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7KH�SURSHUWLHV� RI� WKH� HYHQW� TXLWH� GLIIHU� IURP� WKH� SURSHUWLHV� RI� WKH� RXWFRPH� DQG�ZH� ILQG� DQRSHQ�LQFRQVLVWHQF\��:H�FDQQRW�FDOO�; �VHW�RI�HYHQWV���DQG�DOVR�FRQFHLYH�LW�DV�D��VHW�RI�UHVXOWV��:H�FDQQRW�PHUJH�WKH�SDUW�DQG�WKH�ZKROH�ZLWKRXW�D�ORJLFDO�MXVWLILFDWLRQ�EXW�WKLV�LV�ODFNLQJ�VR�IDU�5HPDUN� ���� 'HILQLWLRQ� ���� HQWDLOV� WKDW� D� UHVXOW� HPHUJHV� LQ� DQ\� DSSOLFDWLRQ�� $VLGH� IURPJDPEOLQJ� DQG� VRPH� RWKHU� VSHFLDO� HYHQWV�� WKLV� VWDWHPHQW� HQFRXQWHUV� GLIILFXOWLHV� EHFDXVHRXWFRPHV�PD\�EH�ODFNLQJ��(�J��0U��7RP�JHWV�LQIRUPDWLRQ�DERXW�0U��-RKQ��+H�WDNHV�D�GHFLVLRQ�ZKLFK�LQIOXHQFHV�KLV�LQQHU�SV\FKRORJLFDO�VWDWH��EXW�GRHV�QRW�WHOO�KLV�UHVROXWLRQ��1RWKLQJ�HPHUJHVRXWVLGH�KLV�PLQG�DQG�WKH�HYHQW�GRHV�QRW�RXWSXW�DQ\WKLQJ��,Q�WKLV�VLWXDWLRQ�; FDQQRW�EH�GHILQHGDQG�WKH�.ROPRJRURY�WKHRU\�FDQQRW�EH�DSSOLHG�5HPDUN����� :KHQ� WKH� UHVXOW�DSSHDUV�� VRPHWLPHV� LW�FDQQRW�EH�PRGHOHG�DV�D�VHW��4XDQWXP3K\VLFV�EULQJV�XS�DQ�H[FHSWLRQ�RI�VLJQLILFDQW�LPSRUWDQFH�EHFDXVH�WKH�RXWFRPHV�LQ�WKH�³WZR�VOLWVH[SHULPHQWV´�FDQQRW�EH�FDOFXODWHG�DV�VHWV���
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6RPH�PD\�REMHFW�WKDW�WKH�DERYH�PHQWLRQHG�GLIILFXOWLHV�GR�QRW�H[LVW�LQ�WKH�3UREDELOLW\�&DOFXOXVRU�DW�OHDVW�QRW�WR�WKH�H[WHQW�ZH�KDYH�MXVW�KLJKOLJKWHG��7KH\�DUJXH�WKDW�WKH�UDQGRP�HYHQW�; LV�WKHDUJXPHQW�RI�3��WKXV�LW�LV�FRQFHLYHG�DV�D��XQLFXP��DQG�;�MXVW�GHQRWHV�WKH�SUDFWLFDO�HYHQW��; FRGHVWKH� IDFWV� VLPSO\��7KLV� DVVXPSWLRQ� MXVWLILHV� WKH� JHQHULF�SURSRVLWLRQ� DQG� WKH� VHW� UHIHUULQJ� WR� WKHUHVXOW�� 7KH�PRGHO�;� VHUYHV� RQO\� WR� LGHQWLI\� WKH� DUJXPHQW� RI� WKH� SUREDELOLW\� DQG� RXU� UHPDUNVZRXOG�EH�RXW�RI�SODFH��2EMHFWLYLVWV�DQG�VXEMHFWLYLVWV��ED\HVLDQV��IUHTXHQWLVWV�� ORJLFLVWV�DQG�VWLOORWKHUV�DPSO\�VKDUH�WKHVH�FRQVLGHUDWLRQV��WKHUHIRUH�ZH�SOXQJH�LQWR�WKH�WRSLF��:H�ZRQGHU��'LG�ZHYHULI\�LI��WKH�UDQGRP�HYHQW�LV�WKH�ULJRURXV�DUJXPHQW�RI�WKH�SUREDELOLW\�UDWKHU�WKDQ�LWV�D�JHQHULFUHIHUHQFH�"'HILQLWLRQV� ���� DQG� ���� FODLP� WKDW� SUREDELOLW\� GHSHQGV� RQ� WKH� UDQGRP� HYHQW�� KRZHYHU� WKHQRWLRQ�RI�³DUJXPHQW´�LV�VRPHZKDW�HODERUDWH��:H�VKDOO�DQDO\]H� LW�E\�GLVFXVVLQJ� WKH�VSHHG�Y RIWKH�PRYLQJ�ERG\�[�5HPDUN� ���� 7KLV� SK\VLFDO� SDUDPHWHU� GHSHQGV� RQ� WKH� VSDFH� 'V� FRYHUHG� E\� [ GXULQJ� WKHLQWHUYDO�'W� 7KH�ULJRURXV�GHILQLWLRQ�VWDWHV�WKH�VSHHG�HTXDOV�WKH�UDWLR�RI�WKH�WZR�YDOXHV

� � � VY Y V W W'  ' ����
5HPDUN����� ,I�ZH�GHWHFW�WKH�VSHHGV�RI�VRPH�ERGLHV�E\�DQ�LQVWUXPHQW��ZH�LGHQWLI\�WKH�VSHHGXVLQJ�WKH�DUJXPHQW�[�

Y� �Y[� ����
7KLV�H[SUHVVLRQ�SRLQWV�RXW�WKDW�Y UHIHUV�WR�[ DQG�QRW�WR�\ RU�]� 7KLV�GHSHQGHQFH�GRHV�QRW�PDNHH[SOLFLW�WKH�PHDQLQJ�RI�WKH�VSHHG�EXW�VLPSO\�UHODWHV�WKH�PRYHPHQW�WR�WKH�ERG\�[�:H� FRQFOXGH� WKDW� WKH� ULJRURXV� DUJXPHQW� LQ� ����� SURYLGHV� WKH� VXEVWDQWLDO� VLJQLILFDQFH� RI� YZKHUHDV������PHUHO\�GHQRWHV�WKH�UXQQLQJ�ERG\��7KH�VSHFLILF�DUJXPHQW�RI�D�PHDVXUH�H[SOLFDWHVWKH�FDXVH�HIIHFW�RFFXUULQJ�LQ�WKH�ZRUOG��,W�SURYLGHV�WKH�FRUUHFW�YDOXH�WKURXJK�FDOFXOXV�ZKHUHDVWKH� JHQHULF� DUJXPHQW� GRHV� QRW�� 7KH� 3UREDELOLW\�&DOFXOXV� VXSSOLHV� WKH� SUREDELOLW\� WKURXJK� WKHQXPEHU�RI�SRVVLEOH�FDVHV��QS DQG�WKH�IDYRUDEOH�FDVHV�QI
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/XGZLQJ� YRQ� %HUWDODQII\�� IDWKHU� RI� WKH� *HQHUDO� 6\VWHPV� 7KHRU\�� FRQFHLYHV� D� V\VWHP�� DQGFRQVHTXHQWO\� DQ� HYHQW�� DV� DQ� LQWULFDWH� VHW� RI� LWHPV�� ZKLFK� DIIHFW� RQH� DQRWKHU�� ,QWHUDFWLQJ� DQGFRQQHFWLQJ�LV�WKH�HVVHQWLDO�FKDUDFWHU�DQG�WKH�LQQHU�QDWXUH�RI�HYHQWV��DQG�ZH�WDNH�WKLV�LGHD�DW�WKHEDVH�RI�RXU�WKHRUHWLFDO�SURSRVDO�3RVWXODWH����� 7KH�LGHD�RI�UHODWLQJ��RI�FRQQHFWLQJ��RI�OLQNLQJ�LV�SULPLWLYH�7KLV�LGHD�VXJJHVWV�WZR�HOHPHQWV�VSHFLDOL]HG�LQ�UHODWLQJ�DQG�LQ�EHLQJ�UHODWHG'HILQLWLRQ� ����� 7KH� UHODWLRQVKLS�5 FRQQHFWV� WKH� HQWLWLHV� DQG� ZH� VD\�5 KDV� WKH� SURSHUW\� RIFRQQHFWLQJ�'HILQLWLRQ� ���� 7KH� HQWLW\� ( LV� FRQQHFWHG� E\� 5 DQG� ZH� VD\� ( KDV� WKH� SURSHUW\� RI� EHLQJFRQQHFWHG�5HODWLRQVKLSV�DQG�HQWLWLHV�DUH�DOUHDG\�NQRZQ�DV�RSHUDWLRQV�DQG�HOHPHQWV�LQ�$OJHEUD��DV�DUURZVDQG�REMHFWV��DV�HGJHV�DQG�YHUWLFHV��7KH�PDLQ�GLIIHUHQFH�LV�WKDW�DOO�RI�WKHP�DUH�JLYHQ�DV�SULPLWLYH�ZKLOH�5 DQG�( GHULYH� IURP� WKH� D[LRPDWLF� FRQFHSW� � ����� ,Q� RWKHU� ZRUGV�� WKH� SURSHUWLHV� RI� WKHDOJHEUDLF�HOHPHQWV�DUH�RSHQO\�JLYHQ�LQ�����DQG������ZKLOH�WKH\�DUH�LPSOLFLW�LQ�RWKHU�WKHRULHV�'HILQLWLRQ����� 7KH�UHODWLRQVKLS�5 OLQNV�WKH�HQWLW\�( DQG�WKH\�JLYH�WKH�DOJHEUDLF�VWUXFWXUH

6� ��(��5� ����
1RWH� WKLV�VHW�KDV� WKH�DVVRFLDWLYH�GLVVRFLDWLYH�SURSHUW\��QDPHO\� WKH�VWUXFWXUH� LV� WKH� XQLFXP�6�7KHQ�LW� LV�GHILQHG�LQ�WHUPV�RI� WKH�GHWDLOV�( DQG�5�� ,I� WKLV�DQDO\VLV� LV� LQVXIILFLHQW�ZH�UHYHDO� WKHHQWLWLHV��(��(�«�(P��DQG�WKH�UHODWLRQV��5���5���« 5S����WKHVH�DUH�H[SORGHG�DW�D�JUHDWHU�OHYHO��DQGVR�IRUWK�

OHYHO�� 6OHYHO�� (�5«���� ««OHYHO��Q��� (��(����(P���5���5���« 5SOHYHO�Q����� (��������(P��(P� ���(PN��5���5��������5S��5S����5SK ����
'HILQLWLRQ����� 7KH�VWUXFWXUH�RI� � OHYHOV�FRQVLVWV�RI� WKH�ILQLWH�QXPEHU Q� RI� � OHYHOV�ZKLFK�DUHLQGH[HG�DQG�RUGHUHG�VHWV��7KH�HOHPHQW�;M RI�WKH�OHYHO M�KDV�WKLV�SURSHUW\;M� �^<M����=M����:M� �« `�������� M�!�Q�� ����
:KHUH�<M�� ��=M�� ��:M���DUH�JHQHULF�HOHPHQWV�RI�WKH�OHYHO�M ����,Q�WKH�SK\VLFDO�UHDOLW\��DQ�HYHQW�LV�D�G\QDPLF�SKHQRPHQRQ�OLQNLQJ�(LQ WR�(RXW�DQG�IURP������ZHFDQ�GHGXFH�WKLV�YHU\�FRPPRQ�VWUXFWXUH

6� ��(��5�  ��(LQ��(RXW��5� ����
8VLQJ�D�JUDSK�ZH�JHW
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7KH� VWUXFWXUDO�PRGHO� LGHQWLILHV� DFFXUDWHO\� HDFK�SK\VLFDO� LWHP�� LQ� SDUWLFXODU�ZH�KLJKOLJKW� WKHHQVXLQJ�DGYDQWDJHV�5HPDUN����� 7KH�SDUWV�DQG�WKH�ZKROH�DUH�ORJLFDOO\�VHSDUDWH�QDPHO\�WKH�UHVXOW�(RXW LV�GLVWLQFWIURP�WKH�HYHQW�6 DQG� WKH\�JLYH�D�SUHFLVH�DQVZHU� WR�REMHFWLRQ������7KH� VWUXFWXUH�FDQ�PRGHO� DQHYHQW��ZKLFK�GRHV�QRW�SURGXFH�DQ\�RXWSXW�LQ�WKH�UHDOLW\�DQG�UHVROYH�TXHVWLRQ�����5HPDUN����� 7KH�RXWFRPH�PD\�EH�D�UDWLRQDO�RU�DQ�LUUDWLRQDO�QXPEHU��D�UHDO�RU�DQ�LPDJLQDU\YDOXH� QRWDEO\�(RXW� FDQ� EH� FDOFXODWHG� E\� D�ZDYH� IXQFWLRQ� RU� E\� D� VHULHV� HWF�� DQG� WKLV� RIIHUV� DIRUPDO�VROXWLRQ�WR�SRLQW������,I�WKH�UHVXOW�(RXW LV�DQ�HQVHPEOH�RI�YDULDEOHV
(RXW  �^[�� [�� [�����`�� ����

7KDQ�WKH�VWUXFWXUH�LQFOXGHV�WKH�.ROPRJRURY�PRGHO�����5HPDUN����� $�VLPSOH� VHQWHQFH� LQFOXGHV� QRXQV� WKDW� DUH� HQWLWLHV� DQG� D� YHUE� UHSUHVHQWLQJ� DG\QDPLFDO�HYROXWLRQ��(�J��7KH�HQWLWLHV�DQG�UHODWLRQVKLS�GHWDLO�WKH�IROORZLQJ�SURSRVLWLRQ
³7KH�FRLQ�_�FRPHV�GRZQ�_�KHDGV´(LQ��� 5���� (RXW ����

,Q�VKRUW��WKH�DOJHEUDLF�VWUXFWXUH�DFFRPSOLVKHV�WKH�OLQJXLVWLF�PRGHO��+RZHYHU�D�VHQWHQFH�FDQ�EHHTXLYRFDO�ZKHUHDV�WKH�VWUXFWXUH�6 LV�D�ULJRURXV�IRUPDOLVP�DQG�DQVZHUV�UHPDUN������5HPDUN����� 7KH�PXOWLSOH�OHYHO�GHFRPSRVLWLRQ�LV�DPSO\�LQWURGXFHG�LQ�WKHRUHWLFDO�DQG�DSSOLHGZRUNV�����7KH��SURJUHVVLYH�H[SDQVLRQ�RI�WKH�HYHQW�LV�DOUHDG\�NQRZQ�LQ�WKH�3UREDELOLW\�&DOFXOXVZKHUH� ZH� XVH� WUHHV� FRQQHFWLQJ� WKH� SDUWV� DQG� WKH� VXESDUWV� RI� D� UDQGRP� HYHQW� ���� ,QVWHDG�� WKHVWUXFWXUH� RI� OHYHOV� GRHV� QRW� UHTXLUH� LQGLYLGXDO� FRQQHFWLRQV� EHWZHHQ� WKH� HOHPHQWV�� 7KH\� DUHLQHVVHQWLDO�WR�WKH�3UREDELOLW\�&DOFXOXV�5HPDUN������ 3UREDELOLW\�LV�WKH�DQVZHU�WR�TXHVWLRQV�VXFK�DV��:KR�ZLOO�ZLQ�WKH�QH[W�IRRWEDOOJDPH"��:KR�ZLOO�EH�YRWHG�LQ�WKH�UHJLRQDO�HOHFWLRQV"�6KDOO�,�SDVV�WKH�H[DPLQDWLRQV"�:KHUH�LV�WKHSKRWRQ�QRZ�"7KHVH� TXHVWLRQV� SURYH� WKDW� SUREDELOLW\� LV� FRQFHUQHG� ZLWK� WKH� SDUWLFXODUV� RI� DQ� HYHQW� WKDW� LVDOUHDG\�NQRZQ�LQ�WKH�ZKROH��:H�VHH�WKH�RYHUDOO�UDQGRP�SKHQRPHQRQ�EXW��KRZHYHU��ZH�LJQRUHWKH�GHWDLOV� WKDW�ZLOO�SURGXFH� WKH� UHVXOW��:KHQ�ZH�DVN� ³ZKR�ZLOO�ZLQ� WKH� QH[W�JDPH"´��ZH� DUHIDPLOLDU�ZLWK�WKH�PDWFK��ZH�DOUHDG\�NQRZ�WKH�WHDPV�WKDW�ZLOO�SOD\��ZKHUH�WKH�PDWFK�ZLOO�EH�KHOG�HWF��:H�FRPSUHKHQG�WKH�RYHUDOO�HYHQW��KRZHYHU��ZH�GR�QRW�KDYH�WKH�GHWDLOV�WKDW�ZLOO�GHWHUPLQHWKH�UHVXOW��2XU�XQGHUVWDQGLQJ�LV�LQFRPSOHWH�DQG�ZH�WUDQVODWH�WKLV�QRWLRQ�LQWR�WKH�IRUPDOLVP�MXVWLQWURGXFHG��/HW�WKH�HYHQW�6 KDYH�WKH�OHYHO����WKH�OHYHO����XS�WR�WKH�OHYHO�Q��WZR�FDVHV�DULVH�QRZ�������� 7KH�HYHQW�UXQQLQJ�LQ�WKH�SK\VLFDO�UHDOLW\�LV�HQWLUHO\�GHVFULEHG�E\�WKH�UHODWLRQV�DQG�WKHHQWLWLHV� LQ� ������7KH�HOHPHQWV�DW� OHYHO� �Q����DUH�QRW� H[LVWHQW�ERWK� LQ� WKH�PRGHO� DQG� LQ� QDWXUH�7KLV�VWUXFWXUH��LV�FHUWDLQ��EHFDXVH�LW�ZKROO\�GHILQHV�WKH�IDFWV�������� /HW�WKH�HYHQW�UXQQLQJ�LQ�WKH�SK\VLFDO�UHDOLW\�EH�QRW�HQWLUHO\�GHVFULEHG�E\�WKH�UHODWLRQVDQG�WKH�HQWLWLHV�RI�WKH�OHYHO�Q��7KH�PLFURHOHPHQWV�RI�WKH�OHYHO��Q����H[LVW�DQG�LQIOXHQFH�WKH�ILQDOUHVXOWV�LQ�D�GHFLVLYH�ZD\��KRZHYHU������FDQQRW�H[KLELW�WKHP��:H�FDOO�XQFHUWDLQ VXFK�LQFRPSOHWHVWUXFWXUH��(�J��7KH�VWUXFWXUH�RI�WKURZLQJ�D�GLFH�OLVWV�WKH�GLFH�(P��WKH�ODXQFKLQJ�IDOOLQJ�G\QDPLFV5P��7KH� UHVXOWV�(��� (��� (��«�(� DQG� WKH� UHODWLRQV��ZKLFK� DUH� DOWHUQDWLYH� DQG� SURGXFH� WKHP� LQJHQHUDO��DSSHDU�DW�WKH�QH[W�OHYHO
OHYHO�� 6OHYHO�� (P�5POHYHO�� (���(���«�(� ��5���5���«�5��25OHYHO�� �������������� ����



7KH�VXEUHODWLRQVKLSV�RI�OHYHO���ZKLFK�LQWHUYHQH�LQ�WKH�SK\VLFDO�UHDOLW\�DQG�FDXVH�DQ\�VSHFLILFRXWFRPH� DUH� HVVHQWLDO�� 7KH\� ZRXOG� HQDEOH� WKH� FDOFXODWLRQ� RI� DQ\� WULDO� DQG� VKRXOG� EH� OLVWHG�XQIRUWXQDWHO\�ZH�DUH�XQDZDUH�RI�WKHP�DQG������LV�DQ�XQFHUWDLQ�VWUXFWXUH�
9,��352%$%,/,7<�$1'�,76�3+<6,&$/�(9,'(1&(
7KH� VWUXFWXUH� ����� SURYHV� KRZ� DQ\� HYHQW� LV� HTXLSSHG� ZLWK� SUHFLVH� PDFURPHFKDQLVPV� DQGPLFURPHFKDQLVPV��7KH�UHODWLRQVKLS�5M DW�OHYHO�M UXQV�WKURXJK�WKH�VXEUHODWLRQVKLSV�RI�OHYHO��M���DQG�DQ\�HYHQW�OLNH�DQ�LQGXVWULDO�DSSDUDWXV��D�PHFKDQLFDO�FORFN�RU�DQ�HOHFWURQLF�GHYLFH�LQFOXGLQJYDULRXV�ZRUNLQJ�SDUWV��$�FHUWDLQ�HYHQW�LV�HQWLUHO\�H[SODLQHG�WKURXJK�WKH�OHYHOV�VLQFH�WKH�VWUXFWXUH�����FOHDUO\�VKRZV��KRZ�� WKH�HYHQW� UXQV� WKURXJK�Q OHYHOV��ZKLFK�DUH�H[KDXVWLYH�E\�GHILQLWLRQ�2Q�WKH�FRQWUDU\��WKH�XQFHUWDLQ�VWUXFWXUH�LV�LQFRPSOHWH�DQG�ZH�FDQQRW�GHVFULEH��KRZ��WKH�HYHQWUXQV�LQ�WKH�SK\VLFDO�UHDOLW\��$V�WKH�LPSRVVLELOLW\�RI�DQ�DQDO\WLFDO�IXQFWLRQ�FDSDEOH�RI��GHVFULELQJ�KRZ�� WKH� SK\VLFDO� HYHQW� IXQFWLRQV� VLQFH�ZH�PLVV� WKH� �Q���� HOHPHQWV�� ZH� VHDUFK� �ZKHQ�� WKHXQFHUWDLQ�HYHQW�EHKDYHV��QDPHO\�KRZ�PDQ\�WLPHV�LW�RFFXUV�LQ�WKH�ZRUOG�7KH� VWUXFWXUH� RI� OHYHOV� ����� KLJKOLJKWV� KRZ�5 LV� WKH� SLYRWDO� HOHPHQW��ZKLOH�(LQ��(RXW PD\�EHDEVHQW��7KH� HYHQW�6 RFFXUV� LI� DQG�RQO\� LI� WKH� UHODWLRQVKLS�5 ZRUNV��:H�PHDVXUH� LWV� DELOLW\� WRFRQQHFW�WKDW�GLUHFWO\�UHIOHFWV�WKH�RFFXUUHQFH�RI�6�'HILQLWLRQ�����:KHQ�5 DOZD\V�OLQNV�WKH�LQSXW�WR�WKH�RXWSXW�LQ�WKH�SK\VLFDO�UHDOLW\��WKH�HYHQW�6LV�FHUWDLQ�DQG�WKH�PHDVXUH�3�5� HTXDOV�RQH

3�5�  ��� ����
:KHQ�5 GRHV�QRW�ZRUN� LQ� WKH� SK\VLFDO� UHDOLW\��6 LV� LPSRVVLEOH� LQ� WKH� IDFWV� DQG� WKH�PHDVXUH3�5��LV�]HUR

3�5�  �� ����
,I� 5 RFFDVLRQDOO\� OLQNV� (LQ WR� (RXW�� WKH� FRQQHFWLRQ� LV� QHLWKHU� VXUH� QRU� LPSRVVLEOH� DQG� 3�5�DVVXPHV�D�GHFLPDO�YDOXH

� ��3�5� ��� ����
:H� FDOO� SUREDELOLW\ WKH� PHDVXUH� 3�5�� RI� WKH� RSHUDWLRQ� 5 ZKLFK� H[WHQVLYHO\� LQGLFDWHV� WKHRFFXUUHQFH�RI��6��,W�TXDQWLILHV WKH�SRVVLELOLW\�RU�WKH�LPSRVVLELOLW\�RI�WKH�UDQGRP�HYHQW�DQG�PHHWVZLWK�FRPPRQ�VHQVH��(�J��:H�WKURZ�D�GLFH��WKH�UHODWLRQVKLS�5��VRPHWLPHV�FRQQHFWV�WKH�LQSXW�WRWKH�RXWSXW�(���7KLV�RSHUDWLRQ�RFFDVLRQDOO\�ZRUNV�� WKH�HYHQW� LV�XQFHUWDLQ�DQG�3�5��� LV�GHFLPDO�(�J��7KH�JUDYLWDWLRQ� IRUFH�5J DWWUDFWV� FRQVWDQWO\� WKH�(DUWK�(( WR� WKH�6XQ�(6�� 7KLV� UHODWLRQVKLSRSHUDWHV�DOZD\V��WKH�HYHQW�LV�FHUWDLQ�DQG�WKH�SUREDELOLW\�3�56��LV�XQLW�5HPDUN����� :H�FDQ�GHQRWH�WKH�RSHUDWLRQ�E\�PHDQV�RI�LWV�RXWFRPH�LQ�VRPH�VSHFLDO�HYHQWV��,IZH�DVVXPH�WKLV�XQLYRFDO�UHODWLRQ�EHWZHHQ�(RXW DQG�5

