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$�)X]]\�6HW�$SSURDFK�WR�3RYHUW\�0HDVXUHPHQW
7KLV�YHUVLRQ��-XQH���������

$EVWUDFW7KLV�SDSHU�SRVWXODWH�WZR�SRYHUW\�LQGLFHV�EDVHG�RQ�D�IX]]\ILFDWLRQ�RI�WKH�SRYHUW\�OLQH� DSSURDFK� DQG� VKRZV� WKDW� WKH\� VDWLVI\� VRPH� RI� WKH� XVXDO� D[LRPV� LQ� WKH�SRYHUW\�OLQH�OLWHUDWXUH��,W�DOVR�VKRZV�WKDW�WKH�KHDGFRXQW�UDWLR LV�D�SDUWLFXODU�FDVH�RI�D�SRYHUW\�PHDVXUH�EDVHG�RQ�IX]]\�VHWV�)LQDOO\� WKLV� SDSHU� SRVWXODWHV� WKDW� IX]]\� YHUVLRQ� RI� SRYHUW\� PHDVXUHV� ZLOO� QRW�VDWLVI\�WKH�WUDQVIHU�D[LRP��

-(/�&ODVVLILFDWLRQ��,��.H\ZRUGV��3RYHUW\�0HDVXUHPHQW
���,QWURGXFWLRQ
7KH�PHDVXUHPHQW� RI� SRYHUW\� LV� DQ� LVVXH� SURQH� WR� GHEDWH�� DERXW� WKH� GHILQLWLRQ�RI� SRYHUW\��RU� DERXW� WKH�FKRLFH�EHWZHHQ�ZHOIDUH�PHDVXUHPHQW�EDVHG�RQ�FRQVXPSWLRQ�RU�RQ�LQFRPH��RU�EHWZHHQ�D�XQLGLPHQWLRQDO��OLNH�SRYHUW\�OLQHV��RU�D�PXOWLGLPHQWLRQDO�DSSURDFK��HWF��1RQHWKHOHVV��ZKDW�LV�JHQHUDOO\�DJUHHG�LV�WKDW�WKH�SURFHVV�RI�WUDQVLWLRQ�IURP�SRYHUW\�WR�D�ZHOO�EHLQJ�VWDWH�LV�JUDGXDO��)X]]\�VHW�WKHRU\�JLYHV�XV�FRQYHQLHQW�WRROV�WR�PRGHO�WKLV�SURFHVV�DV�ZHOO�DV�WR�UHSUHVHQW�DPELJXRXV�OLQJXLVWLF�FRQFHSWV��,Q�WKLV�SDSHU��ZH�SURSRVH�WZR�SRYHUW\�PHDVXUHV�EDVHG�RQ�WKH�SRYHUW\�OLQH�DSSURDFK�DQG�DSSO\�IX]]\�VHWV�WR�VDWLVI\�WKH�FRQGLWLRQV�UHTXHVWHG�IRU�VXFK�D�PHDVXUH�,Q� VHFWLRQ� ��� ZH� PDNH� D� UHYLVLRQ� RI� WKH� WUDGLWLRQDO� SRYHUW\� LQGH[HV�� $IWHU� DQ� H[SRVLWLRQ� RI� WKH�D[LRPDWLF�IUDPHZRUN�WKDW�FKDUDFWHUL]HV�VXFK�LQGH[HV��ZH�GHWDLO�WKH�PRVW�FRPPRQ�SRYHUW\�PHDVXUHV�DQG�VKRZ�ZKLFK� D[LRPV� WKH\� VDWLVI\�� ,Q� DGGLWLRQ� ZH�PDNH� D� EULHI� UHYLHZ� RI� IX]]\� QRWLRQV� DQG� WKH� EDVLF�RSHUDWLRQV�LQ�WKLV�WKHRU\��)LQDOO\��ZH�VXUYH\�RWKHU�SDSHUV�WKDW�WUHDW�SRYHUW\�PHDVXUHV�E\�PHDQV�RI�IX]]\�VHWV�
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,Q�VHFWLRQ����ZH�SUHVHQW�WKH�PHPEHUVKLS�IXQFWLRQ DQG�ZH�HPSKDVL]H�RQ�LWV�SULQFLSDO�FKDUDFWHULVWLFV��2QFH�VSHFLILHG�WKLV�IXQFWLRQ��ZH�SURSRVH�WZR�LQGH[HV�RI�SRYHUW\�PHDVXUHPHQW��RQ�RQH�KDQG�DQ�LQGH[�WKDW�FRQVLGHUV�WKH�D�FXWV�DQG�RQ�WKH�RWKHU�KDQG�DQ�LQGH[�EDVHG�RQ�WKH�PHPEHUVKLS�IXQFWLRQ��$V�DQ�LOOXVWUDWLYH�MRXUQH\�ZH�HVWLPDWH�WKH�PHPEHUVKLS�IXQFWLRQ DQG�RXU�LQGH[HV�FRPSDULQJ�WKHP�ZLWK�WKH�WUDGLWLRQDO�RQHV�XVLQJ�D�KRXVHKROG�VXUYH\�IRU�$UJHQWLQD��/DWHU��ZH�HYDOXDWH�WKH�VDWLVIDFWLRQ�RI�WKH�D[LRPV�OLVWHG�LQ�VHFWLRQ���E\�HDFK�RI�ERWK�LQGH[HV��$V�D�UHVXOW�ZH�IRXQG�WKDW�WKH�KHDGFRXQW�UDWLR LV�D�SDUWLFXODU�FDVH�RI�D�IX]]\�LQGH[��
���3RYHUW\�0HDVXUHV�DQG�)X]]\�6HW�7KHRU\
�����3RYHUW\�DQG�$[LRPV
7KUHH� LVVXHV� DUH� LPSRUWDQW� UHIHUUHG� WR� WKH� SRYHUW\� SKHQRPHQD�� LWV� FRQFHSW�� WKH� LGHQWLILFDWLRQ� RI� SRRU�SHRSOH� DQG� WKH� ZD\� WR� TXDQWLI\� SRRU� LQGLYLGXDOV� DQG� WKHQ� REWDLQ� DQ� DJJUHJDWHG� PHDVXUHPHQW� IRU� WKH�VRFLHW\�:H� ZLOO� FRQVLGHU� SRYHUW\� DV� WKH� VWDWH� RI� GHSULYDWLRQ� LQ� ZKLFK� DQ� LQGLYLGXDO� FDQ� QRW� HQMR\� D�³QRUPDOL]HG�VWDQGDUG�RI� OLYLQJ´��6XFK�VWDQGDUG�RI� OLYLQJ� LV�GHILQHG�E\�D�PLQLPDO� OHYHO�RI� LQFRPH� �WKDW�DOORZV�DQ�LQGLYLGXDO�WR�EX\�DQ�DSSURSULDWH�FRPELQDWLRQ�RI�JRRGV�LQ�RUGHU�WR�VDWLVI\�WKH�EDVLF�QHHGV�RI�D�KXPDQ�EHLQJ�&ORVHO\�UHODWHG�ZLWK�WKH�FRQFHSW�RI�SRYHUW\� LV�WKH�LVVXH�RI�WKH�PHWKRG�RI�LGHQWLILFDWLRQ��7KHUH�DUH�WZR�ZD\V�WR�VHWWOH�GRZQ�ZKR�PXVW�EH�FRQVLGHUHG�SRRU�

x 'LUHFW�PHWKRGV��LQ�WKLV�NLQG�RI�DQDO\VLV�WKH�OLYLQJ�FRQGLWLRQV�RI�WKH�LQGLYLGXDOV�DUH�GLUHFWO\�HYDOXDWHG��7KH�PRVW�SRSXODU�YHUVLRQ�LV�WKH�8QVDWLVILHG�%DVLF�1HHGV�PHWKRG��8%1��
x ,QGLUHFW� 0HWKRGV�� WKHVH� SRYHUW\� DQDO\VHV� HYDOXDWH� WKH� FRQVXPSWLRQ� SRZHU� RI WKH�LQGLYLGXDOV��7KLV�PHWKRG�LV�SRSXODU�IRU�XVLQJ�SRYHUW\�OLQHV�VLQFH�WKH\�HVWDEOLVK�WKH�PLQLPDO�LQFRPH�UHTXLUHG�WR�VXVWDLQ�DQ�DGHTXDWH�VWDQGDUG�RI�OLYLQJ��7KHQ��DOO�WKH�KRXVHKROGV�ZKRVH�LQFRPHV�DUH�EHORZ�WKH�SRYHUW\�OLQH�DUH�ODEHOHG�DV�SRRU�

7KH� 8%1�PHWKRG� ZRUNV� FRXQWLQJ� WKH� KRXVHKROGV� WKDW� KDYH� QRW� VDWLVILHG� D� VHULHV� RI� SUHYLRXVO\�HVWDEOLVKHG�QHFHVVLWLHV�ZKLFK�ZLOO�EH�FRQVLGHUHG�SRRU��7KH�8%1�LV�YHU\�VWULFW��VR�D�IDPLO\�LV�GHHPHG��SRRU�HYHQ�LI�MXVW�RQO\�RQH�QHFHVVLW\�LV�ODFNLQJ��7KLV�PHDVXUH�SUHVHQWV�PDQ\�UHVWULFWLRQV��LW�FDQ�QRW�EH�DSSOLHG�WR�GR� LQWHUWHPSRUDO� RU� JHRJUDSKLFDO� FRPSDULVRQV� DQG� LW� LV� VHQVLWLYH� WR� WKH� QXPEHU� RI� XQVDWLVILHG� QHHGV�
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UHTXLUHG� WR� EH� FRQVLGHUHG� SRRU�� 1HYHUWKHOHVV�� WKLV� DSSURDFK� LV� XVHIXO� ZKHQ� WKH� REMHFWLYH� LV� WKH�FRQVWUXFWLRQ�RI�JHRJUDSKLF�SRYHUW\�PDSV�ZLWK�RQ�H[WHQVLYH�FKDUDFWHUL]DWLRQ�,Q�WKLV�SDSHU��LQVWHDG�ZH�ZLOO�IRFXV�RQ�WKH�SRYHUW\�OLQH�PHWKRG�RI�SRYHUW\�PHDVXUHPHQW��ZKLFK�KDV�ZHOO�NQRZQ�FDSDELOLWLHV�� OLNH� WKH�SRVVLELOLW\�RI�FRPSDULQJ�EHWZHHQ�GLIIHUHQW� WHPSRUDO� VXUYH\V�� RU�HYHQ��EHWZHHQ�GLIIHUHQW�VRFLHWLHV�7KH� EHQFKPDUN� D[LRPV� WKDW� D� SRYHUW\� LQGH[� PXVW� VDWLVI\� DSSHDU� LQ� 6HQ� ������� DQG� ZHUH� ODWHU�H[WHQGHG�E\�RWKHU�DXWKRUV��
0RQRWRQLFLW\�$[LRP��*LYHQ�RWKHU�WKLQJV��D�UHGXFWLRQ�LQ�WKH�LQFRPH�RI�D�SRRU�KRXVHKROG�PXVW�LQFUHDVH�WKH�SRYHUW\�PHDVXUH��6HQ��������
7UDQVIHU� $[LRP� *LYHQ� RWKHU� WKLQJV�� D� SXUH� WUDQVIHU� RI� LQFRPH� IURP� D� SRRU� KRXVHKROG� WR� DQ\� RWKHU�KRXVHKROG�WKDW�LV�ULFKHU�PXVW�LQFUHDVH�WKH�SRYHUW\�PHDVXUH��6HQ��������
6XEJURXS�0RQRWRQLFLW\�$[LRP��6XSSRVH�WKDW�WKH�SRSXODWLRQ�LV�GLYLGHG�LQWR�P�FROOHFWLRQV�RI�KRXVHKROGV�M ��«�P�ZLWK� RUGHUHG� LQFRPH� YHFWRUV� �� M\ DQG� SRSXODWLRQ� VL]HV� MQ �� /HW� \Ö EH� D� YHFWRU� RI� LQFRPHV�
REWDLQHG�IURP� \ E\�FKDQJLQJ�WKH�LQFRPHV�LQ�VXEJURXS�M�IURP� �� M\ WR ��Ö M\ ��ZKHUH� MQ LV�XQFKDQJHG��,I�

��Ö M\ KDV�PRUH�SRYHUW\�WKDQ� �� M\ ��WKHQ� \Ö PXVW�DOVR�KDYH�D�KLJKHU�OHYHO RI�SRYHUW\�WKDQ�\��)RVWHU�HW��DO���������
,Q�DGGLWLRQ��WKHUH�DUH�WZR�SURSHUWLHV�ZKLFK�VKRXOG EH�FRQVLGHUHG�DERXW�D�SRYHUW\�PHDVXUH���

,QYDULDQFH�WR�6FDOH�$[LRP� 7KH�SRYHUW\�PHDVXUH�PXVW�EH�KRPRJHQHRXV�RI�GHJUHH�]HUR�LQ�LQFRPHV�
3RYHUW\�/LQH�/HYHO�(IIHFW�$[LRP��]�OHYHO�HIIHFW�� ,I�WKH�SRYHUW\�OLQH�LV�VHW�LQ� �] EHORZ� �] DQ�DOWHUQDWLYH�SRYHUW\�OLQH��WKH�ZHLJKW�DVVLJQHG�LQ�WKH�SRYHUW\�PHDVXUH�WR�HDFK�PRQHWDU\�XQLW�RI�WKH�KRXVHKROG�LQFRPHV�KDV�WR�EH�KLJKHU�LQ� �] WKDQ�LQ�WKH�SRYHUW\�OLQH �] ��
�����3RYHUW\�0HDVXUHV�EDVHG�RQ�3RYHUW\�/LQH
1RZ�ZH�FRQVLGHU�VRPH�RI�WKH�GLIIHUHQW�LQGH[HV�FUHDWHG�WR�PHDVXUH�SRYHUW\��7KHQ�ZH�ZLOO�HYDOXDWH�ZKLFK�D[LRPV�WKH\�VDWLVI\�DQG�ZKLFK�QRW�
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7KH� SRYHUW\� OLQH� DSSURDFK� XVXDOO\� FRQVLGHUV� WKDW� DQ� LQGLYLGXDO� > @1L ��� �� ZKHUH� 1 LV� WKH� WRWDO�QXPEHU�RI�LQGLYLGXDOV�LQ�WKH�SRSXODWLRQ� LV�SRRU�LI�KH�KDV�DQ�LQFRPH�WKDW�IDOOV�EHORZ�D�FHUWDLQ�DPRXQW�RI�PRQH\�]��,Q�RWKHU�ZRUGV��FRQVLGHU�D�VHW� ; WKDW�LV�RXU�SRSXODWLRQ�RI�LQGLYLGXDO�LQFRPHV�DQG� ;[L � WKH�
LQFRPH� DVVRFLDWHG� ZLWK� DJHQW� L� WKHUHIRUH� WKH� VHW� ^ `][L3 L � LV� WKH� FROOHFWLRQ� RI� DJHQWV� FRQVLGHUHG�
SRRU��:H�DOVR�GHILQH�T ZKHUH 3T  �
�������+HDGFRXQW�5DWLR
7KLV�LQGH[�GLUHFWO\�JLYHV�XV�WKH�SURSRUWLRQ�RI�LQGLYLGXDOV�ZLWK�LQFRPH�EHORZ�WKH�SRYHUW\�OLQH�

1T+  ���
:H�FDQ�VKRZ�WKDW�WKLV�PHDVXUH�GRHV�QRW�VDWLVI\�WKH�PRQRWRQLFLW\�D[LRP��7KHUHIRUH��WKH�KHDGFRXQW�UDWLR�GRHV�QRW�SURYLGH�LQIRUPDWLRQ�DERXW�WKH�GHSWK�RI�SRYHUW\��1HYHUWKHOHVV��WKLV�LQGH[�VDWLVILHV�)RVWHU¶V�HW��DO���������D[LRP�DQG�WKXV�LV�GHFRPSRVDEOH��,Q�DGGLWLRQ��WKLV PHDVXUH�LV�KRPRJHQHRXV�RI�GHJUHH ]HUR�LQ�LQFRPHV�DQG�LW�IDLOV WR�FRPSO\�ZLWK�WKH ]�OHYHO�HIIHFW�D[LRP����

�������,QFRPH�*DS�UDWLR�
¦� 3L

LT]J, ���
ZKHUH� LL []J � LV�WKH�LQFRPH�VKRUWIDOO�RI�WKH�LWK�KRXVHKROG�7KH�LQFRPH�JDS�UDWLR�PHDVXUHV�WKH�PHDQ�VKRUWIDOO�RI�WKH�SRRU�LQFRPH�KRXVHKROGV��$V�ZH�FDQ�FKHFN��LW�GRHV�QRW�JLYH�XV�LQIRUPDWLRQ�DERXW�KRZ�PDQ\�SHRSOH�DUH�SRRU��EXW�LW�LV�XVHIXO�WR�NQRZ�WKH�GHSWK�RI�SRRU�LQFRPHV�$V�[L IDOOV��JL JURZV�XS�DV�ZHOO�DV�WKH�LQGH[��,W�PHDQV�WKDW�WKLV�PHDVXUH�VDWLVILHV�WKH�PRQRWRQLFLW\�D[LRP��:H�FDQ�VKRZ�WKDW�WKLV�LQGH[�DOVR�VDWLVILHV�VXEJURXS�PRQRWRQLFLW\�EXW�GRHV�QRW�VDWLVI\�WKH�WUDQVIHU�D[LRP�� $GGLWLRQDOO\�� VLQFH� LQFRPHV� DUH� QRUPDOL]HG WKHQ� WKH� LQGH[� LV� LQYDULDQW� WR� VFDOH�� )LQDOO\�� WKLV�PHDVXUH�DVVLJQV�HTXDO�ZHLJKWV�WR DOO�LQGLYLGXDOV�WKHQ�LW�GRHV�QRW�VDWLVI\�WKH�]�OHYHO�HIIHFW�D[LRP��
�������)RVWHU�± *UHHU�± 7KRUEHFNH�,QGH[��)*7�
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7KH�)*7�LQGH[�WUDQVIRUPV�WKH�LQFRPH�JDS�UDWLR�LQ�RUGHU�WR�DOORZ�DQ�XQHTXDO�SRQGHUDWLRQ�RI�WKH�SRRUHVW�IDPLOLHV�LQ�WKH�DJJUHJDWLRQ��
¦ ¹̧·©̈§ T
L

