� SRLQW� RI� YLHZ� WKHUH� DUHWZR� SRVVLELOLWLHV�� (LWKHU�)� LV� D�&DUWDQ� VXUIDFH�� L�H�� LWKDV� D� XQLTXH� QHW� RI� FRQMXJDWH� FXUYHV�� DQG� WKH� OLQHFRQJUXHQFH� LV�GHWHUPLQHG�E\�VWUDLJKW� OLQHV� WDQJHQW� WRRQH� IDPLO\� RI� FRQMXJDWH� FXUYHV�� 2U�) LV� IROLDWHG� E\DV\PSWRWLF� FXUYHV� DQG� WKH� OLQH� FRQJUXHQFH� LVGHWHUPLQHG� E\� VWUDLJKW� OLQHV� WDQJHQW� WR� WKHVHDV\PSWRWLF�FXUYHV��6R��D�JHQHULF�VXUIDFH�) � ZLWK�WZR�GLPHQVLRQDO� ILUVW� QRUPDO� VSDFH� LQ�(� DGPLWV� DW� PRVWWZR GLIIHUHQW�OLQH�FRQJUXHQFLHV��7KLV�FRQFOXVLRQ�OHDGVWR� VRPH� FUXFLDO� GLIIHUHQFHV� EHWZHHQ� WKUHH�� DQG� IRXU�GLPHQVLRQDO� FDVHV�� 1RWH� WKDW� OLQH� FRQJUXHQFLHV� IRU&DUWDQ� VXUIDFHV� DQG� FRQMXJDWH� QHWV� DUH� ZLGHO\GLVFXVVHG�LQ�>�@�



2Q�RQH�KDQG��VRPH FODVVLFDO�VWDWHPHQWV�VWLOO�YDOLG�IRUVXUIDFHV�LQ�(��7KHRUHP����/HW�\��)�o )
�EH�D�SVHXGR�VSKHULFDOFRQJUXHQFH� EHWZHHQ� WZR�GLPHQVLRQDO� VXUIDFHV� LQIRXU�GLPHQVLRQDO�(XFOLGHDQ�VSDFH�(���7KHQ�)�DQG�)
DUH� VXUIDFHV� RI� FRQVWDQW� QHJDWLYH� *DXVV� FXUYDWXUH. �VLQ�Z� ��O���2Q�WKH�RWKHU�KDQG��D�WZR�GLPHQVLRQDO�VXUIDFH�) ZLWKFRQVWDQW� QHJDWLYH� *DXVV� FXUYDWXUH� DQG� ZLWK� WZR�GLPHQVLRQDO� ILUVW� QRUPDO� VSDFH� LQ�(� DGPLWV�DW� PRVWWZR GLIIHUHQW�SVHXGR�VSKHULFDO�FRQJUXHQFLHV��FRQWUDU\WR�WKH�FODVVLFDO�FDVH��0RUHRYHU��WKHUH�DUH�VRPH�UHDVRQVWR�FRQMHFWXUH�WKDW�D�JHQHULF�WZR�GLPHQVLRQDO�VXUIDFH�)ZLWK�FRQVWDQW�QHJDWLYH�*DXVV�FXUYDWXUH�LQ�(� GRHV�QRWDGPLW� SVHXGR�VSKHULFDO� FRQJUXHQFLHV�� 2QH� UHDVRQ� LVWKDW� LI� D� VXUIDFH� ZLWK� FRQVWDQW� QHJDWLYH� *DXVVFXUYDWXUH�LQ�(� DGPLWV�D�SVHXGR�VSKHULFDO�FRQJUXHQFH�WKHQ�LW�KDV�WR�EH�D�&DUWDQ�VXUIDFH��+RZHYHU��LW�LV�YHU\SRVVLEOH� WKDW� LQ� (� WKHUH� H[LVW� SVHXGR�VSKHULFDOVXUIDFHV�ZLWKRXW�FRQMXJDWH�QHWV��DFWXDOO\�LW�LV�DQ�RSHQTXHVWLRQ�� $V� IRU� &DUWDQ VXUIDFHV� ZLWK� FRQVWDQWQHJDWLYH� *DXVV� FXUYDWXUH� LQ� (��� HYHU\� VXFK� VXUIDFHDGPLWV� DW� PRVW� WZR� GLIIHUHQW� SVHXGR�VSKHULFDOFRQJUXHQFLHV�� VR� DQ� LQWHUHVWLQJ� RSHQ� SUREOHP� LV� WRILQG� DQG� WR� GHVFULEH� &DUWDQ VXUIDFHV� ZLWK� FRQVWDQWQHJDWLYH� *DXVV� FXUYDWXUH� LQ� (� ZKLFK� DGPLW� HLWKHUH[DFWO\� RQH� RU� H[DFWO\� WZR� SVHXGR�VSKHULFDO�FRQJUX�HQFLHV��6RPH�SDUWLDO�DQVZHU�DUH�GLVFXVVHG�EHORZ�



%LDQFKL�WUDQVIRUPDWLRQV
6LPLODUO\� WR� WKH�FODVVLFDO� FDVH�� WKH�SVHXGR�VSKHULFDOFRQJUXHQFLHV�)�o )
�LQ�(��ZLWK�Z�  �S���DUH�UHIHUUHGWR� DV� WKH� %LDQFKL� FRQJUXHQFLHV�� 7KH� %LDQFKLFRQJUXHQFLHV� DUH� FORVHO\� UHODWHG� WR� WKH� %LDQFKLWUDQVIRUPDWLRQV� RI� SVHXGR�VSKHULFDO� VXUIDFHV� LQ� (�GLVFXVVHG� E\� <X�$PLQRY� DQG� $�6\P� >�@�� ,W� ZDVGHPRQVWUDWHG� WKDW� D� JHQHULF� VXUIDFH� RI� FRQVWDQWQHJDWLYH�*DXVV�FXUYDWXUH�LQ�(� GRHV�QRW�DGPLW�%LDQFKLFRQJUXHQFLHV�� %HVLGHV� WKH� SVHXGR�VSKHULFDO� VXUIDFHVLQ� (� WKDW� DGPLW� %LDQFKL� FRQJUXHQFLHV� IRUP� DSDUWLFXODU�FODVV�RI�VXUIDFHV�>�@�2QH�ZD\�WR�VWXG\�WKH�%LDQFKL�FRQJUXHQFLHV�LV�EDVHGRQ�KRURF\FOLF�FRRUGLQDWHV��1DPHO\��OHW�) EH�D�VXUIDFHVLQ�(� ZLWK�*DXVV� FXUYDWXUH�.  �� SDUDPHWH�ULVHG� E\KRURF\FOLF�FRRUGLQDWHV X��Y��7KH�PHWULF�IRUP�RI�)� LVGV�  �GX� ��H �X GY��� WKH�FRRUGLQDWH�OLQHV�Y FRQVW DUHJHRGHVLFV�� WKH� FRRUGLQDWH� OLQHV� X FRQVW DUHKRURFLUFOHV�� &RQVLGHU� D� WUDQVIRUPDWLRQ�\�� )�o )
SUHVHQWHG�E\�WKH�IROORZLQJ�UHODWLRQ�U
� �U ��wXU� �%7�ZKHUH U
�X�Y� DQG U�X�Y� GHQRWH� WKH� SRVLWLRQ�YHFWRUVRI�) DQG�)
 UHVSHFWLYHO\��7KH�PDSSLQJ�\ LV� FDOOHG�D%LDQFKL� WUDQIRUPDWLRQ� >�@�� &RQWUDU\� WR� WKH� FODVVLFDOFDVH�� ZKHQ� D� VLPLODU� PDSSLQJ� WUDQVIRUPV� D� SVHXGR�VSKHULFDO�VXUIDFH�LQ�(� ZLWK . ���LQWR�DQRWKHU�SVHXGR�VSKHULFDO�VXUIDFH�LQ�(��ZLWK . ����WKH�*DXVV�FXUYDWXUH



RI� )
 XQGHU� FRQVLGHUDWLRQ� LV� QRW� FRQVWDQW�� 7KHSULQFLSDO�UHDVRQ�LV�WKDW�QRZ�WKH�DQDO\VHG�PDS�\ LV�QRWD� OLQH� FRQJUXHQFH�� +RZHYHU�� LI� \ LV� DGGLWLRQDOO\VXSSRVHG�WR�EH�D�OLQH�FRQJUXHQFH�WKHQ�LW LV�D�%LDQFKLFRQJUXHQFH� �Z�  � S���� O� ��� DQG )
