
%ULWLVK�1HXURSV\FKLDWU\�$VVRFLDWLRQ���WK�$*0�-�5R\DO�&ROOHJH�RI�6XUJHRQV��/LQFROQV�,QQ�)LHOGV��/RQGRQ�  

  ZZZ�EQSD�RUJ�XN 

7+(�%5,7,6+�1(85236<&+,$75<�$662&,$7,21���WK�$*0   7KH�5R\DO�&ROOHJH�RI�6XUJHRQV��/LQFROQ¶V�,QQ�)LHOGV��/RQGRQ � ��WK�DQG���WK�)HEUXDU\�����   '$<�� 'HYHORSPHQWDO�3HUVSHFWLYH�RQ�$GXOW�'LVHDVH -113�*XHVW�6SHDNHU $OZ\Q�/LVKPDQ�3UL]H�-�3ODWIRUP�3UHVHQWDWLRQV %13$�-�1HXURSV\FKLDWU\�5HVHDUFK�8SGDWH�   '$<�� /DQJXDJH %13$�0HGDO�/HFWXUH�� &KULV�)ULWK�³:K\�WZR�PLQGV�DUH�EHWWHU�WKDQ�RQH´ 7KH�%13$�'HEDWH�� ³,V�WKHUH�VWLOO�URRP�IRU�D�VRXO�LQ�WKH�PRGHUQ�FRQFHSW�RI�WKH�SV\FKH´� 



%ULWLVK�1HXURSV\FKLDWU\�$VVRFLDWLRQ���WK�$*0�-�5R\DO�&ROOHJH�RI�6XUJHRQV��/LQFROQV�,QQ�)LHOGV��/RQGRQ�  

  ZZZ�EQSD�RUJ�XN 



%ULWLVK�1HXURSV\FKLDWU\�$VVRFLDWLRQ���WK�$*0�-�5R\DO�&ROOHJH�RI�6XUJHRQV��/LQFROQV�,QQ�)LHOGV��/RQGRQ�  

  ZZZ�EQSD�RUJ�XN 

:HOFRPH�WR�WKH���WK�DQQXDO�PHHWLQJ�RI�WKH�%ULWLVK�1HXURSV\FKLDWU\�$VVRFLDWLRQ�     %ULWLVK�1HXURSV\FKLDWU\�$VVRFLDWLRQ�&RPPLWWHH��  'U�$ODQ�&DUVRQ 3UHVLGHQW  3URIHVVRU�'DYLG�6NXVH 7UHDVXUHU  3URIHVVRU�+XJK�5LFNDUGV 6HFUHWDU\�  'U�&KULV�%XWOHU 'LUHFWRU  3URIHVVRU�'DYLG�/LQGHQ 'LUHFWRU  'U�9DOHULH�9RRQ 'LUHFWRU  3URIHVVRU�0DUNXV�5HXEHU 'LUHFWRU  'U�.LHUDQ�2¶'ULVFROO 'LUHFWRU  'U�1LHOV�'HWHUW 'LUHFWRU  $GDP�=HPDQ ([-RIILFLR�   %13$�$GPLQLVWUDWLRQ�  -DFNLH�$VKPHQDOO  7HO��������������������� $GPLQLVWUDWRU  0%���������������������     (PDLO��DGPLQ#EQSD�RUJ�XN     :HEVLWH��ZZZ�EQSD�RUJ�XN  *ZHQ�&XWPRUH  7HO�)D[�������������������� &RQIHUHQFH�6HFUHWDU\� (PDLO��JZHQ#JZHQ��RUDQJHKRPH�FR�XN 



%ULWLVK�1HXURSV\FKLDWU\�$VVRFLDWLRQ���WK�$*0�-�5R\DO�&ROOHJH�RI�6XUJHRQV��/LQFROQV�,QQ�)LHOGV��/RQGRQ�  

  ZZZ�EQSD�RUJ�XN 



%ULWLVK�1HXURSV\FKLDWU\�$VVRFLDWLRQ���WK�$*0�-�5R\DO�&ROOHJH�RI�6XUJHRQV��/LQFROQV�,QQ�)LHOGV��/RQGRQ�  

  ZZZ�EQSD�RUJ�XN 

6SHDNHUV�6KRUW�%LRJUDSKLHV�DQG�$EVWUDFWV�'D\�� 
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(DUO\�OLIH�DGYHUVLW\��HSLJHQHWLFV�DQG�WKH�VWUHVV�UHVSRQVH�LQ�GHSUHVVLRQ� 
3URIHVVRU�7�)URGO�'HSDUWPHQW�RI�3V\FKLDWU\�DQG�3V\FKRWKHUDS\��2WWR�YRQ�*XHULFNH�8QLYHUVLW\�0DJGHEXUJ��3URI�)URGO�VWXGLHG�PHGLFLQH�LQ�%HUOLQ�DQG�0XQLFK��$IWHU�EHLQJ�WUDLQHG�IRU�VSHFLDOLVW�LQ�SV\FKLDWU\�DQG�SV\FKRWKHUDS\�DW�WKH�XQLYHUVLW\�KRVSLWDO�IRU�SV\FKL�DWU\�LQ�0XQLFK��KH�EHFDPH�FRQVXOWDQW��)URP������WR������KH�GLG�ZRUN�DV�SURIHVVRU�IRU�LQWHJUDWHG�QHXURLPDJLQJ�DW�WKH�GHSDUWPHQW�RI�SV\FKLDWU\�DW�7ULQLW\�&ROOHJH�'XEOLQ�DQG�ZDV�FRQVXOWDQW�SV\FKLDWULVW�LQ�WKH�DWWDFKHG�SV\FKLDWULF�VHUYLFH��6LQFH������KH�LV�KHDG�RI�WKH�GHSDUWPHQW�RI�SV\FKLDWU\�DQG�SV\FKRWKHUDS\�DQG�FOLQLFDO�GLUHFWRU�RI�WKH�KRVSLWDO�IRU�SV\FKLDWU\�DW�XQLYHUVLW\�KRVSLWDO�RI�2WWR�YRQ�*XHULFNH�8QLYHUVLW\�RI�0DJGHEXUJ� 

7KH�'HYHORSPHQWDO�3HUVSHFWLYH�RQ�$GXOW�'LVHDVH &KDLUV��� 'DYLG�/LQGHQ�DQG�9DOHULH�9RRQ� 

 

*XW�PLFUREHV�DQG�EUDLQ�IXQFWLRQ� 7KH�&OLQLFDO�,PSOLFDWLRQV� 
3URI��7HG�'LQDQ�LV�3URIHVVRU�RI�3V\FKLDWU\�DQG�D�3ULQFLSDO�,QYHVWLJDWRU�LQ�WKH�$3&�0LFURELRPH�,QVWLWXWH�DW�8QLYHUVLW\�&ROOHJH�&RUN���+H�ZDV�SUHYLRXVO\�&KDLU�RI�&OLQLFDO�1HX�URVFLHQFHV�DQG�3URIHVVRU�RI�3V\FKRORJLFDO�0HGLFLQH�DW�6W��%DUWKRORPHZ¶V�+RVSLWDO��/RQ�GRQ���3ULRU�WR�WKDW��KH�ZDV�D�6HQLRU�/HFWXUHU�LQ�3V\FKLDWU\�DW�7ULQLW\�&ROOHJH�'XEOLQ����+H�KDV�ZRUNHG�LQ�UHVHDUFK�ODERUDWRULHV�RQ�ERWK�VLGHV�RI�WKH�$WODQWLF�DQG�KDV�D�3K'�LQ�3KDU�PDFRORJ\�IURP�WKH�8QLYHUVLW\�RI�/RQGRQ���+H�LV�D�)HOORZ�RI�WKH�5R\DO�&ROOHJHV�RI�3K\VL�FLDQV�DQG�3V\FKLDWULVWV�DQG�D�)HOORZ�RI�WKH�$PHULFDQ�&ROOHJH�RI�3K\VLFLDQV���+LV�PDLQ�UHVHDUFK�LQWHUHVW�LV�LQ�WKH�UROH�RI�WKH�JXW�PLFURELRWD�LQ�VWUHVV�UHODWHG�GLVRUGHUV���+H�KDV�DOVR�ZRUNHG�H[WHQVLYHO\�RQ�WKH�UHJXODWLRQ�RI�WKH�K\SRWKDODPLF-SLWXLWDU\-DGUHQDO�D[LV���,Q������ZDV�DZDUGHG�WKH�0HOYLQ�5DPVH\�3UL]H�IRU�UHVHDUFK�LQWR�WKH�ELRORJ\�RI�VWUHVV��+LV�FXUUHQW�UHVHDUFK�LV�IXQGHG�E\�6FLHQFH�)RXQGDWLRQ�,UHODQG��WKH�+HDOWK�5HVHDUFK�%RDUG�DQG�(XURSHDQ�8QLRQ�)3����+H�KDV�SXE�OLVKHG�RYHU�����SDSHUV�DQG�QXPHURXV�ERRNV�RQ�SKDUPDFRORJ\�DQG�QHXURELRORJ\��+H�LV�RQ�WKH�(GLWRULDO�%RDUGV�RI�VHYHUDO�MRXUQDOV� 
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6SHDNHUV�6KRUW�%LRJUDSKLHV�DQG�$EVWUDFWV�'D\�� 
  :KLOH�HYLGHQFH�LV�VWLOO�OLPLWHG�LQ�SV\FKLDWULF�LOOQHVVHV��WKHUH�DUH�UDSLGO\�FRDOHVFLQJ�FOXVWHUV�RI�HYLGHQFH�ZKLFK�SRLQW�WR�WKH�SRVVLELOLW\�WKDW�YDULDWLRQV�LQ�WKH�FRPSRVLWLRQ�RI�JXW�PLFUREHV�PD\�EH�DVVRFLDWHG�ZLWK�FKDQJHV�LQ�WKH�QRUPDO�IXQFWLRQLQJ�RI�WKH�QHUYRXV�V\VWHP��6WXGLHV�LQ�JHUP-IUHH�DQLPDOV�LQGLFDWH�DEHUUDQW�GHYHORSPHQW�RI�WKH�EUDLQ�PRQRDPLQHUJLF�V\VWHP�WRJHWKHU�ZLWK�PHPRU\�GHILFLWV�DQG�DXWLVWLF�SDWWHUQV�RI�EHKDYLRXU���7KHVH�GHILFLWV�FDQ�EH�SDUWLDOO\�QRUPDOLVHG�LI�WKHUH�LV�HDUO\�JXW�FRORQLVDWLRQ��  0HWFKQLNRII�ZDV�WKH�ILUVW�WR�REVHUYH�WKH�IDFW�WKDW�WKRVH�OLYLQJ�LQ�D�UHJLRQ�RI�%XOJDULD�ZKR�FRQVXPHG�IHUPHQW�HG�IRRG�LQ�WKHLU�GLHW�WHQGHG�WR�OLYH�ORQJHU���+H�ILUVW�SXEOLVKHG�KLV�REVHUYDWLRQV�LQ������DQG�WKLV�JDYH�ULVH�WR�WKH�FRQFHSW�RI�D�SURELRWLF�RU�EDFWHULD�ZLWK�D�KHDOWK�EHQHILW���7KDW�EDFWHULD�PLJKW�KDYH�D�SRVLWLYH�PHQWDO�KHDOWK�EHQHILW�LV�QRZ�EHFRPLQJ�FOHDU���6XFK�EDFWHULD�PD\�LQIOXHQFH�WKH�FDSDFLW\�WR�GHDO�ZLWK�VWUHVV��UHGXF�LQJ�DQ[LHW\��SHUKDSV�SRVLWLYHO\�LPSDFWLQJ�RQ�PRRG�DQG�DUH�QRZ�FDOOHG�SV\FKRELRWLFV���:KHWKHU��WKH\�DUH�FDSDEOH�RI�DFWLQJ�OLNH�DQG�LQ�VRPH�FLUFXPVWDQFHV�UHSODFLQJ�DQWLGHSUHVVDQWV�UHPDLQV�WR�EH�VHHQ���$W�D�WLPH�ZKHQ�DQWLGHSUHVVDQW�SUHVFULELQJ�KDV�UHDFKHG�H[FHHGLQJO\�KLJK�OHYHOV��WKH�HPHUJHQFH�RI�HIIHFWLYH�QDWXUDO�DOWHUQDWLYHV�ZLWK�OHVV�VLGH-HIIHFWV�ZRXOG�EH�ZHOFRPH���,W�ZLOO�EH�LQWULJXLQJ�WR�LQYHVWLJDWH�LI�SV\FKRELRWLFV�ZLOO�EH�EHQHILFLDO�LQ�RWKHU�SV\FKLDWULF�GRPDLQV��,QGHHG��YHU\�UHFHQWO\�D�%DFWHURLGHV�IUDJLOLV�JLYHQ�HDUO\�LQ�OLIH�ZDV�VKRZQ�WR�FRUUHFW�VRPH�RI�WKH�EHKDYLRXUDO�DQG�JDVWURLQWHVWLQDO�GHILFLWV�LQ�D�PRXVH�PRGHO�RI�DXWLVP�LQGXFHG�E\�PDWHUQDO�LQIHFWLRQ�  7KH�PHFKDQLVPV�RI�SV\FKRELRWLF�DFWLRQ�DUH�JUDGXDOO\�EHLQJ�XQUDYHOOHG���,W�KDV�EHHQ�VKRZ�WKDW�/DFREDFLOOXV�UKDPQRVXV�KDV�SRWHQW�DQWL-DQ[LHW\�HIIHFWV�LQ�DQLPDOV�DQG�GRHV�VR�E\�SURGXFLQJ�PDMRU�FKDQJHV�LQ�WKH�H[�SUHVVLRQ�RI�*$%$�UHFHSWRUV�LQ�WKH�EUDLQ���*$%$�LV�WKH�PRVW�LPSRUWDQW�LQKLELWRU\�WUDQVPLWWHU�LQ�WKH�KXPDQ�EUDLQ�DQG�WKHVH�DUH�WKH�UHFHSWRUV�WKURXJK�ZKLFK�EHQ]RGLD]HSLQHV�VXFK�DV�GLD]HSDP�DQG�YDULRXV�DQDHV�WKHWLF�DJHQWV�DFW���7KH�FKDQJHV�LQ�WKHVH�UHFHSWRUV�DUH�PHGLDWHG�E\�WKH�YDJXV�QHUYH�ZKLFK�FRQQHFWV�WKH�EUDLQ�DQG�JXW���:KHQ�WKLV�QHUYH�LV�VHYHUHG�QR�HIIHFW�RQ�DQ[LHW\�RU�RQ�*$%$�UHFHSWRUV�LV�VHHQ�IROORZLQJ�SV\�FKRELRWLF�WUHDWPHQW���$Q�LPSDFW�RQ�REVHVVLYH�FRPSXOVLYH�GLVRUGHU�W\SH�V\PSWRPV�KDV�DOVR�EHHQ�UHSRUWHG�ZLWK�D�VLPLODU�VWUDLQ�RI�SV\FKRELRWLF���,QWHUHVWLQJO\��/DFREDFLOOXV�UKDPQRVXV�QRW�RQO\�DOWHUV�*$%$�UHFHSWRUV�LQ�WKH�EUDLQ�EXW�KDV�EHHQ�VKRZQ�WR�V\QWKHVLVH�DQG�UHOHDVH�*$%$��7KHUH�LV�DOVR�HYLGHQFH�WR�VXSSRUW�WKH�YLHZ�WKDW�JXW�EDFWHULD�PD\�LQIOXHQFH�WKH�EUDLQ�LQ�URXWHV�RWKHU�WKDQ�WKH�YDJXV�QHUYH��IRU�H[DPSOH�E\�LPPXQH�PRGXODWLRQ�DQG�E\�WKH�PDQXIDFWXUH�RI�VKRUW�FKDLQ�IDWW\�DFLGV�  &RPPXQLFDWLRQ�EHWZHHQ�WKH�EUDLQ�DQG�JXW�LV�ELGLUHFWLRQDO�DQG�FRPSOH[���,QFUHDVHG�XQGHUVWDQGLQJ�RI�WKLV�D[LV�DQG�WKH�UROH�RI�WKH�JXW�PLFURELRWD�PD\�DLG�WKH�GHYHORSPHQW�RI�WKHUDSLHV�QRW�MXVW�IRU�IXQFWLRQDO�ERZHO�GLVRUGHUV�EXW�IRU�PRRG�GLVRUGHUV�DOVR� 