L]J1)*7 �
� D

D ���
7KH�D SDUDPHWHU�LV�D�PHDVXUH�RI�SRYHUW\�DYHUVLRQ��D�ODUJHU�D JLYHV�JUHDWHU�HPSKDVLV�WR�WKH�SRRUHVW�LQGLYLGXDOV��7KH�)*7�PHDVXUH� LV�PRUH� JHQHUDO� WKDW� WKH�SUHYLRXV�RQHV��:H�FDQ�VHH� WKDW�ZKHQ�D  �� WKH�)*7�LV�WKH�KHDGFRXQW�UDWLR

1T1)*7 T
L   ¦ �� �� ���

DQG�ZKHQ�D  ��WKH�)*7�LV�WKH�LQFRPH�JDS�UDWLR¦ ¹̧·©̈§ T
L

L]J1)*7 �� � ���
)LQDOO\��ZKHQ�D  ���ZH�JHW�DQ�DOWHUQDWLYH�WR� WKH�6HQ�SRYHUW\� LQGH[��������LQ�ZKLFK�WKH�SRRU�DUH�ZHLJKWHG�XS�E\�WKHLU� LJ �� ¦¦    ¹̧·©̈§¹̧·©̈§ T

L LT
L

LL J1]]J1]J)*7 �
���� � ���

)RVWHU�HW��DO���������VKRZ�WKDW�WKLV�LQGH[�VDWLVILHV�WKH�PRQRWRQLFLW\�D[LRP�ZKHQ�D !���WKH�WUDQVIHU�D[LRP�ZKHQ�D !��DQG�VXEJURXS�PRQRWRQLFLW\�D[LRP�IRU�DQ\�YDOXH�RI�D��)LQDOO\��ZH�FDQ�VKRZ WKDW�WKH�)*7�VDWLVILHV�WKH�LQYDULDQFH�WR�VFDOH D[LRP DQG�]�OHYHO�HIIHFW D[LRP���������)X]]\�6HW�7KHRU\
³$�FODVVLFDO��FULVS�� VHW LV�QRUPDOO\�GHILQHG�DV�D�FROOHFWLRQ�RI�HOHPHQWV�RU�REMHFWV� ;[� ZKLFK�FDQ�EH�ILQLWH�� FRXQWDEOH�� RU� RYHUFRXQWDEOH��(DFK� VLQJOH� HOHPHQW� FDQ� HLWKHU� EHORQJ� WR�RU� QRW� EHORQJ� WR� D� VHW�$��;$� ��,Q�WKH�IRUPHU�FDVH�WKH�VWDWHPHQW�³[ EHORQJV�WR�$´�LV�WUXH��ZKHUHDV�LQ�WKH�ODWWHU�FDVH�WKLV�VWDWHPHQW�LV�IDOVH´��=LPPHUPDQQ��������:H� FDQ� FODVVLI\� DQ� HOHPHQW� DV� D�PHPEHU� RU� QRQPHPEHU� RI� D� JLYHQ� VHW�% E\� D�PHPEHUVKLS� RU�FKDUDFWHULVWLF�IXQFWLRQ VXFK�WKDW
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®̄­ �� �� %[LI %[LI[;[ % ����� P ���
³7KXV��WKH�P%�[� IXQFWLRQ�PDSV�HOHPHQWV�RI�WKH�XQLYHUVDO�VHW�WR�WKH�VHW�FRQWDLQLQJ���DQG����7KLV�FDQ�EH�LQGLFDWHG�E\ ^ �̀��� o;%P ´��.OLU�DQG�)ROJHU��������7KLV� IXQFWLRQ� FDQ� DOVR� EH� GHILQHG� IRU� D� FRQWLQXRXV� YDULDEOH�� IRU� H[DPSOH� WKH� VHW�^ `F[[[$ d�� � ZKHUH�[F LV�D�FULWLFDO�YDOXH�SUHYLRXVO\�IL[HG��7KLV�LV�VKRZQ�LQ�ILJXUH����

),*85(��

,Q�UHDOLW\�³«RQH�GRHV�QRW�GLUHFWO\�PHHW�VHWV�ZLWK�D�FULVS�³ERUGHUOLQH´��EXW�TXLWH�RIWHQ�LW�VHHPV�WKDW�WKHUH�H[LVWV� VRPHWKLQJ� OLNH�D�JUDGXDO� WUDQVLWLRQ�EHWZHHQ�PHPEHUVKLS�DQG�QRQ�PHPEHUVKLS´��%DQGHPHU�DQG�*RWWZDOG���������,Q�VRPH�GLVFXVVLRQV��WKH�HOHPHQWV�GR�QRW�EHORQJ�FRPSOHWHO\�WR�D�VHW��,Q�VXFK�FDVHV�WKH� FROOHFWLRQ� RI� HOHPHQWV� ZLWK� D� PHPEHUVKLS� YDOXH� EHWZHHQ� >���@� LV� FDOOHG� D� IX]]\� VHW�� 7KH� JUDGXDO�WUDQVLWLRQ�PHQWLRQHG�DERYH�LV�UHSUHVHQWHG�E\�D�FRQWLQXXP�PHPEHUVKLS�IXQFWLRQ $P ZKLFK�KDV�WKH�IRUP��> @���� o;$P �7KH�PHPEHUVKLS�IXQFWLRQ FDQ�EH�UHSUHVHQWHG�E\�PDQ\� W\SHV�RI�IXQFWLRQV��7KH�ILJXUH���VKRZV�WKH�PRUH�W\SLFDO�FDVH�ZKHUH�P$ LV�DVVXPHG�OLQHDU��7KH�FRUUHVSRQGLQJ�H[SUHVVLRQ�IRU�WKLV�PHPEHUVKLS�IXQFWLRQ LV
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$�IX]]\�VHW�LV�GHVFULEHG�E\�LWV�HOHPHQWV�DQG�WKHLU�PHPEHUVKLS�YDOXH��FRQVLGHULQJ�WKH�JHQHUDO�FDVH�^ `;[[[$ $ � ������ P �:H�FDQ�DOVR�GHILQH�EDVLF�RSHUDWLRQV�ZKLFK�DUH� WDNHQ�IURP�FODVVLFDO� VHW� WKHRU\�DQG�DUH�DSSOLHG� WR�IX]]\�VHWV�WKHRU\��&RPSOHPHQW�� WKH� FRPSOHPHQW� $ RI� $ LV� GHILQHG� E\� WKH� PHPEHUVKLS�IXQFWLRQ ������ [[;[ $PP � �� $ �'XERLV�DQG�3UDGH��������7KH�FODVVLFDO�XQLRQ�����RU�LQWHUVHFWLRQ�����RI�UHJXODU�VXEVHWV�RI�; FDQ�EH�H[WHQGHG�IRUPXODWLQJ�WKH�PHPEHUVKLS�IXQFWLRQ IRU�HDFK�RQH�8QLRQ�� ^ `�������PD[�������� [[[;[[[%$ %$%$%$ PPPP  �� ��� �'XERLV� DQG�3UDGH��������,QWHUVHFWLRQ�� ^ `�������PLQ�������� [[[;[[[%$ %$%$%$ PPPP  �� ����'XERLV�DQG�3UDGH��������,Q� DGGLWLRQ� WR� WKHVH� RSHUDWLRQV� WKHUH� DUH� DOVR� XVHIXO� WRROV� WR� PRGHO� RWKHU� FDVHV� ZLWK� WKLV�PDWKHPDWLFDO�DSSURDFK��7KH�PRVW�SRSXODU�DUH�D�FXWV��7KH�FULVS�VHW�RI�HOHPHQWV�WKDW�EHORQJ�WR�D�IX]]\�VHW�$ DW�OHDVW�WR�D�PHPEHUVKLS�YDOXH�D LV�FDOOHG�WKH�D�FXW�VHW��L�H� ^ `DPD t� ��� [;[$ $ �*LYHQ�WKH�D�FXWV�ZH�FDQ�GHILQH�DJDLQ�WKH�IX]]\�VHW�$ E\�WKH�GHFRPSRVLWLRQ�WKHRUHP��
> @����� D D$$ ���
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6FDODU�&DUGLQDOLW\��7KH�VFDODU�FDUGLQDOLW\�RI�D�IX]]\�VHW�$�GHILQHG�RQ�D�ILQLWH�XQLYHUVDO�VHW�; LV�¦� ;[ $ [$ ��P �
$V�ZH�ZLOO�VHH�ODWHU��VRPH�RI�WKH�RSHUDWLRQV�PHQWLRQHG�KHUH�ZLOO�EH�DSSOLHG�ODWHU�LQ�RUGHU�WR�GHULYH�D�SRYHUW\�PHDVXUH�EDVHG�RQ�IX]]\�VHWV��%XW�ILUVW�� OHW�XV�UHYLHZ�VRPH�HDUOLHU�ZRUNV�DSSO\LQJ�IX]]\�VHWV� WR�SRYHUW\�PHDVXUHPHQW�

�����2WKHU�$SSOLFDWLRQV�RI�)X]]\�6HW�7KHRU\�WR�WKH�6WXG\�RI�3RYHUW\
,Q�WKLV�VHFWLRQ�ZH�VXPPDUL]H�WKUHH�ZRUNV�ZKLFK�DUH�UHSUHVHQWDWLYH�RI�WKH�JUHDW�YDULHW\�RI�SDSHUV�LQ ZKLFK�SRYHUW\�LV�PHDVXUHG�XVLQJ�IX]]\�VHW�WKHRU\��7KH�PRVW�UHPDUNDEOH�GLIIHUHQFH�ZLWK�RXU�DSSURDFK�LV�WKDW�DOO�RI� WKHP� HODERUDWH� D� PXOWLGLPHQVLRQDO� LQGH[� ZKHUH� WKH� ILQDO� PHDVXUHPHQW� FRQVLVW� LQ� D� ZHLJKWHG�DJJUHJDWLRQ�RI�DOO�WKH�SURSRVHG�GLPHQVLRQV��7KH�SDSHU�RI�%DUiQ�HW��DO���������WULHV�WR�UHSUHVHQW�WKH�GXDOLW\�RI�SRYHUW\�ZKHQ�DQDO\]HV�WKH�SRYHUW\�SKHQRPHQD�LQ�WKH�3DUDJXD\DQ�HFRQRP\��7KH\�VD\�WKDW�WKH�RWKHU�IDFH�RI�SRYHUW\�LV�ZHOIDUH��DQG�VLQFH�ERWK�FRQFHSWV�DUH�GLIIXVH�WKHQ�QRWKLQJ�EHWWHU�WKDQ�D�IX]]\�VHWV�DSSURDFK�WR�ZRUN�ZLWK�WKHP��:LWK�WKH�JRDO�RI�KDYLQJ�D�PHDVXUH� H[SUHVVLQJ�XS� WKH�GHSWK�RI�SRYHUW\�� WKH\� LQFOXGH�DV� IX]]\�YDULDEOHV� VRPH�HFRQRPLF��FXOWXUDO��VRFLDO�DQG�HQYLURQPHQWDO�IDFWRUV�ZKLFK�UHSUHVHQW�D�SDUDPHWULF�VW\OH�RI�OLYLQJ��(DFK�IX]]\�YDULDEOH�LV�DVVRFLDWHG�WR�D�OLQHDU�PHPEHUVKLS�IXQFWLRQ OLNH�WKH�RQH�VKRZHG�LQ�ILJXUH����7KHQ� WKH\� DJJUHJDWH� E\� WKH�ZHLJKWHG� VXP� RI� WKH�ZKROH� QXPEHU� RI� YDULDEOHV�� 7KH�ZHLJKWV�ZHUH� IL[HG�H[RJHQRXVO\�E\�H[WHUQDO�VSHFLDOLVWV��:H� FRQVLGHU� WKDW� WKH� FKRVHQ�PHPEHUVKLS� IXQFWLRQ LV� LQDSSURSULDWH� EHFDXVH� ZRUNLQJ� ZLWK� OLQHDU�H[SUHVVLRQV�LPSOLHV�WR�H[RJHQRXVO\�VSHFLI\�WKH�FULWLFDO�YDOXH� �[ DQG� �[ LQ������6HFRQG�� VLQFH� WKH� ZHLJKWV� DUH� GHILQHG� E\� WKH� RSLQLRQ� RI� H[SHUWV�� LW� EHFRPHV� KDUG� WR� PDNH�FRPSDULVRQV�EHWZHHQ�VRFLHWLHV�EHFDXVH�WKH�VWXGLHV�FRXOG�EH�EDVHG�RQ�GLIIHUHQW�ZHLJKW�FULWHULD��)LQDOO\��WKH�SDSHU�GHILQHV�WKH�ZHOIDUH�LQGH[�DV�WKH�UHVXOW�RI�WKH�FRPSOHPHQW�RSHUDWLRQ�DSSOLHG�WR�WKH�SRYHUW\�VHW��7KLV�PHDVXUH�LV�QRW�WKH�EHWWHU�RSWLRQ�WR�PHDVXUH�ZHOIDUH��$�YDOLG�ZHOIDUH�LQGH[�PXVW�EH�EDVHG�RQ�WKH�SRSXODWLRQ�SUHIHUHQFHV�RU�GLUHFWO\�E\�WKH�LQGLYLGXDO�FRQVXPSWLRQV���/DPEHUW��������'HDWRQ���������*DUFLD� HW�� DO�� ������� GHILQH� SRYHUW\� EDVHG� RQ� WKH� FRQFHSW� RI� PLQLPDO� FDSDFLWLHV� RI� 6HQ��1HYHUWKHOHVV��WKH\�GR�QRW�GHILQH�D�VSHFLILF�PHPEHUVKLS�IXQFWLRQ LQ�WKH�DUWLFOH��$V�LQ�%DUiQ�HW��DO���������WKH\�VXSSRVH� WKDW� WKH�ZHLJKWV� LQ� WKH�ZHLJKWHG�VXP�RI�DOO� WKH�YDULDEOHV�KDYH� WR�EH�VSHFLILHG�E\�H[SHUWV��$JDLQ��LV�VHHPV�DUELWUDU\�WR�LQFOXGH�WKH�ZHLJKWV LQ�VXFK�D�ZD\��7KH�LVVXH�RI�WKH�ZHLJKWV�LV�FUXFLDO�IRU�0LFHOL���������,Q�KLV�ZRUN�RQ�6ZLVV�SRYHUW\��KH�FDOFXODWHG�WKH�ZHLJKWV�WDNLQJ�D�ORJDULWKPLF�WUDQVIRUPDWLRQ�RI�WKH�DYHUDJH�IX]]\�SURSRUWLRQ�RI�GHSULYHG�LQGLYLGXDOV��



�

,Q�FRQWUDVW�ZLWK�WKLV�LPSURYHG�GHVLJQ��D�OLQHDU�PHPEHUVKLS�IXQFWLRQ ZDV�DJDLQ�FKRVHQ��6LQFH��WKH� �[ DQG�
�[ LQ�����ZHUH�VHOHFWHG�DUELWUDULO\��WKH�DXWKRU�LQGLFDWHV�WKDW�D�VHQVLWLYH�DQDO\VLV�PXVW�EH�UXQ�WR�FKHFN�RXW�WKDW�UHVXOWV�GR�QRW�GHSHQG�FULWLFDOO\�RQ�WKHP���

���3RYHUW\�0HDVXUHV�%DVHG�RQ�)X]]\�6HW�7KHRU\
�����3RYHUW\�DV�D�)X]]\�6HW
7KH� WUDGLWLRQDO� YLHZ� VXSSRVHV� WKDW� WKH� VHW� 3 LV� D� FULVS� VXEVHW�RI� WKH�SRSXODWLRQ�� 6LQFH� WKH� FRQFHSW� RI�SRYHUW\�KDV�DQ�LPSRUWDQW�GHJUHH�RI�DPELJXLW\��LW�VHHPV�UHDVRQDEOH�WR�FRQVLGHU� 3 DV�D�IX]]\�VHW�DQG�WR�SURSRVH�WZR�W\SHV�RI�LQGLFHV�EDVHG�RQ�D�IX]]\�QRWLRQ�RI�WKH�SRYHUW\�OLQH�DSSURDFK�,Q�WKLV�YLHZ�DQ�DJHQW�L ZLOO�KDYH�D�FHUWDLQ�JUDGH�RI�DVVRFLDWLRQ�WR� 3 EDVHG�RQ� L[ DQG ] ���5HOD[LQJ��LQ�WKLV�PDQQHU��WKH�IDFW�D�SHUVRQ�ZKR�HDUQV�RQH�FHQW�DERYH� ] LV�QRW�FRQVLGHUHG�SRRU�ZKLOH�DQRWKHU�ZKR�HDUQV�RQH�FHQW�OHVV�WKDQ� ] LV�FODVVLILHG�DV�SRRU��$OVR�WKLV�DQDO\VLV�LV�LQ�OLQH�ZLWK�WKH�FRQVHQVXV�RQ�WKDW�WKH�WUDQVLWLRQ�IURP�SRYHUW\� WR�D�QRQ�SRYHUW\� VWDWH�KDSSHQV� UDWKHU� JUDGXDOO\�� � ,Q� WKH�QH[W� VHFWLRQ�� WKH�SDSHU�VKRZV� WKDW� WKLV� JUDGH� RI� DVVRFLDWLRQ� WR� 3 LV� VXPPDUL]HG� LQ� WKH� PHPEHUVKLS� IXQFWLRQ�� ZKLFK� KDV�SDUDPHWHUV�WKH�JUDGH�RI�DOORZHG�IX]]LQHVV��T DQG�WKH�SRYHUW\� OLQH ] ��7KH�WZR�W\SHV�RI� LQGLFHV�WKDW�ZH�SUHVHQW�LQ�VXEVHTXHQW�VHFWLRQV�DUH�EDVHG�RQ�WKLV�PHPEHUVKLS�IXQFWLRQ�
�����0HPEHUVKLS�)XQFWLRQ
$�IX]]\�VHW��LQ�WKLV�FDVH�WKH�SRYHUW\�VHW�3��LV�FKDUDFWHUL]HG�E\�D�PHPEHUVKLS�IXQFWLRQ ���P PDSSLQJ�WKH�HOHPHQWV�RI�D�GRPDLQ�VSDFH��LQGLYLGXDO�LQFRPHV��WR�WKH�XQLW�LQWHUYDO�>���@��7KDW�LV @���>� o;P �7KH�PHPEHUVKLS�IXQFWLRQ� ZH�SURSRVH�IRU�SRYHUW\�PHDVXUHPHQW�LV�

������ ��� ���� ][[ TP ����
ZKHUH� T LV�D�IX]]LQHVV�SDUDPHWHU ���> f�T ��[ LV�WKH�LQGLYLGXDO�LQFRPH�DQG�] LV�WKH�SRYHUW\�OLQH��:KHQ��oT WKH� GHJUHH� RI� IX]]LQHVV� UHDFKHV� D� KLJKHU� OHYHO� IRU� � WKH� PHPEHUVKLS� IXQFWLRQ�� 7KHUHIRUH�� WKH�H[WUHPH�FDVH�LV�ZKHQ� � T IRU�ZKLFK�WKH�PHPEHUVKLS�IXQFWLRQ LV�JRLQJ�WR�DVVLJQ�WKH�VDPH�PHPEHUVKLS�JUDGH� ������ WR� HDFK� DJHQW� LQ� WKH�SRSXODWLRQ��2Q� WKH�RWKHU� KDQG��ZKHQ� foT WKH�GHJUHH�RI� IX]]LQHVV�
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FRQVLGHUHG�LV�FHUR�DQG�WKH�PHPEHUVKLS�IXQFWLRQ�LV�JRLQJ�WR�DVVLJQ���WR�DJHQWV�WKDW�KDYH�DQ�LQFRPH�EHORZ�]DQG�FHUR�WR�DJHQWV�WKDW�KDYH�DQ�LQFRPH�DERYH�]�7R� LOOXVWUDWH� WKH�PHPEHUVKLS� IXQFWLRQ ZH� KDYH� FRPSXWHG� LW� XVLQJ� WKH� (QFXHVWD� 3HUPDQHQWH� GH�+RJDUHV��(3+��D�KRXVHKROG�VXUYH\�FDUULHG�RXW�LQ�*UDQ�%XHQRV�$LUHV��$UJHQWLQD��LQ�0D\�RI�������,Q�WKH�SURFHVV� RI� FRPSXWLQJ� WKLV� IXQFWLRQ� ZH� XVH� WKH� DGMXVWPHQWV� IRU� DGXOW� HTXLYDOHQWV� )LJXUH� �� VKRZV� WKH�PHPEHUVKLS� IXQFWLRQ� VSHFLI\LQJ� �� T DQG� ] �������� DQG� ILJXUH� �� VKRZV� WKH� PHPEHUVKLS� IXQFWLRQ�VSHFLI\LQJ� � T DQG�] �������
),*85(��

0HPEHUVKLS�)XQFWLRQWKHWD ���DQG�] ������
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LQJDH� ��� ��� ������ ��� ����
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),*85(��
0HPEHUVKLS�)XQFWLRQWKHWD ��DQG�] ������

PX�

LQJDH� ��� ��� ������ ��� ����
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7KLV�IXQFWLRQ�KDV�VRPH�SURSHUWLHV�WKDW�DUH�LPSRUWDQW�WR�PHQWLRQ�EHFDXVH�WKH\�WUDQVODWH�LQWR�WKH�WZR�W\SHV�RI�SRYHUW\�PHDVXUHV�SURSRVHG�EHORZ�



��

3URSRVLWLRQ���� ���P LV�LQYDULDQW�WR�VFDOH�
3URRI� �� ����� ������ �

������ � � ][][ OOTT ���� ��O
���P LV�KRPRJHQHRXV�RI�GHJUHH�FHUR�LQ�LQFRPHV���v

3URSRVLWLRQ� ��� �*LYHQ� T GLIIHUHQW� IURP� ]HUR�� LI� WKH� SRYHUW\� OLQH� LV� �] WKHQ� ��� ���� N]G]  �r PP �
�!G �� DQG� LI� �] LV� DQ� DOWHUQDWLYH� SRYHUW\� OLQH� WKHQ ��� ���� N]G]  �r PP �� 7KHUHIRUH�� LI� �� ]] !

�� NN t� �� ,Q� SDUWLFXODU�� LI� � � �� � �r� G]P WKHQ� �� NN ! �� 7KXV� ���P VDWLVILHV� ZKDW� ZH� FDOOHG� WKH�SRYHUW\�OLQH�OHYHO�HIIHFW��3URRI� *LYHQ�WKDW� � ��P LV�LQYDULDQW�WR�VFDOH�DQG�VLQFH�ZH SDVV�IURP� �] WR� �] ZKLOH�WKH�LQFRPHV�GR�QRW�FKDQJH�LQ�WKH�VDPH�SURSRUWLRQ��WKHQ�WKH�VORSH�RI�WKH�PHPEHUVKLS�IXQFWLRQ JHWV�OHVV�VWHHSHU��VHH�ILJXUH�����v
7KLV�SURSHUW\�LV�YHU\�LPSRUWDQW�VLQFH�WKDW�JLYHQ�DQ�LQFRPH�GLVWULEXWLRQ�LW�PHDQV�WKDW�LI�ZH�VSHFLI\�D�SRYHUW\�OLQH�WKH�PHPEHUVKLS�IXQFWLRQ�ZLOO�DVVLJQ�D�FHUWDLQ�ZHLJKW�WR�D�FHUWDLQ�FKDQJH�LQ�D� JLYHQ� LQFRPH� DW� D� VSHFLILHG� GLVWDQFH�G IURP� WKH� SRYHUW\� OLQH��:KLOH� LI� ZH� VSHFLI\� D� KLJKHU�SRYHUW\� OLQH�� LW�ZLOO� EH� OHVV� FULWLFDO� D� FKDQJH� LQ� LQFRPH� DW� WKH� VDPH� GLVWDQFH�G IURP� LW�� VR� WKH�PHPEHUVKLS�IXQFWLRQ LV�JRLQJ�WR�DVVLJQ�OHVV�ZHLJKW�LQ�WKH�ODWWHU�FDVH�WKDQ�LQ�WKH�IRUPHU��7KLV�LV�WUXH ZKHQHYHU�WKH�FKDQJH�WDNHV�SODFH�LQ�WKDW�SDUW�RI�WKH�PHPEHUVKLS�IXQFWLRQ¶V�GRPDLQ�ZKHUH�LW�WDNHV�YDOXHV�EHWZHHQ�]HUR�DQG�RQH��EXW�QRU�]HUR�QRU�RQH�

��� 3RYHUW\�,QGH[�'HILQHG�E\�. �FXW
7KH�ILUVW�W\SH�RI�LQGH[�SURSRVHG�LV�

13])3 DDT  ����� ����
ZKHUH�� D3 LV�DQ�D �FXW�RI�WKH�IX]]\ VHW��3�� � LV�WKH�FDUGLQDOLW\�RSHUDWRU�DQG�1 LV�WKH�QXPEHU�RI�DJHQWV�LQ�
WKH�SRSXODWLRQ�RU�LQ�RWKHU�WHUPV� ;1  �



��

7KH SRYHUW\�PHDVXUH�GHILQHG�E\�)3� GHSHQGV�RQ�WKUHH�SDUDPHWHUV�D ��T DQG�]��7KH�SDUDPHWHU�] LV�GHILQHG� E\� WKH� FRXQWU\�VSHFLILF� IRRG�EDVNHW� DQG� LV� WKHUHIRUH� JLYHQ��%XW� LQ� WKH� FDVH� RI� D DQG� T WKHLU�YDOXHV� KDYH� WR�EH�VSHFLILHG�E\� WKH� DQDO\VW�� )RU D ZH�SURSRVH� WKUHH�YDOXHV� WKDW�FDSWXUH� WKUHH�GLIIHUHQW�DVSHFWV�RI�SRYHUW\��2QH�RI� WKLV�YDOXHV LV ��� D �� ,Q� WKLV�FDVH�ZH�FDQ�PHDVXUH� WKDW�SURSRUWLRQ�RI�DJHQWV�WKDW�DUH�ZLWK�QR�GRXEW�SRRU�HYHQ�FRQVLGHULQJ�WKDW�3�LV�IX]]\��LQ�RWKHU�ZRUGV��ZH�DUH�FDSWXULQJ�WKRVH�DJHQWV�WKDW�DUH�IDU�EHORZ�WKH�SRYHUW\�OLQH��$QRWKHU�FDVH�LV�ZKHQ� ��� D ��IRU�ZKLFK�WKH PHDVXUH�FDQ�EH�FRPSDUHG�ZLWK�WKH�KHDGFRXQW�UDWLR EHFDXVH�LW�FDSWXUHV�WKH�VDPH�SURSRUWLRQ�RI�DJHQWV�SOXV�WKH�SURSRUWLRQ�RI�DJHQWV�ZLWK�DQ�LQFRPH�D�OLWWOH�DERYH�WKH�SRYHUW\�OLQH��7KHUHIRUH�WKLV�PHDVXUH��FRPSDUHG�WR WKH�KHDGFRXQW�UDWLR�JLYHV�XV�DQ�LGHD�RI�WKH�SHUFHQWDJH�RI�WKH�WRWDO�SRSXODWLRQ�WKDW�KDV�DQ�LQFRPH�YHU\�VLPLODU�WR�WKH�SRYHUW\�OLQH��$QG�WKH�WKLUG�LV� ��� D WKDW�FDSWXUHV�WKH�TXDQWLW\�RI�DJHQWV�WKDW�KDYH�D�SRVLWLYH�PHPEHUVKLS�GHJUHHLQ�SRYHUW\�,Q� WKH� FDVH� RI� T WKH� YDOXH� DVVLJQHG�ZRXOG� EDVLFDOO\� GHSHQG�RQ� WKH� GHJUHH RI� IX]]LQHVV� WKDW� WKH�DQDO\VW�ZDQWV�WR�FRQVLGHU��7R� LOOXVWUDWH�)3� ZH�KDYH�FRPSXWH� LW�XVLQJ� WKH�(3+�FRYHULQJ� WKH�SHULRG�����������VXUYH\HG� LQ�*UDQ�%XHQRV�$LUHV��$UJHQWLQD��,Q�DGGLWLRQ��ZH�KDYH�FRPSXWHG�WKH�KHDGFRXQW�UDWLR��WKH�DYHUDJH�LQFRPH�UDWLR DQG �)*7 �� ,Q� WKH� SURFHVV� RI� FRPSXWLQJ� DOO� WKHVH� LQGLFHV� ZH� XVH� WKH� DGMXVWPHQWV� IRU� DGXOW�
HTXLYDOHQWV� ,Q�WDEOH���ZH�SUHVHQW�WKH�UHVXOWV�RI�)3��IRU�WKH�SHULRG�PD\�������$QG�LQ�ILJXUH�� ZH�SUHVHQW�WKH�HYROXWLRQ�RI�DOO�WKH�LQGLFHV�IRU�WKH�HQWLUH�SHULRG�RI�DQDO\VLV�FRQVLGHULQJ�WKH�SDUDPHWHUV� ���������� � DDQG � T �

7$%/( �+($'�&2817�5$7,2� ������$9(5$*(�,1&20(�5$7,2 ������)*7� ������ ��&5,63 ��)8==<WKHWD ��� WKHWD �� WKHWD � WKHWD �$OID ��� ������ ������ ������$OID ��� ������ ������ ������$OID ��� ������ ������ ������ ������
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),*85( �
7UDGLWLRQDO�3RYHUW\�0HDVXUHV�DQG�)3��
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PD\���DJR���QRY���IHE���PD\���DJR���QRY���IHE���PD\���DJR���QRY���IHE���PD\���DJR���QRY���IHE���PD\���DJR���QRY���IHE���PD\���DJR���QRY���IHE���PD\���DJR���QRY���IHE���PD\���DJR���QRY���IHE���PD\���
+($'�&2817�5$7,2� $9(5$*(�,1&20(�5$7,2 )*7� )3������� )3������� )3������� 

7KH�WDEOH���VKRZV�WKDW�ZKHQ�ZH�FRQVLGHU�SRYHUW\�DV�D�FULVS�VHW�WKH�)3� LV�HTXDO�WR�WKH�KHDGFRXQW�UDWLR��7KH�PRVW�LQWHUHVWLQJ�SDUW�RI�WKH�WDEOH�LV�ZKHUH�ZH�VSHFLI\�T HTXDO�WR�������DQG����,Q�WKLV�PDQQHU��ZKHQ�ZH�FKRRVH D HTXDO� WR�����ZH�FDQ� VHH� WKDW� WKH�PHDVXUH� LQFUHDVHV�ZKHQ� T GHFUHDVHV�� UHDFKLQJ�D�YDOXH�RI��������ZKLFK�PHDQV�WKDW�WKH��������RI�WKH�SRSXODWLRQ�KDV�D�FHUWDLQ�DVVRFLDWLRQ�WR�SRYHUW\��7KLV�LV�QRW�LQFRQVLVWHQW�VLQFH�WKLV�PHDVXUH�LV�WDNLQJ�LQ�DFFRXQW�LQFRPHV�WKDW�DUH�EHORZ�WKH����� �VHH�ILJXUH�����7KXV LW SURYLGHV�LQIRUPDWLRQ�DERXW�KRZ�PDQ\ SHRSOH�KDV�DQ�LQFRPH�VLPLODU�WR�WKH�SRYHUW\�OLQH DQG�LQ�WKH�$UJHQWLQHDQ�FDVH�WKLV�LQIRUPDWLRQ�VKRXOG�EH�DFFRXQWHG�VLQFH�LWV�VLJQLILFDQW�PDJQLWXGH��VHH�)LJXUH�����2Q�WKH�RWKHU�KDQG��WKH�URZ�RI�D HTXDO�WR�����VKRZV�KRZ�PDQ\�SHRSOH�KDYH DQ�LQFRPH�EHORZ�WKH�SRYHUW\�OLQH�SOXV�WKH�SHRSOH�WKDW�KDYH�DQ�LQFRPH�VFDUFHO\�DERYH�LW��:H�FDQ�VHH�WKDW�WKH�TXDQWLW\�RI�SHRSOH�WKDW�KDYH�DQ�LQFRPH� VLPLODU� WR� WKH� SRYHUW\� OLQH� LV� YHU\� LPSRUWDQW� DQG� WKLV� LQIRUPDWLRQ� LV� ORVW� LQ� WUDGLWLRQDO SRYHUW\�PHDVXUHV��VHH�DOVR�ILJXUH������)LQDOO\��ZKHQ�ZH�FRQVLGHU�DQ�D HTXDO�WR�����ZH�DUH�PHDVXULQJ�KRZ�GHHS�SRYHUW\�LV��WKLV�PHDVXUH�LV�YHU\�VLPLODU�WR�WKH�DYHUDJH�LQFRPH�JDS��ZH�FDQ�VHH�WKLV�LQ�ILJXUH����,Q� UHVXPH�� ZH� FDQ� XVH� WKLV� PHDVXUH� DV� D� VHQVLWLYH� DQDO\VLV� IRU� WKH� KHDGFRXQW� UDWLR� EHFDXVH� LW�SURYLGHV�LQIRUPDWLRQ�DERXW�KRZ�WKH�ODWWHU�FRXOG�FKDQJH�LI�ZH�PRYH�WKH�SRYHUW\� OLQH�LQ�D�IHZ�PRQHWDU\�XQLWV�
��� 3RYHUW\�,QGH[�'HILQHG�'LUHFWO\�E\�WKH�0HPEHUVKLS�)XQFWLRQ
$�VHFRQG�FODVV�RI�SRYHUW\�LQGH[�SURSRVHG�LV�
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1
[])3

1
L L¦  � ������ PT ����

7KH� )3� LQGH[� PHDVXUHV� WKH� H[SHFWHG� PHPEHUVKLS� JUDGH� LQ� SRYHUW\� LQ� D� JLYHQ� VRFLHW\�� 7KLV�PHDVXUH�GHSHQGV��JLYHQ�RWKHU�WKLQJV��RQ�WKH�GHJUHH RI�IX]]LQHVV�FRQVLGHUHG�E\�WKH�DQDO\VW��,Q�D�VXEVHTXHQW VHFWLRQ�ZH�VKRZ�WKDW� WKLV� LQGH[�KDV VRPH�DGYDQWDJHV�RYHU�)3���KRZHYHU�)3� LV�PRUH�IOH[LEOH�DQG�SRWHQWLDOO\�LQIRUPDWLYH�GXH�WR WKH�SRVVLELOLW\�RI�FKDQJLQJD �7R�LOOXVWUDWH�)3� ZH�KDYH�FRPSXWH�LW�XVLQJ�WKH�VDPH�KRXVHKROG�VXUYH\�DQG�WKH�VDPH�DGMXVWPHQWV�IRU�DGXOW�HTXLYDOHQWV�XVHG�LQ�WKH�SUHYLRXV�VHFWLRQ��)LJXUH�� SUHVHQWV�WKH�HYROXWLRQ�RI�WKH�KHDGFRXQW�UDWLRDQG�WKH�)3��IRU�WKH�HQWLUH�SHULRG�RI�DQDO\VLV�FRQVLGHULQJ� ��� T �
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:H�FDQ�VHH�LQ�ILJXUH���WKDW�WKH�)3� JHQHUDWHV�UHVXOWV�WKDW�DUH�YHU\�VLPLODU�WR�WKH�KHDGFRXQW�UDWLR�EXW�LQ�VRPH�SHULRGV�WKH�IRUPHU�LV�DERYH�DQG�LQ�RWKHU�SHULRGV�LW�LV�EHORZ�WKH�ODWWHU��7KLV�LV�EHFDXVH�WKH�)3�VDWLVILHV�WKH�PRQRWRQLFLW\�D[LRP��ZH�ZLOO�VKRZ�WKLV�LQ�WKH�QH[W�VHFWLRQ��VR�ZH�FDQ�DUJXH�WKDW�ZKHQ )3��LV�DERYH� WKH�KHDGFRXQW�UDWLR� WKLV� LV�EHFDXVH� WKH� LQGLYLGXDOV�DUH�SRRUHU��+RZHYHU�� WKLV�SURSRVLWLRQ� LV� IDOVH�VLQFH�LQ�WKH�QH[W�VHFWLRQ�ZH�DUH�JRLQJ�WR�VKRZ�WKDW�WKH�)3� YLRODWHV�WKH�WUDQVIHU�D[LRP�VR�WKH�FRQFOXVLRQV�WKDW�ZH�FDQ�GUDZ�IURP�WKLV�UHODWLRQ�WXUQ�DPELJXRXV��
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7KHUHIRUH��FRPSDULQJ�WKH�SHUIRUPDQFH�RI�WKH�WZR�SURSRVHG�PHDVXUHV�WKH�)3� SURYLGHV�PRUH�XVHIXO�LQIRUPDWLRQ�WKDQ�WKH�)3���%HFDXVH�LW�JLYHV�XV�DGGLWLRQDO�LQIRUPDWLRQ�WKDQ�WKH�WUDGLWLRQDO PHDVXUHV�XVHG�LQ�WKH�SRYHUW\�OLQH OLWHUDWXUH��:KLOH�WKH�)3� JHQHUDWHV UHVXOWV�WKDW�DUH�YHU\�VLPLODU�WR�WKH�KHDGFRXQW�UDWLR DQG�LQ�DGGLWLRQ�LW�LQWURGXFHV�VRPH�DPELJXLWLHV�LQ�WKH�DQDO\VLV�
�����$ERXW�WKH�'HJUHH�RI�)X]]LQHVV

7KH�LVVXH�RI�VSHFLI\LQJ�WKH�GHJUHH�RI�IX]]LQHVV�LV�LQ�VRPH�IRUP�RSHQ�WR�WKH�DQDO\VW�SRLQW�RI�YLHZ��1HYHUWKHOHVV��ZH�IRXQG�VRPH�YDOXHV�WKDW�DUH�YHU\�XVHIXO�WR�VWXG\�WKH�$UJHQWLQHDQ�FDVH DQG�WKHVH�FRXOG�EH�KHOSIXO�LQ�WKH�SRYHUW\�DQDO\VLV�RI�DQRWKHU�FRXQWU\��7KHVH�YDOXHV�DUH�������DQG����IRU�WKH�)3���DQG���IRU�WKH�)3�� %XW�JLYHQ�WKDW�WKH�PHPEHUVKLS�IXQFWLRQ�LV�LQYDULDQW�WR�VFDOH�WKH�ZLGWK�RI�WKH�UDQJH�RI�LQFRPHV�WKDW�DUH�DW�WKH�IX]]\�]RQH�GHSHQGV�RQ�WKH�OHYHO�RI�WKH�SRYHUW\�OLQH� ILJXUH�� LOOXVWUDWHV�WKLV�LGHD��7KH�ILUVW�VHW�RI�IXQFWLRQV� DUH� VSHFLILHG�ZLWK� ] ����DQG� WKH� VHFRQG� VHW�ZLWK� ] �����:H�FDQ� VHH� WKDW�JLYHQ� D� GHJUHH� RI�IX]]LQHVV�WKH�ZLGWK�RI�WKH�UDQJH�RI�LQFRPHV�DW�WKH�IX]]\�]RQH�GXSOLFDWHV�LI�ZH�GXSOLFDWH�WKH�SRYHUW\�OLQH��:H�FDQ�VHH�WKH�VDPH�LGHD�FRPSDULQJ�ILJXUH���ZLWK�ILJXUH����WKH�IRUPHU VKRZV�D�IXQFWLRQ�ZLWK�] �����DQG�� T ��ZH�FDQ�VHH�WKDW�WKLV�LQ�DSSHDUDQFH LV�WKH�VDPH�IXQFWLRQ VKRZHG LQ�ILJXUH���IRU�] ����DQG� � T �7KH�LQWXLWLRQ�JLYHQ�LQ�WKLV�VHFWLRQ�KHOSV�XV�WR�FKRRVH ZKLFK�GHJUHH�RI�IX]]LQHVV�LV�EHWWHU�LQ D�FHUWDLQ�VLWXDWLRQ�
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��� )3���)3��DQG�WKH�6DWLVIDFWLRQ�RI�$[LRPV
6LQFH�)3��DQG�)3� DUH� EDVHG� RQ� WKH�PHPEHUVKLS� IXQFWLRQ WKH\� LQKHULW�PDQ\� RI� WKH� SURSHUWLHV� RI� WKDW�IXQFWLRQ�
3URSRVLWLRQ����)3��DQG�)3��DUH�LQYDULDQW�WR�VFDOH�DQG�VDWLVI\�WKH�SRYHUW\�OLQH�OHYHO�HIIHFW�D[LRP�3URRI��%HFDXVH�)3��DQG�)3� DUH�GHULYHG IURP�WKH�PHPEHUVKLS�IXQFWLRQ� v
3URSRVLWLRQ��� )3��DQG�)3��VDWLVI\�WKH�VXEJURXS�PRQRWRQLFLW\�D[LRP�3URRI��%\�DQDORJ\�ZLWK�)RVWHU�HW��DO��������� v
3URSRVLWLRQ��� )3��YLRODWHV�WKH�PRQRWRQLFLW\�D[LRP�3URRI��%\�DQDORJ\�ZLWK�WKH�KHDGFRXQW�UDWLR� v
3URSRVLWLRQ��� )3��VDWLVILHV�WKH�PRQRWRQLFLW\�D[LRP�ZKHQ�T !��3URRI��6LQFH� ���P LV�PRQRWRQLF ZKHQ�T !�� v
3URSRVLWLRQ��� )3��DQG�)3��YLRODWH�WKH�WUDQVIHU�D[LRP�3URRI��7KH�FDVH�RI�)3� LV�VLPLODU�WR�WKH�FDVH�RI�WKH�KHDGFRXQW�UDWLR VR�E\�DQDORJ\�ZLWK�WKH�ODWWHU LW�FDQ�EH�VKRZQ�WKDW�WKH�)3� YLRODWHV�WKH�WUDQVIHU�D[LRP��,Q�WKH�FDVH�RI�)3���LI�D�WUDQVIHU�W !��RI�LQFRPH�WDNHV�SODFH�LQ�WKH�FRQFDYH�SDUW�RI�WKH�PHPEHUVKLS�IXQFWLRQ�ZKHQ�T !���IURP�D�SRRU�LQGLYLGXDO L�ZLWK�LQFRPH� L[ WR�D�LQGLYLGXDO ZLWK�LQFRPH� L[ �G �G!���WKHQ�)3��IDOOV� v



��

��� +HDG�&RXQW�5DWLR�DV�D�SDUWLFXODU�FDVH�RI�D�)X]]\�,QGH[
3URSRVLWLRQ����:KHQ� foT WKH�)3��DQG�)3��DUH�HTXLYDOHQW�WR WKH�KHDGFRXQW�UDWLR��

,Q�RWKHU�ZRUGV�WKH�KHDGFRXQW�UDWLR LV�D�SDUWLFXODU�FDVH�RI�WKH�IX]]\�PHDVXUHV�)3��DQG�)3� LI ZH�FRQVLGHU�WKDW�SRYHUW\�VHW�WR�EH FULVS��7KLV�SURSHUW\�LV�YHU\�XVHIXO�LQ�WKH�VHQVH�WKDW�)3� DQG�)3��VDWLVI\�WKH�VDPH�D[LRPV�DV�WKH�KHDGFRXQW�UDWLR��EXW�WKH�XVHIXOQHVV�FRPHV�IURP�WKH�IDFW�WKDW�WKH�)3� LQ�DGGLWLRQ�VDWLVILHV WKH�PRQRWRQLFLW\�D[LRP��7KHUHIRUH��WKH�IDLOXUH�WR�FRPSO\�ZLWK WKH�PRQRWRQLFLW\�D[LRP�E\�WKH�KHDGFRXQW�UDWLR FDQ�EH�H[SODLQHG�E\�WKH�ODFN�RI�HQRXJK IX]]LQHVV�LQ�WKH�FKDUDFWHUL]DWLRQ�RI WKH�SRYHUW\�VHW�
��� 6RPH�5HPDUNV IURP�DQ�$SSOLFDWLRQ�RI�)X]]\�6HW�7KHRU\�WR�WKH�3RYHUW\�0HDVXUHPHQW
/HW� XV� GHILQH� D�PHDVXUH EDVHG� RQ� IX]]\� VHWV FDOOHG�:HOO� %HKDYHG )X]]\� 3RYHUW\� 0HDVXUH� �:%)30��ZKLFK�VDWLVILHV�WKH�IROORZLQJ�D[LRPV�x ,QYDULDQW�WR�6FDOH�x 0RQRWRQLFLW\�D[LRP�x 3RYHUW\�OLQH�OHYHO�HIIHFW�D[LRP�x %)30 LV�HTXLYDOHQW�WR�WKH�KHDGFRXQW�UDWLR LI�ZH�FRQVLGHU�WKH�SRYHUW\�VHW�WR�EH�FULVS�
3URSRVLWLRQ��� ,Q�D�JHQHULF�FDVH��ZH�FDQ�QRW�SRVWXODWH�D�:%)30 WKDW�VDWLVILHV�WKH�WUDQVIHU�D[LRP�3URRI��7KH�WUDQVIHU�D[LRP�LV�DVVRFLDWHG�ZLWK�D�IXQFWLRQ�WKDW�LV�VWULFWO\�FRQYH[��VHH�)RVWHU�HW��DO���������6LQFH�QR�VWULFWO\�FRQYH[�PHPEHUVKLS�IXQFWLRQ ZRXOG�VDWLVI\�WKH�D[LRPV�VDWLVILHG�E\�WKH�:%)30��ZH�PXVW�GURS�WKH�WUDQVIHU�D[LRP� v

)LJXUH���VKRZV�WKH�)*7 ZLWK�] ����DQG�D HTXDO� WR������DQG����$V�ZH�PHQWLRQHG� LQ�D�SUHYLRXV�VHFWLRQ�WKLV�LQGH[�VDWLVILHV�WKH�WUDQVIHU�D[LRP�ZKHQ�D LV�JUHDWHU�WKDQ�RQH��,Q�WKLV�ILJXUH�ZH�FDQ�VHH�FOHDU�ZK\�WKH�WUDQVIHU�D[LRP�LV�DVVRFLDWHG�ZLWK�D�VWULFWO\�FRQYH[�IXQFWLRQ��,Q�DGGLWLRQ�WR�WKH�UHVXOW�RI�SURSRVLWLRQ����ZH�FDQ�VD\�WKDW� LQ�D�JHQHULF�FDVH�DQ\�PHDVXUH EDVHG�RQ�IX]]\�VHWV WKDW�ZDQWV�WR�LPSURYH�WKH�SRYHUW\�OLQH�PHDVXUHV DQG�WKDW�KDV�DQ�HFRQRPLF�VHQVH ZLOO QRW VDWLVI\�WKH� WUDQVIHU� D[LRP� EHFDXVH� LW� ZLOO� QRW� EH� SRVVLEOH� WR� HVWDEOLVK� D� PHPEHUVKLS� IXQFWLRQ WKDW� LV� VWULFWO\�FRQYH[�
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�� &RQFOXVLRQV
,Q WKLV�ZRUN�ZH�KDYH�GHYHORSHG�DQ�H[WHQVLRQ�RI� WKH�KHDGFRXQW�UDWLR LQGH[�E\�PHDQV WZR�QHZ�LQGH[HV�EDVHG�RQ�WKH�PHPEHUVKLS�IXQFWLRQ RI�WKH�SRYHUW\ IX]]\ VHW��7KH )3� PHDVXUH�DOORZV�WKH�KHDGFRXQW�UDWLRWR�VDWLVI\�WKH PRQRWLFLW\�D[LRP��0RUHRYHU��WKH�RQO\�D[LRP�WKDW WKLV�LQGH[�GRHV QRW�VDWLVI\ LV�WKH�WUDQVIHU�D[LRP�2Q� WKH� RWKHU� KDQG�� WKH� )3� EDVHG� RQ� D�FXWV� SURYLGHV� XVHIXOQHVV� LQIRUPDWLRQ� WKDW� DOORZV� XV� WR�FKDUDFWHUL]H�SRYHUW\�LQ�D�PRUH�FRPSUHKHQVLYH�ZD\�7KH� SURSRVHG� LQGH[HV� VKRZ� GHVLUDEOH SURSHUWLHV� DQG� LPSURYH� RQ� HDUOLHU� ZRUNV� RI� SRYHUW\�PHDVXUHPHQW XVLQJ IX]]\� VHW� WKHRU\�� 7KH� VKDSH� RI� WKH� SURSRVHG� FKDUDFWHULVWLF� IXQFWLRQ HOLPLQDWHV� WKH�DUELWUDULQHVV�RI�IL[LQJ�ERXQGV�RQ�WKH�SRYHUW\�VHW�DQG�LQWURGXFHV D�IX]]LQHVV�SDUDPHWHU��)LQDOO\��ZH�VKRZHG�WKDW� LQ�D�JHQHULF�FDVH�DQ\�PHDVXUH�EDVHG�RQ�IX]]\�VHWV�WKDW�ZDQWV� WR�LPSURYH�WKH�SRYHUW\�OLQH�PHDVXUHV�PXVW�GURS�WKH�WUDQVIHU�D[LRP�
5HIHUHQFHV
>�@ %DQGHPHU�� +�� DQG� *RWWZDOG�� 6�� �������� ³)X]]\� 6HWV�� )X]]\� /RJLF�� )X]]\� 0HWKRGV�� ZLWK�$SSOLFDWLRQV´�:LOH\�
>�@ %DUiQ��%�� 5RMDV�$�� %ULWH]��'� DQG�%DUiQ�/� ��������³0HDVXUHPHQW�DQG�$QDO\VLV�RI�3RYHUW\ DQG�:HOIDUH�8VLQJ�)X]]\�6HWV´�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6\VWHPLFV��&\EHUQHWLFV�DQG�,QIRUPDWLFV6&,¶����2UODQGR��)ORULGD��86$�
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>�@ 'HDWRQ��$����������³7KH�$QDO\VLV�RI�+RXVHKROG�6XUYH\V��0LFURHFRQRPLF�$QDO\VLV�IRU�'HYHORSPHQW�3ROLF\´�7KH�:RUOG�%DQN��
>�@ 'XERLV��'� DQG�3UDGH��+� ��������³)X]]\�6HWV�DQG�6\VWHPV��7KHRU\�DQG�$SSOLFDWLRQV´ 0DWKHPDWLFV�LQ�6FLHQFH�DQG�(QJLQHHULQJ��9ROXPH������$FDGHPLF�3UHVV�
>�@ )RVWHU�� -��� *UHHU�� -�� DQG� 7KRUEHFNH�� (� �������� ³$� &ODVV� RI� 'HFRPSRVDEOH� 3RYHUW\� 0HDVXUHV´(FRQRPHWULFD��YRO�����1UR����
>�@ *DUFLD��3�� /D]]DUL��/� DQG�0DFKDGR��(����������³8QD�3URSXHVWD�)X]]\�SDUD�'HILQLU� ,QGLFDGRUHV�GH�3REUH]D´ 9�6,*()�&RQJUHVV��/DXVDQQH��6ZLVV]HUWODQG��
>�@ .OLU��*� DQG�)ROJHU�7� ��������³)X]]\�6HWV��8QFHUWDLQW\�DQG�,QIRUPDWLRQ´ 3UHQWLFH�+DOO�
>�@ /DPEHUW��3����������³7KH�'LVWULEXWLRQ�DQG�5HGLVWULEXWLRQ�RI�,QFRPH´�0DQFKHVWHU�8QLYHUVLW\��3UHVV�
>�@ 0LFHOL��'� ��������³0HDVXULQJ�3RYHUW\�8VLQJ�)X]]\�6HWV´ 'LVFXVVLRQ�3DSHU�1������1DWLRQDO�&HQWUH�)RU�6RFLDO�DQG�(FRQRPLF�0RGHOOLQJ���8QLYHUVLW\�RI�&DPEHUUD�
>��@ 6HQ��$PDUW\D� �������� ³3RYHUW\��$Q�2UGLQDO�$SSURDFK� WR�0HDVXUHPHQW´ (FRQRPHWULFD��9RO�� ����1R����
>��@ =LPPHUPDQ�� +�±-� �������� ³)X]]\ 6HW� 7KHRU\� DQG� LWV� $SSOLFDWLRQV´� 6HFRQG� (GLWLRQ�� .OXZHU�$FDGHPLF�3XEOLVKHUV�


