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0LFKDHO�0��&RKHQ��-RQDV�%HVNRZ��DQG�'RPLQLF�:��0DVVDUR�
�
8&�6DQWD�&UX]�3HUFHSWXDO�6FLHQFH�/DERUDWRU\�
��

$%675$&7�
:H�UHSRUW�RQ�RXU�UHFHQW�IDFLDO�DQLPDWLRQ�ZRUN�WR�LPSURYH�WKH�UHDOLVP�DQG�DFFXUDF\�RI�YLV�
XDO�VSHHFK�V\QWKHVLV��7KH�JHQHUDO�DSSURDFK�LV�WR�XVH�ERWK�VWDWLF�DQG�G\QDPLF�REVHUYDWLRQV�RI�
QDWXUDO�VSHHFK�WR�JXLGH�WKH�IDFLDO�PRGHOLQJ��2QH�FXUUHQW�JRDO�LV�WR�PRGHO�WKH�LQWHUQDO�DUWLFX�
ODWRUV�RI�D�KLJKO\�UHDOLVWLF�SDODWH�� WHHWK��DQG�DQ�LPSURYHG�WRQJXH��%HFDXVH�RXU�WDONLQJ�KHDG�
FDQ� EH� PDGH� WUDQVSDUHQW�� ZH� FDQ� SURYLGH� DQ� DQDWRPLFDOO\� YDOLG� DQG� SHGDJRJLFDOO\� XVHIXO�
GLVSOD\�WKDW�FDQ�EH�XVHG�LQ�VSHHFK�WUDLQLQJ�RI�FKLOGUHQ�ZLWK�KHDULQJ�ORVV�>�@��+LJK�UHVROXWLRQ�
PRGHOV� RI�SDODWH� DQG� WHHWK� >�@�ZHUH� UHGXFHG� WR�D� UHODWLYHO\� VPDOO�QXPEHU�RI�SRO\JRQV� IRU�
UHDO�WLPH�DQLPDWLRQ�>�@��)RU�WKH�LPSURYHG�WRQJXH��ZH�DUH�XVLQJ��'�XOWUDVRXQG�GDWD�DQG�HOHF�
WURSDODWRJUDSK\��(3*��>�@�ZLWK�HUURU�PLQLPL]DWLRQ�DOJRULWKPV�WR�HGXFDWH�RXU�SDUDPHWULF�%�
VSOLQH�EDVHG�WRQJXH�PRGHO�WR�VLPXODWH�UHDOLVWLF�VSHHFK��,Q�DGGLWLRQ��D�KLJK�VSHHG�DOJRULWKP�
KDV�EHHQ�GHYHORSHG�IRU�GHWHFWLRQ�DQG�FRUUHFWLRQ�RI�FROOLVLRQV��WR�SUHYHQW�WKH�WRQJXH�IURP�
SURWUXGLQJ� WKURXJK� WKH� SDODWH� DQG� WHHWK�� DQG� WR� HQDEOH� WKH� UHDO�WLPH� GLVSOD\� RI� V\QWKHWLF�
(3*�SDWWHUQV��

�� %$&.*5281'�
3ULRU�ZRUN�LQ�YLVXDO�VSHHFK�V\QWKHVLV�KDV�WR�D�JUHDW�H[WHQW�EHHQ�DQ�DUW�UDWKHU�WKDQ�VFLHQFH��
3HUFHSWXDO�UHVHDUFK�KDV�EHHQ�WR�D�FHUWDLQ�GHJUHH�LQIRUPDWLYH�DERXW�WKH�KRZ�YLVXDO�VSHHFK�LV�
UHSUHVHQWHG�DQG�SURFHVVHG��EXW� LPSURYHPHQWV� LQ�YLVXDO� VSHHFK�V\QWKHVLV�QHHG� WR�EH�PXFK�
PRUH�GULYHQ�E\�GHWDLOHG�VWXGLHV�RI�KRZ�UHDO�KXPDQV�SURGXFH�VSHHFK��7KHUH�DUH�D�QXPEHU�RI�
GDWD�VRXUFHV�DERXW�VSHHFK�SURGXFWLRQ���ERWK�VWDWLF�DQG�G\QDPLF���WKDW�QHHG�WR�EH�WDSSHG��
7KHVH� LQFOXGH�REVHUYDWLRQV�IURP�KLJKO\�PDUNHG�RU�LQVWUXPHQWHG�VNLQ�VXUIDFHV��VXFK�DV�WKH�
2SWRWUDFN�V\VWHP��VRSKLVWLFDWHG�FRPSXWHU�YLVLRQ�DQDO\VLV�RI�XQPDUNHG�IDFHV���'�ODVHU�VFDQV�
RI�VWDWLF�IDFHV��DQG�PHDVXUHPHQWV�RI�LQWHUQDO�VWUXFWXUHV�XVLQJ�WHFKQLTXHV�VXFK�DV�XOWUDVRXQG�
DQG�(3*�>�@��[�UD\�PLFUR�EHDP�>�@��05,�>�@��DQG�FLQHUDGLRJUDSK\�>�@���
� 7KHUH�DUH�PDQ\�ZD\V�SRVVLEOH�WR�FRQWURO�D�V\QWKHWLF�WDONHU�LQFOXGLQJ�JHRPHWULF�SDUDPH�
WHUL]DWLRQ��PRUSKLQJ�EHWZHHQ�WDUJHW�VSHHFK�VKDSHV��PXVFOH�DQG�TXDVL�PXVFOH�PRGHOV��:KDW�
HYHU� WKH�V\VWHP��UDWKHU� WKDQ�WXQLQJ�WKH�FRQWURO�VWUDWHJLHV�E\�KDQG�DV�KDV�EHHQ�GRQH�LQ�WKH�
SDVW��ZH�QHHG�WR�XVH�WKH�PDVV�RI�DYDLODEOH�VWDWLF�DQG�G\QDPLF�REVHUYDWLRQV�RI�UHDO�KXPDQV�WR�
HGXFDWH�WKH�V\VWHPV�WR�EH�PRUH�UHDOLVWLF�DQG�DFFXUDWH��8VLQJ�PLQLPL]DWLRQ�ZH�FDQ�RSWLPL]H�
DQ\�FRQWURO�V\VWHP�WR�PDWFK�PHDVXUHPHQWV�RI�D�VWDWLF�IDFH��:LWK�RXU�FXUUHQW�VRIWZDUH��IRU�
H[DPSOH��JLYHQ�D��'�VKDSH�RI�WKH�IDFH��D�PLQLPL]DWLRQ�URXWLQH�FDQ�TXLFNO\�JLYH�XV�WKH�SD�
UDPHWHUV�WKDW�SURGXFHG�LW��*LYHQ�DQ\�SDUWLFXODU�PHDVXUHV�RI�WKH�IDFH�DQG�FRPSHWLQJ�SDUDPH�
WHUL]DWLRQV��ZH�FDQ�XVH�PLQLPL]DWLRQ� WR�RSWLPL]H�HDFK�V\VWHP�DQG�HYDOXDWH�ZKLFK�SDUDPH�
WHUL]DWLRQ�GRHV�WKH�EHVW�MRE��
� ,Q�DGGLWLRQ�WR�XVLQJ�PLQLPL]DWLRQ�WR�PDWFK�VWDWLF�IDFHV��ZH�VKRXOG�EH�XVLQJ�PLQLPL]DWLRQ�
WR� WXQH� WKH�SDUDPHWHUV�RI�G\QDPLF�PRGHOV� IRU� YLVXDO� VSHHFK��0DQ\�PRGHOV� DUH�SRVVLEOH� ��
PLQLPL]DWLRQ�FDQ�PDNH�WKH�PRVW�RI�D�PRGHO�DQG�WHOO�XV�ZKDW
V�EHVW��)RU�H[DPSOH��D�YDULHW\�
RI�FRDUWLFXODWLRQ�VWUDWHJLHV�DUH�SRVVLEOH�DQG�GLIIHUHQW�VWUDWHJLHV�PD\�EH�QHHGHG�IRU�GLIIHUHQW�
ODQJXDJHV��$�FDVH�VWXG\�RI�WKLV�DSSURDFK�LV�D�UHFHQW�GLVVHUWDWLRQ�>�@��ZKLFK�XVHG�PLQLPL]D�
WLRQ�WR�WUDLQ�WKH�G\QDPLF�FKDUDFWHULVWLFV�RI�RXU�FRDUWLFXODWLRQ�DOJRULWKP�>����@��
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� 5HFHQWO\��ZH� KDYH� DXJPHQWHG� WKH� LQWHUQDO� VWUXFWXUHV�RI�RXU� WDONLQJ�KHDG�ERWK� IRU� LP�
SURYHG�DFFXUDF\�DQG�WR�SHGDJRJLFDOO\�LOOXVWUDWH�FRUUHFW�DUWLFXODWLRQ��2QH�LPPHGLDWH�PRWLYD�
WLRQ�IRU�GHYHORSLQJ�D�KDUG�SDODWH��WHHWK�DQG�WRQJXH�LV�WKHLU�SRWHQWLDO�XWLOLW\�LQ�ODQJXDJH�WUDLQ�
LQJ��&KLOGUHQ�ZLWK�KHDULQJ�LPSDLUPHQW�UHTXLUH�JXLGHG�LQVWUXFWLRQ�LQ�VSHHFK�SHUFHSWLRQ�DQG�
SURGXFWLRQ�� 6RPH� RI� WKH� GLVWLQFWLRQV� LQ� VSRNHQ� ODQJXDJH� FDQQRW� EH� KHDUG�ZLWK� GHJUDGHG�
KHDULQJ��HYHQ�ZKHQ�WKH�KHDULQJ�ORVV�KDV�EHHQ�FRPSHQVDWHG�E\�KHDULQJ�DLGV�RU�FRFKOHDU�LP�
SODQWV��7R�RYHUFRPH�WKLV�OLPLWDWLRQ��ZH�SODQ�WR�XVH�YLVLEOH�VSHHFK�WR�SURYLGH�VSHHFK�WDUJHWV�
IRU�WKH�FKLOG�ZLWK�KHDULQJ�ORVV��,Q�DGGLWLRQ��PDQ\�RI�WKH�VXEWOH�GLVWLQFWLRQV�DPRQJ�VHJPHQWV�
DUH�QRW�YLVLEOH�RQ�WKH�RXWVLGH�RI�WKH�IDFH��7KH�VNLQ�RI�RXU�WDONLQJ�KHDG�FDQ�EH�PDGH�WUDQV�
SDUHQW�VR�WKDW�WKH�LQVLGH�RI�WKH�YRFDO�WUDFN�LV�YLVLEOH��RU�ZH�FDQ�SUHVHQW�D�FXWDZD\�YLHZ�RI�WKH�
KHDG�DORQJ� WKH�VDJLWWDO�SODQH��7KH�JRDO� LV�WR� LQVWUXFW�WKH�FKLOG�E\�UHYHDOLQJ�WKH�DSSURSULDWH�
DUWLFXODWLRQ�YLD�WKH�KDUG�SDODWH��WHHWK�DQG�WRQJXH��
� 9LVLEOH�VSHHFK� LQVWUXFWLRQ�SRVHV�PDQ\�LVVXHV�WKDW�PXVW�EH�UHVROYHG�EHIRUH�WUDLQLQJ�FDQ�
EH�RSWLPL]HG��:H�DUH�FRQILGHQW� WKDW� LOOXVWUDWLRQ�RI�DUWLFXODWLRQ�ZLOO�EH�XVHIXO� LQ� LPSURYLQJ�
WKH�OHDUQHU·V�VSHHFK��EXW�LW�ZLOO�EH�LPSRUWDQW�WR�DVVHVV�KRZ�ZHOO�WKH�OHDUQLQJ�WUDQVIHUV�RXWVLGH�
WKH� LQVWUXFWLRQDO� VLWXDWLRQ��$QRWKHU� LVVXH� LV�ZKHWKHU� LQVWUXFWLRQ� VKRXOG�EH� IRFXVHG�RQ� WKH�
YLVLEOH� VSHHFK� RU� ZKHWKHU� LW� VKRXOG� LQFOXGH� DXGLWRU\� LQSXW�� ,I� VSHHFK� SURGXFWLRQ�PLUURUV�
VSHHFK� SHUFHSWLRQ�� WKHQ� ZH� H[SHFW� WKDW�PXOWLPRGDO� WUDLQLQJ� VKRXOG� EH� EHQHILFLDO�� DV� VXJ�
JHVWHG�E\�6XPPHUILHOG�>��@��:H�H[SHFW�WKDW�WKH�FKLOG�FRXOG�OHDUQ�PXOWLPRGDO�WDUJHWV��ZKLFK�
ZRXOG�SURYLGH�PRUH�UHVROXWLRQ�WKDQ�HLWKHU�PRGDOLW\�DORQH��$QRWKHU�LVVXH�FRQFHUQV�ZKHWKHU�
WKH�YLVLEOH�VSHHFK�WDUJHWV�VKRXOG�EH�LOOXVWUDWHG�LQ�VWDWLF�RU�G\QDPLF�SUHVHQWDWLRQV��:H�SODQ�WR�
HYDOXDWH�ERWK�W\SHV�RI�SUHVHQWDWLRQ�DQG�H[SHFW�WKDW�VRPH�FRPELQDWLRQ�RI�PRGHV�ZRXOG�EH�
RSWLPDO��)LQDOO\�� WKH�VL]H�RI�WKH�LQVWUXFWLRQDO�WDUJHW�LV�DQ�LVVXH��6KRXOG�LQVWUXFWLRQ�IRFXV�RQ�
VPDOO�SKRQHPH�DQG�RSHQ�V\OODEOH�WDUJHWV��RU�VKRXOG�LW�EH�EDVHG�RQ�ODUJHU�XQLWV�RI�ZRUGV�DQG�
SKUDVHV"�$JDLQ��ZH�H[SHFW�WUDLQLQJ�ZLWK�VHYHUDO�VL]HV�RI�WDUJHWV�ZRXOG�EH�LGHDO���
� ,Q�VXPPDU\��DOWKRXJK�WKHUH�LV�D�ORQJ�KLVWRU\�RI�XVLQJ�YLVLEOH�FXHV�LQ�VSHHFK�WUDLQLQJ�IRU�
LQGLYLGXDOV�ZLWK�KHDULQJ�ORVV��WKHVH�FXHV�KDYH�XVXDOO\�EHHQ�DEVWUDFW�RU�V\PEROLF�UDWKHU�WKDQ�
GLUHFW�UHSUHVHQWDWLRQV�RI�WKH�YRFDO�WUDFW�DQG�DUWLFXODWRUV��2XU�JRDO�LV�WR�FUHDWH�D�VLPXODWLRQ�DV�
DFFXUDWH� DV�SRVVLEOH�� DQG� WR�DVVHVV�ZKHWKHU� WKLV� LQIRUPDWLRQ�FDQ�JXLGH� VSHHFK�SURGXFWLRQ��
:H�NQRZ�IURP�FKLOGUHQ�ERUQ�ZLWKRXW� VLJKW� WKDW� WKH�HDU� FDQ�JXLGH� ODQJXDJH� OHDUQLQJ��2XU�
TXHVWLRQ�LV�ZKHWKHU�WKH�H\H�FDQ�GR�WKH�VDPH��RU�DW�OHDVW�WKH�H\H�VXSSOHPHQWHG�ZLWK�GHJUDGHG�
DXGLWRU\�LQIRUPDWLRQ��

���1(:�6758&785(6�
����7HHWK�DQG�+DUG�3DODWH�
&XUUHQWO\�XQGHU�GHYHORSPHQW�DUH�D�SDODWH��UHDOLVWLF�WHHWK�DQG�DQ�LPSURYHG�WRQJXH�ZLWK�FROOL�
VLRQ�GHWHFWLRQ��)LJXUH���VKRZV�RXU�QHZ�SDODWH�DQG�WHHWK��$�GHWDLOHG�PRGHO�RI�WKH�WHHWK�DQG�
KDUG�SDODWH�ZDV�REWDLQHG�>�@�DQG�DGDSWHG�WR�WKH�WDONLQJ�KHDG��7R�DOORZ�UHDO�WLPH�GLVSOD\��WKH�
SRO\JRQ�FRXQW�ZDV�UHGXFHG�XVLQJ�D�VXUIDFH�VLPSOLILFDWLRQ�DOJRULWKP�>�@�IURP�������WR������
SRO\JRQV�� 7KLV� DOORZHG� D� VSHHGXS� IRU� UHQGHULQJ� DOO� RI� WKH� IDFH� DQG� DUWLFXODWRUV� IURP� ��
IUDPHV�VHF��ISV��WR����ISV��

����+DQGOLQJ�&ROOLVLRQV�
$GGLWLRQ�RI�WKH�WHHWK�DQG�D�KDUG�SDODWH�LQWURGXFHV�VRPH�JHRPHWULF�FRPSOLFDWLRQV��VLQFH�ZH�
QHHG�WR�PDNH�VXUH�WKDW�WKHVH�VWUXFWXUHV�DUH�QRW�LQWHUVHFWHG�E\�WKH�WRQJXH��7R�HQVXUH�WKLV��ZH�
KDYH�GHYHORSHG� D� IDVW�PHWKRG� WR�GHWHFW� DQG�FRUUHFW� WRQJXH�SRLQWV� WKDW�JR� LQWR� IRUELGGHQ�
DUHDV��
� 7KH�JHQHUDO�SULQFLSOH�LV�WKDW�RQFH�D�SRLQW�3�RQ�WKH�WRQJXH�VXUIDFH�LV�IRXQG�WR�EH�RQ�WKH�
ZURQJ� VLGH� RI� D� ERXQGDU\� �WKH� SDODWH�WHHWK� VXUIDFH��� LW� LV�PRYHG� EDFN� RQWR� WKDW� VXUIDFH��
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7KXV�WKH�SUREOHP�LV�GHFRPSRVHG�LQWR�WZR�PDLQ�SDUWV��GHWHFWLRQ�DQG�FRUUHFWLRQ��'HWHFWLRQ�
FDQ�EH�GRQH�E\�WDNLQJ�WKH�GRW�SURGXFW�EHWZHHQ�WKH�VXUIDFH�QRUPDO�DQG�D�YHFWRU�IURP�3�WR�
WKH�VXUIDFH��7KH�VLJQ�RI�WKLV�GRW�SURGXFW�WHOOV�XV�ZKDW�VLGH�3�LV�RQ��7R�FRUUHFW�WKH�SRLQW�RQWR�
WKH�VXUIDFH��ZH�KDYH�H[DPLQHG�VHYHUDO�VWUDWHJLHV�ZLWK�YDU\LQJ�FRPSXWDWLRQDO�UHTXLUHPHQWV���
2QH�ZD\�WR�GHDO�ZLWK�WKLV�LV�WR�GR�D�SDUDOOHO�SURMHFWLRQ�RI�WKH�SRLQW�RQWR�WKH�FORVHVW�SRO\JRQ��
RU�RQWR�DQ�HGJH�RU�D�YHUWH[�LI�LW�GRHV�QRW�OLH�GLUHFWO\�DERYH�D�SRO\JRQ��7KLV�KDV�WKH�GUDZEDFN�
WKDW�FRUUHFWHG�SRLQWV�ZLOO�QRW�DOZD\V�EH�HYHQO\�GLVWULEXWHG��,I�WKH�ERXQGDU\�VXUIDFH�LV�FRQ�
YH[��WKH�FRUUHFWHG�SRLQWV�FRXOG�EH�FOXVWHUHG�RQ�YHUWLFHV�DQG�HGJHV�RI�WKH�ERXQGDU\�VXUIDFH��
7KLV� DSSURDFK� LV� DOVR� UHODWLYHO\� VORZ� �DERXW� ���PV� IRU� WKH�HQWLUH� WRQJXH���$�PRUH�SUHFLVH�
�EXW� HYHQ� VORZHU�� VROXWLRQ� WDNHV� WKH�YHUWH[�QRUPDOV� DW� WKH�FRUQHUV�RI� WKH� WULDQJOH� LQWR�DF�
FRXQW� WR� GHWHUPLQH� WKH� OLQH� RI� SURMHFWLRQ�� UHVXOWLQJ� LQ� D� EHWWHU� GLVWULEXWLRQ� RI� FRUUHFWHG�
SRLQWV��,Q�ERWK�RI�WKH�DERYH�PHWKRGV��D�VHDUFK�LV�UHTXLUHG�WR�ILQG�WKH�EHVW�SRO\JRQ�WR�FRU�
UHFW�WR��
� &ROOLVLRQ� WHVWLQJ� FDQ� EH� SHUIRUPHG� DJDLQVW� WKH� DFWXDO� SRO\JRQ� VXUIDFH� FRPSULVLQJ� WKH�
SDODWH�DQG�WHHWK��EXW�FRUUHFWLRQV�VKRXOG�RQO\�EH�PDGH�WR�D�VXEVHW�RI�WKHVH�WRQJXH�SRO\JRQV��
QDPHO\�WKH�RQHV�WKDW�PDNH�XS�WKH�DFWXDO�ERXQGDU\�RI�WKH�PRXWK�FDYLW\��7R�FRSH�ZLWK�WKLV��
ZH�FUHDWHG�D�OLQHU�LQVLGH�WKH�PRXWK��ZKLFK�DGKHUHV�WR�WKH�LQQHU�VXUIDFH��7KH�OLQHU�ZDV�FUH�
DWHG�E\�H[WHQGLQJ�D�VHW�RI�UD\V�IURP�D�IL[HG�RULJLQ�SRLQW�2�LQVLGH�WKH�PRXWK�FDYLW\�DW�UHJXODU�
ORQJLWXGHV�DQG�ODWLWXGHV��XQWLO�WKH\�LQWHUVHFW�WKH�FORVHVW�SRO\JRQ�RQ�WKH�SDODWH�RU�WHHWK��7KH�
LQWHUVHFWLRQ�SRLQWV�WKXV�IRUP�D�UHJXODU�TXDGULODWHUDO�PHVK��WKH� OLQHU��LOOXVWUDWHG�LQ�)LJXUH����
7KH�UHJXODU�WRSRORJ\�RI�WKH�OLQHU�PDNHV�FROOLVLRQ�KDQGOLQJ�PXFK�IDVWHU��VHYHUDO�PVHF�IRU�WKH�
HQWLUH� WRQJXH��� DQG�ZH�FDQ�PDNH�DOO� FRUUHFWLRQV�DORQJ�D� OLQH� WRZDUGV�2��7KLV�ZD\��ZH�FDQ�
RPLW�WKH�SRO\JRQ�VHDUFK�VWDJH��DQG�GLUHFWO\�ILQG�WKH�FRUUHFW�TXDGULODWHUDO�RI�WKH�OLQHU�E\�FDO�
FXODWLQJ�WKH�VSKHULFDO�FRRUGLQDWHV�RI�WKH�IDLOLQJ�SRLQW�UHODWLYH�WR�2��
� 6LQFH� WKH� KDUG� SDODWH� DQG� WKH� WHHWK� GRQ·W� FKDQJH� VKDSH� RYHU� WLPH�� ZH� FDQ� VSHHG� WKH�
SURFHVV�XS�IXUWKHU�E\�SUH�FRPSXWLQJ�FHUWDLQ�LQIRUPDWLRQ��7KH�VSDFH�DURXQG�WKH�LQWHUQDOV�LV�
GLYLGHG�LQWR�D�VHW�RI���
��
���YR[HOV��ZKLFK�FRQWDLQ�LQIRUPDWLRQ�DERXW�ZKHWKHU�WKDW�YR[HO�
LV�RN��QRW�RN��RU�ERUGHUOLQH�IRU�WRQJXH�SRLQWV�WR�RFFXS\��7KLV�SURYLGHV�D�SUHOLPLQDU\�VFUHHQLQJ��
LI�D�SRLQW�LV�LQ�D�YR[HO�PDUNHG�RN��QR�IXUWKHU�FRPSXWDWLRQ�QHHG�EH�GRQH�IRU�WKDW�SRLQW��,I�WKH�
YR[HO� LV�ERUGHUOLQH��ZH�QHHG� WR�SHUIRUP�WHVWLQJ�DQG�SRVVLEO\�FRUUHFWLRQ�� LI� LW� LV�QRW� RN�ZH�JR�

�

)LJXUH������1HZ�SDODWH�DQG�WRQJXH�HPEHGGHG�LQ�
WKH�WDONLQJ�KHDG��

)LJXUH�����/LQHU�VWUXFWXUH�VKRZQ�IRU�SDODWH�DQG�XSSHU�
WHHWK�ZLWK� ORQJLWXGH� DQG� ODWLWXGH� OLQHV��:H� VHH� WKH�
OHIW�KDOI�RI�WKH�VWUXFWXUHV��WRQJXH��SDODWH��JXPV�DQG�
WHHWK��FXW�DW�WKH�VDJLWWDO�SODQH��7KH�IURQW�WHHWK�DUH�WR�
WKH�ULJKW�LQ�WKLV�ILJXUH��
�
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VWUDLJKW�WR�FRUUHFWLRQ��)LJXUH���LOOXVWUDWHV�WKH�VFUHHQLQJ�YR[HO�VSDFH��,Q�WKLV�VHW�RI�YR[HOV��WKH�
FRORU�RI�HDFK�SRLQW�LQGLFDWHV�WKH�VWDWH�RI�WKLQJV���

����7RQJXH�
2XU�V\QWKHWLF�WRQJXH�LV�FRQVWUXFWHG�RI�D�SRO\JRQ�VXUIDFH�GHILQHG�E\�VDJLWWDO�DQG�FRURQDO�E�
VSOLQH�FXUYHV��7KH�FRQWURO�SRLQWV�RI�WKHVH�E�VSOLQH�FXUYHV�DUH�FRQWUROOHG�VLQJO\�DQG�LQ�SDLUV�
E\� VSHHFK� DUWLFXODWLRQ�FRQWURO�SDUDPHWHUV��)LJXUH��� LOOXVWUDWHV� WKH�GHYHORSPHQW� V\VWHP�IRU�
RXU� WKLUG� JHQHUDWLRQ� WRQJXH�� ,Q� WKLV� LPDJH�� WDNHQ� IURP� WKH� 6LOLFRQ� *UDSKLFV� FRPSXWHU�
VFUHHQ��WKH�WRQJXH�LV�LQ�WKH�XSSHU�OHIW�TXDGUDQW��ZLWK�WKH�IURQW�SRLQWLQJ�WR�WKH�OHIW��7KH�XS�
SHU�ULJKW�SDQHO�VKRZV�WKH�IURQW��PLGGOH��DQG�EDFN�SDUDPHWULF�FRURQDO�VHFWLRQV��JRLQJ�ULJKW�WR�
OHIW��DORQJ�ZLWK�EOHQGLQJ�IXQFWLRQV�MXVW�EHORZ�ZKLFK�FRQWURO�MXVW�ZKHUH�IURQW��PLG��DQG�EDFN�
RFFXU��7KHUH�DUH�QRZ���VDJLWWDO�DQG���
���FRURQDO�SDUDPHWHUV�ZKLFK�DUH�PRGLILHG�ZLWK�WKH�
SLQN�VOLGHUV�LQ�WKH�ORZHU�ULJKW�SDQHO��7KH�WRS�SDUW�RI�)LJXUH���LOOXVWUDWHV�LQ�SDUW�WKH�VDJLWWDO�E�
VSLQH�FXUYH�DQG�KRZ�LW�LV�VSHFLILHG�E\�WKH�FRQWURO�SRLQWV��)RU�H[DPSOH��WR�H[WHQG�WKH�WLS�RI�
WKH� WRQJXH�IRUZDUG�� WKH�SDLU�RI�SRLQWV�(�DQG�)�LV�PRYHG�WRJHWKHU�WR�WKH�ULJKW�ZKLFK�WKHQ�
SXOOV�WKH�FXUYH�DORQJ��7R�PDNH�WKH�WLS�RI�WKH�WRQJXH�WKLQQHU��SRLQWV�(�DQG�)�FDQ�EH�PRYHG�
YHUWLFDOO\�WRZDUG�HDFK�RWKHU���
������7RQJXH�6KDSH�7UDLQLQJ�
,Q�RUGHU�WR�WUDLQ�RXU�V\QWKHWLF�WRQJXH�WR�FRUUHVSRQG�WR�REVHUYDWLRQV�IURP�QDWXUDO�WDONHUV��D�
PLQLPL]DWLRQ� DSSURDFK�KDV�EHHQ� DGRSWHG��)LJXUH� �� LOOXVWUDWHV� WKLV� DSSURDFK� LQ� WKH� VDJLWWDO�
SODQH��,Q�WKH�WRS�SDUW�RI�WKLV�ILJXUH��ZH�VHH�WKH�V\QWKHWLF�E�VSLQH�FXUYH�DORQJ�ZLWK�D�FRQWRXU�
H[WUDFWHG�IURP�DQ�05,�VFDQ�RI�D�VSHDNHU�DUWLFXODWLQJ�D��G���7KH�ILUVW�VWHS�LQ�DQ\�PLQLPL]D�
WLRQ� DOJRULWKP� LV� WR� FRQVWUXFW� DQ� DSSURSULDWH� HUURU�PHWULF�EHWZHHQ� WKH�REVHUYHG�DQG� V\Q�
WKHWLF�GDWD��)RU�WKH�SUHVHQW�FDVH��D�VHW�RI�UD\V�IURP�WKH�RULJLQ��LQGLFDWHG�LQ�)LJXUH���E\�WKH�
´�µ�PDUNV�� WKURXJK� WKH� REVHUYHG� SRLQWV� DQG� WKH� SDUDPHWULF� FXUYH� DUH� FRQVWUXFWHG�� 7KH�
HUURU�FDQ�WKHQ�EH�FRPSXWHG�DV�WKH�VXP�RI�WKH�VTXDUHG�OHQJWKV�RI�WKH�YHFWRUV�FRQQHFWLQJ�WKH�
WZR�FXUYHV���
� *LYHQ� WKLV� HUURU� VFRUH�� WKH� WRQJXH�FRQWURO�SDUDPHWHUV� �H�J�� WLS�DGYDQFHPHQW�� WLS� WKLFN�
QHVV��WRS�DGYDQFHPHQW��DUH�DXWRPDWLFDOO\�DGMXVWHG�XVLQJ�D�GLUHFW�VHDUFK�DOJRULWKP�>��@�VR�DV�
WR�PLQLPL]H� WKH� HUURU� VFRUH��7KLV� JHQHUDO� DSSURDFK� FDQ� EH� H[WHQGHG� WR� WKH� XVH� RI� WKUHH�

��
)LJXUH� ��� � �9R[HO� 6SDFH� DURXQG� WKH� OHIW� MDZ�
UHJLRQ�� 'DUN� GRWV� WRZDUG� ERWWRP� LQGLFDWH�
DUHDV� ZKHUH� WKH� WRQJXH� SRLQWV� DUH� RN�� JUD\�
GRWV�WRZDUG�WKH�WRS�ZKHUH�WKH�WRQJXH�LV�QRW�
RN�� DQG� ZKLWH� GRWV� ZKLFK� DUH� ERUGHUOLQH��
7KH� DQWHULRU� HQG� LV� WR� WKH� ULJKW� LQ� WKH�SLF�
WXUH���
�

��
)LJXUH������7RQJXH�GHYHORSPHQW�V\VWHP�



� 3DSHU��� ��
�

��

GLPHQVLRQDO�GDWD��DOWKRXJK�WKH�FRPSXWDWLRQ�RI�DQ�HUURU�PHWULF� LV�FRQVLGHUDEO\�PRUH�FRP�
SOH[��
������8OWUDVRXQG�
)RU�RXU� LPSURYHG� WRQJXH��ZH�DUH�XVLQJ�GDWD� IURP� WKUHH�GLPHQVLRQDO�XOWUDVRXQG�PHDVXUH�
PHQWV�RI� XSSHU� WRQJXH� VXUIDFHV� IRU�HLJKWHHQ�FRQWLQXRXV�(QJOLVK� VRXQGV� >�@��7KHVH�PHDV�
XUHPHQWV��PDGH�E\�0DXUHHQ�6WRQH�DW�-RKQ�+RSNLQV�8QLYHUVLW\��DUH�LQ�WKH�IRUP�RI�TXDGULODW�
HUDO�PHVKHV�DVVHPEOHG� IURP�VHULHV�RI��'�VOLFHV�PHDVXUHG�XVLQJ�D� URWDU\�XOWUDVRXQG� WUDQV�
GXFHU� DWWDFKHG� XQGHU� WKH� FKLQ�� ,W� VKRXOG� EH� QRWHG� WKDW� WKH� XOWUDVRXQG� WHFKQLTXH� FDQ� QRW�
PHDVXUH�DUHDV�VXFK�DV�WKH�WLS�RI�WKH�WRQJXH�EHFDXVH�WKHUH�LV�DQ�DLU�FDYLW\�EHWZHHQ�WKH�WUDQV�
GXFHU�DQG�WKH�WRQJXH�ERG\��,Q�WKLV�DSSURDFK�DGMXVWLQJ�WKH�FRQWURO�SDUDPHWHUV�RI�WKH�PRGHO�
PLQLPL]HV� WKH� GLIIHUHQFH� EHWZHHQ� WKH� REVHUYHG� WRQJXH� VXUIDFH� DQG� WKDW� RI� WKH� V\QWKHWLF�
WRQJXH���
� 7KH�SDUDPHWHUV�WKDW�DOORZ�WKH�PRGHO�WR�EHVW�ILW�WKH�REVHUYHG�PHDVXUHPHQWV�FDQ�WKHQ�EH�
XVHG�WR�GULYH�YLVXDO�VSHHFK�V\QWKHVLV��7R�EHWWHU�ILW�WKH�WRQJXH�VXUIDFH��ZH�KDYH�DGGHG�VRPH�
DGGLWLRQDO�VDJLWWDO�DQG�FRURQDO�SDUDPHWHUV�DV�ZHOO�DV�WKUHH�GLIIHUHQW�FRURQDO�VHFWLRQV��IRU�WKH�
IURQW��PLGGOH�DQG�UHDU�VHFWLRQV�RI�WKH�WRQJXH��YHUVXV�WKH�SULRU�VLQJOH�FRURQDO�VKDSH��5HWXUQ�
LQJ� WR�)LJXUH���� WKH�XSSHU�ULJKW�ER[�RI� WKH�GHYHORSPHQW�V\VWHP�DOORZV�RQH�WR�VHOHFW�IURP�
DYDLODEOH�XOWUDVRXQG�VXUIDFH�GDWD�ILOHV��7KH�XSSHU�OHIW�SDQHO�VKRZV�WKH��DH��XOWUDVRXQG�VXU�
IDFH�DQG�V\QWKHWLF�WRQJXH�VLPXOWDQHRXVO\�DIWHU�VRPH�ILWWLQJ�KDV�RFFXUUHG��7KLV� LV�VKRZQ�LQ�
PRUH�GHWDLO�LQ�)LJXUH����,Q�WKLV�ILJXUH��SDUW�RI�WKH�XOWUDVRXQG�VXUIDFH�LV�HPEHGGHG�DQG�FDQ·W�
EH�VHHQ���
� 7KH�HUURU��JXLGLQJ�WKH�ILWWLQJ��LV�FRPSXWHG�DV�WKH�VXP�RI�WKH�VTXDUHG�GLVWDQFHV�EHWZHHQ�
WKH� WRQJXH� DQG�XOWUDVRXQG� DORQJ� UD\V� JRLQJ� IURP� �������� WR� WKH�YHUWLFHV�RI� WKH�XOWUDVRXQG�
TXDG�PHVK��$�QHLJKERULQJ�SRO\JRQ�VHDUFK�PHWKRG�WR�ILQG�WRQJXH�VXUIDFH�LQWHUVHFWLRQV�ZLWK�
WKH�HUURU�YHFWRUV� LV�XVHG� WR�VSHHG�XS� �a����PVHF�F\FOH�� WKH�HUURU�FDOFXODWLRQ�DIWHU�DQ�H[�
KDXVWLYH� LQLWLDO� VHDUFK� �DERXW� ��� VHF��� 7R� SUHSDUH� IRU� WKLV�PHWKRG� WKH� WULDQJXODU� SRO\JRQ�
PHVK�RI�WKH�WRQJXH�LV�FDWDORJXHG�VR�WKDW�JLYHQ�DQ\�WULDQJOH�ZH�KDYH�D�PDS�RI�WKH�DWWDFKHG�
QHLJKERULQJ� WULDQJOHV��2XU� WDVN�RQ�HDFK� LWHUDWLRQ� LV� WR�ILQG�ZKLFK�WULDQJOH� LV�FURVVHG�E\�DQ�
HUURU�YHFWRU�IURP�WKH�XOWUDVRXQG�PHVK��*LYHQ�DQ�LQLWLDO�FDQGLGDWH�WULDQJOH��ZH�FDQ�DVFHUWDLQ�
ZKHWKHU�WKDW�WULDQJOH�LQWHUVHFWV�WKH�HUURU�YHFWRU��RU�LI�QRW��LQ�ZKLFK�GLUHFWLRQ�IURP�WKDW�WULDQ�
JOH�WKH�LQWHUVHFWLQJ�WULDQJOH�ZLOO�RFFXU��:H�FDQ�WKHQ�XVH�WKH�PDS�RI�QHLJKERULQJ�WULDQJOHV�WR�
JHW� WKH�QH[W� WULDQJOH� WR� WHVW��7\SLFDOO\��ZH�QHHG�H[DPLQH�RQO\� D� IHZ�VXFK� WULDQJOHV� WR� ILQG�
ZKLFK�LV�LQWHUVHFWHG��
� :H�DUH�QRZ�DOVR��RSWLRQDOO\��FRQVWUDLQLQJ�PDWWHU�LQ�WKH�ILWWLQJ�SURFHVV��:H�FRPSXWH�WKH�
YROXPH�RI�WKH�WRQJXH�RQ�HDFK�LWHUDWLRQ��DQG�DGG�VRPH�SURSRUWLRQ�RI�DQ\�FKDQJH�IURP�WKH�
RULJLQDO�WRQJXH�YROXPH�WR�WKH�VTXDUHG�HUURU�WRWDO�FRQWUROOLQJ�WKH�ILW��7KXV��H�J��DQ\�SDUDPH�
WHU�FKDQJHV�WKDW�ZRXOG�KDYH�LQFUHDVHG�WKH�WRQJXH�YROXPH�ZLOO�EH�FRPSHQVDWHG�IRU�E\�VRPH�
RWKHU�SDUDPHWHUV�WR�NHHS�WKH�YROXPH�LQ�OLQH��,Q�WKH�QHDU�IXWXUH��ZH�SODQ�WR�DGG�VLPXOWDQHRXV�
ILWWLQJ�RI�FLQHUDGLRJUDSKLF�GDWD��(3*��DQG�[�UD\�PLFUREHDP�GDWD���
������6\QWKHWLF�(OHFWURSDODWRJUDSK\�
(3*�GDWD� LV�FROOHFWHG�IURP�D�QDWXUDO�WDONHU�XVLQJ�D�SODVWLF�SDODWH�LQVHUW�WKDW�LQFRUSRUDWHV�D�
JULG�RI�DERXW�D�KXQGUHG�HOHFWURGHV�WKDW�GHWHFW�FRQWDFW�EHWZHHQ�WKH�WRQJXH�DQG�SDODWH�DW�D�
IDVW�UDWH��H�J��D�IXOO�VHW�RI�PHDVXUHPHQWV�����WLPHV�SHU�VHFRQG����
� %XLOGLQJ� RQ� WKH� WRQJXH�SDODWH� FROOLVLRQ� GHWHFWLRQ� DOJRULWKP�ZH� KDYH� FRQVWUXFWHG� VRIW�
ZDUH� IRU� PHDVXUHPHQW� DQG� GLVSOD\� RI� V\QWKHWLF� (3*� GDWD�� )LJXUH� �� VKRZV� WKH� V\QWKHWLF�
(3*�SRLQWV�RQ�WKH�SDODWH�DQG�WHHWK��)LJXUH���VKRZV�RXU�V\QWKHWLF�WDONHU�ZLWK�WKH�QHZ�WHHWK�
DQG�SDODWH�DORQJ�ZLWK�DQ�(3*�GLVSOD\�DW�WKH�OHIW�GXULQJ�D��G��DUWLFXODWLRQ��,Q�WKLV�GLVSOD\��WKH�
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FRQWDFW� ORFDWLRQV� DUH� LQGLFDWHG� E\� SRLQWV�� DQG� WKRVH�ZKLFK� DUH� FRQWDFWHG�E\� WKH� V\QWKHWLF�
WRQJXH�DUH�GUDZQ�DV�VTXDUHV���
� ,W� VKRXOG�EH�QRWHG� WKDW� WKH�GDWD� LOOXVWUDWHG�KHUH�KDYH�QRW�\HW�EHHQ� WUDLQHG� WR�JLYH� WKH�
VDPH�(3*�UHVXOWV�DFWXDOO\�REVHUYHG�LQ�KXPDQ�VSHHFK��&RPSDULVRQ�RI�WKHVH�UHDO�(3*�GDWD�
ZLWK�V\QWKHWLF�(3*�GDWD�ZLOO�EH�DQRWKHU�XVHIXO�WRRO�IRU�WUDLQLQJ�RXU�V\QWKHWLF�WRQJXH��

���327(17,$/�$33/,&$7,216�
$OWKRXJK�RXU�GHYHORSPHQW�RI�D�UHDOLVWLF�SDODWH��WHHWK��DQG�WRQJXH�LV�DLPHG�DW�VSHHFK�WUDLQLQJ�
IRU� SHUVRQV� ZLWK� KHDULQJ� ORVV�� VHYHUDO� RWKHU� SRWHQWLDO� DSSOLFDWLRQV� DUH� SRVVLEOH�� /DQJXDJH�
WUDLQLQJ�PRUH� JHQHUDOO\� FRXOG�XWLOL]H� WKLV� WHFKQRORJ\�� DV� LQ� WKH� OHDUQLQJ�RI�QRQ�QDWLYH� ODQ�
JXDJHV�DQG� LQ� UHPHGLDO� LQVWUXFWLRQ�ZLWK� ODQJXDJH�GLVDEOHG�FKLOGUHQ��6SHHFK� WKHUDS\�GXULQJ�

�)LJXUH�������6DJLWWDO�FXUYH�ILWWLQJ��7KH�WRS�SDUW�VKRZV�
WKH� VDJLWWDO� RXWOLQHV� RI� WKH� V\QWKHWLF� WRQJXH� �VROLG�
OLQH�� DQG� DQ�RXWOLQH�RI� D��G��DUWLFXODWLRQ� IURP�DQ�
05,�VFDQ��7KH�OHWWHUHG�FLUFOHV�JLYH�WKH�ORFDWLRQV�RI�
WKH� V\QWKHWLF� E�VSOLQH� FXUYH� FRQWURO� SRLQWV�� 7KH�
FHQWHU� SDUW� VKRZV� WKH� HUURU� YHFWRUV� EHWZHHQ� WKH�
REVHUYHG� DQG� V\QWKHWLF� FXUYHV� SULRU� WR�
PLQLPL]DWLRQ�� 7KH� ERWWRP� SDUW� VKRZV� WKH� WZR�
FXUYHV� IROORZLQJ� WKH� PLQLPL]DWLRQ� DGMXVWPHQW� RI�
FRQWURO�SDUDPHWHUV�RI�WKH�V\QWKHWLF�WRQJXH��
�

��
)LJXUH� ��� � �'� ILW� RI� WRQJXH� WR� XOWUDVRXQG� GDWD��
7RS� DQG� ERWWRP� SDQHOV� VKRZ� WKH� WZR� VXUIDFHV�
EHIRUH� DQG� DIWHU�PLQLPL]DWLRQ��(UURU�YHFWRUV�DUH�
VKRZQ�RQ� WKH� ULJKW�KDOI� RI� WKH� WRQJXH��7KH� VL]H�
RI� WKH� VSKHUH� RQ� HDFK� HUURU� YHFWRU� LQGLFDWHV� WKH�
GLVWDQFH� EHWZHHQ� WKH� XOWUDVRXQG� DQG� V\QWKHWLF�
WRQJXH�VXUIDFHV�
�
�
�
�

�)LJXUH�����(3*�SRLQWV�RQ�WKH�V\QWKHWLF�SDODWH��
�

�
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WKH� UHFRYHU\� IURP� EUDLQ� WUDXPD� FRXOG� DOVR� EHQHILW�� )LQDOO\�� ZH� H[SHFW� WKDW� FKLOGUHQ� ZLWK�
UHDGLQJ�GLVDELOLWLHV�FRXOG�SURILW�IURP�LQWHUDFWLRQV�ZLWK�RXU�WDONLQJ�KHDG��
� ,Q�IDFH�WR�IDFH�FRQYHUVDWLRQ��RI�FRXUVH��WKH�KDUG�SDODWH��WKH�EDFN�RI�WKH�WHHWK��DQG�PXFK�
RI�WKH�WRQJXH�DUH�QRW�YLVLEOH��7KXV��ZH�KDYH�QRW�KDG�WKH�RSSRUWXQLW\�WR�OHDUQ�WKH�IXQFWLRQDO�
YDOLGLW\� RI� WKHVH� VWUXFWXUHV�� LQ� RXU� QRUPDO� H[SHULHQFH� ZLWK� VSRNHQ� ODQJXDJH�� :H� PLJKW�
VSHFXODWH�ZKHWKHU�DQ�LQIDQW�QXUWXUHG�E\�RXU�WUDQVSDUHQW�WDONLQJ�KHDG�ZRXOG�OHDUQ�WKDW�WKHVH�
HFRORJLFDO�FXHV�DUH�IXQFWLRQDO��
� )LQDOO\��DOWKRXJK�ZH�KDYH�FKDUDFWHUL]HG�RXU�DSSURDFK�DV�WHUPLQDO�DQDORJ�V\QWKHVLV�� WKLV�
ZRUN�EULQJV�XV�FORVHU�WR�DUWLFXODWRU\�V\QWKHVLV��7KH�JRDO�RI�DUWLFXODWRU\�V\QWKHVLV�LV�WR�JHQHU�
DWH�DXGLWRU\�VSHHFK�YLD�VLPXODWLRQ�RI�WKH�SK\VLFDO�VWUXFWXUHV�RI�WKH�YRFDO�WUDFW��,W�PD\�EH�WKDW�
WKH� KLJK� GHJUHH� RI� DFFXUDF\� RI� WKH� LQWHUQDO� VWUXFWXUHV� ZRXOG� DOORZ� DUWLFXODWRU\� V\QWKHVLV�
EDVHG�RQ�WKH�V\QWKHWLF�YRFDO�WUDFW�VKDSH��7KXV�ZH�VHH�VRPHWKLQJ�RI�D�FRQYHUJHQFH�EHWZHHQ�
WKH�WHUPLQDO�DQDORJXH�DQG�SK\VLFV�EDVHG�DSSURDFKHV��

$&.12:/('*(0(176�
7KLV�SDSHU� LV� GHGLFDWHG� WR� WKH�PHPRU\�RI�&KULVWLDQ�%HQRLW��7KH� UHVHDUFK� LV� VXSSRUWHG�E\�
JUDQWV�IURP��3+6��16)���,QWHO�&RUSRUDWLRQ��DQG�8&6&��

5()(5(1&(6�
�� &ROH��5���&DUPHOO��7���&RQQRUV��3���0DFRQ��0���:RXWHUV��-��GH�9LOOLHUV��-���7DUDFKRZ��

$���0DVVDUR��'���&RKHQ��0���%HVNRZ��-���<DQJ�� -���0HLHU��8���:DLEHO��$���6WRQH��3���
)RUWLHU�� *��� 'DYLV�� $��� DQG� 6RODQG�� &�� $QLPDWHG� DJHQWV� IRU� LQWHUDFWLYH� ODQJXDJH�

�)LJXUH�������)DFH�ZLWK�QHZ�SDODWH�DQG�WHHWK�ZLWK�(3*�GLVSOD\��OHIW��
IRU� �G�� FORVXUH�� 7KH� GRWV� LQGLFDWH� XQFRQWDFWHG� SRLQWV� DQG� WKH�
VTXDUHV�LQGLFDWH�FRQWDFWHG�SRLQWV��
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WUDLQLQJ��6SHHFK�7HFKQRORJ\�LQ�/DQJXDJH�/HDUQLQJ�(6&$�ZRUNVKRS��6WRFNKROP��6ZHGHQ��0D\�
�������������KWWS���ZZZ�FVH�RJL�HGX�&6/8�WP�LOW�KWPO�

�� 9LHZSRLQW�'DWDODEV��KWWS���ZZZ�YLHZSRLQW�FRP���
�� *DUODQG��0��DQG�+HFNEHUW��3�6��6XUIDFH�VLPSOLILFDWLRQ�XVLQJ�TXDGULF�HUURU�PHWULFV��

6,**5$3+�
���3URFHHGLQJV��/RV�$QJHOHV�����������������
�� 6WRQH�� 0�� DQG� /XQGEHUJ�� $�� ������� 7KUHH�GLPHQVLRQDO� WRQJXH� VXUIDFH� VKDSHV� RI�

(QJOLVK�FRQVRQDQWV�DQG�YRZHOV���-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD�������������
������������

�� :HVWEXU\��-�5��;�5D\�0LFUREHDP�6SHHFK�3URGXFWLRQ�'DWDEDVH�8VHU·V�+DQGERRN��0DGLVRQ��
:,��8QLYHUVLW\�RI�:LVFRQVLQ�:DLVPDQ�&HQWHU��������

�� .UDPHU��'��0���+DZU\V]NR��&���2UWHQGDKO��'��$���	�0LQDLVH��0��)OXRURVFRSLF�05�
,PDJLQJ�DW�������WHVOD��,(((�7UDQVDFWLRQV�RQ�0HGLFDO�,PDJLQJ��6HSW���������

�� 0XQKDOO�� .�*��� 9DWLNLRWLV�%DWHVRQ�� (��� 	� 7RKNXUD�� <�� ;�UD\� )LOP� GDWDEDVH� IRU�
VSHHFK�UHVHDUFK��-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD�����������������������

�� /H�*RII��%��6\QWKqVH�j�SDUWLU�GX�WH[WH�GH�YLVDJHV��'�SDUODQW�IUDQoDLV��3K'�WKHVLV��*UHQR�
EOH��)UDQFH��2FW��������

�� &RKHQ�� 0�� 0��� 	� 0DVVDUR�� '�� :�� � 0RGHOLQJ� FRDUWLFXODWLRQ� LQ� V\QWKHWLF� YLVXDO�
VSHHFK��,Q�1��0��7KDOPDQQ�	�'��7KDOPDQQ��(GV���0RGHOV�DQG�7HFKQLTXHV�LQ�&RPSXWHU�
$QLPDWLRQ��7RN\R��6SULQJHU�9HUODJ�����������������

��� 0DVVDUR�� '�� :�� 3HUFHLYLQJ� WDONLQJ� IDFHV�� )URP� VSHHFK� SHUFHSWLRQ� WR� D� EHKDYLRUDO� SULQFLSOH��
&DPEULGJH��0$��0,7�3UHVV��������

��� 6XPPHUILHOG��$�4��6RPH�SUHOLPLQDULHV�WR�D�FRPSUHKHQVLYH�DFFRXQW�RI�DXGLR�YLVXDO�
VSHHFK�SHUFHSWLRQ��,Q�%���'RGG�DQG�5��&DPSEHOO��(GV����+HDULQJ�E\�(\H��7KH�SV\FKRORJ\�
RI�OLS�UHDGLQJ��SS��������+LOOVGDOH��1-��/DZUHQFH�(UOEDXP�$VVRFLDWHV��������

��� &KDQGOHU�� -��3��6XEURXWLQH�67(3,7���)LQGV� ORFDO�PLQLPD�RI�D�VPRRWK�IXQFWLRQ�RI�
VHYHUDO�SDUDPHWHUV�%HKDYLRUDO�6FLHQFH�������������������


