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$EVWUDFW�

,Q�WKLV�FKDSWHU��ZH�SURSRVH�WKH�XVH�RI�ILUVW�RUGHU�ORJLF��LQ�WKH�IRUP�RI�GHGXFWLYH�GDWDEDVH�UXOHV��DV�D�

TXHU\�ODQJXDJH�IRU�;0/�GDWD�DQG�ZH�SUHVHQW�;�'(9,&(��DQ�H[WHQVLRQ�RI�WKH�GHGXFWLYH�REMHFW�RULHQWHG�

GDWDEDVH�V\VWHP�'(9,&(�IRU�VWRULQJ�DQG�TXHU\LQJ�;0/�GDWD��;0/�GRFXPHQWV�DUH�VWRUHG�LQWR�WKH�

22'%�E\�DXWRPDWLFDOO\�PDSSLQJ�WKH�'7'�WR�DQ�REMHFW�VFKHPD��;0/�HOHPHQWV�DUH�WUHDWHG�HLWKHU�DV�

FODVVHV�RU�DWWULEXWHV�EDVHG�RQ�WKHLU�FRPSOH[LW\��ZLWKRXW�ORRVLQJ�WKH�UHODWLYH�RUGHU�RI�HOHPHQWV�LQ�WKH�

RULJLQDO�GRFXPHQW��)XUWKHUPRUH��WKLV�FKDSWHU�GHVFULEHV�WKH�H[WHQVLRQ�RI�WKH�V\VWHP
V�GHGXFWLYH�UXOH�

TXHU\�ODQJXDJH�ZLWK�VHFRQG�RUGHU�YDULDEOHV��JHQHUDO�SDWK�DQG�RUGHULQJ�H[SUHVVLRQV��IRU�TXHU\LQJ�RYHU�

WKH�VWRUHG��WUHH�VWUXFWXUHG�;0/�GDWD�DQG�FRQVWUXFWLQJ�;0/�GRFXPHQWV�DV�D�UHVXOW��7KH�H[WHQVLRQV�

ZHUH�LPSOHPHQWHG�E\�WUDQVODWLQJ�DOO�WKH�H[WHQGHG�IHDWXUHV�LQWR�WKH�EDVLF��ILUVW�RUGHU�GHGXFWLYH�UXOH�

ODQJXDJH�RI�'(9,&(�XVLQJ�PHWD�GDWD�DERXW�VWRUHG�;0/�REMHFWV��

�
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8VLQJ�/RJLF�IRU�4XHU\LQJ�;0/�'DWD�

,QWURGXFWLRQ�

7KH�VXFFHVV�RI�WKH�,QWHUQHW�GHSHQGV�RQ�WKH�DYDLODELOLW\�RI�DSSOLFDWLRQV�WKDW�ZLOO�RIIHU�YDOXDEOH�

H�VHUYLFHV��+RZHYHU��DSSOLFDWLRQV�KDYH�DOZD\V�EHHQ�GHSHQGHG�RQ�LQSXW�GDWD�DQG�PRVW�LPSRUWDQWO\�RQ�

WKHLU�ZHOO�VWUXFWXUHGQHVV��6R�IDU��LQIRUPDWLRQ�LV�FDSWXUHG�DQG�H[FKDQJHG�RYHU�,QWHUQHW�WKURXJK�+70/�

SDJHV��ZLWKRXW�DQ\�FRQFHSWXDO�VWUXFWXUH��;0/�LV�WKH�FXUUHQWO\�SURSRVHG�VWDQGDUG�IRU�VWUXFWXUHG�RU�

HYHQ�VHPL�VWUXFWXUHG�LQIRUPDWLRQ�H[FKDQJH�RYHU�WKH�,QWHUQHW��:��&RQVRUWLXP��2FW��������+RZHYHU��

WKH�PDLQWHQDQFH�RI�WKLV�LQIRUPDWLRQ�LV�HTXDOO\�LPSRUWDQW��,QWHJUDWLQJ��VKDULQJ��UH�XVLQJ�DQG�HYROYLQJ�

LQIRUPDWLRQ�FDSWXUHG�IURP�;0/�GRFXPHQWV�DUH�HVVHQWLDO�IRU�EXLOGLQJ�ORQJ�ODVWLQJ�DSSOLFDWLRQV�RI�

LQGXVWULDO�VWUHQJWK��

7KH�VWRU\�RI�LQIRUPDWLRQ�PDQDJHPHQW�RU�GDWD�PDQDJHPHQW�KDV�EHHQ�WROG�EHIRUH�LQ�WKH�IRUP�RI�

'%06V��2YHU�WKDQ�WKUHH�GHFDGHV�RI�UHVHDUFK�KDYH�EHHQ�GHYRWHG�WR�GHYHORSLQJ�WKHRU\�DQG�V\VWHPV�IRU�

FDSWXULQJ��VWRULQJ��PDLQWDLQLQJ�DQG�UHWULHYLQJ�GDWD�IRU�D�VLQJOH�RU�PXOWLSOH�XVHUV��6XFK�D�YDVW�UHVHDUFK�

DQG�GHYHORSPHQW�ZHDOWK�VKRXOG�EH�UH�XVHG�ZLWK�WKH�PLQLPXP�RI�HIIRUW�IRU�PDQDJLQJ�VHPL�VWUXFWXUHG�

GDWD��L�H��;0/�RU�6*0/��ZKLFK�LV�WKH�VXSHU�VHW�RI�;0/��7KHUH�DOUHDG\�H[LVW�VHYHUDO�SURSRVDOV�RQ�

PHWKRGRORJLHV�IRU�VWRULQJ��UHWULHYLQJ�DQG�PDQDJLQJ�VHPL�VWUXFWXUHG�GDWD�VWRUHG�LQ�UHODWLRQDO��REMHFW�

UHODWLRQDO�DQG�REMHFW�GDWDEDVHV��)XUWKHUPRUH��WKHUH�H[LVW�TXLWH�D�IHZ�DSSURDFKHV�LQ�VWRULQJ�6*0/�

PXOWLPHGLD�GRFXPHQWV�LQ�REMHFW�GDWDEDVHV��

&DSWXULQJ�;0/�GDWD�LQ�WUDGLWLRQDO�'%06V�LV�RQH�DVSHFW�RI�WKH�VWRU\��(IIHFWLYH�DQG�HIILFLHQW�

TXHU\LQJ�DQG�SXEOLVKLQJ�WKHVH�GDWD�RQ�WKH�:HE�LV�DQRWKHU�DVSHFW�WKDW�LV�DFWXDOO\�PRUH�LPSRUWDQW�VLQFH�

LW�GHWHUPLQHV�WKH�LPSDFW�WKLV�DSSURDFK�ZLOO�KDYH�RQ�IXWXUH�:HE�DSSOLFDWLRQV��7KHUH�KDYH�EHHQ�VHYHUDO�

TXHU\�ODQJXDJH�SURSRVDOV��$ELWHERXO��4XDVV��0F+XJK��:LGRP��	�:LHQHU��������%XQHPDQ��

)HUQDQGH]��	�6XFLX��������&KDPEHUOLQ��5RELH��	�)ORUHVFX��������'HXWVFK��)HUQDQGH]��)ORUHVFX��

/HY\��	�6XFLX��������+RVR\D�	�3LHUFH��������5RELH��/DSS��	�6FKDFK��:��&RQVRUWLXP��'HF�����G��

IRU�;0/�GDWD��)XUWKHUPRUH��UHFHQWO\�WKH�:::�FRQVRUWLXP�LVVXHG�D�ZRUNLQJ�GUDIW�SURSRVLQJ�;4XHU\�

�:��&RQVRUWLXP��'HF�����D���DQ�DPDOJDPDWLRQ�RI�WKH�LGHDV�SUHVHQW�LQ�PRVW�RI�WKH�SURSRVHG�;0/�

TXHU\�ODQJXDJHV�RI�WKH�OLWHUDWXUH��0RVW�RI�WKHP�KDYH�IXQFWLRQDO�QDWXUH�DQG�XVH�SDWK�EDVHG�V\QWD[��

6RPH�RI�WKHP��$ELWHERXO�HW�DO������E��&KDPEHUOLQ�HW�DO���������'HXWVFK�HW�DO�������D���LQFOXGLQJ�

;4XHU\��KDYH�DOVR�ERUURZHG�DQ�64/�OLNH�GHFODUDWLYH�V\QWD[��ZKLFK�LV�SRSXODU�DPRQJ�XVHUV��6RPH�RI�

WKH�SUREOHPV�UHODWLQJ�WR�PRVW�RI�WKH�DERYH�DSSURDFKHV�LV�WKH�ODFN�RI�D�FRPSUHKHQVLEOH�GDWD�PRGHO��D�

VLPSOH�TXHU\�DOJHEUD��ZLWK�WKH�H[FHSWLRQ�RI��%XQHPDQ�HW�DO���������+RVR\D�	�3LHUFH��������DQG�TXHU\�

RSWLPL]DWLRQ�WHFKQLTXHV��7KHUH�DUH�SURSRVDOV�IRU�D�GDWD�PRGHO��:��&RQVRUWLXP��'HF�����E��DQG�D�

TXHU\�DOJHEUD��:��&RQVRUWLXP��-XQ�������IRU�;4XHU\��KRZHYHU�LW�LV�QRW�\HW�FOHDU�KRZ�WKHVH�ZLOO�OHDG�

WR�HIILFLHQW�GDWD�VWRUDJH�DQG�TXHU\�RSWLPL]DWLRQ��
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,Q�WKLV�FKDSWHU��ZH�SURSRVH�WKH�XVH�RI�GHGXFWLYH�UXOHV�DV�D�TXHU\�ODQJXDJH�IRU�;0/�GDWD�DQG�

ZH�SUHVHQW�;�'(9,&(��D�GHGXFWLYH�REMHFW�RULHQWHG�GDWDEDVH�IRU�PDQDJLQJ�;0/�GDWD��;�'(9,&(�LV�DQ�

H[WHQVLRQ�RI�WKH�DFWLYH�REMHFW�RULHQWHG�NQRZOHGJH�EDVH�V\VWHP�'(9,&(��%DVVLOLDGHV��9ODKDYDV��	�

(OPDJDUPLG���������'(9,&(�LQWHJUDWHV�KLJK�OHYHO��GHFODUDWLYH�UXOHV��QDPHO\�GHGXFWLYH�DQG�SURGXFWLRQ�

UXOHV��LQWR�DQ�DFWLYH�22'%�WKDW�VXSSRUWV�RQO\�HYHQW�GULYHQ�UXOHV��'LD]�	�-DLPH���������EXLOW�RQ�WRS�RI�

3URORJ��7KLV�LV�DFKLHYHG�E\�WUDQVODWLQJ�HDFK�KLJK�OHYHO�UXOH�LQWR�RQH�HYHQW�GULYHQ�UXOH��7KH�FRQGLWLRQ�

RI�WKH�GHFODUDWLYH�UXOH�FRPSLOHV�GRZQ�WR�D�VHW�RI�FRPSOH[�HYHQWV�WKDW�LV�XVHG�DV�D�GLVFULPLQDWLRQ�

QHWZRUN�WKDW�LQFUHPHQWDOO\�PDWFKHV�WKH�UXOH�FRQGLWLRQV�DJDLQVW�WKH�GDWDEDVH��

;�'(9,&(�H[WHQGV�'(9,&(�E\�LQFRUSRUDWLQJ�;0/�GDWD�LQWR�WKH�22'%�E\�DXWRPDWLFDOO\�

PDSSLQJ�'7'V�RI�;0/�GRFXPHQWV�WR�REMHFW�VFKHPDWD��ZLWKRXW�ORRVLQJ�WKH�GRFXPHQW
V�RULJLQDO�RUGHU�

RI�HOHPHQWV��;0/�HOHPHQWV�DUH�UHSUHVHQWHG�HLWKHU�DV�ILUVW�FODVV�REMHFWV�RU�DV�DWWULEXWHV�EDVHG�RQ�WKHLU�

FRPSOH[LW\��)XUWKHUPRUH��;�'(9,&(�H[WHQGV�WKH�GHGXFWLYH�UXOH�ODQJXDJH�RI�'(9,&(�ZLWK�QHZ�

RSHUDWRUV�WKDW�DUH�XVHG�IRU�VSHFLI\LQJ�FRPSOH[�TXHULHV�DQG�PDWHULDOL]HG�YLHZV�RYHU�WKH�VWRUHG�VHPL�

VWUXFWXUHG�GDWD��0RVW�RI�WKH�QHZ�RSHUDWRUV�KDYH�D�VHFRQG�RUGHU�V\QWD[��L�H��YDULDEOHV�UDQJH�RYHU�FODVV�

DQG�DWWULEXWH�QDPHV���EXW�WKH\�DUH�LPSOHPHQWHG�E\�WUDQVODWLQJ�WKHP�LQWR�ILUVW�RUGHU�'(9,&(�UXOHV��L�H��

YDULDEOHV�FDQ�UDQJH�RYHU�FODVV�LQVWDQFHV�DQG�DWWULEXWH�YDOXHV���VR�WKDW�WKH\�FDQ�EH�HIILFLHQWO\�H[HFXWHG�

DJDLQVW�WKH�XQGHUO\LQJ�GHGXFWLYH�REMHFW�RULHQWHG�GDWDEDVH���

7KH�DGYDQWDJHV�RI�XVLQJ�D�ORJLF�EDVHG�TXHU\�ODQJXDJH�IRU�;0/�GDWD�FRPH�IURP�WKH�ZHOO�

XQGHUVWRRG�PDWKHPDWLFDO�SURSHUWLHV�DQG�WKH�GHFODUDWLYH�FKDUDFWHU�RI�VXFK�ODQJXDJHV��ZKLFK�ERWK�DOORZ�

WKH�XVH�RI�DGYDQFHG�RSWLPL]DWLRQ�WHFKQLTXHV��VXFK�DV�PDJLF�VHWV��)XUWKHUPRUH��;�'(9,&(�FRPSDUHG�WR�

RWKHU�;0/�IXQFWLRQDO�TXHU\�ODQJXDJHV��H�J��;4XHU\��KDV�D�PRUH�KLJK�OHYHO��GHFODUDWLYH�V\QWD[�WKDW�

DOORZV�XVHUV�WR�H[SUHVV�HYHU\WKLQJ�WKDW�;4XHU\�FDQ�H[SUHVV��LQ�D�PRUH�FRPSDFW�DQG�FRPSUHKHQVLEOH�

ZD\��ZLWK�WKH�SRZHUIXO�DGGLWLRQ�RI�JHQHUDO�SDWK�H[SUHVVLRQV��ZKLFK�LV�GXH�WR�IL[SRLQW�UHFXUVLRQ�DQG�

VHFRQG�RUGHU�YDULDEOHV��8VLQJ�;�'(9,&(��XVHUV�FDQ�H[SUHVV�FRPSOH[�;0/�GRFXPHQW�YLHZV��D�IDFW�

WKDW�FDQ�JUHDWO\�IDFLOLWDWH�FXVWRPL]LQJ�LQIRUPDWLRQ�IRU�H�FRPPHUFH�DQG�RU�H�OHDUQLQJ��)XUWKHUPRUH��WKH�

;�'(9,&(�V\VWHP�RIIHUV�DQ�LQIHUHQFH�HQJLQH�WKDW�VXSSRUWV�PXOWLSOH�NQRZOHGJH�UHSUHVHQWDWLRQ�

IRUPDOLVPV��GHGXFWLYH��SURGXFWLRQ��DFWLYH�UXOHV��DV�ZHOO�DV�VWUXFWXUHG�REMHFWV���ZKLFK�FDQ�SOD\�DQ�

LPSRUWDQW�UROH�DV�DQ�LQIUDVWUXFWXUH�IRU�WKH�LPSHQGLQJ�VHPDQWLF�:HE��:��&RQVRUWLXP��1RY��������

,Q�WKLV�FKDSWHU��ZH�LQLWLDOO\�RYHUYLHZ�VRPH�RI�WKH�UHODWHG�ZRUN�GRQH�LQ�WKH�DUHD�RI�VWRULQJ�DQG�

TXHU\LQJ�;0/�GDWD�LQ�GDWDEDVHV��DQG�WKHQ�ZH�GHVFULEH�WKH�PDSSLQJ�RI�;0/�GDWD�RQWR�WKH�REMHFW�GDWD�

PRGHO�RI�;�'(9,&(��%DVHG�RQ�WKLV�PRGHO��ZH�SUHVHQW�WKH�;�'(9,&(�GHGXFWLYH�UXOH�ODQJXDJH�IRU�

TXHU\LQJ�;0/�GDWD�WKURXJK�VHYHUDO�H[DPSOHV�WKDW�KDYH�EHHQ�DGRSWHG�IURP�WKH�;0/�4XHU\�ZRUNLQJ�

JURXS��:��&RQVRUWLXP��'HF�����F���)LQDOO\��ZH�FRQFOXGH�WKLV�FKDSWHU�DQG�GLVFXVV�IXWXUH�ZRUN��
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5HODWHG�:RUN�

0DQDJLQJ�;0/�GDWD�

7KHUH�H[LVW�WZR�PDMRU�DSSURDFKHV�WR�PDQDJH�DQG�TXHU\�;0/�GRFXPHQWV��7KH�ILUVW�DSSURDFK�

XVHV�VSHFLDO�SXUSRVH�TXHU\�HQJLQHV�DQG�UHSRVLWRULHV�IRU�VHPL�VWUXFWXUHG�GDWD��%XQHPDQ��'DYLGVRQ��

+LOOHEUDQG��	�6XFLX��������*ROGPDQ�	�:LGRP��������/XFLH�;\OHPH��������0F+XJK��$ELWHERXO��

*ROGPDQ��4XDVV��	�:LGRP��������1DXJKWRQ�HW�DO����������7KHVH�GDWDEDVH�V\VWHPV�DUH�EXLOW�IURP�

VFUDWFK�IRU�WKH�VSHFLILF�SXUSRVH�RI�VWRULQJ�DQG�TXHU\LQJ�;0/�GRFXPHQWV��7KLV�DSSURDFK��KRZHYHU��KDV�

WZR�SRWHQWLDO�GLVDGYDQWDJHV��)LUVWO\��QDWLYH�;0/�GDWDEDVH�V\VWHPV�GR�QRW�KDUQHVV�WKH�VRSKLVWLFDWHG�

VWRUDJH�DQG�TXHU\�FDSDELOLW\�DOUHDG\�SURYLGHG�E\�H[LVWLQJ�GDWDEDVH�V\VWHPV��6HFRQGO\��QDWLYH�;0/�

GDWDEDVH�V\VWHPV�GR�QRW�DOORZ�XVHUV�WR�TXHU\�VHDPOHVVO\�DFURVV�;0/�GRFXPHQWV�DQG�RWKHU�

�VWUXFWXUHG��GDWD�VWRUHG�LQ�GDWDEDVH�V\VWHPV���

7UDGLWLRQDO�GDWD�PDQDJHPHQW�KDV�D�YDVW�UHVHDUFK�EDFNJURXQG�WKDW�FDQQRW�EH�MXVW�WKURZQ�DZD\��

7KH�VHFRQG�DSSURDFK�WR�;0/�GDWD�PDQDJHPHQW�LV�WR�FDSWXUH�DQG�PDQDJH�;0/�GDWD�ZLWKLQ�WKH�GDWD�

PRGHOV�RI�HLWKHU�UHODWLRQDO��'HXWVFK��)HUQDQGH]��	�6XFLX��������)ORUHVFX�	�.RVVPDQQ��������

6FKPLGW��.HUVWHQ��:LQGKRXZHU��	�:DDV��������6KDQPXJDVXQGDUDP�HW�DO����������REMHFW�UHODWLRQDO�

�+RVR\D�	�3LHUFH��������6KLPXUD��<RVKLNDZD��	�8HPXUD��������RU�REMHFW�GDWDEDVHV��&KXQJ��3DUN��

+DQ��	�.LP��������1LVKLRND�	�2QL]XND��������5HQQHU��������<HK���������2XU�V\VWHP��;�'(9,&(��

VWRUHV�;0/�GDWD�LQWR�WKH�REMHFW�GDWDEDVH�$'$0��*UD\��.XONDUQL��	�3DWRQ���������EHFDXVH�;0/�

GRFXPHQWV�KDYH�E\�QDWXUH�D�KLHUDUFKLFDO�VWUXFWXUH�WKDW�EHWWHU�ILWV�WKH�REMHFW�PRGHO��$OVR�UHIHUHQFHV�

EHWZHHQ�RU�ZLWKLQ�GRFXPHQWV�SOD\�DQ�LPSRUWDQW�UROH�DQG�DUH�D�SHUIHFW�PDWFK�IRU�WKH�QRWLRQ�RI�REMHFW�LQ�

WKH�REMHFW�PRGHO��7KLV�EHWWHU�PDWFKLQJ�EHWZHHQ�WKH�REMHFW�DQG�GRFXPHQW�PRGHOV�FDQ�DOVR�EH�VHHQ�LQ�

WKH�DPRXQW�RI�HDUOLHU�DSSURDFKHV�LQ�VWRULQJ�6*0/�PXOWLPHGLD�GRFXPHQWV�LQ�REMHFW�GDWDEDVHV�

�$ELWHERXO�HW�DO�������D��$ELWHERXO�HW�DO������E��2]VX�HW�DO����������

5HODWLRQDO�PDSSLQJ�DSSURDFKHV�

:KHQ�;0/�GDWD�DUH�PDSSHG�RQWR�UHODWLRQV�WKHUH�DUH�WZR�PDMRU�OLPLWDWLRQV��)LUVW��WKH�UHODWLRQDO�

PRGHO�GRHV�QRW�VXSSRUW�VHW�YDOXHG�DWWULEXWHV��WKHUHIRUH�ZKHQ�DQ�HOHPHQW�KDV�D�VXE�HOHPHQW�ZLWK�WKH�

PXOWLSOH�RFFXUUHQFH�H[SUHVVLRQV�VWDU����RU�FURVV������WKH�VXE�HOHPHQW�LV�PDGH�LQWR�D�VHSDUDWH�UHODWLRQ�

DQG�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�HOHPHQW�DQG�WKH�VXE�HOHPHQW�LV�UHSUHVHQWHG�E\�LQWURGXFLQJ�D�IRUHLJQ�

NH\��7KH�TXHU\LQJ�DQG�UHFRQVWUXFWLRQ�RI�WKH�;0/�GRFXPHQW�UHTXLUHV�WKH�XVH�RI��H[SHQVLYH��64/�MRLQV�

EHWZHHQ�WKH�HOHPHQW�DQG�VXE�HOHPHQW�UHODWLRQV��2Q�WKH�RWKHU�KDQG��REMHFW�GDWDEDVHV�VXSSRUW�OLVW�

DWWULEXWHV��WKHUHIRUH��VXE�HOHPHQWV��RU�UDWKHU�UHIHUHQFHV�WR�VXE�HOHPHQWV��FDQ�EH�VWRUHG�ZLWK�WKH�SDUHQW�

HOHPHQW�DQG�UHWULHYHG�LQ�D�QRQ�H[SHQVLYH�ZD\��

$�VHFRQG�OLPLWDWLRQ�RI�UHODWLRQDO�GDWDEDVHV�LV�WKDW�LQ�RUGHU�WR�UHSUHVHQW�UHODWLRQVKLSV�EHWZHHQ�

HOHPHQWV�UHODWLRQV��MRLQ�DWWULEXWHV�VKRXOG�EH�FUHDWHG�PDQXDOO\��2Q�WKH�RWKHU�KDQG��LQ�REMHFW�GDWDEDVHV��
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UHODWLRQVKLSV�EHWZHHQ�HOHPHQW�FODVVHV�DUH�UHSUHVHQWHG�LQ�WKH�VFKHPD�E\�REMHFW�UHIHUHQFLQJ�DWWULEXWHV�

�SRLQWHUV���ZKLFK�DUH�IROORZHG�IRU�DQVZHULQJ�TXHULHV�ZLWK�SDWK�H[SUHVVLRQV��

)LQDOO\��DQRWKHU�SUREOHP�LV�WKDW�UHODWLRQV�DUH�VHWV�ZLWK�QR�RUGHULQJ�DPRQJ�HLWKHU�WKHLU�DWWULEXWHV�

RU�WXSOHV��+RZHYHU��LQ�;0/�GRFXPHQWV�RUGHULQJ�RI�HOHPHQWV�LV�LPSRUWDQW��HVSHFLDOO\�ZKHQ�WKH\�

FRQWDLQ�WH[WXDO�LQIRUPDWLRQ��H�J��ERRNV��DUWLFOHV��:HE�SDJH�FRQWHQWV���2I�FRXUVH��WKHUH�H[LVW�VRPH�

UHODWLRQDO�DSSURDFKHV�WKDW�KROG�H[WUD�RUGHULQJ�LQIRUPDWLRQ�LQ�RUGHU�WR�EH�DEOH�WR�UHFRQVWUXFW�WKH�

RULJLQDO�;0/�GRFXPHQWV��+RZHYHU��WKHVH�DSSURDFKHV�DGG�H[WUD�FRPSOLFDWLRQ�WR�WKH�UHODWLRQ�VFKHPD��

TXHU\�SURFHVVLQJ�DQG�;0/�UHFRQVWUXFWLRQ�DOJRULWKPV��

2EMHFW�RULHQWHG�PDSSLQJ�DSSURDFKHV�

2EMHFW�GDWDEDVH�DQG�VRPH�RI�WKH�REMHFW�UHODWLRQDO�DSSURDFKHV�WR�VWRULQJ�DQG�TXHU\LQJ�;0/�

GDWD�XVXDOO\�WUHDW�HOHPHQW�W\SHV�DV�FODVVHV�DQG�HOHPHQWV�DV�REMHFWV��$WWULEXWHV�RI�HOHPHQWV�DUH�WUHDWHG�

DV�WH[W�DWWULEXWHV��ZKLOH�WKH�UHODWLRQVKLSV�EHWZHHQ�HOHPHQWV�DQG�WKHLU�FKLOGUHQ�DUH�WUHDWHG�DV�REMHFW�

UHIHUHQFLQJ�DWWULEXWHV��7KHUH�DUH�VRPH�YDULDWLRQV�RI�WKH�DERYH�VFKHPD�EHWZHHQ�WKH�YDULRXV�DSSURDFKHV��

)RU�H[DPSOH��LQ��$ELWHERXO�HW�DO�������D��DQG��<HK��������DOO�WKH�HOHPHQWV�DUH�WUHDWHG�DV�REMHFWV��HYHQ�

LI�WKHLU�FRQWHQW�LV�MXVW�3&'$7$��L�H��PHUH�VWULQJV��+RZHYHU��VXFK�D�PDSSLQJ�UHTXLUHV�D�ORW�RI�FODVVHV�

DQG�REMHFWV��ZKLFK�ZDVWHV�VSDFH�DQG�GHJUDGHV�SHUIRUPDQFH��EHFDXVH�TXHULHV�KDYH�WR�WUDYHUVH�PRUH�

REMHFWV�WKDQ�DFWXDOO\�QHHGHG��,Q��1LVKLRND�	�2QL]XND��������DQG�LQ�;�'(9,&(�WKLV�SUREOHP�LV�DYRLGHG�

E\�PDSSLQJ�3&'$7$�HOHPHQWV�WR�WH[W�DWWULEXWHV��

0RUHRYHU��VRPH�RWKHU�DSSURDFKHV��%RHKP��$EHUHU��1HXKROG��	�<DQJ��������+RVR\D�	�3LHUFH��

������2]VX�HW�DO���������JR�IXUWKHU�E\�WUHDWLQJ�VRPH�HOHPHQWV�ZLWK�DQ�LQWHUQDO�VWUXFWXUH�DV�WH[W�

DWWULEXWHV��7KH�LQWHUQDO�VWUXFWXUH�RI�WKHVH�HOHPHQWV�FDQ�RQO\�EH�DFFHVVHG�WKURXJK�VSHFLDO�;0/�DZDUH�

WH[W�SURFHVVLQJ�PHWKRGV��7KH�GHFLVLRQ�RQ�ZKLFK�HOHPHQWV�VKRXOG�EH�WUHDWHG�DV�FODVVHV�RU�WH[W�DWWULEXWHV�

LV�HLWKHU�OHIW�RQ�WKH�GDWDEDVH�GHVLJQHU��%RHKP�HW�DO���������2]VX�HW�DO���������RU�LW�LV�KHXULVWLFDOO\�WDNHQ�

EDVHG�RQ�GDWD�XVDJH�DQG�TXHU\�VWDWLVWLFV��+RVR\D�	�3LHUFH���������7KLV�DSSURDFK�FDQ�VRPHWLPHV�SURYH�

PRUH�HIILFLHQW�UHJDUGLQJ�VWRUDJH�VSDFH�UHTXLUHPHQWV�DQG�IDVWHU�TXHU\�SURFHVVLQJ�GXH�WR�OHVV�

IUDJPHQWDWLRQ�RI�HOHPHQWV��KRZHYHU�WKH�TXHU\LQJ�SURFHVV�LV�PRUH�FRPSOH[�EHFDXVH�GLIIHUHQW�DFFHVV�

PHWKRGV�PD\�EH�XVHG�IRU�GLIIHUHQW�SRUWLRQV�RI�WKH�VDPH�SDWK�H[SUHVVLRQV��)XUWKHUPRUH��WKH�

LPSOHPHQWDWLRQ�UHTXLUHV�WKH�H[WHQVLRQ�RI�WKH�REMHFW�GDWDEDVH�LWVHOI�WR�KDQGOH�VXFK�;0/�DZDUH�

DWWULEXWHV�DQG�SRVVLEO\�WKH�H[WHQVLRQ�RI�WKH�EDVLF�REMHFW�TXHU\LQJ�ODQJXDJH�WR�EH�DZDUH�RI�VXFK�

DWWULEXWHV��

2Q�WKH�RWKHU�KDQG��WKH�PDSSLQJ�VFKHPH�ZH�HPSOR\HG�LQ�;�'(9,&(�GRHV�QRW�UHTXLUH�DQ\�

H[WHQVLRQ�RI�HLWKHU�WKH�GDWDEDVH�SULPLWLYHV�RU�WKH�EDVLF�TXHU\�ODQJXDJH��;�'(9,&(�LV�VPRRWKO\�

LQWHJUDWHG�ZLWK�WKH�H[LVWLQJ�'(9,&(�V\VWHP�E\�WUDQVODWLQJ�HYHU\�QHZ�FRQVWUXFW�LQWR�RQH�RU�PRUH�UXOHV�

RI�WKH�EDVLF�GHGXFWLYH�UXOH�ODQJXDJH��

7KH�LQ�OLQLQJ�DSSURDFK�WKDW�KDV�EHHQ�SURSRVHG�LQ��6KDQPXJDVXQGDUDP�HW�DO���������IRU�

UHODWLRQDO�GDWDEDVHV�LV�IROORZHG�LQ��&KXQJ�HW�DO��������WR�DYRLG�SURGXFLQJ�WRR�PDQ\�FODVVHV�LQ�WKH�
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VFKHPD��+RZHYHU��WKH�UDWLRQDOH�IRU�WKH�LQ�OLQLQJ�PHWKRG�LQ��6KDQPXJDVXQGDUDP�HW�DO���������ZDV�WKDW�

LW�UHGXFHV�WKH�DPRXQW�RI�WDEOHV�DQG�MRLQV�EHWZHHQ�WKHP��ZKLOH�LQ�REMHFW�GDWDEDVHV�WKHUH�DUH�QR�MRLQV�

DQG�WKHUHIRUH�WKHUH�LV�QR�UDWLRQDOH�IRU�XVLQJ�LW��)XUWKHUPRUH��WKH�UHVROXWLRQ�RI�SDWK�H[SUHVVLRQV�JHWV�

FRPSOLFDWHG�VLQFH�VRPH�SDUWV�RI�WKH�SDWK�FRQVLVW�RI�VLPSOH�DWWULEXWH�QDPHV��ZKLOH�VRPH�RWKHUV�FRQVLVW�

RI�SDWK�IUDJPHQWV�WKDW�DUH��LQ�OLQHG��DV�D�VLQJOH�DWWULEXWH�LQ�D�JUHDW�PDVWHU�FODVV��7KH�GHFLVLRQ�RQ�ZKLFK�

SDUWV�DUH�VLPSOH�RU�FRPSOH[�LV�EDVHG�RQ�ILYH�UXOHV��

+DQGOLQJ�RI�DOWHUQDWLRQ�

$QRWKHU�PDMRU�LVVXH�WKDW�PXVW�EH�DGGUHVVHG�E\�DQ\�PDSSLQJ�VFKHPH�LV�WKH�KDQGOLQJ�RI�WKH�

IOH[LEOH�DQG�LUUHJXODU�VFKHPD�RI�;0/�GRFXPHQWV�WKDW�LQFOXGHV�DOWHUQDWLRQ�HOHPHQWV��6RPH�PDSSLQJ�

VFKHPHV��VXFK�DV��1LVKLRND�	�2QL]XND��������DQG��6KDQPXJDVXQGDUDP�HW�DO����������DYRLG�KDQGOLQJ�

DOWHUQDWLRQ�E\�XVLQJ�VRPH�VLPSOLILFDWLRQ�UXOHV��ZKLFK�WUDQVIRUP�DOWHUQDWLRQ�WR�VHTXHQFH�RI�RSWLRQDO�

HOHPHQWV���;_<��!�;"�<"���+RZHYHU��WKLV�WUDQVIRUPDWLRQ��DORQJ�ZLWK�VRPH�RWKHU�RQHV��GRHV�QRW�

SUHVHUYH�HTXLYDOHQFH�EHWZHHQ�WKH�RULJLQDO�DQG�WKH�VLPSOLILHG�GRFXPHQW��,Q�WKH�SUHYLRXV�VLPSOLILFDWLRQ�

UXOH��IRU�H[DPSOH��WKH�HOHPHQW�GHFODUDWLRQ�RQ�WKH�OHIW�KDQG�VLGH�DFFHSWV�HLWKHU�DQ�;�RU�DQ�<�HOHPHQW��

ZKLOH�WKH�ULJKW�KDQG�VLGH�HOHPHQW�GHFODUDWLRQ�DOORZV�DOVR�D�VHTXHQFH�RI�ERWK�HOHPHQWV�RU�WKH�DEVHQFH�

RI�ERWK��

$OWHUQDWLRQ�LV�KDQGOHG�E\�XQLRQ�W\SHV�LQ��$ELWHERXO�HW�DO�������D���ZKLFK�UHTXLUHG�H[WHQVLRQV�WR�

WKH�FRUH�REMHFW�GDWDEDVH�2���7KLV�DSSURDFK�LV�HIILFLHQW��KRZHYHU�LW�LV�QRW�FRPSDWLEOH�ZLWK�WKH�2'0*�

VWDQGDUG��&DWWHOO��������DQG�FDQQRW�HDVLO\�EH�DSSOLHG�LQ�RWKHU�REMHFW�GDWDEDVH�V\VWHPV��,Q�;�'(9,&(�

LQVWHDG�RI�LPSOHPHQWLQJ�D�XQLRQ�W\SH��ZH�KDYH�HPXODWHG�LW�XVLQJ�D�VSHFLDO�W\SH�RI�V\VWHP�JHQHUDWHG�

FODVV�WKDW�LWV�EHKDYLRU�GRHV�QRW�DOORZ�PRUH�WKDQ�RQH�RI�LWV�DWWULEXWHV�WR�KDYH�D�YDOXH��)XUWKHUPRUH��WKH�

SDUHQW�HOHPHQW�FODVV�KRVWV�DOLDVHV�IRU�WKLV�V\VWHP�JHQHUDWHG�FODVV��VR�WKDW�SDWK�UHVROXWLRQ�LV�IDFLOLWDWHG��

$�VLPLODU�DSSURDFK�KDV�EHHQ�IROORZHG�LQ��<HK���������+RZHYHU��WKHLU�W\SLQJ�V\VWHP�LQYROYHV�

XQQHFHVVDULO\�PDQ\�FODVV�W\SHV��)RU�H[DPSOH��PXOWLSOH�RFFXUUHQFHV�RI�HOHPHQWV�DUH�KDQGOHG�ERWK�E\�

OLVWV�DQG�D�VSHFLDO�FODVV��ZKLFK�LV�GLIIHUHQW�IRU�D�VLQJOH�RFFXUUHQFH�HOHPHQW��)XUWKHUPRUH��WKH\�KDQGOH�

HYHQ�3&'$7$�HOHPHQWV�DV�REMHFWV��ZKLFK�KDV�FHUWDLQ�GUDZEDFNV��DV�GLVFXVVHG�DERYH��0RUHRYHU��WKHLU�

HIIRUW�GRHV�QRW�LQFOXGH�D�VSHFLDO�TXHU\�ODQJXDJH�IRU�WKH�VWRUHG�;0/�GDWD��EXW�RQO\�D�YLVXDO�TXHU\�

LQWHUIDFH��

)LQDOO\��WKH�UHSUHVHQWDWLRQ�RI�DOWHUQDWLYH�DQG�RSWLRQDO�HOHPHQWV�LQ��&KXQJ�HW�DO��������DUH�

XQLIRUPO\�KDQGOHG�DV�DQ�LQKHULWDQFH�SUREOHP��6SHFLILFDOO\��WKHUH�LV�RQH�VXSHUFODVV�IRU�WKH�HOHPHQW�WKDW�

FRQWDLQV�RSWLRQDO�DQG�DOWHUQDWLYH�HOHPHQWV�DQG�DV�PDQ\�VXEFODVVHV�DV�WKH�QXPEHU�RI�FRPELQDWLRQV�RI�

WKH�DOWHUQDWLYH�DQG�RSWLRQDO�HOHPHQWV��7KH�VXSHUFODVV�LV�DQ�DEVWUDFW�FODVV��L�H��LW�MXVW��KRVWV��WKH�

PDQGDWRU\�VXE�HOHPHQWV�RI�DQ�HOHPHQW��ZKLOH�WKH�VXEFODVVHV�LQKHULW�WKH�PDQGDWRU\�VWUXFWXUH�DQG�GHILQH�

DGGLWLRQDO��RSWLRQDO�DQG�DOWHUQDWLYH��VXE�HOHPHQWV��7KH�EDVLF�DGYDQWDJH�RI�XVLQJ�VXFK�D�PDSSLQJ�

VFKHPH�LV�WKDW��D��QXOO�YDOXHV�DUH�DYRLGHG�VLQFH�VXEFODVVHV�GR�QRW�KDYH�RSWLRQDO�DWWULEXWHV�IRU�RSWLRQDO�
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HOHPHQWV��DQG�E��TXHU\�SURFHVVLQJ�LV�HDVLO\�RSWLPL]HG�E\�WDUJHWLQJ�RQO\�WKH�VXEFODVV�WKDW�VDWLVILHV�WKH�

VWUXFWXUH�LPSOLHG�E\�WKH�TXHU\��

2QH�PDMRU�SUREOHP�ZLWK�WKH�LQKHULWDQFH�DSSURDFK�WR�DOWHUQDWLRQ�RI��&KXQJ�HW�DO��������LV�WKDW�LW�

SUHVHUYHV�RUGHULQJ�RI�HOHPHQWV�RQO\�XQGHU�VLPSOH�W\SHV�RI�DOWHUQDWLRQ��ZKLOH�LW�LV�XQFOHDU�ZKDW�KDSSHQV�

ZKHQ�WKH�FRPELQDWLRQ�RI�RSWLRQDOLW\�DQG�DOWHUQDWLRQ�LV�FRQVLGHUHG�IRU�WKH�VDPH�JURXS�RI�HOHPHQWV��)RU�

H[DPSOH��WKH�PHWKRG�FDQ�KDQGOH�D�GHFODUDWLRQ�OLNH�WKLV��D�!�E�F��G_H����ZKLOH�LW�LV�XQDEOH�WR�

KDQGOH�D�GHFODUDWLRQ�OLNH�WKH�IROORZLQJ��D�!�E�F��G_H����ZLWKRXW�ORRVLQJ�WKH�UHODWLYH�RUGHU�RI�G�

DQG�H�HOHPHQWV�LQ�DQ�;0/�GRFXPHQW��

4XHU\LQJ�;0/�GRFXPHQWV�XVLQJ�ORJLF�EDVHG�ODQJXDJHV�

/RJLF�KDV�EHHQ�XVHG�IRU�TXHU\LQJ�VHPL�VWUXFWXUHG�GRFXPHQWV��LQ�:HE/RJ��/DNVKPDQDQ��6DGUL��

	�6XEUDPDQLDQ��������IRU�+70/�GRFXPHQWV�DQG�LQ�)�/RJLF�)/25,'��/XGlVFKHU��+LPPHU|GHU��

/DXVHQ��0D\��	�6FKOHSSKRUVW��������DQG�;3DWK/RJ�/R3L[��0D\��������IRU�;0/�GDWD��$OO�WKHVH�

ODQJXDJHV�KDYH�D�V\QWD[�WKDW�LV�LQIOXHQFHG�E\�)�/RJLF��D�JUDSK�EDVHG�GDWD�PRGHO�DQG�DUH�HYDOXDWHG�E\�

ERWWRP�XS�HYDOXDWLRQ��VLPLODUO\�WR�;�'(9,&(��1RQH�RI�WKHP��KRZHYHU��VXSSRUWV�JHQHUDOL]HG�SDWK�

H[SUHVVLRQV��DOWHUQDWLRQ�RI�HOHPHQWV�DQG�QHJDWLRQ��IHDWXUHV�WKDW�DUH�RIIHUHG�E\�;�'(9,&(��)XUWKHUPRUH��

;�'(9,&(�RIIHUV��LQ�DGGLWLRQ��LQFUHPHQWDO�PDLQWHQDQFH�RI�PDWHULDOL]HG�YLHZV�ZKHQ�;0/�EDVH�GDWD�JHW�

XSGDWHG��

:HE/RJ�

:HE/RJ�LV�D�GHGXFWLYH�:HE�TXHU\LQJ�ODQJXDJH��VLPLODU�LQ�VSLULW�WR�'$7$/2*��RSHUDWLQJ�LQ�

DQ�LQWHJUDWHG�JUDSK�EDVHG�IUDPHZRUN��$OWKRXJK�LWV�V\QWD[�UHVHPEOHV�)�/RJLF��LW�LV�QRW�IXOO\�REMHFW�

RULHQWHG��1DYLJDWLRQ�DORQJ�K\SHUOLQNV�LV�SURYLGHG�E\�EXLOW�LQ�SUHGLFDWHV��EXW�QDYLJDWLRQ�LQ�WKH�IRUP�RI�

SDWK�H[SUHVVLRQV�LV�QRW�VXSSRUWHG��)XUWKHUPRUH��WKHUH�LV�QR�QRWLRQ�RI�JHQHUDOL]HG�SDWK�H[SUHVVLRQV��

,QVWHDG��UHFXUVLYH�'$7$/2*�OLNH�UXOHV�UHSODFH�UHJXODU�H[SUHVVLRQV�RYHU�DWWULEXWHV��DWWULEXWH�

YDULDEOHV��DQG�SDWK�YDULDEOHV��;�'(9,&(�RIIHUV�ERWK�UHJXODU�SDWK�H[SUHVVLRQV�DQG�JHQHUDOL]HG�SDWK�

H[SUHVVLRQV��L�H��SDWK�H[SUHVVLRQV�ZLWK�XQNQRZQ�QXPEHU�DQG�QDPHV�RI�LQWHUPHGLDWH�VWHSV��

)�/RJLF�;3DWK/RJ�

)�/RJLF�DQG�LWV�VXFFHVVRU�;3DWK/RJ�DUH�ORJLF�EDVHG�ODQJXDJHV�IRU�TXHU\LQJ�VHPL�VWUXFWXUHG�

GDWD��7KHLU�VHPDQWLFV�DUH�GHILQHG�E\�ERWWRP�XS�HYDOXDWLRQ��VLPLODUO\�WR�;�'(9,&(��KRZHYHU�QHJDWLRQ�

KDV�QRW�EHHQ�LPSOHPHQWHG��%RWK�ODQJXDJHV�FDQ�H[SUHVV�PXOWLSOH�YLHZV�RQ�;0/�GDWD��;3DWK/RJ��LQ�

DGGLWLRQ��FDQ�H[SRUW�WKH�YLHZ�LQ�WKH�IRUP�RI�DQ�;0/�GRFXPHQW��PXFK�OLNH�;�'(9,&(��+RZHYHU��QRQH�

RI�WKH�ODQJXDJHV�RIIHUV�LQFUHPHQWDO�PDLQWHQDQFH�RI�PDWHULDOL]HG�YLHZV�ZKHQ�;0/�EDVH�GDWD�JHW�

XSGDWHG��DV�;�'(9,&(�GRHV��

%RWK�)�/RJLF�DQG�;3DWK/RJ�DUH�EDVHG�RQ�D�JUDSK�GDWD�PRGHO��ZKLFK�FDQ�EH�FRQVLGHUHG�DV�D�

VFKHPD�OHVV�REMHFW�RULHQWHG��RU�UDWKHU�IUDPH�EDVHG��GDWD�PRGHO��+RZHYHU��DOWHUQDWLRQ�RI�HOHPHQWV�LV�

QRW�VXSSRUWHG��)XUWKHUPRUH��)�/RJLF�GRHV�QRW�SUHVHUYH�WKH�RUGHU�RI�;0/�HOHPHQWV��
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%RWK�ODQJXDJHV�VXSSRUW�SDWK�H[SUHVVLRQV�DQG�YDULDEOHV��;3DWK/RJ�LV�EDVHG�RQ�WKH�;3DWK�

ODQJXDJH�V\QWD[��:��&RQVRUWLXP��'HF�����G���7KH�PDLQ�DGYDQWDJH�RI�ERWK�ODQJXDJHV�LV�WKDW��VLPLODU�

WR�;�'(9,&(��WKH\�FDQ�KDYH�YDULDEOHV�LQ�WKH�SODFH�RI�HOHPHQW�DQG�RU�DWWULEXWH�QDPHV��DOORZLQJ�WKH�XVHU�

WR�TXHU\�ZLWKRXW�DQ�H[DFW�NQRZOHGJH�RI�WKH�XQGHUO\LQJ�VFKHPD��+RZHYHU��QRQH�RI�WKH�ODQJXDJHV�

VXSSRUWV�JHQHUDOL]HG�SDWK�H[SUHVVLRQV�WKDW�;�'(9,&(�GRHV��ZKLFK�FRPSURPLVHV�WKHLU�XVHIXOQHVV�DV�

VHPL�VWUXFWXUHG�TXHU\�ODQJXDJHV��

$�QRWLFHDEOH�IHDWXUH�RI�ERWK�ODQJXDJHV�LV�WKDW�WKH\�UHVROYH�,'5()�DWWULEXWHV��OLQNLQJ�WKHP�ZLWK�

WKH�2,'V�RI�REMHFW�HOHPHQWV�WKDW�FRQWDLQ�WKH�HTXLYDOHQW�,'�DWWULEXWH�YDOXHV��7KH�LPSOHPHQWDWLRQ�RI�

VXFK�D�IHDWXUH�UHTXLUHV�VWULFW�W\SLQJ�LQ�WKH�GRFXPHQW�VFKHPD��D�IHDWXUH�WKDW�'7'V�FXUUHQWO\�ODFN��EXW�

WKH�IRUWKFRPLQJ�;0/�6FKHPD��:��&RQVRUWLXP��0D\�������ZLOO�VXSSRUW��7KH�LPSOHPHQWDWLRQ�RI�WKLV�

IHDWXUH�ZLWK�RQO\�'7'�VWUXFWXULQJ�LQIRUPDWLRQ�UHTXLUHV�H[WUD�DOJRULWKPV�WKDW�DUH�RXWVLGH�WKH�VFRSH�RI�

WKH�EDVLF�PDSSLQJ�EHWZHHQ�WKH�;0/�DQG�REMHFW�RULHQWHG�PRGHOV��1HYHUWKHOHVV��WKLV�IHDWXUH�FDQ�EH�

HDVLO\�LPSOHPHQWHG�LQ�;�'(9,&(��

)LQDOO\��;3DWK/RJ�DOORZV�WKH�GHFODUDWLYH�GHILQLWLRQ�RI�XSGDWHV�LQ�;0/�GDWD��D�IHDWXUH�WKDW�

FRPHV�IRU�IUHH�LQ�;�'(9,&(�VLQFH�WKH�EDVLF�UXOH�ODQJXDJH�VXSSRUWV�PXOWLSOH�UXOH�W\SHV��%DVVLOLDGHV�HW�

DO����������VXFK�DV�GHGXFWLYH��SURGXFWLRQ��HYHQW�EDVHG�UXOHV�DQG�UXOHV�IRU�GHULYHG�DQG�DJJUHJDWH�

DWWULEXWHV��6SHFLILFDOO\��VLQFH�;0/�GDWD�DUH�VPRRWKO\�FDSWXUHG�LQ�WKH�REMHFW�RULHQWHG�GDWD�PRGHO��

GDWDEDVH�RSHUDWLRQV�IRU�REMHFWV�LPPHGLDWHO\�DSSO\�WR�;0/�GDWD��DV�ZHOO��)XUWKHUPRUH��QHZ�RSHUDWLRQV�

VSHFLILF�WR�WKH�WUHH�VWUXFWXUHG�QDWXUH�RI�;0/�FDQ�EH�VXSSRUWHG��+RZHYHU��XSGDWLQJ�RI�;0/�

GRFXPHQWV�ZLOO�QRW�EH�GLVFXVVHG�IXUWKHU��VLQFH�LW�LV�RXW�RI�WKH�VFRSH�RI�WKLV�FKDSWHU��

3L//R:�

;�'(9,&(�

85,�

'(9,&(�

3L//R:�

85,�

'(9,&(�

:HE�6HUYHU�

D�� E��

;0/�GRFXPHQW�

3DUVHG�;0/�GRFXPHQW�

22'%�FRPPDQGV�

5HVXOWV��;0/�GRFXPHQW��

5HVXOWV��;0/�GRFXPHQW
LQ�3URORJ�WHUPV�

5HVXOWV��;0/�GRFXPHQW��

;�'(9,&(�

22'%�4XHU\� 5HVXOWV��REMHFW�GDWD�

4XHU\�

�

)LJXUH����7KH�DUFKLWHFWXUH�RI�WKH�;�'(9,&(�V\VWHP��



8VLQJ�/RJLF� � ���

�

0DSSLQJ�;0/�'DWD�RQWR�WKH�2EMHFW�2ULHQWHG�'DWD�0RGHO�

7KH�;�'(9,&(�V\VWHP�LQFRUSRUDWHV�;0/�GRFXPHQWV�ZLWK�D�VFKHPD�GHVFULEHG�WKURXJK�D�'7'�

LQWR�DQ�REMHFW�RULHQWHG�GDWDEDVH��)LJXUH���VKRZV�WKH�DUFKLWHFWXUH�RI�WKH�V\VWHP��6SHFLILFDOO\��;0/�

GRFXPHQWV��LQFOXGLQJ�'7'�GHILQLWLRQV��DUH�IHG�LQWR�WKH�V\VWHP�WKURXJK�WKH�3L//R:�OLEUDU\��&DEH]D�	�

+HUPHQHJLOGR���������ZKLFK�SDUVHV�WKHP�DQG�WUDQVIRUPV�WKHP�LQWR�3URORJ�FRPSOH[�WHUPV��'7'�

GHILQLWLRQV�DUH�WUDQVODWHG�LQWR�DQ�REMHFW�GDWDEDVH�VFKHPD�WKDW�LQFOXGHV�FODVVHV�DQG�DWWULEXWHV��ZKLOH�

;0/�GDWD�DUH�WUDQVODWHG�LQWR�REMHFWV�RI�WKH�GDWDEDVH��*HQHUDWHG�FODVVHV�DQG�REMHFWV�DUH�VWRUHG�ZLWKLQ�

WKH�XQGHUO\LQJ�REMHFW�RULHQWHG�GDWDEDVH�$'$0��*UD\�HW�DO����������,W�PXVW�EH�QRWLFHG�WKDW�ZKHQ�DQ�

;0/�GRFXPHQW�ODFNV�D�'7'��WKHQ�ZH�FDQ�VDIHO\�DVVXPH�WKDW�RQH�RI�WKH�FRPPHUFLDO�;0/�HGLWRUV��

VXFK�DV�;0/�6S\��$OWRYD���FDQ�JHQHUDWH�D�'7'�IRU�WKH�;0/�GRFXPHQW��,Q�WKH�IXWXUH��ZH�ZLOO�LQFOXGH�

LQ�WKH�V\VWHP�D�'7'�LQGXFWLRQ�DOJRULWKP��

&RQFHUQLQJ�WKH�UHFHQWO\�SURSRVHG�;0/�4XHU\�'DWD�0RGHO��:��&RQVRUWLXP��'HF�����E���;�

'(9,&(�FXUUHQWO\�PDSV�D�VXEVHW�RI�WKH�PRGHO
V�QRGH�W\SHV��QDPHO\��GRFXPHQW��HOHPHQW��YDOXH��

DWWULEXWH��DQG�QRGH�UHIHUHQFH��7KHVH�QRGH�W\SHV�DUH�PDSSHG�RQWR�WKH�REMHFW�W\SHV�SUHVHQWHG�LQ�)LJXUH�

���7KH�PDSSLQJ�EHWZHHQ�D�'7'�DQG�WKH�REMHFW�RULHQWHG�GDWD�PRGHO�LV�GRQH�DV�IROORZV��

x� 7KH�GRFXPHQW�QRGH�W\SH�LV�UHSUHVHQWHG�E\�WKH�[POBGRF�FODVV�DQG�HDFK�GRFXPHQW�QRGH�LV�DQ�

LQVWDQFH�RI�WKLV�FODVV��7KH�DWWULEXWHV�RI�WKLV�FODVV�LQFOXGH�WKH�85,�UHIHUHQFH�RI�WKH�GRFXPHQW�DQG�

WKH�2,'V�RI�LWV�URRW�HOHPHQW�QRGHV��

x� (OHPHQW�QRGHV�DUH�UHSUHVHQWHG�DV�HLWKHU�REMHFW�DWWULEXWHV�RU�FODVVHV��0RUH�VSHFLILFDOO\��

¾�,I�DQ�HOHPHQW�QRGH�KDV�3&'$7$�FRQWHQW��ZLWKRXW�DQ\�DWWULEXWHV���LW�LV�UHSUHVHQWHG�DV�DQ�

DWWULEXWH�RI�WKH�FODVV�RI�LWV�SDUHQW�HOHPHQW�QRGH��7KH�QDPH�RI�WKH�DWWULEXWH�LV�WKH�VDPH�DV�WKH�

QDPH�RI�WKH�HOHPHQW�DQG�LWV�W\SH�LV�VWULQJ��

¾�,I�DQ�HOHPHQW�QRGH�KDV�HLWKHU�D��FKLOGUHQ�HOHPHQW�QRGHV��RU�E��DWWULEXWH�QRGHV��WKHQ�LW�LV�

UHSUHVHQWHG�DV�D�FODVV�WKDW�LV�DQ�LQVWDQFH�RI�WKH�[POBVHT�PHWD�FODVV��7KH�DWWULEXWHV�RI�WKH�FODVV�

LQFOXGH�ERWK�WKH�DWWULEXWHV�RI�WKH�HOHPHQW�DQG�WKH�FKLOGUHQ�HOHPHQW�QRGHV��7KH�W\SHV�RI�WKH�

DWWULEXWHV�RI�WKH�FODVV�DUH�GHWHUPLQHG�DV�IROORZV��

�� 6LPSOH�FKDUDFWHU�FKLOGUHQ�HOHPHQW�QRGHV�FRUUHVSRQG�WR�DWWULEXWHV�RI�VWULQJ�W\SH��

�� $WWULEXWH�QRGHV�FRUUHVSRQG�WR�DWWULEXWHV�RI�VWULQJ�W\SH��2I�FRXUVH��WKLV�LV�DQ�RYHU�

VLPSOLILFDWLRQ�EHFDXVH�WKH�VWULQJ�W\SH�LV�YHU\�EURDG��$FWXDOO\��HDFK�RI�WKH�GLIIHUHQW�DWWULEXWH�

W\SH�FDVHV�VKRXOG�EH�VRPHKRZ�PDLQWDLQHG�DQG�KDQGOHG�ZLWKLQ�WKH�22'%�PRGHO��+RZHYHU��

WKLV�FDQQRW�EH�GRQH�HDVLO\�ZLWKLQ�WKH�'7'�IUDPHZRUN��VLQFH�'7'V�GR�QRW�SURYLGH�W\SLQJ�

LQIRUPDWLRQ��)XUWKHUPRUH��W\SLQJ�LQIRUPDWLRQ�LV�LPSRUWDQW�RQO\�IRU�XSGDWLQJ�WKH�;0/�

GRFXPHQW�DQG�QRW�IRU�MXVW�LQVHUWLQJ�LW�LQWR�WKH�22'%�DQG�TXHU\LQJ�LW��EHFDXVH�LW�FDQ�EH�

DVVXPHG�WKDW�DQ�;0/�YDOLGDWRU�KDV�DOUHDG\�WDNHQ�FDUH�RI�W\SLQJ�DQG�ZHOO�IRUPGQHVV�

GHWDLOV��

�� &KLOGUHQ�HOHPHQWV�WKDW�DUH�UHSUHVHQWHG�DV�REMHFWV�FRUUHVSRQG�WR�REMHFW�UHIHUHQFH�DWWULEXWHV��
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�� 6SHFLDO�WUHDWPHQW�QHHGV�WKH�FDVH�ZKHQ�WKH�FRQWHQW�RI�DQ�HOHPHQW�LV�MXVW�3&'$7$��EXW�WKH�

HOHPHQW�KDV�DWWULEXWHV��,Q�WKLV�FDVH��WKH�HOHPHQW�LV�UHSUHVHQWHG�DV�D�FODVV��WKH�HOHPHQW�

DWWULEXWHV�DV�FODVV�DWWULEXWHV��DQG�WKH�HOHPHQW�FRQWHQW�DV�D�VWULQJ�DWWULEXWH�FDOOHG�FRQWHQW��

FODVV�[POBGRF�
� DWWULEXWHV�
� � XUL� � � � �VWULQJ��VLQJOH��PDQGDWRU\��
� � FKLOGUHQ� � �[POBHOHP��OLVW��PDQGDWRU\��
FODVV�[POBHOHP�
� DWWULEXWHV�
� � DOLDV� � � �DWWULEXWH�[POBHOHP��VHW��RSWLRQDO��
� � HPSW\� � � �DWWULEXWH��VHW��RSWLRQDO��
FODVV�[POBVHT�
� LVBD�� � � � [POBHOHP�
� DWWULEXWHV�
� � HOHPBRUG� � �DWWULEXWH��OLVW��RSWLRQDO��
� � DWWBOVW�� � �DWWULEXWH��VHW��RSWLRQDO��
FODVV�[POBDOW�
� LVBD�� � � � [POBHOHP�

)LJXUH����;�'(9,&(�REMHFW�W\SHV�IRU�PDSSLQJ�;0/�GRFXPHQWV��

x� 9DOXH�QRGHV�DUH�UHSUHVHQWHG�E\�WKH�YDOXHV�RI�WKH�REMHFW�DWWULEXWHV��&XUUHQWO\��RQO\�VWULQJV�DQG�

REMHFW�UHIHUHQFHV�DUH�VXSSRUWHG�VLQFH�'7'V�GR�QRW�VXSSRUW�GDWD�W\SHV��:KHQ�;0/�6FKHPD�ZLOO�EH�

VXSSRUWHG�E\�;�'(9,&(��WKH�SULPLWLYH�GDWD�W\SHV�RI�WKH�22'%�GDWD�PRGHO�ZLOO�EH�XWLOL]HG��

x� $WWULEXWH�QRGHV�DUH�UHSUHVHQWHG�DV�REMHFW�DWWULEXWHV��)RU�WKH�W\SHV�RI�WKH�DWWULEXWHV��WKH�VWDWXV�LV�WKH�

VDPH�DV�IRU�WKH�YDOXH�QRGHV��$WWULEXWHV�DUH�GLVWLQJXLVKHG�IURP�FKLOGUHQ�HOHPHQWV�WKURXJK�WKH�

DWWBOVW�PHWD�DWWULEXWH��

x� 1RGH�UHIHUHQFHV�DUH�UHSUHVHQWHG�DV�REMHFW�UHIHUHQFHV��

)LJXUH���VKRZV�DQ�;0/�GRFXPHQW�WKDW�FRQIRUPV�WR�WKH�75((�FDVH�'7'��)LJXUH����DQG�)LJXUH�

��VKRZV�KRZ�WKLV�GRFXPHQW�LV�VWRUHG�LQ�;�'(9,&(�DV�D�VHW�RI�REMHFWV��ZKHUHDV�WKH�FODVV�VFKHPD�LV�

VKRZQ�LQ�)LJXUH����1RWLFH�WKDW�ZKHQ�D�QHZ�HOHPHQW�REMHFW�KDV�H[DFWO\�WKH�VDPH�VHW�RI�DWWULEXWH�YDOXHV�

ZLWK�DQ�H[LVWLQJ�REMHFW��H�J��REMHFWV���DXWKRU����ERRNBDOW����WKHQ�LW�LV�QRW�UH�FUHDWHG�IRU�VSDFH�

HIILFLHQF\��0RUH�H[DPSOHV�RI�22'%�VFKHPDWD�WKDW�DUH�JHQHUDWHG�XVLQJ�RXU�PDSSLQJ�VFKHPH�FDQ�EH�

IRXQG�LQ��;�'(9,&(�:HE�VLWH���

7KHUH�DUH�PRUH�LVVXHV�WKDW�D�FRPSOHWH�PDSSLQJ�VFKHPH�QHHGV�WR�DGGUHVV��H[FHSW�IRU�WKH�DERYH�

PDSSLQJ�UXOHV��)LUVW��HOHPHQWV�LQ�D�'7'�FDQ�EH�FRPELQHG�WKURXJK�HLWKHU�VHTXHQFLQJ�RU�DOWHUQDWLRQ��

6HTXHQFLQJ�PHDQV�WKDW�D�FHUWDLQ�HOHPHQW�PXVW�LQFOXGH�DOO�WKH�VSHFLILHG�FKLOGUHQ�HOHPHQWV�ZLWK�D�

VSHFLILHG�RUGHU��7KLV�LV�KDQGOHG�E\�WKH�DERYH�PDSSLQJ�VFKHPH�WKURXJK�WKH�H[LVWHQFH�RI�PXOWLSOH�

DWWULEXWHV�LQ�WKH�FODVV�WKDW�UHSUHVHQWV�WKH�SDUHQW�HOHPHQW��HDFK�IRU�HDFK�FKLOG�HOHPHQW�RI�WKH�VHTXHQFH��

7KH�RUGHU�LV�KDQGOHG�RXWVLGH�WKH�VWDQGDUG�22'%�PRGHO�E\�SURYLGLQJ�D�PHWD�DWWULEXWH��HOHPBRUG��

WKDW�VSHFLILHV�WKH�FRUUHFW�RUGHULQJ�RI�WKH�FKLOGUHQ�HOHPHQWV��7KLV�PHWD�DWWULEXWH�LV�XVHG�ZKHQ��HLWKHU�

ZKROH�RU�D�SDUW�RI��WKH�RULJLQDO�;0/�GRFXPHQW�LV�UHFRQVWUXFWHG�DQG�UHWXUQHG�WR�WKH�XVHU��7KH�TXHU\�

ODQJXDJH�DOVR�XVHV�LW��DV�LW�ZLOO�EH�VKRZQ�ODWHU��
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��(/(0(17�ERRN��WLWOH��DXWKRU���VHFWLRQ��!�
��(/(0(17�WLWOH���3&'$7$�!�
��(/(0(17�DXWKRU���3&'$7$�!�
��(/(0(17�VHFWLRQ��WLWOH���S�_�ILJXUH�_�VHFWLRQ���!�
� ��$77/,67�VHFWLRQ� � LG�� � � � ,'�� � �,03/,('�
� � � � � � � � � � GLIILFXOW\� &'$7$� �,03/,('!�
��(/(0(17�S���3&'$7$�!�
��(/(0(17�ILJXUH��WLWOH��LPDJH�!�
� ��$77/,67�ILJXUH�� � ZLGWK� � � &'$7$� �5(48,5('�
� � � � � � � � � � KHLJKW�� � &'$7$� �5(48,5('!�
��(/(0(17�LPDJH�(037<!�
� ��$77/,67�LPDJH� � � VRXUFH�� � &'$7$� �5(48,5('!�

)LJXUH����7KH�'7'�RI�WKH�75((�FDVH��

[POBVHT�ERRN�
� DWWULEXWHV�
� � WLWOH� � � � �VWULQJ��VLQJOH��PDQGDWRU\��
� � DXWKRU�� � � �VWULQJ��OLVW��PDQGDWRU\��
� � VHFWLRQ�� � � �VHFWLRQ��OLVW��PDQGDWRU\��
� PHWDBDWWULEXWHV�
� � HOHPBRUG� � � >WLWOH��DXWKRU��VHFWLRQ@�
[POBVHT�VHFWLRQ�
� DWWULEXWHV�
� � WLWOH� � � � �VWULQJ��VLQJOH��PDQGDWRU\��
� � VHFWLRQBDOW�� �VHFWLRQBDOW���OLVW��RSWLRQDO��
� � LG�� � � � � �VWULQJ��VLQJOH��RSWLRQDO��
� � GLIILFXOW\� � �VWULQJ��VLQJOH��RSWLRQDO��
� PHWDBDWWULEXWHV�
� � HOHPBRUG� � � >WLWOH��VHFWLRQBDOW�@�
� � DWWBOVW�� � � >LG��GLIILFXOW\@�
� � DOLDV� � � � >S�VHFWLRQBDOW���ILJXUH�VHFWLRQBDOW��VHFWLRQ�
VHFWLRQBDOW�@�
[POBDOW�VHFWLRQBDOW��
� DWWULEXWHV�
� � S� � � � � � �VWULQJ��VLQJOH��RSWLRQDO��
� � ILJXUH�� � � �ILJXUH��VLQJOH��RSWLRQDO��
� � VHFWLRQ�� � � �VHFWLRQ��VLQJOH��RSWLRQDO��
[POBVHT�ILJXUH�
� DWWULEXWHV�
� � WLWOH� � � � �VWULQJ��VLQJOH��PDQGDWRU\��
� � LPDJH� � � � �LPDJH��VLQJOH��PDQGDWRU\��
� � ZLGWK� � � � �VWULQJ��VLQJOH��PDQGDWRU\��
� � KHLJKW�� � � �VWULQJ��VLQJOH��PDQGDWRU\��
� PHWDBDWWULEXWHV�
� � HOHPBRUG� � � >WLWOH��LPDJH@�
� � DWWBOVW�� � � >ZLGWK��KHLJKW@�
[POBVHT�LPDJH�
� DWWULEXWHV�
� � VRXUFH�� � � �VWULQJ��VLQJOH��PDQGDWRU\��
� PHWDBDWWULEXWHV�
� � DWWBOVW�� � � >VRXUFH@�

)LJXUH����7KH�;�'(9,&(�FODVV�VFKHPD�IRU�WKH�75((�FDVH��

2Q�WKH�RWKHU�KDQG��DOWHUQDWLRQ�PHDQV�WKDW�DQ\�RI�WKH�VSHFLILHG�FKLOGUHQ�HOHPHQWV�FDQ�EH�

LQFOXGHG�LQ�WKH�SDUHQW�HOHPHQW��$OWHUQDWLRQ�LV�DOVR�KDQGOHG�RXWVLGH�WKH�VWDQGDUG�22'%�PRGHO�E\�

FUHDWLQJ�D�QHZ�FODVV�IRU�HDFK�DOWHUQDWLRQ�RI�HOHPHQWV��ZKLFK�LV�DQ�LQVWDQFH�RI�WKH�[POBDOW�PHWD�FODVV�
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DQG�LW�LV�JLYHQ�D�V\VWHP�JHQHUDWHG�XQLTXH�QDPH��7KH�DWWULEXWHV�RI�WKLV�FODVV�DUH�GHWHUPLQHG�E\�WKH�

HOHPHQWV�WKDW�SDUWLFLSDWH�LQ�WKH�DOWHUQDWLRQ��7KH�W\SHV�RI�WKH�DWWULEXWHV�DUH�GHWHUPLQHG�DV�LQ�WKH�

VHTXHQFLQJ�FDVH��7KH�VWUXFWXUH�RI�DQ�DOWHUQDWLRQ�FODVV�PD\�VHHP�VLPLODU�WR�D�VHTXHQFLQJ�FODVV��KRZHYHU�

WKH�EHKDYLRU�RI�DOWHUQDWLRQ�REMHFWV�LV�GLIIHUHQW��EHFDXVH�WKH\�PXVW�KDYH�D�YDOXH�IRU�H[DFWO\�RQH�RI�WKH�

DWWULEXWHV�VSHFLILHG�LQ�WKH�FODVV��)LJXUH�����

�ELE!�
� �ERRN�\HDU ������!�
� � �WLWOH!7&3�,3�,OOXVWUDWHG��WLWOH!�
� � � �DXWKRU!�ODVW!6WHYHQV��ODVW!�ILUVW!:���ILUVW!��DXWKRU!�
� � � �SXEOLVKHU!$GGLVRQ�:HVOH\��SXEOLVKHU!�
� � � �SULFH!��������SULFH!�
� ��ERRN!�
� �ERRN�\HDU ������!�
� � �WLWOH!$GYDQFHG�3URJUDPPLQJ�LQ�WKH�8QL[�HQYLURQPHQW��WLWOH!�
� � �DXWKRU!�ODVW!6WHYHQV��ODVW!�ILUVW!:���ILUVW!��DXWKRU!�
� � �SXEOLVKHU!$GGLVRQ�:HVOH\��SXEOLVKHU!�
� � �SULFH!�������SULFH!�
� ��ERRN!�
� �ERRN�\HDU ������!�
� � �WLWOH!'DWD�RQ�WKH�:HE��WLWOH!�
� � �DXWKRU!�ODVW!$ELWHERXO��ODVW!�ILUVW!6HUJH��ILUVW!��DXWKRU!�
� � �DXWKRU!�ODVW!%XQHPDQ��ODVW!�ILUVW!3HWHU��ILUVW!��DXWKRU!�
� � �DXWKRU!�ODVW!6XFLX��ODVW!�ILUVW!'DQ��ILUVW!��DXWKRU!�
� � �SXEOLVKHU!0RUJDQ�.DXIPDQQ�3XEOLVKHUV��SXEOLVKHU!�
� � �SULFH!��������SULFH!�
� ��ERRN!�
� �ERRN�\HDU ������!�
� � �WLWOH!7KH�(FRQRPLFV�RI�7HFKQRORJ\�DQG�&RQWHQW�IRU�'LJLWDO�79��WLWOH!�
� � �HGLWRU!�
� � � �ODVW!*HUEDUJ��ODVW!�ILUVW!'DUF\��ILUVW!�
� � � �DIILOLDWLRQ!&,7,��DIILOLDWLRQ!�
� � ��HGLWRU!�
� � �SXEOLVKHU!.OXZHU�$FDGHPLF�3XEOLVKHUV��SXEOLVKHU!�
� � �SULFH!��������SULFH!�
� ��ERRN!�
��ELE!�

)LJXUH����$�VDPSOH�;0/�GRFXPHQW�FRQIRUPLQJ�WR�WKH�75((�FDVH�'7'��

7KH�DOWHUQDWLRQ�FODVV�LV�DOZD\V�HQFDSVXODWHG�LQ�D�SDUHQW�HOHPHQW��7KH�SDUHQW�HOHPHQW�FODVV�KDV�

DQ�DWWULEXWH�ZLWK�WKH�V\VWHP�JHQHUDWHG�QDPH�RI�WKH�DOWHUQDWLRQ�FODVV��ZKLFK�VKRXOG�EH�KLGGHQ�IURP�WKH�

XVHU�IRU�TXHU\LQJ�WKH�FODVV��7KHUHIRUH��D�PHWD�DWWULEXWH��DOLDV��LV�SURYLGHG�ZLWK�WKH�DOLDVHV�RI�WKLV�

V\VWHP�JHQHUDWHG�DWWULEXWH��L�H��WKH�QDPHV�RI�WKH�DWWULEXWHV�RI�WKH�DOWHUQDWLQJ�FODVV��

0L[HG�FRQWHQW�HOHPHQWV�DUH�KDQGOHG�VLPLODUO\�WR�DOWHUQDWLRQ�RI�HOHPHQWV��7KH�RQO\�GLIIHUHQFH�LV�

WKDW�RQH�RI�WKH�DOWHUQDWLYH�FKLOGUHQ�HOHPHQWV�FDQ�DOVR�EH�SODLQ�WH[W��3&'$7$���ZKLFK�LV�KDQGOHG�E\�

FUHDWLQJ�D�VWULQJ�DWWULEXWH�RI�WKH�DOWHUQDWLRQ�FODVV��FDOOHG�FRQWHQW��

$QRWKHU�LVVXH�WKDW�PXVW�EH�DGGUHVVHG�LV�WKH�PDSSLQJ�RI�WKH�RFFXUUHQFH�RSHUDWRUV�IRU�HOHPHQWV��

VHTXHQFHV�DQG�DOWHUQDWLRQV��0RUH�VSHFLILFDOO\��WKHVH�RSHUDWRUV�DUH�KDQGOHG�DV�IROORZV��

x� 7KH��VWDU��V\PERO����DIWHU�D�FKLOG�HOHPHQW�FDXVHV�WKH�FRUUHVSRQGLQJ�DWWULEXWH�RI�WKH�SDUHQW�

HOHPHQW�FODVV�WR�EH�GHFODUHG�DV�DQ�RSWLRQDO��PXOWL�YDOXHG�DWWULEXWH��
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x� 7KH��FURVV��V\PERO�����DIWHU�D�FKLOG�HOHPHQW�FDXVHV�WKH�FRUUHVSRQGLQJ�DWWULEXWH�RI�WKH�SDUHQW�

HOHPHQW�FODVV�WR�EH�GHFODUHG�DV�D�PDQGDWRU\��PXOWL�YDOXHG�DWWULEXWH��

x� 7KH�TXHVWLRQ�PDUN��"��DIWHU�D�FKLOG�HOHPHQW�FDXVHV�WKH�FRUUHVSRQGLQJ�DWWULEXWH�RI�WKH�SDUHQW�

HOHPHQW�FODVV�WR�EH�GHFODUHG�DV�DQ�RSWLRQDO��VLQJOH�YDOXHG�DWWULEXWH��

REMHFW�� � � ���ELE�
� LQVWDQFH� � ELE�
� DWWULEXWHV�
� � ERRN�� >���ERRN����ERRN����ERRN@�

�

REMHFW�� � � ���ERRN�
� LQVWDQFH� � ERRN�
� DWWULEXWHV�
� � \HDU�� � 
����
�
� � WLWOH� � 
7&3�,3�,OOXVWUDWHG�
� � ERRNBDOW��>��ERRNBDOW�@�
� � SXEOLVKHU�
$GGLVRQ�:HVOH\
�
� � SULFH� � 
�����
�

REMHFW�� � � ���ERRN�
� LQVWDQFH� � ERRN�
� DWWULEXWHV�
� � \HDU�� � 
����
�
� � WLWOH� � 
$GYDQFHG�3URJUDPPLQJ��
� � � � � � �LQ�WKH�8QL[��
� � � � � � �HQYLURQPHQW
�
� � ERRNBDOW��� >��ERRNBDOW�@�
� � SXEOLVKHU�� 
$GGLVRQ�:HVOH\
�
� � SULFH� � � 
�����
�

REMHFW�� � ���ERRN�
� LQVWDQFH� � ERRN�
� DWWULEXWHV�
� � \HDU�� � � 
����
�
� � WLWOH� � � 
'DWD�RQ�WKH�:HE
�
� � ERRNBDOW��� >��ERRNBDOW���
� � � � � � � ���ERRNBDOW���
� � � � � � � ���ERRNBDOW�@�
� � SXEOLVKHU�� 
0RUJDQ�.DXIPDQQ��
� � � � � � � �3XEOLVKHUV
�
� � SULFH� � � 
�����
�

REMHFW�� � ���ERRN�
� LQVWDQFH� � ERRN�
� DWWULEXWHV�
� � \HDU�� � � 
����
�
� � WLWOH� � � 
7KH�(FRQRPLFV�RI��
� � � � � � � �7HFKQRORJ\�DQG��
� � � � � � � �&RQWHQW�IRU��
� � � � � � � �'LJLWDO�79
�
� � ERRNBDOW��� >��ERRNBDOW�@�
� � SXEOLVKHU�� 
.OXZHU�$FDGHPLF��
� � � � � � � �3XEOLVKHUV
�
� � SULFH� � � 
������
�

REMHFW�� � � ��ERRNBDOW��� � � � � � REMHFW�� � � � ��DXWKRU�
� LQVWDQFH� � ERRNBDOW��� � � � � � � � LQVWDQFH� � � DXWKRU�
� DWWULEXWHV� � � � � � � � � � � � � DWWULEXWHV�
� � DXWKRU�� ��DXWKRU� � � � � � � � � � ODVW�� � � 
6WHYHQV
�
� � HGLWRU�� ��� � � � � � � � � � � � ILUVW� � � 
:�
�
REMHFW�� � � ��ERRNBDOW��� � � � � � REMHFW�� � � � ��DXWKRU�
� LQVWDQFH� � ERRNBDOW��� � � � � � � � LQVWDQFH� � � DXWKRU�
� DWWULEXWHV� � � � � � � � � � � � � DWWULEXWHV�
� � DXWKRU�� ��DXWKRU� � � � � � � � � � ODVW�� � � 
$ELWHERXO
�
� � HGLWRU�� ��� � � � � � � � � � � � ILUVW� � � 
6HUJH
�
REMHFW�� � � ��ERRNBDOW��� � � � � � REMHFW�� � � � ��DXWKRU�
� LQVWDQFH� � ERRNBDOW��� � � � � � � � LQVWDQFH� � � DXWKRU�
� DWWULEXWHV� � � � � � � � � � � � � DWWULEXWHV�
� � DXWKRU�� ��DXWKRU� � � � � � � � � � ODVW�� � � 
%XQHPDQ
�
� � HGLWRU�� ��� � � � � � � � � � � � ILUVW� � � 
3HWHU
�
REMHFW�� � � ��ERRNBDOW��� � � � � � REMHFW�� � � � ��DXWKRU�
� LQVWDQFH� � ERRNBDOW��� � � � � � � � LQVWDQFH� � � DXWKRU�
� DWWULEXWHV� � � � � � � � � � � � � DWWULEXWHV�
� � DXWKRU�� ��DXWKRU� � � � � � � � � � ODVW�� � � 
6XFLX
�
� � HGLWRU�� ��� � � � � � � � � � � � ILUVW� � � 
'DQ
�
REMHFW�� � � ��ERRNBDOW��� � � � � � REMHFW�� � � � ��HGLWRU�
� LQVWDQFH� � ERRNBDOW��� � � � � � � � LQVWDQFH� � � HGLWRU�
� DWWULEXWHV� � � � � � � � � � � � � DWWULEXWHV�
� � DXWKRU�� ��� � � � � � � � � � � � ODVW�� � � 
*HUEDUJ
�
� � HGLWRU�� ��HGLWRU��� � � � � � � � � ILUVW� � � 
'DUF\
�
� � � � � � � � � � � � � � � � � � � DIILOLDWLRQ�
&,7,
�

)LJXUH����;�'(9,&(�UHSUHVHQWDWLRQ�IRU�WKH�;0/�GRFXPHQW�LQ�)LJXUH����
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x� )LQDOO\��WKH�DEVHQFH�RI�DQ\�V\PERO�PHDQV�WKDW�WKH�FRUUHVSRQGLQJ�DWWULEXWH�VKRXOG�EH�GHFODUHG�DV�D�

PDQGDWRU\��VLQJOH�YDOXHG�DWWULEXWH��

7KH�RUGHU�RI�FKLOGUHQ�HOHPHQW�RFFXUUHQFHV�LV�LPSRUWDQW�IRU�;0/�GRFXPHQWV��WKHUHIRUH�WKH�

PXOWL�YDOXHG�DWWULEXWHV�DUH�LPSOHPHQWHG�DV�OLVWV�DQG�QRW�DV�VHWV���

7KH�FRPELQDWLRQ�RI�RFFXUUHQFH�RSHUDWRUV�DQG�HQFDSVXODWHG�VHTXHQFHV�RI�FKLOGUHQ�HOHPHQWV�

FDOOV�IRU�VSHFLDO�WUHDWPHQW��)RU�H[DPSOH��FRQVLGHU�WKH�IROORZLQJ�'7'�GHFODUDWLRQ��

��(/(0(17��D���E���F��G���H�!�

7KH�VHTXHQFH��F��G��FDQ�DSSHDU�PXOWLSOH�WLPHV�LQVLGH�WKH�HOHPHQW�D��+RZHYHU��WKH�VWUXFWXUH�RI�D�

FODVV�LV�RQO\�ILQLWH��7KLV�FDVH�LV�KDQGOHG�E\�D�V\VWHP�JHQHUDWHG�VHTXHQFLQJ�FODVV�WKDW�LQFOXGHV�WKH�

HQFDSVXODWHG�HOHPHQWV�F�DQG�G��7KH�V\VWHP�JHQHUDWHG�XQLTXH�QDPH�RI�WKLV�FODVV�LV�DOVR�WKH�QDPH�RI�WKH�

DWWULEXWH�RI�WKH�SDUHQW�HOHPHQW�FODVV��)LQDOO\��D�PHWD�DWWULEXWH�ZLWK�WKH�DOLDVHV�IRU�WKH�V\VWHP�JHQHUDWHG�

QDPH�H[LVWV��DV�LW�LV�WKH�FDVH�IRU�HQFDSVXODWHG�DOWHUQDWLQJ�FKLOGUHQ�HOHPHQWV��VHH�DERYH���

(PSW\�HOHPHQWV�DUH�WUHDWHG�LQ�WKH�IUDPHZRUN�GHVFULEHG�DERYH��GHSHQGLQJ�RQ�WKHLU�LQWHUQDO�

VWUXFWXUH��,I�DQ�HPSW\�HOHPHQW�GRHV�QRW�KDYH�DWWULEXWHV��WKHQ�LW�LV�WUHDWHG�DV�D�3&'$7$�HOHPHQW��L�H��LW�

LV�PDSSHG�RQWR�D�VWULQJ�DWWULEXWH�RI�WKH�SDUHQW�HOHPHQW�FODVV��7KH�RQO\�YDOXH�WKDW�WKLV�DWWULEXWH�FDQ�WDNH�

LV�\HV��LI�WKH�HPSW\�HOHPHQW�LV�SUHVHQW��,I�WKH�HPSW\�HOHPHQW�LV�DEVHQW�WKHQ�WKH�FRUUHVSRQGLQJ�DWWULEXWH�

GRHV�QRW�KDYH�D�YDOXH��2Q�WKH�RWKHU�KDQG��LI�DQ�HPSW\�HOHPHQW�KDV�DWWULEXWHV��WKHQ�LV�UHSUHVHQWHG�E\�D�

FODVV��)LQDOO\��XQVWUXFWXUHG�HOHPHQWV�WKDW�KDYH�FRQWHQW�$1<�DUH�QRW�FXUUHQWO\�WUHDWHG�E\�;�'(9,&(��

7KH�;�'(9,&(�'HGXFWLYH�4XHU\�/DQJXDJH�

8VHUV�FDQ�TXHU\�WKH�VWRUHG�;0/�GRFXPHQWV�XVLQJ�;�'(9,&(��E\��D��VXEPLWWLQJ�WKH�TXHU\�

WKURXJK�DQ�+70/�IRUP��E��VXEPLWWLQJ�DQ�;0/�GRFXPHQW�WKDW�HQFDSVXODWHV�WKH�;�'(9,&(�TXHU\�DV�D�

VWULQJ��RU�F��HQWHULQJ�WKH�TXHU\�GLUHFWO\�LQ�WKH�WH[W�EDVHG�3URORJ�HQYLURQPHQW��,Q�DQ\�RI�WKH�DERYH�

ZD\V��WKH�;�'(9,&(�TXHU\�LV�ILQDOO\�IRUZDUGHG�WR�WKH�;�'(9,&(�TXHU\�SURFHVVRU��ZKLFK�WUDQVODWHV�LW�

LQWR�WKH�ILUVW�RUGHU�ODQJXDJH�RI�'(9,&(��)LJXUH�����7KH�ODWWHU�H[HFXWHV�WKH�TXHU\�DQG�UHWXUQV�WKH�UHVXOWV�

WR�WKH�;�'(9,&(�FRPSRQHQW��7KH�UHVXOWV�DUH�WKHQ�WUDQVIRUPHG�LQWR�3URORJ�WHUPV�WKDW�UHSUHVHQW�;0/�

GDWD��7KHVH�GDWD�VWUXFWXUHV�DUH�IHG�LQWR�WKH�3L//R:�OLEUDU\��ZKLFK�UHWXUQV�WKHP�WR�WKH�XVHU�LQ�WKH�IRUP�

RI�DQ�;0/�GRFXPHQW��

,Q�WKLV�VHFWLRQ��ZH�LQLWLDOO\�JLYH�D�EULHI�RYHUYLHZ�RI�WKH�'(9,&(�GHGXFWLYH�UXOH�ODQJXDJH��ZKLFK�

VHUYHV�DV�WKH�EDVLV�IRU�TXHU\LQJ�WKH�VWRUHG�;0/�GDWD��0RUH�GHWDLOV�DERXW�'(9,&(�FDQ�EH�IRXQG�LQ�

�%DVVLOLDGHV�HW�DO���������%DVVLOLDGHV��9ODKDYDV��(OPDJDUPLG��	�+RXVWLV���������

7KH�%DVLF�'HGXFWLYH�4XHU\�/DQJXDJH�RI�'(9,&(�

7KH�V\QWD[�IRU�;�'(9,&(�GHGXFWLYH�UXOHV�LV�JLYHQ�LQ�WKH�$SSHQGL[��5XOHV�DUH�FRPSRVHG�RI�

FRQGLWLRQ�DQG�FRQFOXVLRQ��ZKHUHDV�WKH�FRQGLWLRQ�GHILQHV�D�SDWWHUQ�RI�REMHFWV�WR�EH�PDWFKHG�RYHU�WKH�

GDWDEDVH�DQG�WKH�FRQFOXVLRQ�LV�D�GHULYHG�FODVV�WHPSODWH�WKDW�GHILQHV�WKH�REMHFWV�WKDW�VKRXOG�EH�LQ�WKH�
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GDWDEDVH�ZKHQ�WKH�FRQGLWLRQ�LV�WUXH��7KH�IROORZLQJ�UXOH�GHILQHV�WKDW�DQ�REMHFW�ZLWK�DWWULEXWH�HQG <�

H[LVWV�LQ�FODVV�SDWKBIURPBRQH�LI�WKHUH�LV�DQ�REMHFW�ZLWK�2,'�$�LQ�FODVV�DUF�ZLWK�DWWULEXWHV�VWDUW ���

HQG <��

LI�$#DUF�VWDUW ��HQG�<���
WKHQ�SDWKBIURPBRQH�HQG�<��

&ODVV�SDWKBIURPBRQH�LV�D�GHULYHG�FODVV��L�H��D�FODVV�ZKRVH�LQVWDQFHV�DUH�GHULYHG�IURP�

GHGXFWLYH�UXOHV��2QO\�RQH�GHULYHG�FODVV�WHPSODWH�LV�DOORZHG�DW�WKH�7+(1�SDUW��KHDG��RI�D�GHGXFWLYH�

UXOH��+RZHYHU��WKHUH�FDQ�H[LVW�PDQ\�UXOHV�ZLWK�WKH�VDPH�GHULYHG�FODVV�DW�WKH�KHDG��7KH�ILQDO�VHW�RI�

GHULYHG�REMHFWV�LV�D�XQLRQ�RI�WKH�REMHFWV�GHULYHG�E\�WKH�WZR�UXOHV��)RU�H[DPSOH��WKH�WUDQVLWLYH�FORVXUH�RI�

WKH�VHW�RI�QRGHV�UHDFKDEOH�IURP�QRGH���LV�FRPSOHWHG�ZLWK�WKH�IROORZLQJ��UHFXUVLYH��UXOH��

LI�3#SDWKBIURPBRQH�HQG�<��DQG��
���$#DUF�VWDUW�<�HQG�=? ���
WKHQ�SDWKBIURPBRQH�HQG�=��

7KH�V\QWD[�RI�WKH�EDVLF�'(9,&(�UXOH�ODQJXDJH�LV�ILUVW�RUGHU��9DULDEOHV�FDQ�DSSHDU�LQ�IURQW�RI�

FODVV�QDPHV��H�J��3��$���GHQRWLQJ�2,'V�RI�LQVWDQFHV�RI�WKH�FODVV��DQG�LQVLGH�WKH�EUDFNHWV��H�J��<��=���

GHQRWLQJ�DWWULEXWH�YDOXHV��L�H��REMHFW�UHIHUHQFHV�DQG�VLPSOH�YDOXHV��VXFK�DV�LQWHJHUV��VWULQJV��HWF���

&RQGLWLRQV�DOVR�FDQ�FRQWDLQ�FRPSDULVRQV�EHWZHHQ�DWWULEXWH�YDOXHV��FRQVWDQWV�DQG�YDULDEOHV��H�J��

HQG�=? ����1HJDWLRQ�LV�DOVR�DOORZHG�LI�UXOHV�DUH�VDIH��L�H��YDULDEOHV�WKDW�DSSHDU�LQ�WKH�FRQFOXVLRQ�PXVW�

DOVR�DSSHDU�DW�OHDVW�RQFH�LQVLGH�D�QRQ�QHJDWHG�FRQGLWLRQ��

$�TXHU\�LV�H[HFXWHG�LQ�'(9,&(�E\�VXEPLWWLQJ�WKH�VHW�RI�VWUDWLILHG�UXOHV��RU�ORJLF�SURJUDP��WR�

WKH�V\VWHP��ZKLFK�WUDQVODWHV�WKHP�LQWR�DFWLYH�UXOHV�DQG�DFWLYDWHV�WKH�EDVLF�HYHQWV�WR�GHWHFW�FKDQJHV�DW�

EDVH�GDWD��'DWD�WKHQ�DUH�IRUZDUGHG�WR�WKH�UXOH�SURFHVVRU�WKURXJK�D�GLVFULPLQDWLRQ�QHWZRUN��PXFK�DOLNH�

LQ�D�SURGXFWLRQ�V\VWHP�IDVKLRQ���5XOHV�DUH�H[HFXWHG�ZLWK�IL[SRLQW�VHPDQWLFV��VHPL�QDLYH�HYDOXDWLRQ���

L�H��UXOH�SURFHVVLQJ�WHUPLQDWHV�ZKHQ�QR�PRUH�QHZ�GHULYDWLRQV�FDQ�EH�PDGH��'HULYHG�REMHFWV�DUH�

PDWHULDOL]HG�DQG�DUH�HLWKHU�PDLQWDLQHG�DIWHU�WKH�TXHU\�LV�RYHU�RU�GLVFDUGHG�RQ�XVHU
V�GHPDQG��'(9,&(�

DOVR�VXSSRUWV�SURGXFWLRQ�UXOHV��ZKLFK�KDYH�DW�WKH�7+(1�SDUW�RQH�RU�PRUH�DFWLRQV�H[SUHVVHG�LQ�WKH�

SURFHGXUDO�ODQJXDJH�RI�WKH�XQGHUO\LQJ�22'%��*UD\�HW�DO����������

7KH�PDLQ�DGYDQWDJH�RI�WKH�'(9,&(�V\VWHP�LV�LWV�H[WHQVLELOLW\�WKDW�DOORZV�WKH�HDV\�LQWHJUDWLRQ�

RI�QHZ�UXOH�W\SHV�DV�ZHOO�DV�WUDQVSDUHQW�H[WHQVLRQV�DQG�LPSURYHPHQWV�RI�WKH�UXOH�PDWFKLQJ�DQG�

H[HFXWLRQ�SKDVHV��7KH�FXUUHQW�V\VWHP�LPSOHPHQWDWLRQ�LQFOXGHV�GHGXFWLYH�UXOHV�IRU�PDLQWDLQLQJ�GHULYHG�

DQG�DJJUHJDWH�DWWULEXWHV��$PRQJ�WKH�RSWLPL]DWLRQV�RI�WKH�UXOH�FRQGLWLRQ�PDWFKLQJ�LV�WKH�XVH�RI�D�

5(7(�OLNH�GLVFULPLQDWLRQ�QHWZRUN��H[WHQGHG�ZLWK�UH�RUGHULQJ�RI�FRQGLWLRQ�HOHPHQWV�IRU�UHGXFLQJ�WLPH�

FRPSOH[LW\�DQG�YLUWXDO�K\EULG�PHPRULHV�IRU�UHGXFLQJ�VSDFH�FRPSOH[LW\��%DVVLOLDGHV�	�9ODKDYDV��

�������)XUWKHUPRUH��VHW�RULHQWHG�UXOH�H[HFXWLRQ�FDQ�EH�XVHG�IRU�PLQLPL]LQJ�WKH�QXPEHU�RI�LQIHUHQFH�

F\FOHV��DQG�WLPH��IRU�ODUJH�GDWD�VHWV��%DVVLOLDGHV�HW�DO����������
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([WHQGLQJ�'(9,&(�IRU�4XHU\LQJ�;0/�'DWD�

7KH�GHGXFWLYH�UXOH�ODQJXDJH�RI�'(9,&(�LV�H[WHQGHG�ZLWK�QHZ�FRQVWUXFWV�DQG�RSHUDWRUV�LQ�RUGHU�

WR�IDFLOLWDWH�WUDYHUVLQJ�DQG�TXHU\LQJ�RI�WKH�WUHH�VWUXFWXUHG�;0/�GDWD��7KH�QHZ�FRQVWUXFWV�DUH�

LPSOHPHQWHG�XVLQJ�VHFRQG�RUGHU�ORJLF�V\QWD[��L�H��YDULDEOHV�FDQ�UDQJH�RYHU�FODVV�DQG�DWWULEXWH�QDPHV��

WKDW�KDV�EHHQ�LQWURGXFHG�WR�'(9,&(�IRU�LQWHJUDWLQJ�KHWHURJHQHRXV�VFKHPDWD��%DVVLOLDGHV�HW�DO�����������

%RWK�WKH�QHZ�FRQVWUXFWV�DQG�WKH�VHFRQG�RUGHU�V\QWD[�DUH�WUDQVODWHG�LQWR�D�FRPELQDWLRQ�RI��D��D�

VHW�RI�ILUVW�RUGHU�ORJLF�GHGXFWLYH�UXOHV��DQG�RU�E��D�VHW�RI�SURGXFWLRQ�UXOHV�WKDW�WKHLU�FRQGLWLRQV�TXHU\�

WKH�PHWD�FODVVHV�RI�WKH�22'%��WKH\�LQVWDQWLDWH�WKH�VHFRQG�RUGHU�YDULDEOHV��DQG�WKH\�G\QDPLFDOO\�

JHQHUDWH�ILUVW�RUGHU�GHGXFWLYH�UXOHV���

7KURXJKRXW�WKLV�VHFWLRQ��ZH�ZLOO�GHPRQVWUDWH�WKH�XVH�RI�;�'(9,&(�IRU�TXHU\LQJ�;0/�GDWD�

XVLQJ�H[DPSOHV�WDNHQ�IURP�WKH�;0/�4XHU\�8VH�&DVHV�SURSRVHG�E\�WKH�:::�FRQVRUWLXP��:��

&RQVRUWLXP��'HF�����F���)XUWKHUPRUH��ZH�SUHVHQW�WKH�WUDQVODWLRQ�RI�WKH�YDULRXV�QHZ�FRQVWUXFWV�WR�WKH�

EDVLF�'(9,&(�UXOH�ODQJXDJH��7KH�JHQHUDO�SURFHGXUHV�IRU�TXHU\�WUDQVODWLRQ�FDQ�EH�IRXQG�LQ��;�'(9,&(�

:HE�VLWH���

3DWK�([SUHVVLRQV�

;�'(9,&(�VXSSRUWV�VHYHUDO�W\SHV�RI�SDWK�H[SUHVVLRQV�LQWR�UXOH�FRQGLWLRQV��7KH�VLPSOHVW�FDVH�LV�

ZKHQ�DOO�WKH�VWHSV�RI�WKH�SDWK�PXVW�EH�GHWHUPLQHG��7KLV�FDVH�FDQ�EH�KDQGOHG�E\�WKH�EDVLF�PHFKDQLVP�RI�

SDWK�H[SUHVVLRQV�RI�'(9,&(�ZLWKRXW�DQ\�H[WHQVLRQ��7KH�IROORZLQJ�H[DPSOH�GHPRQVWUDWHV�IXOO\�

GHWHUPLQHG�SDWK�H[SUHVVLRQV��XVLQJ�WKH�TXHU\�4��RI�WKH�6*0/�XVH�FDVH��)LJXUH�����

��(/(0(17�UHSRUW��WLWOH��FKDSWHU��!�
��(/(0(17�WLWOH���3&'$7$�_�HPSK�!�
��(/(0(17�FKDSWHU��WLWOH��LQWUR"��VHFWLRQ�!�
� ��$77/,67�FKDSWHU� � VKRUWWLWOH�&'$7$��,03/,('!�
��(/(0(17�LQWUR��SDUD�_�JUDSKLF��!�
��(/(0(17�VHFWLRQ��WLWOH��LQWUR"��WRSLF�!�
� ��$77/,67�VHFWLRQ� � VKRUWWLWOH�&'$7$��,03/,('�
� � � � � � � � � � VHFWLG�,'��,03/,('!�
��(/(0(17�WRSLF��WLWOH���SDUD�_�JUDSKLF���!�
� ��$77/,67�WRSLF� � � VKRUWWLWOH�&'$7$��,03/,('��
� � � � � � � � � � WRSLFLG�,'��,03/,('!�
��(/(0(17�SDUD���3&'$7$�_�HPSK�_�[UHI�!�
� ��$77/,67�SDUD�� � � VHFXULW\��X�_�F�_�V�_�WV���X�!�
��(/(0(17�HPSK���3&'$7$�_�HPSK�!�
��(/(0(17�JUDSKLF�(037<!�
� ��$77/,67�JUDSKLF� � JUDSKQDPH�(17,7<��5(48,5('!�
��(/(0(17�[UHI�(037<!�
� ��$77/,67�[UHI�� � � [UHILG�,'5()��,03/,('!�

)LJXUH����7KH�'7'�RI�WKH�6*0/�FDVH��

6*0/�&DVH���4���/RFDWH�DOO�SDUDJUDSKV�LQ�WKH�LQWURGXFWLRQ�RI�D�VHFWLRQ�WKDW�LV�LQ�D�FKDSWHU�WKDW�

KDV�QR�LQWURGXFWLRQ��DOO��SDUD��HOHPHQWV�GLUHFWO\�FRQWDLQHG�ZLWKLQ�DQ��LQWUR��HOHPHQW�GLUHFWO\�FRQWDLQHG�

LQ�D��VHFWLRQ��HOHPHQW�GLUHFWO\�FRQWDLQHG�LQ�D��FKDSWHU��HOHPHQW��7KH��FKDSWHU��HOHPHQW�PXVW�QRW�

GLUHFWO\�FRQWDLQ�DQ��LQWUR��HOHPHQW���
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7KH�;�'(9,&(�YHUVLRQ�RI�WKH�DERYH�TXHU\�LV�WKH�IROORZLQJ��

LI�&#FKDSWHU�LQWUR�? �,��SDUD�LQWUR�VHFWLRQ�
�3��
WKHQ�UHVXOW�SDUD�OLVW�3���

6HYHUDO�IHDWXUHV�RI�;�'(9,&(�DUH�GHPRQVWUDWHG�WKURXJK�WKLV�H[DPSOH��)LUVW�RI�DOO��WKH�SDWK�

H[SUHVVLRQV�DUH�FRPSRVHG�XVLQJ�GRWV�EHWZHHQ�WKH��VWHSV���ZKLFK�DUH�DWWULEXWHV�RI�WKH�LQWHUFRQQHFWHG�

REMHFWV�WKDW�UHSUHVHQW�;0/�GRFXPHQW�HOHPHQWV��7KH�LQQHUPRVW�DWWULEXWH�VKRXOG�EH�DQ�DWWULEXWH�RI�

�GHSDUWLQJ��FODVV��L�H��VHFWLRQ�LV�DQ�DWWULEXWH�RI�FODVV�FKDSWHU��0RYLQJ�WR�WKH�OHIW��DWWULEXWHV�EHORQJ�

WR�FODVVHV�WKDW�UHSUHVHQW�WKHLU�SUHGHFHVVRU�DWWULEXWHV��1RWLFH�WKDW�ZH�KDYH�DGRSWHG�D�ULJKW�WR�OHIW�RUGHU�

RI�DWWULEXWHV��FRQWUDU\�WR�WKH�&�OLNH�GRW�QRWDWLRQ�WKDW�LV�FRPPRQO\�DVVXPHG��EHFDXVH�ZH�ZRXOG�OLNH�WR�

VWUHVV�RXW�WKH�IXQFWLRQDO�GDWD�PRGHO�RULJLQV�RI�WKH�XQGHUO\LQJ�$'$0�22'%��*UD\�HW�DO����������

8QGHU�WKLV�LQWHUSUHWDWLRQ�WKH�FKDLQHG��GRWWHG��DWWULEXWHV�FDQ�EH�VHHQ�DV�IXQFWLRQ�FRPSRVLWLRQV��

7KH�UXOHV�WKDW�FRQWDLQ�SDWK�H[SUHVVLRQV�DUH�WUDQVIRUPHG�LQWR�HTXLYDOHQW�UXOHV�WKDW�FRQWDLQ�RQO\�

VLQJOH�VWHS�SDWK�H[SUHVVLRQV��GXULQJ�WKH�SUH�FRPSLODWLRQ�SKDVH�RI�'(9,&(��7KH�DERYH�UXOH�LV�

WUDQVIRUPHG�LQWR�WKH�IROORZLQJ��

LI�&#FKDSWHU�LQWUR�? �,��VHFWLRQ�
�;;���DQG�
���;;�#VHFWLRQ�LQWUR�;;���DQG�
���;;�#LQWUR�SDUD�
�3��
WKHQ�UHVXOW�SDUD�OLVW�3���

9DULDEOHV�;;��DQG�;;��DUH�JHQHUDWHG�E\�WKH�V\VWHP��9DULDEOHV�DUH�LQVWDQWLDWHG�WKURXJK�WKH�
�
�

RSHUDWRU�ZKHQ�WKH�FRUUHVSRQGLQJ�DWWULEXWH�LV�VLQJOH�YDOXHG��DQG�WKH�


�RSHUDWRU�ZKHQ�WKH�

FRUUHVSRQGLQJ�DWWULEXWH�LV�PXOWL�YDOXHG��6LQFH�PXOWL�YDOXHG�DWWULEXWHV�DUH�LPSOHPHQWHG�WKURXJK�OLVWV�

�RUGHUHG�VHTXHQFHV��WKH�


�RSHUDWRU�JXDUDQWHHV�WKDW�WKH�LQVWDQWLDWLRQ�RI�YDULDEOHV�LV�GRQH�LQ�WKH�

SUHGHWHUPLQHG�RUGHU�VWRUHG�LQVLGH�WKH�OLVW��

7KH�OLVW�3��FRQVWUXFW�LQ�WKH�UXOH�FRQGLWLRQ�GHQRWHV�WKDW�WKH�DWWULEXWH�SDUD�RI�WKH�GHULYHG�

FODVV�UHVXOW�LV�DQ�DWWULEXWH�ZKRVH�YDOXH�LV�FDOFXODWHG�E\�WKH�DJJUHJDWH�IXQFWLRQ�OLVW��7KLV�IXQFWLRQ�

FROOHFWV�DOO�WKH�LQVWDQWLDWLRQV�RI�WKH�YDULDEOH�3�DQG�VWRUHV�WKHP�XQGHU�D�VWULFW�RUGHU�LQWR�WKH�PXOWL�YDOXHG�

DWWULEXWH�SDUD��0RUH�GHWDLOV�DERXW�WKH�LPSOHPHQWDWLRQ�RI�DJJUHJDWH�IXQFWLRQV�LQ�'(9,&(�FDQ�EH�IRXQG�

LQ��%DVVLOLDGHV�HW�DO�����������

1RWLFH�WKDW�WKH�DWWULEXWH�SDUD�RI�WKH�FODVV�LQWUR�LV�SDUW�RI�DQ�HQFDSVXODWHG�DOWHUQDWLRQ��

WKHUHIRUH��WKH�SDUD�REMHFWV�DUH�DFFHVVLEOH�WKURXJK�DQ�DOWHUQDWLRQ�FODVV�FDOOHG�LQWURBDOW���

&RQVHTXHQWO\��WKH�FRQGLWLRQ�;;�#LQWUR�SDUD�
�3��LV�DFWXDOO\�H[SDQGHG�WR�WKH�IROORZLQJ�

H[SUHVVLRQ��ZKHUHYHU�LW�RFFXUV�LQ�WKH�DERYH�WUDQVODWLRQ��

;;�#LQWUR�LQWURBDOW��
�;;���DQG�;;�#LQWURBDOW��SDUD�3��

$FWXDOO\��WKH�DERYH�H[SDQVLRQ�LV�SHUIRUPHG�LQ�DOO�WKH�SDWK�H[SUHVVLRQV�WKDW�LQYROYH�HOHPHQWV�

LQFOXGHG�LQ�DQ�DOWHUQDWLRQ��,Q�WKH�UHVW�RI�WKH�H[DPSOHV�ZH�ZLOO�QRW�IXUWKHU�SUHVHQW�WKLV�H[SDQVLRQ�WR�

NHHS�WKH�SUHVHQWDWLRQ�VLPSOH�� �

7KH�VDPH�TXHU\�LQ�;4XHU\�LV�H[SUHVVHG�DV�IROORZV��
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�UHVXOW!�
�^��IRU��F�LQ���FKDSWHU�
����ZKHUH�HPSW\��F�LQWUR��
����UHWXUQ��F�VHFWLRQ�LQWUR�SDUD�
�`�
��UHVXOW!�

&RPSDULQJ�;4XHU\�ZLWK�;�'(9,&(��ZH�QRWLFH�WKDW�LQ�;4XHU\�WKHUH�DUH�H[SOLFLW�IXQFWLRQDO�

VW\OH�ORRSLQJ�FRQVWUXFWV��ZKLOH�LQ�;�'(9,&(�ORRSLQJ�LV�LPSOLFLW�VLQFH�LW�LV�D�GHFODUDWLYH�'$7$/2*�

OLNH�ODQJXDJH�WKDW�IROORZV�WKH�VHPL�QDLYH�HYDOXDWLRQ�DOJRULWKP��)XUWKHUPRUH��;4XHU\�KDV�VHSDUDWH�

V\QWDFWLFDO�FRQVWUXFWV�IRU�VHOHFWLQJ�DQG�UHWXUQLQJ�UHVXOWV��ZKHUHDV�;0/�UHVXOWV�DUH�EXLOW�LQ�D�WHPSODWH�

OLNH�PDQQHU��1RWLFH�WKDW�WKH������RSHUDWRU�VHDUFKHV�DQ�HOHPHQW�WKURXJKRXW�WKH�;0/�WUHH��ZKHUHDV�WKH�

����RSHUDWRU�VHDUFKHV�DQ�HOHPHQW�RQO\�DPRQJ�WKH�FKLOGUHQ�RI�WKH�SUHGHFHVVRU�HOHPHQW��,Q�JHQHUDO��

;4XHU\�KDV�QRW�D�FOHDU�DQG�VLPSOH�V\QWD[�EXW�IROORZV�PXOWLSOH�GLIIHUHQW�SDUDGLJPV��,Q�FRQWUDVW��WKH�

V\QWD[�RI�;��'(9,&(�IROORZV�D�VLPSOH�SDUDGLJP��WKDW�RI�D�ORJLF�OLNH�QRWDWLRQ�HQKDQFHG�ZLWK�22'%�

DQG�JHQHUDO�SDWK�H[WHQVLRQV��

$QRWKHU�FDVH�LQ�SDWK�H[SUHVVLRQV�LV�ZKHQ�WKH�QXPEHU�RI�VWHSV�LQ�WKH�SDWK�LV�GHWHUPLQHG��EXW�WKH�

H[DFW�VWHS�QDPH�LV�QRW��,Q�WKLV�FDVH��D�YDULDEOH�LV�XVHG�LQVWHDG�RI�DQ�DWWULEXWH�QDPH��7KLV�LV�

GHPRQVWUDWHG�E\�WKH�IROORZLQJ�H[DPSOH��ZKLFK�LV�D�VLPSOLILFDWLRQ�RI�WKH�TXHVWLRQ�4��RI�WKH�6(4�FDVH�

�)LJXUH������,Q�WKH�3URFHGXUH�VHFWLRQ��ZKDW�,QVWUXPHQWV�ZHUH�XVHG"��

.QRZLQJ�WKDW�EHWZHHQ�LQVWUXPHQW�HOHPHQWV�DQG�WKH�VHFWLRQ�FRQWHQW�HOHPHQW�WKHUH�LV�RQH�RWKHU�

HOHPHQW�ZKRVH�QDPH�LV�XQNQRZQ��WKH�DERYH�TXHU\�LQ�;�'(9,&(�ORRNV�OLNH�WKH�IROORZLQJ��

LI�6#VHFWLRQ�VHFWLRQBWLWOH 
3URFHGXUH
�LQVWUXPHQW�&�VHFWLRQBFRQWHQW�
�,��
WKHQ�UHVXOW�LQVWUXPHQW�OLVW�,���

��(/(0(17�UHSRUW��VHFWLRQ�!�
��(/(0(17�VHFWLRQ��VHFWLRQ�WLWOH��VHFWLRQ�FRQWHQW�!�
��(/(0(17�VHFWLRQ�WLWOH����3&'$7$��!�
��(/(0(17�VHFWLRQ�FRQWHQW����3&'$7$_DQHVWKHVLD_SUHS_LQFLVLRQ_DFWLRQ�
� � � � � � � � � � � � _REVHUYDWLRQ�!�
��(/(0(17�DFWLRQ�����3&'$7$�_�LQVWUXPHQW����!�
��(/(0(17�SUHS�����3&'$7$�_�DFWLRQ���!�
��(/(0(17�LQFLVLRQ�����3&'$7$�_�JHRJUDSK\�_�LQVWUXPHQW���!�
��(/(0(17�DQHVWKHVLD���3&'$7$�!��
��(/(0(17�REVHUYDWLRQ���3&'$7$�!�
��(/(0(17�JHRJUDSK\���3&'$7$�!��
��(/(0(17�LQVWUXPHQW���3&'$7$�!�

)LJXUH����7KH�'7'�RI�WKH�6(4�FDVH��

9DULDEOH�&�LV�LQ�WKH�SODFH�RI�DQ�DWWULEXWH�QDPH��WKHUHIRUH�LW�LV�D�VHFRQG�RUGHU�YDULDEOH��VLQFH�LW�

UDQJHV�RYHU�D�VHW�RI�DWWULEXWHV��DQG�DWWULEXWHV�DUH�VHWV�RI�WKLQJV��DWWULEXWH�YDOXHV���'HGXFWLYH�UXOHV�WKDW�

FRQWDLQ�VHFRQG�RUGHU�YDULDEOHV�DUH�DOZD\V�WUDQVODWHG�LQWR�D�VHW�RI�UXOHV�ZKRVH�VHFRQG�RUGHU�YDULDEOH�

KDV�EHHQ�LQVWDQWLDWHG�ZLWK�D�FRQVWDQW��7KLV�LV�DFKLHYHG�E\�JHQHUDWLQJ�SURGXFWLRQ�UXOHV��ZKLFK�TXHU\�WKH�

PHWD�FODVVHV�RI�WKH�22'%��LQVWDQWLDWH�WKH�VHFRQG�RUGHU�YDULDEOHV��DQG�JHQHUDWH�GHGXFWLYH�UXOHV�ZLWK�

FRQVWDQWV�LQVWHDG�RI�VHFRQG�RUGHU�YDULDEOHV��7KH�DERYH�GHGXFWLYH�UXOH�LV�WUDQVODWHG�LQWR�WKH�IROORZLQJ�

�VLPSOLILHG��SURGXFWLRQ�UXOH��
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LI�VHFWLRQBFRQWHQW#[POBVHT�HOHPBRUGHU�
�&��DQG�
���&#[POBVHT�HOHPBRUGHU�
�LQVWUXPHQW��
WKHQ�QHZBUXOH�
LI�6#VHFWLRQ�VHFWLRQBWLWOH 
3URFHGXUH
�VHFWLRQBFRQWHQW�
�;;���
� � � � � � � � � DQG�;;�#VHFWLRQBFRQWHQW�&�
�;;���DQG�
� � � � � � � � � ;;�#&�LQVWUXPHQW�
�,��
� � � � � � � WKHQ�UHVXOW�LQVWUXPHQW�OLVW�,��
��
� �  !�GHGXFWLYHBUXOH�

1RWLFH�WKDW�YDULDEOH�&�LV�QRZ�D�ILUVW�RUGHU�YDULDEOH�LQ�WKH�FRQGLWLRQ�RI�WKH�SURGXFWLRQ�UXOH��

ZKLOH�WKH�GHGXFWLYH�UXOH�JHQHUDWHG�E\�WKH�DFWLRQ�RI�WKH�SURGXFWLRQ�UXOH�KDV�&�LQVWDQWLDWHG��7KH�DERYH�

UXOH�ZLOO�DFWXDOO\�SURGXFH�WZR�GHGXFWLYH�UXOHV��QDPHO\�&�LV�ERXQG�WR�LQFLVLRQ�DQG�DFWLRQ��7KH�

UHVXOW�FRQVLVWV�RI�WKH�XQLRQ�RI�WKH�UHVXOWV�RI�WKH�WZR�GHGXFWLYH�UXOHV��7KH�FRQGLWLRQV�RI�WKH�WZR�UXOHV�

EHJLQ�ZLWK�WKH�VDPH�FRQGLWLRQ�HOHPHQW��ZKLFK�OHDGV�WR�DQ�RSWLPL]HG�H[HFXWLRQ�GXH�WR�WKH�FRPSDFW�

GLVFULPLQDWLRQ�QHWZRUN�WKDW�'(9,&(�SURGXFHV�� �

7KH�PRVW�LQWHUHVWLQJ�FDVH�RI�SDWK�H[SUHVVLRQV�LV�ZKHQ�VRPH�SDUW�RI�WKH�SDWK�LV�XQNQRZQ��

UHJDUGLQJ�ERWK�WKH�QXPEHU�DQG�WKH�QDPHV�RI�LQWHUPHGLDWH�VWHSV��7KLV�LV�KDQGOHG�LQ�;�'(9,&(�E\�XVLQJ�

WKH��VWDU�����RSHUDWRU�LQ�SODFH�RI�DQ�DWWULEXWH�QDPH��6XFK�SDWK�H[SUHVVLRQV�DUH�FDOOHG��JHQHUDOL]HG��RU�

�JHQHUDO���7KH�SUHYLRXV�H[DPSOH�FDQ�EH�UH�ZULWWHQ�XVLQJ�WKH��VWDU�����RSHUDWRU�DV��

LI�6#VHFWLRQ�VHFWLRQBWLWOH 
3URFHGXUH
�LQVWUXPHQW��VHFWLRQBFRQWHQW�
�,��
WKHQ�UHVXOW�LQVWUXPHQW�OLVW�,���

7KH�IROORZLQJ�VHW�RI�UXOHV��WKDW�UHSUHVHQWV�WKH�WUDQVODWLRQ�RI�WKH�DERYH�UXOH��ILUVW�HVWDEOLVK�WKH�

EHJLQQLQJ�RI�WKH�SDWK��VWDUWLQJ�IURP�WKH��GHSDUWLQJ��FODVV��WKHQ�UHFXUVLYHO\�QDYLJDWH�WKH�HOHPHQWV�RI�WKH�

;0/�WUHH��DQG�ILQDOO\�WHUPLQDWH�WKH�SDWK��HLWKHU�ZLWK�D�IL[HG�HOHPHQW�RU�ZLWK�DQ�HOHPHQW�WKDW�GRHV�QRW�

KDYH�FKLOGUHQ��7KH�ODVW�UXOH�LV�D�SURGXFWLRQ�UXOH�WKDW�LWHUDWHV�RYHU�WKH�GLVFRYHUHG�SDWKV��ZKLFK�KDYH�

EHHQ�VWRUHG�LQ�D�WHPSRUDO�FODVV��DQG�FUHDWHV�WKH�FRUUHVSRQGLQJ�GHGXFWLYH�UXOHV��

LI�VHFWLRQ#[POBVHT�HOHPBRUGHU�
�VHFWLRQBFRQWHQW��
WKHQ�WPSBHOHP��FQGBHOHP�VHFWLRQBFRQWHQW�SDWKBVWULQJ�
VHFWLRQBFRQWHQW
��

LI�;;�#WPSBHOHP��FQGBHOHP�;;��? �LQVWUXPHQW�SDWKBVWULQJ�;;���DQG�
���;;�#[POBVHT�HOHPBRUGHU�
�;;��? �LQVWUXPHQW���
WKHQ�WPSBHOHP��FQGBHOHP�;;��SDWKBVWULQJ�
;;��;;�
��

LI�;;�#WPSBHOHP��FQGBHOHP�;;��? �LQVWUXPHQW�SDWKBVWULQJ�;;���DQG�
���;;�#[POBVHT�HOHPBRUGHU�
�LQVWUXPHQW��
WKHQ�WPSBHOHP��SDWKBVWULQJ�
LQVWUXPHQW�;;�
��

LI�;;�#WPSBHOHP��SDWKBVWULQJ�;;���
WKHQ�QHZBUXOH�
LI�6#VHFWLRQ�VHFWLRQBWLWOH 
3URFHGXUH
��;;��
�,��
���������������WKHQ�UHVXOW�LQVWUXPHQW�OLVW�,��
��
����� !�GHGXFWLYHBUXOH�

1RWLFH�WKDW�WKH�WUDQVODWLRQ�KDV�EHHQ�VLPSOLILHG�IRU�SUHVHQWDWLRQ�SXUSRVHV��E\�HOLPLQDWLQJ�DOO�

UXOHV�DQG�DWWULEXWHV�WKDW�KDYH�WR�GR�ZLWK�UHFXUVLYH�HOHPHQWV��VLQFH�WKH�6(4�FDVH�'7'�GRHV�QRW�FRQWDLQ�

VXFK�HOHPHQWV��7KH�WUDQVODWLRQ�SURFHGXUH�IRU�UXOHV�FRQWDLQLQJ�JHQHUDOL]HG�SDWKV�LV�PRUH�FRPSOH[�WKDW�

WKH�SUHYLRXV�H[DPSOH��EHFDXVH�WKH�LQWHUPHGLDWH�SDWK�PD\�FRQWDLQ�UHFXUVLYH�HOHPHQWV��L�H��HOHPHQWV�WKDW�

FRQWDLQ�RWKHU�HOHPHQWV�RI�WKH�VDPH�W\SH��DV�IRU�H[DPSOH�WKH�HOHPHQW�VHFWLRQ�RI�WKH�75((�FDVH�

�)LJXUH�����7KH�WUDQVODWLRQ�RI�D�UXOH�WKDW�FRQWDLQV�D�UHFXUVLYH�HOHPHQW�LV�SUHVHQWHG�LQ�WKH�QH[W�H[DPSOH��
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75((�&DVH���4���VLPSOH���3UHSDUH�D��IODW��ILJXUH�OLVW�IRU�
%RRN�
��OLVWLQJ�DOO�WKH�WLWOHV�RI�WKH�

ILJXUHV��

7KH�DERYH�TXHU\�LV�H[SUHVVHG�LQ�;�'(9,&(�DV��

LI�%#ERRN�WLWOH 
%RRN�
��WLWOH�ILJXUH�VHFWLRQ�7��
WKHQ�ILJXUH��WLWOH�OLVW�7���

1RWLFH�WKDW�WKH�UHVXOW�JHQHUDWHV�D�FODVV�ILJXUH���EHFDXVH�FODVV�ILJXUH�DOUHDG\�H[LVWV��7KH�

DERYH�UXOH�FRQWDLQV�D�SDWK�H[SUHVVLRQ�ZLWK�D�UHFXUVLYH�HOHPHQW�VHFWLRQ��7KLV�PHDQV�WKDW�WKH�VHDUFK�

IRU�ILJXUH�WLWOHV�ZLOO�EH�SHUIRUPHG�LQ�DQ\�QHVWLQJ�OHYHO�RI�VHFWLRQ�HOHPHQWV��7KH�QHVWLQJ�GHSWK�RI�

VHFWLRQ�HOHPHQWV�FDQQRW�EH�GHWHUPLQHG�E\�MXVW�ORRNLQJ�DW�WKH�VFKHPD�RI�WKH�GRFXPHQW��WKHUHIRUH�WKH�

VHFWLRQ�H[SUHVVLRQ�FDQQRW�EH�XQIROGHG�WR�PXOWLSOH�VHFWLRQ�VHFWLRQ���VHFWLRQ�SDWKV�RI�

LQFUHDVLQJ�OHQJWK��7KH�WUDQVODWLRQ�RI�WKH�UHFXUVLYH�HOHPHQW�SDWK�RI�WKH�DERYH�TXHU\�LV�WKH�IROORZLQJ��

LI�%#ERRN�WLWOH 
%RRN�
��WLWOH�ILJXUH�VHFWLRQ�7��
WKHQ�ILJXUH��WLWOH�OLVW�7���

LI�%#ERRN�WLWOH 
%RRN�
��VHFWLRQ�
�;;���
WKHQ�WPSBHOHP��FQGBREM�;;���

LI�;;�#WPSBHOHP��FQGBREM�;;���DQG��
���;;�#VHFWLRQ�VHFWLRQ�
�;;���
WKHQ�WPSBHOHP��FQGBREM�;;���

LI�;;�#WPSBHOHP��WLWOH�ILJXUH�FQGBREM�7��
WKHQ�ILJXUH��WLWOH�OLVW�7���

7KH�DOJRULWKP�WUDYHUVHV�GRZQ�WKH�WUHH�RI�VHFWLRQV�RULJLQDWLQJ�IURP�D�VSHFLILF�ERRN�REMHFW��

FRS\LQJ�WKH�VHFWLRQV�LQWR�WKH�V\VWHP�JHQHUDWHG�WPSBHOHP��FODVV��)RU�HDFK�RI�WKHVH�VHFWLRQV�WKH�ILJXUH�

WLWOHV�DUH�UHWULHYHG�DQG�FRSLHG�WR�WKH�UHVXOW�� �

:H�QRWLFH�KHUH�WKDW�;4XHU\��:��&RQVRUWLXP��'HF�����D��FDQQRW�H[SUHVV�TXHULHV�ZLWK�JHQHUDO�

SDWK�H[SUHVVLRQV��L�H��TXHULHV�ZLWK�WKH�VWDU����RSHUDWRU��XQOHVV�WKH�VWDU����RSHUDWRU�OLHV�DW�WKH�EHJLQQLQJ�

RI�WKH�SDWK��7KH�IROORZLQJ�H[DPSOH�GHPRQVWUDWHV�WKDW��

6*0/�&DVH���4���/RFDWH�DOO�SDUDJUDSKV�LQ�WKH�UHSRUW��DOO��SDUD��HOHPHQWV�RFFXUULQJ�DQ\ZKHUH�

ZLWKLQ�WKH��UHSRUW��HOHPHQW���)LJXUH�����

7KH�DERYH�TXHU\�LV�H[SUHVVHG�LQ�;��'(9,&(�DV��

LI�5#UHSRUW�SDUD��
�3��
WKHQ�UHVXOW�SDUD�OLVW�3��

ZKHUHDV�LQ�;4XHU\�WKH�TXHU\�LV�H[SUHVVHG�DV��

�UHVXOW!�
^������UHSRUW��SDUD��
��`�
��UHVXOW!�

�

7KHUH�DUH�VRPH�FDVHV�WKDW�WKHUH�DUH�PXOWLSOH�VROXWLRQV�WR�D�SUREOHP�ZLWK�D�SDWK�H[SUHVVLRQ�DQG�

WKH�XVHU�PD\�UHTXLUH�WKH�VROXWLRQ�WKDW�LQYROYHV�WKH�VKRUWHVW�RI�WKH�SDWKV��)RU�VXFK�FDVHV��;�'(9,&(�
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RIIHUV�WKH��FURVV������RSHUDWRU�LQ�WKH�SODFH�RI�WKH��VWDU�����RSHUDWRU��7KH�QH[W�H[DPSOH�GHPRQVWUDWHV�

WKH�XVH�DQG�WUDQVODWLRQ�RI�WKH��FURVV������RSHUDWRU��

6*0/�&DVH���4����/RFDWH�WKH�FORVHVW�WLWOH�SUHFHGLQJ�WKH�FURVV�UHIHUHQFH���[UHI���HOHPHQW�

ZKRVH��[UHILG��DWWULEXWH�LV��WRS����WKH��WLWOH��HOHPHQW�WKDW�ZRXOG�EH�WRXFKHG�ODVW�EHIRUH�WKLV��[UHI��

HOHPHQW�ZKHQ�WRXFKLQJ�HDFK�HOHPHQW�LQ�GRFXPHQW�RUGHU���

7KH�DERYH�TXHU\�LV�H[SUHVVHG�LQ�;�'(9,&(�DV��

LI�3#(OHPHQW�WLWOH�7��A[UHILG�[UHI��� �
WRS�
��
WKHQ�UHVXOW�WLWOH�7��

1RWLFH�WKDW�ZKHQ�WKH��A��V\PERO�SUHFHGHV�DQ�REMHFW�DWWULEXWH�LQ�;�'(9,&(��WKHQ�WKLV�GHVLJQDWHV�

DQ�;0/�DWWULEXWH��VXFK�DV�A[UHILG��,Q�WKH�6*0/�'7'��)LJXUH�����WKHUH�DUH�PDQ\�HOHPHQWV�WKDW�

HQFDSVXODWH�WLWOH�DV�D�FKLOG�HOHPHQW��VR�WKH�FODVV�QDPH�LQ�WKH�DERYH�UXOH�LV�D�VHFRQG�RUGHU�YDULDEOH�

WKDW�LWHUDWHV�RYHU�DOO�VXFK�HOHPHQWV��7KH�IROORZLQJ�SURGXFWLRQ�UXOH�ILQGV�DOO�HOHPHQWV�ZLWK�D�WLWOH�

VXE�HOHPHQW�DQG�FUHDWHV�GHGXFWLYH�UXOHV�ZLWK�YDULDEOH�(OHPHQW�ERXQG�WR�FRQVWDQWV��

LI�(OHPHQW#[POBVHT�HOHPBRUGHU�
�WLWOH��
WKHQ�QHZBUXOH�
LI�3#(OHPHQW�WLWOH�7��A[UHILG�[UHI��� �
WRS�
��
� � � � � � � WKHQ�UHVXOW�WLWOH�7�
��
� �  !�GHGXFWLYHBUXOH�

7KH�WUDQVODWLRQ�RI�HDFK�RI�WKH�DERYH�GHGXFWLYH�UXOHV�UHTXLUHV�WZR�UXOHV��RQH�IRU�JHQHUDWLQJ�DOO�

SRVVLEOH�UHVXOWV�IRU�DOO�SRVVLEOH�SDWKV�XVLQJ�WKH��VWDU�����RSHUDWRU��DQG�RQH�IRU�VHOHFWLQJ�WKH�VKRUWHVW�RI�

WKH�SDWKV��ZKLFK�LV�LGHQWLILHG�E\�DQ�HOHPHQW�WKDW�EHORQJV�WR�WKH�UHVXOW�WKDW�LW�GRHV�QRW�FRQWDLQ�DQ\�RWKHU�

HOHPHQW�WKDW�DOVR�EHORQJV�WR�WKH�UHVXOW��

LI�3#(OHPHQW�WLWOH�7��A[UHILG�[UHI� 
WRS�
��
WKHQ�WPSBHOHP��WPSBYDU��7�WPSBREM�3��

LI�;;�#WPSBHOHP��WPSBYDU��7�WPSBREM�;;���DQG�
���QRW��;;�#WPSBHOHP��WPSBREM�;;�? ;;���DQG�
��������;;�#(OHPHQW��
�;;�����
WKHQ�UHVXOW�WLWOH�7��

�

)LQDOO\��WKH�XVHU�VKRXOG�EH�DEOH�WR�SHUIRUP�DUELWUDU\�WH[W�VHDUFK�ZLWKLQ�DQ�;0/�GRFXPHQW�

ZLWKRXW�KDYLQJ�WR�ZRUU\�DERXW�WKH�LQWHUQDO�VWUXFWXUH�RI�WKH�GRFXPHQW��;�'(9,&(�RIIHUV�WKH��n��

RSHUDWRU�WKDW�IODWWHQV�DQ�HOHPHQW�UHWXUQLQJ�D�VWULQJ�FRQVLVWLQJ�RI�DOO�LWV�VXE�HOHPHQW�FRQWHQWV��WDJV�DUH�

QRW�LQFOXGHG���7KHQ�WKH�XVHU�LV�DEOH�WR�SHUIRUP�WH[W�VHDUFK�LQVLGH�WKLV�VWULQJ��7KH�IROORZLQJ�H[DPSOH�

GHPRQVWUDWHV�WKLV�RSHUDWRU��

6*0/�&DVH���4�D��/RFDWH�DOO�VHFWLRQV�ZLWK�D�WLWOH�WKDW�KDV��LV�6*0/��LQ�LW��DOO��VHFWLRQ��

HOHPHQWV�WKDW�FRQWDLQ�D��WLWOH��HOHPHQW�WKDW�KDV�WKH�FRQVHFXWLYH�FKDUDFWHUV��LV�6*0/��LQ�LWV�FRQWHQW���

7KH�VWULQJ�FDQ�EH�LQWHUUXSWHG�E\�VXE�HOHPHQWV��)LJXUH�����

7KH�DERYH�TXHU\�LV�H[SUHVVHG�LQ�;�'(9,&(�DV��

LI�6#VHFWLRQ�WLWOHn���
LV�6*0/
��
WKHQ�UHVXOW�VHFWLRQ�OLVW�6���
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7KH�IODWWHQLQJ�RSHUDWRU��n��LV�SODFHG�DIWHU�WKH�QDPH�RI�WKH�HOHPHQW�WR�EH�IODWWHQHG��7KLV�

RSHUDWRU�JHWV�WUDQVODWHG�XVLQJ�WZR�UXOHV��

LI�6#VHFWLRQ��WLWOH�
�;;���
WKHQ�WPSBHOHP��WPSBYDU��6�WPSBYDO�VWULQJ�;;����

LI�;;�#WPSBHOHP��WPSBYDU��6�WPSBYDO���
LV�6*0/
��
WKHQ�UHVXOW�VHFWLRQ�OLVW�6���

7KH�ILUVW�UXOH�FROOHFWV�WKH�FRQWHQWV�RI�DOO�VXE�HOHPHQWV�RI�WLWOH��XVLQJ�D��VWDU�����RSHUDWRU��

$OO�WKHVH�FRQWHQWV�DUH�VWRUHG�LQ�DQ�DWWULEXWH�RI�D�WHPSRUDU\�FODVV��WKURXJK�WKH�VWULQJ�DJJUHJDWH�

IXQFWLRQ��7KLV�DJJUHJDWH�IXQFWLRQ�FROOHFWV�DOO�WKH��VWULQJ��YDOXHV�RI�YDULDEOH�;;��DQG�FRQFDWHQDWHV�WKHP�

WRJHWKHU��7KH�VHFRQG�UXOH�VHDUFKHV�LQVLGH�WKH�UHVXOW�VWULQJ�XVLQJ�WKH�VWULQJ�VHDUFK�����RSHUDWRU�RI�;�

'(9,&(�� �

2UGHULQJ�([SUHVVLRQV�

;�'(9,&(�VXSSRUWV�H[SUHVVLRQV�WKDW�TXHU\�DQ�;0/�WUHH�EDVHG�RQ�WKH�RUGHULQJ�RI�HOHPHQWV��

7KH�LPSOHPHQWDWLRQ�RI�VXFK�RSHUDWRUV�LV�EDVHG�RQ�WKH�IDFW�WKDW�PXOWL�YDOXHG�DWWULEXWHV�DUH�LPSOHPHQWHG�

XVLQJ�OLVWV�LQ�ZKLFK�WKH�RUGHU�RI�VWRUHG�YDOXHV�LV�IL[HG��7KH�WUDQVODWLRQ�RI�RUGHULQJ�H[SUHVVLRQV�UHTXLUHV�

PXOWLSOH�VWHSV�WR�SUHVHUYH�WKHLU�VHPDQWLFV��HVSHFLDOO\�ZKHQ�WKHUH�DUH�PXOWLSOH�VXFK�H[SUHVVLRQV�LQ�D�

VLQJOH�UXOH��

:KHQ�D�UXOH�FRQWDLQV�H[DFWO\�RQH�RUGHULQJ�H[SUHVVLRQ��WKHQ�WKH�RULJLQDO�UXOH�LV�WUDQVIRUPHG�LQWR�

WKUHH�UXOHV�WKDW��

��� JDWKHU�DOO�WKH�UHVXOWV���

��� UHVWULFW�WR�DV�PDQ\�UHVXOWV�DV�WKH�RUGHULQJ�H[SUHVVLRQ�UHTXLUHV��DQG��

��� LWHUDWH�RYHU�WKH�FRUUHFW�UHVXOWV�FRQWLQXLQJ�ZLWK�UHVW�RI�WKH�UXOH�FRQGLWLRQ��

7KH�IROORZLQJ�H[DPSOH�GHPRQVWUDWHV�WKH�XVH�DQG�WUDQVODWLRQ�RI�D�VLPSOH�RUGHULQJ�H[SUHVVLRQ��

6(4�&DVH���4���,Q�WKH�3URFHGXUH�VHFWLRQ��ZKDW�DUH�WKH�ILUVW�WZR�,QVWUXPHQWV�WR�EH�XVHG"�

�)LJXUH����

7KH�DERYH�TXHU\�LV�H[SUHVVHG�LQ�;�'(9,&(�DV��

LI�6#VHFWLRQ�VHFWLRQBWLWOH 
3URFHGXUH
�LQVWUXPHQW��VHFWLRQBFRQWHQW�
 ���,��
WKHQ�UHVXOW�LQVWUXPHQW�OLVW�,���

7KH�
 ���RSHUDWRU�LV�DQ�DEVROXWH�QXPHULF�RUGHULQJ�H[SUHVVLRQ�WKDW�UHWXUQV�WKH�ILUVW�WZR�HOHPHQWV�

RI�WKH�FRUUHVSRQGLQJ�OLVW�DWWULEXWH��0RUH�VXFK�RUGHULQJ�H[SUHVVLRQV�H[LVW�WKDW�DUH�LPSOHPHQWHG�

DFFRUGLQJO\��7KH�WUDQVODWLRQ�RI�WKLV�H[SUHVVLRQ�LV�WKH�IROORZLQJ��

LI�6#VHFWLRQ�VHFWLRQBWLWOH 
3URFHGXUH
�LQVWUXPHQW��VHFWLRQBFRQWHQW�
�;;���
WKHQ�WPSBHOHP��WPSBREM�OLVW�;;����

LI�;;�#WPSBHOHP��WPSBREM�;;���DQG�
���SURORJ^VHOHFWBVXEBOLVW�
 �
����;;��;;��`�
WKHQ�WPSBHOHP��WPSBREM�;;���

LI�;;�#WPSBHOHP��WPSBREM�
�,��
WKHQ�UHVXOW�LQVWUXPHQW�OLVW�,���
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,I�D�UXOH�FRQWDLQV�PRUH�WKDQ�RQH�RUGHULQJ�H[SUHVVLRQV��WKHQ�WKH�RULJLQDO�UXOH�LV�WUDQVIRUPHG�LQWR�

DV�PDQ\�UXOHV�DV�WKH�OLVW�RSHUDWRUV��)XUWKHUPRUH��WKHUH�LV�D�VKRUWFXW�QRWDWLRQ�IRU�PXOWLSOH�DEVROXWH�

QXPHULF�RUGHULQJ�H[SUHVVLRQV��ZKLFK�LV�GHPRQVWUDWHG�ZLWK�WKH�IROORZLQJ�H[DPSOH��

6*0/�&DVH���4���/RFDWH�WKH�VHFRQG�SDUDJUDSK�LQ�WKH�WKLUG�VHFWLRQ�LQ�WKH�VHFRQG�FKDSWHU��WKH�

VHFRQG��SDUD��HOHPHQW�RFFXUULQJ�LQ�WKH�WKLUG��VHFWLRQ��HOHPHQW�RFFXUULQJ�LQ�WKH�VHFRQG��FKDSWHU��

HOHPHQW�RFFXUULQJ�LQ�WKH��UHSRUW����)LJXUH�����

7KH�DERYH�TXHU\�LV�H[SUHVVHG�LQ�;�'(9,&(�DV��

LI�5#UHSRUW�SDUD��VHFWLRQ��FKDSWHU��3��
WKHQ�UHVXOW�SDUD�3��

7KH�DERYH�VKRUWFXW�QRWDWLRQ�LV�WUDQVODWHG�LQWR�D�VHTXHQFH�RI�PXOWLSOH�RUGHULQJ�H[SUHVVLRQV��

LI�5#UHSRUW�FKDSWHU�
��;;���DQG�
���;;�#FKDSWHU�VHFWLRQ�
��;;���DQG�
���;;�#VHFWLRQ�SDUD�
��3��
WKHQ�UHVXOW�SDUD�3��

7KH�RSHUDWRU�
Q��RU�
 Q��UHWXUQV�WKH�Q�WK�HOHPHQW�LQ�D�VHTXHQFH��7KH�WUDQVODWLRQ�RI�WKH�DERYH�

UXOH�LV��

LI�5#UHSRUW�FKDSWHU�
��;;���
WKHQ�WPSBHOHP��WPSBREM��OLVW�;;����

LI�;;�#WPSBHOHP��WPSBREM��;;���DQG�
���;;�#FKDSWHU�VHFWLRQ�
��;;����
WKHQ�WPSBHOHP��WPSBREM��OLVW�;;����

LI�;;�#WPSBHOHP��WPSBREM��
�;;���DQG�
���;;�#VHFWLRQ�SDUD�
��3��
WKHQ�UHVXOW�SDUD�3��

�

7KH�WUDQVODWLRQ�RI�UHODWLYH�RUGHULQJ�H[SUHVVLRQV�IROORZV�WKH�VDPH�JHQHUDO�SURFHGXUH�ZLWK�

DEVROXWH�QXPHULF�RQHV��+RZHYHU��WKH�FRPELQDWLRQ�RI�VXFK�H[SUHVVLRQV�ZLWK�DOWHUQDWLRQ�FODVVHV�FDOOV�

IRU�D�VSHFLDO�WUHDWPHQW��7KLV�ZLOO�EH�EHWWHU�H[SODLQHG�WKURXJK�WKH�IROORZLQJ�H[DPSOH��

6(4�&DVH���4���:KDW�KDSSHQHG�EHWZHHQ�WKH�ILUVW�,QFLVLRQ�DQG�WKH�VHFRQG�,QFLVLRQ"��)LJXUH����

7KH�DERYH�TXHU\�LV�H[SUHVVHG�LQ�;�'(9,&(�DV��

LI�6#VHFWLRQ�LQFLVLRQ�VHFWLRQBFRQWHQW�
��,���DQG�
���6#VHFWLRQ�LQFLVLRQ�VHFWLRQBFRQWHQW�
��,���DQG�
���6#VHFWLRQ�+�VHFWLRQBFRQWHQW�
EHWZHHQ�,��,���:��
WKHQ�UHVXOW�KDSSHQHG�OLVW�:���

7KH�RSHUDWRU�EHWZHHQ�,��,���LV�D�UHODWLYH�RUGHULQJ�H[SUHVVLRQ�WKDW�UHWXUQV�DOO�HOHPHQWV�LQ�D�

VHTXHQFH�DIWHU�WKH�RQH�ZLWK�DQ�2,'�LGHQWLILHG�E\�WKH�LQVWDQWLDWLRQV�RI�WKH�YDULDEOH�,��DQG�EHIRUH�WKH�

RQHV�ZLWK�2,'�,���7KH�SUREOHP�KHUH�DULVHV�IURP�WKH�IDFW�WKDW�WKH�VHFWLRQBFRQWHQW�HOHPHQW�KDV�D�

PL[HG�FRQWHQW��WKHUHIRUH��DOO�LWV�FKLOGUHQ�HOHPHQWV��LQFOXGLQJ�LQFLVLRQ��DUH�FRQQHFWHG�WR�HOHPHQW�

VHFWLRQBFRQWHQW�LQGLUHFWO\�WKURXJK�WKH�FODVV�VHFWLRQBFRQWHQWBDOW���7KHUHIRUH��WKH�DWWULEXWH�
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VHFWLRQBFRQWHQWBDOW��RI�FODVV�VHFWLRQBFRQWHQW�FRQWDLQV�REMHFWV�RI�FODVV�

VHFWLRQBFRQWHQWBDOW��DQG�QRW�REMHFWV�RI�DQ\�RI�WKH�FODVVHV�RI�LWV�FKLOGUHQ�HOHPHQWV��VXFK�DV�

LQFLVLRQ��DFWLRQ��HWF��7KXV��WKH�LPSOHPHQWDWLRQ�RI�WKH�RSHUDWRU�EHWZHHQ�,��,���PXVW�WDNH�LQWR�

DFFRXQW�WKDW�WKH�2,'V�RI�WKH�FKLOGUHQ�HOHPHQWV�RI�VHFWLRQBFRQWHQW�GR�QRW�FR�H[LVW�LQ�WKH�VDPH�OLVW�

DWWULEXWH��

7KH�VROXWLRQ�WR�WKH�DERYH�SUREOHP�LV�WR�UHSODFH�DOO�WKH�YDULDEOHV�WKDW�GHSHQG�RQ�WKH�UHODWLYH�

RUGHULQJ�H[SUHVVLRQ��QDPHO\�,���,��DQG�:��ZLWK�QHZ�YDULDEOHV�WKDW�UHSUHVHQW�WKHLU�SDUHQW�HOHPHQWV�RI�

WKH�FRUUHVSRQGLQJ�DOWHUQDWLRQ�FODVV�VHFWLRQBFRQWHQWBDOW���)XUWKHUPRUH��WKH�SDUWV�RI�WKH�FRQGLWLRQ�

WKDW�FRQWDLQ�WKHVH�YDULDEOHV�PXVW�EH�WUDQVIRUPHG�XVLQJ�WKH�HTXLYDOHQW�DOWHUQDWLRQ�FODVVHV��7KH�DERYH�

H[DPSOH�LV�WUDQVIRUPHG�DV�IROORZV��

LI�6#VHFWLRQ�VHFWLRQBFRQWHQWBDOW��VHFWLRQBFRQWHQW�
��;;���DQG�
���;;�#VHFWLRQBFRQWHQWBDOW��LQFLVLRQ�
�,���DQG�
���6#VHFWLRQ�VHFWLRQBFRQWHQWBDOW��VHFWLRQBFRQWHQW�
��;;���DQG�
���;;�#VHFWLRQBFRQWHQWBDOW��LQFLVLRQ�
�,���DQG�
���6#VHFWLRQ�VHFWLRQBFRQWHQWBDOW��VHFWLRQBFRQWHQW�
EHWZHHQ�;;��;;���;;���DQG�
���;;�#VHFWLRQBFRQWHQWBDOW��+�
�:��
WKHQ�UHVXOW�KDSSHQHG�OLVW�:���

�

,Q�VRPH�FDVHV��WKH�UHODWLYH�RUGHULQJ�H[SUHVVLRQ�FRH[LVWV�ZLWK�DQ�DEVROXWH�QXPHULF�RUGHULQJ�

H[SUHVVLRQ��ZKLFK�LV�FDOOHG�D�FRPSOH[�RUGHULQJ�H[SUHVVLRQ��,Q�WKHVH�FDVHV��WKH�UXOH�ZLWK�WKH�WZR�

RUGHULQJ�H[SUHVVLRQV�LV�FXW�GRZQ�LQWR�WZR�VHSDUDWH�UXOHV��HDFK�RQH�FRQWDLQLQJ�RQH�VLQJOH�RUGHULQJ�

H[SUHVVLRQ��7KH�IROORZLQJ�H[DPSOH�GHPRQVWUDWHV�WKLV��

6(4�&DVH���4���:KDW�,QVWUXPHQWV�ZHUH�XVHG�LQ�WKH�ILUVW�WZR�$FWLRQV�DIWHU�WKH�VHFRQG�,QFLVLRQ"�

�)LJXUH����

7KH�DERYH�TXHU\�LV�H[SUHVVHG�LQ�;�'(9,&(�DV��

LI�6#VHFWLRQ�LQFLVLRQ�VHFWLRQBFRQWHQW�
��,��DQG�
���6#VHFWLRQ�DFWLRQ�VHFWLRQBFRQWHQW�
^DIWHU�,��� ��`�$��DQG�
���$#DFWLRQ�LQVWUXPHQW�
�,���
WKHQ�UHVXOW�LQVWUXPHQW�OLVW�,����

7KH�RSHUDWRU�
^DIWHU�,�� ��`�LV�D�FRPSOH[�RUGHULQJ�H[SUHVVLRQ�WKDW�FRQVLVWV�RI�WKH�UHODWLYH�

RUGHULQJ�H[SUHVVLRQ�DIWHU�,��IROORZHG�E\�WKH�DEVROXWH�QXPHULF�RUGHULQJ�H[SUHVVLRQ� ����7KH�

WUDQVODWLRQ�LV��

LI�6#VHFWLRQ�LQFLVLRQ�VHFWLRQBFRQWHQW�
��,��DQG�
���6#VHFWLRQ�DFWLRQ�VHFWLRQBFRQWHQW�
DIWHU�,��;;����
WKHQ�WPSBHOHP��WPSBREM�OLVW�;;����

LI�;;�#WPSBHOHP��WPSBREM�
 ���$��DQG�
���$#DFWLRQ�LQVWUXPHQW�
�,���
WKHQ�UHVXOW�LQVWUXPHQW�OLVW�,����

�
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([SRUWLQJ�5HVXOWV�

6R�IDU��RQO\�WKH�TXHU\LQJ�RI�H[LVWLQJ�;0/�GRFXPHQWV�WKURXJK�GHGXFWLYH�UXOHV�KDV�EHHQ�

GLVFXVVHG��+RZHYHU��LW�LV�LPSRUWDQW�WKDW�WKH�UHVXOWV�RI�D�TXHU\�FDQ�EH�H[SRUWHG�DV�DQ�;0/�GRFXPHQW��

7KLV�FDQ�EH�SHUIRUPHG�LQ�;�'(9,&(�E\�XVLQJ�VRPH�GLUHFWLYHV�DURXQG�WKH�FRQFOXVLRQ�RI�D�UXOH�WKDW�

GHILQHV�WKH�WRS�OHYHO�HOHPHQW�RI�WKH�UHVXOW�GRFXPHQW���

:KHQ�WKH�UXOH�SURFHVVLQJ�SURFHGXUH�WHUPLQDWHV��;�'(9,&(�HPSOR\V�DQ�DOJRULWKP�WKDW�EHJLQV�

ZLWK�WKH�WRS�OHYHO�HOHPHQW�GHVLJQDWHG�ZLWK�RQH�RI�WKHVH�GLUHFWLYHV�DQG�QDYLJDWHV�UHFXUVLYHO\�DOO�WKH�

UHIHUHQFHG�FODVVHV�FRQVWUXFWLQJ�D�UHVXOW�LQ�WKH�IRUP�RI�DQ�;0/�WUHH�OLNH�GRFXPHQW��7KH�SURFHGXUH�IRU�

DQVZHULQJ�DQ�;�'(9,&(�TXHU\�FRQVLVWV�RI�FRPSLOLQJ�DQG�UXQQLQJ�WKH�TXHU\�DQG�WKHQ�FRQVWUXFWLQJ�WKH�

;0/�UHVXOW�GRFXPHQW�DORQJ�ZLWK�LWV�'7'��5XOH�FRPSLODWLRQ�DQG�HYDOXDWLRQ�DUH�QRW�GHVFULEHG�KHUH�

VLQFH�WKH\�DUH�DFWXDOO\�D�SDUW�RI�WKH�'(9,&(�V\VWHP��+RZHYHU��ZKDW�VKRXOG�EH�PHQWLRQHG�LV�WKDW�WKH�

REMHFW�VFKHPD�RI�WKH�GHULYHG�FODVVHV�LV�GHWHUPLQHG�GXULQJ�WKH�FRPSLODWLRQ�SKDVH��ZKLFK�UHWXUQV�WKH�

QDPH�RI�WKH�WRS�HOHPHQW�FODVV�RI�WKH�UHVXOW�GRFXPHQW��

7KH�IROORZLQJ�H[DPSOH�GHPRQVWUDWHV�KRZ�;0/�GRFXPHQWV��DQG�'7'V��DUH�FRQVWUXFWHG�LQ�;�

'(9,&(�IRU�H[SRUWLQJ�WKHP�DV�UHVXOWV��

;03�&DVH���4���/LVW�ERRNV�SXEOLVKHG�E\�$GGLVRQ�:HVOH\�DIWHU�������LQFOXGLQJ�WKHLU�\HDU�DQG�

WLWOH��)LJXUH�����

7KH�DERYH�VLPSOH�TXHU\�LV�H[SUHVVHG�LQ�;�'(9,&(�DV��

LI�%#ERRN�WLWOH�7�SXEOLVKHU 
$GGLVRQ�:HVOH\
�\HDU�<!������
WKHQ�[POBUHVXOW�ERRN��WLWOH�7�\HDU�<���

7KH�NH\ZRUG�[POBUHVXOW�LV�D�GLUHFWLYH�WKDW�LQGLFDWHV�WR�WKH�TXHU\�SURFHVVRU�WKDW�WKH�

HQFDSVXODWHG�GHULYHG�FODVV��ERRN���LV�WKH�DQVZHU�WR�WKH�TXHU\��7KLV�LV�HVSHFLDOO\�LPSRUWDQW�ZKHQ�WKH�

TXHU\�FRQVLVWV�RI�PXOWLSOH�UXOHV��,Q�RUGHU�WR�EXLOG�DQ�;0/�WUHH�DV�D�TXHU\�UHVXOW��WKH�REMHFWV�WKDW�

FRUUHVSRQG�WR�WKH�HOHPHQWV�PXVW�EH�FRQVWUXFWHG�LQFUHPHQWDOO\�LQ�D�ERWWRP�XS�IDVKLRQ��L�H��ILUVW�WKH�

VLPSOH�HOHPHQWV�WKDW�DUH�WRZDUGV�WKH�OHDYHV�RI�WKH�WUHH�DUH�JHQHUDWHG�DQG�WKHQ�WKH\�DUH�FRPELQHG�LQWR�

PRUH�FRPSOH[�HOHPHQWV�WRZDUGV�WKH�URRW�RI�WKH�WUHH��

��(/(0(17�ELE���ERRN��!�
��(/(0(17�ERRN���WLWOH����DXWKRU��_�HGLWRU�����SXEOLVKHU��SULFH��!�
� ��$77/,67�ERRN�� \HDU�&'$7$���5(48,5('�!�
��(/(0(17�DXWKRU���ODVW��ILUVW��!�
��(/(0(17�HGLWRU���ODVW��ILUVW��DIILOLDWLRQ��!�
��(/(0(17�WLWOH����3&'$7$��!��
��(/(0(17�SULFH����3&'$7$��!�
��(/(0(17�ODVW����3&'$7$��!��
��(/(0(17�ILUVW����3&'$7$��!�
��(/(0(17�DIILOLDWLRQ����3&'$7$��!�
��(/(0(17�SXEOLVKHU����3&'$7$��!�

)LJXUH����7KH�'7'�RI�WKH�;03�FDVH��

7KH�DERYH�TXHU\�SURGXFHV�D�IRUHVW�RI�ERRN�HOHPHQWV��ZLWK�WKH�IROORZLQJ�'7'��

��'2&7<3(�ERRN��>�
� ��(/(0(17�ERRN���WLWOH��\HDU�!�
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,I�D�WUHH�LV�ZDQWHG�LQVWHDG��WKHQ�ZH�VKRXOG�XVH�RQH�PRUH�UXOH�WR�SURGXFH�D�WRS�OHYHO�HOHPHQW�

�ELE���WR�ZUDS�WKH�ERRN��HOHPHQWV��

LI�%#ERRN�WLWOH�7�SXEOLVKHU 
$GGLVRQ�:HVOH\
�\HDU�<!������
WKHQ�ERRN��WLWOH�7�\HDU�<��

LI�%#ERRN��
WKHQ�[POBUHVXOW�ELE��ERRN��OLVW�%����

ZLWK�WKH�IROORZLQJ�'7'��

��'2&7<3(�ELE��>�

� ��(/(0(17�ELE���ERRN��!�
� ��(/(0(17�ERRN���WLWOH��\HDU�!�
@!�

1RWLFH�KRZ�WKH�OLVW�DJJUHJDWH�IXQFWLRQ�LV�XVHG�WR�FRQVWUXFW�;0/�HOHPHQWV�ZLWK�PXOWLSOH�

FKLOGUHQ��,Q�IDFW�WKLV�NLQG�RI�TXHU\�LV�VR�FRPPRQ�WKDW�;�'(9,&(�RIIHUV�WKH�IROORZLQJ�ZUDSSLQJ�

FRQVWUXFW�WKDW�LV�WUDQVODWHG�LQWR�WKH�DERYH�VHW�RI�UXOHV��

LI�%#ERRN�WLWOH�7�SXEOLVKHU 
$GGLVRQ�:HVOH\
�\HDU�<!������
WKHQ�[POBUHVXOW�ELE��ERRN��WLWOH�7�\HDU�<����

�

2QH�RI�WKH�PRVW�LPSRUWDQW�DGYDQWDJHV�RI�XVLQJ�D�ORJLF�OLNH�ODQJXDJH�IRU�TXHU\LQJ�;0/�GDWD�LV�

WKH�DELOLW\�RI�;��'(9,&(�WR�UHFXUVLYHO\�TXHU\�;0/�GRFXPHQWV�DQG�FRQVWUXFW�D�KLHUDUFKLF�GRFXPHQW�RI�

DUELWUDU\�GHSWK�IURP�IODW�VWUXFWXUHV�VWRUHG�LQ�D�GDWDEDVH��

3$576�&DVH���4���&RQYHUW�D�IODW�OLVW�RI�SDUWV�WKDW�FRQWDLQ�RQH�DQRWKHU��)LJXUH�����WR�D�WUHH�RI�

SDUWV��)LJXUH������,Q�WKH�UHVXOW�GRFXPHQW��SDUW�FRQWDLQPHQW�LV�UHSUHVHQWHG�E\�FRQWDLQPHQW�RI�RQH�

�SDUW!�HOHPHQW�LQVLGH�DQRWKHU��(DFK�SDUW�WKDW�LV�QRW�SDUW�RI�DQ\�RWKHU�SDUW�VKRXOG�DSSHDU�DV�D�VHSDUDWH�

WRS�OHYHO�HOHPHQW�LQ�WKH�RXWSXW�GRFXPHQW��

7KH�DERYH�TXHU\�LV�H[SUHVVHG�LQ�;�'(9,&(�DV��

LI�3#SDUW�ASDUWLG�,'�AQDPH�1DPH��
WKHQ�SDUW��ASDUWLG�,'�AQDPH�1DPH��

LI�33�#SDUW��ASDUWLG�,'��DQG�
���3�#SDUW�ASDUWLG�,'�ASDUHQW�3DUHQW��DQG�
���33�#SDUW��ASDUWLG�3DUHQW��
WKHQ�33�#SDUW��SDUW�OLVW�33����

LI�3�#SDUW��DQG�
���QRW�3�#SDUW��SDUW�
�3���
WKHQ�[POBUHVXOW�SDUWWUHH�SDUW��OLVW�3�����

��(/(0(17�SDUWOLVW��SDUW�!�
��(/(0(17�SDUW�(037<!�
��$77/,67�SDUW�� � SDUWLG��&'$7$���5(48,5('�
� � � � � � � � SDUWRI��&'$7$���,03/,('�
� � � � � � � � QDPH����&'$7$���5(48,5('!�

)LJXUH�����7KH�'7'�RI�WKH�3$576�FDVH��
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7KH�DERYH�VHW�RI�UXOHV�UHFXUVLYHO\�LWHUDWHV�WKURXJK�WKH�KLHUDUFKLHV�LPSOLFLW�LQ�WKH�IODW�SDUW�OLVW�

DQG�WUDQVIRUPV�WKHP�LQWR�H[SOLFLW�FRPSOH[�REMHFW�UHIHUHQFHV�LQ�WKH�UHFXUVLYH�SDUW��HOHPHQW��:KHQ�WKH�

DERYH�DOJRULWKP�ILQLVKHV��WKH�ODVW�UXOH�PDNHV�WRS�OHYHO�HOHPHQWV�WKRVH�WKDW�DUH�FRQWDLQHG�ZLWKLQ�

DQRWKHU�SDUW�LQ�KH�KLHUDUFK\��

��(/(0(17�SDUWWUHH��SDUW�!�
��(/(0(17�SDUW��SDUW�!�
��$77/,67�SDUW�� � SDUWLG��&'$7$���5(48,5('�
� � � � � � � � QDPH����&'$7$���5(48,5('!�

)LJXUH�����7KH�'7'�IRU�D�WUHH�RI�SDUWV��

7KH�VDPH�TXHU\�LQ�;4XHU\�LV�H[SUHVVHG�DV��

GHILQH�IXQFWLRQ�RQHBOHYHO��HOHPHQW��S��UHWXUQV�HOHPHQW�
^����SDUW�SDUWLG ^��S�#SDUWLG�`��
����������QDPH ^��S�#QDPH�`�!�
^�����������IRU��V�LQ�GRFXPHQW��GDWD�SDUWV�GDWD�[PO����SDUW�
������������ZKHUH��V�#SDUWRI� ��S�#SDUWLG�
������������UHWXUQ�RQHBOHYHO��V��
��������`�
������SDUW!�
`�

�SDUWWUHH!�
^���IRU��S�LQ�GRFXPHQW��GDWD�SDUWV�GDWD�[PO����SDUW>HPSW\�#SDUWRI�@�
����UHWXUQ�RQHBOHYHO��S��
��`�
��SDUWWUHH!�

7KH�FRPSOH[LW\�RI�WKH�DERYH�TXHU\�OLHV�LQ�WKH�IDFW�WKDW�;4XHU\�LV�IXQFWLRQDO�DQG�WKHUHIRUH�

UHTXLUHV�H[SOLFLW�ORRSLQJ�FRQVWUXFWV��ZKHUHDV�WKH�GHFODUDWLYH��LPSOLFLW�ORRSV�RI�;�'(9,&(�DOORZ�D�PRUH�

FOHDU�DQG�FRQFLVH�V\QWD[��)XUWKHUPRUH��;4XHU\�FRQVWUXFWV�WKH�UHVXOW�LQ�KHWHURJHQHRXV�ZD\V��L�H��HLWKHU�

XVLQJ�WHPSODWHV�RU�IXQFWLRQV��ZKLFK�FRPSOLFDWH�WKLQJV�IRU�WKH�QDLYH�XVHU��ZKHUHDV�;�'(9,&(�XVHV�WKH�

VLPSOH�QRWLRQ�RI�GHILQLQJ�GHULYHG�FODVVHV�WKDW�FDQ�EH�UHIHUHQFHG�E\�RWKHU�FODVVHV�WKURXJK�REMHFW�

UHIHUHQFLQJ�� �

$QRWKHU�GLUHFWLYH�IRU�FRQVWUXFWLQJ�;0/�GRFXPHQWV�LV�[POBVRUWHG��ZKLFK�LV�VLPLODU�WR�

[POBUHVXOW�DQG�LV�XVHG�IRU�VRUWLQJ�WKH�HOHPHQWV�RI�WKH�UHVXOW�DFFRUGLQJ�WR�D�JURXS�RI�HOHPHQW�YDOXHV�

VSHFLILHG�LQ�WKH�UXOH�KHDG��7KH�IROORZLQJ�H[DPSOH�GHPRQVWUDWHV�WKH�XVH�DQG�WUDQVODWLRQ�RI�

[POBVRUWHG��

;03�&DVH���4���/LVW�WKH�WLWOHV�DQG�\HDUV�RI�DOO�ERRNV�SXEOLVKHG�E\�$GGLVRQ�:HVOH\�DIWHU�������

LQ�DOSKDEHWLF�RUGHU��)LJXUH�����

LI�%#ERRN�WLWOH�7�SXEOLVKHU 
$GGLVRQ�:HVOH\
�\HDU�<!������
WKHQ�[POBVRUWHG�>7@�ELE��ERRN��WLWOH�7�\HDU�<�����

1RWLFH�WKDW�WKH�VRUWLQJ�LV�GRQH�RQ�WKH�YDOXHV�RI�WKH�7�YDULDEOH��QDPHO\�WKH�ERRN�WLWOHV��7KLV�

GLUHFWLYH�LV�HDVLO\�WUDQVODWHG�LQWR�WZR�UXOHV��

LI�%#ERRN�WLWOH�7�SXEOLVKHU 
$GGLVRQ�:HVOH\
�\HDU�<!������
WKHQ�ERRN��WLWOH�7�\HDU�<��

LI�;;�#ERRN��WLWOH�7�\HDU�<��
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WKHQ�[POBUHVXOW�ELE��ERRN��RUGBOLVW�;;��>7@����

7KH�ILUVW�UXOH�FUHDWHV�WKH�LQQHU�FODVV��ERRN����ZKLOH�WKH�VHFRQG�RQH�FUHDWHV�WKH�RXWHU�FODVV�

�ELE���DQG�JURXSV�LQVLGH�WKH�VLQJOH�LQVWDQFH�RI�WKH�RXWHU�FODVV�DOO�WKH�LQVWDQFHV�RI�WKH�LQQHU�FODVV�E\�

FRS\LQJ�WKHP�WR�D�OLVW�DWWULEXWH��ERRN����VRUWHG�E\�WKH�YDOXHV�RI�WKH�7�YDULDEOH��7KH�H[SUHVVLRQ�

RUGBOLVW�LV�DQRWKHU�DJJUHJDWH�IXQFWLRQ�RI�;�'(9,&(�WKDW��VLPLODUO\�WR�OLVW��FROOHFWV�DOO�WKH�LQVWDQFHV�

RI�LWV�DUJXPHQW��YDULDEOH�;;���LQWR�D�OLVW��VRUWLQJ�WKHP�VLPXOWDQHRXVO\�DFFRUGLQJ�WR�WKH�YDOXHV�RI�WKH�

OLVW�WKDW�IROORZV�WKH�DUJXPHQW��>7@���7KLV�IXQFWLRQ�FDQ�EH�XVHG�LQGHSHQGHQWO\�RI�WKH�[POBVRUWHG�

FRQVWUXFW��ZKLFK�PHDQV�WKDW�WKH�XVHU�FDQ�VRUW�VLEOLQJ�HOHPHQWV�DQ\ZKHUH�LQ�WKH�UHVXOW�WUHH�� �

)LQDOO\��WKH�XVHU�FDQ�FKRRVH�WR�DYRLG�SURGXFLQJ�GHHS�;0/�GRFXPHQWV��HYHQ�LI�WKH�UHVXOW�

FRQWDLQV�HOHPHQWV�WKDW�FRQWDLQ�FKLOGUHQ�HOHPHQWV��E\�XVLQJ�WKH�VKDOORZBUHVXOW�GLUHFWLYH��7KLV�

GLUHFWLYH�UHWXUQV�DQ�;0/�GRFXPHQW�ZLWK�WZR�OHYHOV�RI�QHVWLQJ��WKH�ILUVW�FRQWDLQV�RQO\�WKH�URRW�HOHPHQW�

RI�WKH�UHVXOW�WUHH��DQG�WKH�VHFRQG�OHYHO�FRQWDLQV�HOHPHQWV�ZLWKRXW�FKLOGUHQ�EXW�RQO\�ZLWK�DWWULEXWHV��LI�

DQ\���7KH�IROORZLQJ�H[DPSOH�GHPRQVWUDWHV�WKLV��

5()�&DVH���4���)LQG�-RH
V�FKLOGUHQ��)LJXUH������1RWLFH�WKDW�WKH�SDUHQW�FKLOG�UHODWLRQVKLS�LV�

UHSUHVHQWHG�WKURXJK�WKH�UHFXUVLYH�HOHPHQW�SHUVRQ��

��(/(0(17�FHQVXV��SHUVRQ�!�
��(/(0(17�SHUVRQ��SHUVRQ�!�
� ��$77/,67�SHUVRQ�� QDPH����,'�������5(48,5('�
� � � � � � � � � VSRXVH��,'5()����,03/,('�
� � � � � � � � � MRE�����&'$7$����,03/,('�!�

)LJXUH�����7KH�'7'�RI�WKH�5()�FDVH��

7KH�DERYH�TXHU\�LV�H[SUHVVHG�LQ�;�'(9,&(�DV��

LI�3#SHUVRQ�AQDPH 
-RH
�SHUVRQ�
�&K��
WKHQ�UHVXOW�SHUVRQ�OLVW�&K���

LI�3#SHUVRQ�AQDPH 
-RH
�AVSRXVH�6��DQG�
���3�#SHUVRQ�AQDPH 6�SHUVRQ�
�&K��
WKHQ�VKDOORZBUHVXOW�UHVXOW�SHUVRQ�OLVW�&K����

1RWLFH�WKDW�DOWKRXJK�ERWK�UXOHV�UHIHU�WR�WKH�GHULYHG�FODVV�UHVXOW��RQO\�RQH�RI�WKHP�FRQWDLQV�

WKH�VKDOORZBUHVXOW�GLUHFWLYH��+RZHYHU��WKLV�LV�QRW�D�VWULFW�ODQJXDJH�UXOH��LW�GRHV�QRW�PDWWHU�LI�

VHYHUDO�UXOHV�FRQWDLQ�WKH�VKDOORZBUHVXOW�RU�DQ\�RWKHU�UHVXOW�GLUHFWLYH��DV�ORQJ�DV�WKH�IROORZLQJ�

FRQVWUDLQWV�DUH�VDWLVILHG��

x� 2QO\�RQH�W\SH�RI�UHVXOW�GLUHFWLYH�LV�DOORZHG�LQ�WKH�VDPH�TXHU\��

x� 2QO\�RQH�GHULYHG�FODVV�LV�DOORZHG�DW�WKH�UHVXOW��

7KH�'7'�IRU�WKH�DERYH�VHW�RI�UXOHV�LV�WKH�IROORZLQJ��

��'2&7<3(�UHVXOW�>�
� ��(/(0(17�UHVXOW��SHUVRQ�!�
� ��(/(0(17�SHUVRQ�(037<!�
� ��$77/,67�SHUVRQ�� � QDPH����,'�������5(48,5('�
� � � � � � � � � � VSRXVH��,'5()����,03/,('�
� � � � � � � � � � MRE�����&'$7$����,03/,('�!�
@!�
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DOWKRXJK�LQ�WKH�5()�'7'�WKH�SHUVRQ�HOHPHQW�KDG�VXE�HOHPHQWV��)LJXUH������ �

$OWHUQDWLYH�$WWULEXWH�([SUHVVLRQV�

,W�KDV�DOUHDG\�EHHQ�PHQWLRQHG�WKDW�;�'(9,&(�SDWK�H[SUHVVLRQV�FDQ�FRQWDLQ�VWHSV�WKDW�UHIHU�

HLWKHU�WR�QRUPDO�;0/�HOHPHQWV�RU�DWWULEXWH�HOHPHQWV��XVLQJ�WKH��A��V\PERO�DV�D�SUHIL[�EHIRUH�WKH�QDPH��

7KHUH�DUH�WZR�PRUH�W\SHV�RI�VSHFLDO�DWWULEXWHV�WKDW�FDQ�EH�XVHG�LQ�;�'(9,&(��QDPHO\�WKH�HPSW\�

HOHPHQW�DWWULEXWHV�DQG�WKH�V\VWHP�DWWULEXWHV��7KH�IROORZLQJ�H[DPSOH�GHPRQVWUDWHV�WKH�XVH�RI�ERWK�

VSHFLDO�DWWULEXWHV��

;03�&DVH���4���)RU�HDFK�ERRN��OLVW�WKH�WLWOH�DQG�ILUVW�WZR�DXWKRUV��DQG�DQ�HPSW\��HW�DO��

HOHPHQW�LI�WKH�ERRN�KDV�DGGLWLRQDO�DXWKRUV��)LJXUH�����

7KH�DERYH�TXHU\�LV�H[SUHVVHG�LQ�;�'(9,&(�DV��

LI�%#ERRN�WLWOH�7�DXWKRU�
 ���$��
WKHQ�ERRN��WLWOH�7�DXWKRU�OLVW�$���

LI�%�#ERRN��WLWOH�7��DQG�
���%#ERRN�WLWOH�7�DXWKRU�$��DQG�
���SURORJ^OHQJWK�$�/���/!�`�
WKHQ�%�#ERRN���HWBDO��

7KH�VHFRQG�UXOH�DERYH�LV�D�GHULYHG�DWWULEXWH�UXOH��%DVVLOLDGHV�HW�DO����������ZKLFK�FUHDWHV�D�QHZ�

HWBDO�DWWULEXWH�IRU�WKH�FODVV�ERRN���7KLV�QHZ�DWWULEXWH�LV�DFWXDOO\�DQ�HPSW\�HOHPHQW�SUHIL[HG�E\�WKH�

����V\PERO��(PSW\�DWWULEXWHV�DUH�DFWXDOO\�KDQGOHG�DV�VWULQJV�ZLWK�YDOXH�\HV�LI�WKH\�DUH�SUHVHQW��7KH�

GHULYHG�DWWULEXWH�UXOH�GHILQHV�WKDW�RQO\�REMHFWV�RI�FODVV�ERRN��WKDW�VDWLVI\�WKH�FRQGLWLRQ�ZLOO�KDYH�VXFK�

DQ�DWWULEXWH��7KH�UHVW�ZLOO�KDYH�QR�YDOXH�IRU�WKLV�DWWULEXWH��ZKLFK�PHDQV�WKDW�QR�VXFK�HOHPHQW�ZLOO�

DSSHDU�DW�WKH�UHVXOW��

$QRWKHU�QRWLFHDEOH�IHDWXUH�RI�ERWK�'(9,&(�DQG�;�'(9,&(�LQ�WKH�DERYH�GHULYHG�DWWULEXWH�UXOH�LV�

WKH�XVH�RI�DUELWUDU\�3URORJ�JRDOV�LQVLGH�WKH�FRQGLWLRQ�RI�UXOHV��,Q�WKLV�ZD\�WKH�V\VWHP�FDQ�EH�H[WHQGHG�

ZLWK�VHYHUDO�IHDWXUHV��ZKLFK�DUH�RXWVLGH�RI�WKH�ODQJXDJH�DQG�WKHUHIRUH�FDQQRW�EH�RSWLPL]HG��

)LQDOO\��QRWLFH�WKDW�WKH�GHULYHG�DWWULEXWH�UXOH�LWHUDWHV�RYHU�DOO�ERRNV�WKDW�KDYH�EHHQ�FRSLHG�WR�

WKH�ERRN��FODVV�UHWULHYLQJ�WKHLU�WLWOHV��DQG�WKHQ�PDWFKHV�WKH�WLWOHV�ZLWK�WKRVH�RI�WKH�RULJLQDO�ERRN�

REMHFWV��,I�WLWOHV�DUH�QRW�XQLTXH��KRZHYHU��WKLV�FDQ�SURGXFH�ZURQJ�UHVXOWV��$�VDIHU�ZD\�WR�GR�WKLV�ZRXOG�

EH�WR�VWRUH�ZLWKLQ�WKH�ERRN��REMHFWV�WKH�2,'�RI�WKH�RULJLQDO�ERRN�REMHFWV��ZKLFK�DUH�XQLTXH��+RZHYHU��

WKHVHV�2,'V�VKRXOG�QRW�UHDOO\�EH�SDUW�RI�WKH�TXHU\�UHVXOW��WKHLU�SXUSRVH�LV�PHUHO\�DX[LOLDU\��7KLV�FDQ�EH�

DFKLHYHG�E\�SUHIL[LQJ�WKH�DX[LOLDU\�DWWULEXWH�ZLWK�WKH�����V\PERO��ZKLFK�LQGLFDWHV�WKDW�LW�LV�D�V\VWHP�

DWWULEXWH��8VLQJ�D�V\VWHP�DWWULEXWH��WKH�DERYH�TXHU\�LV�QRZ�H[SUHVVHG�DV�IROORZV��

LI�%#ERRN�WLWOH�7�DXWKRU�
 ���$��
WKHQ�ERRN��WLWOH�7�DXWKRU�OLVW�$���RULJLQDO�%��

LI�%�#ERRN���RULJLQDO�%��DQG�
���%#ERRN�DXWKRU�$��DQG�
���SURORJ^OHQJWK�$�/���/!�`�
WKHQ�%�#ERRN���HWBDO��
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7KH�RULJLQDO�DWWULEXWH�LV�D�V\VWHP�DWWULEXWH�WKDW�ZLOO�QRW�DSSHDU�DW�WKH�ILQDO�;0/�UHVXOW��7KLV�

LV�DFKLHYHG�E\�VLPSO\�QRW�SODFLQJ�WKH�DWWULEXWH�QDPH�LQ�WKH�HOHPBRUGHU�FODVV�DWWULEXWH��,WV�

IXQFWLRQDOLW\�LV�WR�NHHS�WUDFN��LQ�ERRN��REMHFWV��RI�WKH�RULJLQDO�ERRN�REMHFWV�VR�WKDW�WKHLU�;0/�

DWWULEXWHV�FDQ�EH�SUHVHUYHG�WKURXJK�WKH�ILUVW�UXOH��IRU�XVLQJ�WKHP�LQ�WKH�VHFRQG�UXOH�� �

&RQFOXVLRQV�DQG�)XWXUH�:RUN�

,Q�WKLV�FKDSWHU��ZH�KDYH�FRQVLGHUHG�WKH�SUREOHP�RI�VWRULQJ�DQ�;0/�GRFXPHQW�LQWR�DQ�22'%�

E\�DXWRPDWLFDOO\�PDSSLQJ�WKH�VFKHPD�RI�WKH�;0/�GRFXPHQW��'7'��WR�DQ�REMHFW�VFKHPD�DQG�;0/�

HOHPHQWV�WR�GDWDEDVH�REMHFWV��2XU�DSSURDFK�PDSV�HOHPHQWV�HLWKHU�DV�FODVVHV�RU�DWWULEXWHV�EDVHG�RQ�WKH�

FRPSOH[LW\�RI�WKH�HOHPHQWV�RI�WKH�'7'��ZLWKRXW�ORRVLQJ�WKH�UHODWLYH�RUGHU�RI�HOHPHQWV�LQ�WKH�RULJLQDO�

GRFXPHQW��

)XUWKHUPRUH��ZH�KDYH�SURYLGHG�D�GHGXFWLYH�UXOH�TXHU\�ODQJXDJH�IRU�H[SUHVVLQJ�TXHULHV�RYHU�

WKH�VWRUHG�;0/�GDWD��7KH�GHGXFWLYH�UXOH�ODQJXDJH�KDV�FHUWDLQ�FRQVWUXFWV��VXFK�DV�VHFRQG�RUGHU�

YDULDEOHV��JHQHUDO�SDWK�DQG�RUGHULQJ�H[SUHVVLRQV��IRU�WUDYHUVLQJ�WUHH�VWUXFWXUHG�GDWD�WKDW�ZHUH�

LPSOHPHQWHG�E\�WUDQVODWLQJ�WKHP�LQWR�ILUVW�RUGHU�GHGXFWLYH�UXOHV��7KH�WUDQVODWLRQ�VFKHPH�LV�PDLQO\�

EDVHG�RQ�WKH�TXHU\LQJ�RI�PHWD�GDWD��PHWD�FODVVHV��DERXW�GDWDEDVH�REMHFWV��&RPSDULQJ�;�'(9,&(�ZLWK�

WKH�;4XHU\�TXHU\�ODQJXDJH��LW�VHHPV�WKDW�WKH�KLJK�OHYHO��GHFODUDWLYH�V\QWD[�RI�;�'(9,&(�DOORZV�XVHUV�

WR�H[SUHVV�HYHU\WKLQJ�WKDW�;4XHU\�FDQ�H[SUHVV��LQ�D�PRUH�FRPSDFW�DQG�FRPSUHKHQVLEOH�ZD\��ZLWK�WKH�

SRZHUIXO�DGGLWLRQ�RI�JHQHUDO�SDWK�H[SUHVVLRQV��IL[SRLQW�UHFXUVLRQ�DQG�VHFRQG�RUGHU�YDULDEOHV��

8VHUV�FDQ�DOVR�H[SUHVV�FRPSOH[�;0/�GRFXPHQW�YLHZV�XVLQJ�;�'(9,&(��D�IDFW�WKDW�FDQ�JUHDWO\�

IDFLOLWDWH�FXVWRPL]LQJ�LQIRUPDWLRQ�IRU�H�FRPPHUFH�DQG�RU�H�OHDUQLQJ��)XUWKHUPRUH��WKH�;�'(9,&(�

V\VWHP�RIIHUV�DQ�LQIHUHQFH�HQJLQH�WKDW�VXSSRUWV�PXOWLSOH�NQRZOHGJH�UHSUHVHQWDWLRQ�IRUPDOLVPV�

�GHGXFWLYH��SURGXFWLRQ��DFWLYH�UXOHV��DV�ZHOO�DV�VWUXFWXUHG�REMHFWV���ZKLFK�FDQ�SOD\�DQ�LPSRUWDQW�UROH�DV�

DQ�LQIUDVWUXFWXUH�IRU�WKH�LPSHQGLQJ�VHPDQWLF�:HE��:��&RQVRUWLXP��1RY��������3URGXFWLRQ�UXOHV�FDQ�

DOVR�EH�XVHG�IRU�XSGDWLQJ�DQ�;0/�GRFXPHQW�LQVLGH�WKH�22'%��D�IHDWXUH�QRW�\HW�WRXFKHG�XSRQ�WKH�

;4XHU\�LQLWLDWLYH��+RZHYHU��WKH�VWXG\�RI�XVLQJ�SURGXFWLRQ�UXOHV�IRU�XSGDWLQJ�;0/�GRFXPHQWV�LV�

RXWVLGH�WKH�VFRSH�RI�WKLV�FKDSWHU�DQG�LV�D�WRSLF�RI�IXWXUH�UHVHDUFK��

$PRQJ�RXU�SODQV�IRU�IXUWKHU�GHYHORSLQJ�;�'(9,&(�LV�WKH�GHILQLWLRQ�RI�DQ�;0/�FRPSOLDQW�

V\QWD[�IRU�WKH�UXOH�TXHU\�ODQJXDJH�EDVHG�RQ�WKH�XSFRPLQJ�5XOH0/�LQLWLDWLYH��%ROH\��7DEHW��	�

:DJQHU���������)XUWKHUPRUH��ZH�SODQ�WR�H[WHQG�WKH�FXUUHQW�PDSSLQJ�VFKHPH�WR�GRFXPHQWV�WKDW�

FRPSO\�ZLWK�;0/�6FKHPD��:��&RQVRUWLXP��0D\��������

$FNQRZOHGJHPHQWV�

3DUW�RI�WKH�ZRUN�SUHVHQWHG�LQ�WKLV�FKDSWHU�ZDV�SDUWLDOO\�ILQDQFLDOO\�VXSSRUWHG�E\�WKH�(XURSHDQ�

&RPPLVVLRQ�XQGHU�WKH�,67�1R�������3URMHFW��.2'���.QRZOHGJH�RQ�'HPDQG��WKURXJK�WKH�

,QIRUPDWLRQ�6RFLHW\�7HFKQRORJLHV�3URJUDPPH��,67����
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7KH�ILUVW�DXWKRU�LV�VXSSRUWHG�E\�D�VFKRODUVKLS�IURP�WKH�*UHHN�)RXQGDWLRQ�RI�6WDWH�6FKRODUVKLSV�

�)�6�6����,�.�<����

$SSHQGL[��;�'(9,&(�6\QWD[�

�UXOH!��� �LI��FRQGLWLRQ!�WKHQ��FRQVHTXHQFH!�
�FRQGLWLRQ!��� ��LQWHU�REMHFW!�
�FRQVHTXHQFH!��� �^�DFWLRQ!�_��FRQFOXVLRQ!�_��GHULYHGBDWWULEXWHBWHPSODWH!`�
�LQWHU�REMHFW!��� ��FRQGLWLRQ�HOHPHQW!�>
DQG
��LQWHU�REMHFW!@�
�LQWHU�REMHFW!��� ��LQWHU�REMHFW!�
DQG
��SURORJBFRQG!�
�FRQGLWLRQ�HOHPHQW!��� �>
QRW
@��LQWUD�REMHFW!�
�LQWUD�REMHFW!��� �>�LQVWBH[SU!
#
@�FODVVBH[SU!>
�
�DWWU�SDWWHUQV!
�
@�
�DWWU�SDWWHUQV!��� ��DWWU�SDWWHUQ!>
�
�DWWU�SDWWHUQV!@�
�DWWU�SDWWHUQ!��� ��DWWU�H[SU!>
�
�SDWKBH[SU!@�^
�
�YDULDEOH!��
� � � � � � � � � _��SUHGLFDWHV!��
� � � � � � � � � _�
�
�YDULDEOH!��SUHGLFDWHV!��
� � � � � � � � � _��OLVW�RSHUDWRU!��YDULDEOH!`�
�SDWKBH[SU!��� ��QW�DWWU�H[SU!�>
�
�SDWKBH[SU!@�
�DWWU�H[SU!��� �^�QW�DWWU�H[SU!_�W�DWWU!_�QRUPDO�DWWU!
n
`�
�QW�DWWU�H[SU!��� ��QW�DWWU!>^

_�LQWHJHU!`@�
�QW�DWWU�H[SU!��� �^

_
�
`�
�QW�DWWU!��� �^�QRUPDO�DWWU!_�V\VWHP�DWWU!`�
�W�DWWU!��� �^�[PO�DWWU!_�HPSW\�DWWU!`�
�QRUPDO�DWWU!��� ��DWWU!�
�V\VWHP�DWWU!��� �
�
�DWWU!�
�[PO�DWWU!��� �
A
�DWWU!�
�HPSW\�DWWU!��� �
�
�DWWU!�
�DWWU!��� �^�DWWULEXWH!_�YDULDEOH!`�
�SUHGLFDWHV!��� ��UHO�RSHUDWRU!��YDOXH!�>^�
	
�_�
�
�`��SUHGLFDWHV!@�
�SUHGLFDWHV!��� ��VHW�RSHUDWRU!��VHW!�
�UHO�RSHUDWRU!��� �
 
�_�
!
�_�
! 
�_�
 �
�_�
�
�_�
? 
�_�
�
��
� � � � � � � � _��GDWH�RSHUDWRU!�
�GDWH�RSHUDWRU!��� �
�
^
\
_
P
_
G
`�
�VHW�RSHUDWRU!��� �
�
�_�
�
�_�
�
�_�
�
�_�
�
�_�
�
�_�
?�
�_�
�
�
�OLVW�RSHUDWRU!��� �


�_�
?

�
�OLVW�RSHUDWRU!��� �


�RUGHUBH[SU!�
�RUGHUBH[SU!��� �^�DEVBRUGHU!_�UHOBRUGHU!_
^
�UHOBRUGHU!
�
�DEVBRUGHU!
`
`�
�DEVBRUGHU!��� ��UHO�RSHUDWRU!�LQWHJHU!�_��LQWHJHU!�
�UHOBRUGHU!��� �^�
EHIRUH
�_�
DIWHU
�`
�
�YDULDEOH!
�
�
�UHOBRUGHU!��� �
EHWZHHQ
�
�
�YDULDEOH!
�
�YDULDEOH!
�
�
�YDOXH!��� ��FRQVWDQW!�_��YDULDEOH!�_��DULWKBH[SU!�
�VHW!��� �
>
�FRQVWDQWV!
@
�
�SURORJBFRQG!��� �
SURORJ
�
^
�SURORJBJRDO!
`
�
�DFWLRQ!��� ��SURORJBJRDO!�
�FRQFOXVLRQ!��� ��GHULYHGBFODVVBWHPSODWH!�
�FRQFOXVLRQ!��� �^
[POBUHVXOW
�_�
VKDOORZBUHVXOW
`
�
�HOHPBH[SU!
�
�
�FRQFOXVLRQ!��� �^
[POBVRUWHG
�_�
VKDOORZBVRUWHG
`
�
>�JURXSBOLVW!�
� � � � � � � � � � � � � � � � � >
�
�RUGHUBOLVW!@
�
@�HOHPBH[SU!
�
�
�HOHPBH[SU!��� ��GHULYHGBFODVVBWHPSODWH!�
�HOHPBH[SU!��� ��GHULYHGBFODVV!
�
�GHULYHGBFODVVBWHPSODWH!
�
�
�GHULYHGBFODVVBWHPSODWH!��� ��GHULYHGBFODVV!
�
�WHPSO�SDWWHUQV!
�
�
�GHULYHGBDWWULEXWHBWHPSODWH!��� ��YDULDEOH!
#
^�FODVV!`�
� � � � � � � � � � � � � � 
�
�WHPSO�SDWWHUQV!
�
�
�WHPSO�SDWWHUQV!��� ��WHPSO�SDWWHUQ!�>
�
��WHPSO�SDWWHUQ!@�
�WHPSO�SDWWHUQ!��� �^�QRUPDO�DWWU!_�V\VWHP�DWWU!_�[PO�DWWU!`
�
�
� � � � � � � � � ^�YDOXH!�_��DJJUHJDWHBH[SU!`�
�WHPSO�SDWWHUQ!��� ��HPSW\�DWWU!�
�DJJUHJDWHBH[SU!��� ��DJJUHJDWHBIXQFWLRQ!
�
�YDULDEOH!
�
`�



8VLQJ�/RJLF� � ���

�

�DJJUHJDWHBH[SU!��� �
RUGBOLVW�
�YDULDEOH!>
�
�JURXSBOLVW!�
� � � � � � � � � � � � � � � � � � >
�
�RUGHUBOLVW!@@
�
�
�DJJUHJDWHBIXQFWLRQ!��� �
FRXQW
_
VXP
_
DYJ
_
PD[
_
PLQ
_
OLVW
_
VWULQJ
�
�JURXSBOLVW!��� �
>
�YDULDEOH!>
�
�YDULDEOH!@
@
�
�RUGHUBOLVW!��� �
>
�RUGBV\PERO!>
�
�RUGBV\PERO!@
@
�
�RUGBV\PERO!��� �^
�
�_�
!
`�
�LQVWBH[SU!��� �^�YDULDEOH!_�FODVV!`�
�FODVVBH[SU!��� �^�YDULDEOH!_�FODVV!_�LQVWBH[SU!
�
�FODVV!`�
�FODVV!��� �DQ�H[LVWLQJ�FODVV�RU�PHWD�FODVV�RI�WKH�22'%�VFKHPD�
�GHULYHGBFODVV!��� �DQ�H[LVWLQJ�GHULYHG�FODVV�RU�D�QRQ�H[LVWLQJ�EDVH�FODVV�RI�WKH�22'%�VFKHPD�
�DWWULEXWH!��� �DQ�H[LVWLQJ�DWWULEXWH�RI�WKH�FRUUHVSRQGLQJ�22'%�FODVV�
�SURORJBJRDO!��� �DQ�DUELWUDU\�3URORJ�$'$0�JRDO�
�FRQVWDQWV!��� ��FRQVWDQW!>
�
�FRQVWDQWV!@�
�FRQVWDQW!��� �D�YDOLG�FRQVWDQW�RI�DQ�22'%�VLPSOH�DWWULEXWH�W\SH�
�YDULDEOH!��� �D�YDOLG�3URORJ�YDULDEOH�
�DULWKBH[SU!��� �D�YDOLG�3URORJ�DULWKPHWLF�H[SUHVVLRQ�

5HIHUHQFHV�

$ELWHERXO��6���&OXHW��6���&KULVWRSKLGHV��9���0LOR��7���0RHUNRWWH��*���6LPpRQ��-�������D���
4XHU\LQJ�'RFXPHQWV�LQ�2EMHFW�'DWDEDVHV��,QWHUQDWLRQDO�-RXUQDO�RQ�'LJLWDO�/LEUDULHV���������������

$ELWHERXO��6���4XDVV��'���0F+XJK��-���:LGRP��-���	�:LHQHU��-��/�������E���7KH�/RUHO�4XHU\�
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'DWDEDVH���������

/DNVKPDQDQ��/��9��6���6DGUL��)���	�6XEUDPDQLDQ��,��1����������$�'HFODUDWLYH�/DQJXDJH�IRU�
4XHU\LQJ�DQG�5HVWUXFWXULQJ�WKH�:HE��3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�:RUNVKRS�RQ�5HVHDUFK�,VVXHV�
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���������IURP�KWWS���ZZZ�Z��RUJ�75�TXHU\�VHPDQWLFV�
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