� LV� D� SVHXGR�VSKHULFDO�VXUIDFH�ZLWK�. ���7KH� FRHIILFLHQWV� RI� IXQGDPHQWDO� IRUPV� RI�)� ZLWKUHVSHFW� WR� WKH� DSSOLHG�KRURF\FOLF�FRRUGLQDWHV�KDYH� WRVDWLVI\� VRPH� FRPSOLFDWHG� SDUWLFXODU� V\VWHP� RI� QRQ�OLQHDU� 3'(V� UHVXOWHG� IURP� WKH� *DXVV�&RGD]]L�5LFFLHTXDWLRQV� IRU�) DQG� IURP� WKH� DVVXPSWLRQ� WKDW�\ LV� DOLQH� FRQJUXHQFH�� ,W� ZDV� GHPRQVWUDWHG� LQ� >�@� WKDWJHQHULFDOO\� WKLV� V\VWHP� LV� QRW� VDWLVILHG�� 7KXV� WKHSVHXGR�VSKHULFDO� VXUIDFHV� LQ� (��� ZKRVH� %LDQFKLWUDQVIRUPDWLRQ��%7��DUH�%LDQFKL�FRQJUXHQFLHV��IRUP�DSDUWLFXODU�FODVV�RI�VXUIDFHV�1RWH� WKDW� D� %LDQFKL� FRQJUXHQFH� DOZD\V� SUHVHQWV� D%LDQFKL� WUDQVIRUPDWLRQ�� ,Q� IDFW�� LI� \�� )� o )
� LVVXSSRVHG�WR�EH�D�%LDQFKL�FRQJUXHQFH��ZKHQ�) DQG�)
DUH� SVHXGR�VSKHULFDO� E\� 7KHRUHP� ��� 1H[W� RQH� FDQSURYH� WKDW� WKHUH� H[LVW� D�KRURF\FOLF�FRRUGLQDWH� V\VWHPX��Y� RQ�) VXFK�WKDW� WKH�SRVLWLRQ�YHFWRUV�RI�) DQG�)
DUH�UHOLHG�E\��%���VR�\ LV�D�%LDQFKL�WUDQIRUPDWLRQ�7KXV� LW� VHHPV� PRUH� QDWXUDO� WR� VWXG\� WKH� %LDQFKLFRQJUXHQFLHV� UDWKHU� WKDQ� WKH�%LDQFKL� WUDQIRUPDWLRQV�,Q�RXU�RSLQLRQ��WKLV�ZD\�FRUUHVSRQGV�EHWWHU�WR�RULJLQDOLGHDV�E\�/�%LDQFKL��*�'DUERX[�DQG�$�9�%DFNOXQG�



:LWKRXW�ORVV�RI�JHQHUDOLW\�ZH�PD\�VXSSRVH�WKDW�) LVD� &DUWDQ� VXUIDFH�� L�H�� )� FRQWDLQV� D� XQLTXH� QHW� RIFRQMXJDWH� OLQHV� �FRQMXJDWH�ZLWK� UHVSHFW� WR� WKH� VHFRQGIXQGDPHWDO� IRUPV� RI� )��� /HW� [�� \ VWDQG� IRU� WKHFRUUHVSRQGLQJ�FRRUGLQDWH�V\VWHP�RQ�)��L�H��FRRUGLQDWHOLQHV� [ FRQVW DQG� \ FRQVW IRUP� WKH� PHQWLRQHGFRQMXJDWH� QHW� RQ� )�� 2XU� PDLQ� UHVXOWV� DUH� WZRIROORZLQJ�VWDWHPHQW�7KHRUHP���� /HW�)�EH�D�&DUWDQ�VXUIDFH�LQ�(���/HW�\�)�o )
� �EH�D�%LDQFKL�FRQJUXHQFH� �Z�  �S���� O� ���7KHQ� )� DQG� )
� DUH� SVHXGR�VSKHULFDO� VXUIDFHV� ZLWK*DXVV�FXUYDWXUH�. ����0RUHRYHU��D�XQLTXH�FRQMXJDWHQHW�[�\�RQ�)�LV�QRZKHUH�RUWKRJRQDO�DQG�WKH�FRRUGLQDWHOLQHV� \ FRQVW� RI� WKLV� FRQMXJDWH� QHW� DUH� SUHVHQWHG� E\SDUDOOHO�JHRGHVLFV�ZLWK�KRURF\FOLF�RUWKRJRQDO� WUDMHF�WRULHV�� ,Q� WKH� JHQHUDO� VLWXDWLRQ� )
� LV� DOVR� D� &DUWDQVXUIDFH�� WKH� OLQHV�[ FRQVW�DQG�\ FRQVW�RQ�)
�IRUP�DFRQMXJDWH� QHW�� WKH� OLQHV� [ FRQVW� DUH� SUHVHQWHG� E\SDUDOOHO� JHRGHVLFV� ZLWK� KRURF\FOLF� WUDMHFWRULHV�� ,IU�[�\�� LV� WKH� SRVLWLRQ�YHFWRU� RI�)��ZKHQ� WKH� SRVLWLRQ�YHFWRU�U
�[�\� RI�)
�KDV�WKH�IROORZLQJ�IRUP�U
� �U � w [U� �%&�ZKHUH VWDQG�IRU�WKH�&KU\VWRIIHO�V\PEROV�RI�)�7KXV�� LI� D� SVHXGR�VSKHULFDO� &DUWDQ� VXUIDFH� LQ� (�DGPLWV� D� %LDQFKL� FRQJUXHQFH� WKHQ� LWV� FRQMXJDWH� QHWPXVW� KDYH� SDUWLFXODU� SURSHUWLHV� UHOLHG� WR� WKH� LQWULQVLFJHRPHWU\� RI� )�� ,W� WXUQV� RXW� WKDW� WKLV� QHFHVVDU\FRQGLWLRQ�LV�DOVR�VXIILFLHQW�



7KHRUHP���� /HW�)�EH�D�&DUWDQ� VXUIDFH� LQ�(� ZLWK*DXVV� FXUYDWXUH� . ���� 6XSSRVH� WKDW� D� XQLTXHFRQMXJDWH�QHW�[�\�RQ�)�LV�QRZKHUH�RUWKRJRQDO�DQG�WKHFRRUGLQDWH� OLQHV� \ FRQVW� RI� WKLV� FRQMXJDWH� QHW� DUHSUHVHQWHG� E\� SDUDOOHO� JHRGHVLFV� ZLWK� KRURF\FOLFRUWKRJRQDO� WUDMHFWRULHV�� 7KHQ� D� PDS� \�� )� o )
UHSUHVHQWHG� LQ� WHUPV�RI�SRVLWLRQ�YHFWRUV�E\� �%&� LV�D%LDQFKL�FRQJUXHQFH�0RUHRYHU� RQH� FDQ� GHPRQVWUDWH� WKDW� D� SVHXGR�VSKHULFDO� VXUIDFH�) LQ� (� VDWLVILHV� WKH� FRQGLWLRQV� RI7KHRUHP���LI�DQG�RQO\�LI�WKH�IXQGDPHQWDO��IRUPV�RI�)FDQ�EH�ZULWWHQ�LQ�WHUPV�RI�VRPH�FRRUGLQDWHV�[��\ RQ�)DV�IROORZV�WKH�ILUVW�IXQGDPHQWDO�IRUP,  �G3�� ��H��3 �G\��WKH�VHFRQG�IXQGDPHQWDO�IRUPV,,�  �w[3 H�3�G[�� ��w[3 H�3�G\���,,�  �3H3�G\���WKH�QRUPDO�FRQQHFWLRQ�� 4���� ��+HUH� 3�[�\��� 3�[�\��� 4�[�\�� ±� VRPH� IXQFWLRQV� ZKLFKKDYH� WR� VDWLVI\� IROORZLQJ� V\VWHP� RI� �� 3'(V� �WKH*DXVV�&RGD]]L�5LFFL� HTXDWLRQV�� DFFRPSDQLHG� E\UHJXODULW\�FRQGLWLRQV�



w[[ H�3 �w\\ H��3 ����34���� ���w[ 3 ��w[3 H�3 4� ���w\ 4 ��w\3 H��3 3� ���3����4����w[3!���w\3!��
�%���%���%���%��7KXV�� D� SVHXGR�VSKHULFDO� &DUWDQ� VXUIDFH� ) LQ� (�ZKLFK� DGPLWV� D� %LDQFKL� FRQJUXHQFH� \� )o )
FRUUHVSRQGV� WR� D� VROXWLRQ� ^3�[�\��� 3�[�\��� 4�[�\�` RI�%��%����$V�IRU�WKH�IXQGDPHQWDO�IRUPV�RI�)
��LW�WXUQVRXW� WKDW� WKH\�DUH�H[SUHVVHG� LQ� WHUPV�RI�3�[�\���3�[�\��4�[�\��DV�IROORZV�,
  H���3�G[�� ���G3��,,
�  �w\3 H��3�G\�� ��w\3 H3�G\���,,
�  �4H�3�G[����
� ����
� 3�7KHUHIRUH�� LW� LV� HDV\� WR� VHH� WKDW� WKH� %LDQFKLFRQJUXHQFH�\� )o )
� FRUUHVSRQGV� WR� WKH� IROORZLQJDOJHEUDLF�WUDQVIRUPDWLRQ�RI�VROXWLRQV�RI��%��%���^3�[�\���3�[�\���4�[�\�`>^�3��\��[����4��\��[����3��\��[�`

3UREOHP��,V��%��%���DQ�LQWHJUDEOH�V\VWHP"



([DPSOH����/HW�XV� ILQG� D� WUDYHOOLQJ�ZDYH� VROXWLRQ�RI�%��%����3�[�\� I�]���3�[�\� S�]���4�[�\� T�]���ZKHUH] D[�E\� 2QH� FDQ� GHPRQVWUDWH� WKDW� �%��%��� DUHVDWLVILHG�LI�DQG�RQO\�LIS� �H�I �F� ��F� ±���F� I��T� �H�±I �F� ��F� ±���F� I��ZKHUH� F� DQG� F� DUH� FRQVWDQWV�� DQG� I�]�� VROYHV� WKHIROORZLQJ�HTXDWLRQ�ò��D� H��I ��E�� H�±�I �� ���F� ±���F� I�� ±��F��� �� ��7KH�VLPSOHVW�WUDYHOOLQJ�ZDYH�VROXWLRQ�LV�IROORZLQJ�3�[�\�� �ò�OQ�����[�\�� ������[�\������ ��3�[�\�� ����[�\���������[�\��������4�[�\�� ����[�\���������[�\��������
([DPSOH� ��� /HW� XV� ILQG� D� VROXWLRQ� RI� �%��%��� LQ� WKHIROORZLQJ� IRUP�� 3�[�\��� 3 3�3�[�\���� 4 4�3�[�\���2QH�FDQ�SURYH�WKDW��%��%���DUH�VDWLVILHG�LI�DQG�RQO\�LI3� �H�3 �F�3 ��F���4� �H�±3 �F�3 �F� ��F���ZKHUH�3�[�\��LV�D�VROXWLRQ�RI�WKH�IROORZLQJ�HTXDWLRQ��[[ H�3 ��\\ H��3 �����F�3 ��F��� ��F��F�3 ��F������ ���,I�F� �� WKLV�HTXDWLRQ�UHDGV�DV�IRORZV��[[ H�3 ��\\ H��3 ��& ���ZKHUH & ���F��� ���
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