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�
$EVWUDFW�
7KLV� UHSRUW� DGGUHVVHV� WKH� FRQILGHQWLDOLW\� DVSHFW� RI� WKH� LQIRUPDWLRQ� VHFXULW\� SUREOHP�

IURP�WKH�YLHZSRLQW�RI�WKH�VRIWZDUH�DUFKLWHFWXUH��,W�SUHVHQWV�D�QHZ�DSSURDFK�WR�VHFXUH�V\VWHP�
GHVLJQ�LQ�ZKLFK�WKH�GHVLUHG�VHFXULW\�SURSHUWLHV��LQ�SDUWLFXODU��FRQILGHQWLDOLW\��RI�WKH�V\VWHP�DUH�
SURYHQ� WR� KROG� DW� WKH� DUFKLWHFWXUDO� OHYHO��$� VRIWZDUH� DUFKLWHFWXUH� FRQILJXUDWLRQ�GHVFULEHG� LQ�
WKH�H[WHQGHG�DUFKLWHFWXUH�GHVFULSWLRQ� ODQJXDJH��:ULJKW�F�� LV�VWDWLFDOO\�DQDO\]HG�WR�YHULI\�WKDW�
FRQILGHQWLDOLW\� UHTXLUHPHQWV� DV� SHU� %HOO� /D3DGXOD� SULQFLSOHV� DUH� VDWLVILHG�� $� YHULILFDWLRQ�
DOJRULWKP� WKDW� WDNHV� WKH�:ULJKW�F�GHVFULSWLRQ�DQG� WKH�DFFHVV�FRQWURO� ODWWLFH�PRGHO�DV� LQSXWV��
DQG�WKDW�FKHFNV�LI�WKHUH�LV�D�SRWHQWLDO�YLRODWLRQ�RI�WKH�%HOO�/D3DGXOD�SULQFLSOHV�EDVHG�RQ�GDWD�
IORZ� DQDO\VLV� LV� GHYHORSHG�� 7KH� DOJRULWKP� DOVR� GHWHFWV� H[FHVV� SULYLOHJHV�� $� VRIWZDUH� WRRO��
ZKLFK�IHDWXUHV�DQ�;0/�EDVHG�IURQW�HQG�WR�WKH�DOJRULWKP�LV�FRQVWUXFWHG��)LQDOO\��WKH�DOJRULWKP�
LV�DQDO\]HG�IRU�LWV�VRXQGQHVV��FRPSOHWHQHVV�DQG�FRPSXWDWLRQDO�FRPSOH[LW\���
.H\ZRUGV�� /DWWLFH�EDVHG� DFFHVV� FRQWURO�� FOHDUDQFH�� GDWD� IORZ�� FRQILGHQWLDOLW\�� VRIWZDUH�
DUFKLWHFWXUH��DUFKLWHFWXUH�GHVFULSWLRQ�ODQJXDJH��SULYLOHJH��%HOO�/D3DGXOD��
�

���,QWURGXFWLRQ�
$V�WHFKQRORJ\�DGYDQFHV�DQG�LQIRUPDWLRQ�PDQDJHPHQW�V\VWHPV�EHFRPH�PRUH�SRZHUIXO��

WKH�SUREOHP�RI�HQIRUFLQJ�LQIRUPDWLRQ�VHFXULW\�DOVR�EHFRPHV�PRUH�FULWLFDO��7KXV��WKH�SUREOHP�
RI� SURWHFWLQJ� LQIRUPDWLRQ� KDV� EHHQ� DQ� LPSRUWDQW� LVVXH� VLQFH� WKH� LQFUHDVLQJ� GHYHORSPHQW� RI�
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LQIRUPDWLRQ� WHFKQRORJ\� LQ� WKH� SDVW� IHZ� \HDUV�� ZKLFK� KDV� OHG� WR� WKH� ZLGHVSUHDG� XVH� RI�
FRPSXWHU� V\VWHPV� WR� VWRUH� DQG� PDQLSXODWH� LQIRUPDWLRQ�� 5HFHQW� VHFXULW\� FRPSURPLVHV� WR�
ZLGHO\� GLVWULEXWHG� VRIWZDUH� VXFK� DV� YDULRXV� ZHE� EURZVHUV�� RSHUDWLQJ� V\VWHPV�� DQG� WKH�
DSSOLFDWLRQ� VRIWZDUH� KDYH� FDXVHG� ZLGHVSUHDG� HQWHUSULVHZLGH� RXWDJHV� DQG� DUH� FORVHO\�
PRQLWRUHG�� 7KH� PDMRULW\� RI� WKH� VHFXULW\� FRPSURPLVHV� FDQ� EH� DWWULEXWHG� WR� RQH� RU� PRUH�
ZHDNQHVVHV�ZLWKLQ�WKH�LQWHJUDO�FRPSRQHQWV�WKDW�PDNH�XS�WKH�VRIWZDUH��7KHUHIRUH��D�FRPSXWHU�
DQG�QHWZRUN�V\VWHP�PXVW�EH�SURWHFWHG� LQ� WHUPV�RI�DYDLODELOLW\��FRQILGHQWLDOLW\��DQG�LQWHJULW\�
7KHVH�WKUHH�LQIRUPDWLRQ�VHFXULW\�REMHFWLYHV�DUH�VHSDUDWH�EXW�LQWHUUHODWHG��

�� &RQILGHQWLDOLW\��RU�VHFUHF\��LV�UHODWHG�WR�GLVFORVXUH�RI�LQIRUPDWLRQ���

�� ,QWHJULW\�LV�UHODWHG�WR�PRGLILFDWLRQ�RI�LQIRUPDWLRQ���

�� $YDLODELOLW\�LV�UHODWHG�WR�GHQLDO�RI�DFFHVV�WR�LQIRUPDWLRQ��

6HFXULW\� LVVXHV� KDYH� PDQ\� FRQFHUQV� DW� GLIIHUHQW� VWHSV� LQ� DQ� LQIRUPDWLRQ� IORZ� DQG�
GLIIHUHQW� OHYHOV� RI� DEVWUDFWLRQ� LQ� DQ� LQIRUPDWLRQ� V\VWHP�� +LJKHU� OHYHO� RI� DEVWUDFWLRQ� IRU� D�
V\VWHP�OHDGV�WR�SRZHUIXO�H[SUHVVLYHQHVV�LQ�FRQVWUXFWLQJ�WKH�V\VWHP��6RIWZDUH�DUFKLWHFWXUH�LV�
HPHUJLQJ�DV�DQ�LPSRUWDQW�GLVFLSOLQH�IRU�HQJLQHHUV�RI�VRIWZDUH��,W�KDV�HPHUJHG�RYHU�WLPH�DV�D�
QDWXUDO� HYROXWLRQ� RI� GHVLJQ� DEVWUDFWLRQV�� DV� HQJLQHHUV� KDYH� VHDUFKHG� IRU� EHWWHU� ZD\V� WR�
XQGHUVWDQG�WKHLU�VRIWZDUH�DQG�QHZ�ZD\V�WR�EXLOG�ODUJHU�DQG�PRUH�FRPSOH[�VRIWZDUH�V\VWHPV���

,Q� WKLV� UHSRUW��ZH� UHODWH� VWXGLHV� LQ� WZR�GLVWLQFW� UHDOPV��QDPHO\�GHVFULSWLRQ�RI� VRIWZDUH�
DUFKLWHFWXUHV��DQG�DFFHVV�FRQWURO�PRGHOV��SDUWLFXODUO\� WKH� ODWWLFH�EDVHG�DFFHVV�FRQWURO�PRGHO��
WR� OD\� D� IRXQGDWLRQ� IRU� VHFXUH� VRIWZDUH� DUFKLWHFWXUHV� �ILJXUH� ���� 2XU� FRQFHUQ� LV� WKH�
FRQILGHQWLDOLW\�DQG�WKH�LQIRUPDWLRQ�IORZ�LQ�D�V\VWHP�DW�DUFKLWHFWXUDO�OHYHO��,W�LV�D�QHZ�DSSURDFK�
WR� D� VHFXUH� V\VWHP� GHVLJQ� LQ� ZKLFK� WKH� YDULRXV� UHSUHVHQWDWLRQV� RI� WKH� DUFKLWHFWXUH� RI� D�
VRIWZDUH� V\VWHP� DUH� GHVFULEHG� IRUPDOO\� DQG� WKH� GHVLUHG� VHFXULW\� SURSHUWLHV�� LQ� SDUWLFXODU�
FRQILGHQWLDOLW\��RI�WKH�V\VWHP�DUH�SURYHQ�WR�KROG�DW�WKH�DUFKLWHFWXUDO�OHYHO��:H�IRFXV�RQ�D�VWDWLF�
DQDO\VLV� RI� D� VRIWZDUH� DUFKLWHFWXUH� GXULQJ� WKH� GHVLJQ� SKDVH� WR� DVVXUH� HQG�WR�HQG� VHFXUH�



��

LQIRUPDWLRQ� IORZ�� 7KH� FRQILGHQWLDOLW\� SURSHUWLHV� GHILQHG� E\� %HOO� DQG� /D3DGXOD�� QDPHO\� WKH�
µVLPSOH�VHFXULW\�SURSHUW\¶�DQG�WKH�µ
�SURSHUW\¶��DUH�LQFRUSRUDWHG�LQWR�WKH�DQDO\VLV���

)RU�WKH�DUFKLWHFWXUDO�GHVFULSWLRQ��ZH�DGRSW�WKH�:ULJKW�DUFKLWHFWXUH�GHVFULSWLRQ�ODQJXDJH�
LQ�ZKLFK�FRPSRQHQW�DQG�FRQQHFWRU��SRUW�DQG�UROH��VW\OH�DQG�FRQILJXUDWLRQ�DVSHFWV�DUH�FOHDUO\�
LGHQWLILHG�� 2WKHU� DUFKLWHFWXUH� GHVFULSWLRQ� ODQJXDJHV� VXFK� DV� 8QL&RQ� >��@� DQG� SDUWLFXODUO\�
5DSLGH�>������@�ZHUH�DOVR�JRRG�FDQGLGDWHV��:ULJKW�LV�FKRVHQ�EHFDXVH�LW�VXSSRUWV�WKH�IRUPDO�
VSHFLILFDWLRQ�DQG�DQDO\VLV�RI�LQWHUDFWLRQV�EHWZHHQ�DUFKLWHFWXUDO�FRPSRQHQWV��DQG�LW�KDV�DOUHDG\�
EHHQ� ZHOO� VWXGLHG�� :ULJKW� LV� EDVHG� RQ� D� SURFHVV� DOJHEUD� FDOOHG� &63� �&RPPXQLFDWLQJ�
6HTXHQWLDO�3URFHVVHV��>�����@� WR�GHVFULEH� WKH�EHKDYLRXU�RI�HQWLWLHV�VXFK�DV�SRUW��FRPSRQHQW��
UROH��DQG�FRQQHFWRU��,Q�RUGHU�WR�HQKDQFH�WKH�DUFKLWHFWXUDO�GHVFULSWLRQ�RI�D�VRIWZDUH�V\VWHP�WR�
DGGUHVV�HQG�WR�HQG�VHFXULW\�LVVXHV��:ULJKW�LV�DQQRWDWHG��FDOOHG�:ULJKW�F�>��@��E\�ODEHOLQJ�LWV�
FRQVWUXFWV�ZLWK�VHQVLWLYLW\�OHYHOV��DQG�DXWKRUL]DWLRQV��
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)LJXUH����*HQHUDO�YLHZ�RI�WKH�VWXG\�

7KLV� UHSRUW� LV� VWUXFWXUHG� DV� IROORZV�� UHOHYDQW� EDFNJURXQG� LV� VXPPDUL]HG� LQ� VHFWLRQ����
VHFWLRQ���FRQWDLQV�WKH�DSSURDFK�DQG�WKH�YHULILFDWLRQ�DOJRULWKP�GHYHORSHG�WR�VWDWLFDOO\�YHULI\�D�
:ULJKW�F� GHVFULSWLRQ� LQFOXGLQJ� WKH� FRUUHFWQHVV� �FRPSOHWHQHVV� DQG� WKH� VRXQGQHVV�� RI� WKH�

�
5HVHDUFK�RQ��

6RIWZDUH�$UFKLWHFWXUH��
�$'/V��

�
�

�
5HVHDUFK�RQ�

'DWDIORZ�EDVHG�
FRQILGHQWLDOLW\�

�
��

&RQVWUXFWLRQ�RI��
6HFXUH�6RIWZDUH�
$UFKLWHFWXUHV�
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DOJRULWKP�ZLWK� LWV�FRPSXWDWLRQDO� WLPH�DQG�VSDFH�FRPSOH[LW\��/DVWO\�� VHFWLRQ���GLVFXVVHV� WKH�
DSSURDFK�DQG�LWV�SRWHQWLDO��

���%DFNJURXQG�
7KLV�VHFWLRQ�VXPPDUL]HV�WKH�UHOHYDQW�EDFNJURXQG�RQ�VRIWZDUH�DUFKLWHFWXUH��SDUWLFXODUO\�

DUFKLWHFWXUH�GHVFULSWLRQ�ODQJXDJHV��DQG�DFFHVV�FRQWURO�PRGHOV����

�����6RIWZDUH�$UFKLWHFWXUHV�

�$V� WKH� VL]H� DQG� FRPSOH[LW\� RI� VRIWZDUH� V\VWHPV� LQFUHDVHV�� WKH� GHVLJQ� SUREOHP� JRHV�
EH\RQG� WKH� DOJRULWKPV�DQG�GDWD� VWUXFWXUHV�RI� WKH� FRPSXWDWLRQ��GHVLJQLQJ�DQG� VSHFLI\LQJ� WKH�
RYHUDOO� V\VWHP� VWUXFWXUH� HPHUJH� DV� D� QHZ� NLQG� RI� SUREOHP�� 6WUXFWXUDO� LVVXHV� LQFOXGH� JURVV�
RUJDQL]DWLRQ�DQG�JOREDO�FRQWURO�VWUXFWXUH��SURWRFROV�IRU�FRPPXQLFDWLRQ��V\QFKURQL]DWLRQ��DQG�
GDWD�DFFHVV��DVVLJQPHQW�RI�IXQFWLRQDOLW\�WR�GHVLJQ�HOHPHQWV��SK\VLFDO�GLVWULEXWLRQ��FRPSRVLWLRQ�
RI� GHVLJQ� HOHPHQWV�� VFDOLQJ� DQG�SHUIRUPDQFH�� DQG� VHOHFWLRQ� DPRQJ�GHVLJQ� DOWHUQDWLYHV� >��@��
7KLV� LV� WKH� VRIWZDUH� DUFKLWHFWXUH� OHYHO� RI� GHVLJQ�� $Q� DUFKLWHFWXUH� LV� D� VSHFLILFDWLRQ� RI� WKH�
FRPSRQHQWV�RI�D�V\VWHP�DQG�WKH�LQWHUDFWLRQV�EHWZHHQ�WKHP�>��������@��6\VWHPV�DUH�FRQVWUDLQHG�
WR�FRQIRUP�WR�DQ�DUFKLWHFWXUH��$Q�DUFKLWHFWXUH�VKRXOG�JXDUDQWHH�FHUWDLQ�EHKDYLRUDO�SURSHUWLHV�
RI� D� FRQIRUPLQJ� V\VWHP�� L�H�� RQH� ZKRVH� FRPSRQHQWV� DUH� FRQILJXUHG� DFFRUGLQJ� WR� WKH�
DUFKLWHFWXUH�� $Q� DUFKLWHFWXUH� VKRXOG� DOVR� EH� XVHIXO� LQ� YDULRXV� ZD\V� GXULQJ� WKH� SURFHVV� RI�
EXLOGLQJ�D�V\VWHP�>�������������������@��

6RIWZDUH� DUFKLWHFWXUHV� DUH� LQWHQGHG� WR� GHVFULEH� HVVHQWLDO� KLJK� OHYHO� VWUXFWXUDO� DQG�
EHKDYLRUDO�FKDUDFWHULVWLFV�RI�VRIWZDUH�LQWHQVLYH�V\VWHPV��7KH\�DOORZ�SURJUDPPHUV�WR�FRPSRVH�
DQ� DSSOLFDWLRQ� IURP� D� PL[WXUH� RI� H[LVWLQJ� VRIWZDUH� PRGXOHV�� WKLUG� SDUW\� OLEUDULHV�� OHJDF\�
SURJUDPV�DQG�D�PLQLPDO�DPRXQW�RI�FRGH�GHYHORSHG�IRU�WKDW�SDUWLFXODU�DSSOLFDWLRQ��$�VRIWZDUH�
DUFKLWHFWXUH� GHILQHV� DSSOLFDWLRQV� LQ� WHUPV� RI� FRPSRQHQWV�� FRQQHFWRUV� DQG� FRQILJXUDWLRQV�
>���������@��

�� $�FRPSRQHQW�LV�D�FRPSXWDWLRQDO�XQLW�ZULWWHQ�LQ�VRPH�SURJUDPPLQJ�ODQJXDJH��
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�� $� FRQQHFWLRQ� GHILQHV� WKH� W\SH� RI� LQWHUDFWLRQV� DPRQJ� FRPSRQHQWV� �H�J�� UHPRWH�
SURFHGXUH�FDOOV��YLD�FRQQHFWRUV�WKDW�WUDQVSRUW�GDWD�EHWZHHQ�FRPSRQHQWV�DQG�SHUIRUP�
WKH�QHFHVVDU\� WUDQVIRUPDWLRQV�RQ� WKDW�GDWD��VR� WKDW�WKH�LQWHUIDFHV�RI�WKH�FRPSRQHQWV�
DUH�UHVSHFWHG��

�� $� FRQILJXUDWLRQ� GHILQHV� WKH� DSSOLFDWLRQ� VWUXFWXUH� WKURXJK� FRPSRQHQWV� DQG� WKHLU�
LQWHUFRQQHFWLRQV��,Q�DGGLWLRQ�WR�VSHFLI\LQJ�WKH�VWUXFWXUH�DQG�WRSRORJ\��RI�WKH�V\VWHP��
WKH�FRQILJXUDWLRQ�VKRZV�WKH�LQWHQGHG�FRUUHVSRQGHQFH��EHWZHHQ�V\VWHP�UHTXLUHPHQWV�
DQG�WKH�HOHPHQWV�RI�WKH�FRQVWUXFWHG�V\VWHP��

�����$UFKLWHFWXUH�'HVFULSWLRQ�/DQJXDJHV�
$UFKLWHFWXUH�'HVFULSWLRQ�/DQJXDJHV��$'/��>����@�SURYLGH�D�FRQFHSWXDO�IUDPHZRUN�DQG�

D� FRQFUHWH� V\QWD[� IRU� FKDUDFWHUL]LQJ� DQG� GHVFULELQJ� VRIWZDUH� DUFKLWHFWXUHV�� 7KH\� GHVFULEH�
HVVHQWLDO�KLJK�OHYHO�VWUXFWXUDO�DQG�EHKDYLRUDO�FKDUDFWHULVWLFV�LQ�D�ZD\�WKDW�FDQ�EH�DQDO\]HG�DQG�
PDQLSXODWHG�DOJRULWKPLFDOO\��7KHVH�ODQJXDJHV�DUH�XVHG�WR�VSHFLI\�DUFKLWHFWXUDO�HOHPHQWV��VXFK�
DV� FRPSRQHQWV�� FRQQHFWRUV� DQG� FRQVWUDLQWV�� DQG� KRZ� WKHVH� HOHPHQWV� ILW� WRJHWKHU�� &08�
6RIWZDUH� (QJLQHHULQJ� ,QVWLWXWH� PDLQWDLQV� OLQNV� WR� WKH�:HE� SDJHV� RI� QXPEHU� RI� $'/V�� VHH�
KWWS���ZZZ�VHL�FPX�HGX�DUFKLWHFWXUH�DGO�KWPO���

7R�GHPRQVWUDWH�RXU�LGHDV�ZH�KDYH�FKRVHQ�:ULJKW�DV�D�YHKLFOH�GXH�WR�LWV�VXLWDELOLW\�IRU�
VWDWLF�DQDO\VLV��

�������:ULJKW�$UFKLWHFWXUH�'HVFULSWLRQ�/DQJXDJH�DQG�:ULJKW�F�
:ULJKW� LV� LQWURGXFHG� LQ�5��$OOHQ¶V� 3K'� WKHVLV� >�@�� 7KH� ODQJXDJH� SURYLGHV� D� SUDFWLFDO�

IRUPDO�EDVLV�IRU�WKH�GHVFULSWLRQ�RI�ERWK�DUFKLWHFWXUDO�FRQILJXUDWLRQV�DQG�DUFKLWHFWXUDO�VW\OHV��,W�
KDV�WKH�DELOLW\�WR�GHVFULEH�WKH�DEVWUDFW�EHKDYLRXU�RI�WKH�FRPSRQHQWV�DQG�WKH�FRQQHFWRUV�XVLQJ�
&63��&RPPXQLFDWLQJ�6HTXHQWLDO�3URFHVVHV��QRWDWLRQ�>�@��7KH�&63�WKHRU\�LV�DQ�DWWUDFWLYH�EDVH�
IRU� WKH� DQDO\VLV� RI� KLJK� OHYHO� V\VWHP�GHVFULSWLRQ�EHFDXVH� WKH� WKHRU\� SURYLGHV� DQ� H[SUHVVLYH�
SURFHVV�DOJHEUDLF� SURJUDPPLQJ� QRWDWLRQ�� D� UDQJH� RI� VHPDQWLF�PRGHOV� RI� YDU\LQJ� GHJUHHV� RI�
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DEVWUDFWLRQ��SRZHUIXO�QRWLRQV�RI� UHILQHPHQW�DQG�DEVWUDFWLRQ��DQG�D�XVHIXO�VHW�RI�HTXDOLW\�DQG�
UHILQHPHQW�ODZV���

,Q� :ULJKW�� D� FRPSRQHQW� W\SH� LV� GHVFULEHG� DV� D� VHW� RI� SRUWV� DQG� D� FRPSXWDWLRQ� WKDW�
VSHFLILHV� WKH�FRPSRQHQW¶V�DEVWUDFW�EHKDYLRU��(DFK�SRUW�GHILQHV�D� ORJLFDO�SRLQW�RI� LQWHUDFWLRQ�
EHWZHHQ� FRPSRQHQW� DQG� LWV� HQYLURQPHQW�� 3RUWV� DOORZ� D� FRPSRQHQW� WR� GHILQH� PXOWLSOH�
LQWHUIDFHV�WR�RWKHU�SDUWV�RI�D�V\VWHP���

$� FRQQHFWRU� � W\SH� LV� GHILQHG� E\� D� VHW� RI� � UROHV� DQG� D� JOXH� VSHFLILFDWLRQ�� 7KH� UROHV�
GHVFULEH� WKH�H[SHFWHG� ORFDO�EHKDYLRU�RI�HDFK�RI� WKH� LQWHUHVWLQJ�SDUWLHV��7KDW� LV�� WKH\�DFW�DV�D�
VSHFLILFDWLRQ� WKDW� GHWHUPLQHV� WKH� REOLJDWLRQV� RI� HDFK� FRPSRQHQW� SDUWLFLSDWLQJ� LQ� WKH�
LQWHUDFWLRQ��

,Q�RUGHU�WR�GHVFULEH�D�FRPSOHWH�V\VWHP�DUFKLWHFWXUH��WKH�FRPSRQHQWV�DQG�FRQQHFWRUV�RI�D�
:ULJKW�GHVFULSWLRQ�PXVW�EH�FRPELQHG�LQWR�D�FRQILJXUDWLRQ��$�FRQILJXUDWLRQ�LV�D�FROOHFWLRQ�RI�
FRPSRQHQW�LQVWDQFHV�FRPELQHG�YLD�FRQQHFWRUV��,I�DQ�DUFKLWHFW�LV�GHDOLQJ�ZLWK�D�VLQJOH�V\VWHP��
�V�KH� LQWURGXFHV� FRPSRQHQW� DQG� FRQQHFWRU� W\SHV� DQG� WKHQ� XVHV� WKHVH� WR� FUHDWH� LQVWDQFHV� RI�
FRPSRQHQWV� DQG� FRQQHFWRUV�� 7KHQ�� WRSRORJ\� RI� WKH� FRQILJXUDWLRQ� LV� VSHFLILHG� WKURXJK�
DWWDFKPHQWV� RI� SRUWV� WR� UROHV�� 2IWHQ�� KRZHYHU�� DQ� DUFKLWHFW� LV� FRQFHUQHG� QRW� ZLWK� D� VLQJOH�
V\VWHP�LQ�LVRODWLRQ��EXW�UDWKHU�ZLWK�D�V\VWHP�LQ�WKH�FRQWH[W�RI�HQWLUH�IDPLO\�RI�V\VWHPV��6R��KH�
VHHNV� QRW�PHUHO\� WR� GHYHORS� DQ� DUELWUDU\� DUFKLWHFWXUH�� EXW� WR� VHOHFW� WKDW� DUFKLWHFWXUH� IURP� D�
SDUWLFXODU�VW\OH��L�H��D�IDPLO\�RI�DUFKLWHFWXUHV��$�VW\OH�GHILQHV�D�VHW�RI�SURSHUWLHV�WKDW�DUH�VKDUHG�
E\�WKH�FRQILJXUDWLRQV�WKDW�DUH�PHPEHUV�RI�WKH�VW\OH��7KHVH�SURSHUWLHV�FDQ�LQFOXGH�D�FRPPRQ�
YRFDEXODU\�DQG�UHVWULFWLRQV�RQ�WKH�ZD\V�WKLV�YRFDEXODU\�FDQ�EH�XVHG�LQ�FRQILJXUDWLRQV��

,Q� >��@��:ULJKW� LV�H[WHQGHG�VR� WKDW�FRQILGHQWLDOLW\�DXWKRUL]DWLRQV�FDQ�EH�VSHFLILHG��$Q�
DUFKLWHFWXUDO�GHVFULSWLRQ�LQ�:ULJKW�F��WKH�H[WHQGHG�ODQJXDJH��DVVLJQV�FOHDUDQFH�WR�WKH�SRUWV�RI�
WKH�FRPSRQHQWV�DQG�WUHDWV�VHFXULW\�ODEHOV�DV�D�SDUW�RI�GDWD�W\SH�LQIRUPDWLRQ��$V�GLFWDWHG�E\�WKH�
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VHFXULW\�SROLF\��WKH�VHFXULW\�ODEHOV�DUH�GHFODUHG�DORQJ�ZLWK�FOHDUDQFH�DVVLJQPHQWV�LQ�DQ�DFFHVV�
FRQWURO�ODWWLFH�PRGHO��DOVR�H[SUHVVHG�LQ�:ULJKW�F��

����$FFHVV�&RQWURO�3ROLFLHV�

$�VHW�RI�UHVWULFWLRQV�RQ�ZKR�FDQ�UHDG�ZULWH�ZKLFK�NLQG�RI�GDWD�PDNH�WKH�DFFHVV�FRQWURO�
SROLF\� RI� D� V\VWHP�� 7KH� DFFHVV� FRQWURO� PRGHOV�� ZKLFK� LQFOXGH� ODWWLFH�EDVHG� PRGHOV� �%HOO�
/D3DGXOD�0RGHO� >�������@�� WKH�%LED� LQWHJULW\�PRGHO� >�������@��'HQQLQJ¶V� LQIRUPDWLRQ� IORZ�
PRGHO� >�����@��� WKH� DFFHVV� PDWUL[� PRGHO� >��@�� ORJLF�EDVHG� PRGHOV� >���@�� FHUWLILFDWH�EDVHG�
PRGHOV�>��@�HWF���GHSHQG�RQ�WKH�WUDGLWLRQDO�DFFHVV�FRQWURO�SROLFLHV�JLYHQ�EHORZ�>��������@��

L�� 'LVFUHWLRQDU\�$FFHVV� &RQWURO� �'$&�� >�����������@� LV� EDVHG� RQ� WKH� LGHD� WKDW� WKH�
RZQHU� RI�GDWD� VKRXOG�GHWHUPLQH�ZKR�KDV� DFFHVV� WR� LW��'$&�DOORZV�GDWD� WR�EH� IUHHO\� FRSLHG�
IURP�DQ�REMHFW�WR�DQRWKHU�REMHFW��VR�HYHQ�LI�DFFHVV�WR�WKH�RULJLQDO�GDWD�LV�GHQLHG��DFFHVV�WR�D�
FRS\�FDQ�EH�REWDLQHG��7KH�FRQWUROV�DUH�GLVFUHWLRQDU\� LQ� WKH�VHQVH� WKDW�D�VXEMHFW�ZLWK�FHUWDLQ�
DFFHVV�SHUPLVVLRQ� LV�FDSDEOH�RI�SDVVLQJ� WKDW�SHUPLVVLRQ� �SHUKDSV� LQGLUHFWO\��RQ� WR�DQ\�RWKHU�
VXEMHFW�� ,QGLYLGXDO� XVHUV� DUH� RZQHUV� RI� REMHFWV� DQG� WKHUHIRUH� KDYH� FRPSOHWH� GLVFUHWLRQ�RYHU�
ZKR� VKRXOG� EH� DXWKRUL]HG� WR� DFFHVV� WKH� REMHFW� DQG� LQ� ZKLFK� PRGH� �H�J�� UHDG� RU� ZULWH���
2ZQHUVKLS�LV�XVXDOO\�DFTXLUHG�DV�D�FRQVHTXHQFH�RI�FUHDWLQJ�WKH�REMHFW���

'$&�� ZKLFK� LV� WKH� PRVW� FRPPRQ� W\SH� RI� FRQWURO� PHFKDQLVP� LPSOHPHQWHG� LQ�
LQIRUPDWLRQ�V\VWHPV�WRGD\��KDV�DQ�LQKHUHQW�ZHDNQHVV�WKDW�LQIRUPDWLRQ�FDQ�EH�FRSLHG�IURP�RQH�
REMHFW� WR�DQRWKHU�� VR�DFFHVV� WR�D�FRS\� LV�SRVVLEOH�HYHQ� LI� WKH�RZQHU�RI� WKH�RULJLQDO�GRHV�QRW�
SURYLGH� DFFHVV� WR� WKH� RULJLQDO�� 0RUHRYHU�� VXFK� FRSLHV� FDQ� EH� SURSDJDWHG� E\� 7URMDQ� +RUVH�
VRIWZDUH�ZLWKRXW�H[SOLFLW�FRRSHUDWLRQ�RI�XVHUV�ZKR�DUH�DOORZHG�WR�DFFHVV�WR�WKH�RULJLQDO��)RU�
H[DPSOH�� DVVXPH� WKDW�$OLFH� RZQV� DQ� REMHFW� DQG� WKDW� VKH� GHFLGHV� WR� JUDQW�%RE� DFFHVV� WR� LW��
/DWHU� RQ� VKH� FKDQJHV� KHU� GHFLVLRQ� DQG� UHYRNH� %RE¶V� DFFHVV�� 1RZ� D� TXHVWLRQ� WKDW� DULVHV� LV�
ZKHWKHU� RU� QRW�%RE�FDQ� IXUWKHU�JUDQW� DFFHVV� WR�&KDUOLH�� ,Q� WXUQ� WKLV� FDXVHV� WKH�SUREOHPV�RI�
FDVFDGLQJ�UHYRNH��6XSSRVH�DOVR�WKDW�$OLFH�JUDQWV�D�SHUPLVVLRQ�;�WR�%RE�ZLWK�WKH�JUDQW�RSWLRQ��



��

%RE�WKHQ�JUDQWV�;�WR�&KDUOLH��IROORZHG�E\�D�JUDQW�;�IURP�$OLFH�WR�&KDUOLH��1RZ�$OLFH�UHYRNHV�
;� IURP� &KDUOLH�� 1RZ� WKH� TXHVWLRQ� DULVHV�� ³6KRXOG�$OLFH¶V� UHYRNH� RYHUULGH� %RE¶V� JUDQW� RU�
VKRXOG�%RE¶V�JUDQW�RYHUULGH�$OLFH¶V�UHYRNH"´��7KHUHIRUH��GLVFUHWLRQDU\�SROLFLHV�GR�QRW�HQIRUFH�
DQ\�FRQWURO�RQ� WKH� IORZ�RI� LQIRUPDWLRQ�RQFH� WKLV� LQIRUPDWLRQ� LV�DFTXLUHG�E\�D�SURFHVV��7KLV�
PDNHV�LW�SRVVLEOH�IRU�SURFHVVHV�WR�OHDN�LQIRUPDWLRQ�WR�XVHUV�QRW�DOORZHG�WR�UHDG�LW���

LL�� 0DQGDWRU\�$FFHVV�&RQWUROV��0$&��>��������@��FRQILQH�WKH�WUDQVIHU�RI�LQIRUPDWLRQ�
WR�RQH�GLUHFWLRQ�LQ�D�ODWWLFH�RI�VHFXULW\�ODEHOV��IRU�H[DPSOH��ORZ�WR�KLJK�EXW�QRW�KLJK�WR�ORZ���
0$&� HPHUJHG� IURP� FRQILGHQWLDOLW\� UHTXLUHPHQWV� RI� WKH�PLOLWDU\� EXW� KDV� EURDG� DSSOLFDWLRQV�
IRU�LQWHJULW\�DQG�VHSDUDWLRQ�REMHFWLYHV��0$&�SURYLGHV�D�UHVWULFWLRQ�WR�DFFHVV�WR�REMHFWV�EDVHG�
RQ�WKH�VHQVLWLYLW\��UHSUHVHQWHG�E\�D�ODEHO��RI�WKH�LQIRUPDWLRQ�FRQWDLQHG�LQ�WKH�REMHFWV�DQG�WKH�
IRUPDO�DXWKRUL]DWLRQ��L�H��FOHDUDQFH��RI�VXEMHFWV�WR�DFFHVV�LQIRUPDWLRQ�RI�VXFK�VHQVLWLYLW\��)RU�
0$&��DOO� WKH� UHVRXUFHV� LQ� WKH� FRPSXWHU� �26� ILOHV��SURFHVVHV��XVHUV�� WDEOHV�� HWF���DUH� ODEHOHG�
ZLWK�D�WDJ�ZKLFK�LQGLFDWHV�WKH�VHQVLWLYLW\�RI�WKDW�REMHFW�RU�URZ�RI�GDWD��'DWD�LV�PDUNHG�E\�DW�
OHDVW� LWV� FODVVLILFDWLRQ� �H�J�� XQFODVVLILHG�� UHVWULFWHG�� VHFUHW�� WRS� VHFUHW�� DQG� SRVVLEO\� E\�
FRPSDUWPHQWV� WKDW� GHVLJQDWH� VSHFLILF� VXEMHFW� DUHD� DQG� UHVWULFW� WKH� GDWD� IXUWKHU� WR� FHUWDLQ�
JURXSV��H�J��D�FRQILGHQWLDO�SURMHFW���

0$&� HQVXUHV� WKDW� D� XVHU� FDQ�RQO\� JDLQ� DFFHVV� WR� DQ�REMHFW� RU� GDWD� LI� WKH� UHODWLRQVKLS�
EHWZHHQ� WKH�XVHU¶V�FOHDUDQFH�DQG� WKH�REMHFW¶V�RU�GDWD¶V� ODEHO�VKRXOG�SHUPLW� WKH�DFFHVV��6R��D�
XVHU� ZKR� KDV� ORJJHG� LQWR� D� V\VWHP� DW� WKH� OHYHO� µVHFUHW¶� PD\� EH� DEOH� WR� UHDG� VHFUHW� DQG�
XQFODVVLILHG�GDWD��EXW�KH�FDQQRW�UHDG�WRS�VHFUHW�GDWD�DQG�KH�FDQ�XSGDWH�RQO\�VHFUHW�GDWD��7KLV�
IRUP�RI� � DFFHVV� FRQWURO� LV� FDOOHG�PDQGDWRU\� EHFDXVH� LW� LV� DOZD\V� HQIRUFHG�E\� WKH� RSHUDWLQJ�
V\VWHP� DQG� WKH� GDWDEDVH� VHUYHU� DXWRPDWLFDOO\� DQG� FDQQRW�� LQ� JHQHUDO�� EH� FKDQJHG� DW� WKH�
GLVFUHWLRQ�RI�WKH�RZQHUV�RI�WKH�GDWD��XQOLNH�GLVFUHWLRQDU\�DFFHVV�FRQWURO�SURYLGHG�E\�µRUGLQDU\¶�
RSHUDWLQJ�V\VWHP�DQG�GDWDEDVH�VHUYHUV��

)RU�PDQGDWRU\�DFFHVV�FRQWURO��GDWD�KDYH�DVVRFLDWHG�VHQVLWLYLW\� ODEHOV� WKDW�DOVR�DSSO\�WR�
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FRSLHV� DQG�GHULYDWLYHV�RI� WKH�GDWD�� VR� DV� WR�SURKLELW�GRZQZDUG� LQIRUPDWLRQ� IORZ��)RU�'$&��
GDWD�DUH�QRW�ODEHOHG�DQG�FRSLHV�RI�WKH�VDPH�LQIRUPDWLRQ�FDQ�KDYH�LQGHSHQGHQW�DFFHVV�FRQWURO�
OLVWV���

7KURXJKRXW�WKH�UHSRUW��VHQVLWLYLW\�ODEHO�DQG�VHFUHF\�ODEHO�DUH�XVHG�LQWHUFKDQJHDEO\���
+DYLQJ�JLYHQ�WKH�WUDGLWLRQDO�DFFHVV�FRQWURO�SROLFLHV��LQ�WKH�QH[W�VXEVHFWLRQ��ODWWLFH�EDVHG�

DFFHVV�FRQWURO�PRGHO�LV�SUHVHQWHG���

������/DWWLFH�EDVHG�$FFHVV�&RQWURO�0RGHOV�

,Q� WKLV� VHFWLRQ��ZH� UHFDOO� EDVLF� QRWLRQV� RQ� RUGHUV� DQG� ODWWLFHV��7KH� UHODWLRQVKLS� RI� WKH�
LQIRUPDWLRQ� IORZ�SROLF\�SURSRVHG�E\�'HQQLQJ� >��@�� DQG� WKH� ODWWLFHV�DOVR� LV�SUHVHQWHG��1H[W��
WKH� %HOO� /D3DGXOD� FRQILGHQWLDOLW\� PRGHO�� ZKLFK� LV� XVHG� LQ� RXU� VWXG\� DQG� EDVHG� RQ� WKH�
ODWWLFH�EDVHG�DFFHVV�FRQWURO�PRGHOV��LV�JLYHQ��
'HILQLWLRQ� �3DUWLDO� RUGHU���$� UHODWLRQ�5� RQ� D� VHW� LV� FDOOHG�D�SDUWLDO� RUGHU� LI� LW� LV� UHIOH[LYH��
DQWLV\PPHWULF� DQG� WUDQVLWLYH��$� VHW�6� WRJHWKHU�ZLWK� D�SDUWLDO�RUGHULQJ�5� LV� FDOOHG�D�SDUWLDOO\�
RUGHUHG�VHW��RU�SRVHW��DQG�LW�LV�GHQRWHG�E\��6�5���>��@�

)RU�H[DPSOH��OHW�ρ�$� �� � �;�EH�WKH�SRZHU�VHW�RI�D�VHW�$��7KDW�LV��;�LV�WKH�VHW�RI�VXEVHWV�
RI�$��7KH�UHODWLRQ�RI�VHW�LQFOXVLRQ��⊆��RQ�;�LV�D�SDUWLDO�RUGHULQJ��EHFDXVH��LW�LV��

�� UHIOH[LYH����D�⊆�D�IRU�HYHU\�VXEVHW�D�RI�;��
�� DQWLV\PPHWULF���LI�D�⊆�E�DQG�E�⊆�D��WKHQ�D� �E�IRU�HYHU\�VXEVHWV�D��E�RI�;��
�� WUDQVLWLYH��D�⊆�E�DQG�E�⊆�F�LPSOLHV�D�⊆�F��ZKHUH�D��E�DQG�F�DUH�VXEVHWV�RI�;��

'HILQLWLRQ� �+DVVH� GLDJUDP��� $Q� XQGLUHFWHG� JUDSK�� ZKLFK� LV� GHULYHG� DIWHU� WKH� IROORZLQJ�
UHGXFWLRQV�DUH�DSSOLHG�WR�D�GLUHFWHG�JUDSK�IRU�D�ILQLWH�SRVHW��LV�FDOOHG�D�+DVVH�'LDJUDP��

�� VLQFH�D�ORRS�LV�SUHVHQW�IRU�HDFK�QRGH��UHIOH[LYLW\���WKHVH�ORRSV�DUH�UHPRYHG��
�� DOO�HGJHV�SUHVHQW�EHFDXVH�RI�WUDQVLWLYLW\�DUH�UHPRYHG��
�� DOO�WKH�DUURZV�RQ�WKH�GLUHFWHG�HGJHV�DUH�UHPRYHG���

)RU�H[DPSOH��ILJXUH���LOOXVWUDWHV�WKH�FRQVWUXFWLRQ�RI�D�KDVVH�GLDJUDP�IRU��^�������`�≤���
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'HILQLWLRQ� �XSSHU�ERXQG�� ORZHU�ERXQG�� WKH� OHDVW�XSSHU�ERXQG�� WKH�JUHDWHVW� ORZHU�ERXQG���
)RU�D�VXEVHW�$�RI�D�SRVHW��6��≤���LI�X�LV�DQ�HOHPHQW�RI�6�VXFK�WKDW�D�≤�X��IRU�DOO�D∈$��WKHQ�X�LV�
FDOOHG�DQ� �XSSHU�ERXQG�RI�$��/LNHZLVH�� LI�X�≤�D� IRU�DOO�HOHPHQWV�RI�D∈�$�� WKHQ�X� LV�FDOOHG�D�
ORZHU�ERXQG�RI�$��$Q�HOHPHQW�[�LV�FDOOHG�WKH�OHDVW�XSSHU�ERXQG�RI�D�VXEVHW�$�LI�[�LV�DQ�XSSHU�
ERXQG�RI�$�DQG�[≤�]�IRU�DOO�]��ZKHUH�]�LV�DQ�XSSHU�ERXQG�RI�$��6LPLODUO\��DQ�HOHPHQW�\�LV�FDOOHG�
WKH�JUHDWHVW� ORZHU�ERXQG�RI�D�VXEVHW�$� LI�\�LV�D�ORZHU�ERXQG�RI�$�DQG�]�≤�\�ZKHQHYHU�]�LV�D�
ORZHU�ERXQG�RI�$��

�
�
�
�
�
�
�
�
�

+DVVH�'LDJUDP�
)LJXUH����&RQVWUXFWLRQ�RI�D�+DVVH�GLDJUDP�

'HILQLWLRQ��'LUHFWHG�VHW���,I��6��≤� �� LV�D�SDUWLDO�RUGHU�� WKHQ�D�VXEVHW�'⊆6�LV�GLUHFWHG�LI�HYHU\�
ILQLWH�6 � ⊆'�KDV�DQ�XSSHU�ERXQG�LQ�'��LQ�RWKHU�ZRUGV��WKHUH�LV�\∈'�VXFK�WKDW�[≤\�IRU�DOO�[∈6 � �

>��@��
'HILQLWLRQ� �ODWWLFH���$�SDUWLDOO\�RUGHUHG�VHW� LQ�ZKLFK�HYHU\�SDLU�RI�HOHPHQWV�KDV�ERWK�D� OHDVW�
XSSHU� ERXQG� DQG� D� JUHDWHVW� ORZHU� ERXQG�� )RU� H[DPSOH�� WKH� SRVHW� GLDJUDP� LQ� ILJXUH� �D� LV� D�
ODWWLFH�ZKHUHDV�ILJXUH��E�LV�QRW��

7KH�SRVHW�GHSLFWHG�LQ�)LJXUH��E�IDLOV�WR�EH�D�ODWWLFH�VLQFH�WKH�HOHPHQWV�E�DQG�F�KDYH�QR�

��

��

��

��

��

��

��

��

��

��

��

��
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OHDVW�XSSHU�ERXQG��$OWKRXJK�G��H��DQG�I�DUH�XSSHU�ERXQGV��QRQH�RI�WKHP�SUHFHGH�WKH�RWKHU�WZR�
ZLWK�UHVSHFW�WR�WKH�RUGHULQJ�RI�WKH�SRVHW��

'HILQLWLRQ��WKH�SULQFLSOH��RUGHU��LGHDO���/HW�$�EH�D�ODWWLFH��DQG�OHW�D�EH�DQ�HOHPHQW�RI�WKH�VHW�$��

7KH�ODUJHVW�VHW�RI�HOHPHQWV�ZKRVH�OHDVW�XSSHU�ERXQG�LV�D�LV�FDOOHG�WKH�SULQFLSOH��RUGHU��LGHDO�RI�
$�JHQHUDWHG�E\�D��

� � �D@� �^[�∈�$���[�≤�D�`�

'HILQLWLRQ��WKH�SULQFLSOH��RUGHU��ILOWHU���/HW�$�EH�D�ODWWLFH��DQG�OHW�D�EH�DQ�HOHPHQW�RI�WKH�VHW�

$��7KH�ODUJHVW�VHW�RI�HOHPHQWV�ZKRVH�WKH�JUHDWHVW�ORZHU�ERXQG�LV�D�LV�FDOOHG�SULQFLSOH��RUGHU��

ILOWHU�RI�$�JHQHUDWHG�E\�D��

� � >D�� �^[�∈�$���D�≤�[�`�

�
�
�
�
�
�

�D�� �E��
)LJXUH����([DPSOH�3RVHW�GLDJUDPV��

$� ODWWLFH�PRGHO�FDQ�EH�XVHG� WR� UHSUHVHQW�GLIIHUHQW� LQIRUPDWLRQ� IORZ� DQG�DFFHVV�FRQWURO�
SROLFLHV�� 7KH� %HOO� DQG� /D3DGXOD� �%/3�� PRGHO� >�������������@� ZKLFK� LV� WKH� ILUVW� VHFXULW\�
PRGHO� EDVHG� RQ� WKH� 0$&� SROLF\� LV� D� ODWWLFH�EDVHG� DFFHVV� FRQWURO� PRGHO� WR� GHDO� ZLWK�
LQIRUPDWLRQ�IORZ�LQ�FRPSXWHU�V\VWHPV�� ,QIRUPDWLRQ�IORZ�LV�FOHDUO\�FHQWUDO� WR�FRQILGHQWLDOLW\��
WKLV�DSSOLHV�WR�LQWHJULW\�DV�ZHOO��

,QIRUPDWLRQ�IORZ�SROLFLHV�DUH�FRQFHUQHG�ZLWK�WKH�IORZ�RI�LQIRUPDWLRQ�IURP�RQH�VHFXULW\�

H�
I�

D�

E� F�

G�
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FODVV� WR� DQRWKHU� >���� ���� ��@�� ,Q� D� V\VWHP�� LQIRUPDWLRQ� DFWXDOO\� IORZV� IURP� RQH� REMHFW� WR�
DQRWKHU��,QIRUPDWLRQ�IORZ�LV�XVXDOO\�FRQWUROOHG�E\�VHFXULW\�FODVVHV�ZKLFK�DUH�GLVMRLQW�FODVVHV�
RI� LQIRUPDWLRQ��(DFK�REMHFW�[� LV�ERXQG� WR�D� VHFXULW\�FODVV�ZKLFK�VSHFLILHV� WKH�VHFXULW\�FODVV�
DVVRFLDWHG�ZLWK�WKH�LQIRUPDWLRQ�VWRUHG�LQ�[��:KHQHYHU�LQIRUPDWLRQ�IORZV�IURP�DQ�REMHFW�[�WR�
DQ� REMHFW� \�� WKHUH� LV� DQ� DFFRPSDQ\LQJ� LQIRUPDWLRQ� IORZ� IURP� WKH� VHFXULW\� FODVV� RI� [� WR� WKH�
VHFXULW\� FODVV� RI� \�� 7KHUH� DUH� WZR� PHWKRGV� IRU� ELQGLQJ� REMHFWV� WR� VHFXULW\� FODVVHV�� VWDWLF�
ELQGLQJ��ZKHUH� WKH� VHFXULW\� FODVV� RI� DQ� REMHFW� LV� FRQVWDQW�� DQG�G\QDPLF� ELQGLQJ��ZKHUH� WKH�
VHFXULW\�FODVV�RI�DQ�REMHFW�YDULHV�ZLWK�LWV�FRQWHQWV��8VHUV�PD\�EH�ERXQG��XVXDOO\�VWDWLFDOO\��WR�
VHFXULW\�FODVVHV�UHIHUUHG�WR�DV�FOHDUDQFH��

'HQQLQJ��GHILQHG�WKH�FRQFHSW�RI�DQ�LQIRUPDWLRQ�IORZ�SROLF\�DV�IROORZV�>��@��
$� WULSOH��6&��→�⊕� !�ZKHUH�6&� LV� D� VHW�RI�VHFXULW\� FODVVHV��→�⊆�6&×�6&� LV� D�ELQDU\�

FDQ�IORZ�UHODWLRQ�RQ�6&�DQG�⊕���6&�×�6&�→�6&�LV�D�ELQDU\�FODVV�FRPELQLQJ��RU�MRLQ�RSHUDWRU�
RQ�6&��

'HQQLQJ�DOVR�VKRZHG�WKDW�DQ�LQIRUPDWLRQ�IORZ�SROLF\�IRUPV�D�ILQLWH�ODWWLFH��WKDW�LV��ZLWK�
WKH� VHQVLWLYLW\� OHYHOV� DV� QRGHV� RI� D� JUDSK�� WKH� JUDSK� IRUPHG� E\� WKH� LQIRUPDWLRQ� IORZ�
UHODWLRQVKLS�VKRXOG�EH�DF\FOLF��'HQQLQJ¶V�D[LRPV���

• 7KH�VHW�RI�VHFXULW\�FODVVHV�6&�LV�ILQLWH��
• 7KH�FDQ�IORZ� UHODWLRQ�→� LV�D�SDUWLDO�RUGHU�RQ�6&��7KDW� LV� UHIOH[LYH�� WUDQVLWLYH�DQG�

DQWLV\PPHWULF� ELQDU\� UHODWLRQ�� $→%� GHQRWHV� WKDW� LQIRUPDWLRQ� FDQ� IORZ� IURP� WKH�
VHFXULW\�FODVV�$�WR�WKH�VHFXULW\�FODVV�%��

• 6&�KDV�D�XQLTXH�ORZHU�ERXQG�/�ZLWK�UHVSHFW�WR�→���WKDW�LV��/�→�$�IRU�DQ\�$∈6&���,W�
DFNQRZOHGJHV� WKH� H[LVWHQFH� RI� SXEOLF� LQIRUPDWLRQ� �L�H�� WKH� OHDVW� VHQVLWLYH�
LQIRUPDWLRQ��LQ�WKH�V\VWHP��

7KH� MRLQ� RSHUDWRU� ⊕� LV� D� WRWDOO\� GHILQHG� OHDVW� XSSHU� ERXQG� RSHUDWRU�� -RLQ� RSHUDWRU�

FRPELQHV�WKH�LQIRUPDWLRQ�IURP�DQ\�WZR�VHFXULW\�FODVVHV�DQG�JLYHV�WKH�UHVXOW�D�ODEHO��,W�FDQ�EH�
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DSSOLHG�WR�DQ\�QXPEHU�RI�VHFXULW\�FODVVHV��7KXV��OHDVW�XSSHU�ERXQG�RI�^$ � ��$ � ��«��$ � `�FDQ�EH�
FRPSXWHG�E\�DSSO\LQJ�WKH�MRLQ�RSHUDWRU¶V�DVVRFLDWLYLW\�SURSHUW\���

6LPLODU�WR�FDQ�IORZ�UHODWLRQ��D�GRPLQDQFH�UHODWLRQ�ZDV�GHILQHG�DV��
$�≥�%��UHDG�DV�³$�GRPLQDWHV�%´��LI�DQG�RQO\�LI�%�→�$��7KH�VWULFWO\�GRPLQDWHV�UHODWLRQ�!�

LV�GHILQHG�E\��$�!�%�LI�DQG�RQO\�LI�$�≥�%�DQG�$�≠�%��$�DQG�%�DUH�FRPSDUDEOH�LI�$�≥�%�RU�%�≥�$��
RWKHUZLVH�WKH\�DUH�LQFRPSDUDEOH��

�7KH�NH\� LGHD�LQ�%HOO�/D3DGXOD��%/3��LV�WR�DXJPHQW�GLVFUHWLRQDU\�DFFHVV�FRQWUROV�ZLWK�
PDQGDWRU\�DFFHVV�FRQWUROV�WR�HQIRUFH�LQIRUPDWLRQ�IORZ�SROLFLHV��(DFK�VXEMHFW�DQG�REMHFW�KDV�
DQ�DWWULEXWH�DVVRFLDWHG�ZLWK�LW�WR�LQGLFDWH�LWV�FOHDUDQFH�DQG�VHQVLWLYLW\�OHYHO��UHVSHFWLYHO\��7KH�
LQIRUPDWLRQ� IORZ� DPRQJ� WKHVH� VHQVLWLYLW\� OHYHOV� IRUPV� D� ODWWLFH�� $OO� DXWKRUL]DWLRQV� DUH�
FRQWUROOHG�E\�D�UHIHUHQFH�PRQLWRU�ZKLFK�HQIRUFHV�WZR�UXOHV�IRU�LQIRUPDWLRQ�IORZ��

��� 6LPSO\� VHFXULW\� SURSHUW\�� 1R� VXEMHFW� PD\� UHDG� LQIRUPDWLRQ� FODVVLILHG� DERYH� LWV�
FOHDUDQFH��³1R�UHDG�XS´���

��� 
�� SURSHUW\�� 1R� VXEMHFW� PD\� ORZHU� WKH� FODVVLILFDWLRQ� RI� LQIRUPDWLRQ� �³1R� ZULWH�
GRZQ´���WKDW�PHDQV��D�VXEMHFW�V�FDQ�ZULWH�WR�DQ�REMHFW�R�RQO\�LI�WKH�FOHDUDQFH�RI�V�LV�
GRPLQDWHG�E\�WKH�VHFXULW\�ODEHO�RI�R��

7KHVH� UXOHV� HQVXUH� WKDW� LQIRUPDWLRQ� FDQ� RQO\� IORZ� IURP� D� ORZHU� VHQVLWLYLW\� OHYHO� WR� D�
KLJKHU� VHQVLWLYLW\� OHYHO� DQG� SUHYHQW� LQIRUPDWLRQ� IORZV� IURP� KLJK� VHQVLWLYLW\� OHYHO� WR� ORZ�
VHQVLWLYLW\�OHYHO��

��� $�&RQILGHQWLDOLW\�9HULILHU�

�����$SSURDFK�

&RQILGHQWLDO�LQIRUPDWLRQ�IORZ�LQ�D�VRIWZDUH�V\VWHP�FRPSRVHG�RI�D�QXPEHU�RI�LQWHUDFWLQJ�
PRGXOHV�UHTXLUHV�DQ�HQG�WR�HQG�EHKDYLRXU�DQDO\VLV��$Q�HQG�WR�HQG�EHKDYLRXU�RI�D�FRPSXWLQJ�
V\VWHP�UHIOHFWV�WKH�IORZ�RI�LQIRUPDWLRQ�EHWZHHQ�HQGSRLQWV�LQ�WKH�V\VWHP�>��@��7KLV�HQG�WR�HQG�
LQIRUPDWLRQ�IORZ�DOVR�DIIHFWV�WKH�VHFXULW\�UHTXLUHPHQWV�RI�WKH�V\VWHP�WKDW�ZH�UHIHU�WR�DV�HQG�
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WR�HQG� VHFXULW\��6WDQGDUG� VHFXULW\�PHFKDQLVPV� VXFK�DV� DFFHVV� FRQWURO� �$&/�RU�FDSDELOLWLHV���
DQG�ILUHZDOOV�SURYLGHG�E\�LQGLYLGXDO�PRGXOHV��FRPSRQHQWV��DUH�LQDGHTXDWH�WR�DVVXUH�HQG�WR�
HQG�VHFXULW\�ZKHQ�WKH�V\VWHP�LV�FRPSRVHG�RI�D�QXPEHU�RI�LQWHUDFWLQJ�PRGXOHV��$�ILUHZDOO��IRU�
H[DPSOH��SURWHFWV�FRQILGHQWLDO�LQIRUPDWLRQ�E\�SUHYHQWLQJ�FRPPXQLFDWLRQ�ZLWK�RXWVLGH�LQ�ERWK�
GLUHFWLRQV�� :KHWKHU� WKLV� FRPPXQLFDWLRQ� YLRODWHV� FRQILGHQWLDOLW\� OLHV� RXWVLGH� WKH� VFRSH� RI�
ILUHZDOO� PHFKDQLVP��$FFHVV� FRQWURO�� RQ� WKH� RWKHU� KDQG�� GRHV� QRW� FRQWURO� KRZ� GDWD� LV� XVHG�
DIWHU�� IRU�H[DPSOH�� LW� LV� UHDG�IURP�D�ILOH��7R�HQIRUFH�FRQILGHQWLDOLW\�XVLQJ� WKLV�DFFHVV�FRQWURO�
SROLF\�� LW� LV� QHFHVVDU\� WR� JUDQW� WKH� ILOH� DFFHVV� SULYLOHJH� RQO\� WR� SURFHVVHV� WKDW� ZLOO� QRW�
LPSURSHUO\� WUDQVPLW� RU� OHDN� WKH� FRQILGHQWLDO� GDWD��+RZHYHU�� DFFHVV� FRQWURO�PHFKDQLVPV�FDQ�
QRW� LGHQWLI\� WKHVH� SURFHVVHV�� WKHUHIRUH�� DFFHVV� FRQWURO�� ZKLOH� XVHIXO�� FDQ� QRW� VXEVWLWXWH� IRU�
LQIRUPDWLRQ�IORZ�FRQWURO���

7KXV�� ZH� SURSRVH� WKDW� VRIWZDUH� DUFKLWHFWXUHV� VHHP� XVHIXO� DV� DQ� DEVWUDFWLRQ� IRU�
VWUXFWXULQJ�VHFXUH�V\VWHPV�WKDW�SURYLGH�HQG�WR�HQG�VHFXULW\��,Q�D�VRIWZDUH�V\VWHP�GHVFULEHG�LQ�
:ULJKW��WKH�SRUWV�RI�FRPSRQHQW�LQVWDQFHV�FDQ�EH�UHJDUGHG�DV�WKH�HQGSRLQWV�LQ�D�FRQILJXUDWLRQ���

,Q�RUGHU�WR�HQKDQFH�WKH�DUFKLWHFWXUDO�GHVFULSWLRQ�RI�D�VRIWZDUH�V\VWHP�WR�DGGUHVV�HQG�WR�
HQG�VHFXULW\� LVVXHV��ZH�H[WHQG� WKH�:ULJKW�$'/��QDPHO\�:ULJKW�F��E\� ODEHOLQJ� LWV�FRQVWUXFWV�
ZLWK� VHQVLWLYLW\� OHYHOV� >��@�� 7KH� H[WHQGHG� GHVFULSWLRQ� LV� XVHG� LQ� D� VWDWLF� YHULILFDWLRQ� RI� D�
VRIWZDUH� DUFKLWHFWXUH� FRQILJXUDWLRQ� WR� DVVXUH� HQG�WR�HQG� FRQILGHQWLDOLW\� RI� GDWD� IORZ� E\�
DSSO\LQJ�D�GDWD�IORZ�DQDO\VLV�LQ�SRUW�WR�SRUW�EDVLV���

)LJXUH���LOOXVWUDWHV�WKH�GDWD�IORZ�GLDJUDP�RI�WKH�VSHFLILFDWLRQ�DQG�WKH�GDWD�IORZ�DQDO\VLV�
LQFOXGHG�LQ�WKH�YHULILFDWLRQ�SURFHVV�WDNLQJ�SODFH�ZLWKLQ�D�VRIWZDUH�GHYHORSHU¶V�RUJDQL]DWLRQ��

7KH� YHULILFDWLRQ� SURFHVV� UHTXLUHV� WZR� LQSXWV�� DQ� DFFHVV� FRQWURO� ODWWLFH� PRGHO� WKDW�
LQFOXGHV� VHFXULW\� ODEHO� DQG�DXWKRUL]DWLRQ� OHYHO� UHODWLRQV��DQG� WKH�:ULJKW�F�GHVFULSWLRQ�RI� WKH�
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VRIWZDUH�FRQILJXUDWLRQ�WKDW�DOVR�LQFOXGHV�WKH�FRQILGHQWLDOLW\�DXWKRUL]DWLRQV�LQ�D�VXLWDEOH�IRUPDW�
IRU�WKH�SURFHVVLQJ��

7KH�YHULILFDWLRQ�SURFHGXUH�FDQ�VWDUW�RQFH�WKH�SDUVHU�FRQVWUXFWV�WKH�DEVWUDFW�V\QWD[�RI�WKH�
FRQILJXUDWLRQ��JHQHUDWHV�WKH�GDWD�VWUXFWXUHV�DQG�LQLWLDOL]HV�WKHP��%HIRUH�GHWDLOLQJ�WKH�VWHSV�RI�
WKH� SURFHGXUH�� VRPH� GHILQLWLRQV� DQG� QRWDWLRQV� DUH� LQWURGXFHG��7KH� GHILQLWLRQV� LQ� WKH� VHTXHO�
UHIHU�WR�D�IL[HG��EXW�DUELWUDU\��FRQILJXUDWLRQ�XQGHU�FRQVLGHUDWLRQ��WKXV�WKH�GHILQLWLYH�DUWLFOH�LQ�
³WKH�FRQILJXUDWLRQ´��

7KH� FRQVWUXFWLRQ� RI� WKH� DFFHVV� FRQWURO� ODWWLFH� PRGHO� LV� FDUULHG� RXW� VHSDUDWHO\� IURP�
DUFKLWHFWXUDO�GHVFULSWLRQ�UHJDUGLQJ� WKH�VDIHW\�UHTXLUHPHQWV� WKDW� LQFOXGH�FRQILGHQWLDOLW\�RI� WKH�
LQIRUPDWLRQ�PDQLSXODWHG�E\�WKH�VRIWZDUH���

7KH�$'/�GHVFULSWLRQ�RI�WKH�FRQILJXUDWLRQ��RQ�WKH�RWKHU�KDQG��LV�SURGXFHG�XVLQJ�:ULJKW�F�
ODQJXDJH�� 7KH� ODWWLFH� PRGHO� DQG� WKH� GHVFULSWLRQ� DUH� UHSUHVHQWHG� LQ� ;0/� �H;WHQGHG� 0HWD�
/DQJXDJH��WR�OHYHUDJH�WRRO�VXSSRUW�>��@��

7KH�YHULILFDWLRQ�SURFHVV�SHUIRUPV�WZR�PDLQ�WDVNV��D�GDWD�IORZ�DQDO\VLV�SURFHVV��DQG�DQ�
DQRPDO\�DQG�H[FHVV�SULYLOHJH�GHWHFWLRQ�SURFHVVHV��7KH�SURFHVVHV�RSHUDWH�RQ�WKH�DEVWUDFW�IRUP�
RI�WKH�FRQILJXUDWLRQ�ZLWK�UHVSHFW�WR�WKH�ODWWLFH�PRGHO��

�����7KH�9HULILFDWLRQ�0RGHO�

7KH� YHULILFDWLRQ� SURFHGXUH� FDQ� VWDUW� RQFH� WKH� SDUVHU� �LQ� WKH� IURQW�HQG�� FRQVWUXFWV� WKH�
DEVWUDFW� V\QWD[� RI� WKH� FRQILJXUDWLRQ� DQG� LQLWLDOL]HV� WKH� JHQHUDWHG� GDWD� VWUXFWXUHV�� %HIRUH�
GHWDLOLQJ� WKH� VWHSV� RI� WKH� SURFHGXUH�� VRPH� GHILQLWLRQV� DQG� QRWDWLRQV� DUH� LQWURGXFHG�� 7KH�
GHILQLWLRQV�LQ�WKH�VHTXHO�UHIHU�WR�D�IL[HG��EXW�DUELWUDU\��FRQILJXUDWLRQ�XQGHU�FRQVLGHUDWLRQ��WKXV�
WKH�GHILQLWLYH�DUWLFOH�LQ�³WKH�FRQILJXUDWLRQ´��

�
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)ORZ�
DQRPDO\�
QRWLILFDWLRQ�

⊕� ⊕�

'HVLJQ�
6SHFLILFDWLRQV�6HFXULW\�

6SHFLILFDWLRQV�

)LJXUH����'DWD�IORZ�GLDJUDP�IRU�WKH�VSHFLILFDWLRQ�DQG�RQH�LWHUDWLRQ�RI�YHULILFDWLRQ�
SURFHGXUH�

([FHVV�
SULYLOHJH�
QRWLILFDWLRQ�

:ULJKW�F�DQG�ODWWLFH�PRGHO��
LQ�DEVWUDFW�IRUP�

/DWWLFH�0RGHO��
;0/�5HSUHVHQWDWLRQ�

�$UFKLWHFWXUH�'HVFULSWLRQ�
��LQ�:ULJKW�F��

�;0/�5HSUHVHQWDWLRQ��

�
)URQW�HQG�
SURFHVVLQJ�

�
9HULILFDWLRQ�

�
�:ULJKW�F�GHVFULSWLRQ�

YV���
ODWWLFH�PRGHO��


�

6XFFHVV�
QRWLILFDWLRQ�

6HFXULW\�5HTXLUHPHQWV�
�&RQILGHQWLDOLW\�DQG�,QWHJULW\��

)XQFWLRQDO�
5HTXLUHPHQWV�

'HYHORSPHQW�
7HDP�

�
'HVLJQ�

�
$QDO\VLV�

6HFXULW\�
7HDP�

'HYHORSPHQW�7HDP�
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1RWDWLRQ��&RPSRQHQWV��SRUWV���7KH�&RPSRQHQWV�VWDQGV�IRU�WKH�VHW�RI�DOO�FRPSRQHQW�LQVWDQFHV�
LQ� WKH� FRQILJXUDWLRQ�� 7KH� 3RUWV � � LV� WKH� VHW� RI� DOO� SRUWV� WKDW� D� FRPSRQHQW� LQVWDQFH�
F∈&RPSRQHQWV�KDV��
1RWDWLRQ��&RQQHFWRUV��UROHV���7KH�&RQQHFWRUV�VWDQGV�IRU�WKH�VHW�RI�DOO�FRQQHFWRU�LQVWDQFHV�LQ�
WKH�FRQILJXUDWLRQ��7KH�5ROHV � �LV�WKH�VHW�RI�DOO�UROHV�WKDW�WKH�FRQQHFWRU�LQVWDQFH�F�∈�&RQQHFWRUV�
KDV��

1RWDWLRQ�� ��FD �GHQRWHV�WKH�FOHDUDQFH�DVVLJQHG�WR�WKH�SRUW�S∈3RUWV � �RI�D�FRPSRQHQW�LQVWDQFH�

F∈&RPSRQHQWV��

1RWDWLRQ�� FSFHLYHG6HW5H > FS6HQW6HW @�GHQRWHV�D�VHW�RI�VHFXULW\�ODEHOV�DVVRFLDWHG�ZLWK�WKH�LQSXW�

>RXWSXW@�SRUW�S∈3RUWV � �RI�D�FRPSRQHQW�LQVWDQFH�F∈&RPSRQHQWV��
'HILQLWLRQ� �&RQIRUPLQJ� UHFHLYHG� �VHQW�� VHW���$� FRQIRUPLQJ� UHFHLYHG� >VHQW@� VHW� DVVRFLDWHG�
ZLWK� WKH� LQSXW� >RXWSXW@� SRUW�S∈3RUWV � �RI� D� FRPSRQHQW� LQVWDQFH�F∈&RPSRQHQWV� LV� WKH� VHW�RI�
ODEHOV� �OF@�� WKH�SULQFLSOH�RUGHU� LGHDO�JHQHUDWHG�E\� OF��>OF��� WKH�SULQFLSOH�RUGHU�ILOWHU�JHQHUDWHG�

E\�OF���ZKHUH�OF�LV�WKH�ODEHO�ZKLFK� FSFD LV�DVVRFLDWHG�ZLWK��$�PHPEHU�RI�D�FRQIRUPLQJ�UHFHLYHG�

>VHQW@�VHW�LV�FDOOHG�D�FRQIRUPLQJ�ODEHO��

'HILQLWLRQ� �3RUW� HYHQW��� /HW� /� EH� FSFHLYHG6HW5H > FS6HQW6HW @� IRU� DQ� LQSXW� >RXWSXW@� SRUW�

S∈3RUWV � �RI�D�FRPSRQHQW�LQVWDQFH�F∈&RPSRQHQWV��7KHQ�IRU�HDFK�A∈/�ZH�DVVRFLDWH�DQ�LQSXW�
>RXWSXW@�HYHQW�W\SH��DFWLRQ��RQ�SRUW�S�ZKHUH�F�UHFHLYHV�>VHQGV@�D�GDWXP�ZLWK�ODEHO�A�WKURXJK�
WKH�SRUW�S��$Q� LQSXW� �RXWSXW��HYHQW� W\SH�RQ�SRUW�S�ZLWK� ODEHO�A� LV�FDOOHG�D�FRQIRUPLQJ� LQSXW�
>RXWSXW@� HYHQW� W\SH� LI� LWV� DVVRFLDWHG� ODEHO� LV� FRQIRUPLQJ� �L�H�� FSFD ≥A� > FSFD ≤A@��� $Q� LQSXW�

>RXWSXW@�HYHQW�W\SH�RQ�D�SRUW�S�ZLWK�ODEHO�A�LV�DQ�DFWLRQ�H[SUHVVHG�LQ�&63�DV�S"[�>S�H@�ZKHUH�S�
LV� UHJDUGHG� D� FKDQQHO�� DQG� [� LV� D� YDULDEOH� ZKRVH� FRQWHQWV� KDYH� ODEHO� A� �H� LV� DQ� H[SUHVVLRQ�
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ZKRVH�YDOXH�KDV�ODEHO�A���$Q��FRQIRUPLQJ��LQSXW�RU�RXWSXW�HYHQW�W\SH�LV�FDOOHG�D��FRQIRUPLQJ��
SRUW�HYHQW�W\SH���

1RWH� WKDW� ZH� GLVWLQJXLVK� EHWZHHQ� HYHQW� W\SHV� �DFWLRQV� DV� D� SDUW� RI� D� &63� WHUP�� DQG�
HYHQWV��ZKLFK�DUH�LQVWDQFHV�RI�HYHQW�W\SHV��$Q�HYHQW�UHIHUV�WR�DQ�RFFXUUHQFH�RI�DQ�DFWLRQ��VXFK�
DV� LQSXW� RU� RXWSXW� E\� D� SRUW��ZKLOH� DQ� HYHQW� W\SH� UHIHUV� WR� D� FODVV� RI� HYHQWV�� VXFK� DV� WKRVH�
LQYROYLQJ�D�SDUWLFXODU�SRUW�DQG�D�GDWXP�ZLWK�D�SDUWLFXODU�VHFXULW\�ODEHO��7KXV��FRUUHVSRQGLQJ�WR�
DQ�DFWLRQ�S"[��S�H��WKHUH�FDQ�EH�PDQ\�LQSXW�>RXWSXW@�HYHQWV�RQ�SRUW�S�LQ�D�WUDFH��
1RWDWLRQ��A�H��GHQRWHV�WKH�ODEHO�DVVRFLDWHG�ZLWK�D�SRUW�HYHQW��W\SH��H��0RUH�VSHFLILFDOO\��A�H��

LV�WKH�VHFXULW\�ODEHO�RI�WKH�LQSXW�>RXWSXW@�GDWXP�LI�H�LV�DQ�LQSXW�>RXWSXW@�HYHQW��W\SH���

'HILQLWLRQ��UHFHLYHG�ODEHO�VHW�DVVLJQPHQW��UOVD���$�UHFHLYHG�ODEHO�VHW�DVVLJQPHQW��UOVD��RI�D�
FRQILJXUDWLRQ�LV�DQ�LQGH[HG�FROOHFWLRQ�RI�FRQIRUPLQJ�UHFHLYHG�VHWV�RI�HDFK�LQSXW�SRUW�RI�HYHU\�
FRPSRQHQW�LQVWDQFH�LQ�WKH�FRQILJXUDWLRQ��
'HILQLWLRQ� �VHQW� ODEHO� VHW� DVVLJQPHQW�� VOVD��� $� VHQW� ODEHO� VHW� DVVLJQPHQW� �VOVD�� RI� D�
FRQILJXUDWLRQ� LV� DQ� LQGH[HG� FROOHFWLRQ�RI�FRQIRUPLQJ� VHQW� VHWV�RI� HDFK�RXWSXW� SRUW� RI� HYHU\�
FRPSRQHQW�LQVWDQFH�LQ�WKH�FRQILJXUDWLRQ��

$� SDLU� RI� UOVD� DQG� VOVD� FRQVWLWXWHV� D� ODEHO� VHW� DVVLJQPHQW� �OVD�� IRU� WKH� FRQILJXUDWLRQ��
OVD �UOVD��VOVD����
'HILQLWLRQ� �*5/6$��� *5/6$� �*OREDO� 5HFHLYHG� /DEHO� 6HW� $VVLJQPHQW�� LV� D� VHW� RI� DOO�
UHFHLYHG�ODEHO�VHW�DVVLJQPHQWV��UOVDV��IRU�WKH�FRQILJXUDWLRQ��1RWH�WKDW�*5/6$�LV�D�ILQLWH�VHW��
1RWDWLRQ� �3URMHFWLRQ���7KH�SURMHFWLRQ�RI�D� UHFHLYHG�>VHQW@� ODEHO�DVVLJQPHQW�UOVD� >VOVD@�RQ�D�
FRPSRQHQW�LQVWDQFH�F∈�&RPSRQHQWV�LV�GHQRWHG�UOVD � >VOVD � @�� �

7KXV�� 3URM � �UOVD� �UOVD � �� ZKHUH� 3URM � LV� WKH� SURMHFWLRQ� RSHUDWRU�� 6LPLODUO\��
3URM � �VOVD� �VOVD � ���+HQFH��WKH�SURGXFW�RI�UHFHLYHG�>VHQW@�ODEHO�VHW�DVVLJQPHQWV�LV�D�FROOHFWLRQ�
RI�UOVD � ��VOVD � ��VHWV�LQGH[HG�E\�F�∈�&RPSRQHQWV��
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�VOVD� F
&RPSRQHQWVF

VOVD∏
∈

��DQG��

UOVD� F
&RPSRQHQWVF

UOVD∏
∈

��ZKHUH�∏ LV�WKH�SURGXFW�RSHUDWRU����

'HILQLWLRQ� �'DWD� VRXUFH� SRUWV�� �� 7KH� VHW� RI� GDWD� VRXUFH� SRUWV� RI� D� SRUW� S∈� 3RUWV � � RI� D�

FRPSRQHQW�LQVWDQFH�F∈�&RPSRQHQWV��GHQRWHG� FS'63 �� LV�D�VHW�RI�SRUWV�WKDW�SRWHQWLDOO\�VXSSO\�
GDWD�WR�WKH�SRUW�S��GLUHFWO\�WKURXJK�VRPH�FRQQHFWLRQ�LQ�ZKLFK�S�SOD\V�D�UROH���0RUH�IRUPDOO\��

T∈ FS'63 � LI� DQG� RQO\� LI� ERWK� S� DQG� T� SOD\� UROHV� LQ� VRPH� FRQQHFWLRQ�� %\� FRQVLGHULQJ� WKH�

DWWDFKPHQW�HQWULHV�RI�WKH�FRQILJXUDWLRQ��WKH�SDUVHU�GHWHUPLQHV�WKH�GDWD�VRXUFH�SRUWV�IRU�HYHU\�
SRUW�RI�HDFK�FRPSRQHQW�LQVWDQFH��EDVHG�RQ�SRUW�DGMDFHQF\���

7R�LOOXVWUDWH�WKH�SRUW�DGMDFHQF\�FRQFHSW��FRQVLGHU�WKH�H[DPSOH�FRQILJXUDWLRQ�LQ�)LJXUH����
$�SDLU�S � �U	 � LQ� WKH� ILJXUH�SDLU� LQGLFDWHV� WKDW�SRUW�S � �SOD\V� WKH� UROH�U	 � LQ� VRPH�FRQQHFWLRQ� LW� LV�
DWWDFKHG��7KH�SRUW�DGMDFHQF\�LQ�WKLV�FRQILJXUDWLRQ�KDV�IRXU�HQWULHV��RQH�IRU�HDFK�SRUW��1RWH�WKDW�
WKH�FRQQHFWRU�1 
 �FDQ�EH�YLHZHG�DV�D�³K\SHU�HGJH´�ZLWK�WKUHH�QRGHV��ZKHUH�HDFK�QRGH�LV�D�SRUW�

SOD\LQJ�D�UROH�LQ�1 
 ���7KH� FS
�
�'63 �LQFOXGHV�S 
 � S � �DQG�S 
 ��WKURXJK�FRQQHFWLRQ�1 
 ����DQG��S 
 �DQG�

S � ��WKURXJK�FRQQHFWLRQ�1 � ����3RUW�S 
 �SOD\V�WKH�UROH�U 
 �LQ�WKH�FRQQHFWLRQ�1 
 DQG�WKH�UROH�U � LQ�WKH�
FRQQHFWLRQ�1 � ��1RWH�WKDW�D�SRUW�WKDW�LV�ERWK�DQ�LQSXW�DQG�RXWSXW�SRUW�LV�D�GDWD�VRXUFH�IRU�LWVHOI�
LQ�DQ\�FRQQHFWLRQ���

�
�
�
�
�
�

�

�

1 � �
S � �U � �

S � �U � �
S � �U � �

S � �U � �S � �U � ��& � � & � �

& � �

1 � �

)LJXUH����3RUW�$GMDFHQF\�LQ�D�:ULJKW�F�FRQILJXUDWLRQ�
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�
3RUW�S � ��RQ�WKH�RWKHU�KDQG��KDV�WZR�GDWD�VRXUFH�SRUWV��S 
 �DQG�S � ��ZKLFK�SOD\V�WKH�UROH�U � �

DQG�U � ��UHVSHFWLYHO\��LQ�WKH�FRQQHFWLRQ�1 � ��1RWH�WKDW�ZH�GR�QRW�FRQVLGHU�DW�WKLV�VWDJH��ZKHWKHU�
LQSXW�RU�RXWSXW�DUH�UHDOL]HG�RQ�WKH�UHODWHG�SRUWV��UDWKHU��FRQVLGHU�WKH�SRWHQWLDO�IRU�HDFK�SRUW���
'HILQLWLRQ��)ORZ�$QRPDOLHV���7ZR�W\SHV�RI�IORZ�DQRPDOLHV�DUH�GHILQHG�LQ�UHJDUGV�WR�WKH�%/3�
SULQFLSOHV��

L�� 7KURXJK� VRPH� FRQQHFWRU� D� GDWXP�ZLWK� VHFXULW\� ODEHO� A� LV� VHQW� WR� DQ� LQSXW� SRUW�S�
ZLWK� FOHDUDQFH�QRW� GRPLQDWLQJ� A�� �+HQFH� LI� WKH�GDWXP�ZHUH� WR�EH� UHFHLYHG�E\� WKH�
SRUW�S��WKDW�ZRXOG�EH�D�YLRODWLRQ�RI�WKH�%/3�µQR�UHDG�XS¶�SULQFLSOH���

LL�� 6RPH�FRPSRQHQW�DWWHPSWV�WR�VHQG�D�GDWXP�ZLWK�VHFXULW\�ODEHO�A��WKURXJK�RQH�RI�LWV�
SRUWV��VD\�S��ZLWK�FOHDUDQFH�QRW�GRPLQDWHG�E\�A���+HQFH�LI�WKH�SRUW�S�ZHUH�WR�VHQG�
WKH�GDWXP��WKDW�ZRXOG�EH�D�YLRODWLRQ�RI�WKH�%/3¶V�µQR�ZULWH�GRZQ¶�SULQFLSOH���

�
1RWH� WKDW� W\SH� �L�� DQRPDOLHV� DULVH� IURP� WKH� JOXH� RI� VRPH� FRQQHFWRU�� DQG� W\SH� �LL��

DQRPDOLHV�DULVH�IURP�WKH�FRPSXWDWLRQ�RI�VRPH�FRPSRQHQW��
����6WDWLF�$QDO\VLV�RI�&63�([SUHVVLRQV�
:ULJKW�FRQILJXUDWLRQV� �WKXV��:ULJKW�F�FRQILJXUDWLRQV�DV�ZHOO�� LQYROYH�&63�H[SUHVVLRQV�

IRU� WKH� EHKDYLRUDO� DVSHFW� RI� WKHLU� GHVFULSWLRQ�� 7KHUHIRUH�� WKH� DQDO\VLV� RI� GDWD� IORZ� �VWULFWO\�
VSHDNLQJ�� WKH� IORZ�RI�VHFXULW\� ODEHOV�RI�GDWD�� WKURXJK�WKH�SRUWV�ERLOV�GRZQ�WR�DQ�DQDO\VLV�RI�
WKHVH�&63�H[SUHVVLRQV��$�IXQFWLRQ�FDOOHG�&63$QDO\VLV�SHUIRUPV�WKLV�DQDO\VLV�E\�H[WUDFWLQJ�WKH�
GDWD�IORZ�GHSHQGHQFLHV�DPRQJ�WKH�FKDQQHOV�RI�WKH�&63�H[SUHVVLRQ���

7KH�&63$QDO\VLV� IXQFWLRQ� WDNHV� D�&63�H[SUHVVLRQ� �FRPSXWDWLRQ�RU�JOXH�� DORQJ�ZLWK� D�
OLVW�RI�LQSXW�DQG�RXWSXW�FKDQQHOV��SRUWV��WKDW�DSSHDU�LQ�LW��DQG�WKH��UHFHLYHG�RU�VHQW��ODEHO�VHW�
DVVLJQPHQWV�IRU�WKH��LQSXW�RU�RXWSXW��FKDQQHOV���

• ,Q�FDVH�WKH�FRPSXWDWLRQ�RI�D�FRPSRQHQW�F�LV�DQDO\]HG�LQ�WKH�IXQFWLRQ��WKH�LQSXW�ODEHO�
VHW�DVVLJQPHQW�LV�WKH�UHFHLYHG�ODEHO�VHW�DVVLJQPHQWV�RI�WKH�SRUWV�RI�WKH�FRPSRQHQW�F��



���

7KHQ�WKH�RXWSXW�LV�6HQW6HW � ���
• ,Q� FDVH� WKH� JOXH� RI� D� FRQQHFWRU� LV� DQDO\]HG� LQ� WKH� IXQFWLRQ�� WKH� LQSXW� ODEHO� VHW�

DVVLJQPHQW� LV� WKH� VHQW� ODEHO� VHW� DVVLJQPHQWV�RI� WKH� SRUWV� SOD\LQJ� VRPH� UROH� LQ� WKH�
FRQQHFWLRQ��7KHQ�WKH�RXWSXW�LV�D�5HFHLYHG6HW IRU�HDFK�RI�WKHVH�SRUWV���

:H� QHHG� WR� GLVFXVV� WKH� DQDO\VLV� RI� D�&RPSXWDWLRQ� �L�H�� UOVD�FRPSXWDWLRQ�� RQO\�� DV� WKH�
*OXH�KDV�WKH�VDPH�VWUXFWXUH�DV�D�&63�H[SUHVVLRQ��

&63$QDO\VLV���UOVD � →�6HQW6HW � ��IRU�F∈&RPSRQHQWV��
7KH� GRPDLQ� DQG� FRGRPDLQ� DUH� ERWK� FROOHFWLRQV� RI� VHFXULW\� ODEHO� VHWV� LQGH[HG� E\� WKH�

SRUWV�RI�WKH�FRPSRQHQW�LQVWDQFH���
&63$QDO\VLV��LQ�DGGLWLRQ�WR�6HQW6HWV � ��SURYLGHV�LQIRUPDWLRQ�DERXW�WKH�WUXVWZRUWKLQHVV�RI�

WKH�FRPSRQHQW�F∈&RPSRQHQWV��$Q�RXWSXW�RI�µWKH�FRPSRQHQW�PXVW�EH�WUXVWHG¶��LV�SURGXFHG�LI�

VRPH�GDWD�ZLWK�VHFXULW\�ODEHO��VD\��A � ��LV�RXWSXW�WKURXJK�D�SRUW�DQG�WKHVH�GDWD�LV�REWDLQHG�IURP�

VRPH�LQSXW�GDWD�ZLWK�VHFXULW\� ODEHO�A � � VXFK� WKDW�A � ���A � �� ,I� WKLV�LV� WKH�FDVH�� WKH�FRPSRQHQW�LV�

DVVXPHG� WR� ORZHU� WKH� VHFUHF\� OHYHO� RI� GDWD�� IRU� H[DPSOH� E\� DSSO\LQJ� DQ� HQFU\SWLRQ�� DQG� LW�
PXVW�EH�WUXVWHG��

����7KH�9HULILFDWLRQ�3URFHGXUH�
7KH� YHULILFDWLRQ� SURFHGXUH� FRQVLVWV� RI� WKUHH� SKDVHV� WKDW� DUH� H[HFXWHG� VHTXHQWLDOO\���

SUHSURFHVVLQJ�DQG�LQLWLDOL]DWLRQ��GDWD�IORZ�DQDO\VLV��DQG�SRVWSURFHVVLQJ��$�GDWD�IORZ�GLDJUDP�
RI�WKH�YHULILFDWLRQ�SURFHGXUH�LV�SUHVHQWHG�LQ�ILJXUH����

������3UHSURFHVVLQJ�DQG�,QLWLDOL]LQJ�
7DNLQJ� WKH�DEVWUDFW�V\QWD[�RI� WKH�:ULJKW�F�GHVFULSWLRQ�DQG�WKH�DFFHVV�FRQWURO�ODWWLFH�DV�

LQSXWV�� WKH� YHULILFDWLRQ� SURFHGXUH� VWDUWV� E\� LQLWLDOL]LQJ� WKH� ODEHO� VHW� DVVLJQPHQW� �OVD��RI� WKH�
FRQILJXUDWLRQ��DOWKRXJK�ORJLFDOO\�LQFOXGHG�LQ�WKH�YHULILFDWLRQ�SURFHGXUH��LW�LV�LPSOHPHQWHG�DV�D�
SDUW�RI�WKH�SDUVLQJ�SURFHVV���
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6XFFHVV�
QRWLILFDWLRQ�

⊕�⊕�

6XFFHVV�
QRWLILFDWLRQ�

&63�
([SUHVVLRQV�

��
6HFXULW\�ODEHOV�RI�

LQSXW�GDWD�

6HQW6HW�5HFHLYHG6HW�

VOVD�UOVD�

:ULJKW�F�DQG�ODWWLFH�PRGHO�
LQ�DEVWUDFW�IRUP�

,QLWLDO��
ODEHO�VHW�DVVLJQPHQW

)L[HG�SRLQW�
µODEHO�VHW�DVVLJQPHQW¶�

3RVW�
SURFHVVLQJ

�
3UHSURFHVVLQJ

	�
,QLWLDOL]LQJ�

)ORZ�
$QRPDO\�
'HWHFWLRQ�

�
9LRODWLRQ�
3UHYHQWLRQ

([FHVV��
3ULYLOHJH�
'HWHFWLRQ

6HFXULW\�ODEHOV�RI�
RXWSXW�GDWD�

�6HQW6HW�5HFHLYHG6HW��

&63�
$QDO\VLV

�
�
�

,WHUDWLRQ�
�1(;7��

)ORZ�
DQRPDO\�
QRWLILFDWLRQ�

([FHVV�
SULYLOHJH�
QRWLILFDWLRQ�

'DWD�)ORZ�
$QDO\VLV�

'HYHORSPHQW�7HDP�

)LJXUH����'DWD�IORZ�GLDJUDP�RI�WKH�9HULILFDWLRQ�3URFHGXUH��
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7KH� LQLWLDO� UOVD� LV� VHW� XS�E\� ³IORRGLQJ´��$OO� FRQIRUPLQJ� ODEHOV� DUH�RIIHUHG� WR� DOO� LQSXW�
SRUWV���

$QRWKHU� WDVN� RI� SUHSURFHVVLQJ� LV� WR� GHWHUPLQH� WKH� GDWD� VRXUFH� SRUWV� IRU� HDFK� SRUW� RI�
HYHU\�FRPSRQHQW�LQVWDQFH�LQ�WKH�FRQILJXUDWLRQ���

7KH�QH[W�VWHS��GDWD�IORZ�DQDO\VLV��LV�D�IL[HG�SRLQW�FRPSXWDWLRQ��,W�FDQ�EH�YLHZHG�DV�DQ�
LWHUDWLYH�LPSURYHPHQW�RQ�WKH�LQLWLDO�OVD��

������'DWD�)ORZ�$QDO\VLV�
7KH� GDWD� IORZ� DQDO\VLV� UHSHDWHGO\� H[HFXWHV� WKH� 1(;7� IXQFWLRQ� XQWLO� WZR� VXFFHVVLYH�

UOVDV�FRLQFLGH��L�H��WKH�IL[HG�SRLQW�UOVD�LV�REWDLQHG���7KH�1(;7�IXQFWLRQ�PDSV�DQ�UOVD�$�WR�D�
QHZ�UOVD�$ �LQ�DQ�LWHUDWLRQ�VWHS��L�H��$  1(;7��$���

�
�
�

�

�

�
�
�
�

7KH�1(;7�IXQFWLRQ�FDOOV�&RPS)LOWHU�DQG�*OXH)LOWHU�IXQFWLRQV�DOWHUQDWLQJO\��ILJXUH�����
7KH� GHVFULSWLRQV� RI� WKH�*OXH)LOWHU� DQG� WKH� &RPS)LOWHU��ZKLFK� DUH� SDUWV� RI� WKH� GDWD� IORZ�
DQDO\VLV�� DUH�JLYHQ�EHORZ� WRJHWKHU�ZLWK� WKH�GHVFULSWLRQV�RI� WZR�DX[LOLDU\� IXQFWLRQV��QDPHO\��
&63$QDO\VLV�DQG�9LRODWLRQ3UHYHQWLRQ���

&63$QDO\VLV��3UHVHQWHG�LQ�6HFWLRQ�������
�

�VOVD

UOVD

VOVD �

UOVD �
&RPS)LOWHU �

*OXH)LOWHU�

3URM �

UOVD �

�����! #"$�!%'&(%*) +∈
∏

,�-/.!021�.'3546387 9∈
∏

6WDUWV�IURP�KHUH�

)LJXUH����$Q�LWHUDWLRQ�RI�'DWD�)ORZ�$QDO\VLV�UHDOL]LQJ�WKH�1(;7�IXQFWLRQ��
,WHUDWLRQ�VWDUWV�IURP�UOVD��
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9LRODWLRQ3UHYHQWLRQ���
7KH� 9LRODWLRQ3UHYHQWLRQ� IXQFWLRQ� UHPRYHV� DOO� VHFXULW\� ODEHOV� WKDW� FDQ� FDXVH� D� %/3�

YLRODWLRQ�IURP�WKH�JLYHQ�VHFXULW\�ODEHO�VHW��,W��WKHQ��UHWXUQV�WKH�UHVXOWLQJ�ODEHO�VHW�DVVLJQPHQW��
6HQW6HW�RU�5HFHLYHG6HW��

&RPS)LOWHU���
,W�LV�D�IXQFWLRQ�WKDW�DSSOLHV�WKH�IROORZLQJ�RSHUDWLRQV�WR�SHUIRUP�D�GDWD�IORZ�DQG�YLRODWLRQ�

SUHYHQWLRQ�DQDO\VLV�ZLWKLQ�HYHU\�FRPSRQHQW�LQVWDQFH�F��
• 7KH�IXQFWLRQ�LQSXWV�D�UHFHLYHG�ODEHO�VHW�DVVLJQPHQW�IRU�WKH�FRPSRQHQW�F��UOVD � ����
• ,W� LQYRNHV� &63$QDO\VLV� E\� VXSSO\LQJ� WKH� FRPSXWDWLRQ� RI� F�� DQG� UOVD � �� 7KH�

&63$QDO\VLV�PRGXOH�UHWXUQV�6HQW6HW � �����
• ,W�LQYRNHV�9LRODWLRQ3UHYHQWLRQ�E\�VXSSO\LQJ�6HQW6HW � �DQG�WKH�DFFHVV�FRQWURO�ODWWLFH��

7KH� PRGXOH� FKHFNV� WKH� VHFXULW\� ODEHOV� RI� GDWD� SRWHQWLDOO\� RXWSXW� E\� F� DQG�
DXWKRUL]DWLRQ� OHYHOV� DVVLJQHG� WR� LWV� SRUWV� � :;FD ��ZKHUH�S∈3RUWV < ���7KHQ�� LW� UHWXUQV�
VOVD < �ZKLFK�H[FOXGHV�WKRVH�VHFXULW\�ODEHOV�WKDW�FDQ�FDXVH�D�YLRODWLRQ�RI�%/3¶V�µQR�
ZULWH�GRZQ¶�SULQFLSOH��7KH�H[FOXGHG�VHFXULW\�ODEHOV�DUH�SXW�LQWR�D�OLVW��FDOOHG�UHIXVHG�
VHQW�OLVW��1RWH�WKDW�HDUOLHU�UHIXVHG�VHQW�OLVWV�DUH�GLVFDUGHG����

• 7KH� IXQFWLRQ�&RPS)LOWHU�� WKHQ�� UHWXUQV�VOVD � �� WKH�VHQW� ODEHO�VHW�DVVLJQPHQW�IRU� WKH�
FRPSRQHQW�LQVWDQFH�F��

,Q�VXPPDU\��VOVD �  &RPS)LOWHU�UOVD � ���IRU�HDFK�F∈&RPSRQHQWV�
*OXH)LOWHU���
,W� LV� D� IXQFWLRQ� WKDW� SHUIRUPV� D� GDWD� IORZ� DQG� YLRODWLRQ� SUHYHQWLRQ� DQDO\VLV� IRU� HYHU\�

FRPSRQHQW�LQVWDQFH�F∈�&RPSRQHQWV�WKURXJK��WKH�FRQQHFWRUV�LW�LV�LQFLGHQW�RQ��
• *OXH)LOWHU�LQSXWV�D�VHQW�ODEHO�VHW�DVVLJQPHQW��VOVD��IRU�F���



���

• ,W��WKHQ��H[WUDFWV�WKH�GDWD�VRXUFH�SRUWV�� =>'63 �IRU�HDFK�SRUW�S�RI�F��1RWH�WKDW�D�SRUW�
FDQ�SOD\�UROHV�LQ�PXOWLSOH�FRQQHFWLRQV��$V�*OXH)LOWHU�UXQV�RQ�FRQQHFWRU�EDVLV��WKH�
RXWSXWV��L�H� =>'63 �IRU�WKH�VDPH�SRUW�SOD\LQJ�PXOWLSOH�UROHV�DUH�XQLRQHG���

• )RU�HDFK�FRQQHFWRU�LQVWDQFH�D��WKH�&63$QDO\VLV�PRGXOH�LV�FDOOHG�E\�VXSSO\LQJ�WKH�
JOXH�RI�D��WKH�SRUWV�S�WKDW�SOD\�VRPH�UROH�LQ�D��DQG� 7]VOVD �IRU�HDFK�]∈ ?@'63 ��ZKHUH�
7� LV� D� FRPSRQHQW� LQVWDQFH� WR� ZKLFK� ]� EHORQJV�� 7KH� &63$QDO\VLV� IXQFWLRQ�
UHWXUQV ABFHLYHG6HW5H �IRU�HDFK�]∈ ?@'63 ��ZKLFK�DUH�VXEVHTXHQWO\�XQLRQHG�RYHU�]����

• 7KH�9LRODWLRQ3UHYHQWLRQ�PRGXOH�LV�FDOOHG�E\�VXSSO\LQJ�5HFHLYHG6HW � �DQG�WKH�DFFHVV�
FRQWURO�ODWWLFH��7KH�PRGXOH�FKHFNV�WKH�VHFXULW\�ODEHOV�RI�GDWD�SRWHQWLDOO\�LQSXW�E\�F�
DQG� DXWKRUL]DWLRQ� OHYHOV� DVVLJQHG� WR� LWV� SRUWV� � CDFD �� ZKHUH� S∈3RUWV � ��� 7KHQ�� LW�
UHWXUQV� UOVD E �ZKLFK� H[FOXGHV� WKH� VHFXULW\� ODEHOV� WKDW� FDXVH�D�YLRODWLRQ�RI� WKH�%/3�
µQR�UHDG� XS¶� SULQFLSOH�� 7KH� H[FOXGHG� VHFXULW\� ODEHOV� DUH� SXW� LQWR� D� OLVW�� FDOOHG�
UHIXVHG�UHFHLYHG�OLVW��3UHYLRXV�UHIXVHG�UHFHLYHG�OLVWV�DUH�GLVFDUGHG��

• 7KH� IXQFWLRQ� *OXH)LOWHU�� WKHQ�� UHWXUQV� UHFHLYHG� ODEHO� VHW� DVVLJQPHQW� IRU� WKH�
FRPSRQHQW�LQVWDQFH�F��UOVD � ��

,Q�VKRUW��UOVD �  *OXH)LOWHU�VOVD � ���IRU�HDFK�F∈&RPSRQHQWV�
+DYLQJ�GHVFULEHG�WKH�IXQFWLRQV�WKDW�WKH�1(;7�IXQFWLRQ�XWLOL]HV��WKH�IROORZLQJ�SDUDJUDSK�

GHVFULEHV�WKH��RSHUDWLRQV�1(;7�SHUIRUPV�RQ�UOVD�WR�FRPSXWH�UOVD ��ILJXUH������
• $SSOLHV�WKH�3URMHFWLRQ�RSHUDWRU�3URM�WR�UOVD�WR�H[WUDFW�UOVD � �IRU�HYHU\�F∈&RPSRQHQWV��
• 5XQV�&RPS)LOWHU�WR�REWDLQ�VOVD � �IRU�HYHU\�F∈&RPSRQHQWV��
• $SSOLHV� WKH� SURGXFW� RSHUDWRU� ∏ WR� DOO� VOVD � � WR� IRUP� VOVD��ZKHUH� F∈&RPSRQHQWV���

7KDW�LV���VOVD� F
F &RPSRQHQWV

VOVD
∈

∏ ���

• 5XQV�*OXH)LOWHU�WR�REWDLQ�UOVD E ����IRU�HYHU\�F∈&RPSRQHQWV�
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• )LQDOO\�� DSSOLHV� WKH� SURGXFW� RSHUDWRU� WR� REWDLQ� UOVD����

UOVD� F
F &RPSRQHQWV

UOVD
∈

∏ ���

7R� UHSUHVHQW� DQG� DQDO\]H� WKH� LWHUDWLRQ� F\FOH� PRUH� IRUPDOO\�� ZH� H[SUHVV� WKH� IXQFWLRQ�
1(;7��*5/6$�→�*5/6$�DV�D�FRPSRVLWLRQ�RI�FRQVWLWXHQW�IXQFWLRQV��

1(;7�� �Π F G HJI �ο�*OXH)LOWHU�ο�Π HKG HJI �ο�&RPS)LOWHU E �ο�3URM E ��ZKHUH�

3URM E ��UOVD�6 �UOVD E ��IRU�F∈�&RPSRQHQWV��
&RPS)LOWHU E ��UOVD E �6 ��VOVD E ��IRU�F∈&RPSRQHQWV��

Π HKG HJI ��^VOVD E _�F∈&RPSRQHQWV`��6 VOVD�

*OXH)LOWHU���VOVD�6 �UOVD � E �IRU�F∈&RPSRQHQWV��

Π F G HJI ��^UOVD � E �_�F∈&RPSRQHQWV`�6 �UOVD �

+DYLQJ�SUHVHQWHG�D�VLQJOH� LWHUDWLRQ� WR�FRPSXWH�1(;7�UOVD��� ILJXUH���VKRZV�WKH�RYHUDOO�
GDWD�IORZ�DQDO\VLV�SKDVH�LQ�WHUPV�RI�UOVD�WUDQVLWLRQV��$V�VHHQ�LQ�WKH�ILJXUH��HDFK�LWHUDWLRQ�HQGV�
XS�ZLWK�DQ�UOVD��ZKLFK�LV�WKH�QHZ�UHFHLYHG�ODEHO�VHW�DVVLJQPHQW�REWDLQHG�IURP�WKH�UOVD�RI�WKH�
SUHYLRXV�LWHUDWLRQ��7KH�GDWD�IORZ�DQDO\VLV�SKDVH�WHUPLQDWHV�ZKHQ�WZR�VXFFHVVLYH�UOVDV�DUH�WKH�
VDPH�� L�H��� WKH�1(;7�IXQFWLRQ�\LHOGV�QR�FKDQJH� LQ� WKH�VHFXULW\� ODEHO�VHWV��&RQVHTXHQWO\�� WKH�
GDWD� IORZ� DQDO\VLV� UHWXUQV� WKH� IL[HG� SRLQW� UHFHLYHG� ODEHO� VHW� DVVLJQPHQW� ZKLFK� LV�� WKHQ��
VXEMHFWHG�WR�DQDO\VLV�E\�WKH�SRUWSURFHVVLQJ�RSHUDWLRQV��

������3RVWSURFHVVLQJ�
8SRQ� WHUPLQDWLRQ� RI� WKH� GDWD� IORZ� DQDO\VLV�� WKH� YHULILFDWLRQ� SURFHGXUH� PRYHV� RQ� WR�

SURGXFH�UHSRUWV�E\�FKHFNLQJ� WKH�UHVXOWLQJ�ODEHO�VHW�DVVLJQPHQWV��7KH�UHSRUWV�FDQ�EH�JURXSHG�
LQWR�WKUHH��

�
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L�� )ORZ�$QRPDO\�'HWHFWLRQ���
,W� LV� WKH� IXQFWLRQ� WKDW� FKHFNV� ZKHWKHU� DQ� DVVLJQPHQW� RI� FOHDUDQFH� WR� WKH� SRUWV� RI� WKH�

FRPSRQHQWV�LQ�D�FRQILJXUDWLRQ�KDV�DQ\�GDWD�IORZ�DQRPDOLHV��JUDQWHG�WKDW�WKH�%/3�SULQFLSOHV�
DUH�QRW�WR�EH�YLRODWHG��2XU�YLHZ�LV�WKDW�LQ�D�FRQILJXUDWLRQ�ZLWK�D�SURSHU�FOHDUDQFH�DVVLJQPHQW��
QR�LQSXW�SRUW�PXVW�EH�VHQW�GDWD�WKDW�LW�FDQQRW�UHFHLYH��DQG�QR�RXWSXW�SRUW�PXVW�JHW�GDWD�WKDW�LW�
FDQQRW�VHQG�ZLWKRXW�YLRODWLQJ�WKH�%/3�SULQFLSOHV��

)RU�GHWHFWLRQ�� WKH� UHIXVHG� OLVWV� �VHQW� UHIXVHG� OLVW�� UHFHLYHG� UHIXVHG� OLVWV��DUH� FKHFNHG� LI�
WKHUH�DUH�HQWULHV�LQ�WKHP��$Q�DQRPDO\�LV�GHWHFWHG�LQ�WKH�FRQILJXUDWLRQ�LI��

• 6HQW� UHIXVHG� OLVW�FRQWDLQV�VHFXULW\� ODEHOV��7KHVH� ODEHOV�DUH� LQ� WKH� OLVW�EHFDXVH�VRPH�
SRUW� S� FDQ� WU\� WR� VHQG� D� GDWXP� ZLWK� RQH� RI� WKHVH� ODEHOV� ZKHUH� WKH� FOHDUDQFH�

VOVD��
�

UOVD��� VOVD E ���UOVD E ���

�
&RPS)LOWHU E

*OXH)LOWHU�

3URM E

Π

,QLWLDO�

UOVD E ���Π

VOVD���

UOVD��� VOVD E ���UOVD E ���
&RPS)LOWHU E

*OXH)LOWHU�

3URM E

Π
UOVD E ���

Π

UOVD��� ������

,WHUDWLRQ���

,WHUDWLRQ���

,WHUDWLRQ���

)LJXUH����OVD�GHYHORSPHQW�LQ�WKH�9HULILFDWLRQ�3URFHGXUH�
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DVVLJQPHQW�� LMFD ��LV�QRW�GRPLQDWHG�E\�WKH�ODEHO��7KRXJK�WKH�OLVW�HQWULHV�DUH�GLVFDUGHG�
LQ� HDFK� VXEVHTXHQW� LWHUDWLRQ�� WKH� H[LVWHQFH�RI� WKHP�DW� WKH� HQG� LQGLFDWHV� D�SRWHQWLDO�

YLRODWLRQ�RI�%/3�µ
�SURSHUW\¶��7KH�FRPSXWDWLRQ�RI�F�RIIHUV�WR�RXWSXW�SRUW�S∈3RUWV N �

ZLWK�FOHDUDQFH LMFD �VRPH�GDWXP�ODEHOOHG�A�VXFK�WKDW�A≥ LMFD �GRHV�QRW�KROG���

• 5HFHLYHG� UHIXVHG� OLVW� FRQWDLQV� VHFXULW\� ODEHOV�� 7KHVH� ODEHOV� DUH� SXW� LQWR� WKH� OLVW�
EHFDXVH�WKH\�DUH�DWWHPSWHG�WR�EH�LQSXW�E\�D�SRUW�ZKRVH�FOHDUDQFH�DVVLJQPHQW�� LMFD ��
GRHV� QRW� GRPLQDWH� WKHVH� ODEHOV�� 7KRXJK� WKH� OLVW� HQWULHV� DUH� GLVFDUGHG� LQ� HDFK�
LWHUDWLRQ�� WKH� H[LVWHQFH� RI� WKHP� DW� WKH� HQG� LQGLFDWHV� SRWHQWLDO� YLRODWLRQ� RI� %/3�
µVLPSOH�VHFXULW\� SURSHUW\¶�� 7KH� JOXH� RI� VRPH� FRQQHFWRU� RIIHUV� LQSXW� SRUW�S∈3RUWV N �

ZLWK� OPFD �VRPH�GDWD��ODEHOOHG�A�VXFK�WKDW�A≤ LMFD �GRHV�QRW�KROG��

�LL��([FHVV�3ULYLOHJHV��
([FHVV� SULYLOHJH� FDQ� EH� GHILQHG� DV� WKH� SULYLOHJH� �FOHDUDQFH�� WKDW� FDQQRW� EH� H[HUFLVHG�

XQGHU� D� JLYHQ� FOHDUDQFH� DVVLJQPHQW� IRU� WKH� FRQILJXUDWLRQ��+HQFH�� LI� VRPH� LQSXW� SRUW�S� KDV�
FOHDUDQFH�.� EXW� FDQ� QRW� EH� VHQW� �WKURXJK� VRPH� FRQQHFWRU� WR� ZKLFK� LW� LV� DWWDFKHG� ZLWK� DQ�
LQSXWWLQJ� UROH�� D� GDWXP�ZLWK� ODEHO� A� GRPLQDWHG�E\�.�� WKHQ�.� LV� DQ� H[FHVV� SULYLOHJH�� �7KXV��

WKHUH�PLJKW�EH�VRPH�ORZHU�FOHDUDQFH�WKDQ�.�WR�EH�DVVLJQHG�WR�S�ZLWKRXW�UHVWULFWLQJ�WKH�H[LVWLQJ�
GDWD�IORZ�ZLWKLQ�WKH�FRQILJXUDWLRQ��6LPLODUO\��LI�VRPH�RXWSXW�SRUW�S�KDV�FOHDUDQFH�.�EXW�S�FDQ�
QRW�JHW��IURP�WKH�FRPSXWDWLRQ�RI�LWV�RZQ�FRPSRQHQW��D�GDWXP�ZLWK�ODEHO�A�ZKLFK�GRPLQDWHV�

.�� WKHQ�.� LV�DQ�H[FHVV�SULYLOHJH��7KXV�� WKHUH�PLJKW�EH�D�KLJKHU�FOHDUDQFH�WKDQ�.��GHILQHG�LQ�
WKH�DFFHVV�FRQWURO�ODWWLFH�PRGHO��WR�EH�DVVLJQHG�WR�S�ZLWKRXW�UHVWULFWLQJ�WKH�H[LVWLQJ�GDWD�IORZ�
ZLWKLQ�WKH�FRQILJXUDWLRQ��

,Q�RUGHU� WR�GHWHUPLQH�ZKHWKHU�H[FHVV�SULYLOHJHV�H[LVW��HYHU\�SRUW�S�RI�HDFK�FRPSRQHQW�
LQVWDQFH� F� LV� FKHFNHG� LQ� WHUPV� RI� WKHLU� FOHDUDQFH� DVVLJQPHQW� � LMFD �� DJDLQVW� LWV� WKH� ODEHO� VHW�



���

DVVLJQPHQW�� QROVD ���,I�WKHUH�LV�DQRWKHU�FOHDUDQFH�DVVLJQPHQW��VD\� QRFD ��ZKLFK�LV�GRPLQDWHG�E\�
QRFD ��DQG�GRHV�QRW�FDXVH�DQ\�GHFUHDVH�LQ�H[LVWLQJ�GDWD�IORZ�WKHQ�WKH�GHVLJQHU�LV�UHSRUWHG�DERXW�

WKLV�VLWXDWLRQ����
,I� HLWKHU�� RU� ERWK�� RI� WKHVH� FDVHV� RFFXU�� WKH� YHULILFDWLRQ� SURFHGXUH�ZDUQV� WKH� XVHUV� WR�

FRQVLGHU� WKH�DQRPDOLHV�DQG� UHYLVH� WKH�FOHDUDQFH�DVVLJQPHQW��DQG�SHUKDSV�� WKH�DFFHVV�FRQWURO�
ODWWLFH��7KH� UHSRUW�� LQ�JHQHUDO�� FRQWDLQV� LQIRUPDWLRQ�RQ�FRPSRQHQW� LQVWDQFH�EDVLV��)RU�HYHU\�
FRPSRQHQW�LQVWDQFH��WKH�SRUWV�DUH�UHSRUWHG�DV��

• 7KH�FRPSRQHQW�LQVWDQFH�QDPH�LW�EHORQJV���

• 3RUW�QDPH�

• &OHDUDQFH�DVVLJQHG��

• 6HFXULW\�ODEHOV�RI�GDWD�WKDW�DUH�SRWHQWLDOO\�LQSXW�E\�WKH�SRUW��

• 6HFXULW\�ODEHOV�RI�GDWD�WKDW�DUH�SRWHQWLDOO\�RXWSXW�IURP�WKH�SRUW��

• 6HFXULW\�ODEHOV�RI�GDWD�WKDW�SRWHQWLDOO\�FDXVH�DQRPDOLHV�ZLWK�UHVSHFW�WR�%/3¶V�VLPSOH�
VHFXULW\�SURSHUW\��

• 6HFXULW\� ODEHOV� RI� GDWD� WKDW� SRWHQWLDOO\� FDXVH� DQRPDOLHV� ZLWK� UHVSHFW� WR� %/3¶V� 
�
SURSHUW\��

• ([FHVV�SULYLOHJHV��LI�DQ\��E\�UHFRPPHQGLQJ�PRUH�VXLWDEOH�SULYLOHJH��LI�DQ\��LQ�SODFH�
RI�LWV�DVVLJQHG�FOHDUDQFH��

• 7UXVWZRUWKLQHVV�RI�HDFK�FRPSRQHQW�LQVWDQFH��
LLL�� 6XFFHVVIXO�9HULILFDWLRQ�
,I� QR� IORZ� DQRPDOLHV� DQG� QR� H[FHVV� SULYLOHJHV� DUH� GHWHFWHG�� D� PHVVDJH� VWDWLQJ� WKH�

FRPSOHWLRQ�RI�VXFFHVVIXO�YHULILFDWLRQ�LV�DQQRXQFHG��
����3URJUDPPHU¶V�9LHZ�RI�WKH�9HULILFDWLRQ�3URFHGXUH�
7KH� IROORZLQJ� SVHXGR�FRGH� SUHVHQWV� WKH� ³SURJUDPPHU¶V� YLHZ´� RI� WKH� YHULILFDWLRQ�

SURFHGXUH�GHVFULEHG�DERYH���



���

,W�FDQ�EH�FOHDUO\�LGHQWLILHG�WKDW�WKH�VWHSV�6��WKURXJK�6��DUH�WKH�SUHSURFHVVLQJ�SKDVH��VWHS�
6��LV�WKH�LWHUDWLRQ�SKDVH��DQG�WKH�UHPDLQLQJ�VWHSV�FRQVWLWXWH�WKH�SRVWSURFHVVLQJ�SKDVH��

�����,OOXVWUDWLRQ�RI�WKH�9HULILFDWLRQ�3URFHGXUH�IRU�6HFXUH�3ULQW�6HUYHU�
,Q� WKLV� VHFWLRQ�� DQ� LOOXVWUDWLRQ�RI� WKH�YHULILFDWLRQ�SURFHGXUH� LQFOXGLQJ� LWHUDWLRQ�VWHSV� LV�

SUHVHQWHG��7KH�YDULDWLRQV�RI�WKH�6HFXUH�3ULQW�6HUYHU�>��@��WR�VKRZ�SRVVLEOH�YLRODWLRQV�LV�DOVR�
LQFOXGHG�LQ�WKH�LOOXVWUDWLRQ���

7KH� UHDGHU� LV� VXSSRVHG� WR� UHIHU� WR� WKH� IROORZLQJ� UHPDUNV� LQ� RUGHU� WR� IROORZ� WKH�
LOOXVWUDWLRQ�WDEOHV�JLYHQ�LQ�WKLV�VHFWLRQ��

• (DFK�URZ�RI�WKH�WDEOHV�GHSLFWV�VWDWH�WUDQVLWLRQV�IRU�D�SRUW�RI�D�FRPSRQHQW�LQVWDQFH��
• $� VWDWH� FRQVLVWV� RI� D�5HFHLYHG� /DEHO� 6HW� $VVLJQPHQW� �UOVD�� DQG� D� 6HQW� /DEHO� 6HW�

$VVLJQPHQW��VOVD���UOVD�RI�WKH�ILUVW�VWDWH�LV�FRQVWUXFWHG�E\�DSSO\LQJ�WKH�IORRGLQJ��
• (DFK�UOVD�RU�VOVD�HQWU\�LV�D�OLVW�RI�VXEODWWLFHV�WKDW�DUH�UHSUHVHQWHG�E\�WKHLU�PD[LPXP�

DQG�WKH�PLQLPXP�HOHPHQWV���
• 3� DQG� 6� VWDQG� IRU� 38%/,&� DQG� 6(&5(7� GDWD� ODEHOV�� UHVSHFWLYHO\�� 7KHUHIRUH�� DQ�

HQWU\� µ3� 6¶� GHQRWHV� D� VXEODWWLFH� ZLWK� WKH�PD[LPXP� HOHPHQW� 6�� DQG� WKH�PLQLPXP�
HOHPHQW�3�� $� VLQJOH� GDWD� ODEHO� LV� UHSUHVHQWHG� E\� HLWKHU� µ3�3¶� �38%/,&�� RU� µ6� 6¶�
�6(&5(7���$Q�HQWU\�YDOXHG�DV�(PSW\�UHIHUV�WR�DQ�HPSW\�OLVW��

• 7KH� VWULNHWKURXJK� RYHU� D� ODEHO� GHQRWHV� WKH� UHIXVDO� EHFDXVH� RI� WKH� YLRODWLRQ�
SUHYHQWLRQ�ZLWK�UHVSHFW�WR�%/3�PRGHO��

• 7KH� EROG� IDFH� HPSKDVL]HV� WKH� XSGDWHV� GXULQJ� WKH� VWDWH� WUDQVLWLRQV�� DQG� LI� WKHUH�
DSSHDUV�QR�FKDQJH�LQ�HLWKHU�UOVD�RU�VOVD�OLVWV��WKH�SURFHGXUH�VWRSV��

• $W� WKH� WHUPLQDWLRQ� RI� WKH� SURFHGXUH�� LI� WKHUH� LV� D� SRWHQWLDO� YLRODWLRQ� WR� %/3�
SULQFLSOHV��WKH�UOVD�RU�VOVD�HQWU\�WKDW�FDXVHV�WKH�YLRODWLRQ�LV�VKDGHG��

�
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6���6HW�,WHUDWLRQ&RXQW�WR������
µ�6WHS�6��GHWHUPLQHV�WKH�LQLWLDO�UOVD�E\�IORRGLQJ��,QLWLDO�UOVD�FRQVLVWV�RI�DOO�GDWD��
µ�VHFXULW\�ODEHOV�FRUUHVSRQGLQJ�WKH�FRQIRUPLQJ�LQSXW�SRUW�HYHQWV�
���������6���LQSXW��QRQH�

������RXWSXW��UOVD�,WHUDWLRQ&RXQW���
µ�6WHS�6��H[WUDFWV�WKH�'DWD�6RXUFH�3RUWV�IRU�HDFK�SRUW�RI�HYHU\�FRPSRQHQW�LQVWDQFHV�
���������6���([WUDFW� ST'63 �IRU�HDFK�S∈�3RUWV U �DQG�F∈�&RPSRQHQWV�
µ�6WHS�6��SHUIRUPV�WKH�'DWD�)ORZ�$QDO\VLV�
���������6���:+,/(��,WHUDWLRQ&RXQW ���25��UOVD�,WHUDWLRQ&RXQW� ��UOVD�,WHUDWLRQ&RXQW�����'2��
����������6�����$SSO\�WKH�3URMHFWLRQ�RSHUDWRU�3URM U �WR�UOVD�,WHUDWLRQ&RXQW��
��������������������������RXWSXW���UOVD U �,WHUDWLRQ&RXQW��IRU�HDFK�F∈�&RPSRQHQWV���
���������������6�����&$//�&RPS)LOWHU��IRU�HDFK�F∈�&RPSRQHQWV��
��������������������������LQSXW��UOVD U �,WHUDWLRQ&RXQW���
��������������������������RXWSXW��VOVD U �,WHUDWLRQ&RXQW��
��������������� �������6�������&$//�&63$QDO\VLV�
���������������������������������������LQSXW��WKH�FRPSXWDWLRQ�H[SUHVVLRQ�RI�F��DQG�3RUWV U �
���������������������������������������RXWSXW��WKH�VHWV�RI�VHFXULW\�ODEHOV��6HQG6HW U ���

� WUXVWZRUWKLQHVV�RI�F�����WUXVWHG�����1RW�WUXVWHG����
������������������������6�������&$//�9LRODWLRQ3UHYHQWLRQ��
����������������������������������������LQSXW��6HQW6HW U �
����������������������������������������RXWSXW��VOVD U �,WHUDWLRQ&RXQW��WRJHWKHU�ZLWK�5HIXVHG�ODEHOV�LQ�6HQW5HIXVHG/LVW��
������������ 6�����$SSO\��WKH�SURGXFW�RSHUDWRU�Π���
��������������������������LQSXW��VOVD U �,WHUDWLRQ&RXQW���IRU�HDFK�F∈�&RPSRQHQWV��
��������������������������RXWSXW��VOVD�,WHUDWLRQ&RXQW��

����� 6�����6HW� FS5HFHLYHG6HW WR�^`��IRU�HDFK�S∈�3RUWV U �DQG��F∈�&RPSRQHQWV��
������������ 6�����&$//�*OXH)LOWHU�IRU�HDFK�Q∈&RQQHFWRUV�
��������������������������LQSXW�VOVD�,WHUDWLRQ&RXQW���
��������������������������RXWSXW�� FS5HFHLYHG6HW �IRU�HDFK�S∈�3RUWV U �DQG�F∈�&RPSRQHQWV

6�������)25��HDFK�UROH�U∈5ROHV V �'2�
���������������������������������������6���������5HWULHYH��WKH�VHW�RI��SRUWV� FU3 ⊆�3RUWV U �SOD\LQJ�WKH�UROH�U�IURP�WKH��
������������������������������������������������������DWWDFKPHQWV��IRU�HDFK�F∈&RPSRQHQWV��
���������������������������������������6���������5HWULHYH�WKH�GDWD�VRXUFH�SRUWV� WX'63 �DQG�WKHLU�HQWULHV�IURP�WKH��
������������������������������������������������������VOVD�,WHUDWLRQ&RXQW���ZKHUH�S∈ FU3 ��IRU�HDFK�F∈&RPSRQHQWV��
���������� � �������(1'�)25�

6�������6HW� FS7HPS5HFHLYHG6HW WR FS5HFHLYHG6HW ��
�����������������������������������������������IRU�HDFK�F∈�&RPSRQHQWV�DQG�S∈3RUWV U ��
�����������������������6�������&DOO�&63$QDO\VLV�
���������������������������������������LQSXW��WKH�JOXH��RI�Q�� WX'63 ���ZKHUH�S∈ FU3 ��U∈5ROHV V ��F∈&RPSRQHQWV��
���������������������������������������RXWSXW�� FS5HFHLYHG6HW ��IRU�HDFK�F∈�&RPSRQHQWV���
������������������������6�������6HW� FS5HFHLYHG6HW WR FS5HFHLYHG6HW ∪� FS7HPS5HFHLYHG6HW ���
������������������������������������������������IRU�HDFK�F∈�&RPSRQHQWV�DQG�S∈�3RUWV U ��

���� 6�����&$//�9LRODWLRQ3UHYHQWLRQ��
��������������������������LQSXW��5HFHLYHG6HW U � ��

)LJXUH����3URJUDPPHU¶V�9LHZ�RI�WKH�9HULILFDWLRQ�3URFHGXUH�
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��������������� RXWSXW��UOVD U �,WHUDWLRQ&RXQW����WRJHWKHU�ZLWK�5HIXVHG�ODEHOV�LQ���
���������������������������������������5HFHLYHG5HIXVHG/LVW��IRU�HDFK��F∈�&RPSRQHQWV��
�� � 6�����$33/<��WKH�SURGXFW�RSHUDWRU�Π��
������������������������� LQSXW��OVD U �,WHUDWLRQ&RXQW�����
�������������������������RXWSXW��UOVD�,WHUDWLRQ&RXQW�����ZKHUH�F∈�&RPSRQHQWV��
����������� 6�����,WHUDWLRQ&RXQW� �,WHUDWLRQ&RXQW�����

(1'�:+,/(
µ�6WHS�6��FKHFNV�IRU�WKH�VLPSOH�VHFXULW\�SURSHUW\�DQG�
�SURSHUW\�IRU�HDFK�SRUW�RI���
µ�HYHU\�FRPSRQHQW�LQVWDQFHV�RQ�WKH�UHVXOWV�RI�'DWD�)ORZ�$QDO\VLV��
������� 6���)25��HDFK�SRUW�S�RI�HYHU\�FRPSRQHQW�LQVWDQFH�F�'2��
�������������� �6�����,)�WKHUH�H[LVWV�DQ\�VHFXULW\�ODEHO�LQ�WKH� YZIXVHG/LVW5HFHLYHG5H �7+(1�
���������������������� �6�������',63/$<�³3RWHQWLDO�1R�UHDG�XS�YLRODWLRQ��LV�GHWHFWHG�IRU�SRUW´��S�³RI��WKH��
�������������������������������������������������������FRPSRQHQW�LQVWDQFHV´�F�
����������������(1'�,)�

6�����,)�WKHUH�H[LVWV�DQ\�VHFXULW\�ODEHO�LQ�WKH� [\G/LVW6HQW5HIXVH 7+(1�
�������������������������6�������',63/$<�³3RWHQWLDO�1R�ZULWH�GRZQ�YLRODWLRQ�LV�GHWHFWHG�IRU�SRUW´��S�³RI��WKH��
���������������������������������������������������������FRPSRQHQW�LQVWDQFH´�F�

�� (1'�,)�
����������(1'�)25�
�µ�6WHS�6��FKHFNV�IRU�WKH�H[FHVV�SULYLOHJHV��LI�DQ\�H[LVWV��IRU�HDFK�SRUW�RI�HYHU\��
�µ�FRPSRQHQW�LQVWDQFHV�
������� 6���)25��HDFK�SRUW�S�RI�FRPSRQHQW�LQVWDQFH�F�'2�
�������������� �6�����&$//�([FHVV3ULYLOHJH��
���������������������������LQSXW�� [\FD �DQG� [\OVD ��ZKHUH�F∈�&RPSRQHQWV�DQG�S∈�3RUWV U ��
���������������������������RXWSXW��D�FOHDUDQFH�DVVLJQPHQW�FD U ] ��
���������������������������6�������,)� [\FD ��!� [\FD �7+(1�
����������������������������������������6���������',63/$<�³([FHVV�3ULYLOHJH�LV�GHWHFWHG�IRU�SRUW´��S�³RI��WKH��
������������������������������������������������������������������������FRPSRQHQW�LQVWDQFHV´�F�
����������������������������������������6���������',63/$<� [\FD �³FDQ�EH�DVVLJQHG�LQVWHDG�RI�³ [\FD �
��������������������������6�������(/6(�
�����������������������������������������6���������',63/$<�³1R�([FHVV�3ULYLOHJH�ZDV�GHWHFWHG´�
������������������������(1'�,)�
���������(1'�)25�
µ�6WHS���GLVSOD\V�D�PHVVDJH�VWDWLQJ�WKDW�WKH�FRPSRQHQW�PXVW�EH�WUXVWHG�LI�LW�ZDV�GHWHUPLQHG�VR�
µ�LQ�WKH�ODVW��VWDEOH��LWHUDWLRQ�RI�&63�$QDO\VLV�LQ�&RPS)LOWHU���

6���)25��FRPSRQHQW�LQVWDQFH�F�'2�
�� 6�����,)�WUXVWZRUWKLQHVV�RI�F� ���7+(1�

� � � 6�������',63/$<��³&RPSRQHQW�³�F�³�PXVW�EH�75867('´�
������(1'�,)�
(1'�)25�

µ�6WHS���GLVSOD\V�WKH�VXFFHVVIXO�YHULILFDWLRQ�PHVVDJH�LI�QR�YLRODWLRQ�LV�REVHUYHG�
���������6���,)�5HFHLYHG5HIXVHG/LVW�LV�HPSW\�$1'�6HQW5HIXVHG/LVW�LV�HPSW\�7+(1�
���������������6�����',63/$<�³68&&(66)8/�9(5,),&$7,21´�
��������(1',)�

)LJXUH����3URJUDPPHU¶V�9LHZ�RI�WKH�9HULILFDWLRQ�3URFHGXUH��FRQWLQXHG��
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7DEOH���LOOXVWUDWHV�WKDW�WKH�DOJRULWKP�H[HFXWHV�IRU�WKUHH�LWHUDWLRQ�VWHSV�VLQFH�WKH�FRQWHQW�
RI�WKH�UOVD�LQ�VWHS���GRHV�QRW�FKDQJH��7KH�SURFHGXUH�VWDUWV�E\�IORRGLQJ�WKH�UOVD�UHJDUGLQJ�WKH�
FOHDUDQFH�RI�WKH�SRUWV��1H[W��WKH�VOVD�LV�FRPSXWHG�IRU�WKH�LQLWLDO�VWHS��1RWH�WKDW�38%/,&�ODEHOV�
IRU�2XWSXW3� SRUW�RI�36�� DQG�5HFHLYH�SRUW�RI�38%/,&35,17(5� DUH� UHIXVHG�E\� WKH�YLRODWLRQ�
FKHFNLQJ�DOJRULWKP�VLQFH�WKHLU�FOHDUDQFH�DUH�QRW�SURSHU��

6LQFH� WKHUH� LV�QR�UHIXVHG�ODEHO�OHIW�DIWHU�WHUPLQDWLRQ�RI�WKH�SURFHGXUH��L�H��DIWHU�VWDWH�LV�
FRPSOHWHG��� WKH� YHULILFDWLRQ� UHVXOWV� ZLWK� D� VXFFHVV�� 7KDW�PHDQV�� VWDWLFDOO\�� WKHUH� LV� QR� GDWD�
IORZ�WKDW�PD\�SRWHQWLDOO\�FDXVH�D�YLRODWLRQ�RI�%HOO�/D3DGXOD�SULQFLSOHV��

7KH� GHVFULSWLRQ� ZULWWHQ� DERYH� DJUHHV� ZLWK� %HOO� /D3DGXOD� SULQFLSOHV� IRU� SUHVHUYLQJ�
FRQILGHQWLDOLW\��

• 1R�UHDG�XS��WKH�FRQQHFWLRQV�DUH�HVWDEOLVKHG�VXFK�WKDW�WKH�GRFXPHQWV�DUH�QRW�GLUHFWHG�
WR� DQ� XQLQWHQGHG� SRUW�� 0RUHRYHU�� WKH� VHUYHU� UHDGV� VHFUHW� GDWD� RQO\� IURP� LWV�
DXWKRUL]HG� SRUW� DQG� DVVXPHV� WKDW� LW� LV� QRW� SXEOLF�� 7KHUHIRUH�� LW� VHOHFWV� WKH� 6HFUHW�
SULQWHU��ZKLFK� LV� ORFDWHG� LQ�D� VHFXUH� URRP�� IRU� WKH�RXWSXW�RI�GRFXPHQWV� UHDG� IURP�
DXWKRUL]HG�SRUW��7KHQ��XQDXWKRUL]HG�SHUVRQV�FDQ�QRW�DFFHVV�WKHVH�SULQWRXWV�RI�VHFUHW�
GRFXPHQWV���

• 1R� ZULWH� GRZQ�� 7KH� VHUYHU� FRPSXWDWLRQ� LV� GHVLJQHG� VR� WKDW� LW� GRHV� QRW� SURGXFH�
VHFUHW�SULQWRXWV�XVLQJ�WKH�SXEOLF�SULQWHU�ZKLFK�HYHU\ERG\�FDQ�DFFHVV��

,I� WKH� GHVFULSWLRQ� LV� FUHDWHG� GLVUHJDUGLQJ� WKH� SULQFLSOHV�� WKHUH� PD\� DSSHDU� VRPH�
VLWXDWLRQV�WKDW�PD\�FDXVH�YLRODWLRQV�IRU�FRQILGHQWLDOLW\��7KH�DOJRULWKP�WKDW�ZH�SURSRVH�GHWHFWV�
SRWHQWLDO�YLRODWLRQV�DQG�SURGXFHV�ZDUQLQJV�IRU�WKH�GHYHORSHUV��
,PSURSHU�FOHDUDQFH�PLJKW�EH�DVVLJQHG�WR�WKH�SRUWV�ZKLOH�LQVWDQWLDWLQJ�WKH�FRPSRQHQWV��
��D�� �&RPSRQHQWV�DUH� LQVWDQWLDWHG�DQG�WKHLU�SRUWV�DUH�JLYHQ�FOHDUDQFH�EHIRUH�DWWDFKPHQWV�DUH�
PDGH�� ,Q�RUGHU� WR� IXOILOO� WKH�UXOHV�RI�SULQFLSOHV��VXIILFLHQW�FOHDUDQFH�PXVW�EH�DVVRFLDWHG�ZLWK�
WKH�SRUW�LQVWDQFHV��2WKHUZLVH��D�FRPSRQHQW�LQVWDQFH�FDQ�WU\�WR�UHDG�D�VHFUHW�GRFXPHQW�WKURXJK�



���

DQ�XQDXWKRUL]HG�SRUW��0RUHRYHU��D�FRPSRQHQW�LQVWDQFH�FDQ�WU\�WR�ZULWH�VHFUHW�GDWD�WKURXJK�D�
SXEOLF�SRUW��%RWK�RI�WKHVH�FDVHV�YLRODWH�FRQILGHQWLDOLW\�SULQFLSOHV��)RU�H[DPSOH��LQ�RXU�6HFXUH�
3ULQW�6HUYHU��DVVXPH�WKDW�8̂ �LV�DVVRFLDWHG�ZLWK�D�FOHDUDQFH�YDOXH�$87+25,=('��7KHLU�SRUWV��
E\�GHIDXOW��LQKHULW�WKLV�FOHDUDQFH��,Q�VXFK�D�FDVH��8̂ ��RU�LWV�SRUW�3ULQW3�LQ�SDUWLFXODU��ZLOO�WU\�WR�
ZULWH�SXEOLF�GDWD�ZKLFK�YLRODWHV�WKH�QR�ZULWH�GRZQ�UXOH�RI�%/3�PRGHO��

7DEOH����,OOXVWUDWLRQ�RI�WKH�LWHUDWLRQ�VWHSV�IRU�WKH�6HFXUH�3ULQW�6HUYHU�
�

67(3��� 67(3��� 67(3���&RPSRQHQW�
,QVWDQFH�
1DPH�

3RUW�
1DPH�

&OHDUDQFH�RI�
WKH�3RUW� UOVD�

_ `ba cdcdedfge(h � VOVD� UOVD� VOVD
UOVD�i j!k

lnmdo j(prq s �
VOVD

8 t � 3ULQW3� uwvxuwy{zx|b}�u ��3��6� 3��3� (PSW\� 3��3� (PSW\� �
8 ~ � 3ULQW6� ���/�*�/|�yb� �8uw� ��3��6� 6��6� (PSW\� 6��6� (PSW\� �
8 ~ � 3ULQW3� uwvxuwy{zx|b}�u ��3��6� 3�3� (PSW\� 3�3� (PSW\� �
36� 5HTXHVW6� ���/�*�/|�yb� �8uw� ��3��6� (PSW\� 6��6� (PSW\� 6��6� �
36� 5HTXHVW3� uwvxuwy{zx|b}�u ��3��6� (PSW\� 3��3� (PSW\� 3��3� �
36� 2XWSXW3� uwvxuwy{zx|b}�u ��3��6� 3��6�� (PSW\� 3��3� (PSW\� �
36� 2XWSXW6� ���/�*�/|�yb� �8uw� ��3��6� 3�6�6� (PSW\� 6��6� (PSW\� �

6(&85(�
35,17(5� 5HFHLYH� ���/�*�/|�yb� �8uw� ��3��6� (PSW\� 6��6� (PSW\� 6��6� �

38%/,&�
35,17(5� 5HFHLYH� uwvxuwy{zx|b}�u ��3��6� (PSW\� 3�3�6� (PSW\� 3��3� �

�
�

��E�� $QRWKHU� FDVH� IRU� LPSURSHU� FOHDUDQFH� PLJKW� EH� RULJLQDWHG� IURP� WKH� EHKDYLRXU� RI� WKH�
FRPSRQHQW�� L�H�� IURP� LWV� FRPSXWDWLRQ�� )RU� H[DPSOH�� DQ� DXWKRUL]HG� FRPSRQHQW� LQVWDQFH� FDQ�
ORZHU� WKH�VHFUHF\� ODEHO�RI� VRPH�GDWXP�DQG�RXWSXW� WKURXJK�RQH�RI� LWV�SRUWV��+RZHYHU�� LI� WKH�
FOHDUDQFH�RI�WKH�SRUW�IRU�VXFK�DQ�RXWSXW�LV�QRW�FRQVLGHUHG�LQ�SDUDOOHO�WR�WKLV�DFWLRQ��D�YLRODWLRQ�
WR�%/3�DSSHDUV��$VVXPH�WKDW�WKH�FRPSXWDWLRQ�SDUW�RI�FRPSRQHQW�3ULQW6HUYHU�LV�PRGLILHG�DV�
EHORZ��
�



���

��������&RPSXWDWLRQ��� �5HTXHVW3�5HTXHVW"[ � ����2XWSXW6�3ULQW�[�� �&RPSXWDWLRQ�����
����������������������������������������������������������������������������2XWSXW3�3ULQW�[� �&RPSXWDWLRQ���
������������������������������������������
��5HTXHVW6�5HTXHVW"[ � �2XWSXW6�3ULQW�[�� ��&RPSXWDWLRQ�

7KLV�PRGLILHG�FRPSXWDWLRQ��FOHDUO\��YLRODWHV�WKH�%/3�PRGHO��7KH�VHUYHU�UHDGV�D�SXEOLF�
GRFXPHQW�IURP�LWV�SXEOLF�SRUW�DQG�GLUHFWV� LW� WR�EH�SULQWHG�E\�D�VHFXUH�SULQWHU�XVLQJ�2XWSXW6�
SRUW��6LQFH�WKDW�SRUW�KDV�D�$87+25,=('�FOHDUDQFH��LW�YLRODWHV�QR�ZULWH�GRZQ�SULQFLSOH��

���,PSURSHU�DWWDFKPHQWV�
2QFH�WKH�FRPSRQHQWV�DQG�FRQQHFWRUV�DUH�LQVWDQWLDWHG��WKHLU�SRUWV�DUH�DWWDFKHG�WR�VXLWDEOH�

UROHV�LQ�WKH�DWWDFKPHQW�VHFWLRQ��6LQFH�SRUWV�KDYH�WKHLU�RZQ�FOHDUDQFH��WKH�DWWDFKPHQWV�QHHG�WR�
EH� HVWDEOLVKHG� E\� UHVSHFWLQJ� WKH� SULQFLSOHV�� ,I� D� KLJK� FOHDUDQFH� SRUW� �VD\� DQ� RXWSXW� SRUW�� LV�
DWWDFKHG�WR�D�UROH�RI�D�FRQQHFWRU�ZKRVH�VRPH�RWKHU�UROHV�DUH�DWWDFKHG�WR�SRUWV��VD\�LQSXW�SRUWV��
ZLWK� ORZ� FOHDUDQFH�� D� SRWHQWLDO� YLRODWLRQ� PD\� DSSHDU�� )RU� H[DPSOH�� DVVXPH� WKDW� RXU�
FRQILJXUDWLRQ�KDG�DQ�DWWDFKPHQW�OLNH���

$WWDFKPHQWV�
8 � �3ULQW6�DV�&211 � �&OLHQW3��
36�5HTXHVW3��DV�&211 � �6HUYHU3�

8 � � LV�DQ�DXWKRUL]HG�XVHU�� ,W�VHQGV�6(&5(7�GRFXPHQWV� WKURXJK�SRUW�3ULQW6��+RZHYHU��
RQ�WKH�RWKHU�VLGH�RI�WKH�FRQQHFWLRQ��WKH�VHUYHU�WULHV�WR�UHDG�WKLV�VHFXUH�GRFXPHQW�WKURXJK�LWV�
5HTXHVW3� SRUW� ZKRVH� FOHDUDQFH� LV� (9(5<21(�� 7KHUHIRUH�� WKH� QR� UHDG�XS� SULQFLSOH� LV�
YLRODWHG��

��� 7R� LJQRUH� WKH� VLPSOH� VHFXULW\� SURSHUW\� RI� %HOO� /D3DGXOD�PRGHO� LQ� *OXH� SDUW� RI� D�
FRQQHFWRU��

,I� WKH� GHVFULSWLRQ� RI� WKH� JOXH� XQH[SHFWHGO\� FKDQJHV� WKH� VHFUHF\� OHYHO� RI� GDWD� IORZLQJ�
WKURXJK� LW�� WKLV� PD\� DOVR� FDXVH� D� YLRODWLRQ�� )RU� H[DPSOH�� VXSSRVH� WKDW� WKH� JOXH� RI�
3ULQW&RQQHFWRU�LV�UHZULWWHQ�DV�EHORZ��



���

������������*OXH� �&OLHQW3�UHTXHVW"[� �6HUYHU3�UHTXHVW�[ � u#��ybu#� � �*OXH�
7KH�PRGLILFDWLRQ�VD\V�WKDW�ZKDWHYHU�WKH�VHFUHF\�ODEHO�RI�GDWD�UHFHLYHG�E\�WKH�FRQQHFWRU�

LV��LW�LV�FDUULHG�WR�D�SRUW�DV�D�6(&5(7�GDWD��7KLV�PD\�SRWHQWLDOO\�FDXVH�D�QR�UHDG�XS�SULQFLSOH�
YLRODWLRQ�LI�WKH�UHFHLYLQJ�SRUW�KDV�WKH�(9(5<%2'<�FOHDUDQFH��

6LPLODU�WR�WKH�RULJLQDO�GHVFULSWLRQ��WKHLU�YHULILFDWLRQ�VWHSV�DUH�GHSLFWHG�LQ�7DEOH����7DEOH�
���7DEOH����DQG�7DEOH����UHVSHFWLYHO\��

,Q�7DEOH����WKH�SURFHGXUH�WHUPLQDWHV�LQ�VWHS���ZKHUH�WKHUH�LV�QR�PRGLILFDWLRQ�LQ�WKH�VOVD���
,W�LV�VKRZQ�WKDW�3ULQW3�SRUW�RI�FRPSRQHQW�LQVWDQFH�8 � �YLRODWHV�WKH�µQR�ZULWH�GRZQ¶�SULQFLSOH�
VLQFH�LW�WULHV�WR�RXWSXW�D�38%/,&�GDWXP�ZKLOH�LW�LV�JLYHQ�DQ�$87+25,=('�FOHDUDQFH��

7DEOH����,OOXVWUDWLRQ�RI�WKH�LWHUDWLRQ�VWHSV�IRU�6HFXUH�3ULQW�6HUYHU�
�LPSURSHU�FOHDUDQFH��FDVH���D��

�
67(3��� 67(3��� 67(3���&RPSRQHQW�

,QVWDQFH�
1DPH�

3RUW�
1DPH�

&OHDUDQFH�RI�
WKH�3RUW� UOVD�

_ `ba cdcdedfge(h � 6OVD� UOVD� VOVD� UOVD�
VOVD�_ �5c

�n�5� �d�5f �
8 � � 3ULQW3� �x�/�������/�K�b��� 3��6� 3��3� (PSW\� 3��3� (PSW\� 3��3�
8 � � 3ULQW6� ���/�*�/|�yb� �8uw� 3��6� 6��6� (PSW\� 6��6� (PSW\� 6��6�
8 � � 3ULQW3� uwvxuwy{zx|b}�u 3��6� 3��3� (PSW\� 3��3� (PSW\� 3��3�
36� 5HTXHVW6� ���/�*�/|�yb� �8uw� 3��6� (PSW\� 6��6� (PSW\� 6��6� (PSW\�
36� 5HTXHVW3� uwvxuwy{zx|b}�u 3��6� (PSW\� 3��3� (PSW\� 3��3� (PSW\�
36� 2XWSXW3� uwvxuwy{zx|b}�u 3��6� 3��6�� (PSW\� 3��3� (PSW\� 3��3�
36� 2XWSXW6� ���/�*�/|�yb� �8uw� 3��6� 3�6�6� (PSW\� 6��6� (PSW\� 6��6�

6(&85(�
35,17(5� 5HFHLYH� ���/�*�/|�yb� �8uw� 3��6� (PSW\� 6��6� (PSW\� 6��6� (PSW\�
38%/,&�
35,17(5� 5HFHLYH� uwvxuwy{zx|b}�u 3��6� (PSW\� 3�3�6� (PSW\� 3��3� (PSW\�

�
�
�

7DEOH� �� LOOXVWUDWHV� DQRWKHU� FDVH� IRU� LPSURSHU� FOHDUDQFH� DVVLJQPHQW� ���E��� ,Q� WKLV� FDVH��
2XWSXW6�SRUW�RI�36�FRPSRQHQW�DOVR�FDXVHV�D�SRWHQWLDO�YLRODWLRQ�µQR�ZULWH�GRZQ¶�SULQFLSOH��

7DEOH���LV�D�WUDFH�RI�WKH�YHULILFDWLRQ�IRU�LPSURSHU�DWWDFKPHQWV��,W�VKRZV�WKH�RFFXUUHQFH�
RI� WKH� IORZ� DQRPDOLHV� YLRODWLRQ�ZKHQ� DQ� DWWDFKPHQW� LV�PRGLILHG� DV� JLYHQ� DERYH� �&DVH� ����



���

5HTXHVW3� SRUW� RI� 36� FRPSRQHQW� YLRODWHV� µQR�UHDG� XS¶� SULQFLSOH� ZKHQ� VXFK� DQ� LPSURSHU�
DWWDFKPHQW�LV�HVWDEOLVKHG��

/DVWO\��7DEOH���VKRZV�WKH�FDVH�ZKHUH�WKH�JOXH�RI�D�FRQQHFWRU�FDXVHV�D�SRWHQWLDO�YLRODWLRQ�
DV�LQ�GHVFULEHG�DERYH��7KH�5HTXHVW3�SRUW�RI�36�FRPSRQHQW�YLRODWHV�µQR�UHDG�XS¶�SULQFLSOH��

�
�
�

7DEOH����,OOXVWUDWLRQ�RI�WKH�LWHUDWLRQ�VWHSV�IRU�6HFXUH�3ULQW�6HUYHU�
�LPSURSHU�FOHDUDQFH��FDVH���E��

�
67(3��� 67(3��� 67(3���&RPSRQHQW�

,QVWDQFH�
1DPH�

3RUW�
1DPH�

&OHDUDQFH�
RI�WKH�3RUW� UOVD�

_ `ba cdcdedfge6h � VOVD� UOVD� VOVD� UOVD�
VOVD�
_ �5c

�n�5� �d�5f �
8 � � 3ULQW3� uwvxuwy{zx|b}�u 3��6� 3��3� (PSW\� 3��3� (PSW\� 3��3�
8 � � 3ULQW6� ���/�*�/|�yb� �8uw� 3��6� 6��6� (PSW\� 6��6� (PSW\� 6��6�
8 � � 3ULQW3� uwvxuwy{zx|b}�u 3��6� 3��3� (PSW\� 3��3� (PSW\� 3��3�
36� 5HTXHVW6� ���/�*�/|�yb� �8uw� 3��6� (PSW\� 6��6� (PSW\� 6��6� (PSW\�
36� 5HTXHVW3� uwvxuwy{zx|b}�u 3��6� (PSW\� 3��3� (PSW\� 3��3� (PSW\�
36� 2XWSXW3� uwvxuwy{zx|b}�u 3��6� 3��6�� (PSW\� 3��3� (PSW\� 3��3�
36� 2XWSXW6� ���/�*�/|�yb� �8uw� 3��6� 3�6�6� (PSW\� 3�6��6� (PSW\� 3�6��6�

6(&85(�
35,17(5� 5HFHLYH� ���/�*�/|�yb� �8uw� 3��6� (PSW\� 6��6� (PSW\� 6��6� (PSW\�

38%/,&�
35,17(5� 5HFHLYH� (9(5<21(� 3��6� (PSW\� 3��3�6� (PSW\� 3��3� (PSW\�
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7DEOH����,OOXVWUDWLRQ�RI�WKH�LWHUDWLRQ�VWHSV�IRU�6HFXUH�3ULQW�6HUYHU�
�LPSURSHU�DWWDFKPHQW��FDVH����

�
67(3��� 67(3��� 67(3���&RPSRQHQW�

,QVWDQFH�
1DPH�

3RUW�
1DPH�

&OHDUDQFH�
RI�WKH�3RUW� UOVD�_ `ba cdcdedfge(h � VOVD� UOVD� VOVD� UOVD�

VOVD�_ �5c
�n�5� �d�5f �

8 � � 3ULQW3� uwvxuwy{zx|b}�u 3��6� 3��3� (PSW\� 3��3� (PSW\� 3��3�
8 � � 3ULQW6� ���/�*�/|�yb� �8uw� 3��6� 6��6� (PSW\� 6��6� (PSW\� 6��6�
8 � � 3ULQW3� uwvxuwy{zx|b}�u 3��6� 3��3� (PSW\� 3��3� (PSW\� 3��3�
36� 5HTXHVW6� ���/�*�/|�yb� �8uw� 3��6� (PSW\� 6��6� (PSW\� 6��6� (PSW\�
36� 5HTXHVW3� uwvxuwy{zx|b}�u 3��6� (PSW\� 3��3��6� (PSW\� 3��3�6� (PSW\�
36� 2XWSXW3� uwvxuwy{zx|b}�u 3��6� 3��6�� (PSW\� 3��3� (PSW\� 3��3�
36� 2XWSXW6� ���/�*�/|�yb� �8uw� 3��6� 3�6�6� (PSW\� 6��6� (PSW\� ��6��6�

6(&85(�
35,17(5� 5HFHLYH� ���/�*�/|�yb� �8uw� 3��6� (PSW\� 6��6� (PSW\� 6��6� (PSW\�

38%/,&�
35,17(5� 5HFHLYH� (9(5<21(� 3��6� (PSW\� 3��3�6� (PSW\� 3��3� (PSW\�

�
7DEOH���,OOXVWUDWLRQ�RI�WKH�LWHUDWLRQ�VWHSV�IRU�6HFXUH�3ULQW�6HUYHU�

�LQYDOLG�JOXH�GHVFULSWLRQ��FDVH����
�

67(3��� 67(3��� 67(3���&RPSRQHQW�
,QVWDQFH�
1DPH�

3RUW�
1DPH�

&OHDUDQFH�
RI�WKH�3RUW� UOVD�

_ `ba cdcdedfge(h � VOVD� UOVD� VOVD� UOVD�
VOVD�
_ �5c

�n�5� �d�5f �
8 � � 3ULQW3� uwvxuwy{zx|b}�u 3��6� 3��3� (PSW\� 3��3� (PSW\� 3��3�
8 � � 3ULQW6� ���/�*�/|�yb� �8uw� 3��6� 6��6� (PSW\� 6��6� (PSW\� 6��6�
8 � � 3ULQW3� uwvxuwy{zx|b}�u 3��6� 3��3� (PSW\� 3��3� (PSW\� 3��3�
36� 5HTXHVW6� ���/�*�/|�yb� �8uw� 3��6� (PSW\� 6��6� (PSW\� 6��6� (PSW\�
36� 5HTXHVW3� uwvxuwy{zx|b}�u 3��6� (PSW\� 6��6� (PSW\� �6��6� (PSW\�
36� 2XWSXW3� uwvxuwy{zx|b}�u 3��6� 3��6�� (PSW\� (PSW\� (PSW\� (PSW\�
36� 2XWSXW6� ���/�*�/|�yb� �8uw� 3��6� 3�6�6� (PSW\� 6��6� (PSW\� ��6��6�

6(&85(�
35,17(5� 5HFHLYH� ���/�*�/|�yb� �8uw� 3��6� (PSW\� 6��6� (PSW\� 6��6� (PSW\�

38%/,&�
35,17(5� 5HFHLYH� (9(5<21(� 3��6� (PSW\� 6��6� (PSW\� (PSW\� (PSW\�
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����7UDFH�0RGHO�RI�WKH�%HKDYLRU�RI�:ULJKW�F�'HVFULSWLRQV��
:H�XWLOL]H�WKH�&63�WUDFH�PRGHO�IRU�WKH�EHKDYLRXU�RI�D�:ULJKW�F�GHVFULSWLRQ�DV�GHILQHG�E\�

$OOHQ�>�@�WR�VKRZ�WKH�FRUUHFWQHVV�RI�WKH�YHULILFDWLRQ�DOJRULWKP�JLYHQ�LQ�VHFWLRQ������:H�DOVR�
UHO\�RQ�WKH�IDFW�WKDW�DQ�HYHQW�VWUXFWXUH�PRGHO�RI�&63�H[LVWV��VHH�>��@��7KXV�ZH�FDQ�UHIHU�WR�WKH�
GHSHQGHQFH�SUHRUGHU�RQ�WKH�HYHQWV�RI�D�&63�SURFHVV�����

/HW� %HKDYLRXU� EH� WKH� &63� SURFHVV� GHULYHG� IURP� WKH� :ULJKW�F� GHVFULSWLRQ� RI� WKH�
DUFKLWHFWXUDO� FRQILJXUDWLRQ� XQGHU� FRQVLGHUDWLRQ� DV� GHVFULEHG� E\� $OOHQ�� &RQVLGHU� WUDFHV� RI�
%HKDYLRXU� UHVWULFWHG� WR� WKH� VHW�RI�SRUW� HYHQWV�� VXFK� WKDW�HDFK�HYHQW�RFFXUULQJ� LQ�D� WUDFH� LV�D�
FRQIRUPLQJ�HYHQW� �LQ�RWKHU�ZRUGV��QR�SRUW�HYHQW�YLRODWHV� WKH�%/3���:H�FDOO�VXFK�VHTXHQFHV�

SRUW�WUDFHV��0RUH�IRUPDOO\��W�LV�FDOOHG�D�SRUW�WUDFH�LI�W Vb ���'u �IRU�VRPH�V�LQ�7UDFHV�%HKDYLRXU���

ZKHUH�&3(�LV�WKH�VHW�RI�FRQIRUPLQJ�SRUW�HYHQW�W\SHV��7KH�QRWLRQ�RI�D�SRUW�WUDFH�DOORZV�XV�WR�
LJQRUH�HYHQWV�RFFXUULQJ�LQVLGH�D�FRPSRQHQW��LQ�D�FRPSXWDWLRQ��RU�D�FRQQHFWRU��LQ�D�JOXH����
'HILQLWLRQ��DOW���2QH�FDQ�SDUWLWLRQ�D�SRUW�WUDFH�W�LQWR�VXEVWULQJV�HDFK�FRQVLVWLQJ�RI�RQO\�LQSXW�
HYHQWV�RU�RQO\�RXWSXW�HYHQWV��0RUH�VSHFLILFDOO\��DVVXPLQJ�WKDW� W�FRQWDLQV�VRPH�LQSXW�HYHQWV��
ZH�FDQ�ZULWH�W� �2   A�,   A�2 ¡ A��«�A�2 j A�, j A�2 j*¢ ¡ �IRU�VRPH�Q�≥���VXFK�WKDW�HDFK�,£ ����≤�M�≤Q��LV�
D�QRQHPSW\�VWULQJ�RI�LQSXW�HYHQWV��HDFK�2 ¤ ����≤�N�≤�Q��LV�D�QRQHPSW\�VWULQJ�RI�RXWSXW�HYHQWV��

DQG�2 ¥ �DQG�2 ¦d§b� �DUH��SRVVLEO\�HPSW\��VWULQJV�RI�RXWSXW�HYHQWV��:H�GHILQH�DOW�W� Q��
'HILQLWLRQ��5DQN���/HW�H�EH�D�SRUW�HYHQW�RFFXUULQJ�LQ�W��7KHQ�H�PXVW�RFFXU�LQ�VRPH�,̈ �LI�H�LV�DQ�
LQSXW� HYHQW�� RU�2 © � LI� H� LV� DQ� RXWSXW� HYHQW�� :H� GHILQH� UDQN�H�W� M� LQ� WKH� IRUPHU� FDVH�� DQG�
UDQN�H�W� N�LQ�WKH�ODWWHU�FDVH��
'HILQLWLRQ��1RUPDO�IRUP���:H�VD\�WKDW�D�SRUW�WUDFH�W�LV�LQ�QRUPDO�IRUP�LI�LW�KDV�DW�OHDVW�RQH�
LQSXW�HYHQW�DQG�UDQN�H�W�� LV�PLQLPXP�IRU�HDFK�H�RFFXUULQJ�LQ� W��0RUH�IRUPDOO\��OHW�X�EH�SRUW�
WUDFH� FRQVLVWLQJ� RI� H[DFWO\� WKH� VDPH� HYHQWV� DV� W� �L�H�� X� LV� D� SHUPXWDWLRQ� RI� W��� 7KHQ�
UDQN�H�W�≤UDQN�H�X��IRU�HYHU\�H�RFFXUULQJ�LQ�W��RU�X����



���

� 2EVHUYH�WKDW�IRU�D�SRUW�WUDFH�W�LQ�QRUPDO�IRUP�ZLWK�W� �W ��A�, j A�2 j*¢ ¡ �IRU�VRPH�Q�≥����WKH�
SRUW�WUDFH�W �LV�DOVR�LQ�WKH�QRUPDO�IRUP��
/HPPD� ��� )RU� DQ\� SRUW� WUDFH� W�ZLWK� DW� OHDVW� RQH� LQSXW� HYHQW� WKHUH� LV� D� SRUW� WUDFH�X� LQ� WKH�
QRUPDO�IRUP�FRQVLVWLQJ�RI�H[DFWO\�WKH�VDPH�HYHQWV�DV�W�KDV��
3URRI���

%DVHG� RQ� WKH� GHSHQGHQF\� UHODWLRQ� RI� WKH� HYHQW� VWUXFWXUH�PRGHO� RI�%HKDYLRU�� W� FDQ� EH�
VKXIIOHG�VR�WKDW�HDFK�HYHQW�H�LV�QRZ�RFFXUULQJ�³DV�HDUO\�DV�SRVVLEOH´��0RUH�SUHFLVHO\��DQ�LQSXW�
HYHQW� QRZ� RFFXUV� LQ� D� VXEVWULQJ� ,̈ � ZKHUH� M� LV� DV� VPDOO� DV� SRVVLEOH� ZLWKRXW� YLRODWLQJ� WKH�
GHSHQGHQF\�UHODWLRQ��VLPLODUO\�IRU�RXWSXW�HYHQWV���1RWH�WKDW�WKHUH�FDQQRW�EH�F\FOLF�GHSHQGHQFH�
EHWZHHQ�WZR�HYHQWV�DV�WKH�GHSHQGHQF\�UHODWLRQ�LV�D�SUHRUGHU�����

/HPPD����7KH�ILUVW�Q�LWHUDWLRQV�RI�WKH�GDWD�IORZ�DQDO\VLV�DOJRULWKP�\LHOG�D�SRUW�WUDFH�W�LQ�WKH�
QRUPDO�IRUP�ZLWK�DOW�W� Q��IRU�Q≥����

3URRI���
&RQVLGHU�WKH�ILUVW�Q�LWHUDWLRQV�RI�WKH�DOJRULWKP��7KHQ��WKH�IROORZLQJ�VHTXHQFH�RI�ODEHO�VHW�

DVVLJQPHQWV�LV�IRUPHG���
�� � UOVD�����VOVD�����UOVD����«��VOVD�Q�����UOVD�Q���

ZKHUH� UOVD���� LV� WKH� LQLWLDO� UOVD� REWDLQHG� E\� IORRGLQJ�� DQG� VOVD�L� &RPS)LOWHU�UOVD�L���� DQG�
UOVD�L��� *OXH)LOWHU�VOVD�L��� DV� GHVFULEHG� LQ� VHFWLRQ� ������� 7KHQ� OLVWLQJ� WKH� LQSXW� HYHQWV�
DVVRFLDWHG� ZLWK� WKH� PHPEHUV� RI� UOVD�L�� LQ� VRPH� DUELWUDU\� RUGHU� ZH� REWDLQ� WKH� VWULQJ� , ª ��
VLPLODUO\�� OLVWLQJ� WKH�RXWSXW� HYHQWV� DVVRFLDWHG�ZLWK� WKH�PHPEHUV�RI�VOVD�L�� LQ� VRPH�DUELWUDU\�
RUGHU�ZH�REWDLQ�2̈ ��&RQFDWHQDWLQJ�WKHVH�VXEVWULQJV�\LHOGV�WKH�SRUW�WUDFH�W �,   A�2   A�, ¡ A«A�2 jr« ¡

A�, j ���
1RWH� WKDW� DOO� HYHQWV� LQ� WKH� VDPH� VXEVWULQJ� RFFXU� LQGHSHQGHQWO\� �SRVVLEO\� LQ� GLIIHUHQW�

SDUDOOHO�SURFHVVHV���)XUWKHUPRUH��WKH�JHQHUDWLRQ�RI�WKH�GHSHQGHQW�HYHQWV�DUH�QRW�GHOD\HG��7KDW�
LV��DOO�RXWSXW�HYHQWV�GHSHQGLQJ�GLUHFWO\�RQ�WKH�HYHQWV�LQ� ,̈ �DQG�QRW�GHSHQGLQJ�RQ�DQ\�HYHQW�LQ�



���

VRPH� ,̈�¬ �ZLWK�M¶�!�M��RFFXU�LQ�2̈ ��VLPLODUO\�DOO�LQSXW�HYHQWV�GHSHQGLQJ�GLUHFWO\�RQ�WKH�HYHQWV�LQ�
2̈ �DQG�QRW�GHSHQGLQJ�RQ�DQ\�HYHQW�LQ�VRPH�2̈�¬ �ZLWK�M¶�!�M��RFFXU�LQ� ,̈ ¢ ¡ ��7KXV�W�LV�LQ�QRUPDO�
IRUP�� �

/HPPD����/HW�W�EH�D�SRUW�WUDFH�LQ�WKH�QRUPDO�IRUP�ZLWK�DOW�W� Q��7KHQ��IRU�DQ\�LQSXW�HYHQW�H�

�RQ�D�SRUW�S�RI�FRPSRQHQW�F��RFFXUULQJ�LQ�W�� �H��LV�LQ� FSUOVD �Q���ZKHUH�UDQN�H�W� Q���

3URRI��E\�LQGXFWLRQ�RQ�DOW�W����
)RU� WKH� EDVLV�� DVVXPH� DOW�W� ��� 7KHQ�� W 2   A� ,   �� 6XSSRVH� H� DSSHDUV� LQ� ,   �� 7KHQ� �H���

ZKLFK�PXVW�EH�FRQIRUPLQJ��LV� LQ� ­®UOVD ����E\�LQLWLDOL]DWLRQ��IORRGLQJ�RIIHUV�WR�DOO�LQSXW�SRUWV�
DOO�FRQIRUPLQJ�ODEHOV���6XSSRVH�QRZ�DOW�W� Q���DQG�H�RFFXUV�LQ�, j*¢ ¡ ��$V�W�LV�LQ�QRUPDO�IRUP��
DOO� WKH� RXWSXW� HYHQWV� RQ�ZKLFK� H� GLUHFWO\� GHSHQGV� DUH� LQ�2 j*¢ ¡ �� DQG� DOO� WKH� LQSXW� HYHQWV� RQ�
ZKLFK� HYHQWV� LQ�2 j*¢ ¡ � GLUHFWO\� GHSHQG� DUH� LQ� , j �� %\� LQGXFWLYH� K\SRWKHVLV�� WKH� ODEHOV� RI� DOO�
HYHQWV�LQ�, j �DUH�LQ�UOVD�Q���7KHQ�UOVD�Q��� 1(;7�UOVD�Q���FRQWDLQV�DOO�LQSXW�HYHQWV�WKDW�IROORZ�
WKH�LQSXW�HYHQWV�LQ�UOVD�Q���LQ�SDUWLFXODU�H�� �

'HILQLWLRQ� �,QILQLWH� WUDFHV��� $Q� LQILQLWH� WUDFH� LV� D� PHPEHU� RI� Σω�� ZKHUH� Σ� LV� DQ� DFWLRQ�

DOSKDEHW��WKH�VHTXHQFHV�RI�WKH�IRUP��D ¯ ��L∈Ν!��ZKLFK�UHSUHVHQWV�D�FRPSOHWH��L�H���WKURXJKRXW�

DOO� WLPH�� FRPPXQLFDWLRQ� KLVWRU\� RI� D� SURFHVV� WKDW� QHLWKHU� SDXVHV� LQGHILQLWHO\� ZLWKRXW�
FRPPXQLFDWLQJ�QRU�WHUPLQDWHV�>��@��

7KH� &63� PRGHOLQJ� RI�:ULJKW�F� FRQILJXUDWLRQ� EHKDYLRXU�� DV� GHVFULEHG� DERYH�� FDQ� EH�
DQDO\]HG�XVLQJ�LWV�LQILQLWH�WUDFHV��2XU�DSSURDFK�WR�WKH�YHULILFDWLRQ�DGRSWV�WKLV�VHPDQWLF�PRGHO��
:H�DOVR�FRQVLGHU�ILQLWH�SUHIL[HV�RI�LQILQLWH�WUDFHV��WKDW�LV��WUDFHV�LQ�WKH�RUGLQDU\�VHQVH���

�������7KH�&RUUHFWQHVV�RI�WKH�9HULILFDWLRQ�3URFHGXUH�
,Q� WKLV� VHFWLRQ�� WKH� FRUUHFWQHVV� RI� WKH� YHULILFDWLRQ� SURFHGXUH� ZLOO� EH� HVWDEOLVKHG�� 7KH�

FRUUHFWQHVV� RI� WKH� UHVXOW� RI� WKH� LWHUDWLRQ� SKDVH�ZLOO� EH� DQDO\]HG� LQ� WHUPV� RI� VRXQGQHVV� DQG�
FRPSOHWHQHVV��6RXQGQHVV�KHOSV�WR�HQVXUH�³QR�IDOVH�DODUPV´���DQG�FRPSOHWHQHVV�KHOSV�WR�HQVXUH�
³QR�PLVVHG�DODUPV´�ZKHQ�WKH�IORZ�DQRPDOLHV�DUH�UHSRUWHG��

�



���

'HILQLWLRQ� �&RPSOHWH�/DWWLFH���$� ODWWLFH�$� LV� D�FRPSOHWH� ODWWLFH� LV� HYHU\� VXEVHW�6�RI�$�KDV�

ERWK�WKH�OHDVW�XSSHU�ERXQG���6��DQG�WKH�JUHDWHVW�ORZHU�ERXQG���6���>��@��

:H�DOVR�XVH�GXDO�ODWWLFHV��*LYHQ�D�ODWWLFH��$�≤���WKH�GXDO�ODWWLFH�RI�$�LV�GHILQHG�DV��$�≥���
WKDW� LV��RQH�JHWV�WKH�GXDO�ODWWLFH�RI�$�E\�LQYHUWLQJ�$¶V�RUGHU��7KH�FRUUHVSRQGLQJ�GHILQLWLRQ�LV�
DOVR�TXLWH�VLPSOH��RQH�RQO\�KDV�WR�H[FKDQJH�WKH�RSHUDWLRQV���DQG����WKDW�LV�JLYHQ�VXFK�D�ODWWLFH�
�$��������� LWV� GXDO� ODWWLFH� LV� �$��������� � ,W� LV� FOHDU� WKDW� GXDO� RI� D� FRPSOHWH� ODWWLFH� LV� DOVR� D�
FRPSOHWH�ODWWLFH��
'HILQLWLRQ��$�ELQDU\� UHODWLRQ�RQ�UHFHLYHG� ODEHO�VHW�DVVLJQPHQWV� LV�GHILQHG�DV�IROORZV��/HW�$�
DQG�%�EH�DQ\�WZR�UHFHLYHG�ODEHO�VHW�DVVLJQPHQWV��WKDW�LV��$��%∈�*5/6$��7KHQ��

�$�%��LI�DQG�RQO\�LI�� °±$ ⊆ °±% ��KROGV�IRU�DOO�F∈&RPSRQHQWV�DQG�IRU�HYHU\�S∈�3RUWV l ��

/HPPD�����*5/6$���� LV�D�FRPSOHWH�ODWWLFH�ZLWK�UHVSHFW�WR�WKH�RUGHU���DV�GHILQHG�DERYH���

3URRI���

,Q�RUGHU��*5/6$�����WR�EH�D�FRPSOHWH�ODWWLFH��

L�� �*5/6$�����PXVW�EH�D�SRVHW��

LL�� (DFK�VXEVHW�6�∈�*5/6$�PXVW�KDYH�D�OHDVW�XSSHU�ERXQG�DQG�D�JUHDWHVW�ORZHU�

ERXQG�LQ�*5/6$��

�7R�VHH��L��ZH�QRWH�WKDW�WKH���UHODWLRQ�RQ�UOVDV�LQKHULWV�SDUWLDO�RUGHU�SURSHUWLHV�IURP�WKH�

VXEVHW�UHODWLRQ�RQ�WKH�FRPSRQHQWV�RI�UOVDV���

�7R�VHH��LL��ZH�QRWH�WKDW�HDFK�VXEVHW�6�RI�*5/6$�KDV�D�OHDVW�XSSHU�ERXQG��ZULWWHQ� 6��

DQG�D�JUHDWHVW�ORZHU�ERXQG��ZULWWHQ� 6��JLYHQ�DV�IROORZV��
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$V� �*5/6$����� LV� D� FRPSOHWH� ODWWLFH� �*5/6$����� LV� DOVR� D� FRPSOHWH� ODWWLFH�� � ,Q� WKH�
FRUUHFWQHVV�DQDO\VLV�RI� WKH�YHULILFDWLRQ�SURFHGXUH��ZH�ZLOO�PDNH�XVH�RI� �*5/6$�����GXH� WR�
WKH� GLUHFWLRQ� RI� UOVD� GHYHORSPHQW� GXULQJ� WKH� LWHUDWLRQ� SKDVH� RI� WKH� YHULILFDWLRQ� SURFHGXUH��
,QLWLDO�UOVD�FRQVLVWV�RI�DOO�GDWD�VHFXULW\�ODEHOV�FRUUHVSRQGLQJ�WKH�FRQIRUPLQJ�LQSXW�SRUW�HYHQWV�
�IORRGLQJ��� ,W� LV� WKH�PD[LPXP�HOHPHQW� LQ� WKH�RULJLQDO� ODWWLFH�� WKXV�� WKH�PLQLPXP�RI� WKH�GXDO�
ODWWLFH���

������)L[HG�3RLQW�,QGXFWLRQ�
7R� VKRZ� WKH� FRUUHFWQHVV� RI� WKH� DOJRULWKP��ZH� DSSO\� D� IL[HG� SRLQW� LQGXFWLRQ� SULQFLSOH�

>�����@���

)�[@$�>IL[
>)�F��[@$��>F�[@$`^��@$�[�>

|
|∪⊥|

φ
φφ ��FRQVWDQW�F�QRW�RFFXULQJ�LQ�φ��

�
,I�ZH�WKLQN�RI�$�DV�D�ZD\�RI�VD\LQJ�WKDW�WKH�YDULDEOH�[�KDV�VRPH�SURSHUW\��WKHQ�>⊥�[@$�

VD\V� WKDW� WKH� SURSHUW\� $� KROGV� IRU� ⊥� �LQLWLDO� YDOXH� IRU� [��� 7KH� VHFRQG� K\SRWKHVLV��
>)�F��[@$��>F�[@$`^ |∪φ ��LV�D�ZD\�RI�VD\LQJ�WKDW�LI�$�KROGV�IRU�VRPH�DUELWUDU\�IL[HG�YDOXH�F��

WKHQ�LW�KROGV�IRU�)�F���:H�FRQFOXGH�WKDW�WKH�SURSHUW\�KROGV�IRU�HYHU\�HOHPHQW�RI�WKH�VHW�^) Ê ��⊥��
_�Q�≥��`��E\�LQGXFWLRQ�RQ�Q��7KLV�LPSOLHV�WKDW�WKH�SURSHUW\�KROGV�IRU�WKH�IL[HG�SRLQW�RI�)��
'HILQLWLRQ��&RPSOHWH�SDUWLDO�RUGHU��>��@��$�FRPSOHWH�SDUWLDO�RUGHU��FSR��LV�D�SDUWLDO�RUGHU�LQ�
ZKLFK�HYHU\�GLUHFWHG�VHW�KDV�D�OHDVW�XSSHU�ERXQG��DQG�KDV�D�ERWWRP��⊥���

&OHDUO\�HYHU\�FRPSOHWH�ODWWLFH�LV�D�FSR��6R���*5/6$�����LV�DOVR�D�FSR��

7KHRUHP� �7DUVNL¶V� WKHRUHP� IRU� FRPSOHWH� SDUWLDO� RUGHUV�� >��@�� 6XSSRVH�3� LV� D� FRPSOHWH�



���

SDUWLDO�RUGHU�DQG�I��3�→�3�LV�FRQWLQXRXV��7KHQ�I�KDV�D�OHDVW�IL[HG�SRLQW�JLYHQ�E\�� Ë
≥ Ì �I� Ê �⊥���

$W� WKLV� SRLQW�� ZH� VKRZ� WKDW� IL[HG� SRLQW� LQGXFWLRQ� LV� DSSOLFDEOH� WR� WKH� YHULILFDWLRQ�
DOJRULWKP�XVLQJ�7DUVNL¶V� WKHRUHP��$FFRUGLQJ� WR� WKH� WKHRUHP�� LI� WKH�VHW�RI� UHFHLYHG� ODEHO� VHW�
DVVLJQPHQWV� �UOVD�� LV� D� FRPSOHWH� SDUWLDO� RUGHU�� WKHQ� WKH�1(;7� IXQFWLRQ� LPSOHPHQWHG� LQ� WKH�
DOJRULWKP�PXVW� KDYH� D� OHDVW� IL[HG� SRLQW��:H� QHHG� WR� HVWDEOLVK� WKDW� WKH� DOJRULWKP¶V� 1(;7�
RSHUDWRU� WKDW� LV� DSSOLHG� WR� DQ� UOVD� �ZKLFK� FRUUHVSRQGV� WR� WKH� IXQFWLRQ�)� LQ� WKH� IL[HG� SRLQW�
LQGXFWLRQ� SULQFLSOH�� LV� PRQRWRQLF�� 7KHQ�� WKH� VWDEOH� OVD� WKDW� LV� UHDFKHG� DIWHU� DSSO\LQJ� WKH�
1(;7�IRU�D�ILQLWH�QXPEHU�RI�LWHUDWLRQV��ZLOO�EH�WKH�JUHDWHVW�IL[HG�SRLQW�RI�1(;7�DV�ZH�ILQG�
WKH�OHDVW�IL[HG�SRLQW�UOVD�LQ�WKH�GXDO�ODWWLFH���7KH�IL[HG�SRLQW�ZH�ILQG�LV�WKH�JUHDWHVW�IL[HG�SRLQW�
LQ�WKH�RULJLQDO�ODWWLFH��DQG�WKH�OHDVW�IL[HG�SRLQW�LQ�WKH�GXDO�ODWWLFH���

/HPPD����&63$QDO\VLV�IXQFWLRQ�I� FUOVD → F6HQW6HW ��I� FVOVD →� FFHLYHG6HW5H ��LV�PRQRWRQLF��

ZKHUH�F∈�&RPSRQHQWV��
3URRI���

/HW�3� EH� D�&63�H[SUHVVLRQ�DQG� SR� EH� DQ�RXWSXW� FKDQQHO��&DOO� WKH� LQSXW� FKDQQHOV�� WKH�
GDWD�LQSXW�IURP�ZKLFK�DIIHFWV�WKH�GDWD�VHQW�WR�SR�DV�SL Í ��SL ÎdÏ*Ð Ð Ð Ï SL ÑÒÐ /HW�6�SL Ó ��EH�WKH�VHW�RI�GDWD�
VHFXULW\� ODEHOV� LQSXW� IURP�SL Ó � DQG�6�SR�� EH� WKH� VHW� RI� WKH� GDWD� VHFXULW\� ODEHOV� RXWSXW� WR�SR��
*HQHUDOO\��6�SR��GHSHQGV�RQ�3��DQG�6�SL Ó ����

�6�SR�� �I�6�SL Í ���6�SL Î ��������6�SL Ñ ����WKH�VSHFLILF�I�GHSHQGLQJ�RQ�3��
7KHQ��ZH�QHHG�WR�VKRZ�WKDW�I�LV�PRQRWRQLF�RQ�VXEVHW�RUGHU�LQ�HYHU\�SDUDPHWHU��
)LUVW��REVHUYH�WKDW�WKH�UXQ�WLPH�EHKDYLRXU�RI�3�GRHV�QRW�GHSHQG�RQ�6�SL��DV�WKHUH�LV�QR�

EUDQFKLQJ� WKDW�GHSHQGV�RQ� WKH�VHFXULW\� ODEHO�RI�VRPH�GDWD��6HFRQG�� WKH�RXWSXWV� WR�D�FKDQQHO�
DUH�GRQH�RQO\�E\�RXWSXW�HYHQWV��7KHUH�DUH�WZR�W\SHV�RI�RXWSXW�HYHQWV��

287387�SRUW��),;('�VHFXULW\BODEHO��YDOXHBOLVW���
287387�SRUW��'()$8/7�YDOXHBOLVW���



���

,Q� WKH� ILUVW� FDVH�� WKH� VHFXULW\� ODEHO� RI� WKH� GDWD� RXWSXW� LV� IL[HG� �LQ� WKH� :ULJKW�F�
GHVFULSWLRQ��DQG�GRHV�QRW�GHSHQG�RQ�WKH�VHFXULW\�ODEHOV�LQ�YDOXHBOLVW��

/HW� XV� FRQVLGHU� WKH� VHFRQG� FDVH�� 7KH� '()$8/7� FRQVWUXFW�PRGHOV� VRPH� XQVSHFLILHG�
IXQFWLRQ� DSSOLFDWLRQ� WKDW� WDNHV� YDOXHBOLVW� DV� SDUDPHWHU�� /HW�9 Ó �EH� WKH� L Ô Õ � YDOXH��6�9 Ó ��EH� WKH�
VHFXULW\�ODEHO�RI�9 Ó ��DQG�6�R��EH�WKH�VHFXULW\�ODEHO�RXWSXW�WR�FKDQQHO���

&OHDUO\��6�R��VKRXOG�RQO\�GHSHQG�RQ�^6�9 Ó �`���
&63$QDO\VHU�GHILQHV�6�R��DV���
6�R�� �/8%^6�9 Ö �`�
%HIRUH� UXQ�WLPH� ZH� PD\� QRW� DFWXDOO\� NQRZ� 6�9 Ó �
V�� LQVWHDG� ZH� ZLOO� NQRZ� WKH� VHW�

6(7B6�9 Ó ��RI�VHFXULW\�ODEHOV�WKDW�6�9 Ó ��LV�DQ�HOHPHQW�RI��/HW�$OO3�EH�WKH�VHW�RI�DOO�PLQLPDO�VHWV�
WKDW�KDV�DQ�HOHPHQW�IURP�DOO�6�9 Ó ���

$OO3� �^3RV�_��∀L�∃[���[�∈6(7B6�9 Ö ��DQG�[∈3RV��DQG�

��������������������������������∀[��[∈3RV��⇒��∃L��[�∈�6(7B6�9 Ö ��`�

7KHQ��WKH�VHW�6(7B6�R��RI�WKH�VHFXULW\�ODEHOV�RXWSXW�WR�WKH�FKDQQHO�ZLOO�EH��
6(7B6�R�� �^/8%�3RV��_�3RV�∈�$OO3`�

7KDW�LV��6(7B6�R��LV�WKH�PLQLPDO�VHW�VXFK�WKDW�IRU�HDFK�SRVVLEOH�FKRLFH�3RV�RI�6�9 Ó ��IURP�
6(7B6�9 Ó ��IRU�DOO�L��6(7B6�R��KDV�/8%�3RV��DV�DQ�HOHPHQW��

1RZ�� LW� LV� FOHDU� WKDW� 6(7B6�R�� LV� PRQRWRQLF� RQ� HYHU\� 6(7B6�9 Ó ��� :LWKRXW� ORVV� RI�
JHQHUDOLW\�VXSSRVH��

6(7B6�9 × ��⊂�6(7B6�9 Ö �
��6(7B6�9 Ö �� �6(7B6�9 Ö �
�IRU�DOO�RWKHU�L��

/HW�$OO3� �^3RV�_��∀L�∃[���[∈6(7B6�9 Ö ��DQG�[∈3RV��DQG��

���������������������������������������∀[��[∈3RV��⇒�∃L��[�∈�6(7B6�9 Ö ��`��

����$OO3
� �^3RV�_��∀L�∃[���[∈6(7B6�9 Ö �
�DQG�[∈3RV��DQG�

��������������������������������������∀[��[∈3RV��⇒�∃L��[�∈�6(7B6�9 Ö �
�`��������������������

�����7KHQ��6(7B6�R�� �^/8%�3RV��_�3RV∈$OO3`���DQG�



���

���������������6(7B6�R�
� ^/8%��3RV��_�3RV∈$OO3
`�

%XW�$OO3�⊆$OO3
��6R��6(7B6�R��⊆6(7B6�R�
��ZKLFK�FRPSOHWHV�WKH�SURRI����

/HPPD����7KH�1(;7��*5/6$�→�*5/6$�IXQFWLRQ��GHILQHG�LQ�WKH�YHULILFDWLRQ�SURFHGXUH��LV�
PRQRWRQLF��

3URRI���

/HW�$ DQG�%�EH�DQ\�WZR�HOHPHQWV�RI�*5/6$��ZKHUH�$�%��/HW��DOVR��$ � �1(;7�$���DQG�

%  1(;7�%���,Q�RUGHU�1(;7�WR�EH�D�PRQRWRQLF�IXQFWLRQ��$�% �PXVW�EH�VDWLVILHG���

5HFDOO�WKDW�1(;7�IXQFWLRQ�FDQ�EH�GHFRPSRVHG�DV��
1(;7�� �Π Ø Ù ÚJÛ �R�*OXH)LOWHU�R�Π ÚKÙ ÚJÛ �R�&RPS)LOWHU Ü �R�3URM Ü ��

)RU�WKH�1(;7�IXQFWLRQ�WR�EH�PRQRWRQLF��LW�LV�VXIILFLHQW�WKDW�WKH�FRQVWLWXHQW�IXQFWLRQV�EH�
PRQRWRQLF�� %\� WKHLU� GHILQLWLRQV��3URM� DQG�Π� KDYH� QR� HIIHFWV� LQ� DFKLHYLQJ� WKH�PRQRWRQLFLW\�

VLQFH� WKH\�SURMHFW� WKH� RXWSXW� RI� WKH� IXQFWLRQ� UHVXOW�RQ�FRPSRQHQW�EDVLV� DQG�FRPSRVH� WKHP��
UHVSHFWLYHO\��7KHUHIRUH��PRQRWRQLFLW\�RI�1(;7�IXQFWLRQ�UHTXLUHV��

&RPS)LOWHU� F$ ���&RPS)LOWHU� F% ����DQG��

&RPS*OXH� F$ ���&RPS*OXH� F% ����ZKHUH�F∈&RPSRQHQWV�

7KHVH� WZR� IXQFWLRQV�� &RPS)LOWHU� DQG� *OXH)LOWHU�� ERWK� FRQVLVWV� RI� WZR� SKDVHV�� WKH�
&63$QDO\VLV�DQG�WKH�9LRODWLRQ3UHYHQWLRQ��7KH�IRUPHU�LV�PRQRWRQLF�DV�VKRZQ�E\�/HPPD�����

7KH�9LRODWLRQ3UHYHQWLRQ�UHIXVHV��UHPRYHV��DQ\�ODEHO�IURP�LWV�LQSXW�ODEHO�VHW�DVVLJQPHQW�
LI�LW�FDQ�FDXVH�D�YLRODWLRQ�ZLWK�UHVSHFW�WR�%/3�SULQFLSOHV��,I�VRPH�ODEHO�A∈UOVD�LV�ILOWHUHG�RXW�

�UHIXVHG��LQ�$ ��DQG�LI�A�VWLOO�DSSHDUHG�LQ�% ��WKHQ�LW�PXVW�DOVR�EH�ILOWHUHG�RXW�IURP�% ��E\�WKH�

GHILQLWLRQ�RI�WKH�9LRODWLRQ3UHYHQWLRQ��ZKLFK�SUHVHUYHV�WKH�PRQRWRQLFLW\�RI�&63$QDO\VLV��
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7KHUHIRUH��1(;7�IXQFWLRQ�LV�PRQRWRQLF���

+DYLQJ�D� FRPSOHWH�SDUWLDO�RUGHU�*5/6$��ZKLFK� LV� ILQLWH��DQG� WKH�PRQRWRQLFLW\�RI� WKH�
1(;7�IXQFWLRQ�LPSOLHV�WKDW�1(;7�LV�FRQWLQXRXV��7KHQ��WKH�OHDVW�IL[HG�SRLQW�H[LVWV�DFFRUGLQJ�
WR�WKH�7DUVNL¶V�WKHRUHP��

:H�QRZ�DLP�WR�IRUPXODWH�WKH�SURSHUW\�ZKLFK�ZLOO�EH�WKH�SUHGLFDWH�RI�LQGXFWLRQ���
'HILQLWLRQ�� �,QILQLWHO\� RIWHQ��� /HW� W� EH� DQ� LQILQLWH� WUDFH� RI� D� FRQILJXUDWLRQ�� ,I� DW� DOO� WLPH�
LQVWDQWV��WKHUH�LV�D�IXWXUH�LQVWDQW�WKDW�DQ�HYHQW�RI�W\SH�H�RFFXUV��WKHQ�WKH�HYHQW�W\SH�H�LV�VDLG�WR�
RFFXU�LQ�W�LQILQLWHO\�RIWHQ��L�R�� × ���

(YHQWV�RFFXUULQJ�L�R��DOORZ�XV�WR�UHODWH�WKH�DUFKLWHFWXUH�RI�WKH�V\VWHP��ZKLFK�LV�D�VWDWLF�
QRWLRQ��WR�WKH�EHKDYLRU�RI�WKH�V\VWHP��ZKLFK�LV�D�G\QDPLF�QRWLRQ��7KH�EHKDYLRUDO�FRXQWHUSDUW�
RI�D�SRUW�HYHQW�H��LQSXW�RXWSXW�DFWLRQ�H�LQ�&63�WHUPLQRORJ\��LQ�WKH�GHVFULSWLRQ�LV��LQ�RXU�YLHZ��
DQ�HYHQW�W\SH�H�RFFXUULQJ�L�R��LQ�VRPH�LQILQLWH�WUDFH�RI�WKH�FRQILJXUDWLRQ��7R�SXW�DQRWKHU�ZD\��
SRUW�HYHQWV�SHUVLVW��(YHQW�W\SHV�WKDW�FDQ�RFFXU�RQO\�ILQLWHO\�PDQ\�WLPHV��HYHQWV�EHORQJLQJ�WR�
WKH�WUDQVLHQW�EHKDYLRU�RI�WKH�V\VWHP��VXFK�DV�LQLWLDOL]DWLRQV��DUH�GLVFDUGHG�IURP�RXU�DQDO\VLV��
$OWKRXJK�WUDQVLHQW�EHKDYLRU�FRXOG�EH�LPSRUWDQW�LQ�DQDO\]LQJ�G\QDPLF�DUFKLWHFWXUHV��ZH�GR�QRW�
DWWULEXWH� DQ\� VWUXFWXUDO� VLJQLILFDQFH� WR� WKHP� LQ� D� VWDWLF� DUFKLWHFWXUH�� )URP� DQ� DUFKLWHFWXUDO�
VWDQGSRLQW��DQ�HYHQW�WKDW�LV�LQ�YLRODWLRQ�RI�%/3�SULQFLSOHV��SUHVXPDEO\��ZLOO�QRW�EH�DOORZHG�WR�
RFFXU��H�J��WKDQNV�WR�WKH�DFWLRQ�RI�D�UHIHUHQFH�PRQLWRU���1RWH�WKDW�HQIRUFLQJ�RI�WKH�DUFKLWHFWXUH�
RQ�WKH�DFWXDO�VRIWZDUH�LV�EH\RQG�WKH�VFRSH�RI�WKLV�ZRUN���+RZHYHU��LI�VXFK�DQ�HYHQW�LV�RIIHUHG�
L�R��ZH�UHFRJQL]H�WKLV�DV�DQ�DQRPDORXV�SKHQRPHQRQ��WKLV�PXVW�EH�WKH�UHVXOW�RI�D�VHOI�GHIHDWLQJ�
DVVLJQPHQW�RI�SULYLOHJHV��������

7KH�SUHGLFDWH�ZH�GHYHORS�LV�EDVHG�RQ�WKH�LQILQLWH�WUDFHV�RI�WKH�FRQILJXUDWLRQ�DV�LW�UHIHUV�
WR�L�R��HYHQW�W\SHV��,I�VRPH�HYHQW�H�DSSHDUV�LQ�D�WUDFH�RI�WKH�FRQILJXUDWLRQ��DOO�WKH�HYHQWV�WKDW�H�

�������������������������������������������������Ý
�,Q��WHPSRUDO�ORJLF��WKLV�FDQ�EH�H[SUHVVHG�E\�WKH�IRUPXOD�³*�)�RFFXUV��H�´��ZKLFK�LV�LQWHUSUHWHG�RQ�WKH�
LQILQLWH�WUDFHV�RI�WKH�&63�SURFHVV��ZKLFK�LV�WKH�EHKDYLRU�RI�WKH�FRQILJXUDWLRQ��
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GHSHQGV�RQ��GLUHFWO\�RU�LQGLUHFWO\��PXVW�DOVR�EH�LQ�WKH�WUDFH���,I�H�RFFXUV�L�R��LQ�VRPH�LQILQLWH�
WUDFH�WKHQ�DOO�WKH�HYHQWV�WKDW�H�GHSHQGV�RQ�PXVW�DOVR�RFFXU�L�R��LQ�WKH�WUDFH��
'HILQLWLRQ��'�V�H����'HILQH�D�SUHGLFDWH�'�V�H��IRU�DQ�UOVD�V�DQG�HYHQW�W\SH�H�DV�IROORZV��

'�V�H���WKHUH�LV�DQ�LQILQLWH�WUDFH�W��RI�WKH�FRQILJXUDWLRQ��VXFK�WKDW�DOO�LQSXW�HYHQWV�LQ�W�DUH�
LQ��VRPH�PHPEHU�RI��V�DQG�H�RFFXUV�LQILQLWHO\�RIWHQ�LQ�W����,QWXLWLYHO\��DOO�HYHQWV�WKDW�H�GHSHQG�
RQ�DUH�LQ�V���

:H�GHILQH�WKH�SURSHUW\�$�RI�WKH�IL[HG�SRLQW�LQGXFWLRQ�DV�IROORZV���
$�V����UOVD�V�FRQWDLQV�DOO�FRQIRUPLQJ�LQSXW�HYHQW�W\SHV�H�WKDW�VDWLVILHV�'�V�H���
:H�VHH�WKDW�WKH�SURSHUW\�$�LV�DGPLVVLEOH�VLQFH�LI�LW�LV�VDWLVILHG�LQ�D�VHW�6�RI�UOVDV��LW�PXVW�

EH�VDWLVILHG�E\� 6��RI�WKH�VHW�DV� 6�LV�WKH�FRPSRQHQWZLVH�XQLRQ�RI��6����

/HPPD� ��� $�X�� LV� VDWLVILHG�� ZKHUH� X� LV� WKH� JUHDWHVW� IL[HG� SRLQW� UOVD� RI� WKH� 1(;7�
IXQFWLRQ��GHQRWHG�X )L[�1(;7����

3URRI��
:H�XVH�WKH�IL[HG�SRLQW�LQGXFWLRQ�WR�SURYH�WKDW�$�X��LV�VDWLVILHG��
%DVLV��IRU�⊥����1RWH�WKDW�⊥�GHQRWHV�WKH�WRS�HOHPHQW�RI�WKH�GXDO�ODWWLFH���$OO�FRQIRUPLQJ�

LQSXW�HYHQWV�DUH�LQFOXGHG�LQ�LQLWLDO�UOVD�GHQRWHG�E\�⊥�DV�D�UHVXOW�RI�IORRGLQJ��7KHUHIRUH��$�⊥��LV�
VDWLVILHG���

,QGXFWLRQ�K\SRWKHVLV��$VVXPH�WKDW�$�V��LV�VDWLVILHG��
,QGXFWLRQ�VWHS��6KRZ�WKDW�$�V ���ZKHUH�V  1(;7�V���PXVW�EH�VDWLVILHG���
$VVXPLQJ�$�V��LV�HTXLYDOHQW�WR�DVVXPLQJ�WKDW�V�LQFOXGHV��WKH�ODEHOV�RI��DOO�HYHQW�W\SHV�H�

WKDW�VDWLVI\�'�V�H���7KHQ��HLWKHU�VRPH�HYHQW�WKDW�GRHV�QRW�VDWLVI\�'�V �H��LV�ILOWHUHG�RXW�IURP�V
RU�V V �LQ�ZKLFK�FDVH�WKH�DOJRULWKP�WHUPLQDWHV�WKHUHE\�REWDLQLQJ�V � �X��,Q�WKH�ODWWHU�FDVH�ZH�
DUH�GRQH��6R�DVVXPH�WKH�IRUPHU�FDVH��/HW�H�EH�DQ�HYHQW�LQ�V�V ��7KDW�LV��H�LV�UHIXVHG�LQ�VRPH�
LWHUDWLRQ�Q��LW�GRHV�QRW�RFFXU�LQILQLWHO\�RIWHQ��L�R����7R�VHH�WKLV��VXSSRVH�WKDW�H�RFFXUV�L�R��7KHQ��
H�RFFXUV�LQ�VRPH�QRUPDO�IRUP�WUDFH�W�ZLWK�UDQN�H�W�� �N�!�Q��%\�/HPPD������A�H��LV�LQ�UOVD�N���
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6LQFH�1(;7�IXQFWLRQ�LV�PRQRWRQLF�DQG�A�H��LV�QRW�LQ�UOVD�Q�����WKHQ��LW�FDQ�QRW�EH�LQ�UOVD�N����

FRQWUDGLFWLRQ��7KHUHIRUH��H�LV�QRW�LQILQLWHO\�RIWHQ��ZKLFK�VXEVHTXHQWO\�OHDGV�WR�'�V�V �H��LV�QRW�
VDWLVILHG��

7KHUHIRUH��E\�SULQFLSOH�RI�LQGXFWLRQ�ZH�KDYH�$�X��VDWLVILHG��ZKHUH�X�LV�D�WKH�OHDVW�IL[HG�
SRLQW�UOVD��LQ�WKH�GXDO�ODWWLFH��������� �

$W�WKLV�SRLQW�ZH�RQO\�NQRZ�E\�/HPPD���WKDW�JUHDWHVW�IL[HG�SRLQW�UOVD�X�FRQWDLQV�DOO�WKH�
SRUW� HYHQWV� H� VDWLVI\LQJ�'�X�H���1H[W�� ZH�PXVW� FRPH� XS� ZLWK� DQ� DUJXPHQW� WR� VKRZ� WKDW� X�
VDWLVILHV�'�X�H��IRU�DQ\�H�FRQWDLQHG�LQ�X���
/HPPD����/HW�X�EH�WKH�JUHDWHVW�IL[HG�SRLQW�RI�1(;7��7KHQ�'�X�H��KROGV�IRU�DQ\�LQSXW�HYHQW�H�
FRQWDLQHG�LQ�X���
3URRI��

/HW�G�EH�LQ�X��6KRZ�WKDW�'�X�G���:H�KDYH�1(;7�X� X��7KHUHIRUH��E\�DQ�HDV\�LQGXFWLRQ��
G�LV�LQ�1(;7 Þ �X��IRU�DQ\�Q��6R�G�LV�L�R��DQG�'�X�G��LV�VDWLVILHG�E\�OHPPD��������������

7KXV�ZH�KDYH�WKH�IROORZLQJ�UHVXOW�FKDUDFWHUL]LQJ�WKH�RXWFRPH�RI�GDWD�IORZ�DQDO\VLV��
/HPPD���� �/HW�UOVD�X� �)L[��1(;7���FRPSXWHG�E\�WKH�GDWD�IORZ�DOJRULWKP��7KHQ�X�H[DFWO\�
FRQWDLQV� WKRVH� LQSXW� HYHQW� W\SHV� H� RFFXUULQJ� L�R�� LQ� VRPH� LQILQLWH� SRUW� WUDFH� W�ZKRVH� LQSXW�
HYHQWV��ZLWK�WKH�SRVVLEOH�H[FHSWLRQ�RI�H��DUH�DOO�LQ�X��6LPLODUO\��X�H[DFWO\�FRQWDLQV�WKRVH�RXWSXW�
HYHQWV�H�RFFXUULQJ�L�R��LQ�VRPH�W�ZKRVH�RXWSXW�HYHQWV��ZLWK�WKH�SRVVLEOH�H[FHSWLRQ�RI�H��DUH�DOO�
LQ�X����

+HUH�LV�RXU�PDLQ�UHVXOW��
7KHRUHP��7KH�YHULILFDWLRQ� DOJRULWKP�SURGXFHV� D� IORZ� DQRPDO\�QRWLILFDWLRQ� LI� DQG�RQO\� LI� D�
IORZ�DQRPDO\�H[LVWV�LQ�WKH�FRQILJXUDWLRQ��
3URRI���³RQO\�LI´�SDUW�±VRXQGQHVV��RU�³QR�IDOVH�DODUPV´��

6XSSRVH� WKDW� WKH� YHULILFDWLRQ� DOJRULWKP�SURGXFHV� D� W\SH� �L�� IORZ� DQRPDO\�QRWLILFDWLRQ��
7KLV�LV�ZKHQ�WKH�GHWHFWLRQ�SURFHGXUH�ILQGV�DQ�RXWSXW�SRUW�S��RI�VRPH�FRPSRQHQW��VD\�F��ZLWK�
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�X�VOVD ßà FRQWDLQLQJ�VRPH�ODEHO�A��DQG�D�FRQQHFWHG�LQSXW�SRUW�T��RI�VRPH�FRPSRQHQW��VD\�G��

VXFK�WKDW� �X�UOVD áâ �GRHV�QRW�FRQWDLQ�A��DV�
ãäFD @�A��/HW�H�EH�WKH�RXWSXW�HYHQW�FRUUHVSRQGLQJ�WR�

ODEHO�A�DW�SRUW�S��7KHQ�E\�OHPPD����H�RFFXUV�L�R��LQ�VRPH�LQILQLWH�WUDFH�W�FRQVLVWLQJ�RI�HYHQWV�LQ�

X��$V� WKH�SRUWV�S�DQG�T�DUH�FRQQHFWHG��WKURXJK�VRPH�FRQQHFWRU��VRPH�GDWXP�ZLWK�ODEHO�A� LV�

ERXQG� WR�EH�RIIHUHG� WR�SRUW�T�� E\� WKH� IDLUQHVV� DVVXPSWLRQ��EXW� LW�PXVW�EH� UHMHFWHG�VR�DV�QRW�
YLRODWH� WKH� VLPSOH� VHFXULW\� SURSHUW\�� 7KLV� FRQVWLWXWHV� D� GDWD� IORZ� DQRPDO\� RI� W\SH� �L���
$UJXPHQW�IRU�W\SH��LL��DQRPDO\�LV�VLPLODU��+HQFH��WKH�³RQO\�LI´�SDUW��

�³LI´�SDUW�±FRPSOHWHQHVV��RU�³QR�PLVVHG�DODUPV´���
/HW� S� EH� DQ� RXWSXW� SRUW� �RI� VRPH� FRQQHFWRU� F�� DQG� T� EH� DQ� LQSXW� SRUW� �RI� VRPH�

FRPSRQHQW��VD\�G���/HW�DOVR�H�EH�WKH�RXWSXW�HYHQW�DW�SRUW�S��$V�WKH�SRUWV�S�DQG�T�DUH�FRQQHFWHG�
�WKURXJK�VRPH�FRQQHFWRU��VRPH�GDWXP�ZLWK�ODEHO�A��FRUUHVSRQGLQJ�WR�H��LV�ERXQG�WR�EH�RIIHUHG�

WR�SRUW�T��6XSSRVH� WKDW�D�GDWD� IORZ�DQRPDO\�RI� W\SH��L��H[LVWV��7KLV�UHTXLUHV� WKDW�H�GRHV�QRW�
RFFXU� L�R�� LQ� VRPH� LQILQLWH� WUDFH� W� FRQVLVWLQJ� RI� HYHQWV� LQ�X�� 7KXV�� E\� OHPPD� ��� LW�PXVW� EH�
UHMHFWHG�VR�DV�QRW�YLRODWH�WKH�VLPSOH�VHFXULW\�SURSHUW\��7KLV�UHVXOWV�LQ�WKDW� �X�VOVD �FRQWDLQV�

WKH� ODEHO� A� ZKHUHDV� �X�UOVD ãä GRHV� QRW� FRQWDLQ� A�� DV� ãäFD � @� A�� 7KLV� FRQFOXGHV� WKDW� WKH�

YHULILFDWLRQ� DOJRULWKP� SURGXFHV� D� W\SH� �L�� IORZ� DQRPDO\� QRWLILFDWLRQ��$UJXPHQW� IRU� W\SH�LL��
DQRPDO\�LV�VLPLODU��+HQFH��WKH�³LI´�SDUW�������� �

7KXV�� WKH� JUHDWHVW� IL[HG� SRLQW� UOVD�X�ZLOO� FRQWDLQ�DOO� DQG�RQO\� WKH� HYHQWV�H� WKDW� RFFXU�
LQILQLWHO\�RIWHQ�LQ�VRPH�LQILQLWH�WUDFH�ZKRVH�LQSXW�HYHQWV�DUH�DOO�LQ�X��7KH�DOO�SDUW�HVWDEOLVKHV�
WKDW�WKH�OVD�DW�WKH�JUHDWHVW�IL[HG�SRLQW�LV�FRPSOHWH���WKLV�HQVXUHV�³QR�PLVVHG�DODUPV´�ZKHQ�WKH�
IORZ� DQRPDOLHV� DUH� UHSRUWHG�� 7KH� RQO\� SDUW� HVWDEOLVKHV� VRXQGQHVV� ��WKLV� HQVXUHV� ³QR� IDOVH�
DODUPV´��
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����&RPSXWDWLRQDO�&RPSOH[LW\�$QDO\VLV���
,Q� WKLV� VHFWLRQ�� ZH� DQDO\]H� WKH� ZRUVW� FDVH� UXQQLQJ� WLPH� DQG� VSDFH� FRPSOH[LW\� RI� WKH�

YHULILFDWLRQ� DOJRULWKP�� ZKRVH� SURJUDPPHU¶V� YLHZ� LV� SUHVHQWHG� LQ� VHFWLRQ� ����� 7KH� DQDO\VLV�
ZLOO�EH�GLVFXVVHG�LQ�WKUHH�SDUWV�FRUUHVSRQGLQJ�WKH�SKDVHV�RI�WKH�DOJRULWKP��WKH�SUHSURFHVVLQJ��
WKH� LWHUDWLRQ� SURFHVV�� DQG� WKH� SRVW�SURFHVVLQJ�� )RU� WKH� DQDO\VLV� ZH� XVH� WKH� IROORZLQJ�
DEEUHYLDWLRQV���

F��1XPEHU�RI�FRPSRQHQW�LQVWDQFHV�LQ�WKH�FRQILJXUDWLRQ�
S��0D[LPXP�QXPEHU�RI�SRUWV�LQ�D�FRPSRQHQW�LQVWDQFH�
&��1XPEHU�RI�FRPSRQHQW�W\SH�GHILQLWLRQV�
$��1XPEHU�RI�FRQQHFWRU�W\SH�GHILQLWLRQV�
�D��1XPEHU�RI�FRQQHFWRU�LQVWDQFHV�
�U��0D[LPXP�QXPEHU�RI�UROHV�LQ�D�FRQQHFWRU�
VO��1XPEHU�RI�VHFXULW\�ODEHOV�LQ�WKH�DFFHVV�FRQWURO�ODWWLFH�PRGHO��
FO��1XPEHU�RI�FOHDUDQFH�GHFODUHG�LQ�WKH�DFFHVV�FRQWURO�ODWWLFH�PRGHO��
7KH�QXPEHU�RI�DWWDFKPHQWV�LV��WKHQ���SÂFÂNå ���DÂUÂN æ �����ZKHUH�Nå �LV�WKH�QXPEHU�RI�UROHV�

WKDW�D�SRUW�SOD\V��DQG�N æ �LV�WKH�QXPEHU�RI�SRUWV�WKDW�D�VSHFLILF�UROH�LV�DVVLJQHG�WR�EH�SOD\HG����
������5XQQLQJ�7LPH�&RPSOH[LW\�

7KH�ZRUVW�FDVH�UXQQLQJ�WLPH��57��RI�WKH�YHULILFDWLRQ�DOJRULWKP��VD\�57�$���LV�WKH�VXP�RI�
WKH�UXQQLQJ�WLPHV�RI�LWV�FRQVWLWXHQW�VXESURFHVVHV��

57�SUHSURFHVVLQJ����57�LWHUDWLRQ����57�SRVWSURFHVVLQJ��
7KH�IROORZLQJ�SDUWV�SUHVHQW�WKH�57�RI�HDFK�RI�WKHVH�VXESURFHVVHV��
3UHSURFHVVLQJ���
7KH� VWHSV�6���6�� DQG�6��EHORQJ� WR� SUHSURFHVVLQJ��7KH� VWHS�6�� LV� D� VLQJOH� DVVLJQPHQW�

VWDWHPHQW� DQG� FDQ� EH� LJQRUHG�� ,Q� VWHS� 6�� �IORRGLQJ��� HDFK� �FRQIRUPLQJ�� ODEHO� LQ� WKH� DFFHVV�
FRQWURO�ODWWLFH�PRGHO�LV�DVVLJQHG�WR�HYHU\�SRUW�S∈3RUWV ç ��ZKHUH�F∈�&RPSRQHQWV��1RWH�WKDW�WKH�
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ODWWLFH�LV�UHSUHVHQWHG�DV�D�OLVW�RI�HGJHV��7KHUHIRUH��6��UHTXLUHV�D�VHTXHQWLDO�VFDQ�RQ�WKH�SRUWV�RI�
HDFK�FRPSRQHQW�DQG�DVVLJQPHQWV�RI�WKH�ODEHOV�IRU�HDFK�RI�WKHP���6R��LW�KDV�D�57�RI�SÂFÂVO��

7KH� VWHS� 6�� LV� XVHG� WR� H[WUDFW� WKH� GDWD� VRXUFH� SRUWV� � èé'63 �� IRU� DOO� S∈3RUWV ç DQG�

F∈&RPSRQHQWV�� ,W� UHTXLUHV� D� FRPSOHWH� VHTXHQWLDO� VFDQ�RQ� WKH� DWWDFKPHQWV� IRU� HDFK� LQGH[HG�

FROOHFWLRQ�RI�SRUWV�RI�FRPSRQHQWV��6R��LWV�57�LV� �
� Â�SÂFÂNå �DÂUÂN æ �Â�SÂF���

7KXV��57�SUHSURFHVVLQJ� �SÂFÂVO��� �
� Â��SÂFÂNå ���DÂUÂN æ �Â�SÂF��

��������������������������������������� �SÂFÂVO��� �
� Â�S ê ÂF ê ÂNå �� �

� Â�DÂUÂN æ ÂSÂF��

,WHUDWLRQ��
7KH�IL[HG�SRLQW�LWHUDWLRQ�LV�WKH�VWHS�6���6LQFH�WKH�LWHUDWLRQ�FRQWLQXHV�DV�ORQJ�DV�WKHUH�LV�D�

FKDQJH��UHPRYDO�RI�DW�OHDVW�RQH�ODEHO��LQ�WZR�FRQVHFXWLYH�UHFHLYHG�ODEHO�VHW�DVVLJQPHQWV��WKH�
QXPEHU� RI� LWHUDWLRQV� FDQ� EH� DW� PRVW� SÂFÂVO�� 'XULQJ� HDFK� LWHUDWLRQ�� WKH� VXEVWHSV� UHVXOW� WKH�
IROORZLQJ�57V��

7KH�VWHS�6����LV�WKH�SURMHFWLRQ�RSHUDWLRQ�WKDW�VLPSO\�KDV�D�57�RI�F��
7KH� VWHS� 6���� FRQVLVWV� RI� D� FDOO� WR� &63$QDO\VLV� IXQFWLRQ� DQG� D� FDOO� WR�

9LRODWLRQ3UHYHQWLRQ� IXQFWLRQ� IRU� HDFK� FRPSRQHQW� LQVWDQFH�� 7KH� IRUPHU� KDV� DQ� 57� RI�
N ë ì ê ÂS ê ÂVO ê �� ZKHUH� N ë ì � LV� D� SRVLWLYH� FRQVWDQW� RI� SURSRUWLRQDOLW\�� 7KH�9LRODWLRQ3UHYHQWLRQ� LV� D�
VHTXHQWLDO�WUDYHUVDO�RQ�WKH�ODEHO�VHW�DVVLJQPHQWV�RI�HYHU\�LQGH[HG�FROOHFWLRQ�RI�WKH�SRUWV��DQG�D�
FRPSDULVRQ�RI�LW�YHUVXV�LWV�FOHDUDQFH�DVVLJQPHQW��6R��LWV�57�LV�SÂVO��ZKLFK�UHVXOWV�WKDW�WKH�57�
RI�VWHS�6����LV�FÂ�N ë ì ê ÂS ê ÂVO ê ��SÂVO���

7KH�VWHS�6����LV�D�SURGXFW�RSHUDWLRQV�RQ�HDFK�VHQW�ODEHO�VHW�DVVLJQPHQW��ZKLFK�UHTXLUHV�D�
VHTXHQWLDO�VFDQ�RQ�WKH�VHQW�ODEHO�VHW�DVVLJQPHQWV��6R��LWV�57�LV�F��

7KH�VWHS�6����LV�MXVW�DQ�LQLWLDOL]DWLRQ�RI�5HFHLYHG6HWV�RI�HDFK�SRUW�RI�HYHU\�FRPSRQHQW�
LQVWDQFH��6R��LWV�57�LV�SÂF��



���

7KH� IXQFWLRQ�*OXH)LOWHU� LV� FDOOHG� IRU� HDFK� FRQQHFWRU� LQVWDQFH� FQ∈&RQQHFWRUV� LQ� WKH�
FRQILJXUDWLRQ�LQ�VWHS�6�����6R��LW�LV�H[HFXWHG�D�WLPHV��7KXV��WKH�VWHS�6����\LHOGV�WKH�57��

������DÂ��UÂ> �
� Â�SÂFÂNå �DÂUÂN æ ����N æ Â� �

� Â�SÂF�@��SÂFÂVO��N ë ì ê ÂU ê ÂVO ê ��SÂFÂVO��

�� � �
� ÂDÂUÂSÂFÂ�Nå ��N æ �� �

� ÂD ê ÂU ê ÂN æ ��ÂDÂSÂFÂVO�DÂ�N ë ì ê ÂU ê ÂVO ê �

7KH�VWHS�6����LV�D�FDOO�WR�9LRODWLRQ3UHYHQWLRQ�IXQFWLRQ�IRU�HDFK�SRUW�RI�HYHU\�FRPSRQHQW�
LQVWDQFH��6R�LWV�57�LV�SÂFÂVO��

7KH�ODVW�VWHSV�RI�WKH�LWHUDWLRQ�SKDVH�DUH�6����DQG�6�����7KH�IRUPHU�KDV�DQ�57�RI�F��WKH�
SURGXFW�RSHUDWRU���DQG�WKH�ODWWHU�LV�D�FRQVWDQW�YDOXH�WKDW�LV� LJQRUDEOH�VLQFH�LW� LV� MXVW�D�VLPSOH�
LQWHJHU�DVVLJQPHQW��
7KHUHIRUH��WKH�UXQQLQJ�WLPH�RI�WKH�LWHUDWLRQ�SKDVH��57�LWHUDWLRQ��LV��

SÂFÂVOÂ��ÂF�N ë ì ê ÂFÂS ê ÂVO ê ��ÂSÂFÂVO�SÂF� �
� ÂDÂUÂSÂFÂ�Nå �N æ �� �

� ÂD ê ÂU ê ÂN æ ��ÂDÂSÂFÂVO�DÂ�N ë ì ê ÂU ê ÂVO ê ��

3RVWSURFHVVLQJ���
7KH�VWHSV�6���6���6���DQG�6��FRQVWLWXWH�WKLV�SDUW��6��LV�D�UHSHWLWLRQ�VWDWHPHQW�H[HFXWHG�

IRU�HDFK�SRUW�RI�HYHU\�FRPSRQHQW�LQVWDQFH��7KH�WZR�UHIXVHG�ODEHO�OLVWV��5HFHLYHG5HIXVHG/LVW�
DQG�6HQW5HIXVHG/LVW��DUH�VHTXHQWLDOO\�WUDYHUVHG�LQ�HDFK�LWHUDWLRQ��6R��57V�RI�WKH�VWHS�6��DQG�
6�� DUH� � SÂFÂ�ÂVO�� SÂFÂFOÂ�ÂVO�� UHVSHFWLYHO\�� 7KH� VWHS� 6�� LV� DOVR� D� VHTXHQWLDO� WUDYHUVDO� RQ� WKH�
QXPEHU�RI�FRPSRQHQW� LQVWDQW��ZKLFK� LV�F��/DVWO\�� WKH�VWHS�6��LV�MXVW�D�FKHFN�RQ�WZR�UHIXVHG�
OLVWV��VR�LW�KDV�D�FRQVWDQW�57��
7KHUHIRUH��WKH�UXQQLQJ�WLPH�RI�WKH�SRUWSURFHVVLQJ�SKDVH�LV���
57�SRVWSURFHVVLQJ� �SÂFÂ�ÂVO��SÂFÂFOÂ�ÂVO���F� ��ÂSÂFÂVOÂ���FO����F�

&RQVHTXHQWO\��WKH�UXQQLQJ�WLPH�RI�WKH�DOJRULWKP�LV��

57�$�� ����SÂFÂVO��� �
� Â�S ê ÂF ê ÂNå �� �

� Â�DÂUÂN æ ÂSÂF�



���

���������������SÂFÂVOÂ��ÂF�N ë ì ê ÂFÂS ê ÂVO ê ��ÂSÂFÂVO�SÂF� �
� ÂDÂUÂSÂFÂ�Nå �N æ �� �

� ÂD ê ÂU ê ÂN æ

��ÂDÂSÂFÂVO�DÂN ë ì ê ÂU ê ÂVO ê �����ÂSÂFÂVOÂ���FO���F�

�������� �ÂSÂF ê ÂVO��N ë ì ê ÂF ê ÂS í ÂVO í ��S ê ÂF ê Â� �
� ÂNå ��ÂVO ê �VO��� �

� ÂDÂUÂS ê ÂF ê ÂVOÂ�Nå ��N æ ��

������� �
� ÂSÂFÂVOÂD ê ÂU ê ÂN æ ��ÂDÂS ê ÂF ê ÂVO ê ��DÂSÂFÂU ê ÂN ë ì ê ÂVO í � �

� ÂDÂUÂN æ ÂSÂF��SÂFÂVOÂ����ÂFO����F�

�

3UDFWLFDOO\��WKH�QXPEHU�RI�VHFXULW\�ODEHOV�VO�DQG�WKH�QXPEHU�RI�FOHDUDQFH�DVVLJQPHQWV�FO�
DUH� YHU\� VPDOO� YDOXHV� FRPSDUHG� WR� WKH� WRWDO� QXPEHU� RI� SRUWV� DQG� WKH� WRWDO�QXPEHU�RI� UROHV��
0RUHRYHU��VO�DQG�FO��LQ�SULQFLSOH��DUH�LQGHSHQGHQW�RI�WKH�VRIWZDUH�DUFKLWHFWXUH��6R��WKH\�FDQ�EH�
FRQVLGHUHG�DV�FRQVWDQWV��$SSO\LQJ�WKHVH�FRQVLGHUDWLRQV�WR�WKH�UHVXOW��DIWHU�VLPSOLILFDWLRQ���
57��$� N î ÂDÂUÂS ê ÂF ê ��N ê ÂD ê ÂU ê ÂSÂF��N í ÂDÂS ê ÂF ê ���N ï ÂS ê ÂF ê ��N ð ÂDÂSÂFÂU ê ���N ñ ÂS í ÂF ê ���
��������������������������N ò ÂSÂF ê �N ò ÂDÂUÂSÂF��N ó ÂSÂF��N îdô ÂF���N înî �ZKHUH�N ë ¶V��L��������DUH�WKH�FRHIILFLHQWV�
7KHUHIRUH�� WKH� UXQQLQJ� WLPH� FRPSOH[LW\� RI� WKH� DOJRULWKP� LV� SRO\QRPLDO�ZLWK� UHVSHFW� WR� WKH�
QXPEHU� RI� SRUWV� LQ� D� FRPSRQHQW� DQG� WKH� QXPEHU� RI� UROHV� LQ� FRQQHFWRU� WRJHWKHU� ZLWK� WKH�
QXPEHU�RI�FRPSRQHQW�LQVWDQFHV�DQG�WKH�QXPEHU�RI�FRQQHFWRU�LQVWDQFHV��7KH�GRPLQDWLQJ�WHUPV�
DUH� HLWKHU� N î ÂDÂUÂS ê ÂF ê � RU� � N ê ÂD ê ÂU ê ÂSÂF�GHSHQGLQJ� RQ� WKH� WRSRORJ\� RI� WKH� FRQILJXUDWLRQ�� ,I� WKH�
QXPEHU� RI� FRPSRQHQW� LQVWDQFHV� DQG� WKH�QXPEHU�RI�SRUWV� DUH� ODUJHU� WKDQ� WKRVH�RI� FRQQHFWRU�
LQVWDQFHV� DQG� WKH� UROHV�� WKHQ� WKH� IRUPHU�ZLOO� GRPLQDWH�� RWKHUZLVH� WKH� ODWWHU�ZLOO��+RZHYHU��
OHWWLQJ�Q PD[�S�F�D�U��IRU�WKH�ZRUVW�FDVH�� WKHQ�WKH�UXQQLQJ�WLPH�FRPSOH[LW\�RI�WKH�DOJRULWKP�
EHFRPHV�θ�Q ñ ���UHJDUGOHVV�RI�WKH�WRSRORJ\�RI�WKH�FRQILJXUDWLRQ����

������6SDFH�&RPSOH[LW\�
7KH�YHULILFDWLRQ�DOJRULWKP�LQSXWV�WKH�:ULJKW�F�GHVFULSWLRQ�DQG�WKH�DFFHVV�FRQWURO�ODWWLFH�

PRGHO� LQ�DQ�DEVWUDFW� IRUP��ZKLFK�DUH�SURGXFHG�E\� WKH�SDUVHU��XVLQJ� WKH� OLVW�DQG�UHFRUG�GDWD�
W\SHV� RI�0/�� 7KH� YHULILFDWLRQ� DOJRULWKP�PDLQO\� DSSOLHV� EDVLF� OLVW� DQG� UHFRUG� RSHUDWLRQV� RQ�



���

WKHVH�LQSXWV��7KHUHIRUH��WKH�ZRUVW�FDVH�VSDFH�FRPSOH[LW\��6&��RI�WKH�DOJRULWKP�GHSHQGV�RQ�WKH�
PD[LPXP�VL]HV�RI�WKHVH�GDWD�VWUXFWXUHV�XVHG�LQ�WKH�DOJRULWKP��

7R�FKHFN�WKH�XWLOL]DWLRQ�RI�WKHVH�GDWD�VWUXFWXUHV��ZH�OLVW�WKHP�EHORZ�ZLWK�WKH�PD[LPXP�
VL]HV� WKDW� FDQ� SRVVLEO\� EH� DOORFDWHG� XVLQJ� WKH� DEEUHYLDWLRQV� JLYHQ� DW� WKH� EHJLQQLQJ� RI� WKLV�
VHFWLRQ��

• 6HQW6HW�� 7KLV� OLVW� FRQVLVWV� RI� WZR� FRQVWLWXHQW� OLVWV�� QDPHO\� WKH� VHQW� ODEHO� VHW�
DVVLJQPHQW��VOVD��DQG�6HQW5HIXVHG/DEHO6HW��%RWK�RI�WKH�OLVWV�KDYH�DQ�HQWU\�IRU�HDFK�
SRUW�RI�HYHU\�FRPSRQHQW��SÂF���,Q�HDFK�HQWU\��D�VHW�RI�GDWD�VHFXULW\�ODEHOV�LV�VWRUHG��
7KHUH�FDQ�EH�D�PD[LPXP�RI�VO�ODEHOV�WKDW�FDQ�EH�VWRUHG�VLQFH�ZH�DVVXPH�WKH�ZRUVW�
FDVH��7KHUHIRUH�� WKH�VSDFH�QHHGHG�E\�6HQW6HW�LV��ÂSÂFÂVO��1RWH�DOVR�WKDW��WKHUH�LV�QR�
IXUWKHU�G\QDPLF�DOORFDWLRQ�IRU�WKH�HOHPHQWV�RI�WKH�OLVW��RQFH�WKH\�DUH�LQLWLDOL]HG�E\�
WKH�SDUVHU���

• 5HFHLYHG6HW��7KLV�OLVW�LV�KDV�WKH�VDPH�XWLOL]DWLRQ�DV�RI�6HQW/LVW��,W�FRQVLVWV�RI�OLVWV�RI�
WKH� UHFHLYHG� ODEHO� VHW� DVVLJQPHQW� �UOVD�� DQG� WKH�5HFHLYHG5HIXVHG/DEHO6HW�ZKRVH�
HQWULHV�DUH�DV�DERYH��6R��WKH�VSDFH�QHHGHG�E\�5HFHLYHG6HW�LV�DOVR��ÂSÂFÂVO��

• $WWDFKPHQWV��)RU�HDFK�DWWDFKPHQW�LQ�WKH�FRQILJXUDWLRQ��WKHUH�LV�DQ�HQWU\�IRU�WKLV�OLVW�
LQFOXGLQJ�D�FRPSRQHQW�QDPH��D�SRUW�QDPH��D�FRQQHFWRU�QDPH�DQG�D�UROH�QDPH��6R��

WKH�PD[LPXP�VL]H�RI�WKH�OLVW�LV� �
� Â�SÂFÂNå ���DÂUÂN æ ���6LQFH�HDFK�DWWDFKPHQW�HQWU\�KDV�

��HOHPHQWV��WKH�VSDFH�QHHGHG�E\�WKH�OLVW�LV��Â�SÂFÂNå ���DÂUÂN æ ���
• ,QVWDQFHV��7KHUH�DUH�F�D�LQVWDQFHV�LQ�D�FRQILJXUDWLRQ��6R��WKH�VL]H�RI�WKLV�OLVW�LV�F�D��
• &RPSRQHQWV��:H�VWRUH�WKH�GHILQLWLRQV�RI�D�FRPSRQHQW�W\SHV�LQ�WKLV�OLVW��6R�ZH�KDYH�

&�HQWULHV�LQ�WKH�OLVW��(DFK�HQWU\�VWRUHV�S�QXPEHU�RI�SRUWV�DQG�D�&63�H[SUHVVLRQ�WR�
VWRUH� WKH�FRPSXWDWLRQ� LQ�&63�QRWDWLRQ��7KHUHIRUH�� WKH�VSDFH�QHHGHG�E\� WKLV� OLVW� LV�
&Â�S�RS���ZKHUH�RS�UHSUHVHQWV�WKH�QXPEHU�RI�RSHUDWLRQV�LQ�WKH�&63�H[SUHVVLRQ��



���

• &RQQHFWRUV�� � 6LPLODU� WR� WKH� OLVW� RI� FRPSRQHQWV�� WKLV� OLVW� QHHGV� $Â�U�RS�� VL]H� RI�
VSDFH���

• 3RUW�$GMDFHQF\��7KLV�OLVW�NHHSV�GDWD�VRXUFH�SRUWV�IRU�HDFK�SRUW�RI�HYHU\�FRPSRQHQW�
LQVWDQFH�LQ�WKH�FRQILJXUDWLRQ��7RWDOO\��WKHUH�DUH�SÂF�QXPEHU�RI�HQWULHV�LQ�WKH�OLVW��)RU�
WKH�ZRUVW�FDVH��ZH�FDQ�WDNH�DOO�RI�WKH�SRUWV�RI�WKH�FRQILJXUDWLRQ�WR�EH�D�GDWD�VRXUFH�
IRU� HDFK�SRUW��0RUHRYHU�� HDFK�GDWD� VRXUFH� SRUW� NHHSV� D� VHW� RI� GDWD� VHFXULW\� ODEHO��
ZKLFK�KDV�D�PD[LPXP�VL]H�RI�VO��7KHUHIRUH��WKH�OLVW�QHHGV�D�GDWD�VSDFH�RI��SÂF� ê ÂVO��

+DYLQJ� GHWHUPLQHG� WKH� VSDFHV� QHHGHG� E\� HDFK� RI� WKH� OLVWV� RI�:ULJKW�F� FRQILJXUDWLRQV�
DQG�VW\OHV��WKH�WRWDO�VSDFH�LV�FDOFXODWHG�DV��

6&�:ULJKW� �ÂSÂFÂVO��Â��SÂFÂNå ��DÂUÂN æ ��F�D�&Â�S�RS���$Â�U�RS���SÂF� ê ÂVO�
����������� �ÂSÂFÂVO����ÂSÂFÂNå ��ÂDÂUÂ�N æ �F�D�&ÂS�&ÂRS�$ÂU�$ÂRS��SÂF� ê ÂVO�
8VLQJ� WKH� VDPH� UHPDUNV� DV� LQ� WKH� FDOFXODWLRQ� RI� WKH� UXQQLQJ� WLPH� FRPSOH[LW\�� WKH�

QXPEHU� RI� VHFXULW\� ODEHOV� A�� WKH� QXPEHU� RI� FRPSRQHQW� W\SH� DQG� FRQQHFWRU� W\SH�GHILQLWLRQV��

DQG� WKH� QXPEHU� RI� RSHUDWLRQV� LQ� WKH�&63� H[SUHVVLRQV� DUH� SUDFWLFDOO\� YHU\� VPDOO� YDOXHV� DQG�
WKH\�FDQ�EH�FRQVLGHUHG�DV�FRQVWDQWV��7KHUHIRUH��UHZULWLQJ�WKH�UHVXOW��DIWHU�WKH�VLPSOLILFDWLRQ��

6&�:ULJKW��  N î Â�SÂF� ê �N ê ÂSÂF�N í ÂDÂU�N ï ÂS�N ð ÂU�N ñ ÂF�N ò ÂD�N õrö ZKHUH� N ë ¶V�� L������ DUH� WKH�
FRHIILFLHQWV��,W� LV�FOHDU�WKDW� WKH�GRPLQDWLQJ�WHUP�LV�N î Â�SÂF� ê ��ZKLFK�LV�SRO\QRPLDO�LQ�WHUPV�RI�
WKH�QXPEHU�RI�SRUWV�LQ�D�FRPSRQHQW�LQVWDQFH�DQG�WKH�QXPEHU�RI�FRPSRQHQW�LQVWDQFHV��/HWWLQJ�
Q PD[�S�F�D�U��� DQG� ZH� JHW� WKH� VSDFH� FRPSOH[LW\� RI� D� :ULJKW�F� GHVFULSWLRQ�� XVHG� E\� WKH�

DOJRULWKP��DV�T��Q ï ���
7KH� YHULILFDWLRQ� DOJRULWKP� DOVR� LQSXWV� WKH� DFFHVV� FRQWURO� ODWWLFH�PRGHO��ZKLFK� LV� DOVR�

VWRUHG�LQ�VRPH�OLVW�GDWD�W\SHV��7KHUH�DUH���OLVWV�DOORFDWHG�WR�UHSUHVHQW�WKH�ODWWLFH�FRQWHQWV��

• 6HFXULW\/DEHOV��7KH�GDWD�VHFXULW\�ODEHOV�GHFODUHG�LQ�WKH�ODWWLFH�DUH�KHOG�LQ�WKLV�OLVW��6R��
LW�KDV�VO�HQWULHV��



���

• &OHDUDQFH/LVW��7KH�DXWKRUL]DWLRQ�OHYHO�W\SHV�GHFODUHG�LQ�WKH�ODWWLFH�ZLWK�WKH�VHFXULW\�
ODEHOV� WKH\�GRPLQDWH�DUH�KHOG� LQ� WKLV� OLVW��7KH�HQWULHV�DUH�D�FOHDUDQFH�DQG�D�VHFXULW\�
ODEHO� LW� GRPLQDWHV�� ,I� WKHUH� LV� D� GLVWLQFW� FOHDUDQFH� GHFODUHG� IRU� HDFK�RI� WKH� VHFXULW\�
ODEHOV��WKH�VL]H�RI�WKH�OLVW�EHFRPHV�WKH�PD[LPXP��6R��WKH�OLVW�KDV�D�GDWD�VSDFH�RI��ÂVO��

• 2UGHULQJ��7KH� HGJHV� RI� WKH� ODWWLFH� DUH� VWRUHG� LQ� WKLV� OLVW� SDLUZLVH�� 6LQFH� WUDQVLWLYH�

FORVXUHV�DUH�QRW�VWRUHG��ZH�KDYH�D�PD[LPXP�RI� VOORJ�
VO ÷ �SDLUV��6R��WKH�VL]H�RI�WKH�

OLVW�LV����Â VOORJ�
VO ÷  VOORJVO � ��

7KXV��WKH�VSDFH�FRPSOH[LW\�RI�WKH�DFFHVV�FRQWURO�ODWWLFH�PRGHO�LV��

�6&�/DWWLFH�� �VO��ÂVO� VOORJVO � ��6R��6&�/DWWLFH� �T�� VOORJVO � ���
���&21&/86,216�$1'�',6&866,21�
,Q�WKLV�UHSRUW��D�VWDWLF�YHULILFDWLRQ�RI�D�VRIWZDUH�DUFKLWHFWXUH�LQ�WHUPV�RI�GDWD�IORZ�EDVHG�

FRQILGHQWLDOLW\� LV� SURSRVHG� E\� UHODWLQJ� WKH� VWXGLHV� RQ� VRIWZDUH� DUFKLWHFWXUHV� DQG�
FRQILGHQWLDOLW\���

)RU�DUFKLWHFWXUDO�VWXG\��:ULJKW�DUFKLWHFWXUH�GHVFULSWLRQ�ODQJXDJH��$'/��LV�VHOHFWHG�GXH�
WR�LWV�DPHQDELOLW\�WR�VWDWLF�DQDO\VLV��7KH�H[WHQGHG�:ULJKW��:ULJKW�F��HQDEOHV�VWDWLF�DQDO\VLV�RI�
GDWD�IORZ�RYHU�WKH�DUFKLWHFWXUH�VXEMHFW�WR�FRQILGHQWLDOLW\�UHTXLUHPHQWV�DV�SHU�µQR�UHDG�XS¶�DQG�
µQR�ZULWH�GRZQ¶�SULQFLSOHV�RI�%HOO�/D3DGXOD���

7KH�ODWWLFH�PRGHO�DQG�WKH�:ULJKW�F�GHVFLSWLRQ�FDQ�EH�IRUPXODWHG�LQ�;0/�QRWDWLRQ��;0/�
QRWDWLRQ�IDFLOLWDWHV�WKH�WDVNV�SHUIRUPHG�E\�WKH�SDUVHU�ZKLFK�SURGXFHV�QHFHVVDU\�LQIRUPDWLRQ�LQ�
DEVWUDFW�V\QWD[�IRU�WKH�YHULILFDWLRQ��

7DNLQJ� WKH�$'/�GHVFULSWLRQ� LQ�D�VXLWDEOH�DEVWUDFW�V\QWD[�DQG� WKH�DFFHVV�FRQWURO� ODWWLFH�
PRGHO�DV� LQSXWV��D�YHULILFDWLRQ�SURFHGXUH� WKDW� LQFOXGHV�D�GDWD� IORZ�DQDO\VLV�DQG�DQ�DQRPDO\�
GHWHFWLRQ� SURFHVV� LV� GHYHORSHG�� 7KH� YHULILFDWLRQ� SURFHGXUH� FKHFNV� LI� WKHUH� LV� D� SRWHQWLDO�
YLRODWLRQ�ZLWK� UHVSHFW� WR�%HOO�/D3DGXOD� SULQFLSOHV�� )RU� GDWD� IORZ�DQDO\VLV�� LQSXW� DQG�RXWSXW�
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GDWD� IORZV� WKURXJK� WKH� SRUWV� RI� FRPSRQHQW� LQVWDQFHV� LQ� WKH� VRIWZDUH� FRQILJXUDWLRQ� DUH�
DQDO\]HG�E\�DQ�DOJRULWKP��$�YLRODWLRQ�SUHYHQWLRQ��ZKLFK�LV�D�SDUW�RI�WKH�GDWD�IORZ�DQDO\VLV��LV�
SHUIRUPHG� E\� FKHFNLQJ� WKH� FOHDUDQFH� RI� SRUWV� RI� FRPSRQHQW� LQVWDQFHV� DJDLQVW� WKH� VHFXULW\�
ODEHOV�RI�GDWD�LQSXW�RU�RXWSXW�WKURXJK�WKHVH�SRUWV��7KH�DOJRULWKP�EHQHILWV�IURP�D�&63�DQDO\VLV�
VWXG\�GHYHORSHG�VHSDUDWHO\��

7KH� YHULILFDWLRQ� SURFHGXUH� DOVR� UHSRUWV� RQ� H[FHVV� DXWKRUL]DWLRQV�� ,W� H[WUDFWV� WKH�
PLQLPXP�UHTXLUHG�FOHDUDQFH�RI�WKH�FRQVWUXFWV��SRUWV��ZLWKRXW�GLVWXUELQJ�WKH�H[LVWLQJ�GDWD�IORZ�
RYHU� WKH� DUFKLWHFWXUH�� 7KHUHIRUH�� LI� LW� LV� JLYHQ� D� FOHDUDQFH� PRUH� WKDQ� QHHGHG�� WKH� VXUSOXV�
DXWKRUL]DWLRQ��H[FHVVLYH�FOHDUDQFH��FDQ�EH�UHFODLPHG���

$�VRIWZDUH�WRRO��ZKLFK�IHDWXUHV�DQ�;0/�EDVHG�IURQW�HQG�WR�WKH�DOJRULWKP�LV�FRQVWUXFWHG��
$Q�LPSOHPHQWDWLRQ�RI�WKH�YHULILFDWLRQ�DQG�WKH�&63�$QDO\VLV��ZLWKRXW�SDUDOOHO�__�RSHUDWRU��DUH�
LPSOHPHQWHG� LQ�0/��7DNLQJ�FRQFUHWH� V\QWD[�RI� WKH�V\VWHP�FRQILJXUDWLRQ�DQG�DFFHVV�FRQWURO�
ODWWLFH�PRGHO�LQ�;0/�QRWDWLRQ�DV�LQSXWV��D�IURQW�HQG�SURFHVVLQJ�SURYLGHV�WKHLU�DEVWUDFW�V\QWD[�
WKDW�LV�RIIHUHG�WR�WKH�YHULILFDWLRQ�SURFHGXUH�DQG�WKH�&63�$QDO\VLV��$�SRWHQWLDO�ZRUN�FRXOG�EH�
WKH�LQWHJUDWLRQ�RI�WKHVH�SURFHVVHV�LQ�RUGHU�WR�SURYLGH�DQ�HDV\�WR�XVH�LQWHUIDFH�WR�WKH�GHVLJQHUV���

7KH�ZRUVW� FDVH� FRPSXWDWLRQDO� FRPSOH[LW\�RI� WKH�YHULILFDWLRQ�DOJRULWKP� LV�GLVFXVVHG� LQ�

WHUPV�RI�UXQQLQJ�WLPH�DQG�VSDFH��7KH�UXQQLQJ�WLPH�FRPSOH[LW\�LV�SRO\QRPLDO��T��Q ñ ���ZKHUH�Q��
LV� WKH� PD[LPXP� YDOXH� RXW� RI� WKH� QXPEHU� RI� SRUWV� LQ� D� FRPSRQHQW�� WKH� QXPEHU� RI� SRUW�
LQVWDQFHV�� WKH� QXPEHU� RI� UROHV� LQ� D� FRQQHFWRU�� DQG� WKH� QXPEHU� RI� FRQQHFWRU� LQVWDQFHV�� 7KH�
VSDFH�FRPSOH[LW\��RQ�WKH�RWKHU�KDQG��LV�DQDO\]HG�IRU�ERWK�:ULJKW�F�GHVFULSWLRQV�DQG�WKH�DFFHVV�

FRQWURO�ODWWLFH�PRGHO��7KH�IRUPHU�LV�IRXQG�DV�T��Q ï ���ZKHUH�Q�LV�WDNHQ�DV�WKH�PD[LPXP�YDOXH�
RXW�RI�WKH�QXPEHU�RI�SRUWV�LQ�D�FRPSRQHQW�DQG�WKH�QXPEHU�RI�FRPSRQHQW�LQVWDQFHV��7KH�ODWWHU�

LV�FDOFXODWHG�DV�T��QORJQ���ZKHUH�Q�LV�WKH�QXPEHU�RI�GDWD�VHFXULW\�ODEHOV�LQ�WKH�ODWWLFH���
7KLV�ZRUN�FDQ�EH�HIIHFWLYHO\�DSSOLHG�WR�D�VRIWZDUH�V\VWHP�GXULQJ�WKH�GHVLJQ�SKDVH�RI�LWV�

GHYHORSPHQW��+DYLQJ�DQ�DFFHVV�FRQWURO�PRGHO�EDVHG�RQ�WKH�VHFXULW\�SROLF\�RI�WKH�LQVWLWXWLRQ��
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WKH�YHULILFDWLRQ�RI�WKH�:ULJKW�F�GHVFULSWLRQ�RI�WKH�V\VWHP�KHOSV�WR�VHH�WKH�SRVVLEOH�GDWD�IORZ�
FRQILGHQWLDOLW\�YLRODWLRQV�LQ�DGYDQFH��

7KH� YHULILFDWLRQ� DOJRULWKP� GHDOV� ZLWK� WKH� FRQILGHQWLDOLW\� RI� D� VRIWZDUH� V\VWHP�� 7KH�
LQWHJULW\�PRGHO�� SURSRVHG�E\�%LED�� FDQ�EH� LQFRUSRUDWHG�XVLQJ� WKH� VDPH�ZD\��6LPLODU� WR� WKH�
ODWWLFH�PRGHO� IRU� FRQILGHQWLDO\�� DQ� LQWHJULW\� ODWWLFH� FDQ� EH� FRQVWUXFWHG� DQG� WKH� SULQFLSOHV� RI�
%LED�PRGHO�FDQ�EH�DSSOLHG�ZLWK�UHVSHFW�WR�WKH�LQWHJULW\�ODWWLFH��7R�GR�WKDW�GDWD�DUH�JURXSHG�LQ�
WHUPV�RI�LQWHJULW\�FODVVHV��DQG�HDFK�FODVV�LV�GHQRWHG�E\�DQ�LQWHJULW\�ODEHO��$XWKRUL]DWLRQ�OHYHOV�
�FOHDUDQFH��RI�WKH�SRUWV�DUH�WKHQ�DVVRFLDWHG�ZLWK�WKH�LQWHJULW\�ODWWLFH�WR�REWDLQ�WKH�GRPLQDQFH�
UHODWLRQ��
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