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$EVWUDFW��:H�VWXG\�WKH�SUREOHP�RI�HIILFLHQW�GLVVHPLQDWLRQ�RI�WH[WXDO�LQIRUPD�
WLRQ� RYHU� ZLGH�DUHD� QHWZRUNV��2XU� GLVVHPLQDWLRQ� DUFKLWHFWXUH� XWLOLVHV�PLGGOH�
DJHQWV� DQG� VRSKLVWLFDWHG�PDWFKLQJ�DOJRULWKPV��7KH�GDWD�PRGHO� DQG�TXHU\� ODQ�
JXDJH�LV�EDVHG�RQ�WKH�ZHOO�NQRZQ�%RROHDQ�PRGHO�IURP�,QIRUPDWLRQ�5HWULHYDO��
7KH�PDLQ�IRFXV�RI� WKLV�SDSHU� LV� WKH�SUREOHP�RI�PDWFKLQJ�LQFRPLQJ�GRFXPHQWV�
ZLWK�VXEPLWWHG�XVHU�SURILOHV��:H�SUHVHQW�IRXU�HIILFLHQW�PDLQ�PHPRU\�DOJRULWKPV�
IRU�WKLV�SUREOHP�DQG�FRPSDUH�WKHP�H[SHULPHQWDOO\��

����,QWURGXFWLRQ�

7KH�VHOHFWLYH�GLVVHPLQDWLRQ�RI�LQIRUPDWLRQ��6',��WR�LQWHUHVWHG�XVHUV�LV�D�SUREOHP�DULV�
LQJ�IUHTXHQWO\� LQ� WRGD\
V� LQIRUPDWLRQ�VRFLHW\��7KLV�SUREOHP�KDV�UHFHQWO\�UHFHLYHG�WKH�
DWWHQWLRQ�RI�YDULRXV� UHVHDUFK� FRPPXQLWLHV� LQFOXGLQJ� UHVHDUFKHUV� IURP�GDWDEDVHV� >����
��������@��DJHQW�V\VWHPV�>�@��GLJLWDO�OLEUDULHV�>�@��GLVWULEXWHG�FRPSXWLQJ�>�@�DQG�RWKHUV��
,Q�DQ�6',�VFHQDULR��LQIRUPDWLRQ�SURGXFHUV�SXEOLVK�LQIRUPDWLRQ�WR�DQ�6',�V\VWHP��7KLV�
LQIRUPDWLRQ�LV�IRUZDUGHG�WR�LQIRUPDWLRQ�FRQVXPHUV�WKDW�KDYH�DOUHDG\�VXEVFULEHG�WR�LW�
ZLWK� D�PDWFKLQJ�SURILOH��$JHQW� LPSOHPHQWDWLRQV� RI� 6',� V\VWHPV� FDQ� UHO\� RQ�PLGGOH�
DJHQWV�WR�PDWFK�GRFXPHQWV�ZLWK�SURILOHV�ZKLOH�GLIIHUHQW�NLQGV�RI�HQG�DJHQWV��SURGXFHU�
DJHQWV� DQG� FRQVXPHU� DJHQWV�� DUH� GRLQJ� WKH� SXEOLVKLQJ� DQG� VXEVFULELQJ� >�@�� 6LPLODU�
LPSOHPHQWDWLRQ� WHFKQLTXHV� DUH� XVHG� LQ� 6',� V\VWHPV� LPSOHPHQWHG� XVLQJ� RWKHU� WHFK�
QRORJLHV�>���������������@��

,QIRUPDWLRQ� LQ� DQ� 6',� V\VWHP� LV� XVXDOO\� VWUXFWXUHG� DFFRUGLQJ� WR� DQ� LQIRUPDWLRQ�
PRGHO��DQG�SURILOHV�DUH�H[SUHVVHG�LQ�DQ�DSSURSULDWH�SURILOH�ODQJXDJH��,Q�6,)7�>������@�
DQG�&2,16�>��@��SXEOLVKHG� LQIRUPDWLRQ� LV� LQ� WKH� IRUP�RI� IUHH� WH[W� LQWHUSUHWHG�XQGHU�
WKH�%RROHDQ�RU�YHFWRU�VSDFH�PRGHO�>�@��DQG�WKH�SURILOH�ODQJXDJH�LV�EDVHG�RQ�NH\ZRUGV�
FRPELQHG�XVLQJ�%RROHDQ�RSHUDWRUV���,Q�WKH�PLGGOH�DJHQW�RI�SURMHFW�6+$'(�SXEOLVKHG�
LQIRUPDWLRQ�LV�H[SUHVVHG�LQ�WKH�ORJLF�EDVHG�ODQJXDJH�.,)�RU�WKH�REMHFW�EDVHG�ODQJXDJH�
0$;��DQG�SURILOHV�DUH�TXHULHV�LQ�WKHVH�ODQJXDJHV�>��@��,Q�;)LOWHU�LQIRUPDWLRQ�LV�LQ�WKH�
IRUP�RI�;0/�GRFXPHQWV�DQG�WKH�SURILOH�ODQJXDJH�LV�D�YHUVLRQ�RI�;3DWK�>�@��,Q�HYHQW�



GLVVHPLQDWLRQ�V\VWHPV�/H�6XEVFULEH�>�@�DQG�6,(1$�>�@�SXEOLVKHG�LQIRUPDWLRQ�LV�LQ�WKH�
IRUP�RI�HYHQWV��H[SUHVVHG�LQ�DQ�DSSURSULDWH�HYHQW�GDWD�PRGHO��DQG�SURILOHV�DUH�IRUPX�
ODWHG� DV� TXHULHV� LQ� WKLV� GDWD�PRGHO�� )LQDOO\�� LQ� WKH�PLGGOH� DJHQWV� RI� WKH�PXOWL�DJHQW�
V\VWHP�5(76,1$��WKH�SXEOLVKHG�LQIRUPDWLRQ�DQG�SRVWHG�SURILOHV�DUH�VHUYLFH�VSHFLILFD�
WLRQV�H[SUHVVHG�LQ�WKH�VHUYLFH�GHVFULSWLRQ�ODQJXDJH�/$5.6�>��@��

,Q� WKLV�SDSHU�ZH�DGRSW� WKH� LQIRUPDWLRQ�PRGHO�RI�6,)7�>��@�DQG�&2,16�>��@��:H�
DVVXPH� WKDW� SXEOLVKHG� LQIRUPDWLRQ� LV� LQ� WKH� IRUP� RI� IUHH� WH[W� LQWHUSUHWHG� XQGHU� WKH�
%RROHDQ�PRGHO��DQG�WKDW�SURILOHV�DUH�H[SUHVVHG�E\�FRQMXQFWLRQV�RI�NH\ZRUGV��DV��IRU�
H[DPSOH��LQ�PRGHUQ�VHDUFK�HQJLQHV���7KHQ�ZH�FRQFHQWUDWH�RQ�WKH�PDWFKLQJ�SUREOHP��
*LYHQ�D�GDWDEDVH�RI�SURILOHV�DQG�DQ�LQFRPLQJ�GRFXPHQW�G��KRZ�GR�ZH�ILQG�HIILFLHQWO\��
ZKLFK�SURILOHV�PDWFK�G"�

:H�IRUPDOL]H�WKLV�SUREOHP�LQ�DQ�DSSURSULDWH�PDWKHPDWLFDO�IUDPHZRUN�DQG�VWXG\�HI�
ILFLHQW� DQG� VFDODEOH� DOJRULWKPV� IRU� LWV� VROXWLRQ�� )RU� WKH�PDWFKLQJ�SUREOHP�� WKH�PDLQ�
FRQWULEXWLRQV�RI�WKLV�SDSHU�FDQ�EH�VHHQ�DV�D�FRQWLQXDWLRQ�RI�WKH�UHVHDUFK�FDUULHG�RXW�LQ�

6,)7� E\�<DQ� DQG�*DUFLD�0ROLQD� >��@��� >��@� KDYH� SURSRVHG� IRXU� DOJRULWKPV� IRU� WKH�
PDWFKLQJ�SUREOHP��VHH�6HFWLRQ����DQG�KDYH�FDUULHG�RXW�D�PDWKHPDWLFDO�HYDOXDWLRQ�RI�
WKHVH� DOJRULWKPV� XQGHU� WKH� DVVXPSWLRQ� WKDW� SURILOHV� DUH� VWRUHG� RQ� GLVN� DQG� WKH� FRVW�
SDUDPHWHUV� RI� LQWHUHVW� DUH� VWRUDJH� VSDFH� �LQ� GLVN� � EORFNV��� QXPEHU� RI� � ,�2V� �EORFN�
UHDGV��DQG�&38�WLPH��PHDVXUHG�LQ�DFFHVVHV�RI�WKH�DVVRFLDWHG�PDLQ�PHPRU\�GDWD�VWUXF�
WXUHV���,Q�WKLV�ZRUN�ZH�SUHVHQW�PDLQ�PHPRU\�LPSOHPHQWDWLRQV�RI�WKHVH�DOJRULWKPV�DQG�
HYDOXDWH�WKHP�H[SHULPHQWDOO\����

7KH�UHVW�RI�WKH�SDSHU�LV�RUJDQLVHG�DV�IROORZV��6HFWLRQ���GHILQHV�WKH�PDWFKLQJ�SURE�
OHP�IRUPDOO\�DQG�LQWURGXFHV� WKH�IRXU�DOJRULWKPV�GHYHORSHG�LQ�6,)7��6HFWLRQ���LQWUR�
GXFHV�WKH�VWDWLVWLFDO�PRGHOV�IRU�GRFXPHQWV�DQG�SURILOHV�WKDW�ZH�ZLOO�XVH�LQ�RXU�H[SHUL�
PHQWV��6HFWLRQ���JLYHV�WKH�UHVXOWV�DQG�FRQFOXVLRQV�RI�RXU�H[SHULPHQWV��)LQDOO\��6HFWLRQ�
��VXPPDULVHV�WKH�SDSHU�DQG�GLVFXVVHV�IXWXUH�ZRUN��

�� $OJRULWKPV�IRU�0DWFKLQJ�

,Q�WKLV�VHFWLRQ�ZH�ILUVW�GHILQH�WKH�PDWFKLQJ�SUREOHP�IRUPDOO\��7KHQ�ZH�JR�RQ�WR�GHV�
ULEH�DOJRULWKPV�IRU�WDFNOLQJ�WKLV�SUREOHP��

:H�DVVXPH�WKH�H[LVWHQFH�RI�D�ILQLWH�DOSKDEHW� ���$�ZRUG�LV�D�ILQLWH�QRQ�HPSW\�VH�
TXHQFH� RI� OHWWHUV� IURP� �� :H� DOVR� DVVXPH� WKH� H[LVWHQFH� RI� WZR� VHWV� RI� ZRUGV�� WKH�
GRFXPHQW�YRFDEXODU\��GHQRWHG�E\�9G��DQG�WKH�SURILOH�YRFDEXODU\��GHQRWHG�E\�9S���,W�LV�
DVVXPHG�WKDW�9S���9G��,Q�WKH�UHVW�RI�WKH�SDSHU��WKH�FDUGLQDOLW\�RI�DQ\�VHW�6�ZLOO�EH�GH�
QRWHG�E\�_6_��
'HILQLWLRQ����$�GRFXPHQW�G�LV�D�EDJ�RI�ZRUGV�IURP�WKH�YRFDEXODU\�9G��$�SURILOH�S�LV�D�
FRQMXQFWLRQ� RI�ZRUGV� IURP� WKH� YRFDEXODU\�9S��$� GRFXPHQW�G�PDWFKHV� D� SURILOH�S� LI�
HYHU\�ZRUG�RI�S�LV�LQFOXGHG�LQ�G��
([DPSOH����7KH�IROORZLQJ�LV�DQ�H[DPSOH�RI�D�GRFXPHQW��

^�'XULQJ���D���UHFHQW����KROLGD\����LQ���0LORV���,����VWD\HG���LQ���D���ZRQGHUIXO���KRWHO�`�
7KH�IROORZLQJ�DUH�WZR�H[DPSOHV�RI�SURILOHV��
�����������������������������������������������������������
��7KH�OLWHUDWXUH�RQ�WKH�RWKHU�FORVHO\�UHODWHG�V\VWHP�&2,16�GRHV�QRW�UHSRUW�DQ\�DOJRULWKPV�IRU�
WKH�DIRUHPHQWLRQHG�SUREOHP�>��@��



KROLGD\�$1'�0LORV������KROLGD\�$1'�&UHWH�
7KH�ILUVW�SURILOH�PDWFKHV�WKH�DERYH�GRFXPHQW�ZKLOH�WKH�VHFRQG�RQH�GRHV�QRW��

/HW� XV� QRZ� WXUQ� WR� DOJRULWKPV� IRU� VROYLQJ� WKH�PDWFKLQJ� SUREOHP��7KH� DOJRULWKPV�
DQG�DVVRFLDWHG�GDWD�VWUXFWXUHV�DUH�H[DFWO\�WKH�RQHV�GHVFULEHG�LQ�>��@��EXW�LQ�RXU�FDVH�
DOO�LQIRUPDWLRQ�LV�DVVXPHG�WR�EH�LQ�PDLQ�PHPRU\��

:H�GR�QRW�GLVFXVV�WKH�DJHQW�DUFKLWHFWXUH�WKDW�ZH�XVH�LQ�RXU�LPSOHPHQWDWLRQ��VLQFH�LW�
LV�QRW�LPSRUWDQW�IRU�WKH�SXUSRVHV�RI�WKLV�SDSHU��$Q\�DJHQW�DUFKLWHFWXUH��H�J��5(76,1$�
>�@��FRXOG�EH�XVHG�IRU�LPSOHPHQWLQJ�RXU�6',�V\VWHP��7KH�RQO\�WKLQJ�WKDW�KDV�WR�FKDQJH�
LV�WKH�FRQWHQW�ODQJXDJH�LQ�RUGHU�WR�FRUUHVSRQG�WR�WKH�GRFXPHQW�DQG�SURILOH�GHILQLWLRQV��
ZKLFK�DUH�JLYHQ�DERYH��

���� 7KH�%UXWH�)RUFH�$OJRULWKP�

7KH�EUXWH�IRUFH�DOJRULWKP��%)��LV�D�YHU\�VLPSOH�RQH�DQG�LV�LPSOHPHQWHG�RQO\�IRU�FRP�
SDULVRQ� SXUSRVHV��%)� UHSUHVHQWV� HYHU\� GRFXPHQW�E\� LWV� RFFXUUHQFH� WDEOH��$Q�RFFXU�
UHQFH�WDEOH�LV�D�KDVK�WDEOH�WKDW�VWRUHV�DOO�WKH�ZRUGV�DSSHDULQJ�LQ�D�GRFXPHQW��WKH�NH\V�
DUH�WKH�ZRUGV�WKHPVHOYHV���3URILOHV�DUH�VWRUHG�VHTXHQWLDOO\�LQ�D�OLQNHG�OLVW�E\�%)��)RU�
HDFK�SURILOH��%)�VWRUHV�D� UHFRUG� WKDW�FRQWDLQV� WKH�SURILOH� LGHQWLILHU� � DQG�D� OLQNHG�OLVW�
ZLWK�DOO�WKH�ZRUGV�LQ�WKH�SURILOH���

%)�ZRUNV�E\�VFDQQLQJ�WKH�SURILOH�OLVW�VHTXHQWLDOO\��)RU�HDFK�SURILOH��LW�SUREHV�
WKH�GRFXPHQW¶V�RFFXUUHQFH� WDEOH�IRU�DOO� WKH�ZRUGV�FRQWDLQHG�LQ�WKH�SURILOH��IDLOLQJ�DV�
VRRQ�DV�D�ZRUG�GRHV�QRW�H[LVW�LQ�WKH�GRFXPHQW��,I�DOO� WKH�ZRUGV�RI�D�SURILOH�DUH�FRQ�
WDLQHG� LQ� WKH� GRFXPHQW�� WKH� SURILOH� LGHQWLILHU� �DQG� DQ\� RWKHU� XVHIXO� LQIRUPDWLRQ�� LV�
DGGHG�WR�D�VXFFHVV�OLVW��:KHQ�WKH�DOJRULWKP�WHUPLQDWHV��WKH�VXFFHVV�OLVW�FDQ�EH�XVHG�IRU�
IRUZDUGLQJ�WKH�GRFXPHQW�WR�DSSURSULDWH�VXEVFULEHUV��

,I�LQIRUPDWLRQ�DERXW�WKH�RFFXUUHQFH�IUHTXHQF\�RI�ZRUGV�DSSHDULQJ�LQ�GRFXPHQWV�LV�
DYDLODEOH��WKHQ�%)�FDQ�H[SORLW�WKLV�LQIRUPDWLRQ�WR�LPSURYH�LWV�SHUIRUPDQFH�>��@��7KLV�
FDQ�EH�GRQH�E\�DGRSWLQJ�D�µµIDLO�ILUVW¶¶�VWUDWHJ\�DQG�SURELQJ�WKH�RFFXUUHQFH�WDEOH�ILUVW�
ZLWK�WKH�OHDVW�IUHTXHQW�ZRUOG��WKHQ�ZLWK�WKH�QH[W�PRVW�IUHTXHQW�DQG�VR�RQ��:H�KDYH�QRW�
HYDOXDWHG�D�YHUVLRQ�RI�%)�WKDW�WDNHV�LQWR�DFFRXQW�IUHTXHQF\�LQIRUPDWLRQ��

���� 7KH�&RXQW�$OJRULWKP�

7KH�&RXQW� DOJRULWKP�FUHDWHV� DQ� LQGH[� RYHU� WKH�GDWDEDVH�RI�SURILOHV�� DQG�XVHV� LW� IRU�
GLVFRYHULQJ�TXLFNO\�ZKLFK�SURILOHV�PDWFK�DQ�LQFRPLQJ�GRFXPHQW��7KH�LQGH[�LV�D�KDVK�
WDEOH�FDOOHG�WKH�SURILOH�GLUHFWRU\��)RU�HDFK�ZRUG�LQ�WKH�SURILOH�YRFDEXODU\��&RXQW�FUH�
DWHV�DQ�HQWU\�LQ�WKH�SURILOH�GLUHFWRU\��ZKHUH�LW�VWRUHV�WKH�LGHQWLILHUV�RI�DOO�WKH�SURILOHV�
WKDW�FRQWDLQ�WKH�VSHFLILF�ZRUG��)RU�H[DPSOH��D�SURILOH�WKDW�FRQWDLQV�ILYH�GLIIHUHQW�ZRUGV�
FDQ� EH� IRXQG� LQ� ILYH� GLIIHUHQW� KDVK� WDEOH� HQWULHV�� 5HDGHUV� IDPLOLDU�ZLWK� ,QIRUPDWLRQ�
5HWULHYDO�WHFKQLTXHV�ZLOO�QRWLFH�WKDW�WKLV�LV�DFWXDOO\�DQ�LQYHUWHG�LQGH[�RYHU�D�GDWDEDVH�
RI�SURILOHV��QRW�RYHU�D�GDWDEDVH�RI�GRFXPHQWV�DV�LW�LV�XVHG�WUDGLWLRQDOO\�>�@���

7ZR�DUUD\V�QDPHG�727$/�DQG�)281'�ZLWK�VL]H�HTXDO�WR�WKH�QXPEHU�RI�SURILOHV�
DUH�DOVR�XVHG�E\�&RXQW��)RU�HDFK�SURILOH�SL��WKH�L�WK�HOHPHQW�RI�DUUD\�727$/�LV�LQLWLDOO\�

�����������������������������������������������������������
��,Q�D�UHDO�V\VWHP�RQH�KDV�WR�VWRUH�ORWV�RI�RWKHU�LQIRUPDWLRQ�UHODWHG�WR�D�SURILOH�LGHQWLILHU��VXE�
VFULEHU�HWF����:H�ZLOO�QRW�FRQVLGHU�WKH�UHODWHG�LVVXHV�LQ�DQ\�GHWDLO�LQ�WKLV�SDSHU����



VHW�WR�WKH�QXPEHU�RI�ZRUGV�LQ�WKH�L�WK�SURILOH�DQG�QHYHU�FKDQJHV�DJDLQ��$OO�HOHPHQWV�RI�
DUUD\�)281'�DUH�LQLWLDOO\�VHW�WR����$V�&RXQW�H[HFXWHV��HOHPHQWV�RI�DUUD\�)281'�DUH�
XSGDWHG�WR�NHHS�WUDFN�RI�KRZ�PDQ\�WLPHV�D�SURILOH�LGHQWLILHU�ZDV�IRXQG�ZKLOH�SURELQJ�
WKH�SURILOH�GLUHFWRU\��

)RU�WKH�UHSUHVHQWDWLRQ�RI�DQ�LQSXW�GRFXPHQW��&RXQW�XVHV�D�OLQNHG�OLVW��FDOOHG�WKH�GLV�
WLQFW�ZRUG�OLVW��(DFK�HOHPHQW�RI�WKH�OLVW�LV�D�GLVWLQFW�ZRUG�RI�WKH�GRFXPHQW��7KH�QXPEHU�
RI�HOHPHQWV� LQ� WKH�GLVWLQFW�ZRUG� OLVW� LV�XVXDOO\�VPDOOHU� WKDW� WKH�VL]H�RI� WKH�GRFXPHQW��
VLQFH�ZH�ZLOO�W\SLFDOO\�KDYH�PXOWLSOH�RFFXUUHQFHV�RI�WKH�VDPH�ZRUG��

7KH�PDWFKLQJ�SURFHGXUH�IRU�&RXQW�LV�DV�IROORZV��)RU�HDFK�ZRUG�LQ�WKH�GLVWLQFW�ZRUG�
OLVW��ZH�XVH�WKH�SURILOH�GLUHFWRU\�WR�ILQG�DOO�WKH�SURILOHV�WKDW�FRQWDLQ�WKLV�ZRUG��7KHQ�ZH�
LQFUHPHQW� E\� RQH� HYHU\� HOHPHQW� RI� DUUD\�)281'� FRUUHVSRQGLQJ� WR� WKHVH� SURILOHV��
:KHQ�WKLV�SURFHGXUH� LV� ILQLVKHG��ZH�FRPSDUH�WKH�HQWULHV�RI�727$/�DQG�)281'�DU�
UD\V�IRU�HDFK�SURILOH��,I�WKH�HQWU\�RI�DUUD\�)281'�HTXDOV�WKH�FRUUHVSRQGLQJ�HQWU\�RI�
DUUD\�727$/�IRU�VRPH�SURILOH��WKHQ�WKLV�SURILOH�PDWFKHV�WKH�GRFXPHQW�DQG�LV�DGGHG�WR�
WKH�VXFFHVV�OLVW��

9DULDWLRQV� RI� &RXQW� VHHP� WR� EH� H[DPLQHG� DV� FDQGLGDWH� DOJRULWKPV� LQ�PDQ\� SXE�
OLVK�VXEVFULEH�V\VWHPV�WRGD\���VHH�IRU�H[DPSOH�>��@���

���� 7KH�.H\�$OJRULWKP�

/LNH�&RXQW��.H\�XWLOLVHV�D�SURILOH�GLUHFWRU\�DV�DQ�LQGH[�RYHU�WKH�GDWDEDVH�RI�SURILOHV��
7KH� GLIIHUHQFH� LV� WKDW� LQVWHDG� RI� LQGH[LQJ� WKH� SURILOHV� DFFRUGLQJ� WR� DOO� WKH�ZRUGV� LQ�
WKHP��.H\�XVHV�D�UDQGRPO\�FKRVHQ�ZRUG�DV�D�NH\��DQG�VWRUHV�WKH�UHVW�RI�WKH�ZRUGV�RI�
WKH�SURILOH�DV�D�OLQNHG�OLVW�LQ�WKH�KDVK�WDEOH�HQWU\�DORQJ�ZLWK�WKH�SURILOH�LGHQWLILHU��)RU�
H[DPSOH��D�SURILOH�ZLWK�ILYH�ZRUGV�ZLOO�EH�KDVKHG�LQ�WKH�GLUHFWRU\�DFFRUGLQJ�WR�RQH�RI�
WKHVH�ZRUGV��&RQVHTXHQWO\��LWV�FRUUHVSRQGLQJ�KDVK�WDEOH�HQWU\�ZLOO�FRQWDLQ�WKH�SURILOH�
LGHQWLILHU�DQG�WKH�UHPDLQLQJ�IRXU�ZRUGV��)RU�WKH�UHSUHVHQWDWLRQ�RI�DQ�LQSXW�GRFXPHQW��
.H\� XVHV� ERWK� GDWD� VWUXFWXUHV� XVHG� E\�%)� DQG�&RXQW�� WKH� RFFXUUHQFH� WDEOH� DQG� WKH�
GLVWLQFW�ZRUG�OLVW��

7KH�PDWFKLQJ�DOJRULWKP��XVHG�E\�.H\� LV�DV� IROORZV�� IRU�HDFK�ZRUG� LQ� WKH�GLVWLQFW�
ZRUG� OLVW�� .H\� ILQGV� DOO� WKH� SURILOHV� WKDW� DUH� KDVKHG� XQGHU� WKLV�ZRUG�� 7KHQ�� IRU� WKH�
UHPDLQLQJ�ZRUGV�RI�WKHVH�SURILOHV��LW�SUREHV�WKH�RFFXUUHQFH�WDEOH�WR�VHH�LI�HDFK�ZRUG�
DSSHDUV�LQ�WKH�GRFXPHQW��$V�VRRQ�DV�D�QRQ�PDWFKLQJ�ZRUG�LV�IRXQG��.H\�VWRSV�TXHU\�
LQJ�IRU�WKLV�SURILOH�DQG�H[DPLQHV�WKH�QH[W�RQH��,I�DOO�WKH�ZRUGV�RI�WKH�SURILOH�DUH�FRQ�
WDLQHG�LQ�WKH�GRFXPHQW��WKHQ�WKH�SURILOH�LGHQWLILHU�LV�DGGHG�LQ�WKH�VXFFHVV�OLVW���

7KH� SHUIRUPDQFH� RI� .H\� FDQ� EH� LPSURYHG� LI� LQIRUPDWLRQ� DERXW� RFFXUUHQFH� IUH�
TXHQF\� RI�ZRUGV� LV� DYDLODEOH� >��@��:H� FDQ� LQGH[� HDFK� SURILOH� DFFRUGLQJ� WR� LWV� OHDVW�
IUHTXHQW�ZRUG��DQG�VWRUH�LWV�UHPDLQLQJ�ZRUGV�LQ�LQFUHDVLQJ�RUGHU�RI�IUHTXHQF\��,Q�WKLV�
ZD\�ZH�PDNH�VXUH�WKDW�HDFK�SURILOH�IDLOV�DV�VRRQ�DV�SRVVLEOH��

���� 7KH�7UHH�$OJRULWKP�

7KH�PDLQ� LGHD�EHKLQG�7UHH� LV� WR� VWRUH�SURILOHV� LQ� VXFK�D�ZD\�VR� WKDW�VLPLODULWLHV�EH�
WZHHQ�WKHP�FDQ�EH�H[SORLWHG�GXULQJ�PDWFKLQJ��7KLV�LV�DFKLHYHG�E\�LQWURGXFLQJ�D�WULH�
OLNH�GDWD�VWUXFWXUH�IRU�SURILOH�VWRUDJH�>��@��7KLV�GDWD�VWUXFWXUH�DVVXPHV�WKDW�SURILOHV�DUH�



VRUWHG�VHTXHQFHV�RI�ZRUGV�DFFRUGLQJ�WR�VRPH�RUGHU��H�J���OH[LFRJUDSKLF���7KH�IROORZ�
LQJ�GHILQLWLRQ�LV�IURP�>��@��
'HILQLWLRQ����/HW�S�EH�D�SURILOH��Z���Z��«��ZN��RI�N�ZRUGV��DQG���d�L�d�N���7KHQ��Z���
Z��«��ZL��LV�FDOOHG�D�SUHIL[�RI�S�ZLWK��ZL����«��ZN��LWV�FRUUHVSRQGLQJ�SRVWIL[��$�SUHIL[�
�Z���Z��«��ZL��LGHQWLILHV�S�LI�L� �N�RU�LI�WKHUH�LV�QR�RWKHU�SURILOH��H[FHSW�WKRVH�LGHQWLFDO�
WR�S��WKDW�KDYH��Z���Z��«��ZL��DV�D�SUHIL[��7KH�VKRUWHVW�SUHIL[�WKDW�LGHQWLILHV�D�SURILOH�LV�
FDOOHG�WKH�LGHQWLI\LQJ�SUHIL[�RI�WKDW�SURILOH��QRWH�WKDW�D�SUHIL[�LV�WKH�LGHQWLI\LQJ�SUHIL[�
RI�WZR�SURILOHV�LI�DQG�RQO\�LI�WKH\�DUH�LGHQWLFDO���

$V�SURILOHV�DUULYH�IURP�VXEVFULELQJ�XVHUV��7UHH�RUJDQLVHV�WKHLU�LGHQWLI\LQJ�SUHIL[HV�
LQWR�D�SURILOH�WUHH��7KH�URRW�RI�WKH�SURILOH�WUHH��OHYHO����FRUUHVSRQGV�WR�WKH�HPSW\�SUH�
IL[��$�QRGH�Q�DW�OHYHO�L�FRUUHVSRQGV�WR�D�SUHIL[� � ��Z���Z��«��ZL��RI�VRPH�LGHQWLI\LQJ�
SUHIL[HV��$OO� SUHIL[HV� LGHQWLFDO� WR� �� DUH� UHSUHVHQWHG�E\� WKLV� QRGH�Q�� ,WV� FKLOGUHQ� DUH�
QRGHV�FRUUHVSRQGLQJ�WR�SUHIL[HV��Z��«��ZL��X��RI�VRPH�LGHQWLI\LQJ�SUHIL[HV��ZKHUH�X�LV�
D�ZRUG���$�QRGH�Q�DV�DERYH�LV�LPSOHPHQWHG�DV�D�UHFRUG�ZLWK�WKH�IROORZLQJ�ILHOGV���
x� &KLOGUHQ�OLVW��D�OLQNHG�OLVW�RI�SDLUV��X��[��ZHUH�X�LV�D�ZRUG�VXFK�WKDW��Z��«��ZL��X��LV�

WKH�SUHIL[�FRUUHVSRQGLQJ�WR�D�FKLOG�RI�Q��DQG�[��LV�D�SRLQWHU�WR�WKDW�FKLOG��
x� 3URILOHV�OLVW��D�OLQNHG�OLVW�RI�SURILOH�LGHQWLILHUV�RI�ZKLFK� �LV�WKH�LGHQWLI\LQJ�SUHIL[��
x� 3RVWIL[�OLVW��D�OLQNHG�OLVW�RI�ZRUGV�WKDW�IRUP�WKH�SRVWIL[�RI�WKH�LGHQWLILHG�SURILOH�V����
7R�VSHHG�XS�VHDUFKLQJ��D�KDVK�WDEOH�LV�XVHG�WR�LQGH[�WKH�FKLOGUHQ�RI�WKH�URRW�RI�WKH�

SUHIL[�WUHH��DV�LQ�WKH�SURILOH�GLUHFWRU\�RI�&RXQW�DQG�.H\����
)LJXUH� �� SUHVHQWV� DQ�

H[DPSOH� RI� D� GDWDEDVH� RI�
SURILOHV� DQG� WKH�
FRUUHVSRQGLQJ� SURILOH� WUHH�
DV� GHILQHG� DERYH�� ,I� ZH�
ZDQW� WR� FRPSDUH� WKLV� WUHH�
ZLWK� WKH� SURILOH� GLUHFWRU\�
XVHG�E\�.H\�DQG�&RXQW��ZH�
FDQ� VD\� WKDW� WKH� URRW�
FRUUHVSRQGV� WR� WKH�
GLUHFWRU\�DQG�HDFK�VXE�WUHH�
IRUPV� D� WUHH�VWUXFWXUHG�
LQYHUWHG�LQGH[��

:KHQ� DQ� LQSXW�
GRFXPHQW�FRPHV�DORQJ��WKH�
SURILOH�WUHH�LV�VHDUFKHG�LQ�D�
EUHDGWK�ILUVW� IDVKLRQ� WR�
GLVFRYHU� DOO� PDWFKLQJ� SURILOHV�� 7KH� GHWDLOV� RI� WKLV� DUH� DV� IROORZV�� $W� ILUVW�� IRU� HDFK�
GLVWLQFW�ZRUG�LQ�WKH�GRFXPHQW��WKH�FKLOG�RI�WKH�URRW�RI�WKH�SURILOH�WUHH�FRUUHVSRQGLQJ�WR�
WKLV�ZRUG�LV�LQVHUWHG�LQ�D�TXHXH��WKH�KDVK�WDEOH�LV�XVHG�KHUH���:KLOH�WKH�TXHXH�LV�QRW�
HPSW\��ZH�H[DPLQH�WKH�ILUVW�QRGH�LQ�WKH�TXHXH��,I�WKHUH�DUH�HOHPHQWV��X��[��RI�WKH�FKLO�
GUHQ�OLVW�RI�WKLV�QRGH�VXFK�WKDW�ZRUG�X�LV�LQ�WKH�GRFXPHQW��WKHVH�FKLOGUHQ�DUH�LQVHUWHG�LQ�
WKH�TXHXH��7KHQ�WKH�SRVWIL[�OLVW�RI�WKLV�QRGH�LV�FKHFNHG�DJDLQVW�WKH�RFFXUUHQFH�WDEOH��,I�
DOO�ZRUGV�LQ�WKH�SRVWIL[�OLVW�DUH�LQ�WKH�GRFXPHQW�RU�WKH�SRVWIL[�LV�HPSW\��WKHQ�DOO�SUR�
ILOHV�LQ�WKH�SURILOH�OLVW�RI�WKH�FXUUHQW�QRGH��PDWFK�WKH�GRFXPHQW�DQG�DUH�LQVHUWHG�LQ�WKH�
VXFFHVV�OLVW��



7KH�SHUIRUPDQFH�RI�7UHH�FDQ�EH�LPSURYHG�LI�LQIRUPDWLRQ�DERXW�IUHTXHQF\�RI�RFFXU�
UHQFHV�RI�ZRUGV� LV�DYDLODEOH� >��@��7KHQ�SURILOHV�FDQ�EH�VRUWHG� LQ�DVFHQGLQJ�RUGHU�RI�
RFFXUUHQFH� IUHTXHQF\� WKXV� HQGLQJ� XS� ZLWK� PRUH� SURILOHV� VWRUHG� LQ� VXE�WUHHV� FRUUH�
VSRQGLQJ� WR� ORZ�IUHTXHQF\�ZRUGV�� ,W� LV� YHU\� OLNHO\� WKHQ� WKDW� WKHVH� VXE�WUHHV�ZLOO� EH�
YLVLWHG�OHVV�RIWHQ��

�� 'RFXPHQW�DQG�3URILOH�0RGHOV�

7KH� SUHYLRXV� VHFWLRQ� SUHVHQWHG� IRXU� DOJRULWKPV� IRU� WKH�PDWFKLQJ� SUREOHP�RULJLQDOO\�
SURSRVHG�LQ�>��@��7KHUH�DUH�WZR�ZD\V�IRU�FDUU\LQJ�RXW�DQ�H[SHULPHQWDO�HYDOXDWLRQ�RI�
WKHVH�DOJRULWKPV��7KH�ILUVW�FKRLFH�LV�WR�EDVH�WKH�HYDOXDWLRQ�RQ�UHDO�GDWDEDVHV�RI�SURILOHV�
DQG� GRFXPHQWV� WKDW� KDYH� EHHQ� FROOHFWHG� IURP� YDULRXV� DSSOLFDWLRQV� RYHU� D� SHULRG� RI�
WLPH�� 7KH� VHFRQG� FKRLFH� LV� WR� V\QWKHVL]H� GRFXPHQWV� DQG� TXHULHV� WKDW� IROORZ� FHUWDLQ�
UHDOLVWLF� DSSOLFDWLRQ� VFHQDULRV�� ,Q� WKLV� SDSHU� ZH� IROORZ� WKH� VHFRQG� DSSURDFK� SDUWO\�
EHFDXVH� LW� LV�PRUH�VXLWHG� WR�H[SHULPHQWLQJ�ZLWK�D�YDULRXV�SRVVLELOLWLHV��$GGLWLRQDOO\��
ZH�DUH�QRW�DZDUH�RI�DQ\�H[LVWLQJ�GDWDEDVHV�RI�SURILOHV�DQG�GRFXPHQWV�WKDW�DUH�FKDUDF�
WHULVWLF�RI�DQ�LQIRUPDWLRQ�GLVVHPLQDWLRQ�DSSOLFDWLRQ��DQG�WKXV�FRXOG�KDYH�EHHQ�XVHG�LQ�
RXU�VWXG\���

/HW�XV�QRZ�SUHVHQW�WKH�VWDWLVWLFDO�PRGHOV�ZH�XVHG�WR�FUHDWH�WKH�GRFXPHQWV�DQG�SUR�
ILOHV�XVHG�LQ�WKH�HYDOXDWLRQ�RI�WKH�DOJRULWKPV��7KH�SDUDPHWHUV�RI�RXU�PRGHOV�DUH�VXP�
PDULVHG�IRU�HDVH�RI�UHIHUHQFH�LQ�7DEOH����

7DEOH����7KH�SDUDPHWHUV�XVHG�IRU�WKH�H[SHULPHQWV�
3DUDPHWHU� %DVH�9DOXH� 'HVFULSWLRQ�

_9G_� �������� 'RFXPHQW�YRFDEXODU\�VL]H�
6G� ������� 'RFXPHQW�VL]H��LQ�ZRUGV��
_9S_� ������ 3URILOH�YRFDEXODU\�VL]H�
6S� �� 3URILOH�VL]H��LQ�ZRUGV��
� �������� 1XPEHU�RI�SURILOHV�
O� ����O������ /HWWHUV�LQ�ZRUG�
� ���� 6NHZQHVV�IDFWRU�IRU�WKH�=LSI�GLVWULEXWLRQ�
T� �� 6LPLODULW\�GHJUHH�

���� 7KH�'RFXPHQW�0RGHO�

:H�ILUVW�GHVFULEH� WKH�ZD\� LQSXW�GRFXPHQWV�DUH�JHQHUDWHG� LQ�RXU�H[SHULPHQWV��:H�
IROORZ�WKH�VDPH�PHWKRGRORJ\�DV�>��@�DQG�>��@��:RUGV�LQ�WKH�GRFXPHQW�YRFDEXODU\�9G��
DUH�LGHQWLILHG�E\�D�QXPEHU�LQ�WKH�UDQJH���WR�_9G_��7KLV�QXPEHU�LV�FDOOHG�WKH�UDQN�RI�WKH�
ZRUG�� (DFK�ZRUG� LQ� WKH� YRFDEXODU\� KDV� DQ� RFFXUUHQFH� IUHTXHQF\� DVVRFLDWHG�ZLWK� LW��
:H�DVVXPH�WKDW�ZRUGV�LQ�HDFK�LQSXW�GRFXPHQW�IROORZ�=LSI¶V�ODZ��ZKLFK�VWDWHV�WKDW�WKH�
IUHTXHQF\�RI�HDFK�ZRUG�LV�LQYHUVHO\�SURSRUWLRQDO�WR�LWV�UDQN�>��@��:H�XVH�WKH�JHQHUDO�
IRUP�RI�=LSI¶V� ODZ�JLYHQ� LQ�>�@��SDJH������DFFRUGLQJ� WR�ZKLFK�WKH�SUREDELOLW\�WKDW�D�
ZRUG�Z�DSSHDUV�LQ�D�GRFXPHQW�LV�JLYHQ�E\�WKH�IROORZLQJ�SUREDELOLW\�GLVWULEXWLRQ��



,Q�RWKHU�ZRUGV��WKH�GLVWULEXWLRQ�LV�VXFK�WKDW�ZRUGV�DUH�UDQNHG�LQ�QRQ�LQFUHDVLQJ�RUGHU�
RI� RFFXUUHQFH� IUHTXHQF\� �L�H��� ZRUG� �� RFFXUV�PRVW� IUHTXHQWO\�� IROORZHG� E\�ZRUG� ���
HWF����7KH�VNHZQHVV�SDUDPHWHU� �LQ�WKH�DERYH�GLVWULEXWLRQ�LV�WKH�SDUDPHWHU�FRQWUROOLQJ�
LWV� IRUP�� $V� � LQFUHDVHV� IURP� VOLJKWO\� DERYH� �� WR� VOLJKWO\� EHORZ� ��� WKH� GLVWULEXWLRQ�
YDULHV�IURP�XQLIRUP�WR�=LSILDQ��

$�GRFXPHQW�FRQVLVWV�RI�6G�ZRUGV� IURP�WKH�GRFXPHQW�YRFDEXODU\�9G� �ZKHUH� _9G_�!�
6G��� 7KH� ZRUGV� RI� HDFK� GRFXPHQW� DUH� JHQHUDWHG� E\� 6G� LQGHSHQGHQW� DQG� LGHQWLFDOO\�
GLVWULEXWHG� WULDOV��,Q�RXU�LPSOHPHQWDWLRQ�D�GRFXPHQW�LV�JHQHUDWHG�DV�IROORZV��:H�XVH�
WKH�JHQHUDWRU�LQWURGXFHG�LQ�>�@�WR�SURGXFH�6G�LQWHJHUV�UDQJLQJ�IURP���WR�_9G_�VXFK�WKDW�
WKH�SUREDELOLW\� WKDW�D�SURGXFHG� LQWHJHU� LV�Z� LV�JLYHQ�E\� WKH�DERYH�GLVWULEXWLRQ��(DFK�
DFWXDO�ZRUG� WKHQ� LV� D� VWULQJ� IRUPHG� E\� FRQFDWHQDWLQJ� WKH� LQWHJHU�Z� SURGXFHG� DQG� D�
IL[HG� ��FKDUDFWHU� VWULQJ�� 7KLV� KDV� WKH� HIIHFW� WKDW� WKH� OHQJWK� RI� WKH�ZRUG� YDULHV� IURP�
WKUHH� WR� WHQ� OHWWHUV� DQG� LW� LV� RQO\� XVHG� VR� WKDW�ZRUG� FRPSDULVRQ� RSHUDWLRQV� EHFRPH�
UHDOLVWLF��

���� 7KH�3URILOH�0RGHO�

7KH�SURILOH�PRGHO�XVHG� LQ�RXU� VLPXODWLRQV� LV�D�PRGLILFDWLRQ�RI� WKH�RQH�GHVFULEHG� LQ�
>��@��7KH�ZRUGV�LQ�WKH�SURILOHV�DUH�VHOHFWHG�IURP�D�VXEVHW�RI�WKH�GRFXPHQW�YRFDEXODU\�
FDOOHG� WKH�SURILOH� YRFDEXODU\�� E\�1Â6S� LQGHSHQGHQW� DQG� LGHQWLFDOO\�GLVWULEXWHG� WULDOV��
$Q� LPSRUWDQW� TXHVWLRQ� WKDW� DULVHV� LPPHGLDWHO\� LV� ZKLFK� ZRUGV� IURP� WKH� GRFXPHQW�
YRFDEXODU\� WR� LQFOXGH� LQ� WKH� SURILOH� YRFDEXODU\� DQG� ZKDW� GLVWULEXWLRQ� WKHVH� ZRUGV�
VKRXOG�IROORZ��7KH�SURILOH�PRGHO�RI�>��@�LV�EDVHG�RQ�WKH�TXHU\�PRGHO�RI�>��@�ZKHUH�
WKH�SUREOHP�RI�TXHU\LQJ�D�GLVWULEXWHG�GDWDEDVH�RI�WH[WV�LV�VWXGLHG��7KLV�PRGHO�KDV�EHHQ�
GHYHORSHG�DIWHU�H[SHULPHQWLQJ�ZLWK�D�GDWDEDVH�RI�OHJDO�GRFXPHQWV�WR�GHWHUPLQH�VHQVL�
EOH� YDOXHV�RI� YDULRXV�SDUDPHWHUV�� >��@�SURSRVHV� WR� IRUP� WKH�SURILOH�YRFDEXODU\�ZLWK�
ZRUGV���XS�WR�_9S_�RI�WKH�GRFXPHQW�YRFDEXODU\�ZKHUH�_9S_� �����Â_9G_���7KLV�DOORZV�RQH�
WR�GLVFDUG�WKH�YHU\�LQIUHTXHQW�ZRUGV�DW�WKH�WDLO�RI�WKH�=LSI�GLVWULEXWLRQ�EHFDXVH�WKHVH�
ZRUGV�FDQ�EH�HLWKHU�PLVVSHOOLQJV�RU�ZRUGV�WKDW�DUH�XVHG�LQIUHTXHQWO\�DQG�ZLOO�SUREDEO\�
QHYHU�DSSHDU�LQ�D�XVHU�SURILOH��7KH�YHU\�IUHTXHQW�ZRUGV�IURP�WKH�EHJLQQLQJ�RI�WKH�=LSI�
GLVWULEXWLRQ�DUH�LQFOXGHG�LQ�WKH�SURILOH�YRFDEXODU\�VLQFH�LW�LV�SRVVLEOH�WR�KDYH�SURILOHV�
LQYROYLQJ�VXFK�ZRUGV� �H�J��� URFN� IDQV�PLJKW� LQFOXGH� WKH�ZRUG�:+2�ZKLOH�FRPSXWHU�
WHFKQRORJ\�H[SHUWV�PLJKW�LQFOXGH�WKH�ZRUGV�,7�RU�1(;7���)LQDOO\��LI�RQH�FRQVLGHUV�WKH�
FXPXODWLYH�ZRUG�RFFXUUHQFHV�LQ�WKH�GDWDEDVH�RI�>��@��WKH�DERYH�YDOXH�IRU�9S�DOORZV�WR�
FRYHU�VOLJKWO\�PRUH�WKDQ�����RI�DOO�WKHVH�RFFXUUHQFHV��,QVSLUHG�E\�>��@��<DQ�DQG�*DU�
FLD�0ROLQD�KDYH�XVHG�WKH�VDPH�UDWLR�RI��_9S_�_9G_�LQ�WKH�SURILOH�PRGHO�RI�>��@��6LQFH�ZH�
DUH�QRW�DZDUH�RI�DQ\�RWKHU�VWXG\�WKDW�RIIHUV�JRRG�HVWLPDWHV�RI�WKLV�SDUDPHWHU��ZH�KDYH�
GHFLGHG� WR� XVH� WKH� VDPH� UDWLR� IRU� RXU� JHQHUDWLRQ� RI� XVHU� SURILOHV�� 7KXV� RXU� SURILOH�
YRFDEXODU\�LV�IRUPHG�IURP�WKH�ILUVW��L�H���PRUH�IUHTXHQW��������ZRUGV�RI�WKH�GRFXPHQW�
YRFDEXODU\��



$VVXPLQJ�WKH�DERYH�UDWLR�_9S_�_9G_��WKH�TXHVWLRQ�WKDW�QDWXUDOO\�DULVHV�LV�WKH�IROORZLQJ��
*LYHQ�D�GDWDEDVH�RI�SURILOHV�GE�DQG�DQ�LQFRPLQJ�GRFXPHQW�G��ZKDW�LV�WKH�SHUFHQWDJH�
RI�SURILOHV�LQ�GE�WKDW�PDWFK�G"�>��@�SUHVHQWV�LWV�H[SHULPHQWV�ZLWKRXW�DQ\�UHIHUHQFH�WR�
WKLV�TXHVWLRQ���%XW�XVLQJ�WKH�DQDO\WLFDO�PRGHO�DQG�WKH�EDVH�YDOXHV�IRU�DOO�WKH�SDUDPH�
WHUV�JLYHQ�LQ�>��@�ZH�FDQ�FDOFXODWH�WKDW�WKH�SUREDELOLW\�WKDW�D�SURILOH�PDWFKHV�DQ�LQFRP�
LQJ�GRFXPHQW�LV��������)RU�RXU�EDVH�YDOXHV��VHH�7DEOH����WKLV�QXPEHU�LV���������7KH�
H[DFW�FDOFXODWLRQV�DUH�QRW�JLYHQ�KHUH�GXH�WR�WKH�OLPLWHG�VSDFH�DYDLODEOH���

2I�FRXUVH��WKH�DERYH�QXPEHUV�DUH�DUELWUDU\�DQG�ZKHWKHU�WKH\�DUH�UHDOLVWLF�RU�QRW�GH�
SHQGV� RQ� WKH� DSSOLFDWLRQ� DW� KDQG�� :H� FDQ� HDVLO\� LPDJLQH� DSSOLFDWLRQV� ZLWK� ORZHU�
PDWFKLQJ�SHUFHQWDJH�RU�KLJKHU�PDWFKLQJ�SHUFHQWDJH��,PDJLQH�IRU�H[DPSOH�D�QHZV�DOHUW�
VHUYLFH� VXFK�DV� WKH�RQH�DYDLODEOH�DW�ZZZ�FQQ�FRP�(0$,/��DW� WLPHV�RI�DQ� LPSRUWDQW�
LQWHUQDWLRQDO� HYHQW� �ZDU�� WHUURULVW� DFW�� HWF���� 7KHQ�PRVW� SXEOLVKHG� QHZV� DUWLFOHV� ZLOO�
UHIHU�WR�WKLV�LPSRUWDQW�HYHQW�DQG�WKXV�PDWFK�D�JUHDW�SHUFHQWDJH�RI�SURILOHV�DOVR�FUHDWHG�
LQ�UHVSRQVH�WR�WKLV�HYHQW��,Q�WKH�H[SHULPHQWV�RI�6HFWLRQ����ZH�VWXG\�WKH�SHUIRUPDQFH�RI�
WKH�IRXU�DOJRULWKPV�E\�YDU\LQJ�WKH�PDWFKLQJ�SHUFHQWDJH�ZKLOH�WKH�UDWLR�_9S_�_9G_�LV�NHSW�
HTXDO�WR�������

/HW� XV� DOVR� SRLQW� RXW� WKDW� WKH� ORZHU� WKH� UDWLR� _9S_�_9G_� LV�� WKH�KLJKHU� WKH�PDWFKLQJ�
SHUFHQWDJH�DFKLHYHG��DV� WKH�XVH�RI�PRUH� IUHTXHQW�ZRUGV� LQ� WKH�SURILOHV� LQFUHDVHV� WKH�
SUREDELOLW\� WKDW� WKHVH�SURILOHV�PDWFK��7R�VWXG\� WKLV� LQ�GHWDLO��ZH�FDOFXODWHG�WKH�SURE�
DELOLW\�3P�WKDW�D�SURILOH�PDWFKHV�DQ�LQFRPLQJ�GRFXPHQW��XVLQJ�RXU�SUREDELOLW\�GLVWULEX�
WLRQ�VKRZQ�LQ�)RUPXOD���RI�6HFWLRQ������:RUNLQJ�DV�DERYH�ZH�KDYH�WKH�IROORZLQJ���

,Q�)LJXUH���ZH�JUDSK�WKLV�SUREDELOLW\�IRU�YDULRXV�YDOXHV�RI�WKH�SDUDPHWHU�_9S_�ZKLOH�

DOO�RWKHU�YDOXHV��6G��6S�� ��DUH�DV�LQ�7DEOH����,Q�)LJXUH���WKLV�FXUYH�LV�WKH�RQH�ODEHOHG�
³FXUYH�FDOFXODWHG�DQDO\WLFDOO\´��)RU�YDULRXV�YDOXHV�RI�WKH�SDUDPHWHU�_9S_��ZH�DOVR�JHQ�
HUDWHG� UDQGRPO\� �������� SURILOHV� DQG� D� VLQJOH� GRFXPHQW� DQG� FRXQWHG� KRZ� PDQ\�
PDWFKLQJ�SURILOHV�ZH�KDYH��7KH�UHVXOWV�DUH�WKH�SRLQWV�SORWWHG�LQ�)LJXUH���DQG�FDQ�HDVLO\�
EH�VHHQ�WR�YDOLGDWH�RXU�DQDO\WLFDO�PRGHO��

)LJXUH����0DWFKLQJ�SHUFHQWDJH�YV��_9S_�
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H[SHULPHQWDO�YDOXHV FXUYH�FDOFXODWHG�DQDO\WLFDOO\



/HW�XV�FORVH�WKLV�VHFWLRQ�E\�GHVFULELQJ�WKH�GHWDLOV�RI�KRZ�SURILOHV�DUH�JHQHUDWHG�LQ�
RXU�LPSOHPHQWDWLRQ��:H�JHQHUDWH�UDQGRPO\�DQ�LQWHJHU�LQ�WKH�UDQJH�RI���WR�_9S_�IROORZ�
LQJ�WKH�XQLIRUP�GLVWULEXWLRQ��7KHQ�ZH�FRQFDWHQDWH�WKLV�LQWHJHU�ZLWK�D�IL[HG���FKDUDFWHU�
VWULQJ�WR�IRUP�D�ZRUG�EHWZHHQ�WKUHH�DQG�WHQ�OHWWHUV��WKLV�LV�DV�LQ�WKH�GRFXPHQW�JHQHUD�
WLRQ���,Q�WKLV�ZD\�ZH�FDQ�SURGXFH�6S�ZRUGV�IRU�HDFK�RI�WKH�1�SURILOHV�LQ�DQ�H[SHULPHQW��

,Q�RUGHU�WR�SURGXFH�D�SURILOH�VHW�ZLWK�FRQWUROOHG�PDWFKLQJ�SHUFHQWDJH�ZH�SURGXFH�
WZR� NLQGV� RI� SURILOHV�� SURILOHV� WKDW� DUH� IRUPHG� E\� UDQGRPO\� FKRVHQ�ZRUGV� IURP� WKH�
LQSXW�GRFXPHQW��PDWFKLQJ�SURILOHV���DQG�SURILOHV�WKDW�DUH�IRUPHG�IURP�UDQGRPO\�FKR�
VHQ�ZRUGV�QRW�FRQWDLQHG�LQ�WKH�GRFXPHQW��QRQ�PDWFKLQJ�SURILOHV���7KXV��LI�ZH�ZLVK�WR�
VHW�WKH�PDWFKLQJ�SHUFHQWDJH�RI�D�SURILOH�WR�N��WKHQ�HDFK�SURILOH�LV�FKRVHQ�ZLWK�SUREDELO�
LW\�N�� WR�EH�D�PDWFKLQJ�RQH��0RUHRYHU�� VLQFH�QRQ�PDWFKLQJ�SURILOHV�DUH�FUHDWHG�RQO\�
IURP�ZRUGV�QRW�FRQWDLQHG�LQ�WKH�GRFXPHQW��LW�IROORZV�WKDW�WKH\�IDLO�DW�WKHLU�ILUVW�ZRUG�
DV�LW�IROORZV�IURP�WKH�GHVFULSWLRQ�RI�WKH�IRXU�DOJRULWKPV�JLYHQ�HDUOLHU��

�� 5HVXOWV�

,Q� WKLV� VHFWLRQ� ZH� HYDOXDWH� WKH� SHUIRUPDQFH� RI� WKH� IRXU� DOJRULWKPV� H[SHULPHQWDOO\��
DVVXPLQJ�WKDW�ERWK�GRFXPHQWV�DQG�SURILOHV�DUH�VWRUHG�LQ�PDLQ�PHPRU\��7KHVH�DUH�WKH�
ILUVW� WZR� FUXFLDO� GLIIHUHQFHV� ZLWK� WKH� HYDOXDWLRQ� RI� WKHVH� DOJRULWKPV� GRQH� LQ� >��@��
ZKHUH� SURILOHV� DUH� DVVXPHG� WR� EH� VWRUHG� LQ� VHFRQGDU\� VWRUDJH�� DQG� WKH� HYDOXDWLRQ� LV�
PRVW�RI�WKH�WLPHV�DQDO\WLFDO��

���� ([SHULPHQWV�

)RU�RXU�H[SHULPHQWV��WKH�DOJRULWKPV�RI�6HFWLRQ���ZHUH�LPSOHPHQWHG�LQ�&�DQG�ZHUH�UXQ�
RQ�D�3&�ZLWK�D�3HQWLXP�,,,����0+]�SURFHVVRU�DQG�����0%�5$0��UXQQLQJ�/LQX[��1R�
RWKHU�SURFHVVHV�ZHUH�UXQ�RQ�WKH�3&�DQG�WKH�WLPH�VKRZQ�LQ�WKH�JUDSKV�LV�HODSVHG�WLPH�
LQ�PLOOLVHFRQGV��PV���'RFXPHQWV�DQG�SURILOHV�ZHUH�JHQHUDWHG�UDQGRPO\�DFFRUGLQJ�WR�
WKH�VWDWLVWLFDO�PRGHOV�JLYHQ�DERYH��

(DFK�RQH�RI�RXU� H[SHULPHQWV�SURFHHGV� DV� IROORZV��$W� ILUVW��ZH�JHQHUDWH� WKH� LQSXW�
GRFXPHQW� DQG� WKH�GDWDEDVH�RI�SURILOHV�DFFRUGLQJ� WR� WKH�DERYH�GRFXPHQW�DQG�SURILOH�
PRGHOV��7KHQ�ZH�SRSXODWH�WKH�GDWD�VWUXFWXUHV�QHHGHG�IRU�HDFK�DOJRULWKP��)LQDOO\��ZH�
UXQ� HDFK� DOJRULWKP� DQG�PHDVXUH� WKH� WLPH� QHHGHG� WR� PDWFK� WKH� LQFRPLQJ� GRFXPHQW�
DJDLQVW�WKH�GDWDEDVH�RI�SURILOHV��

���� 9DU\LQJ�WKH�1XPEHU�RI�3URILOHV�

7KH�ILUVW�SDUDPHWHU�WKDW�ZH�YDU\�LV�WKH�QXPEHU�RI�SURILOHV�1��7KH�YDOXHV�XVHG�IRU�WKH�
RWKHU�SDUDPHWHUV�DUH�WKH�EDVH�YDOXHV�VKRZQ�LQ�7DEOH����ZKLOH�WKH�PDWFKLQJ�SHUFHQWDJH�
LV�VHW�WR������

,Q�)LJXUH���ZH�VKRZ�WKH�WLPH�WDNHQ�E\�WKH�IRXU�GLIIHUHQW�PDWFKLQJ�DOJRULWKPV�DV�WKH�
QXPEHU�RI�SURILOHV�LQFUHDVHV�IURP���������WR������������%)�DQG�&RXQW�DUH�LQ�WKLV�FDVH�
WKH� PRVW� VHQVLWLYH� RQHV� WR� WKH� LQFUHDVH� RI�1��0RUHRYHU�� &RXQW� DSSHDUV� WR� SHUIRUP�
DOPRVW�OLNH�%)�ZKHQ�WKH�QXPEHU�RI�SURILOHV�LV�DERXW����������



7KLV�KDSSHQV�EHFDXVH�WKH�SHUIRUPDQFH�RI�&RXQW�LV�KHDYLO\�GHSHQGHQW�RQ�WKH�VL]H�RI�
WKH�GLVWLQFW�ZRUG�OLVW�RI�WKH�GRFXPHQW��DQG�EHFDXVH�WKH�FRPSDULVRQ�RI�WKH�WZR�PDLQ�
PHPRU\� DUUD\V�727$/� DQG�)281'� DGGV� VLJQLILFDQW�RYHUKHDG� WR� WKH�DOJRULWKP��2Q�
WKH� RWKHU� KDQG�� .H\� DQG� 7UHH� DUH� VKRZQ� WR� EH� OHVV� VHQVLWLYH� WR� WKH� LQFUHDVH� LQ� WKH�
QXPEHU�RI�SURILOHV� LQ� WKLV� FDVH��7KHVH� WZR�DOJRULWKPV�SHUIRUP�PXFK�EHWWHU� WKDQ�%)�
DQG� &RXQW� VLQFH� WKH\� QHHG� DERXW� ���� OHVV� WLPH� WR� PDWFK� WKH� SURILOHV� DJDLQVW� WKH�
GRFXPHQWV� �DERXW� �� VHFRQGV� WR�PDWFK� D� GRFXPHQW� DJDLQVW� ���������� SURILOHV���7KLV�
KDSSHQV�GXH�WR�WKH�PRUH�VRSKLVWLFDWHG�LQGH[LQJ�WHFKQLTXHV�WKH\�XVH��

���� 9DU\LQJ�WKH�0DWFKLQJ�3HUFHQWDJH�

/HW�XV�QRZ�VWXG\�WKH�SHUIRUPDQFH�RI�WKH�IRXU�DOJRULWKPV�ZKHQ�WKH�QXPEHU�RI�SURILOHV�
PDWFKLQJ�DQ�LQFRPLQJ�GRFXPHQW�YDULHV�ZKLOH�DOO�RWKHU�SDUDPHWHUV�DUH�VHW�WR�WKHLU�EDVH�
YDOXHV�JLYHQ�LQ�7DEOH����7KH�UHVXOWV�DUH�VKRZQ�LQ�)LJXUH����
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RWKHUV��%)�H[DPLQHV�DOO�WKH�SURILOHV�VHTXHQWLDOO\��7KLV�PHDQV�WKDW�WKH�JUHDWHU�WKH�QXP�
EHU�RI�SURILOHV�PDWFKLQJ�DQ�LQSXW�GRFXPHQW��WKH�JUHDWHU�WKH�QXPEHU�RI�ORRNXSV�%)�KDV�
WR�GR�LQ�WKH�GRFXPHQW¶V�RFFXUUHQFH�WDEOH��&RXQW�LV�DOVR�JUHDWO\�DIIHFWHG�IURP�LQFUHDV�
LQJ�WKH�PDWFKLQJ�SHUFHQWDJH��$V�WKH�PDWFKLQJ�SHUFHQWDJH�ULVHV��VR�GRHV�WKH�QXPEHU�RI�
ZRUGV� LQ� WKH�GLVWLQFW�ZRUG� OLVW� WKDW�DUH�H[SHFWHG� WR�EH� LQ� WKH�SURILOHV��7KLV�UHVXOWV� LQ�
PRUH� SUREHV� LQ� WKH� SURILOH� GLUHFWRU\� WKXV� PRUH� SURFHVVLQJ� WLPH� IRU� &RXQW�� $V� WKH�
PDWFKLQJ� SHUFHQWDJH� LQFUHDVHV�� .H\� DOVR� KDV� VLPLODU� GLIILFXOWLHV�� LQ� IDFW�� IRU� ODUJH�
QXPEHU�RI�PDWFKLQJ�SURILOHV�LW�SHUIRUPV�VLPLODUO\�WR�%)��7KH�LQFUHDVH�LQ�WKH�PDWFKLQJ�
WLPH�RI�WKLV�DOJRULWKP�VKRXOG�DOVR�EH�H[SHFWHG��VLQFH�WKH�QXPEHU�RI�SUREHV�LQ�WKH�RF�
FXUUHQFH� WDEOH� LQFUHDVHV� DV� WKH� PDWFKLQJ� SHUFHQWDJH� LQFUHDVHV�� 1HYHUWKHOHVV�� .H\�
DSSHDUV�WR�EH�WKH�EHVW�FKRLFH�ZKHQ�WKH�PDWFKLQJ�SHUFHQWDJH�LV�ORZ��EHORZ������VLQFH�
LW�QHHGV�DURXQG�����RI�WKH�WLPH�QHHGHG�E\�WKH�EHVW�RI�WKH�RWKHU�DOJRULWKPV��

$Q�LQWHUHVWLQJ�SRLQW�LQ�WKLV�JUDSK�LV�WKH�EHKDYLRXU�RI�WKH�7UHH�DOJRULWKP��$V�ZH�FDQ�
REVHUYH� LQ�)LJXUH����7UHH� LV�D�ZLQQHU� LI� WKH�PDWFKLQJ�SHUFHQWDJH� LV�EHORZ������DQG�
EHFRPHV� ZRUVH� WKDQ� DOO� WKH� RWKHU� DOJRULWKPV� ZKHQ� WKH� PDWFKLQJ� SHUFHQWDJH� ULVHV�
DERYH������7KLV�EHKDYLRXU�LV�KHDYLO\�UHODWHG�WR�WKH�IRUPDWLRQ�RI�WKH�WUHH�WKDW�LQGH[HV�
WKH�SURILOHV��)URP�WKLV�H[SHULPHQW�ZH�FDQ�GHULYH�WKDW�7UHH�LV�D�JRRG�FKRLFH�ZKHQ�WKH�
PDWFKLQJ�SHUFHQWDJH�RI�WKH�SURILOH�VHW�LV�UHODWLYHO\�VPDOO��)LQDOO\��WKH�VLPLODULW\�LQ�WKH�
EHKDYLRXU�RI�.H\�DQG�7UHH�EHORZ�����PDWFKLQJ�FDQ�EH�H[SODLQHG�DV�IROORZV��$V�WKH�
PDWFKLQJ�SHUFHQWDJH�LV�UHODWLYHO\�ORZ��WKH�ZRUN�WKDW�KDV�WR�EH�GRQH�E\�WKH�WZR�DOJR�
ULWKPV�LV�TXLWH�VLPLODU��D�VLQJOH�GLUHFWRU\��KDVK�WDEOH��ORRNXS�IRU�PRVW�RI�WKH�ZRUGV�LQ�
WKH�GLVWLQFW�ZRUG�OLVW��

�� &RQFOXVLRQV�

,Q� WKLV�SDSHU�ZH�VWXGLHG� WKH�SUREOHP�RI�PDWFKLQJ� LQFRPLQJ�GRFXPHQWV� WR� VXEPLWWHG�
XVHU�SURILOHV�LQ�DQ�LQIRUPDWLRQ�GLVVHPLQDWLRQ�V\VWHP�EDVHG�RQ�WKH�%RROHDQ�PRGHO��:H�
VWXGLHG�H[SHULPHQWDOO\�WKH�WUDGHRIIV�LQYROYHG�LQ�WDFNOLQJ�WKLV�SUREOHP�XVLQJ�IRXU�DOJR�
ULWKPV�SURSRVHG�E\�<DQ�DQG�*DUFLD�0ROLQD�>��@��

$�ORW�RI�LQWHUHVWLQJ�ZRUN�UHPDLQV�WR�EH�GRQH�LQ�WKLV�DUHD��+HUH�ZH�EULHIO\�PHQWLRQ�
VRPH�TXHVWLRQV�ZH�DUH�DGGUHVVLQJ�LQ�RXU�FXUUHQW�ZRUN��
��� 2XU�FXUUHQW�DQDO\VLV�QHHGV�WR�EH�H[WHQGHG�WR�FRQVLGHU�WKH�HIIHFW�RI�RWKHU�SDUDPH�

WHUV�OLNH�VLPLODULW\�RI�SURILOHV�HWF��
��� ,W� ZRXOG� EH� QLFH� WR� KDYH� UHDO� FROOHFWLRQV� RI� SURILOHV� �SUHVXPDEO\� FRPLQJ� IURP�

YDULRXV�DSSOLFDWLRQV��ZKHUH� WKHVH�DOJRULWKPV�FRXOG�EH� WHVWHG��7R�WKH�EHVW�RI�RXU�
NQRZOHGJH�� VXFK�SURILOH� FROOHFWLRQV� FXUUHQWO\�GR�QRW� H[LVW� DOWKRXJK�H[SHULPHQWV�
ZLWK�GRFXPHQW�FROOHFWLRQV�DUH�QRZ�VWDQGDUG�SUDFWLFH�LQ�,QIRUPDWLRQ�5HWULHYDO��VHH�
75(&�DW�KWWS���WUHF�QLVW�JRY���

��� +RZ�FDQ�ZH�GHDO�ZLWK�PRUH� VRSKLVWLFDWHG� ODQJXDJHV� IRU�XVHU�SURILOHV�H�J���ZLWK�
QHJDWLRQ�DQG�GLVMXQFWLRQ"�1HJDWLRQ�FDQ�EH�HDVLO\�LQFRUSRUDWHG�LQWR�RXU�DOJRULWKPV�
�>��@�KDYH�DOUHDG\�GLVFXVVHG�WKLV��EXW�LQFRUSRUDWLQJ�GLVMXQFWLRQ�DV�ZHOO�ZKLOH�UH�
PDLQLQJ� YHU\� HIILFLHQW� FDQ� EH� WULFNLHU�� ,W� ZRXOG� DOVR� EH� LQWHUHVWLQJ� WR� FRQVLGHU�
PRUH� VRSKLVWLFDWHG� GRFXPHQW� PRGHOV�� TXHU\� ODQJXDJHV� DQG� WKHLU� FRUUHVSRQGLQJ�
PDWFKLQJ�DOJRULWKPV��H�J���ZH�FRXOG�DOORZ�VWUXFWXUHG�GRFXPHQWV�DV�LQ�>��@�RU�>�@�
RU�LQWHUSUHW�GRFXPHQWV�DQG�SURILOHV�XQGHU�WKH�YHFWRU�VSDFH�PRGHO�>�@���



�� $FNQRZOHGJPHQWV�

7KLV�ZRUN�ZDV� VXSSRUWHG� LQ� SDUW� E\� SURMHFW�',(7� �,67������������� IXQGHG�E\� WKH�
,67�3URJUDPPH�RI�WKH�(XURSHDQ�&RPPLVVLRQ��XQGHU�WKH�)(7�3URDFWLYH�,QLWLDWLYH�RQ�
³8QLYHUVDO�,QIRUPDWLRQ�(FRV\VWHPV´��:H�ZRXOG�OLNH�WR�DNQRZOHGJH�WKH�FRQWULEXWLRQV�
RI� DOO� SDUWQHUV� RI� ',(7� WR� WKLV� ZRUN�� 6SHFLDO� WKDQNV� JR� WR� )UDQVFLVFR� 9DOYHUGH�
$OEDFHWH� IRU� HQOLJKWHQLQJ� GLVFXVVLRQV� FRQFHUQLQJ� WKH� VWDWLVWLFDO� PRGHOV� DQG� H[SHUL�
PHQWV�UHSRUWHG�LQ�WKLV�SDSHU��

5HIHUHQFHV�

��� $OWLQHO�0�� DQG� )UDQNOLQ�0�-�� (IILFLHQW� )LOWHULQJ� RI�;0/� 'RFXPHQWV� IRU� 6HOHFWLYH� 'LV�
VHPLQDWLRQ�RI�,QIRUPDWLRQ��3URFHHGLQJV�RQ�WKH���WK�9/'%�&RQIHUHQFH��SS���������������

��� %DH]D�<DWHV� 5�� DQG� 5LEHLUR�1HWR� %��0RGHUQ� ,QIRUPDWLRQ� 5HWULHYDO�� $GGLVRQ�:HVOH\��
1HZ�<RUN��������

��� &DU]DQLJD�$���5RVHQEOXP�'�� DQG�:ROI�$�/�� ,QWHUIDFHV�DQG�$OJRULWKPV� IRU�D�:LGH�$UHD�
(YHQW�1RWLILFDWLRQ�6HUYLFH��3URF��RI�WKH���WK�$&0�32'&��������

��� 'HFNHU�.���6\FDUD�.��DQG�:LOOLDPVRQ�0��0LGGOH�$JHQWV�IRU�WKH�,QWHUQHW��3URFHHGLQJV�RI�
,-&$,�����������

��� )DEUHW�)���-DFREVHQ�+�$���/OLUEDW�)���3HUHLUD�-���5RVV�.�$��DQG�6KDVKD�'��)LOWHULQJ�DOJR�
ULWKPV�DQG� LPSOHPHQWDWLRQ� IRU�YHU\�IDVW�SXEOLVK�VXEVFULEH�V\VWHPV��3URFHHGLQJV�RI�$&0�
6,*02'����������

��� )DHQVHQ�'���)DXOVWLFK�/���6FKZHSSH�+���+LQ]H�$��DQG�6WHLQGLQJHU�$��$�1RWLILFDWLRQ�6HU�
YLFH�IRU�'LJLWDO�/LEUDULHV��3URFHHGLQJV�RI�WKH�-RLQW�$&0�,(((�&RQIHUHQFH�RQ�'LJLWDO�/L�
EUDULHV��-&'/�¶�����������

��� *RQQHW�*�+��DQG�%DH]D�<DWHV�5��+DQGERRN�RI�$OJRULWKPV�DQG�'DWD�6WUXFWXUHV���QG�HGL�
WLRQ���$GGLVRQ�:HVOH\��1HZ�<RUN��������

��� *UD\�-���6XQGDUHVDQ�3���(QJOHUW�6���%DFODZVNL�.��DQG�:HLQEHUJHU�3�-��4XLFNO\�JHQHUDWLQJ�
ELOOLRQ�UHFRUG�V\QWKHWLF�GDWDEDVHV��3URF��2I�$&0�6,*02'��������

��� .HUQLJKDP�%�:��DQG�5LWFKLH�'�0��7KH�&�3URJUDPPLQJ�/DQJXDJH���QG�HGLWLRQ���3UHQWLFH�
+DOO��������

���� .RXEDUDNLV�0��%RROHDQ�4XHULHV�ZLWK�3UR[LPLW\�2SHUDWRUV�IRU�,QIRUPDWLRQ�'LVVHPLQDWLRQ��
3URFHHGLQJV�RI�WKH�:RUNVKRS�RQ�)RXQGDWLRQV�RI�0RGHOV�DQG�/DQJXDJHV�IRU�,QIRUPDWLRQ�
,QWHJUDWLRQ��)0,,������9LWHUER��,WDO\��6HSWHPEHU��������������,Q�/1&6��IRUWKFRPLQJ���

���� .XRNND�'�� DQG�+DUDGD� /��0DWFKPDNLQJ� IRU� ,QIRUPDWLRQ�$JHQWV��3URFHHGLQJV� RI� ,-&$,�

����SS�����������0RQWUHDO��&DQDGD��������

���� 0DUURZ�3��HW��DO��$JHQWV�LQ�'HFHQWUDOLVHG�,QIRUPDWLRQ�(FRV\VWHPV��7KH�',(7�$SSURDFK��
6\PSRVLXP�RQ� ,QIRUPDWLRQ�$JHQWV� IRU�(�&RPPHUFH��$,6%
���&RQYHQWLRQ��8QLYHUVLW\�RI�
<RUN��8QLWHG�.LQJGRP��0DUFK���������������

���� 3HUHLUD� -��� )DEUHW� )��� /OLEUDW� )�� DQG� 6KDVKD� '�� (IILFLHQW� PDWFKLQJ� IRU� ZHE�EDVHG� SXE�
OLVK�VXEVFULEH� V\VWHPV�� ,Q� 3URF�� RI� WKH� ,QW� &RQI�� 2Q� &RRSHUDWLYH� ,QIRUPDWLRQ� 6\VWHPV�
�&RR3,6���������

���� 6FKZDUW]� (�6�� $� 'LFWLRQDU\� RI�0LQLPXP� 5HGXQGDQF\� (QFRGLQJ�� -RXUQDO� RI� WKH� $&0��
�������2FWREHU�������

���� 6\FDUD�.���.OXVFK�0���:LGRII�6��DQG�/X�-��'\QDPLF�VHUYLFH�PDWFKPDNLQJ�DPRQJ�DJHQWV�
LQ�RSHQ�LQIRUPDWLRQ�HQYLURQPHQWV��6,*02'�5HFRUG����������������������

���� 7RPDVLF� $�� DQG� *DUFLD�0ROLQD� +�� 3HUIRUPDQFH� RI� LQYHUWHG� LQGLFHV� LQ� GLVWULEXWHG� WH[W�
GRFXPHQW�UHWULHYDO�V\VWHPV��3URFHHGLQJV�RI�WKH��QG�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�3DUDOOHO�



DQG�'LVWULEXWHG� 6\VWHPV��'HFHPEHU� ������ ������ )XOO� YHUVLRQ� DSSHDUV� DV� 6WDQIRUG�7HFK��
5HSRUW�1R��������

���� <DQ� 7�:�� DQG� *DUFLD�0ROLQD� +�� 'LVWULEXWHG� 6HOHFWLYH� 'LVVHPLQDWLRQ� RI� ,QIRUPDWLRQ��
3URFHHGLQJV�RI��UG�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�3DUDOOHO�DQG�'LVWULEXWHG�,QIRUPDWLRQ�6\V�
WHPV��3',6���SS���������$XVWLQ��7H[DV��6HSWHPEHU�������

���� <DQ�7�:��DQG�*DUFLD�0ROLQD�+��,QGH[�6WUXFWXUHV�IRU�6HOHFWLYH�'LVVHPLQDWLRQ�RI�,QIRUPD�
WLRQ�8QGHU�WKH�%RROHDQ�0RGHO��$&0�72'6�����������������������

���� <DQ� 7�:�� DQG� *DUFLD�0ROLQD� +�� 7KH� 6,)7� ,QIRUPDWLRQ� 'LVVHPLQDWLRQ� 6\VWHP�� $&0�
72'6�����������������������

���� =LSI�*�.��+XPDQ�%HKDYLRXU�VDQG�3ULQFLSOH�RI�/HDVW�(IIRUW��$GGLVRQ�:HVOH\��&DPEULGJH��
0DVVDFKXVHWWV��������
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