&RQW����� 

)DFH��EUDLQ�DQG�EHKDYLRXU�LQIOXHQFHG�E\�JHQHWLF�DQRPDO\�DQG�SUHQDWDO�HQYLURQPHQW� 
3URIHVVRU�3HWHU�+DPPRQG��,Q�$XJXVW�������3HWHU�+DPPRQG�PRYHG�WR�WKH�1XIILHOG�'HSDUWPHQW�RI�2EVWHWULFV�DQG�*\QDHFRORJ\�DW�WKH�8QLYHUVLW\�RI�2[IRUG�IURP�8&/¶V�,QVWL�WXWH�RI�&KLOG�+HDOWK�ZKHUH�KH�ZDV�3URIHVVRU�RI�&RPSXWDWLRQDO�%LRORJ\������-�������+LV�HDUO\�WUDLQLQJ�LQ�PDWKHPDWLFV�DQG�FRPSXWHU�VFLHQFH�DW�2[IRUG�8QLYHUVLW\�DQG�,PSHULDO�&ROOHJH�ZDV�IROORZHG �E\�UHVHDUFK�LQ�SXUH�PDWKHPDWLFV�DQG�DUWLILFLDO�LQWHOOLJHQFH��)RU�WKH�SDVW�ILIWHHQ�\HDUV�KH�KDV�IRFXVHG�RQ�GHYHORSLQJ�PDWKHPDWLFDO�DQG�FRPSXWDWLRQDO�WHFK�QLTXHV�IRU�DQDO\VLQJ�FUDQLRIDFLDO�JURZWK�DQG�GHYHORSPHQW�ZLWK�SDUWLFXODU�HPSKDVLV�RQ�WHUDWRJHQLF�DQG�JHQHWLF�LQIOXHQFHV�  $EVWUDFW� 7KH�IDFH�DQG�EUDLQ�GHYHORS�LQ�FORVH�SUR[LPLW\�XQGHU�WKH�LQIOXHQFH�RI�PDQ\�JHQHV�DQG�HQYLURQPHQWDO�IDF�WRUV��7KH�WDON�ZLOO�LOOXVWUDWH�KRZ�JHQHWLF�DQRPDOLHV�DQG�PDWHUQDO�DOFRKRO�FRQVXPSWLRQ�DQG�VPRNLQJ�GXULQJ�SUHJQDQF\�DIIHFW�IDFH�VKDSH��EUDLQ�DQG�EHKDYLRXU��$�SDUWLFXODU�IRFXV�ZLOO�EH�FRQWUDVWLQJ�IDFLDO�DQG�EHKDY�LRXUDO�SKHQRW\SHV�DULVLQJ�IURP�RSSRVLWH�FRS\�QXPEHU�YDULDWLRQ�LQ�VHYHUDO�JHQRPLF�UHJLRQV� 
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7KH�JHQHWLFV�RI�HSLOHSV\ 
6DQMD\�6LVRGL\D�LV�3URIHVVRU�RI�1HXURORJ\�DW�8&/�,QVWLWXWH�RI�1HXURORJ\�DQG�+RQ�RUDU\�&RQVXOWDQW�1HXURORJLVW�DW�WKH�1DWLRQDO�+RVSLWDO�IRU�1HXURORJ\�DQG�1HXURVXUJHU\�DQG�WKH�(SLOHSV\�6RFLHW\��6DQMD\�VWXGLHG�PHGLFLQH�DW�WKH�8QLYHUVLW\�RI�&DPEULGJH�DQG�*X\¶V�+RVSLWDO��DQG�WUDLQHG�LQ�1HXURORJ\�LQ�2[IRUG�DQG�DW�WKH�1DWLRQDO�+RVSLWDO�IRU�1HX�URORJ\�DQG�1HXURVXUJHU\��+H�ZDV�DZDUGHG�D�3K'�IRU�ZRUNLQJ�LQ�EUDLQ�PDJQHWLF�UHVR�QDQFH�LPDJLQJ�LQ�HSLOHSV\��+LV�NH\�LQWHUHVWV�DUH�LQ�HSLOHSV\��GLIILFXOW-WR-WUHDW�HSLOHSV\��HSL�OHSV\�JHQHWLFV�DQG�WUHDWPHQW-UHVSRQVH�JHQHWLFV��ZKLFK�DUH�DOVR�KLV�NH\�UHVHDUFK�LQWHU�HVWV��+H�UXQV�D�VSHFLDOLVW�LQSDWLHQW�IDFLOLW\�IRU�WKH�HYDOXDWLRQ�DQG�PDQDJHPHQW�RI�HSLOHSV\�LQ�DGXOWV��+H�LV�WKH�&KLHI�,QYHVWLJDWRU�RI�WKH�(8-IXQGHG�HSLOHSV\�SKDUPDFRJHQRPLFV�SUR�MHFW�(SL3*;��ZZZ�HSLSJ[�HX��� 

$EVWUDFW  7KH�JHQHWLFV�RI�WKH�HSLOHSVLHV�KDYH�ORQJ�EHHQ�RI�JUHDW�LQWHUHVW��QRW�OHDVW�EHFDXVH�RI�HYLGHQFH�WKDW�XQGHU�VWDQGLQJ�GLVHDVH�PHFKDQLVPV�IURP�D�IXQGDPHQWDO�SHUVSHFWLYH�FDQ�KDYH�GLUHFW�LPSDFW�RQ�PDQDJHPHQW�LQ�WKH�FOLQLF��:KHQ�WHFKQRORJ\�DOORZHG�PROHFXODU�H[SORUDWLRQ�WR�EH�XQGHUWDNHQ��D�QXPEHU�RI�GLVFRYHULHV�ZHUH�PDGH��PDLQO\�LQ�IDPLOLDO�HSLOHSVLHV��$V�WHFKQRORJLHV�DGYDQFHG�DQG�EHFDPH�FDSDEOH�RI�GHOLYHULQJ�JHQRPH-ZLGH�GDWD��DQG�DV�DGYDQFHV�ZHUH�PDGH�LQ�RWKHU�GLVHDVH�DUHDV�WKDW�EHJDQ�WR�LOOXVWUDWH�WKH�W\SHV�RI�JHQHWLF�DUFKLWHFWXUH�LQ�KXPDQ�GLVHDVHV�PRUH�EURDGO\��ODUJHU�FROODERUDWLRQV�EHJDQ�DOVR�WR�ZRUN�RQ�JHQRPH-ZLGH�DQDO\VHV�LQ�WKH�HSLOHSVLHV��2YHU�WKH�ODVW�IHZ�\HDUV��PDVVLYHO\-SDUDOOHO�VHTXHQFLQJ�HIIRUWV�KDYH�EHHQ�DSSOLHG�DQG�KDYH�EHJXQ�WR�UHYHDO�PRUH�DQG�PRUH�JHQHWLF�FDXVHV�LQ�WKH�HSLOHSVLHV��ZLWK�WKH�PRVW�LPSUHVVLYH�SDFH�RI�GLVFRYHU\�PDLQO\�LQ�WKH�UDUH��VHYHUH�HSLOHSVLHV��:H�DUH�QRZ�GHYHORSLQJ�D�EHWWHU�LPSUHVVLRQ�RI�WKH�EURDG�RXWOLQH�RI�JHQHWLF�FRQWULEXWLRQ�WR�WKH�HSLOHSVLHV��WKRXJK�LPSRUWDQW�GHWDLOV�DUH�VWLOO�PLVVLQJ��,Q�SDUDOOHO�ZLWK�VWXGLHV�RI�FDXVDWLRQ��LQYHVWLJDWLRQ�KDV�DOVR�WDNHQ�SODFH�LQWR�RWKHU�DVSHFWV�RI�SKHQRW\SH�LQ�WKH�HSLOHSVLHV��IRU�H[DPSOH�ORRNLQJ�DW�WUDLWV��SKDUPDFRJHQHWLFV�DQG�RXWFRPHV��,Q�D�IHZ�UDUH�LQVWDQFHV��DGGLWLRQDO�IXQFWLRQDO�ZRUN�KDV�HQDEOHG�µSUHFLVLRQ�PHGLFLQH¶�WR�EH�UHDOLVHG��ZLWK�QRWDEOH�EHQHILWV�IRU�LQGLYLGXDOV�ZLWK�HSLOHSV\��%XW�WKH�LPSDFW�RI�JHQHWLFV�RQ�WKH�HSLOHSVLHV�LV�VWLOO�ODUJHO\�XQNQRZQ��ZLWK�PXFK�PRUH�ZRUN�QHHGHG��6XFK�ZRUN�ZLOO�SURYH�FKDOOHQJLQJ��EXW�LV�DOVR�OLNHO\�WR�PDNH�LPSRUWDQW�FRQWULEXWLRQV�WR�XQGHUVWDQGLQJ�DQG�WUHDWPHQW��   
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$'+'��WKH�HIIHFWV�RI�FKLOGKRRG�$'+'�DQG�DGXOW�$'+'�RQ�DGXOW�SV\FKLDWULF�VWDWXV 
3KLOLS�$VKHUVRQ�LV�3URIHVVRU�RI�3V\FKLDWU\�ZRUNLQJ�LQ�WKH�GHSDUWPHQW�RI�6RFLDO��*HQHWLF�DQG�'HYHORSPHQWDO�3V\FKLDWU\�DW�WKH�,QVWLWXWH�RI�3V\FKLDWU\�3V\FKRORJ\�DQG�1HXURVFLHQFH��.LQJ¶V�&ROOHJH�/RQGRQ��+H�FRPSOHWHG�KLV�3K'�RQ�PROHFXODU�JHQHWLF�VWXG�LHV�RI�VFKL]RSKUHQLD��,Q������KH�VWDUWHG�WR�ZRUN�DORQJVLGH�3URI�(ULF�7D\ORU�DQG�(XURSHDQ�DQG�$PHULFDQ�FROODERUDWRUV�WR�GHYHORS�WKH�,QWHUQDWLRQDO�0XOWLFHQWUH�$'+'�*HQHWLFV��,0$*(�SURMHFW���+H�ZDV�DPRQJ�WKH�ILUVW�VHQLRU�FRQVXOWDQWV�LQ�WKH�8.�WR�VSHFLDOL]H�LQ�WKH�GLDJQRVLV�DQG�WUHDWPHQW�RI�$'+'�LQ�DGXOWV��6LQFH������KH�KDV�GHYHORSHG�D�SURJUDP�RI�UHVHDUFK�RQ�FOLQLFDO��TXDQWLWDWLYH�DQG�PROHFXODU�JHQHWLFV�RI�$'+'��ZLWK�D�SDUWLFXODU�IRFXV�RQ�DGXOWV�ZLWK�$'+'��5HFHQW�ZRUN�LGHQWLILHG�D�NH\�UROH�RI�PRRG�ODELOLW\�LQ�DGXOW�$'+'�DQG�DLPV�WR�XQGHUVWDQG�WKH�SURFHVVHV�WKDW�OHDG�WR�FR-RFFXUULQJ�SV\FKLDWULF�GLVRUGHUV��+H�FXUUHQWO\�OHDGV�D�SURMHFW�LQYHVWLJDWLQJ�WKH�HIIHFWV�RI�PHWK\OSKHQLGDWH�RQ�DJJUHVVLRQ�LQ�\RXQJ�DGXOW�RIIHQGHUV��+H�ZDV�D�PHP�EHU�RI�WKH�JXLGHOLQH�GHYHORSPHQW�JURXS�IRU�WKH�1DWLRQDO�,QVWLWXWH�RI�+HDOWK�DQG�&OLQLFDO�([FHOOHQFH��1,&(���WKH�%ULWLVK�$VVRFLDWLRQ�RI�3V\FKRSKDUPDFRORJ\�DQG�(XURSHDQ�1HWZRUN�$GXOW�$'+'� �+H�LV�SUHVLGHQW�RI�WKH�8.�$GXOW�$'+'�1HWZRUN��8.$$1���D�SURIHVVLRQDO�RUJDQLVDWLRQ�WKDW�VXSSRUWV�FOLQLFDO�GHYHORSPHQWV�ZLWKLQ�WKH�8.�� 

$EVWUDFW   )RU�PDQ\�\HDUV�$'+'�ZDV�WKRXJKW�WR�EH�D�FKLOGKRRG�RQVHW�GLVRUGHU�WKDW�KDV�OLPLWHG�LPSDFW�RQ�DGXOW�SV\�FKRSDWKRORJ\��+RZHYHU�WKH�V\PSWRPV�DQG�LPSDLUPHQWV�WKDW�GHILQH�$'+'�RIWHQ�DIIHFW�WKH�DGXOW�SRSXODWLRQ��ZLWK�VLPLODU�UHVSRQVHV�WR�GUXJV�VXFK�DV�PHWK\OSKHQLGDWH��GH[DPSKHWDPLQH�DQG�DWRPR[HWLQH��DV�ZHOO�DV�WR�SV\FKRVRFLDO�LQWHUYHQWLRQV��WR�WKRVH�VHHQ�LQ�FKLOGUHQ�DQG�DGROHVFHQWV��$V�D�UHVXOW�WKHUH�KDV�EHHQ�D�UDSLGO\�LQFUHDVLQJ�DZDUHQHVV�RI�$'+'�LQ�DGXOWV�DQG�DQ�HPHUJHQFH�RI�QHZ�FOLQLFDO�SUDFWLFH�DFURVV�WKH�ZRUOG��'H�VSLWH�WKLV��WUHDWPHQW�RI�DGXOW�$'+'�LQ�(XURSH�DQG�PDQ\�RWKHU�UHJLRQV�RI�WKH�ZRUOG�LV�QRW�\HW�FRPPRQ�SUDF�WLFH�DQG�GLDJQRVWLF�VHUYLFHV�DUH�RIWHQ�XQDYDLODEOH�RU�UHVWULFWHG�WR�D�IHZ�VSHFLDOLVW�FHQWUHV��<HW�WKLV�LV�UH�PDUNDEOH�JLYHQ�WKH�VWURQJ�HYLGHQFH�EDVH�IRU�VDIH�DQG�HIIHFWLYH�WUHDWPHQWV��+HUH�ZH�DGGUHVV�VRPH�RI�WKH�NH\�FRQFHSWXDO�LVVXHV�VXUURXQGLQJ�WKH�GLDJQRVLV�RI�$'+'�UHOHYDQW�WR�SUDFWLFLQJ�KHDOWK�FDUH�SURIHVVLRQDOV�ZRUNLQJ�ZLWK�DGXOW�SRSXODWLRQV��:H�FRQFOXGH�WKDW�$'+'�VKRXOG�EH�UHFRJQLVHG�LQ�WKH�VDPH�ZD\�DV�RWKHU�FRPPRQ�DGXOW�PHQWDO�KHDOWK�GLVRUGHUV��DQG�WKDW�IDLOXUH�WR�UHFRJQLVH�DQG�WUHDW�$'+'�LV�GHWULPHQWDO�WR�WKH�ZHOOEHLQJ�RI�PDQ\�DGXOW�SDWLHQWV�VHHNLQJ�KHOS�IRU�FRPPRQ�PHQWDO�KHDOWK�SUREOHPV�    
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-RXUQDO�RI�1HXURORJ\��1HXURVXUJHU\�	�3V\FKLDWU\�*XHVW�6SHDNHU� &KDLU��$ODQ�&DUVRQ� 

$XWLVP� 
)UDQFHVFD�+DSSp�LV�3URIHVVRU�RI�&RJQLWLYH�1HXURVFLHQFH�DW�WKH�05&�6RFLDO��*H�QHWLF�DQG�'HYHORSPHQWDO�3V\FKLDWU\�&HQWUH�DW�WKH�,QVWLWXWH�RI�3V\FKLDWU\��.LQJ¶V�&ROOHJH�/RQGRQ���6KH�VWXGLHG�([SHULPHQWDO�3V\FKRORJ\�DW�2[IRUG��DQG�GLG�KHU�3K'�RQ�DXWLVP�DW�8&/��+HU�UHVHDUFK�LQWHUHVWV�FHQWUH�RQ�DXWLVP�DQG�$VSHUJHU�6\QGURPH��6KH�KDV�FRQGXFW�HG�UHVHDUFK�LQWR�WKH�QDWXUH�RI�VRFLDO�XQGHUVWDQGLQJ�LQ�W\SLFDO�GHYHORSPHQW��DQG�µPLQG-UHDGLQJ¶�LPSDLUPHQWV�LQ�DXWLVP�VSHFWUXP�FRQGLWLRQV��6KH�LV�DOVR�DFWLYHO\�HQJDJHG�LQ�VWXG�LHV�RI�DELOLWLHV�DQG�DVVHWV�LQ�SHRSOH�ZLWK�DXWLVP��DQG�WKHLU�UHODWLRQ�WR�GHWDLO-IRFXVHG�SHU�FHSWXDO�DQG�FRJQLWLYH�VW\OH��$V�ZHOO�DV�FRJQLWLYH�PHWKRGV��KHU�UHVHDUFK�LQYROYHV�IXQFWLRQ�DO�LPDJLQJ�VWXGLHV��H[SORUDWLRQ�RI�DFTXLUHG�EUDLQ�OHVLRQV�DQG��PRVW�UHFHQWO\��EHKDYLRXU�JHQHWLF�PHWKRGV��6KH�LV�WKH�DXWKRU�RI�QXPHURXV�UHVHDUFK�SDSHUV��DQG�D�ERRN�RQ�DXWLVP�IRU�JHQHUDO�UHDGHUV��6KH�ZRQ�WKH�7HOHJUDSK¶V�<RXQJ�6FLHQFH�:ULWHU�DZDUG��DQG�KDV�WDNHQ�SDUW�LQ�PDQ\�GRFXPHQWDULHV��DV�ZHOO�DV�EHLQJ�WKH�VXEMHFW�RI�D�&KDQQHO���SURJUDPPH�IRU�VFKRROV��7KH�%ULWLVK�3V\FKRORJLFDO�6RFLHW\�DZDUGHG�KHU�WKH�6SHDU�PDQ�0HGDO��DQG�WKH�([SHULPHQWDO�3V\FKRORJ\�6RFLHW\�QDPHG�KHU�DV�WKH�UHFLSLHQW�RI�WKH��WK�(36�3UL]H��+HU�EHVW�NQRZQ�UHVHDUFK�ZLWKLQ�$-/HYHO�SV\FKRORJ\�LV�KHU�6WUDQJH�6LWXDWLRQV�UHVHDUFK� 

$EVWUDFW ,W�LV�PRUH�WKDQ����\HDUV�VLQFH�DXWLVP�ZDV�ILUVW�GHVFULEHG�DQG�QDPHG�E\�/HR�.DQQHU�DQG�+DQV�$VSHUJHU��DQG�DOPRVW����\HDUV�VLQFH�LW�HQWHUHG�WKH�VWDQGDUG�GLDJQRVWLF�V\VWHPV��2YHU�WKDW�WLPH��RXU�FOLQLFDO�FRQFHSW�RI�DXWLVP�KDV�EURDGHQHG�VLJQLILFDQWO\��DQG�PRUH�SHRSOH�UHFHLYH�WKH�GLDJQRVLV�QRZ�WKDQ�HYHU�EHIRUH� �0RUH�UHVHDUFKHUV�WKDQ�HYHU�DUH�VWXG\LQJ�DXWLVP��WU\LQJ�WR�XQGHUVWDQG�WKH�RULJLQV�RI�WKH�VRFLDO�DQG�FRPPXQLFDWLRQ�GLIILFXOWLHV��DQG�ULJLG��UHSHWLWLYH�EHKDYLRXUV�DQG�LQWHUHVWV� �/LNH�.DQQHU�DQG�$VSHUJHU��ZH�DUH�GUDZQ�WR�WKH�IDVFLQDWLQJ�FRPELQDWLRQ�RI�VWUHQJWKV�DQG�ZHDNQHVVHV�WKDW�DXWLVP�SUHVHQWV��:KDW�KDYH�ZH�OHDUQW�RYHU�WKH�ODVW�KDOI�FHQWXU\��DQG�KRZ�KDV�WKLV�EHHQ�SXW�LQ�WR�SUDFWLFH�WR�LPSURYH�WKH�OLYHV�RI�SHRSOH�ZLWK�DXWLVP�"�7KLV�SUHVHQWDWLRQ�ZLOO�UHIOHFW�RQ�ZKDW�LV�DQG�LVQ¶W�NQRZQ�DERXW�DXWLVP�VSHFWUXP�GLVRUGHU��VRPH�REVWDFOHV�WR�UH�VHDUFK��DQG�VRPH�SULRULWLHV�IRU�IXWXUH�ZRUN� 
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,PSXOVLYH�DFWLRQ��EXW�QRW�LPSXOVLYH�FKRLFH��LV�OLQNHG�WR�OHYHOV�RI�DQWHULRU�FLQJXODWH�*$%$ 
$XWKRUV��SUHVHQWHU�ILUVW���1LOV�0XKOHUW�1��1DRPL�:DUQH��&�-RKQ�(YDQV��$QGUHZ�'�/DZUHQFH�6FKRRO�RI�3V\�FKRORJLFDO�6FLHQFHV��8QLYHUVLW\�RI�0DQFKHVWHU� 2EMHFWLYH���7KH�DELOLW\�WR�LQKLELW�LPSXOVLYH�EHKDYLRXU�DQG�GHOD\�JUDWLILFDWLRQ�LV�D�FRUH�HYHU\GD\�VNLOO��KLJK�OHYHOV�RI�WUDLW-LPSXOVLYLW\�DUH�JHQHUDOO\�FRQVLGHUHG�WR�EH�G\VIXQFWLRQDO��5HFHQW�DQLPDO�VWXGLHV�KDYH�OLQNHG�LQWHU-LQGLYLGXDO�YDULDWLRQ�LQ�LPSXOVLYLW\�WR�OHYHOV�RI�JDPPD-DPLQREXW\ULF�DFLG��*$%$��LQ�WKH�DQWHULRU�FLQJXODWH�FRUWH[��$&&���,W�LV�KRZHYHU�XQFOHDU�ZKHWKHU�*$%$�LQ�KXPDQV�UHODWHV�WR�VSHFLILF�DVSHFWV�RI�LPSXOVLYLW\��VXFK�DV�LPSXO�VLYH�DFWLRQ��IDLOXUH�WR�LQKLELW�DQ�LQDSSURSULDWH�FKRLFH�WR�SUHSRWHQW�VWLPXOL���YHUVXV�LPSXOVLYH�FKRLFH��SUHIHUHQFH�IRU�LPPHGLDWH�UHZDUGV�WR�WKH�GHWULPHQW�RI�ORQJ-WHUP�RXWFRPHV���+HUH��ZH�DVVHVVHG�WKH�DVVRFLDWLRQV�EHWZHHQ�GLIIHU�HQW�IRUPV�RI�LPSXOVLYLW\��DFWLRQ��FKRLFH��DQG�$&&�*$%$��DV�PHDVXUHG�XVLQJ�PDJQHWLF�UHVRQDQFH�VSHFWURVFRS\��056�� 0HWKRG��:H�VWXGLHG����KHDOWK\�IHPDOH�SDUWLFLSDQWV��PHDQ�DJH�������\HDUV��6'��������$OO�SDUWLFLSDQWV�FRP�SOHWHG�D�YDOLGDWHG�PHDVXUH�RI�LPSXOVLYH�DFWLRQ��WKH�LPPHGLDWH-GHOD\HG�PHPRU\�WHVW��,07���,PSXOVLYH�FKRLFH�ZDV�PHDVXUHG�XVLQJ�WKH�'HOD\HG�*UDWLILFDWLRQ�,QYHQWRU\-����'*,-�����D���-LWHP�TXHVWLRQQDLUH�WKDW�PHDVXUHV�SDUWLFL�SDQWV¶�DELOLW\�WR�GHOD\�JUDWLILFDWLRQ��H�J��µ,�FDQQRW�EH�WUXVWHG�ZLWK�PRQH\¶����$OO�SDUWLFLSDQWV�XQGHUZHQW�056�DW���7��:H�DFTXLUHG�0(*$-35(66�VHTXHQFHV�HLWKHU�ZLWK�PDFURPROHFXOHV��ZKLFK�DUH�W\SLFDOO\�FR-HGLWHG�ZLWK�*$%$��*$%$����RU�ZLWKRXW�PDFURPROHFXOHV��*$%$-PP���*$%$��DQG�*$%$-PP�ZHUH�DFTXLUHG�LQ�WKH�$&&��DQG�*$%$-PP�ZDV�DOVR�DFTXLUHG�LQ�WKH�RFFLSLWDO�FRUWH[�DV�D�FRQWURO�UHJLRQ��*$%$�ZDV�LQWHUQDOO\�UHIHUHQFHG�WR�&UHDWLQH��&U��DQG�*DQQHW�ZDV�XVHG�IRU�DQDO\VLQJ�*$%$�DQG�&U��$OO�PHDVXUHV�ZHUH�FRUUHFWHG�IRU�FHUHEURVSLQDO�IOXLG�IUDFWLRQ� 5HVXOWV��+LJKHU�OHYHOV�RI�LPSXOVLYH�UHVSRQGLQJ�RQ�WKH�,07�ZHUH�VLJQLILFDQWO\�FRUUHODWHG�ZLWK�PRUH�*$%$-PP�&U�LQ�WKH�$&&��UV �����S �������7KLV�FRUUHODWLRQ�ZDV�VLJQLILFDQWO\�VWURQJHU�WKDQ�WKH�FRUUHODWLRQ�EHWZHHQ�LP�SXOVLYH�DFWLRQ�DQG�*$%$��&U�LQ�WKH�$&&��6WHLJHU�WHVW��S����� &RQFOXVLRQ���:H�GHPRQVWUDWH�WKDW�LPSXOVLYH�DFWLRQ��EXW�QRW�LPSXOVLYH�FKRLFH��LV�DVVRFLDWHG�ZLWK�*$%$-PP�ZLWKLQ�WKH�$&&��VXFK�WKDW�WKRVH�ZKR�ZHUH�PRUH�LPSXOVLYH�KDG�PRUH�*$%$��7KLV�ILQGLQJ�SURYLGHV�D�PHFKD�QLVP�OLQNLQJ�DOWHUHG�$&&�*$%$�WR�D�YDULHW\�RI�FOLQLFDO�GLVRUGHUV�DVVRFLDWHG�ZLWK�LPSXOVLYLW\��2XU�UHVXOWV�DOVR�VXJ�JHVW�WKDW�WKHVH�ILQGLQJV�DUH�UHJLRQDOO\�VSHFLILF��DQG�VWURQJHU�IRU�*$%$��WKDQ�IRU�*$%$�PDFURPROHFXOHV� $GGLWLRQDO�,QIRUPDWLRQ���7KLV�ZRUN�ZDV�VXSSRUWHG�E\�D�:HOOFRPH�7UXVW�,66)�IHOORZVKLS��DQG�D�:HOVK�*RYHUQPHQW�1,6&+5�+HDOWK�5HVHDUFK�)HOORZVKLS��+)-��-����DZDUGHG�WR�10� 

7UDLW�DXWRQRPLF�SUHGLFWLRQ�HUURU��QHXUDO�FRUUHODWHV�DQG�UHOHYDQFH�WR�DQ[LHW\ 
$XWKRUV��SUHVHQWHU�ILUVW���-HVVLFD�$�(FFOHV��$QGUHZ�3�2ZHQV��&DVVDQGUD�'�*RXOG��6DUDK�1�*DUILQNHO��1LFKRODV�*�'RZHOO��1HLO�$�+DUULVRQ��+XJR�'�&ULWFKOH\��&,6&�8QLYHUVLW\�RI�6XVVH[�� 2EMHFWLYH��7R�GHWHUPLQH�WKH�FOLQLFDO�DQG�QHXURELRORJLFDO�UHODWLRQVKLS�EHWZHHQ�DQ[LHW\�V\PSWRPV�DQG�WUDLW�DXWRQRPLF��RUWKRVWDWLF��SUHGLFWLRQ�HUURU��L�H��WKH�PLVPDWFK�EHWZHHQ�VLJQV�DQG�V\PSWRPV�RI�RUWKRVWDWLF�LQWROHU�DQFH��WR�WHVW�WKH�K\SRWKHVLV�WKDW�DQ[LHW\�PD\�DULVH�IURP�GLIIHUHQFHV�EHWZHHQ�REVHUYHG�DQG�H[SHFWHG�LQWHUQDO�ERGLO\�VWDWH��$Q[LHW\�GLVRUGHUV�DUH�WKH�PRVW�SUHYDOHQW�IRUP�RI�SV\FKLDWULF�LOOQHVV��$Q[LHW\�V\PSWRPV�DUH�SURPLQHQW�DFURVV�SV\FKLDWULF�DQG�VWUHVV-VHQVLWLYH�PHGLFDO�GLVRUGHUV��ZLWK�KLJK�OHYHOV�RI�DVVRFLDWHG�PRUELGLW\��2QH�WKHRU\�SURSRVHV�WKDW�DQ[LHW\�V\PSWRPV�KDYH�D�EDVLV�LQ�WKH�UHSUHVHQWDWLRQ�RI�XQSUHGLFWHG�FKDQJHV�LQ�SK\VLRORJLFDO�DURXVDO�RI�WKH�ERG\��GHWHFWHG�WKURXJK�VSHFLILF�EUDLQ�UHJLRQV��QRWDEO\�LQVXODU�FRUWH[��3DXOXV�DQG�6WHLQ��������0RUH�JHQHUDOO\��WKH�SUHGLFWLYH�UHSUHVHQWDWLRQ�RI�LQWHUQDO�ERGLO\��LQWHURFHSWLYH��VWDWH�LV�LPSOLFDWHG�LQ�DVSHFWV�RI�FRQ�VFLRXVQHVV�LQFOXGLQJ�VHOI-LQWHJULW\��SUHVHQFH�DQG�FRQWLQXLW\�RI�VXEMHFWLYH�H[SHULHQFH��6HWK��6X]XNL�DQG�&ULWFKOH\���������'LVUXSWLRQV�LQ�LQWHURFHSWLYH�SUHGLFWLRQV�DUH�WKXV�SUHGLFWHG�WR�XQGHUOLH�SV\FKLDWULF�LOOQHVV��%DUUHWW�DQG�6LP�PRQV������� 0HWKRG�����DGXOWV�����KHDOWK\�YROXQWHHUV�DQG����SDWLHQWV�ZLWK�JHQHUDOLVHG�DQ[LHW\�GLVRUGHU��ZHUH�UHFUXLW�HG�WR�WKH�VWXG\�DW�%ULJKWRQ�DQG�6XVVH[�0HGLFDO�6FKRRO��3DUWLFLSDQWV�FRPSOHWHG�UDWLQJ�VFDOHV�IRU�DQ[LHW\��%HFN�$Q[LHW\�,QYHQWRU\��DQG�V\PSWRPV�RI�RUWKRVWDWLF�LQWROHUDQFH��RUWKRVWDWLF�LQWROHUDQFH�VXE-VFDOH�RI�$64R/6���7KH\�WKHQ�XQGHUZHQW�EULHI�DXWRQRPLF�WHVWLQJ�EHIRUH�IXQFWLRQDO�EUDLQ�LPDJLQJ��I05,��ZKLOH�SHUIRUPLQJ�DQ�HPRWLRQDO�IDFH�SURFHVVLQJ�WDVN��%HWZHHQ-JURXS�DQDO\VHV�WHVWHG�IRU�GLIIHUHQFHV�LQ�DXWRQRPLF�IXQFWLRQ��DXWRQRPLF�V\PSWRPV��µWUDLW�DXWRQRPLF�SUHGLFWLRQ�HUURU¶��FRPSXWHG�IURP�GLIIHUHQFH�EHWZHHQ�VXEMHFWLYH�DQG�REMHFWLYH�V\PSWRPV�RI�RU�WKRVWDWLF�LQWROHUDQFH��DQG�WDVN-HYRNHG�SDWWHUQV�RI�EUDLQ�DFWLYDWLRQ��$OO�LPDJLQJ�UHVXOWV�DUH�UHSRUWHG�DW�D�WKUHVKROG�RI�)(:� 5HVXOWV���$Q[LHW\�FRUUHODWHG�ZLWK�QHJDWLYH�WUDLW�DXWRQRPLF�SUHGLFWLRQ�HUURU��U -�������S �������L�H��DQ[LHW\�OHYHOV�ZHUH�KLJKHU�LQ�LQGLYLGXDOV�VKRZLQJ�JUHDWHU�PLVPDWFK�EHWZHHQ�V\PSWRPV�DQG�VLJQV�RI�RUWKRVWDWLF�LQWROHU�DQFH��:LWKLQ�EUDLQ��DFWLYDWLRQ�ZLWKLQ�ODWHUDO�RUELWRIURQWDO�FRUWH[�FRUUHODWHG�SRVLWLYH�WUDLW�DXWRQRPLF�SUHGLFWLRQ�HUURU��DVVRFLDWHG�ZLWK�OHVV�DQ[LHW\���7KLV�IURQWDO�DFWLYLW\�SDUWLDOO\�PHGLDWHG�WKH�UHODWLRQVKLS�EHWZHHQ�DQ[LHW\�DQG�DXWR�QRPLF�SUHGLFWLRQ�HUURU��,QVXOD�DQG�DP\JGDOH�DFWLYLW\�FRUUHODWHG�ZLWK�QHJDWLYH�DXWRQRPLF�SUHGLFWLRQ�HUURU��DVVRFLDWHG�ZLWK�JUHDWHU�DQ[LHW\���DQG�DFWLYLW\�ZLWKLQ�LQVXOD�FRUUHODWHG�VWURQJO\�ZLWK�DXWRQRPLF�SUHGLFWLRQ�HUURU�LQ�DQ[LHW\�SDWLHQWV�DQG�QRW�EXW�QRW�KHDOWK\�FRQWUROV��VLJQLILFDQW�LQWHUDFWLRQ�� &RQFOXVLRQ��7RJHWKHU��WKHVH�ILQGLQJV�VXJJHVW�D�PRGHO�IRU�XQGHUVWDQGLQJ�SK\VLRORJLFDO�FRQWULEXWLRQV�WR�DQ[LHW\��HQFRPSDVVLQJ�D�KHLJKWHQHG�VHQVLWLYLW\�WR�DXWRQRPLF�SUHGLFWLRQ�HUURU�VLJQDOV�ZLWKLQ�DP\JGDOD�DQG�LQVXOD��DORQJVLGH�FRPSURPLVHG�SUHIURQWDO�FDSDFLW\�IRU�SUHGLFWLRQ�DQG�VHOI-UHJXODWLRQ�RI�DURXVDO��7KHVH�REVHUYDWLRQV�SUH�VHQW�SRWHQWLDO�WDUJHW�PHFKDQLVPV�IRU�WKH�SHUVRQDOL]DWLRQ�RI�SKDUPDFRORJLFDO�DQG�SV\FKRORJLFDO�DSSURDFKHV�WR�WUHDWLQJ�DQ[LHW\� 

0(0%(56¶�3/$7)250�35(6(17$7,216 &KDLU���+XJK�5LFNDUGV�DQG�&KULV�%XWOHU� 
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0(0%(56¶�3/$7)250�35(6(17$7,216 &KDLU���+XJK�5LFNDUGV�DQG�&KULV�%XWOHU� 

$XWKRUV��SUHVHQWHU�ILUVW���<HRK�6<��%DHN�.��'RQDPD\RU�1��6WUHOFKXN�'��0LWFKHOO�0��%DQFD�3��=DQGL�0��3KLOOLSV�:��-HQDZD\�$��:DOVK�&��9RRQ�9��'HSDUWPHQW�RI�3V\FKLDWU\��8QLYHUVLW\�RI�&DPEULGJH�$G�GHQEURRNH
V�+RVSLWDO 2EMHFWLYH�  )XQFWLRQDO�QHXURORJLFDO�GLVRUGHUV��)1'���DOVR�NQRZQ�DV�FRQYHUVLRQ�GLVRUGHU��DUH�XQH[SODLQHG�QHXURORJLFDO�V\PSWRPV�XQUHODWHG�WR�D�QHXURORJLFDO�FDXVH��7KH�GLVRUGHU�LV�FRPPRQ��DVVRFLDWHG�ZLWK�PDUNHG�G\VIXQFWLRQ�DQG�OLPLWHG�SURJQRVLV��\HW�LV�SRRUO\�XQGHUVWRRG��7KH�V\PSWRPV�DUH�H[SHULHQFHG�DV�LQYROXQWDU\�EXW�KDYH�PDUNHG�SK\VLRORJLFDO�VLPLODULWLHV�WR�YROXQWDU\�SURFHVVHV��+HUH�ZH�DVVHVV�WKH�QHXUDO�FRUUHODWHV�RI�DZDUHQHVV�RI�PRWRU�LQWHQWLRQ�DV�WHVWHG�XVLQJ�/LEHW¶V�FORFN�LQ�)1'�   0HWKRG� 6XEMHFWV�ZDWFK�D�KDQG�URWDWLQJ�DURXQG�D�FORFN�DQG�PDNH�D�YROXQWDU\�VSRQWDQHRXV�EXWWRQ�UH�VSRQVH�SD\LQJ�DWWHQWLRQ�LQ�VHSDUDWH�EORFNV�WR�HLWKHU�WKH�XUJH�WR�PRYH��:��RU�LQWHQWLRQ��RU�WKH�PRYHPHQW��0��LWVHOI�LQ�WKH�VFDQQHU� �7KH\�WKHQ�UHSRUW�WKH�WLPH�RI�WKH�XUJH�WR�PRYH�DQG�WKH�PRYHPHQW�LWVHOI�  5HVXOWV� ����)1'�DQG����PDWFKHG�KHDOWK\�YROXQWHHUV�ZHUH�WHVWHG�� )1'�SDWLHQWV�KDG�GHOD\HG�DZDUHQHVV�RI�WKH�LQWHQWLRQ�WR�PRYH�UHODWLYH�WR�WKH�PRYHPHQW�LWVHOI��7KH�UHSRUWLQJ�RI�LQWHQWLRQ�ZDV�ERWK�GHOD\HG�DQG�PRUH�SUHFLVH�UHODWLYH�WR�KHDOWK\�FRQWUROV��VXJJHVWLQJ�WKHVH�ILQGLQJV�DUH�UHOLDEOH�DQG�XQUHODWHG�WR�QRQ-VSHFLILF�DWWHQWLRQDO�GHILFLWV��7KH�ILQGLQJV�ZHUH�PRUH�SURPLQHQW�LQ�VXEMHFWV�ZLWK�DEHUUDQW�SRVLWLYH�IXQFWLRQDO�PRYHPHQW�V\PSWRPV�UDWKHU�WKDQ�QHJDWLYH�V\PSWRPV�$WWHQWLRQ�WRZDUGV�LQWHQWLRQ�UHODWLYH�WR�DWWHQWLRQ�WR�PRYHPHQW�ZDV�DVVRFLDWHG�ZLWK�ORZHU�ULJKW�LQIHULRU�SDULHWDO�FRUWH[�DFWLYLW\�LQ�)1'��D�UHJLRQ�HDUO\�LQ�WKH�SUR�FHVVLQJ�RI�LQWHQWLRQ��'XULQJ�UHVW��DEHUUDQW�IXQFWLRQDO�FRQQHFWLYLW\�ZDV�IXUWKHU�REVHUYHG�ZLWK�WKH�ULJKW�LQIHULRU�SDULHWDO�FRUWH[�DQG�UHJLRQV�LPSOLFDWHG�LQ�PRWRU�LQWHQWLRQ�  &RQFOXVLRQV� 7KH�UHVXOWV�FRQYHUJH�ZLWK�SUHYLRXV�REVHUYDWLRQV�RI�ORZ�LQIHULRU�SDULHWDO�DFWLYLW\�LQ�FRPSDULQJ�LQYROXQWDU\�ZLWK�YROXQWDU\�PRYHPHQW�LQ�)1'��HPSKDVL]LQJ�SRVVLEOH�FRUH�GHILFLHQFLHV�LQ�LQWHQWLRQ��7KHVH�ILQGLQJV�KLJKOLJKW�LPSDLUPHQWV�LQ�WKH�QHWZRUN�XQGHUO\LQJ�YROXQWDU\�PRWRU�LQWHQWLRQ�DW�DQ�HDUO\�SURFHVVLQJ�VWDJH� 

,PSDLUPHQWV�LQ�LQWHQWLRQ�DZDUHQHVV�LQ�IXQFWLRQDO�QHXURORJLFDO�GLVRUGHU 
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1(85236<&+,$75<�5(6($5&+�83'$7( &KDLU�� 
7KH�HIILFDF\�DQG�HIIHFWLYHQHVV�RI�QHZ�WUHDWPHQWV�IRU�HSLOHSV\ 

3URIHVVRU�7RQ\�0DUVRQ�KDV�EHHQ�D�FRQVXOWDQW�QHXURORJLVW�DW�7KH�:DOWRQ�&HQWUH�VLQFH�������+H�OHDGV�WKH�/LYHUSRRO�(SLOHSV\�5HVHDUFK�*URXS�DQG�LV�DOVR�'LUHFWRU�RI�WKH�8.�(SLOHSV\�5HVHDUFK�1HWZRUN��'HSXW\�'LUHFWRU�RI�WKH�05&�1RUWK�:HVW�+XE�IRU�7ULDOV�0HWKRGRORJ\�5HVHDUFK��&RRUGLQDWLQJ�(GLWRU�RI�WKH�&RFKUDQH�(SLOHSV\�*URXS��DQG�OHDGV�WKH�1DWLRQDO�$XGLW�RI�6HL]XUH�0DQDJHPHQW�LQ�+RVSLWDOV� 

$EVWUDFW�  7KHUH�DUH�FXUUHQWO\�PRUH�WKDQ����DQWLHSLOHSWLF�GUXJV��$('V��DYDLODEOH�WR�SUHVFULEH�IRU�SHRSOH�ZLWK�HSLOHSV\��DQG�WKH�SDUDGLJPV�IRU�DVVHVVLQJ�WKH�HIILFDF\�DQG�HIIHFWLYHQHVV�RI�WKHVH�GUXJV�KDV�FKDQJHG�YHU\�OLWWOH�RYHU�WKH�SDVW����\HDUV��1HZ�$('V�DUH�XVXDOO\�DVVHVVHG�DV�µDGG-RQ¶�WUHDWPHQWV�LQ�SODFHER�FRQWUROOHG�WULDOV�WKDW�UHFUXLW�DGXOWV�ZLWK�WUHDWPHQW�UHIUDFWRU\�IRFDO�HSLOHSV\�ZKR�DUH�W\SLFDOO\�KDYLQJ�DW�OHDVW�RQH�VHL]XUH�SHU�ZHHN��/DFRVDPLGH�DQG�SHUDPSDQHO�DUH�UHFHQW�H[DPSOHV��2QFH�D�WUHDWPHQW�LV�OLFHQVHG�DV�DQ�DGG-RQ�WUHDWPHQW�LW�LV�WKHQ�DVVHVVHG�DV�PRQRWKHUDS\��ZLWK�GLIIHULQJ�URXWHV�WR�JDLQLQJ�D�OLFHQVH�LQ�WKH�(8�DQG�WKH�86��7KH�(8�UHTXLUHV�KHDG�WR�KHDG�WULDOV��ZLWK�D�WUHDWPHQWV�PRVW�UHFHQWO\�OLFHQVHG�EDVHG�RQ�HYLGHQFH�IRU�QRQ-LQIHULRULW\��7KH�ODWWHU�KLJKOLJKWLQJ�WKH�IDFW�WKDW�ZH�KDYH�QRW�\HW�GHYHORSHG�D�GUXJ�ZLWK�JUHDWHU�HIILFDF\�WKDQ�VWDQGDUG�WUHDWPHQWV�VXFK�DV�FDUEDPD]HSLQH��7KH�LQFUHPHQWDO�EHQHILW�RI�GHYHORSLQJ�PRUH�µDQWL-VHL]XUH�GUXJV¶�XVLQJ�FXUUHQW�GHYHORSPHQW�SDUDGLJPV��ERWK�FOLQLFDO�DQG�HFRQRPLF��QHHGV�WR�EH�FDUHIXOO\�FRQVLGHUHG��  2QH�RI�WKH�FKDOOHQJHV�RI�IRFXVLQJ�GUXJ�GHYHORSPHQW�RQ�DGXOWV�ZLWK�IRFDO�HSLOHSV\�LV�WKH�GHOD\�LQ�JDLQLQJ�HYLGHQFH�DERXW�HIILFDF\�LQ�JHQHUDOLVHG�HSLOHSVLHV�DQG�RWKHU�VSHFLILF�HSLOHSV\�V\QGURPHV�DV�ZHOO�DV�GHOD\�LQ�JDLQLQJ�HYLGHQFH�DERXW�HIILFDF\�LQ�FKLOGUHQ��:RUN�DQG�FRQVXOWDWLRQ�LV�FXUUHQWO\�RQJRLQJ�WR�FRQVLGHU�H[WUDSR�ODWLRQ�RI�GDWD�IURP�DGXOWV�WR�FKLOGUHQ�IRU�OLFHQVLQJ�SXUSRVHV��DQG�WR�VSHHG�XS�JDLQLQJ�DQ�LQGLFDWLRQ�IRU�XVH�LQ�FKLOGUHQ�  &XUUHQW�GUXJ�GHYHORSPHQW�SDUDGLJPV�SURYLGH�VFDQW�HYLGHQFH�DERXW�WKH�FRPSDUDWLYH�HIILFDF\�RI�WUHDWPHQWV�LQ�RUGHU�WR�LQIRUP�FOLQLFDO�GHFLVLRQ�PDNLQJ��3HUKDSV�PRUH�LPSRUWDQWO\�WKHUH�LV�DOVR�LQVXIILFLHQW�HYLGHQFH�DERXW�WKH�ORQJHU�WHUP�FOLQLFDO�DQG�FRVWV�HIIHFWLYHQHVV�RI�DYDLODEOH�WUHDWPHQWV��7KLV�ZLOO�FRPH�IURP�WULDOV�DV�VHVVLQJ�RXWFRPHV�VXFK�DV����PRQWK�UHPLVVLRQ�DV�ZHOO�DV�TXDOLW\�RI�OLIH�DQG�HFRQRPLF�RXWFRPHV��2QH�RI�WKH�FKDOOHQJHV�LV�WKDW�VXFK�WULDOV�WDNH�\HDUV�WR�FRPSOHWH�VXFK�WKDW�GUXJ�SDWHQWV�XVXDOO\�H[SLUH�EHIRUH�GDWD�DUH�DYDLODEOH��6XFK�WULDOV�DUH�WKHUHIRUH�XQDWWUDFWLYH�WR�LQGXVWU\�DQG�DUH�XVXDOO\�IXQGHG�E\�WKH�SXEOLF�SXUVH�  7KH�1+6�QHHGV�WKLV�HYLGHQFH�DERXW�FOLQLFDO�DQG�FRVW�HIIHFWLYHQHVV�WR�KHOS�XQVXUH�WKDW�KHDWK�VHUYLFH�UH�VRXUFHV�DUH�XVHG�DV�HIILFLHQWO\�DV�SRVVLEOH��6$1$'�,�SURYLGHG�HYLGHQFH�DERXW�WKH�FRVW�HIIHFWLYHQHVV�RI�JDEDSHQWLQ��ODPRWULJLQH��WRSLUDPDWH�DQG�R[FDUED]HSLQH��6$1$'�,,�LV�RQJRLQJ�DQG�DVVHVV�OHYHWLUDFHWDP�DQG�]RQLVDPLGH�FRPSDUHG�WR�WKH�VWDQGDUG�WUHDWPHQWV�ODPRWULJLQH�DQG�YDOSURDWH��7KH�GHVLJQ�DQG�SURJUHVV�ZLWK�6$1$'�,,�ZLOO�EH�GLVFXVVHG�  2QH�FDXWLRQDU\�QRWH�LV�WKDW�VHUYLFHV�QHHG�WR�EH�FRQILJXUHG�VXFK�WKDW�SDWLHQWV�FDQ�DFFHVV�WKHP�DQG�JHW�DF�FHVV�WR�DSSURSULDWH�WUHDWPHQW�RSWLRQV��7KH�1DWLRQDO�$XGLW�RI�6HL]XUH�0DQDJHPHQW�LQ�+RVSLWDOV�VKRZV�WKDW�WKH�1+6�KDV�PXFK�WR�GR�WR�HQVXUH�WKDW�WKLV�FDQ�KDSSHQ� 
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1(85236<&+,$75<�5(6($5&+�83'$7( &KDLU��$GDP�=HPDQ 

 +XJK�6HOVLFN�JUDGXDWHG�ZLWK�D�%6F�LQ�3K\VLRORJ\��%6F�+RQRXUV�LQ�([SHULPHQWDO�3K\VLRORJ\�DQG�0%%&K�IURP�WKH�8QLYHUVLW\�RI�WKH�:LWZDWHUVUDQG��-RKDQQHVEXUJ� �+H�LV�WKH�/HDG�3V\FKLDWULVW�DW�WKH�,QVRPQLD�&OLQLF�DW�WKH�5R\DO�/RQGRQ�+RVSLWDO�IRU�,QWHJUDWHG�0HGLFLQH�8QLYHUVLW\�&ROOHJH�/RQGRQ�+RVSLWDOV�DQG�DOVR�ZRUNV�LQ�WKH�6OHHS�'LVRUGHUV�&HQWUH�DW�*X\¶V�+RVSLWDO��+H�UXQV�WKH�6OHHS�:RUNLQJ�*URXS�LQ�WKH�5R\DO�&ROOHJH�RI�3V\�FKLDWULVWV��+LV�VSHFLDO�LQWHUHVWV�DUH�LQVRPQLD�DQG�WKH�UHODWLRQVKLS�EHWZHHQ�VOHHS�DQG�SV\FKLDWULF�GLVRUGHUV� 

$EVWUDFW 5HGXFLQJ�VXLFLGH�UDWHV�LV�D�NH\�JRDO�IRU�DOO�SV\FKLDWULVWV��*LYHQ�WKH�GLIILFXOW\�LQ�SUHGLFWLQJ�ZKLFK�SDWLHQWV�DUH�PRVW�DW�ULVN�RI�VXLFLGH��DQ\�SRWHQWLDO�SUHGLFWLYH�VLJQV�FRXOG�EH�XVHIXO��6OHHS�GLVRUGHUV�DUH�FRPPRQ�FRPRU�ELG�FRQGLWLRQV�LQ�SDWLHQWV�ZLWK�SV\FKLDWULF�GLVRUGHUV��7KH�UHODWLRQVKLS�EHWZHHQ�VOHHS�DQG�SV\FKLDWULF�GLVRU�GHUV�LV�ELGLUHFWLRQDO�DQG�VR�LW�VWDQGV�WR�UHDVRQ�WKDW�WKH�FRH[LVWHQFH�RI�D�VOHHS�GLVRUGHU�FRXOG�OHDG�WR�PRUH�VHYHUH�SV\FKLDWULF�RXWFRPHV�DQG�WKLV�PD\�LQFOXGH�VXLFLGH��,Q�WKLV�WDON�,�ZLOO�VXPPDULVH�WKH�HYLGHQFH�IRU�WKH�UHODWLRQVKLS�EHWZHHQ�VOHHS�GLVRUGHUV�DQG�VXLFLGH�LQFRUSRUDWLQJ�WKH�PRVW�UHFHQW�UHVHDUFK�LQ�WKLV�DUHD��,�ZLOO�GLVFXVV�VRPH�RI�WKH�SRWHQWLDO�PHFKDQLVPV�JLYLQJ�ULVH�WR�WKHVH�DVVRFLDWLRQV��SRVVLEOH�WKHUDSHXWLF�DSSOLFD�WLRQV��DQG�IXWXUH�UHVHDUFK�GLUHFWLRQV��)LQDOO\��,�ZLOO�VXJJHVW�D�SUDFWLFDO��FOLQLFDO�DSSOLFDWLRQ�IRU�RXU�FXUUHQW�NQRZOHGJH�RQ�WKLV�WRSLF�   8QIRUWXQDWHO\��WKHUH�KDYH�EHHQ�UHODWLYHO\�IHZ�VWXGLHV�ORRNLQJ�DW�WKH�UHODWLRQVKLS�EHWZHHQ�VXLFLGH�DQG�VOHHS�GLVRUGHUV�RWKHU�WKDQ�LQVRPQLD�DQG�QLJKWPDUHV��%RWK�LQVRPQLD�DQG�QLJKWPDUHV�DSSHDU�WR�EH�DVVRFLDWHG�ZLWK�VXLFLGDO�LGHDWLRQ��WKRXJK�ZKHQ�GHSUHVVLRQ�VHYHULW\�LV�FRQWUROOHG�IRU�RQO\�WKH�DVVRFLDWLRQ�ZLWK�QLJKWPDUHV�FRQVLVWHQWO\�UHPDLQV��,W�LV�HDV\�WR�IDOO�LQWR�WKH�WUDS�RI�DVVXPLQJ�WKHUHIRUH�WKDW�LQVRPQLD�GRHV�QRW�LQFUHDVH�VXLFLGH�ULVN�DQG�WKDW�LW�LV�VLPSO\�D�PDUNHU�RI�GHSUHVVLRQ�VHYHULW\��+RZHYHU��LW�LV�HTXDOO\�OLNHO\�WKDW�LQVRPQLD�LQFUHDVHV�WKH�VHYHULW\�RI�GHSUHVVLRQ��DQG�PD\�LQ�IDFW�EH�WKH�SUHFLSLWDWLQJ�FDXVH�RI�WKH�GHSUHVVLRQ��LQ�RWKHU�ZRUGV�LQVRPQLD�PD\�LQFUHDVH�VXLFLGH�ULVN�YLD�WKH�LQWHUPHGLDU\�GLVRUGHU�RI�GHSUHVVLRQ��,W�VKRXOG�DOVR�EH�QRW�HG�WKDW�QRW�DOO�VWXGLHV�KDYH�IRXQG�WKDW�WKH�LQVRPQLD-VXLFLGH�DVVRFLDWLRQ�GLVDSSHDUV�ZKHQ�GHSUHVVLRQ�VHYHU�LW\�LV�FRQWUROOHG�IRU�   $QRWKHU�DUHD�RI�LQWHUHVW�LV�ZKHWKHU�FKDQJHV�LQ�VOHHS�DUFKLWHFWXUH�FDQ�EH�SUHGLFWLYH�RI�VXLFLGDO�LGHDWLRQ�DQG�EHKDYLRXU��:KLOH�WKLV�KDV�EHHQ�GHPRQVWUDWHG�LQ�D�IHZ�VWXGLHV��LW�LV�DV�\HW�LPSRVVLEOH�WR�PDNH�DQ\�GHILQLWLYH�VWDWHPHQWV�LQ�WKLV�UHJDUG�GXH�WR�WKH�ODUJH�QXPEHU�RI�FRQIRXQGHUV�   3HUKDSV�WKH�PRVW�LPSRUWDQW�TXHVWLRQ�LV�ZKHWKHU�WUHDWLQJ�WKH�VOHHS�GLVRUGHU�UHGXFHV�WKH�VXLFLGH�ULVN��3UHOLP�LQDU\�GDWD�VXJJHVW�WKDW�WKLV�PD\�EH�WKH�FDVH�EXW�FOHDUO\�PRUH�ZRUN�QHHGV�WR�EH�GRQH�LQ�WKLV�DUHD�   :KLOH�WKHUH�LV�PXFK�ZH�GR�QRW�NQRZ�DERXW�WKH�UHODWLRQVKLS�EHWZHHQ�VOHHS�GLVRUGHUV�DQG�VXLFLGH��WKH�DFFX�PXODWHG�HYLGHQFH�WKXV�IDU�LQGLFDWHV�WKDW�SV\FKLDWULVWV�VKRXOG�DW�WKH�YHU\�OHDVW�LQTXLUH�DERXW�VOHHS�GLVRUGHUV�LQ�DOO�RXU�SDWLHQWV�DQG�VKRXOG�LQFOXGH�WKH�WUHDWPHQW�RI�WKHVH�GLVRUGHUV�LQ�WKH�SDWLHQWV¶�FDUH�SODQV�   

6OHHS�GLVRUGHUV�DV�D�ULVN�IDFWRU�IRU�VXLFLGH� 
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6SHDNHUV�6KRUW�%LRJUDSKLHV�DQG�$EVWUDFWV�'D\�� 

$Q�2YHUYLHZ�RI�/DQJXDJH� 
3URIHVVRU�7KRPDV�%DN��%RUQ�DQG�UDLVHG�LQ�&UDFRZ��3RODQG���3URIHVVRU�%DN�JUDGX�DWHG�LQ�PHGLFLQH�IURP�WKH�8QLYHUVLW\�RI�+DPEXUJ�DQG�REWDLQHG�KLV�GRFWRUDWH�IURP�WKH�8QLYHUVLW\�RI�)UHLEXUJ�LQ�%UHLVJDX��*HUPDQ\���+H�WKHQ�ZRUNHG�FOLQLFDOO\�LQ�SV\FKLDWU\��QHXURORJ\�DQG�QHXURVXUJHU\�LQ�%HUQ��6ZLW]HUODQG���%HUOLQ�DQG�&DPEULGJH��,Q������KH�MRLQHG�WKH�FRJQLWLYH�QHXURORJ\�UHVHDUFK�JURXS�OHG�E\�3URI��-RKQ�+RGJHV�DW�WKH�05&�&RJQLWLRQ�DQG�%UDLQ�6FLHQFHV�8QLW�LQ�&DPEULGJH��7KHUH��KH�VSHFLDOLVHG�LQ�WKH�LQWHUDFWLRQ�EHWZHHQ�PRWRU�DQG�FRJQLWLYH�IXQFWLRQV��LQFOXGLQJ�ODQJXDJH�DQG�PHPRU\���,Q�������KH�HVWDEOLVKHG�LQ�&DPEULGJH�D�FOLQLF�IRU�WKH�GLVRUGHUV�RI�PRYHPHQW�DQG�FRJQLWLRQ�  6LQFH������KH�KDV�EHHQ�ZRUNLQJ�LQ�WKH�'HSDUWPHQW�RI�3V\FKRORJ\��WKH�&HQWUH�IRU�&OLQLFDO�%UDLQ�6FLHQFHV�DQG�WKH�&HQWUH�IRU�&RJQLWLYH�$JLQJ�DQG�&RJQLWLYH�(SLGHPLRORJ\�DW�WKH�8QLYHUVLW\�RI�(GLQEXUJK��$SDUW�IURP�UHVHDUFK�DQG�FOLQLFDO�ZRUN��KH�KDV�EHHQ�WHDFKLQJ�XQGHUJUDGXDWHV�DQG�JUDGXDWH�FRXUVHV�LQ�QHXURVFLHQFHV��PHGLFLQH�DQG�SV\FKRORJ\�DV�ZHOO�DV�FRXUVHV�IRU�OD\PHQ��,Q������KH�HVWDEOLVKHG�WKH�(GLQEXUJK�,QWHUGLVFLSOL�QDU\�6HPLQDUV�LQ�3KLORVRSK\��3V\FKRORJ\�DQG�/DQJXDJH�6FLHQFHV�  ,Q������KH�ZDV�HOHFWHG�DV�WKH�SUHVLGHQW�RI�WKH�:RUOG�)HGHUDWLRQ�RI�1HXURORJ\�5HVHDUFK�*URXS�RQ�$SKDVLD�DQG�&RJQLWLYH�'LVRUGHUV��:)1�5*$&'���:LWKLQ�WKLV�JURXS�KH�HVWDEOLVKHG�WKH�³&RJQLWLYH�&OLQLFV�:RUOGZLGH´�,QLWLDWLYH�DQG�KDV�EHHQ�RUJDQLVLQJ�WHDFKLQJ�FRXUVHV�LQ�FRJQLWLYH�QHXURORJ\�LQ�,QGLD��&KLQD�DQG�6RXWK�$PHUL�

FD͘ 

 

$EVWUDFW 7KH�DLP�RI�WKLV�WDON�LV�WR�VHW�WKH�VFHQH�IRU�WKH�VXEVHTXHQW�SUHVHQWDWLRQV��ZKLFK�ZLOO�GLVFXVV�LQ�PRUH�GHWDLO�ODQJXDJH�GLVRUGHUV�LQ�VFKL]RSKUHQLD��SURJUHVVLYH�DSKDVLD�DQG�VWURNH��7KH�WRSLF�LV�EURDG��FKDQJHV�LQ�ODQ�JXDJH�IXQFWLRQV�FDQ�RFFXU�LQ�D�ZLGH�UDQJH�RI�QHXURORJLFDO�DQG�SV\FKLDWULF�GLVHDVHV��IURP�SV\FKRVLV�WR�GH�PHQWLD��IURP�PXOWLSOH�VFOHURVLV�WR�PDQLF-GHSUHVVLYH�LOOQHVV��IURP�VWURNH�WR�PRWRU�QHXURQ�GLVHDVH��,V�WKHUH�DQ�RYHUDUFKLQJ�WKHPH�WR�VXFK�D�SOHWKRUD�RI�GLIIHUHQW�HWLRORJLHV�DQG�SKHQRW\SHV"�,�ZLOO�DUJXH�WKDW�VXFK�D�FHQWUDO�WKHPH�LV�WKH�UHODWLRQVKLS�EHWZHHQ�ODQJXDJH�DQG�RWKHU�PHQWDO�IXQFWLRQV��FRJQLWLYH�DV�ZHOO�DV�PRWRU��)RU�PXFK�RI�WKH�VHFRQG�KDOI�RI�WKH���WK�FHQWXU\��XQGHU�WKH�SRZHUIXO�LQIOXHQFH�RI�)RGRU¶V�PRGXODULVP�DQG�&KRPVN\¶V�JHQHUDWLYH�OLQJXLVWLFV��ODQJXDJH�KDV�EHHQ�FRQFHSWXDOLVHG�DV�DQ�DXWRQRPRXV��³LQIRUPDWLRQDOO\�HQFDSVXODWHG´�WRRO��LQGHSHQGHQW�IURP�RWKHU�PHQWDO�DELOLWLHV��+RZHYHU��WKH�GLVFRYHULHV�DQG�LQVLJKWV�RI�WKH�ODVW�GHFDGHV�KDYH�OHG�WR�D�GUDPDWLF�FKDQJH�RI�SHUVSHFWLYH��  7KH�LQWHUDFWLRQ�EHWZHHQ�ODQJXDJH�DQG�RWKHU�FRJQLWLYH�IXQFWLRQV�SOD\V�DQ�LPSRUWDQW�UROH�LQ�PDQ\�DUHDV��2QH�RI�WKHP�DUH�QHXURGHJHQHUDWLYH�GLVHDVHV��ZKHUH�D�VWULFW�GLYLVLRQ�EHWZHHQ�GHPHQWLDV�DQG�DSKDVLDV�KDV�EHHQ�FDOOHG�LQWR�TXHVWLRQ�DV�PXFK�DV�WKH�GLVWLQFWLRQ�EHWZHHQ�PRWRU�DQG�FRJQLWLYH�GLVRUGHUV��7R�JLYH�MXVW�D�IHZ�H[DPSOHV��VHPDQWLF�GHPHQWLD�FDQ�EH�FRQFHSWXDOLVHG�DV�D�GLVRUGHU�RI�ODQJXDJH��PHPRU\�RU�HYHQ�SHUFHS�WLRQ��GHSHQGLQJ�RQ�WKH�WKHRUHWLFDO�IUDPHZRUN�ZLWK�ZKLFK�LW�LV�DSSURDFKHG��  $SUD[LD�RI�VSHHFK�RFFXSLHV�D�ERUGHUODQG�EHWZHHQ�³SHULSKHUDO´��PRWRU�G\VDUWKULDV�DQG�³FHQWUDO´�GLVRUGHUV�RI�SKRQRORJ\��DQG�FDQ�PRYH��GHSHQGLQJ�RQ�WKH�SHUVSHFWLYH��WRZDUGV�RQH�RU�WKH�RWKHU�HQG�RI�WKH�VSHFWUXP��/DQJXDJH�G\VIXQFWLRQ�LV�LQFUHDVLQJO\�UHFRJQLVHG�DV�DQ�LPSRUWDQW�FRPSRQHQW�RI�GLVHDVHV�WUDGLWLRQDOO\�GH�VFULEHG�DV�PRWRU��VXFK�DV�PRWRU�QHXURQ�GLVHDVH�DQG�FRUWLFREDVDO�GHJHQHUDWLRQ��,QGHHG��VSHFLILF�GHILFLWV�RI�DFWLRQ�DQG�YHUE�SURFHVVLQJ�LQ�WKHVH�GLVRUGHUV�KDYH�SOD\HG�DQ�LPSRUWDQW�UROH�LQ�WKH�HPHUJHQFH�RI�WKH�FRQ�FHSW�RI�³HPERGLHG�FRJQLWLRQ´��,Q�SV\FKLDWU\��WKH�WUDGLWLRQDO�FRQFHSW�RI�VFKL]RSKDVLD�DV�D�WKRXJKW�GLVRUGHU�KDV�EHHQ�HQULFKHG�E\�D�OLQJXLVWLF� DQDO\VLV�RI�VFKL]RSKUHQLF�ODQJXDJH�RXWSXW��)LQDOO\��D�UHFHQW�OLQH�RI�UHVHDUFK�LQYHVWLJDWHV�WKH�UHODWLRQ�EH�WZHHQ�ODQJXDJH�DQG�H[HFXWLYH�IXQFWLRQV�E\�H[SORULQJ�SRWHQWLDO�HIIHFWV�RI�ELOLQJXDOLVP�RQ�FRJQLWLYH�DJHLQJ��DJH�RI�RQVHW�RI�GHPHQWLD�DQG�VWURNH�RXWFRPH�  ,�SURSRVH�WKDW�DOO�WKHVH�ILQGLQJV�FDQ�EH�LQWHJUDWHG�LQWR�D�ODUJHU�QDUUDWLYH�RI�ODQJXDJH�DV�D�FHQWUDO�V\VWHP�FRQQHFWLQJ�GLIIHUHQW�FRJQLWLYH�DQG�PRWRU�IXQFWLRQV��LQ�OLQH�ZLWK�D�JHQHUDO�VKLIW�LQ�HPSKDVLV�LQ�FRJQLWLYH�QHX�URVFLHQFHV�IURP�LVRODWHG�FHQWUHV�WR�FRPSOH[�LQWHUDFWLYH�QHWZRUNV�    

/DQJXDJH� &KDLUV��� 1LHOV�'HWHUW�DQG�.LHUDQ�2¶'ULVFROO 
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6SHDNHUV�6KRUW�%LRJUDSKLHV�DQG�$EVWUDFWV�'D\�� 
)RUPDO�WKRXJKW�GLVRUGHU�LQ�VFKL]RSKUHQLD� 

