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(YHU\� W\SH� RI� XQGHUZDWHU� EUHDWKLQJ� DSSDUDWXV� �8%$�� LPSRVHV� ORDGV� RQ� WKH� GLYHU¶VUHVSLUDWRU\�V\VWHP��,W�LV�HVVHQWLDO�IRU�WKH�GLYHU¶V�VDIHW\�DQG�SHUIRUPDQFH�WKDW�WKH�8%$�DGKHUHV�WRDSSURSULDWH� SHUIRUPDQFH� VWDQGDUGV�� 7KHVH� H[WHUQDO� ORDGV� FDQ� EH� FODVVLILHG� DV� EUHDWKLQJUHVLVWDQFH��HODVWDQFH��K\GURVWDWLF�LPEDODQFH��VWDWLF�OXQJ�ORDG��DQG�LQHUWLD��7KH�LQWHUQDO�ORDGV�IURPWKH� GLYHU¶V� DLUZD\� UHVLVWDQFH�� FRPSOLDQFH� DQG� JDV� GHQVLW\� DGG� WR� WKH� UHVSLUDWRU\� ORDGV�� $PDWKHPDWLFDO�PRGHO�ZDV�GHYHORSHG�XVLQJ�GDWD�DQG�NQRZOHGJH�RI�UHVSLUDWRU\�SK\VLRORJ\�IURP�WKHVFLHQWLILF� OLWHUDWXUH�� 7KLV� PRGHO� DOORZHG� FDOFXODWLRQV� RI� WKH� HIIRUW� UHTXLUHG� WR� RYHUFRPH� WKHH[WHUQDO� DQG� LQWHUQDO� ORDGV� �VHSDUDWHO\� RU� LQ� FRPELQDWLRQ��� /LPLWV� IRU� WKH� GLIIHUHQW� H[WHUQDOUHVSLUDWRU\�ORDGV�ZHUH�VHW�EDVHG�RQ�WKH�UHVSLUDWRU\�PRGHO�DQG�GDWD�DYDLODEOH�IURP�H[SHULPHQWDOVWXGLHV�$Q HIIHFW�RI� WKH�GLYLQJ�GHSWK�RQ� WKH�PD[LPXP�EUHDWKLQJ� UHVLVWDQFH�ZDV� FRQILUPHG�DQGTXDQWLILHG��,W�LV�UHDVRQHG�WKDW�WKH�DGGLWLRQDO�HIIRUW�EH�H[SUHVVHG�DV�SRZHU�RI�EUHDWKLQJ�UDWKHU�WKDQZRUN�RI�EUHDWKLQJ�5HVSLUDWRU\� LPSHGLPHQWV� DFWLQJ� DORQH�� 7KH� DFFHSWDELOLW\� OLPLWV� ZHUH� IRXQG� WR� EH� WKHIROORZLQJ�

%UHDWKLQJ�UHVLVWDQFH��WKH�PD[LPXP�SRZHU�RI�EUHDWKLQJ��32%H[W�� LV� �$���%� "�GHSWK�� "�YHQWLODWLRQ�
ZKHUH�32%H[W�LV�WKH�WRWDO�DOORZDEOH�H[WHUQDO�UHVLVWLYH�SRZHU��:���$ ����"�����:��/�PLQ�%736�
DQG�% ����"�����:��PVZ�"�/�PLQ�%736��(ODVWDQFH��7KH�PD[LPXP�DOORZDEOH�HODVWDQFH�LV�����N3D�/�LQGHSHQGHQW�RI�GHSWK�DQG�YHQWLODWLRQ�+\GURVWDWLF� LPEDODQFH��)RU� D�GLYHU� LQ� WKH�SURQH�SRVLWLRQ�� K\GURVWDWLF� LPEDODQFHV�RI� DERXW� ±��DQG�����FP�+�2�����DQG������N3D��UHIHUHQFHG�WR�WKH�OXQJ�FHQWURLG�DUH�WKH�PD[LPXP�WROHUDEOH�)RU�D�GLYHU�LQ�WKH�XSULJKW�SRVLWLRQ��K\GURVWDWLF�LPEDODQFHV�RI�DERXW�����WR�����FP�+�2�����WR���N3D��UHIHUHQFHG�WR�WKH�OXQJ�FHQWURLG�DUH�WKH�PD[LPXP�WROHUDEOH�5HVSLUDWRU\� LPSHGLPHQWV� DFWLQJ� WRJHWKHU��:KHQ� WKH� UHVSLUDWRU\� ORDGV� DFW� WRJHWKHU� WKH\DUH� DGGLWLYH� LI� HDFK� ORDG� LV� H[SUHVVHG� LQ� WHUPV�RI� LWV�PD[LPXP�YDOXH�ZKHQ� DFWLQJ� DORQH��7KLVPHDQV�WKDW�WKH�WRWDO�DFFHSWDEOH�UHVSLUDWRU\�ORDG�FDQ�EH�FDOFXODWHG�E\�DGGLQJ�WKH�UHODWLYH�YDOXH�IRUHDFK�ORDG�:H� VXJJHVW� WKDW� WKH� ILQGLQJV� LQ� WKLV� UHSRUW� EH� LQFRUSRUDWHG� LQ� WKH�1DY\¶V� 3HUIRUPDQFH6WDQGDUGV�IRU�8QGHUZDWHU�%UHDWKLQJ�$SSDUDWXV�
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,1752'8&7,21
$OO� XQGHUZDWHU� EUHDWKLQJ� DSSDUDWXV� LPSRVH� UHVSLUDWRU\� ORDGV� RQ� WKH� GLYHU�� 7KH� ORDGV� FDQ� EHFODVVLILHG� LQ� WHUPV�RI� UHVLVWDQFH�� HODVWDQFH��K\GURVWDWLF� LPEDODQFH� �VWDWLF� OXQJ� ORDG��DQG� LQHUWLD�VHH�)LJXUH����,Q�DGGLWLRQ�WR�WKHVH�ORDGV��WKH�GHDG�VSDFH�LQ�WKH�EUHDWKLQJ�DSSDUDWXV�DQG�&2��LQ�WKHLQVSLUHG� JDV� LPSRVH� D� JUHDWHU� GHPDQG� IRU� YHQWLODWLRQ� ZKLFK� HQODUJHV� WKH� HIIHFWV� RI� WKH� RWKHUORDGV�
,W� LV� HVVHQWLDO� IRU� WKH� GLYHU¶V� VDIHW\� DQG� SHUIRUPDQFH� WKDW� D� GLYHU¶V� XQGHUZDWHU� EUHDWKLQJDSSDUDWXV��8%$��DGKHUHV�WR�DSSURSULDWH�SHUIRUPDQFH�VWDQGDUGV��7KH�FXUUHQW�1('8�SHUIRUPDQFHVWDQGDUGV������GHILQH�OLPLWV�RQ�DFFHSWDEOH�OHYHOV�RI�EUHDWKLQJ�UHVLVWDQFH��HODVWDQFH�DQG�VWDWLF�OXQJORDGLQJ��+RZHYHU��WKHVH�DFFHSWDEOH�OHYHOV�KDYH�EHHQ�VHW�IRU�HDFK�LPSHGLPHQW�DFWLQJ�DORQH��7KLVLV�VLPLODU�WR�ZKDW�RWKHU�RUJDQL]DWLRQV�GR��$�W\SLFDO�UHDO�ZRUOG�8%$�KDV�DW�OHDVW�WZR�UHVSLUDWRU\ORDGV�SUHVHQW��)RU� LQVWDQFH�� HYHQ� WKH� VLPSOHVW�8%$�� WKH� VQRUNHO�� LPSRVHV�EUHDWKLQJ� UHVLVWDQFH�VWDWLF�OXQJ�ORDGV�DQG�GHDG�VSDFH��5HFHQWO\��1DY\�VSRQVRUHG�UHVHDUFK�RQ�WKH�HIIHFWV�RI�FRPELQHGUHVSLUDWRU\� LPSHGLPHQWV� ZDV� FRPSOHWHG� DW� &5(6(� ���� VHH� DOVR� ���� ���� ����� 2QH� RI� WKHFRQFOXVLRQV� GUDZQ� LQ� WKLV� VWXG\� ZDV� WKDW� UHVLVWLYH� DQG� HODVWLF� ORDGV� DUH� DGGLWLYH� LQ� WKHLUSK\VLRORJLFDO�HIIHFW��$FFRUGLQJ�WR� WKH�FXUUHQW�1DY\�SHUIRUPDQFH�VWDQGDUGV�D�8%$�WKDW�KDV� WKHKLJKHVW� DOORZDEOH� UHVLVWDQFH� LQ� FRPELQDWLRQ� ZLWK� WKH� KLJKHVW� DOORZDEOH� HODVWDQFH� ZRXOG� EHDFFHSWDEOH��+RZHYHU��LQ�OLJKW�RI�WKLV�UHFHQW�VWXG\�����VXFK�D�FRPELQDWLRQ�RI�ORDGV�ZRXOG�QRW�EHDFFHSWDEOH��2EYLRXVO\��WKH�VWDQGDUGV�PXVW�EH�XSGDWHG�ZLWK�WKLV�QHZ�NQRZOHGJH�

)LJXUH���� ,OOXVWUDWLRQ�RI� WKH� UHVSLUDWRU\� ORDGV� LPSRVHG�RQ�D�GLYHU�ZKR� LV�EUHDWKLQJ� RQ�DFORVHG� FLUFXLW� 8%$� ZLWK� WKH� EUHDWKLQJ� EDJ� �FRXQWHU� YROXPH�� RQ� WKH� FKHVW�� %UHDWKLQJUHVLVWDQFH� LV� LPSRVHG� E\� KRVHV�� QDUURZ� SDVVDJHV� DQG� YDOYHV�� $� VWDWLF� OXQJ� ORDG�K\GURVWDWLF�LPEDODQFH��LV� LPSRVHG�EHFDXVH�RI�WKH�GLIIHUHQFH�LQ�GHSWK�EHWZHHQ�WKH�OXQJSUHVVXUH�FHQWURLG�DQG�WKH�EUHDWKLQJ�EDJ��$Q�HODVWLF� ORDG� LV� LPSRVHG�EHFDXVH�WKH�PHDQGHSWK�RI�WKH�EDJ�FKDQJHV�GXULQJ�EUHDWKLQJ��7KH�&2�� ORDG�IURP�WKH�LQVSLUHG�JDV�DQG�WKHGHDG�VSDFH�LQ�WKH�IDFH�PDVN�IRUFH�WKH�GLYHU�WR�LQFUHDVH�KLV�EUHDWKLQJ�ZKLFK�LQFUHDVHV�WKHHIIHFW�RI�WKH�RWKHU�ORDGV��*DV�DQG�ZDWHU�LV�DFFHOHUDWHG�DQG�GHFHOHUDWHG�ZLWK�HDFK�EUHDWKLPSRVLQJ�LQHUWLDO�HIIHFWV�
,W� LV� QRWHZRUWK\� WKDW� WKH� OLPLWV� VHW� E\� WKH� FXUUHQW� SHUIRUPDQFH� VWDQGDUGV� GR� QRW� FKDQJH� ZLWKGHSWK��:RUN� E\�'U� -�&ODUNH��1('8�� KDV� VKRZQ� WKDW� GHSWK� LQGHHG� KDV� DQ� LQIOXHQFH� ����� 7KLVQRWLRQ� DOVR� KDV� VXSSRUW� LQ� DQ� HDUOLHU� VWXG\� RQ� DFFHSWDEOH� OHYHOV� RI� EUHDWKLQJ� UHVLVWDQFH� ����SHUIRUPHG� DW� &5(6(�� ,Q� WKLV� VWXG\� WKH� OLPLWV� �LQ� WHUPV� RI� SK\VLRORJLFDO� DFFHSWDELOLW\�� ZHUH
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W\SLFDOO\�UHDFKHG�DW�WKH�JUHDWHVW�GHSWK��,W�VHHPV�UHDVRQDEOH�WKDW�GHSWK�VKRXOG�KDYH�DQ�LQIOXHQFHVLQFH�WKH�EUHDWKLQJ�UHVLVWDQFH�LQ�D�GLYHU¶V�RZQ�DLUZD\V�LQFUHDVHV�DV�WKH�JDV�GHQVLW\�LQFUHDVHV�ZLWKGLYLQJ�GHSWK��D�PRUH�GHWDLOHG�UHYLHZ�FDQ�EH�IRXQG�LQ�&ODUNH�����
7KH�DLP�RI�WKH�SUHVHQW�SURMHFW�ZDV�WR�FRPSLOH�WKH�DYDLODEOH�GDWD�RQ�DFFHSWDEOH�DQG�XQDFFHSWDEOHORDGV��7KHVH�GDWD�ZHUH�REWDLQHG�IURP�WKH�1DY\�VSRQVRUHG�UHVHDUFK��JRLQJ�EDFN�RYHU����\HDUV�DOUHDG\�FDUULHG�RXW�DW�&5(6(��GDWD�DYDLODEOH� IURP�WKH�1DY\�([SHULPHQWDO�'LYLQJ�8QLW�DQG�WKH1DYDO� 0HGLFDO� 5HVHDUFK� ,QVWLWXWH� DQG� DOVR� IURP� WKH� OLWHUDWXUH�� $� FRPSXWHUL]HG� PDWKHPDWLFDOPRGHO� RI� WKH� UHVSLUDWRU\� V\VWHP� ZDV� XVHG� WR� FDOFXODWH� WKH� ZRUN� RI� EUHDWKLQJ� LQ� GLIIHUHQWVLWXDWLRQV�� 7KLV� PRGHO� DQG� WKH� H[SHULPHQWDO� GDWD� ZHUH� XVHG� WRJHWKHU� WR� GHWHUPLQH� DFFHSWDEOHORDGV�ERWK�ZKHQ�WKH\�DFW�VHSDUDWHO\�DQG�ZKHQ�WKH\�DFW�WRJHWKHU�

7+(�5(63,5$725<�0(&+$1,&6�02'(/
*HQHUDO$�PDWKHPDWLFDO�PRGHO�RI�WKH�UHVSLUDWRU\�V\VWHP�ZDV�DVVHPEOHG�EDVHG�RQ�GDWD�DQG�NQRZOHGJH�RIUHVSLUDWRU\�SK\VLRORJ\�DYDLODEOH�LQ�WKH�VFLHQWLILF�OLWHUDWXUH�������6XFK�D�PRGHO�KDG�QHYHU�EHHQ�SXWWRJHWKHU� EHIRUH� DQG� LW� KDV� DOORZHG� FDOFXODWLRQV� RI� WKH� WRWDO� ZRUN� DQG� SRZHU� RI� EUHDWKLQJ�� $VFUHHQ�SULQWRXW�FDQ�EH�IRXQG�LQ�$SSHQGL[�$��7KH�YHQWLODWLRQ�OHYHO�FRXOG�EH�VHW�WR�EH�RQH�RI�WKHVWDQGDUG�WHVWLQJ�YHQWLODWLRQV�RU�D�FXVWRP�FRPELQDWLRQ��WKH�GXW\�F\FOH�FRXOG�DOVR�EH�YDULHG��7KHDPELHQW�SUHVVXUH��GLYLQJ�GHSWK��FRXOG�EH�VHW�LQGHSHQGHQWO\��7KH�PRGHO�ZDV�EXLOW�LQ�VXFK�D�ZD\WKDW� LQWHUQDO� DQG� H[WHUQDO� ORDGV� FRXOG� EH� DGGHG� LQGHSHQGHQWO\��7KLV� DOORZHG� WKH� HIIHFWV� RI� WKH8%$�DQG�WKH�UHVSLUDWRU\�V\VWHP�WR�EH�VWXGLHG�VHSDUDWHO\�RU�LQWHUDFWLQJ�
,QWHUQDO�ORDGV7KH�LQWHUQDO�ORDGV�VXFK�DV�DLUZD\�UHVLVWDQFH��FRPSOLDQFH��H[SLUDWRU\�UHVHUYH�YROXPH��UHOD[DWLRQYROXPH��JDV�GHQVLW\�ZHUH�LQFOXGHG��7KH�GHVFULSWLRQV�RI�DLUZD\�UHVLVWDQFH�E\�5RKUHU�������&ODUNHHW�DO�������0DLR�DQG�)DUKL�����DQG�9DQ/LHZ������ZHUH�LQFOXGHG�DV�RSWLRQV��7KH�SUHIHUUHG�RQH�LVWKH�RQH�E\�9DQ/LHZ������EHFDXVH�LW�LQFOXGHG�D�GHVFULSWLRQ�RI�KRZ�WKH�DLUZD\�UHVLVWDQFH�FKDQJHVZLWK�GLYLQJ�GHSWK�DQG�OXQJ�YROXPH�
([WHUQDO�ORDGV7KHUH�ZHUH� VHYHUDO� RSWLRQV� IRU� WKH� W\SH� RI� H[WHUQDO� UHVLVWDQFH� WKDW�ZDV� LPSRVHG�� IURP� RULILFHUHVLVWRUV� WR� ZRUN�RI�EUHDWKLQJ� OLPLWV� WR� HPSLULFDO� YDOXHV� IURP� DQ� H[LVWLQJ� 8%$�� 6HOHFWDEOHHODVWDQFHV�DQG�VWDWLF�OXQJ�ORDGV�ZHUH�LQFOXGHG��'HWHUPLQDWLRQ�RI�WKH�HIIHFWV�RI�&2��IURP�LQVSLUHGJDV�RU�PDVN�GHDG�VSDFH�ZDV�EH\RQG�WKH�VFRSH�RI�WKLV�SURMHFW�

:25.�2)�%5($7+,1*�96��32:(5�2)�%5($7+,1*
+LVWRULFDOO\��WKH�UHVSLUDWRU\�ZRUN�LPSRVHG�E\�WKH�8%$�KDV�EHHQ�FDOFXODWHG�DV�ZRUN�RI�EUHDWKLQJ�:2%��EXW�KDV�W\SLFDOO\�EHHQ�H[SUHVVHG�DV�ZRUN�SHU�YROXPH��:2%�9��ZLWK�WKH�XQLW�-RXOH�SHUOLWHU��� :RUN� LV� FDOFXODWHG� DV� WKH� SURGXFW� RI� SUHVVXUH� DQG� YROXPH�� 7KHUHIRUH�� :2%�9� LV� WKHSURGXFW� RI� SUHVVXUH� DQG� YROXPH� GLYLGHG� E\� YROXPH�� 7KLV� UHWXUQV� SUHVVXUH�� 6WULFWO\� VSHDNLQJ�:2%�9�LV�WKH�YROXPH�DYHUDJHG�SUHVVXUH�WKDW�D�8%$�UHTXLUHV�GXULQJ�D�EUHDWK��7KLV�PHDQV�WKDW
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WKH�FRPPRQ�WHUPLQRORJ\�RI�H[SUHVVLQJ�ZRUN�DV�SUHVVXUH�LV�LQFRUUHFW��(IIRUWV�WR�DYRLG�VXFK�HUURUVKDYH� EHHQ� PDGH�� )RU� LQVWDQFH�� WKH� 86� 1DY\� ([SHULPHQWDO� 'LYLQJ� 8QLW� XVHV� WKH� H[SUHVVLRQ³UHVLVWLYH�HIIRUW´�
,Q�PRVW�RWKHU�VLWXDWLRQV�� WKH�HIIRUW� UHTXLUHG�E\�D�GHYLFH� LV� H[SUHVVHG�DV�SRZHU��3RZHU� LV�PXFKHDVLHU� WR� FRPSUHKHQG� WKDQ� ZRUN� RU� SUHVVXUH� DQG� D� PXFK� PRUH� FRPPRQ� PHDVXUH�� H�J�� WKHZRUNORDG�RQ�DQ� HUJRPHWHU� LV� VHW� DV�SRZHU�DV�DUH� WKH� UDWLQJV� IRU�HOHFWULF� OLJKWV��PRWRUV�DQG�FDUHQJLQHV�
7UDQVODWLQJ�YDOXHV�IURP�:2%�9�WR�32%�LV�QRW�GLIILFXOW��VHH�HTXDWLRQ����DQG�FDQ�SURYLGH�IXUWKHULQVLJKWV�

32%� � :2%�9��
9� ( �& ���

ZKHUH� 9& (�LV�WKH�GLYHU¶V�YHQWLODWLRQ��/�PLQ��DQG����LV�WKH�QXPEHU�RI�VHFRQGV�LQ�D�PLQXWH�
)LJXUH���LOOXVWUDWHV�WKH�FRQYHUVLRQ��1('8¶V�OLPLW�IRU�RSHQ�FLUFXLW�6&8%$�RI������N3D��RU�-�/�WUDQVODWHV�LQWR�D�VWUDLJKW�OLQH�ZLWK�D�VORSH�RI�������:��/�PLQ���)RU�WKH�UHDVRQV�GHVFULEHG�DERYH�WKH� UHVXOWV� SUHVHQWHG� LQ� WKLV� UHSRUW� ZLOO� SULPDULO\� EH� H[SUHVVHG� DV� SRZHU� �32%�� QRW� DV� ZRUN�:2%��

)LJXUH� ���&RQYHUVLRQ� RI� � D� JLYHQ� OLPLW� H[SUHVVHG� DV�:2%�9� LQWR� 32%�� 7KH� YHQWLODWLRQOHYHOV�DUH�WKH�RQHV�W\SLFDOO\�XVHG�LQ�XQPDQQHG�WHVWLQJ�RI�8%$V�

/,0,76�2)�7+(�',))(5(17�5(63,5$725<�/2$'6

5HVSLUDWRU\�LPSHGLPHQWV�DFWLQJ�DORQH
7KH�GLIIHUHQW�ORDGV�ZLOO�EH�GLVFXVVHG�LQ�VKRUW�IRUP�LQ�WKH�IROORZLQJ�
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5HVLVWLYH�ORDGV7KH� UHVXOWV� IURP� WKH� 1DY\� VSRQVRUHG� UHVHDUFK� ���� RQ� WKH� HIIHFWV� RI� EUHDWKLQJ� UHVLVWDQFHSHUIRUPHG� DW� &5(6(�� ³WKH�PRVW� FRPSOHWH� VWXG\� RI� K\SHUEDULF� EUHDWKLQJ� OLPLWV´�� ���� ZHUH� UH�DQDO\]HG� E\� VSHFLILFDOO\� ORRNLQJ� DW� WKH� LQIOXHQFH� RI� GHSWK�� VHH� $SSHQGL[� %�� %ULHIO\�� LQ� WKHVHH[SHULPHQWV� WKH� VXEMHFWV�ZHUH� H[SRVHG� WR� GLIIHUHQW� OHYHOV� RI� EUHDWKLQJ� UHVLVWDQFH� DW� D� VKDOORZGHSWK� DQG� DOVR� DW� WKH� JUHDWHVW� GHSWK� WKDW� WKH� VWDQGDUG� DLU� GHFRPSUHVVLRQ� WDEOHV� DOORZ�� 7KHVHH[SHULPHQWDO� UHVXOWV� VKRZHG� WKDW� WKH� WRWDO� UHVLVWLYH� SRZHU� GHPDQG� RQ� WKH� UHVSLUDWRU\�PXVFOHVVKRXOG�QRW� H[FHHG���:��7KLV� IXUWKHU� VXSSRUWV� WKH� LGHD� WKDW� WKH� DOORZDEOH�32%� IURP� WKH�8%$VKRXOG�FKDQJH�ZLWK�ERWK�GHSWK�DQG�YHQWLODWLRQ�DFFRUGLQJ�WR�WKH�IROORZLQJ�IRUPXOD�
32%H[W� ��$���%�"�GHSWK��"�YHQWLODWLRQ� ���
ZKHUH�32%H[W�LV�WKH�WRWDO�DOORZDEOH�H[WHUQDO�UHVLVWLYH�SRZHU��:���$ ����"�����:��/�PLQ�%736�
DQG�% ����"�����:��PVZ�"�/�PLQ�%736���7KH�HTXDWLRQ�LV�LOOXVWUDWHG�LQ�)LJXUH���
3UHYLRXV� OLPLWV� RQ� :2%� KDYH� EHHQ� W\SLFDOO\� EHHQ� VSHFLILHG� HLWKHU� DV� D� FRQVWDQW� YDOXHLQGHSHQGHQW� RI� YHQWLODWLRQ� RU� DV� D� YDOXH� WKDW� LQFUHDVHV� ZLWK� YHQWLODWLRQ�� 7R� DOORZ� HDVLHUFRPSDULVRQV� RI� WKH� QHZ� UHVXOWV� WR� SUHYLRXV� SHUIRUPDQFH� VWDQGDUGV�� WKH� H[WHUQDO� SRZHU� RIEUHDWKLQJ� KDV� EHHQ� H[SUHVVHG� DV� ZRUN� RI� EUHDWKLQJ� SHU� YROXPH� RU� PHDQ� SUHVVXUH� �:2%�9��)LJXUH���

)LJXUH����0D[LPXP�DOORZDEOH�H[WHUQDO�SRZHU�DV�D�IXQFWLRQ�RI�YHQWLODWLRQ�DQG�GHSWK��7KHLQIOXHQFH�RI�GHSWK�LV�VKRZQ�E\�WKH�GLIIHUHQW�OLQHV�DQG�V\PEROV��7KH�YDOXHV�DUH�FDOFXODWHGIRU�WKH�YHQWLODWLRQ�OHYHOV�FRPPRQO\�XVHG�LQ�XQPDQQHG�WHVWLQJ�RI�8%$V�
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32%H[W�PD[ ��$�%GHSWK��YHQWLODWLRQ
$ ����������% ������� ��

ZLWK�GHSWK�LQ�PVZ�DQGYHQWLODWLRQ�LQ�/�PLQ�%736SRZHU�LV�LQ�:�

'HSWK��PVZ�

Rubicon Research Repository (http://archive.rubicon-foundation.org)



�

)LJXUH� ��� 3ORW� RI� SUHYLRXV� ³ZRUN� RI� EUHDWKLQJ´� DQG� WKH� QHZ� OLPLWV��0	5� VWDQGV� IRU� WKHFRPIRUW�DQG�WROHUDQFH�OLPLWV�E\�0RUULVRQ�DQG�5HLPHUV��7KH�WZR�UHG�GRWV�VKRZ�WKH� OLPLWVVHW�E\�WKH�(XURSHDQ�QRUP�(1������7KH�VKDGHG�DUHD�LV�WKH�UDQJH�GHILQHG�E\�:DUNDQGHUHW�DO����������7KH�WKUHH�EOXH�OLQHV�LQGLFDWH�1('8¶V�OLPLWV�IRU�GLIIHUHQW�W\SHV�RI�8%$V��7KHWZR� EURZQ� OLQHV� �ODEHOHG� ³1HZ´�� LQGLFDWH� WKH� UH�DQDO\]HG� &5(6(� GDWD�� WKH� ORZHU� OLQHEHLQJ�IURP�WKH�JUHDW�GHSWK�����PVZ��DQG�WKH�XSSHU�IURP�WKH�VKDOORZ�GHSWK������PVZ��

$V�FDQ�EH�VHHQ�LQ�)LJXUH����PDQ\�OLPLWV�DUH�VHW�DV�FRQVWDQW�YDOXHV�ZKHQ�H[SUHVVHG�DV�:2%�9�(TXDWLRQ� ���� DERYH� VKRZV� WKDW� VXFK� FRQVWDQW� YDOXHV� WUDQVODWH� LQWR� D� UHVSLUDWRU\� SRZHU� WKDWLQFUHDVHV�OLQHDUO\�ZLWK�LQFUHDVLQJ�YHQWLODWLRQ�OHYHO��7KLV�VHHPV�SK\VLRORJLFDOO\�UHDVRQDEOH�VLQFHLQFUHDVHG�YHQWLODWLRQ�VLJQLILHV�LQFUHDVHG�ZKROH�ERG\�ZRUNORDG�DQG�WKH�UHVSLUDWRU\�ORDG�LV�WKHQ�DFHUWDLQ�SHUFHQWDJH�RI�WKH�ZKROH�ERG\�ZRUNORDG��)LJXUH���DOVR�VKRZV�WZR�OLPLWV��0	5������WKDWLQFUHDVH� ZLWK� LQFUHDVLQJ� YHQWLODWLRQ�� 6XFK� OLQHV� WUDQVODWH� LQWR� UHVSLUDWRU\� SRZHU� OLPLWV� WKDWLQFUHDVH� ZLWK� WKH� VTXDUH� RI� WKH� YHQWLODWLRQ�� 7KLV� NLQG� RI� DQ� DSSURDFK� ZRXOG� PHDQ� WKDW� WKHSHUPLVVLEOH�32%�ZRXOG�JR�XS�ZLWK�WKH�VTXDUH�RI�WKH�ZRUNORDG��ZKLFK�FDQ�KDUGO\�EH�FRQVLGHUHGSK\VLRORJLFDO�7KH�QHZ�OLPLW�IRU�WKH�JUHDW�GHSWK�VHHPV�WR�EH�LQ�WKH�UDQJH�RI�WKH�PRUH�FRQVHUYDWLYH�OLPLWV��7KHOLPLW�IRU�WKH�VKDOORZ�GHSWK�LV�KLJKHU�WKDQ�PDQ\�RWKHU�OLPLWV�EXW�PDWFKHV�WKH�(1������,W�PXVW�EHQRWHG� WKDW�PRVW� SUHYLRXV� OLPLWV� WKDW�ZHUH� VHW� IRU� GLYLQJ�ZHUH� EDVHG� RQ�PDQQHG� WHVWV� RI� D� UHDOZRUOG�8%$��6XFK�8%$V�LPSRVH�ORDGV�RWKHU�WKDQ�MXVW�UHVLVWDQFH��,Q�RWKHU�ZRUGV��ZKDW�PD\�VHHPOLNH�D�OHVV�UHVWULFWLYH�ORDG�PD\�QRW�UHDOO\�EH�VR�EHFDXVH�WKH�SURSRVHG�OLPLWV�DUH�IRU�WKH�UHVLVWDQFHRQO\�
&RQFOXVLRQ�� 7KH� OLPLW� IRU� SRZHU� RI� EUHDWKLQJ� IRU� UHVLVWLYH� ORDGV� VKRXOG� LQFUHDVH� OLQHDUO\�ZLWKYHQWLODWLRQ��,I�LW�LV�H[SUHVVHG�LQ�WHUPV�RI�:2%�9�LW�VKRXOG�EH�D�FRQVWDQW�YDOXH�

(ODVWLF�ORDGV�±�(ODVWDQFH/LPLWV�RQ�DFFHSWDEOH�OHYHOV�RQ�HODVWLF�ORDGV�ZHUH�RQO\�IRXQG�LQ�RQH�VWXG\����������,Q�WKLV�VWXG\�WKH�VXEMHFWV�ZHUH�H[SRVHG�WR�GLIIHUHQW� OHYHOV�RI�HODVWLF� ORDGV�DW�D�VKDOORZ�GHSWK�DQG�DOVR�DW� WKH
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JUHDWHVW� GHSWK� WKDW� WKH� VWDQGDUG� GHFRPSUHVVLRQ� WDEOHV� DOORZ�� %ULHIO\�� WKH� H[SHULPHQWDO� UHVXOWVVKRZHG�WKDW�DQ�HODVWLF�ORDG�RI���FP�+�2�/�ZDV�DFFHSWDEOH�EXW�D�ORDG�RI����FP�+�2�/�ZDV�QRW�7KHUH�ZDV�QR�GLIIHUHQFH�LQ�DFFHSWDELOLW\�ZLWK�FKDQJHV�LQ�GHSWK��7KH�UHVXOWV�IURP�WKH�UHVSLUDWRU\PHFKDQLFV�PRGHO�DOVR�VKRZ�WKDW�GHSWK�GRHV�QRW�PDNH�DQ\�SDUWLFXODU�GLIIHUHQFH�LQ�WKH�PD[LPXPSUHVVXUH�VZLQJV�WKDW�WKH�UHVSLUDWRU\�PXVFOHV�KDYH�WR�H[HUW��)LJXUH���
,W�LV�DOVR�DSSDUHQW�IURP�)LJXUH���WKDW�WKH�SUHVVXUH�VZLQJ��LQWHUQDO���H[WHUQDO��DW�DQ�HODVWLF�ORDG�RI��FP�+�2�/�LV�ORZHU�WKDQ�IRU����FP�+�2�DW�DOO�GHSWKV��7KH�LQFUHDVH�LQ�UHVSLUDWRU\�ORDG�E\�WKHLQFUHDVH�LQ�WKH�HODVWDQFH�ZDV�JUHDWHU�WKDQ�WKH�LQFUHDVH�LQ�ORDG�LPSRVHG�E\�WKH�LQFUHDVHG�GHSWK�

)LJXUH����5HODWLYH�LQFUHDVH�LQ�SRZHU�RI�EUHDWKLQJ�DW�GLIIHUHQW�GHSWKV�IRU�D�YHQWLODWLRQ�OHYHORI����/�PLQ�%736��5HVXOWV�IURP�WKH�UHVSLUDWRU\�PHFKDQLFV�PRGHO�

&RQFOXVLRQ��7KH�PD[LPXP�DFFHSWDEOH�HODVWLF�ORDG�LV���FP�+�2�SHU�OLWHU�LQGHSHQGHQW�RI�GHSWK�

+\GURVWDWLF�LPEDODQFH�±�6WDWLF�OXQJ�ORDGV+\GURVWDWLF�LPEDODQFH�LV�DOVR�NQRZQ�DV�VWDWLF�OXQJ�ORDGLQJ�DQG�SUHVVXUH�EUHDWKLQJ��SRVLWLYH�RUQHJDWLYH��

)LJXUH����,OOXVWUDWLRQ�RI�WKH�SRVLWLRQ�RI�WKH�OXQJ�SUHVVXUH�FHQWURLG�DQG�VWHUQDO�QRWFK�
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2QH� RI� VHYHUDO� RIWHQ� FRQIXVLQJ� DVSHFWV� RI� VWDWLF� K\GURVWDWLF� LPEDODQFH� LV� WKDW� LW� LV� SRVVLEOH� WRKDYH�GLIIHUHQW�SRLQWV�RI�UHIHUHQFH��7KUHH�VXFK�SRLQWV�FRPH�QDWXUDOO\��WKH�PRXWK��WKH�VWHUQDO�QRWFKDQG� WKH� OXQJ� FHQWURLG��7KH�PRXWK�DQG� WKH� VWHUQDO�QRWFK� DUH�HDV\� WR� LGHQWLI\�RQ�D�SHUVRQ� DQG� DPDQLNLQ��7KH� OXQJ� FHQWURLG� LV� D� IXQFWLRQDO� UHIHUHQFH� DQG� LV� GHILQHG� DV� WKH� HTXLYDOHQW� SUHVVXUHSRLQW� DW� ZKLFK� D� SHUVRQ¶V� H[SLUDWRU\� UHVHUYH� YROXPH� LV� WKH� VDPH� DV� LQ� WKH� QRQ�LPPHUVHGFRQGLWLRQ� �QHJDWLYH� LPEDODQFH� FDXVHV� EUHDWKLQJ� DW� ORZ� OXQJ� YROXPHV� DQG� SRVLWLYH� LPEDODQFHFDXVHV�EUHDWKLQJ�DW�KLJK�OXQJ�YROXPHV��

)LJXUH����9HUWLFDO�GLVWDQFH�EHWZHHQ� WKH� OXQJ�FHQWURLG�DQG� WKH�VWHUQDO�QRWFK� IRU�GLIIHUHQWRULHQWDWLRQV� RI� D� GLYHU�� )RU� LQVWDQFH�� DW� ��� GHJUHHV� �XSULJKW�� WKH� VWHUQDO� QRWFK� LV� DW� DGHSWK� WKDW� LV� DERXW� ��� FP� OHVV� GHHS�� 7KLV� GLVWDQFH� �LQ� FP�� IROORZV� WKH� HTXDWLRQ����VLQ� ±�������ZKHUH� �LV�WKH�GLYHU¶V�DQJOH�

)URP�D�SK\VLRORJLFDO�IXQFWLRQ�SRLQW�RI�YLHZ��LW�PD\�EH�SUHIHUDEOH�WR�KDYH�K\GURVWDWLF�LPEDODQFHVUHIHUHQFHG� WR� WKH� OXQJ� FHQWURLG�� +RZHYHU�� GXULQJ� H[SHULPHQWDO� VHW�XSV� DQG� GXULQJ� EUHDWKLQJDSSDUDWXV� WHVWLQJ�� D� UHIHUHQFH� SRLQW� WKDW� LV� FRQVLVWHQW� DQG� HDV\� WR� ILQG� LV� SUHIHUDEOH�� )LJXUH� �VKRZV�KRZ�WKH�YHUWLFDO�GLVWDQFH�EHWZHHQ�WKH�VWHUQDO�QRWFK�DQG�WKH�OXQJ�FHQWURLG�FKDQJHV�ZLWK�DGLYHU¶V� RULHQWDWLRQ� LQ� WKH�ZDWHU�� 7KLV� )LJXUH� DOORZV� FRQYHUVLRQ� EHWZHHQ� VWHUQDO� QRWFK� DQG� WKHOXQJ�SUHVVXUH�FHQWURLG�
6HYHUDO� VWXGLHV�KDYH�EHHQ�SHUIRUPHG�RQ� WKH� HIIHFWV�RI� K\GURVWDWLF� LPEDODQFH� RQ� D� GLYHU��7KH\KDYH� SULPDULO\� XVHG� LQGLFHV� VXFK� DV� UHVSLUDWRU\� GLVFRPIRUW� DQG� G\VSQHD� VFRUHV� WR� MXGJH� WKHPDJQLWXGH�RI�LQIOXHQFH��7ZR�ERG\�SRVLWLRQV�KDYH�EHHQ�VWXGLHG��SURQH�DQG�XSULJKW�

7KH�GLYHU�LQ�WKH�SURQH�SRVLWLRQ�7KUHH�VWXGLHV�DUH�VXPPDUL]HG�LQ�)LJXUH����'HULRQ�HW�DO������LPSRVHG�WZR�LPEDODQFHV������DQG�±���FP�+�2�����DQG�±��N3D��UHODWLYH�WR�WKH�VWHUQDO�QRWFK��7KH�VXEMHFWV�ZHUH�H[HUFLVLQJ�MXVW�EHORZWKH�VXUIDFH��1R�GLIIHUHQFH�LQ�UHVSLUDWRU\�GLVFRPIRUW�UDWLQJV�ZDV�IRXQG�
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)LJXUH����6XPPDU\�RI�VWXGLHV�RI� WKH� LQIOXHQFH�RI� WKH�K\GURVWDWLF� LPEDODQFH�RQ�GLYHUV� LQWKH�SURQH��KRUL]RQWDO��SRVLWLRQ�����LQ�)LJXUH�����,Q�WKH�ULJKWPRVW�FROXPQ�DUH�WKH�QDPHV�RIWKH� LQYHVWLJDWRUV��,Q�WKH� OHIWPRVW�FROXPQ�LV� WKH�QDPH�RI� WKH�SDUDPHWHU�VWXGLHG��7KH�WZRVFDOHV�UHIHU�WR�WKH�K\GURVWDWLF�LPEDODQFH�WKDW�ZDV�LPSRVHG��WKH�WRS�RQH�LV�UHIHUHQFHG�WRWKH�VWHUQDO�QRWFK�DQG�WKH�ORZHU�RQH�LV�UHIHUHQFHG�WR�WKH�OXQJ�FHQWURLG��7KH�LQYHVWLJDWRUVFKRVH�ORDGV�WKDW�ZHUH�DQ�HYHQ����FP�DSDUW�RQ�WKHLU�UHVSHFWLYH�VFDOHV��6HH�WH[W�IRU�IXUWKHUGHWDLOV�
7KDOPDQQ�HW�DO�������VWXGLHG�VL[�GLIIHUHQW�LPEDODQFHV�LQ�WKH�UDQJH�����WR�±���FP�+�2�����WR�±�N3D��UHODWLYH�WR�WKH�OXQJ�FHQWURLG�GXULQJ�H[HUFLVH�DW�IRXU�GHSWKV�GRZQ�WR����PVZ������IVZ�����DWP�DEV�������N3D���7KH�LPEDODQFHV�ZLWK�WKH�OHDVW�G\VSQHD�VFRUHV�ZHUH���DQG�����FP�+�2����DQG��N3D���,PEDODQFHV�RI�����DQG�±���FP�+�2�RU�JUHDWHU�JHQHUDWHG�VHYHUH�G\VSQHD��7KH�ORDG�RI�±��FP� +�2� JHQHUDWHG� PRGHUDWH� G\VSQHD� LQ� ���� RI� WKH� GLYHV�� 7KH� 099� �PD[LPXP� YROXQWDU\YHQWLODWLRQ��ZDV�WKH�KLJKHVW�ZLWK�DQ�LPEDODQFH�RI�����FP�+�2�
/XQGJUHQ� DQG� :DUNDQGHU� FRPSDUHG� VHYHUDO� SDUDPHWHUV� �H�J�� 099�� ODFN� RI� G\VSQHD� DQGLPSURYHG�&2��OHYHOV��REWDLQHG�IURP�VXEMHFWV�DW�WZR�GHSWKV�GXULQJ�UHVW�DQG�H[HUFLVH��7KH\�IRXQGWKDW�DQ�LPEDODQFH�RI�����FP�+�2����N3D��ZDV�SUHIHUDEOH�WR�±���FP�+�2�����N3D��
'LVFXVVLRQ�%DVHG�RQ�WKH�UHVXOWV�IURP�7KDOPDQQ�HW�DO�������LPEDODQFHV�RI�±���DQG�����FP�+�2RU�KLJKHU�DUH�H[FHVVLYH�EHFDXVH�WKH\�LQGXFHG�VHYHUH�G\VSQHD��7KDOPDQQ�HW�DO��DQG�'HULRQ�HW�DO�����DJUHH�WKDW�LPEDODQFHV�LQ�WKH���DQG�����FP�+�2�UDQJH�DUH�VLPLODU��7KLV�LV�QRW�FRQWUDGLFWHG�E\/XQGJUHQ�DQG�:DUNDQGHU��7KXV��LPEDODQFHV�LQ�WKH�UDQJH���DQG�����FP�+�2�DUH�WKH�EHVW�DQG�DQ

� ���������
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LPEDODQFH� RI� ±��� FP� +�2� LV� VOLJKWO\� ZRUVH�� 7KH� GDWD� IURP� 'HULRQ� HW� DO�� LQGLFDWHV� WKDW� DQLPEDODQFH�RI�DERXW�����PLJKW�EH�DFFHSWDEOH�
&RQFOXVLRQ)RU�D�GLYHU�LQ�WKH�SURQH�SRVLWLRQ�D�K\GURVWDWLF�LPEDODQFH�LQ�WKH�UDQJH���WR�����FP�+�2����WR��N3D��UHIHUHQFHG�WR�WKH�OXQJ�FHQWURLG�VKRXOG�EH�SUHIHUUHG��,PEDODQFHV�RI�±���DQG�����FP�+�2�DUHWROHUDEOH��,PEDODQFHV�HTXDO�WR�RU�JUHDWHU�WKDQ�����DQG�����FP�+�2�DUH�H[FHVVLYH��7KHUHIRUH��WKHPD[LPXP�LPEDODQFH�FDQ�EH�VHW�WR�EH�±���DQG�����FP�+�2�����DQG������N3D��

7KH�GLYHU�LQ�WKH�XSULJKW�SRVLWLRQ�)RXU�VWXGLHV�DUH�VXPPDUL]HG� LQ�)LJXUH����'HULRQ�HW�DO�� ����DOVR�VWXGLHG� WKH�VXEMHFWV�ZKHQ� WKH\ZHUH�LQ� WKH�XSULJKW�SRVLWLRQ��7KH�LPEDODQFHV�ZHUH�����DQG�±���FP�+�2�UHODWLYH� WR� WKH�VWHUQDOQRWFK�RI�WKH�H[HUFLVLQJ�VXEMHFW��$JDLQ��QR�GLIIHUHQFH�LQ�WKH�UHVSLUDWRU\�GLVFRPIRUW�ZDV�IRXQG�
+LFNH\�HW�DO������VWXGLHG�H[HUFLVLQJ�VXEMHFW�DW�WZR�GHSWKV��)RXU�HYHQO\�VSDFHG�LPEDODQFHV�LQ�WKHUDQJH�±���WR�����FP�+�2�����WR����N3D��UHODWLYH�WR�WKH�OXQJ�FHQWURLG�ZHUH�LPSRVHG��7KH�IHZHVWG\VSQHD�VFRUHV�ZHUH�UHSRUWHG�ZKHQ�WKH�LPEDODQFH�ZDV�����FP�+�2��,PEDODQFHV�RI�±���DQG���FP+�2�JDYH�VLPLODU�VFRUHV�WR�HDFK�RWKHU�
1RUIOHHW�HW�DO�������VWXGLHG�WKH�GLIIHUHQFH�EHWZHHQ�±���DQG���FP�+�2�RQ�H[HUFLVLQJ�VXEMHFWV�DWWZR�GHSWKV��7KH�����FP�+�2�LPEDODQFH�KDG�PDQ\�PRUH�UHSRUWV�RI�PRGHUDWH�G\VSQHD�
7D\ORU�DQG�0RUULVRQ������VWXGLHG�VXEMHFWV�H[SRVHG�WR�IRXU�OHYHOV�RI�K\GURVWDWLF�LPEDODQFH�LQ�WKHUDQJH�±���WR�����FP�+�2�����WR����N3D���7KH�VXEMHFWV�ZHUH�H[HUFLVLQJ�MXVW�EHORZ�WKH�VXUIDFH�DQGDW����PVZ� ����� IVZ������� DWP�DEV�� ����N3D���7KH�EHVW� UDWLQJV�RI� UHVSLUDWRU\�GLVFRPIRUW� �OHDVWGLVFRPIRUW��ZHUH�JLYHQ�DW�±���DQG���FP�+�2�����DQG���N3D���7KH�UDWLQJV�DW�±���DQG�����FP�+�2ZHUH�QRW�GLIIHUHQW�
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)LJXUH����6XPPDU\�RI�VWXGLHV�RI� WKH� LQIOXHQFH�RI� WKH�K\GURVWDWLF� LPEDODQFH�RQ�GLYHUV� LQWKH� XSULJKW� SRVLWLRQ� ����� LQ� )LJXUH� ���� ,Q� WKH� ULJKWPRVW� FROXPQ� DUH� WKH� QDPHV� RI� WKHLQYHVWLJDWRUV�� ,Q� WKH� OHIWPRVW� FROXPQ� LV� WKH� QDPH� RI� WKH� SDUDPHWHU� VWXGLHG�� 7KH� WZRVFDOHV�UHIHU�WR�WKH�K\GURVWDWLF�LPEDODQFH�WKDW�ZDV�LPSRVHG��WKH�WRS�RQH�LV�UHIHUHQFHG�WRWKH�VWHUQDO�QRWFK�DQG�WKH�ORZHU�RQH�LV�UHIHUHQFHG�WR�WKH�OXQJ�FHQWURLG��7KH�LQYHVWLJDWRUVFKRVH� ORDGV� WKDW� ZHUH� DQ� ��� FP� DSDUW� RQ� WKHLU� UHVSHFWLYH� VFDOHV�� 6HH� WH[W� IRU� IXUWKHUGHWDLOV�

'LVFXVVLRQ%DVHG�RQ�WKH�UHVXOWV�IURP�1RUIOHHW�HW�DO�� �����DQ�LPEDODQFH�RI�±���FP�+�2�UHODWLYH�WR�WKH�OXQJFHQWURLG�LV�H[FHVVLYH�VLQFH�LW� LQGXFHG�VHYHUH�G\VSQHD��+LFNH\�HW�DO�� ����DJUHHV�ZLWK�7D\ORU�DQG0RUULVRQ������ WKDW�±���DQG��� FP�+�2�DUH� VLPLODU��+RZHYHU�� WKHVH� WZR�VWXGLHV�FRQWUDGLFW� HDFKRWKHU�DW�����FP�+�2��'HULRQ�HW�DO������HTXDWHV�LPEDODQFHV�RI�±���DQG�±��FP�+�2�UHODWLYH�WR�WKHOXQJ� FHQWURLG��2EYLRXVO\�� WKH� OLPLWV� DUH�QRW� GLVWLQFW��+RZHYHU�� LW� VHHPV� WKDW� LPEDODQFHV� LQ� WKHUDQJH�±���WR�����DUH�HTXDOO\�WROHUDEOH�DQG�FDXVHG�WKH�OHDVW�DPRXQW�RI�UHVSLUDWRU\�GLVWUHVV�
&RQFOXVLRQ)RU�D�GLYHU�LQ�WKH�XSULJKW�SRVLWLRQ��K\GURVWDWLF�LPEDODQFHV�LQ�WKH�UDQJH�����WR�����FP�+�2�����WR���N3D��UHIHUHQFHG�WR�WKH�OXQJ�FHQWURLG�DUH�SUHIHUUHG��$Q�LPEDODQFH�RI�����FP�+�2�����N3D��LVH[FHVVLYH�� ,PEDODQFHV� RI� ���� FP� +�2� ���� N3D�� RU� KLJKHU� ZHUH� QRW� WHVWHG�� 7KHUHIRUH�� WKHPD[LPXP�LPEDODQFH�FDQ�EH�VHW�DW�±���DQG�����FP�+�2�������DQG������N3D��
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$�QRWH�RQ�K\GURVWDWLF�LPEDODQFHV,W� VKRXOG�EH�QRWHG� WKDW� WKH� ORDGV� LPSRVHG� LQ�DOO� WKHVH� VWXGLHV�KDYH�EHHQ�VSDFHG���� FP�+�2���N3D��DSDUW��$GGLWLRQDOO\��WKH�GLVWDQFH�EHWZHHQ�WKH�DFWXDO�OXQJ�FHQWURLG�DQG�WKH�VWHUQDO�QRWFK�PXVWYDU\�VRPHZKDW�GHSHQGLQJ�RQ�D�SHUVRQ¶V�ERG\�VL]H��DW�OHDVW�LQ�WKH�XSULJKW�SRVLWLRQ���7KHUHIRUH��DOOOLPLWV�PD\�ZHOO�KDYH�DQ�XQFHUWDLQW\�RI�VRPH���FP�+�2������N3D��

5HVSLUDWRU\�LPSHGLPHQWV�DFWLQJ�WRJHWKHU
,Q� RQH� VWXG\�� /XQGJUHQ� ���� H[SRVHG� VXEMHFWV� WR� DQ� LPEDODQFH� RI� ±��� FP� +�2� ���� N3D�� LQFRPELQDWLRQ�ZLWK�HLWKHU�D�PDUJLQDO� UHVLVWLYH�ORDG�RU�D�PDUJLQDO�HODVWLF� ORDG�ZLWK� WKH�VXEMHFW� LQWKH�SURQH�SRVLWLRQ��6XFK�FRPELQDWLRQV�HLWKHU�LQGXFHG�H[FHVVLYH�G\VSQHD�RU�H[FHVVLYH�&2��OHYHOV�7KXV��HODVWLF�DQG�UHVLVWLYH�ORDGV�GR�LQWHUDFW�ZLWK�K\GURVWDWLF� LPEDODQFHV�DQG� WKDW� ORDGV� WKDW�DUHDFFHSWDEOH� ZKHQ� XVHG� LQGLYLGXDOO\� FDQQRW� EH� DVVXPHG� WR� EH� DFFHSWDEOH� ZKHQ� RWKHU� ORDGV� DUHSUHVHQW�
&RPELQDWLRQV�RI� ORDGV�ZHUH�LQYHVWLJDWHG�IXUWKHU� LQ�D� ODUJHU�VWXG\�E\�/XQGJUHQ�DQG�:DUNDQGHU�������������������������$� WRWDO�RI�����VXFFHVVIXO�H[SHULPHQWV�ZHUH�SHUIRUPHG�ZLWK��� VXEMHFWV�7KH�H[SHULPHQWV�ZHUH�SHUIRUPHG�DW�WZR�GHSWKV��D�VKDOORZ�GHSWK�RI����IVZ������PVZ�������DWPDEV������N3D��DQG�WKH�JUHDWHVW�GHSWK�WKDW�WKH�VWDQGDUG�86�1DY\�GHFRPSUHVVLRQ�WDEOHV�DOORZ��L�H�����IVZ�����PVZ������DWP�DEV������N3D���([HUFLVH�ZDV�SHUIRUPHG�IRU����PLQXWHV�DW�����RI�HDFKVXEMHFW¶V�PD[LPXP�R[\JHQ� XSWDNH��&RPELQDWLRQV� RI� UHVLVWLYH� DQG� HODVWLF� ORDGV�ZHUH� DGGHG� WRK\GURVWDWLF� LPEDODQFHV�ZLWK� WKH� VXEMHFW� LQ� WKH�SURQH�SRVLWLRQ��7KH� ORDGV�ZHUH� FRPELQHG� LQ� DQDGGLWLYH�ZD\�VXFK�WKDW�WKH�ORDGV�ZHUH�DGGHG�DV�D�SHUFHQWDJH�RI�HDFK�ORDG¶V�PD[LPXP�DFFHSWDEOHOHYHO� ��5����(����LPEDODQFH�  � ������� 7KH� H[SHULPHQWV�ZHUH� GLYLGHG� LQWR� WKUHH� JURXSV� LQWHUPV�RI� WKH�DPRXQW�RI�K\GURVWDWLF� LPEDODQFH��7KH�DVVLJQHG� LPEDODQFHV�ZHUH�±���DQG����� FP+�2��DVVXPHG�WR�EH�����RI�WKH�DFFHSWDEOH�LPEDODQFH��RU����UHODWLYH�WR� WKH�OXQJ�FHQWURLG���7KHPD[LPXP�DOORZDEOH�UHVLVWDQFH�ZDV�VHW�WR�LQGXFH�D�ZRUN�RI�EUHDWKLQJ�RI�����WR�����N3D������DQGWKH�DFFHSWDEOH�OHYHO�RI�HODVWDQFH�ZDV�����N3D�/������)RU�HDFK�OHYHO�RI�LPEDODQFH��WKHUH�ZHUH�ILYHFRPELQDWLRQV� RI� UHVLVWDQFH� DQG� HODVWDQFH�� )RU� LQVWDQFH�� ZKHQ� WKH� LPEDODQFH� ZDV� ��� WKHFRPELQDWLRQV� RI� UHVLVWDQFH� DQG� HODVWDQFH� ZHUH� ��5��(��� ������� ������� ������� ������� ������$GGLWLRQDOO\��WKHUH�ZDV�D�FRQWURO�H[SHULPHQW�ZKHUH�WKH�ORDGV�ZHUH�DV�VPDOO�DV�FRXOG�EH�DFKLHYHG�
7KH� LQYHVWLJDWRUV�FRQFOXGHG� WKDW� WKH� UHVLVWLYH� DQG� HODVWLF� ORDGV�ZHUH� DGGLWLYH� IRU� HDFK� OHYHO� RILPEDODQFH�� &RPSDULQJ� WKH� HIIHFWV� RI� WKH� K\GURVWDWLF� LPEDODQFHV� WKH\� IRXQG� WKDW� D� K\GURVWDWLFLPEDODQFH�RI�����FP�+�2����N3D��LV�SUHIHUDEOH�WR�LPEDODQFHV�RI�±���RU���FP�+�2��7KH�SRVLWLYHLPEDODQFH� VKRZHG� FRQVLVWHQW� VWDWLVWLFDOO\� VLJQLILFDQW� LPSURYHPHQWV� RYHUDOO� �QRW� DOO� LQGLYLGXDOSDUDPHWHUV�VKRZHG�VWDWLVWLFDOO\�VLJQLILFDQW�FKDQJHV���7KH�VWDLUFDVH�VKDSHG�FKDQJHV�DUH�LOOXVWUDWHGLQ�)LJXUH�����1RWH�WKDW�WKH�EHVW�YDOXHV�ZHUH�REVHUYHG�ZLWK�WKH�SRVLWLYH�LPEDODQFH�
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)LJXUH�����(QG�WLGDO�&2��DQG�PD[LPXP�YROXQWDU\�YHQWLODWLRQ�PHDVXUHG�DW�WZR�GHSWKV��$ORZHU� HQG�WLGDO� &2�� PHDQV� WKDW� LW� LV� FORVHU� WR� QRUPDO�� $� KLJKHU� PD[LPXP� YROXQWDU\YHQWLODWLRQ� PHDQV� WKDW� WKH� VXEMHFW� FDQ� EUHDWKH� PRUH�� 7KH� ODEHO� ���6//� UHIHUV� WR� DK\GURVWDWLF� LPEDODQFH� RI� ���� FP�+�2� UHODWLYH� WR� WKH� OXQJ� FHQWURLG�� 7KH� VDPH� ODEHOLQJSDWWHUQ�DSSOLHV�WR�WKH�RWKHU�WZR�ORDGV�

&RQFOXVLRQ&RPELQHG�ORDGV�RI�UHVLVWDQFH��HODVWDQFH�DQG�K\GURVWDWLF�LPEDODQFH�DUH�DGGLWLYH�ZKHQ�H[SUHVVHGDV�SHUFHQWDJH�RI�HDFK�ORDG¶V�DFFHSWDELOLW\�OLPLW�

*(1(5$/�&21&/86,216
5HVSLUDWRU\�LPSHGLPHQWV�DFWLQJ�DORQH%DVHG� RQ� WKH� ILQGLQJV� GLVFXVVHG� DERYH� WKH� IROORZLQJ� OLPLWV� DSSO\� IRU� WKH� WKUHH� W\SHV� RI� ORDGVZKHQ�WKH\�DFW�DORQH�
%UHDWKLQJ�UHVLVWDQFH7KH�PD[LPXP� DOORZDEOH� SRZHU� RI� EUHDWKLQJ� GHSHQGV� RQ� WKH� YHQWLODWLRQ� DQG� WKH� GLYLQJ� GHSWKDFFRUGLQJ�WR�(TXDWLRQ����UHSHDWHG�KHUH�
32%H[W� ��$���%�"�GHSWK��"�YHQWLODWLRQ� ZKHUH�32%H[W�LV�WKH�WRWDO�DOORZDEOH�H[WHUQDO�UHVLVWLYH�SRZHU�:���$ ����"�����:��/�PLQ�%736��DQG�% ����"�����:��PVZ�"�/�PLQ�%736��
(ODVWDQFH7KH�PD[LPXP�DOORZDEOH�HODVWDQFH�LV�����N3D�/�LQGHSHQGHQW�RI�GHSWK�DQG�YHQWLODWLRQ�
+\GURVWDWLF�LPEDODQFH)RU�D�GLYHU�LQ�WKH�SURQH�SRVLWLRQ��K\GURVWDWLF�LPEDODQFHV�RI�DERXW�±���DQG�����FP�+�2�����DQG�����N3D��UHIHUHQFHG�WR�WKH�OXQJ�FHQWURLG�DUH�WKH�PD[LPXP�WROHUDEOH�)RU�D�GLYHU�LQ�WKH�XSULJKW�SRVLWLRQ��K\GURVWDWLF�LPEDODQFHV�RI�DERXW�����WR�����FP�+�2�����WR���N3D��UHIHUHQFHG�WR�WKH�OXQJ�FHQWURLG�DUH�WKH�PD[LPXP�WROHUDEOH�
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5HVSLUDWRU\�LPSHGLPHQWV�DFWLQJ�WRJHWKHU:KHQ�WKH�UHVSLUDWRU\�ORDGV�DFW�WRJHWKHU�WKH\�DUH�DGGLWLYH�LI�HDFK�ORDG�LV�H[SUHVVHG�LQ�WHUPV�RI�LWVPD[LPXP�YDOXH�ZKHQ�DFWLQJ�DORQH��7KLV�PHDQV�WKDW�WKH�WRWDO�DFFHSWDEOH�UHVSLUDWRU\�ORDG�FDQ�EHFDOFXODWHG�E\�DGGLQJ�WKH�UHODWLYH�YDOXH�IRU�HDFK�ORDG�

3UDFWLFDO�DSSOLFDWLRQ�RI�WKH�SUHVHQWHG�LQIRUPDWLRQ
$VVXPH�WKDW�D�GLYHU�LV�VZLPPLQJ�LQ�WKH�SURQH�SRVLWLRQ��7KH�YHQWLODWLRQ�LV����/�PLQ�DQG�WKH�GHSWKLV����PVZ�����PVZ���7KH�IROORZLQJ�UHVSLUDWRU\�ORDGV�DUH�LPSRVHG�E\�WKH�EUHDWKLQJ�DSSDUDWXV�([WHUQDO� UHVLVWLYH� SRZHU�� GHWHUPLQHG� WR� EH� ���� :�� 7KH� PD[LPXP� UHVLVWLYH� SRZHU� �JLYHQ� E\
(TXDWLRQ�����LQ�WKLV�VLWXDWLRQ�LV������"�����������"��������������� ������:��7KH�FXUUHQW�ORDG�LV�WKHQ��������� �����RI�WKH�PD[LPXP�DOORZHG�(ODVWDQFH��NQRZQ�WR�EH�����N3D�/��7KLV�LV��������� �����RI�WKH�PD[LPXP�DOORZHG�+\GURVWDWLF�LPEDODQFH��GHWHUPLQHG�WR�EH������N3D��7KLV�ORDG�LV��������� �����RI�WKH�PD[LPXPDOORZHG�7KHVH�WKUHH�ORDGV�DGG�XS�WR�D�WRWDO�RI������������� ������6LQFH�WKH�WRWDO�ORDG�LV�EHORZ�����WKH�EUHDWKLQJ�DSSDUDWXV�VKRXOG�EH�DFFHSWDEOH�
,Q�WKH�VLWXDWLRQ�MXVW�GHVFULEHG��WKH�HODVWDQFH�DQG�WKH�K\GURVWDWLF�LPEDODQFH�DGG�XS�WR�����RI�WKHWRWDO��7KLV�PHDQV�WKDW�WKH�H[WHUQDO�UHVLVWLYH�ORDG�FRXOG�EH�DOORZHG�WR�EH�DV�KLJK�DV������������ ����RI� LWV�PD[LPXP��7KH�PD[LPXP�UHVLVWLYH�SRZHU�ZRXOG�EH���������� ������:�� ,I� WKH�GLYHUZHUH� WR�JR�GHHSHU�DQG� �IRU� WKH�SXUSRVH�RI� WKLV�H[DPSOH�� WKH� UHVLVWLYH�SRZHU�RI� WKH�8%$�ZHUHLQGHSHQGHQW�RI�GHSWK��(TXDWLRQ���FDQ�EH�XVHG�WR�GHWHUPLQH�WKH�PD[LPXP�GHSWK�DW�ZKLFK�WKDW�WKHGLYHU�VKRXOG�XVH�WKH�HTXLSPHQW��:LWK�WKH�VDPH�YHQWLODWLRQ�WKH�GHSWK�FRXOG�LQFUHDVH�WR����PVZ�����IVZ��EHIRUH�WKH�DOORZDEOH�32%H[W�UHDFKHG������:�

5(&200(1'$7,21:H�VXJJHVW�WKDW�WKH�ILQGLQJV�LQ�WKLV�UHSRUW�EH�LQFRUSRUDWHG�LQ�WKH�1DY\¶V�3HUIRUPDQFH�6WDQGDUGVIRU�8QGHUZDWHU�%UHDWKLQJ�$SSDUDWXV�

5()(5(1&(6
���&ODUNH�-5���-DHJHU�0-���=XPULFN�-/���2
%U\DQ�5���6SDXU�:+��5HVSLUDWRU\�UHVLVWDQFH�IURP���WR���$7$�PHDVXUHG�ZLWK� WKH� LQWHUUXSWHU� WHFKQLTXH�� -RXUQDO� RI�$SSOLHG�3K\VLRORJ\��5HVSLUDWRU\�(QYLURQPHQWDO�	�([HUFLVH�3K\VLRORJ\���������������������
���&ODUNH�-�5���6XUYDQVKL�6���7KDOPDQQ�(���)O\QQ�(�7��/LPLWV�IRU�0RXWK�3UHVVXUH�LQ�8QGHUZDWHU%UHDWKLQJ� $SSDUDWXV� �8%$��� ,Q� /XQGJUHQ�� :DUNDQGHU� �HGV���� 3K\VLRORJLFDO� DQG� +XPDQ(QJLQHHULQJ� $VSHFWV� RI� 8QGHUZDWHU� %UHDWKLQJ� $SSDUDWXV�� )RUWLHWK� ZRUNVKRS� RI� WKH� 8QGHUVHDDQG�+\SHUEDULF�0HGLFDO�6RFLHW\���������������8+06�SXEOLFDWLRQ�QXPEHU�����81'%5����������%HWKHVGD��0'�
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���&ODUNH�-�5��8QGHUZDWHU�%UHDWKLQJ�$SSDUDWXV��,Q��7KH�/XQJ�DW�'HSWK��/XQGJUHQ��0LOOHU��HGV���0DUFHO�'HNNHU�,QF��1HZ�<RUN��S���������������
���'HULRQ�7���5HGGDQ�:�*��� /DQSKLHU�(�+�� 6WDWLF� OXQJ� ORDG� DQG� SRVWXUH� HIIHFWV� RQ� SXOPRQDU\PHFKDQLFV�DQG�FRPIRUW�LQ�XQGHUZDWHU�H[HUFLVH��8QGHUVHD�%LRPHG�5HV�����������������
��� +LFNH\�� '�'��� :�7�� 1RUIOHHW�� $�'�� 3nVFKH�� &�(�*�� /XQGJUHQ�� 5HVSLUDWRU\� IXQFWLRQ� LQ� WKHXSULJKW��ZRUNLQJ�GLYHU�DW������$7$������IVZ���8QGHUVHD�%LRPHG��5HV����������������������
��� /XQGJUHQ� &�(�*�� 3K\VLRORJLFDO� GHVLJQ� FULWHULD� IRU� WKH� EUHDWKLQJ� UHVLVWDQFH� LQ� GLYHUV¶� JHDU�)LQDO�UHSRUW�RQ�FRQWUDFW�1��������������ZLWK�WKH�8QLWHG�6WDWHV�1DY\��1DYDO�0HGLFDO�5HVHDUFKDQG�'HYHORSPHQW�&RPPDQG��%HWKHVGD��0'�������
��� /XQGJUHQ� &�(�*�� %LRPHGLFDO� FULWHULD� IRU� RSWLPDO� HODVWLF� UHVLVWDQFH� LQ� GLYHUV¶� XQGHUZDWHUEUHDWKLQJ� DSSDUDWXV�� )LQDO� UHSRUW� RQ� FRQWUDFW� 1�������-����� ZLWK� WKH� 8QLWHG� 6WDWHV� 1DY\�1DYDO�0HGLFDO�5HVHDUFK�DQG�'HYHORSPHQW�&RPPDQG��$UOLQJWRQ��9LUJLQLD�������
��� /XQGJUHQ� &�(�*��:DUNDQGHU� '�(�� (IIHFWV� RI� � FRPELQHG� EUHDWKLQJ� LPSHGLPHQWV� RQ� GLYHUV
UHVSLUDWRU\�SHUIRUPDQFH��)LQDO�UHSRUW�RQ�FRQWUDFW�1�������������ZLWK�WKH�8QLWHG�6WDWHV�1DY\�1DYDO�0HGLFDO�5HVHDUFK�DQG�'HYHORSPHQW�&RPPDQG��$UOLQJWRQ��9LUJLQLD�������
���0DLR� '$�� )DUKL� /(�� (IIHFW� RI� JDV� GHQVLW\� RQ� PHFKDQLFV� RI� EUHDWKLQJ�� -RXUQDO� RI� $SSOLHG3K\VLRORJ\���������������������
���� 0RUULVRQ� -�%��� 5HLPHUV� 6�'�� 'HVLJQ� 3ULQFLSOHV� RI� 8QGHUZDWHU� %UHDWKLQJ� $SSDUDWXV�� ,Q�%HQQHWW��(OOLRW��HGV����7KH�3K\VLRORJ\�DQG�0HGLFLQH�RI�'LYLQJ���UG�HGLWLRQ��6DQ�3HGUR��&$��%HVW3XEOLVKLQJ�&RPSDQ\��������������
���� 1RUIOHHW� :�7��� '�'�� +LFNH\�� &�(�*�� /XQGJUHQ�� $� FRPSDULVRQ� RI� UHVSLUDWRU\� IXQFWLRQ� LQGLYHUV�EUHDWKLQJ�ZLWK�D�PRXWKSLHFH�RU�D� IXOO� IDFH�PDVN��8QGHUVHD�%LRPHG�5HV���������������������
����5RKUHU�)��'HU�6WU|PXQJVZLGHUVWDQG�LQ�GHQ�PHQVFKOLFKHQ�$WHPZHJHQ�XQG�GHU�(LQIOXVV�GHUXQUHJHOPlVVLJHQ��9HU]ZHLJXQJ�GHV�%URQFKLDOV\VWHPV�DXI�GHQ�$WPXQJVYHUODXI�LQ�YHUVFKLHGHQHQ/XQJHQEH]LUNHQ��3KO�JHUV�$UFK�JHV�3K\VLRO�������������������
����7D\ORU�1�$�6���0RUULVRQ�-�%��(IIHFWV�RI�EUHDWKLQJ�JDV�SUHVVXUH�RQ�SXOPRQDU\� IXQFWLRQ�DQGZRUN�FDSDFLW\�GXULQJ�LPPHUVLRQ��8QGHUVHD�%LRPHG�5HV�������������������
����7KDOPDQQ��(�'���'�.�� 6SRQKROW]��&�(�*�� /XQGJUHQ�� �(IIHFWV� RI� LPPHUVLRQ� DQG� VWDWLF� OXQJORDGLQJ�RQ�VXEPHUJHG�H[HUFLVH�DW�GHSWK���8QGHUVHD�%LRPHG��5HV���������������������
���� 9DQ/LHZ� +'�� &RPSRQHQWV� RI� WKH� SUHVVXUH� UHTXLUHG� WR� EUHDWKH� GHQVH� JDVHV�� 8QGHUVHD%LRPHGLFDO�5HVHDUFK���������������������
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���� :DUNDQGHU� '�(��� 1RUIOHHW� :�7��� 1DJDVDZD� *�.��� /XQGJUHQ� &�(�*�� 3K\VLRORJLFDOO\� DQGVXEMHFWLYHO\� DFFHSWDEOH� EUHDWKLQJ� UHVLVWDQFH� LQ� GLYHUV
� EUHDWKLQJ� JHDU�� 8QGHUVHD� %LRPHG�� 5HV���������������������������
����:DUNDQGHU��'�(���/XQGJUHQ��&�(�*��3K\VLRORJLFDOO\�DQG�VXEMHFWLYHO\�DFFHSWDEOH�HODVWLF�ORDGVLQ�GLYHUV¶�EUHDWKLQJ�JHDU��3UHVHQWHG�DW������8QGHUVHD�DQG�+\SHUEDULF�0HGLFDO�6RFLHW\�$QQXDO6FLHQWLILF�0HHWLQJ��-XQH�������LQ�:DVKLQJWRQ��'&��8QGHUVHD�%LRPHG�5HV�����VXSSO������������
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����:DUNDQGHU��'�(���&�(�*��/XQGJUHQ��(IIHFWV�RI�JUDGHG�FRPELQDWLRQV�UHVLVWDQFH�DQG�HODVWDQFHRQ� 'LYHUV
� UHVSLUDWRU\� SHUIRUPDQFH�� � 3UHVHQWHG� DW� ����� 8QGHUVHD� DQG� +\SHUEDULF� 0HGLFDO6RFLHW\�$QQXDO�6FLHQWLILF�0HHWLQJ��'HQYHU��&2��-XQH��������������8QGHUVHD�	�+\SHUEDULF�0HG����VXSSO������������
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�UHVSLUDWRU\�SHUIRUPDQFH�GXULQJ�H[SRVXUH�WR�D�SRVLWLYH�VWDWLF�ORDG��3UHVHQWHGDW� WKH������8QGHUVHD� DQG�+\SHUEDULF�0HGLFDO�6RFLHW\�$QQXDO�6FLHQWLILF�0HHWLQJ��$QFKRUDJH�$ODVND��$SULO����0D\����������8QGHUVHD�DQG�+\SHUEDULF�0HG�����VXSSO����������
���� :DUNDQGHU�� '(� DQG� /XQGJUHQ�� &(*�� (IIHFWV� RI� SRVLWLYH� DQG� QHJDWLYH� VWDWLF� OXQJ� ORDGVFRPELQDWLRQV� RQ� GLYHUV
� UHVSLUDWRU\� SHUIRUPDQFH� GXULQJ� H[SRVXUH� WR� JUDGHG� FRPELQDWLRQV� RIUHVLVWDQFH� DQG� HODVWDQFH�� 3UHVHQWHG� DW� WKH� ����� 8QGHUVHD� DQG� +\SHUEDULF� 0HGLFDO� 6RFLHW\$QQXDO�6FLHQWLILF�0HHWLQJ��&DQFXQ�0H[LFR��-XQH��������������8QGHUVHD�DQG�+\SHUEDULF�0HG����VXSSO������������
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7KH� GDWD� RQ� DFFHSWDEOH� EUHDWKLQJ� UHVLVWDQFH� IURP� H[SHULPHQWV� DW� &5(6(� ZHUH� SXEOLVKHG� LQ8QGHUVHD�DQG�+\SHUEDULF�5HVHDUFK��:DUNDQGHU��HW�DO����������7KH�OLPLWV�IRU�H[WHUQDO�EUHDWKLQJUHVLVWDQFH�ZHUH�VHW�WR�EH�D�YROXPH�DYHUDJHG�SUHVVXUH��:2%�9��LQ�WKH�UDQJH�RI�����WR�����N3D�LQWKH�YHQWLODWLRQ�UDQJH����WR����/�PLQ��7KH�H[SHULPHQWV�ZHUH�SHUIRUPHG�DW�WZR�GHSWKV��D�VKDOORZGHSWK������PVZ�����IVZ������N3D�������$7$��DQG�WKH�JUHDWHVW�GHSWK�WKDW�WKH�VWDQGDUG�86�1DY\GLYLQJ� WDEOHV� DOORZ� ���� PVZ�� ���� IVZ�� ���� N3D�� ���� $7$��� ([HUFLVH� ZDV� SHUIRUPHG� IRU� ��PLQXWHV�RQ�DQ�XQGHUZDWHU�F\FOH�HUJRPHWHU�DW�����RI�HDFK�VXEMHFW¶V�PD[LPXP�DHURELF�FDSDFLW\�L�H��IDLUO\�KDUG�ZRUN�IRU�D�UHODWLYHO\�ORQJ�WLPH��7KH�OLPLWV�ZHUH�VHW�EDVHG�RQ�D�VXEMHFWLYH�FULWHULRQ�G\VSQHD� VFRUHV�� LQ� FRPELQDWLRQ� ZLWK� DQ� REMHFWLYH� FULWHULRQ� �WKH� GLYHUV¶� &2�� OHYHOV��� 5HVXOWVIURP�ERWK�GHSWKV�ZHUH�FRPELQHG�

0(7+2'�$1'�5(68/76
6WXGLHV� RI� WKH� DFFHSWDEOH� OHYHO� RI� H[WHUQDO� EUHDWKLQJ� UHVLVWDQFH� E\� &ODUNH� HW� DO�� ������� KDYHVKRZQ� WKDW� WKH� DOORZDEOH� H[WHUQDO� UHVLVWDQFH� VKRXOG� JR� GRZQ� ZLWK� LQFUHDVLQJ� GHSWK�� 7KHFRPSXWHU�PRGHO�SUHGLFWV�WKH�VDPH�WKLQJ�VLQFH�WKH�LQWHUQDO�ZRUN�LQFUHDVHV�ZLWK�LQFUHDVLQJ�GHSWK�7KH� UHVSLUDWRU\�PXVFOHV�ZLOO� SUREDEO\� QRW� KDYH� D� EHWWHU� HQGXUDQFH� �H[FHSW� IRU� VRPH� SRVVLEOHLPSURYHPHQW�EHFDXVH�RI�LQFUHDVHG�32���DW�GHSWK�ZKLFK�PHDQV�WKDW�OHVV�DQG�OHVV�FDQ�EH�DOORZHGIURP�H[WHUQDO�ORDGV�
7KH� GDWD� IURP� WKHVH� PDQQHG� H[SHULPHQWV� DW� &5(6(� ZHUH� UHDQDO\]HG� E\� VHSDUDWLQJ� WKH� WZRGHSWKV��6SHFLILFDOO\�� WKH�ROG�ILOHV�ZHUH� UHDG�IURP�&'V�DQG�WKH�GDWD�RQ�:2%�9�DQG�YHQWLODWLRQOHYHO�ZHUH�UH�SORWWHG�E\�GHSWK��)LJXUHV�%��DQG�%���
$W� WKH� VKDOORZ�GHSWK�� WKH� UHVLVWDQFHV�ZHUH� DFFHSWDEOH� XS� WR� DQG� LQFOXGLQJ� WKH�PRGHUDWH� OHYHO�7KLV�PHDQV�WKDW�D�:2%�9�OLPLW�RI�DERXW�����N3D�ZRXOG�EH�DFFHSWDEOH�DW�WKLV�GHSWK�
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)LJXUH� %��� 3ORW� RI�PHDQ� YROXPH�DYHUDJHG� SUHVVXUH� DQG� YHQWLODWLRQ� IRU� WKH� �� OHYHOV� RIUHVLVWDQFH�DW�WKH�VKDOORZ�GHSWK��7KH�UHG��KRUL]RQWDO�OLQH�VKRZV�WKH�OLQH��GUDZQ�E\�H\H��IRUWKH�XSSHU�OLPLW�DW�WKLV�GHSWK�

$W�WKH�JUHDW�GHSWK��WKH�UHVLVWDQFHV�ZHUH�DFFHSWDEOH�RQO\�XS�WR�DQG�LQFOXGLQJ�WKH�ORZ�OHYHO��7KLVPHDQV�WKDW�D�:2%�9�OLPLW�RI�DERXW�����N3D�ZRXOG�EH�DFFHSWDEOH�DW�WKLV�GHSWK�

)LJXUH�%���3ORW�RI�PHDQ�YROXPH�DYHUDJHG�SUHVVXUH�DQG�YHQWLODWLRQ�IRU�WKH���OHYHOVRI�UHVLVWDQFH�DW�WKH�JUHDW�GHSWK��7KH�UHG��KRUL]RQWDO�OLQH�VKRZV�WKH�OLQH��GUDZQ�E\H\H��IRU�WKH�XSSHU�OLPLW�DW�WKLV�GHSWK�

%\� YLVXDO� LQVSHFWLRQ� WKHUH� DSSHDUV� WR� EH� QR� UHDVRQ� IRU� KDYLQJ� WKH� OLPLW� DQ\� GLIIHUHQW� WKDQ� DFRQVWDQW�YDOXH��KRUL]RQWDO�OLQH��IRU�WKHVH�WZR�GHSWKV�
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7DEOHV���DQG��� LQ�:DUNDQGHU�HW�DO��SURYLGHG� WKH�PHDVXUHG�H[WHUQDO�SRZHU�RI�EUHDWKLQJ�IRU� WKHYDULRXV� UHVLVWDQFHV� DQG� GHSWKV�� 7KHVH� GDWD� DUH� VKRZQ� LQ� )LJXUH� %��� 7KH� H[WHUQDO� SRZHU� RIEUHDWKLQJ�IRU�WKH�KLJKHVW�DFFHSWDEOH�UHVLVWDQFH�DW�WKH�VKDOORZ�GHSWK�ZDV������:�DQG�DW�WKH�JUHDWGHSWK� LW� ZDV� �����:�� 7KHVH� WZR� OLPLWV� DUH� SORWWHG� LQ� )LJXUH� %�� WRJHWKHU� ZLWK� D� VWUDLJKW� OLQHEHWZHHQ�WKHP�

)LJXUH�%���3ORW�RI�WKH�H[WHUQDO�SRZHU�RI�EUHDWKLQJ�PHDVXUHG�IRU�WKH���OHYHOV�RI�UHVLVWDQFHDW�ERWK�GHSWKV��7KH�JUHHQ�OLQHV�DQG�PDUNHUV�LQGLFDWH�DFFHSWDEOH�OHYHOV�RI�UHVLVWDQFH��7KHUHG�OLQH�DQG�UHG�PDUNHUV�LQGLFDWH�H[FHVVLYH�EUHDWKLQJ�UHVLVWDQFH��7KH�EODFN�� LQWHUUXSWHGOLQHV�FRQQHFW�WKH�UHG�DQG�JUHHQ�OLQHV�

)LJXUH�%���3ORW�RI�PD[LPXP�DFFHSWDEOH�H[WHUQDO�SRZHU�RI�EUHDWKLQJ�IRU�GLIIHUHQW�GHSWKV�7KH�WZR�WULDQJOHV�VKRZ�WKH�OLPLWV�IRU�WKH�WZR�GHSWKV��UHVSHFWLYHO\��7KH�EOXH�OLQH�FRQQHFWVWKH�WZR�
%\�H[WUDSRODWLRQ�RI�WKH�VWUDLJKW�OLQH�LQ�)LJXUH�%���LW�FDQ�EH�VHHQ�WKDW�QR�H[WHUQDO�UHVLVWDQFH�ZRXOGEH�SHUPLWWHG�DW�GHSWKV�JUHDWHU�WKDQ�����PVZ������IVZ��
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$//2:$%/(�727$/�32:(5�2)�%5($7+,1*
%\� DGGLQJ� WKH� LQWHUQDO� DQG� H[WHUQDO� SRZHU� RI� EUHDWKLQJ� WKH� WRWDO� SRZHU� RI� EUHDWKLQJ� FRXOG� EHFDOFXODWHG�� 7KH� LQWHUQDO� 32%�ZDV� FDOFXODWHG� XVLQJ� WKH� UHVSLUDWRU\�PHFKDQLFV�PRGHO� �SURJUDPYHUVLRQ������ IRU� WKH�PHDVXUHG�YHQWLODWLRQ� OHYHOV�RI������/�PLQ�%736�DW� WKH� VKDOORZ�GHSWK� DQG�����/�PLQ�%736�DW� WKH�JUHDW�GHSWK� �DQ� DYHUDJH�RI����/�PLQ���7KH� WRWDO�32%� IRU� WKH� VKDOORZGHSWK�ZDV�����:�DQG�IRU�WKH�JUHDW�GHSWK�LW�ZDV�����:�
%\�NQRZLQJ� WKH�PD[LPXP� WRWDO� SRZHU�RI�EUHDWKLQJ� DQG�KRZ� WKH� LQWHUQDO� SRZHU� FKDQJHV�ZLWKGHSWK�DQG�YHQWLODWLRQ��WKH�DOORZDEOH�H[WHUQDO�SRZHU�FDQ�EH�VXPPDUL]HG�E\�WKH�HTXDWLRQ
32%H[W� ��$���%�"�GHSWK��"�YHQWLODWLRQ�
ZKHUH�32%H[W�LV�WKH�WRWDO�DOORZDEOH�H[WHUQDO�UHVLVWLYH�SRZHU��:���$ ����"�����:��/�PLQ�%736�
DQG�% �����"�����:��PVZ�"�/�PLQ�%736���7KH�HTXDWLRQ�LV�LOOXVWUDWHG�LQ�)LJXUH�%��

+RZ�GRHV�WKH�OLPLW�RQ�UHVSLUDWRU\�SRZHU�DSSO\�WR�RWKHU�YHQWLODWLRQ�OHYHOV"
2SWLRQ����,Q�SUHYLRXV�VWDQGDUGV��WKH�:2%�9�KDV�PRVW�RIWHQ�EHHQ�NHSW�DW�D�IL[HG�YDOXH��,Q�WHUPVRI�32%��WKLV�WUDQVODWHV�LQWR�D�VWUDLJKW�OLQH�WKURXJK�WKH�RULJLQ�DQG�D�NQRZQ�SRLQW��7KH�LQIOXHQFHVRI�YHQWLODWLRQ�DQG�GHSWK�DUH�LOOXVWUDWHG�LQ�)LJ�%���7KH�32%PD[�LQFUHDVHV�OLQHDUO\�ZLWK�YHQWLODWLRQ�7KLV�VHHPV�SK\VLRORJLFDO�VLQFH� LQFUHDVHG�YHQWLODWLRQ�VLJQLILHV� LQFUHDVHG�ZRUNUDWH�DQG� WKHUHIRUHLQFUHDVHG� FDUGLDF� RXWSXW�� ,W� LV� LQWHUHVWLQJ� WR� QRWH� WKDW� VXFK� D� UHODWLRQVKLS� PHDQV� WKDW� WKHUHVSLUDWRU\�PXVFOHV� FDQ�ZRUN�KDUGHU� LI� WKH� UHVW� RI� WKH�ERG\�GRHV� LW��7KLV� UHODWLRQVKLS�GRHV�QRWLQGLFDWH�DQ�XSSHU�OLPLW�RI�WKH�SRZHU�RI�EUHDWKLQJ�DW�OHDVW�QRW�IRU�WKH�ZRUN�ORDGV�WHVWHG�

)LJXUH�%���3HUPLVVLEOH�H[WHUQDO�SRZHU�DV�D�IXQFWLRQ�RI�YHQWLODWLRQ�DQG�GHSWK�
2SWLRQ����7KH�:2%�9�OLPLW�LV�VRPHWLPHV�VSHFLILHG�WR�LQFUHDVH�ZLWK�YHQWLODWLRQ��7KLV�ZRXOG�EH�D
32%OLPLW�  � N9& (

�� W\SH� HTXDWLRQ��7KH� YHQWLODWLRQ� LQFUHDVHV� DOPRVW� OLQHDUO\�ZLWK� WKH� WRWDO�ZRUN
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5()(5(1&(6
&ODUNH� -5�� 6� 6XUYDQVKL�� (� 7KDOPDQQ�� (7� )O\QQ�� /LPLWV� IRU� PRXWK� SUHVVXUH� LQ� 8QGHUZDWHU%UHDWKLQJ�$SSDUDWXV��8%$��� ,Q��3K\VLRORJLFDO�DQG�+XPDQ�(QJLQHHULQJ�$VSHFWV�RI�8QGHUZDWHU%UHDWKLQJ� $SSDUDWXV�� /XQGJUHQ�� :DUNDQGHU� �HGV���� )RUWLHWK� ZRUNVKRS� RI� WKH� 8QGHUVHD� DQG+\SHUEDULF�0HGLFDO�6RFLHW\�������������
:DUNDQGHU�'(��:7�1RUIOHHW��*.1�1DJDVDZD��&(*�/XQGJUHQ��3K\VLRORJLFDOO\�DQG�VXEMHFWLYHO\DFFHSWDEOH� EUHDWKLQJ� UHVLVWDQFH� LQ� GLYHUV¶� EUHDWKLQJ� JHDU�� 8QGHUVHD� %LRPHG�� 5HV�� �������������������
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