(RXW � 5 ����
7KDQ�ZH�FDOFXODWH�WKH�SUREDELOLW\�RI�WKH�RXWFRPH

3�(RXW�  �3�5� ����
(�J��7KH�UHVXOW�KHDGV�(K DSSHDUV�ZKHQHYHU�5K ZRUNV��WKH�RXWSXW�HQWDLOV�WKH�RSHUDWLRQ

(K � 5K ����
$QG�ZH�FDOFXODWH�WKH�SUREDELOLW\�XVLQJ�WKH�RXWFRPH�DV�D�YDULDEOH



3�(K�  �3�5K�  �������� ����
,Q� FRQFOXVLRQ� LI� ������ ����� DQG� ����� DUH� WUXH�� 'HILQLWLRQ� ���� FRQVLVWV� ZLWK� � .ROPRJRURY¶VWKHRU\� DQG� HYLGHQFHV� KRZ� WKLV� WKHRU\� FDQQRW� FDOFXODWH� DOO� WKH� SRVVLEOH� FDVHV� RI� WKH� SK\VLFDOUHDOLW\�5HPDUN� ���� 7KH� DFFXUDWH� PRGHOLQJ� RI� D� SK\VLFDO� HYHQW� E\� PHDQV� RI� D� VWUXFWXUH� DYRLGVDPELJXLWLHV� DQG� PLVXQGHUVWDQGLQJV� LQ� WKH� SUREDELOLW\� FDOFXOXV�� )RU� HDVH�� %HUWUDQG¶V� SDUDGR[OLVWV�WZR�GLIIHUHQW�G\QDPLFV�LQ������7KH�FKRUG�([��DQWHFHGHQW�WR�WKH�IDOO��DQG�WKH�FKRUG�GURSSHGLQ� WKH� FLUFOH� (\ DUH� LGHQWLFDO� LQ� ������ DQG� ������� 7KH� WZR� SK\VLFDO� G\QDPLFV� HQWDLO� WZRUHODWLRQVKLSV�DQG�WKHQ�WZR�GLIIHUHQW�VWUXFWXUHV

6�  ��([�(\�5��6�  ��([�(\�5��� ����
7KH�IDOOV 5��DUH�SDUDOOHO�WR�WKH�GLDPHWHU��5��WLH�DQ�H[WUHPH�RI�WKH�FKRUG�LQ�$��WKXV

3�5�� z 3�5�� ����
5HPDUN����� &HUWDLQ�VWUXFWXUHV�LQFOXGH�RQO\�FHUWDLQ�HOHPHQWV�� LPSRVVLEOH�HOHPHQWV�KDYH�QRVHQVH�DQG�DUH�RPLWWHG��7KH�XQLWDU\�YDOXH�RI�SUREDELOLW\�PHUHO\�FRQILUPV�ZKDW�LV�DOUHDG\�UHODWHGLQ�WKH�OHYHOV��&RQYHUVHO\�WKH�XQFHUWDLQ�VWUXFWXUH�ODFNV�WKH�ORZHVW�HOHPHQWV�WKDW�DUH�HVVHQWLDO�DQGWKH� SUREDELOLW\� SURYLGH� LQIRUPDWLRQ� DERXW� WKHP�� 7KH� GHFLPDO� YDOXHV� RI� 3�5�� FODULI\� WKHLQWHUYHQWLRQ� RI� WKH� HOHPHQWV� DW� OHYHO� �M� �� ��� DOWKRXJK� WKH\� DUH� DEVHQW� LQ� WKH� VWUXFWXUH� )RUH[DPSOH��ZH�LJQRUH� WKH�SDUWV�RI�5K SURGXFLQJ� WKH� UHVXOW�(K��EXW� �����H[SODLQV�KRZ�WKH\�ZRUN�([DFWO\�KDOI�RI�WKH�6�RFFXUUHQFHV�LV�GXH�WR�WKH�VXEUHODWLRQVKLSV�RI��WDLOV�5W� DQG�WKH�RWKHU�KDOI�LVDFWLYDWHG�E\�WKH�FRPSRQHQWV�RI�KHDGV�5K��7KH�H[SOLFDWRU\�DQG�SUHGLFWLYH�YDOXHV�RI��SUREDELOLW\DSSHDU�DEVROXWHO\�UHOHYDQW�5HPDUN����� 'HILQLWLRQ�����IRUFHV�XV�WR�SURYH�LWV�SK\VLFDO�PHDQLQJ�VLQFH�LW�LV�VXJJHVWHG�E\H[SHULHQFH�� ,Q� RUGHU� WR� VLPSOLI\� WKH� GLVFXVVLRQ� OHW� WKH� XQFHUWDLQ� HYHQW� LQFOXGH� HLWKHU� WKHUHODWLRQVKLS�5L RU�127�5L DW�OHYHO�QOHYHO��� 6OHYHO��� (�5OHYHO�Q� (L�127�(L�� 5L��127�5L�OHYHO� �������������� ����
7KH�SUREDELOLW\�3�5L��H[SUHVVHV�WKH�UXQV�RI�5L E\�GHILQLWLRQ��WKXV�WKH�RFFXUUHQFHV JV�5L��LQ�WKHVDPSOH�V LV�WKH�H[SHULPHQWDO�PHDVXUHPHQW�FRUUHVSRQGLQJ�WR�3�5L���$V�PXFK�DV�5L FRQQHFWV��VRPXFK�LV�JV�5L�� 9LFH�YHUVD�DV�OLWWOH�5L UXQV��VR�VPDOO�LV�JV�5L���$V�WKH�DEVROXWH�IUHTXHQF\ JV�5L�H[FHHGV�WKH�UDQJH�>���@��ZH�VHOHFW�WKH�UHODWLYH�IUHTXHQF\ )V�5L��ZKLFK�YHULILHV

��d )V�5L�� d � ����
7KH�UHODWLYH�IUHTXHQF\�PXVW�FRLQFLGH�ZLWK�WKH�SUREDELOLW\�FDOFXODWHG�WKHRUHWLFDOO\��LQVWHDG�WKHQXPHULFDO�YDOXH�RI�)V�5L��LV�QRW�LGHQWLFDO�WR�3�5L���:K\�"�,V�WKHUH�SHUKDSV�D�V\VWHPDWLF�HUURU�LQWKH�H[SHULPHQW�RU�LV�WKH�WKHRU\�ZURQJ�"7KH�UHODWLRQVKLS�5L DW�OHYHO�Q ZRUNV�E\�PHDQV�RI�LWV�VXEUHODWLRQVKLSV�DW�OHYHO��Q������ KRZHYHUWKHVH�RFFXU�UDQGRPO\�DQG�D�ILQLWH�QXPEHU�RI� WHVWV�GRHV�QRW�DOORZ� WKH� VXEUHODWLRQVKLSV�RI�5L WRPDLQWDLQ�WKHLU�G\QDPLFDO�FRQWULEXWLRQ�WR�5L� 6\PPHWULFDOO\�WKH�VXEUHODWLRQVKLSV�RI�127�5L DUHQRW�SURSRUWLRQDO�WR�3�127�5L���(YHU\�ILQLWH�VDPSOH�RI�WHVWV�XQEDODQFHV�ERWK��5L DQG�127�5L��7KHRFFXUUHQFHV�RI�RQH�JURXS�DUH�ORZHU�WR�ZKDW�WKH\�RXJKW�WR�EH�DQG�WKH�RFFXUUHQFHV�RI�WKH�RWKHU�DUHJUHDWHU�� 7KH� UHODWLYH� IUHTXHQFLHV� DSSHDU� LQ� IDYRU� RI� RQH� JURXS� DQG� LQ� GHWULPHQW� RI� WKH� RWKHU�)V�5L��DQG�)V�127�5L�� DUH�QHFHVVDULO\�XQUHOLDEOH�DQG�GLVDJUHH�3�5L��DQG�3�127�5L��ZKLFK�ZHFDOFXODWH��:H�FRQFOXGH�WKH�FRUUHFW�WULDO�RI�SUREDELOLW\�PXVW�EH�H[WHQGHG�RYHU�WKH�XQLYHUVH�ZKHUHWKH�VXEUHODWLRQVKLSV�RI�5L DQG�RI�127�5L GR�QRW�XQGHUJR�OLPLWDWLRQV��7KH�LGHDO�H[SHULPHQWDWLRQ



RI 3�5L���ZKLFK� H[FOXGHV� DQ\� GHIRUPLQJ� LQIOXHQFH� DQG� SURYLGHV� WKH� ULJKW�)V�5L��� UHTXLUHV� WKHQXPEHU�*V RI�WHVWV�EH�LQILQLWH
*V� �� ����

,Q�WKLV�VLWXDWLRQ�WKH�WKHRUHWLFDO�DQG�WKH�H[SHULPHQWDO�PHDVXUHPHQW�RI�5L FRLQFLGH_)V�5L� ��3�5L�_� �� ����
7KLV�LGHDO�H[SHULPHQW�LV�LPSRVVLEOH�WR�FRQGXFW�DQG�VR�ZH�JR�DV�IDU�DV�LV�SRVVLEOH��:H�GHILQHWKLV�DSSUR[LPDWLRQ�XVLQJ�WKH�OLPLW

OLP���_)V�5L� ��3�5L�_� ��*V�G�� ����
:H�PDNH�WKH�OLPLW�H[SOLFLW�DQG�ZH�FODLP�WKDW��JLYHQ�D�KLJK�QXPEHU�1��WKHUH�LV�D�YDOXH�*V

*V��!��1�������� ����
VXFK�WKDW �� � � �L L)V 5 3 5 *V� � ����
,Q�SUDFWLFH��LI�ZH�FDUU\�RXW�WKH�WHVWV�D�³VXIILFLHQWO\�KLJK´�QXPEHU�RI�WLPHV�WKHQ�WKH�GLIIHUHQFHEHWZHHQ� WKH� IUHTXHQF\�DQG� WKH�SUREDELOLW\�ZLOO�EH� OHVV� WR� WKH�³VPDOO´�QXPEHU���*V� 7KH� OLPLWHQVXUHV�DV�ILQH�D�UHVXOW�DV�ZH�ZDQW�DQG�WKLV� LV�HQRXJK�IRU�FRUUHFWQHVV�RI� WKH�PHWKRG��(TXDWLRQ�����SURYHV�WKDW�WKH�SUREDELOLW\�GHILQHG�E\������������������LV�YHULILDEOH�LQ�IDFW�DQG�FRQILUPV�WKDWWKH�SUHVHQW�WKHRU\�KDV�VXEVWDQFH�1RWH� WKDW� WKH� OLPLW� ����� LV� FRPSDWLEOH� ZLWK� WKH� HPSLULFDO� ODZ� RI� FKDQFH RU� ODZ� RI� JUHDWQXPEHUV�EXW GRHV�QRW�GHILQH� �SUREDELOLW\�� ,W� VLPSO\�DVVHUWV� KRZ�SUREDELOLW\�FDQ�EH�YHULILHG� LQSUDFWLFH� DQG� GRHV� QRW� JLYH� ULVH� WR� WKH� FRQFHSWXDO� GLIILFXOWLHV� WKDW� ZH� ILQG� LQ� WKH� IUHTXHQWLVWV¶GHILQLWLRQ����5HPDUN����� 7KH� � OLPLW� �����KROGV� WKDW� WKH�KLJKHU� WKH�QXPEHU�RI� WULDOV� WKH�PRUH� IUHTXHQF\JHWV�FORVH�WR�SUREDELOLW\��9LFH�YHUVD��WKH�VPDOOHU�LV�WKH�VDPSOH��WKH�OHVV�WKH�WHVW�RI�SUREDELOLW\�LVUHOLDEOH�DQG�WKH�PD[LPXP�GHYLDWLRQ�HPHUJHV�LQ�RQH�WHVW��,Q�WKH�VLQJOH�HYHQW�RQH�VXEUHODWLRQVKLSRI�WKH�OHYHO��Q������ILUHV�WKH�SURFHVV�DQG�WKLV�VXEUHODWLRQVKLS�SHUWDLQV�WR�5L RU�RWKHUZLVH�SHUWDLQVWR�127� 5L�� ,Q� ERWK� WKH� DOWHUQDWLYHV� )V�5L� GLVDJUHHV� FRPSOHWHO\� IURP� WKH� SUREDELOLW\�� ZKLFKVKRXOG�EH�GHFLPDO�

*V � !�1�������� �
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7KLV� VSHFWUXP� FODULILHV� WKH� VLJQLILFDQFH� RI� )V�5L� DQG� DOVR� RI� 3�5L�� LQ� IDFW� DQ\� VFLHQWLILFPHDVXUH�WDNHV�LWV�VLJQLILFDQFH�XQGHU�WKH�SUHFLVH�FRQGLWLRQV�SHUWDLQLQJ�WR�LW��$�SDUDPHWHU� LV�QRWYDOLG�HYHU\ZKHUH�DQG�DQ\ZKHUH��EXW�LW�GRHV�RQO\�XQGHU�SUHFLVH�FRQGLWLRQV��$�IDLU�H[DPSOH�FDQFODULI\�WKLV�VWDWHPHQW��,Q�0HFKDQLFV�ZH�GHILQH�WKH�IRUFH I DV�WKH�IDFWRU�FDXVLQJ�WKH�DFFHOHUDWLRQD WR�WKH�PDVV
I� �P�� D����� ����



7KLV�H[SUHVVLRQ�LV�WUXH�ZLWKLQ�WKH�LQHUWLDO�V\VWHP�ZKLFK�LV�VWDWLRQDU\�RU�PRYLQJ�VWUDLJKW�RQ�DQGVWHDGLO\��7KH�PDVV�P�DFFHOHUDWHV�DIWHU� WKH� IRUFH�LQ�DFFRUGDQFH�ZLWK������LQ�WKH�LQHUWLDO� V\VWHP�FRQYHUVHO\� WKH� ERG\� FDQ� DFFHOHUDWH�ZLWKRXW� DQ\� IRUFH� LQ� WKH� QRQ�LQHUWLDO� UHIHUHQFH�� 7KH� IRUFHFDQQRW� EH� WHVWHG� DQG� GHILQLWLRQ� ����� KDV� QR� YDOLGLW\� ZKHQ� V\VWHP� LV� QRW� LQHUWLDO�� 7KH� VDPHFULWHULRQ� DSSOLHV� WR� SUREDELOLW\�� ZKLFK� WDNHV� RQ� VLJQLILFDQFH� RQO\� XQGHU� WKH� H[SHULPHQWDOFRQGLWLRQV� SHUWDLQLQJ� WR� LW�� DQG� KDV� QR� REMHFWLYH� PHDQLQJ� RXWVLGH� RI� WKLV� FRQWH[W�� 7KHH[SHULPHQWDO� FRQGLWLRQV� RI� SUREDELOLW\� DUH� H[SUHVVHG� E\� WKH� OLPLW� ����� DQG� DUH� VRPHZKDWFRPSOH[��:H�KDYH� QRW� WZR� DOWHUQDWLYH� DQG�PXWXDOO\� H[FOXVLYH� UHIHUHQFH� V\VWHPV�� LQHUWLDO� DQGQRQ�LQHUWLDO�� FRQYHUVHO\� ZH� KDYH� WKH� FRQWLQXRXV� VSHFWUXP� ������ 3UREDELOLW\ LV� FRUUHFWO\H[SHULPHQWHG�DQG�WKXV�WDNHV�RQ�D ULJKW�DQG�REMHFWLYH�VLJQLILFDQFH LI
*V�� �� ����

7KLV�LV�XQDWWDLQDEOH�DQG�ZH�XVH�D�ODUJH�VDPSOH
*V��!�1������ ����

7KH�KLJKHU�LV�WKH�WHVW�QXPEHU�DQG�WKH�PRUH�REMHFWLYH�LV�3�5L� YLFH�YHUVD�LW�ORVHV�VLJQLILFDQFH�DVPXFK�DV�*V�GHFUHDVHV��7KH�SUREDELOLW\�LV�DEVROXWHO\�QRW�YDOLG�LI
*V� �� ����

8QLYHUVDO� H[SHULHQFH� H[KLELWV� WKDW� WKH� GHFLPDO� YDOXH� RI� WKH� SUREDELOLW\ GLYHUJHV� IURP� WKHIUHTXHQF\�ZKLFK�LV�XQLW�RU�RWKHUZLVH�]HUR
3�5L� z)V�5L�� ����

$QFLHQW� SKLORVRSKHUV� ZHUH� DZDUH� RI� WKLV� RSHQ� FRQWUDGLFWLRQ� DQG� DORQJ� VHYHUDO� FHQWXULHVUHIXVHG�DQ\� LQGHWHUPLQLVWLF� UHDVRQLQJ��7KH�GHYHORSPHQWV�RI�QDWXUDO� VFLHQFHV� LQ� WKH� QLQHWHHQWKFHQWXU\�KLJKOLJKWHG�WKH�UHOHYDQFH�RI�WKH�SUREDELOLW\��VHH�5HPDUN������DQG�VROLFLWHG�VSHFLDOLVWV�WRFDOFXODWH 3�5L� HYHQ�LQ�RQH�WULDO��+RZHYHU�WKLV�QXPEHU�LV�DEVROXWHO\�LQFRUUHFW�LQ�SRLQW�RI�VFLHQFHVLQFH� LW� FDQQRW�EH� YDOLGDWHG� LQ� WKH� SK\VLFDO�ZRUOG��3UREDELOLW\� FDQ�RULHQWDWH� RQO\� WKH� SHUVRQDOH[SHFWDWLRQ��QDPHO\�SUREDELOLW\�WDNHV�D�PHUH�VXEMHFWLYH�VLJQLILFDQFH����
*V � !�1��� �
)V ZURQJ������ DSSUR[LPDWH������ ULJKW3 VXEMHFWLYH������ REMHFWLYH ����

)�5L� DQG� 3�5L� KDYH� D� FRUUHFW� DQG� REMHFWLYH� PHDQLQJ� ZKHQ� WKH\� UHIHU� WR� WKH� FRPSOHWHLQGXFWLYH�EDVH��$V�WKH�QXPEHU�RI�H[SHULPHQWV�GHFUHDVH�VR�WKH�SUHFLVLRQ�RI�)�5L��GHFUHDVHV�DQGWKH� REMHFWLYLW\� RI� 3�5L� GHFUHDVHV� SURJUHVVLYHO\�� ,Q� ����� WKH� QXPHULFDO� YDOXH� RI� )�5L�� LVV\VWHPDWLFDOO\�ZURQJ�DQG�WKH�YDOXH�RI�3�5L� LV�VXEMHFWLYH�
9,,���&21&/86,216
7KLV� SDSHU� UHODWHV� RXU� H[SOLFLW� FULWLFLVP� RQ� WKH� UDQGRP� HYHQW� PRGHOLQJ��:H� KLJKOLJKW� WKDW3DVFDO
V�FRQMHFWXUH�KDV�EHHQ�DFFHSWHG�XQFULWLFDOO\�DQG�WKH�DUJXPHQW�RI� WKH�SUREDELOLW\�ZDV�QRWVWXGLHG�VXIILFLHQWO\�LQ�GHSWK��1RQ�PDUJLQDO�HUURUV�HPHUJH� LQ� WKH� IRUPDO�PRGHOV�RI� WKH� UDQGRPHYHQWV�:H�SXW�IRUZDUG�WKH�DOJHEUDLF�VWUXFWXUH�WKDW�SUHVHQWV�VHYHUDO�DGYDQWDJHV��,W�SURYLGHV�D�SUHFLVHGHILQLWLRQ� RI� WKH� SUREDELOLW\� ERWK� RQ� WKH� WKHRUHWLFDO� DQG� H[SHULPHQWDO� SODQHV��:H� VLPSO\� FDQGLVFXVV� WKH� UHODWLRQV� EHWZHHQ� 3�5L� DQG� WKH� FRUUHVSRQGLQJ� SK\VLFDO� PHDVXUHPHQW� )�5L��� :H



SURYH� KRZ� WKH\� DUH� FRQVLVWHQW� DQG� FDQ� JLYH� DQ� DQVZHU� WR� WKH� HYHUODVWLQJ� GHEDWH� XSRQ� WKHVXEMHFWLYH�DQG�REMHFWLYH�LQWHUSUHWDWLRQV�RI�SUREDELOLW\�7KLV� FRQWULEXWLRQ� LV� WDNHQ� RXW� RI� D� ODUJHU� VWXG\� RQ� WKH� IRXQGDWLRQV� RI� SUREDELOLW\��� ZKLFKFHQWHUV�RQ�WKH�DQDO\VLV�RI�SK\VLFDO�HYHQWV��,W�WRRN�LWV�LQLWLDO�LQVSLUDWLRQ�IURP�WKH�VRIWZDUH�V\VWHPDQDO\VLV�ZLWK�ZKLFK�ZH�ZHUH�IDPLOLDU�
9,,,���%,%/,2*5$3+<
�� 6�+RO]HU��&�0DUFKLQL��(YHQWV� DQG�&RQGLWLRQDO� (YHQWV�� D�'\QDPLF�$SSURDFK�� ,QW��&RQI�� 7KH1RWLRQ�RI�(YHQW�LQ�3UREDELOLW\�(SLVWHPRORJ\��'LSDUWLPHQWR�GL�0DWHPDWLFD��7ULHVWH����������*��6KDIHU��7KH�$UW�RI�&DXVDO�&RQMHFWXUH��8QLYHUVLW\�3UHVV��0,7����������-�/��'RRE��6WRFKDVWLF�3URFHVVHV �-RKQ�:LOH\��$PVWHUGDP����������5�&DUQDS��5�&�-HIIUH\��6WXGLHV�LQ�,QGXFWLYH�/RJLF�DQG�3UREDELOLW\ �&DOLIRUQLD�8QLYHUVLW\�3UHVV���������(��)HQVWDG���5HSUHVHQWDWLRQ�RI�/RJLFDO�3UREDELOLWLHV���6\QWKHVH Q�������������$�1��.ROPRJRURY��)RXQGDWLRQV�RI��WKH�3UREDELOLW\�7KHRU\ �&KHOVHD�3XEO���1HZ�<RUN����������/�/MXQJ��6\VWHP�,GHQWLILFDWLRQ�7KHRU\�IRU�WKH�8VHU �3UHQWLFH�+DOO��1HZ�-HUVH\����������5��)H\QPDQ��7KH�&RQFHSW�RI�3UREDELOLW\� LQ�4XDQWXP�0HFKDQLFV��3URF��6\PS��RQ�0DWK��DQG3URE�� &DOLIRUQLD�8QLYHUVLW\�3UHVV����������.��+UEDFHN��7��-HFK��,QWURGXFWLRQ�WR�6HW�7KHRU\ �0DUFHO�'HNNHU��1�<�����������<��7DNDKDUD��0�'��0HVDURYLF��'��0DFNR��7KHRU\�RI��KLHUDUFKLFDO��PXOWLOHYHO�V\VWHPV�$FDGHPLF�3UHVV��1�<�����������+�� 0XQHUD�� $� 'HWHUPLQLVWLF� (YHQW� 7UHH� $SSURDFK� WR� 8QFHUWDLQW\�� 5DQGRPQHVV� DQG3UREDELOLW\�LQ�,QGLYLGXDO�&KDQFH�3URFHVVHV��7KHRU\�DQG�'HFLVLRQ ��������������������� 5�� YRQ� 0LVHV�� 7KH� 0DWKHPDWLFDO� 7KHRU\� RI� � 3UREDELOLW\� DQG� 6WDWLVWLFV �$FDGHPLF� 3UHVV�/RQGRQ�����������%��'H�)LQHWWL��7KHRU\�RI�3UREDELOLW\��:LOHU�	�6RQV��1HZ�<RUN�����������3��5RFFKL��7KH�6WUXFWXUDO�7KHRU\�RI�3UREDELOLW\��.OXZHU�3OHQXP��1�<���������LQ�SULQWLQJ��
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