3URIHVVRU�'DYLG�/LQGHQ�UHDG�PHGLFLQH��FODVVLFV�DQG�SKLORVRSK\�LQ�*HUPDQ\��+H�REWDLQHG�D�'3KLO�IURP�WKH�8QLYHUVLW\�RI�2[IRUG�IRU�KLV�ZRUN�RQ�PHGLFDO�HWKLFV�LQ�DQWLTXLW\�DQG�D�3K'�LQ�QHXURVFLHQFH�DW�WKH�0D[�3ODQFN�,QVWLWXWH�IRU�%UDLQ�5HVHDUFK��+H�WUDLQHG�LQ�SV\FKLDWU\�DQG�KDV�DSSOLHG�VWUXFWXUDO�DQG�IXQFWLRQDO�PDJQHWLF�UHVRQDQFH�LPDJLQJ��05,��DQG�QHXURSK\VLRORJLFDO�WHFKQLTXHV�WR�SV\FKLDWULF�UHVHDUFK�IRU�WKH�SDVW����\HDUV��+LV�HDU�OLHU�ZRUN�KDV�LQFOXGHG�PDSSLQJ�WKH�QHXUDO�FRUUHODWHV�RI�DXGLWRU\�KDOOXFLQDWLRQV�LQ�VFKL]R�SKUHQLD�DQG�WKH�VRXUFHV�RI�WKH�3����FRPSRQHQW�RI�WKH�HYHQW-UHODWHG�SRWHQWLDO��+H�KDV�DOVR�ZRUNHG�H[WHQVLYHO\�RQ�WKH�QHXURSK\VLRORJ\�DQG�EUDLQ�VWUXFWXUH�RI�VFKL]RSKUHQLD�DQG�RWKHU�PHQWDO�DQG�QHXURGHYHORSPHQWDO�GLVRUGHUV��6LQFH������KH�KDV�EHHQ�3URIHVVRU�RI�7UDQVODWLRQDO�1HXURVFLHQFH�DW�&DUGLII�8QLYHUVLW\��+H�LV�DOVR�DQ�+RQRUDU\�&RQVXOWDQW�3V\FKLDWULVW�DW�&DUGLII�DQG�9DOH�8QL�YHUVLW\�+HDOWK�%RDUG�ZLWK�VSHFLDO�LQWHUHVW�LQ�QHXURSV\FKLDWU\��:HOVK�1HXURSV\FKLDWU\�6HUYLFH���&XUUHQW�UH�VHDUFK�LQWHUHVWV�LQFOXGH�IXQFWLRQDO�LPDJLQJ�RI�SV\FKRSDWKRORJ\��QHXUDO�VXEVWUDWHV�RI�VRFLDO�FRJQLWLRQ��JHQHW�LF�LPDJLQJ��HPRWLRQ�–�FRJQLWLRQ�LQWHUDFWLRQV��FRJQLWLYH�FRRUGLQDWLRQ�LQ�ZRUNLQJ�PHPRU\��WUHDWPHQW�DQG�WUDLQ�LQJ�HIIHFWV�RQ�WKH�EUDLQ��DQG�QHXURIHHGEDFN��  'DYLG�/LQGHQ�LV�WKH�DXWKRU�RI�³7KH�%LRORJ\�RI�3V\FKRORJLFDO�'LVRUGHUV´��������DQG�³%UDLQ�&RQWURO´��������DQG�RYHU�����VFLHQWLILF�SDSHUV�LQ�WKH�ILHOGV�RI�ELRORJLFDO�SV\FKLDWU\��IXQFWLRQDO�EUDLQ�LPDJLQJ��YLVXDO�DQG�VR�FLDO�FRJQLWLYH�QHXURVFLHQFH��DQG�QHXURIHHGEDFN��+H�LV�FXUUHQWO\�FRRUGLQDWLQJ�WULDOV�RI�IXQFWLRQDO�05,-EDVHG�QHXURIHHGEDFN�LQ�GHSUHVVLRQ��IXQGHG�E\�WKH�0HGLFDO�5HVHDUFK�&RXQFLO��DQG�3DUNLQVRQ¶V�GLVHDVH��+H�LV�DOVR�WKH�FRRUGLQDWRU�RI�WKH�(XURSHDQ�&RQVRUWLXP�³%5$,175$,1´��IXQGHG�E\�WKH�(XURSHDQ�&RPPLVVLRQ�XQGHU�WKH��WK�)UDPHZRUN�3URJUDPPH��ZKLFK�GHYHORSV�DQG�HYDOXDWHV�LPDJLQJ-EDVHG�QHXURIHHGEDFN�PHWK�RGV�IRU�D�UDQJH�RI�PHQWDO�GLVRUGHUV��'DYLG�LV�D�PHPEHU�RI�WKH�VWHHULQJ�FRPPLWWHHV�RI�WKH�0HQWDO�+HDOWK�5HVHDUFK�1HWZRUN�&\PUX�DQG�WKH�1HXURGHJHQHUDWLYH�'LVRUGHUV�DQG�'HPHQWLD�1HWZRUN��1HXURGHP��DQG�D�3,�RI�WKH�1DWLRQDO�&HQWUH�IRU�0HQWDO�+HDOWK��+H�KDV�D�NHHQ�LQWHUHVW�LQ�OLQNV�EHWZHHQ�DFDGHPLF�SV\FKLDWU\�DQG�WKH�1+6�DQG�LV�IRVWHULQJ�UHVHDUFK�FROODERUDWLRQV�ZLWK�FOLQLFLDQV�DFURVV�:DOHV�LQ�WKH�DUHDV�RI�QHXURLP�DJLQJ�DQG�FRJQLWLYH�QHXURVFLHQFH��+H�ZRXOG�OLNH�WR�H[SDQG�WKHVH�DFWLYLWLHV�DFURVV�WKH�8.�WKURXJK�WKH�ZRUN�RI�WKH�%13$� 

 

$EVWUDFW 7KRXJKW�GLVRUGHU�LV�RQH�RI�WKH�NH\�IHDWXUHV�RI�SV\FKRVLV�DQG�RIWHQ�KDV�GLVDEOLQJ�DQG�GLVWUHVVLQJ�FRQVH�TXHQFHV��)RUPDO�WKRXJKW�GLVRUGHU�UHIHUV�WR�DOWHUDWLRQV�RI�WKH�VWUXFWXUH�DQG�VSHHG�RI�WKRXJKW�DQG�VSHHFK��LQ�FRQWUDVW�WR�GHOXVLRQV��ZKLFK�DUH�PDLQO\�FKDUDFWHULVHG�E\�DEQRUPDO�FRQWHQW�RI�WKRXJKWV��DOWKRXJK�WKH�ERXQG�DULHV�DUH�IOXLG��)OLJKW�RI�LGHDV��SHUVHYHUDWLRQ�DQG�ORRVHQLQJ�RI�DVVRFLDWLRQV�GHVFULEH�WKH�PDLQ�FRPSRQHQWV�RI�IRUPDO�WKRXJKW�GLVRUGHU���)OLJKW�RI�LGHDV�GHVFULEHV�D�VWDWH�LQ�ZKLFK�SHRSOH�MXPS�IURP�WRSLF�WR�WRSLF�ZLWKRXW�SURSHUO\�FRQFOXGLQJ�DQ\�DUJXPHQW��3HUVHYHUDWLRQ�LV�FKDUDFWHULVHG�E\�IL[DWLRQ�RQ�SDUWLFXODU�WKHPHV��UHSHWL�WLYH�DQVZHUV�DQG�LQDELOLW\�WR�FKDQJH�WKH�PHQWDO�VHW��/RRVHQLQJ�RI�DVVRFLDWLRQV�LV�REVHUYHG�ZKHQ�SDWLHQW¶V�OLQN�WRSLFV�LQ�WKHLU�FRQYHUVDWLRQ�WKDW�RQO\�KDYH�D�SHULSKHUDO�VHPDQWLF�UHODWLRQ�WR�HDFK�RWKHU��*UDPPDWLFDO�VWUXFWXUH�RI�WKHLU�VSHHFK�LV�RIWHQ�DOVR�DIIHFWHG��LQ�H[WUHPH�IRUPV��³ZRUG�VDODG´��WKH�JUDPPDWLFDO�UHODWLRQVKLS�EHWZHHQ�ZRUGV�FDQ�EH�ORVW�DOWRJHWKHU��RU�VSHHFK�FDQ�EHFRPH�FRPSOHWHO\�VWHUHRW\SLF��  )OLJKW�RI�LGHDV�LV�RIWHQ�DVVRFLDWHG�ZLWK�PDQLD��ORRVHQLQJ�RI�DVVRFLDWLRQV�ZLWK�VFKL]RSKUHQLD�DQG�SHUVHYHUD�WLRQ�ZLWK�VFKL]RSKUHQLD��DXWLVP�RU�GHPHQWLD��EXW�QRQH�RI�WKHVH�DVVRFLDWLRQV�LV�SDWKRJQRPRQLF��DQG�DVSHFWV�RI�IRUPDO�WKRXJKW�GLVRUGHU�FDQ�RFFXU�DV�SDUW�RI�D�ZLGH�UDQJH�RI�QHXURSV\FKLDWULF�V\QGURPHV��7KH\�FDQ�DOVR�EH�LQGXFHG�E\�FHUWDLQ�GUXJV��SDUWLFXODUO\�NHWDPLQH��,Q�WKLV�WDON�,�ZLOO�GLVFXVV�WKH�GHILQLWLRQ�DQG�FOLQLFDO�SUHVHQWDWLRQ�RI�IRUPDO�WKRXJKW�GLVRUGHU��LWV�SUHYDOHQFH�DQG�FOLQLFDO�VLJQLILFDQFH�DQG�FRPPRQO\�XVHG�SKDU�PDFRORJLFDO�DQG�SV\FKRORJLFDO�WUHDWPHQW�DSSURDFKHV��,�ZLOO�SUHVHQW�VRPH�RI�WKH�FRJQLWLYH�PRGHOV�WKDW�DW�WHPSW�WR�FDSWXUH�WKH�QHXURSV\FKRORJ\�RI�SHUVHYHUDWLRQ�DQG�ORRVHQLQJ�RI�DVVRFLDWLRQV��IRU�H[DPSOH�UHYHUVDO�OHDUQLQJ�DQG�DVVRFLDWLYH�VHPDQWLF�QHWZRUN�G\VIXQFWLRQ��)LQDOO\�,�ZLOO�UHYLHZ�WKH�UHFHQW�GHEDWH�RQ�WKH�UHOD�WLRQVKLS�EHWZHHQ�ORRVHQLQJ�RI�DVVRFLDWLRQV�DQG�FUHDWLYLW\� 
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6SHDNHUV�6KRUW�%LRJUDSKLHV�DQG�$EVWUDFWV�'D\�� 
$�&OLQLFDO�DSSURDFK�WR�3ULPDU\�3URJUHVVLYH�$SKDVLD 

'U�-RQDWKDQ�6FKRWW�0'�)5&3��LV�5HDGHU�LQ�&OLQLFDO�1HXURORJ\�DW�WKH�8&/�,QVWLWXWH�RI�1HXURORJ\�DQG�+RQRUDU\�&RQVXOWDQW�1HXURORJLVW�DW�WKH�1DWLRQDO�+RVSLWDO�IRU�1HXURORJ\�DQG�1HXURVXUJHU\��4XHHQ�6TXDUH��/RQGRQ�� M�VFKRWW#XFO�DF�XN  +LV�UHVHDUFK�LQWHUHVWV�DUH�FHQWHUHG�RQ�WUDQVODWLRQDO�UHVHDUFK�LQ�WKH�GHPHQWLDV��DQG�LQ�FOXGH��DW\SLFDO�DQG�\RXQJ�RQVHW�GHPHQWLD��JHQRW\SH�SKHQRW\SH�FRUUHODWLRQV�LQ�QHXUR�GHJHQHUDWLRQ��WKH�GHYHORSPHQW�DQG�DSSOLFDWLRQ�RI�LPDJLQJ�DQG�FHUHEURVSLQDO�IOXLG�EL�RPDUNHUV�LQ�WKH�GHJHQHUDWLYH�GHPHQWLDV�IRU�HDUO\��VSHFLILF�GLDJQRVLV�DQG�GLVHDVH�WUDFN�LQJ��FOLQLFDO�WULDOV��DXWRLPPXQH�GHPHQWLD�V\QGURPHV��DQG�QRUPDO�DQG�DEQRUPDO�DJHLQJ��+H�KDV�!����SHHU�UHYLHZHG�SDSHUV�LQ�WKH�GHPHQWLD��DQG�HGLWV�WKH�2[IRUG�7H[WERRN�RI�&RJQLWLRQ�DQG�'HPHQWLD��+H�KDV�JUDQW�IXQGLQJ�H[FHHGLQJ����PLOOLRQ�IURP�DPRQJVW�RWKHU�$O]KHLPHU
V�5HVHDUFK�8.��WKH�0HGLFDO�5HVHDUFK�&RXQFLO��DQG�(QJLQHHULQJ�DQG�3K\VLFDO�6FLHQFHV�5HVHDUFK�&RXQFLO��+H�VXSHUYLVHV�VHYHQ�3K'�VWXGHQWV�DQG�LV�DF�WLYHO\�LQYROYHG�LQ�PHGLFDO�HGXFDWLRQ�LQFOXGLQJ�DV�1,+5�4XHHQ�6TXDUH�'HPHQWLD�%58�7UDLQLQJ�/HDG��DQG�PHPEHU�RI�WKH�5&3�1HXURORJ\�6SHFLDOLVW�&HUWLILFDWH�([DPLQDWLRQ�6WDQGDUG�6HWWLQJ�%RDUG��+H�LV�D�PHPEHU�RI�WKH�(XURSHDQ�$FDGHP\�RI�1HXURORJ\�'HPHQWLD�3DQHO��GHSXW\�FKDLU�RI�WKH�$VVRFLDWLRQ�RI�%ULWLVK�1HXUROR�JLVWV�&RJQLWLYH�'LVRUGHUV�$GYLVRU\�*URXS��DQG�VHUYHV�RQ�WKH�$GYLVRU\�&RXQFLO�IRU�WKH�$O]KHLPHU¶V�$VVRFLD�WLRQ�,QWHUQDWLRQDO�6RFLHW\�WR�$GYDQFH�$O]KHLPHU¶V�5HVHDUFK�DQG�7UHDWPHQW��,67$$57���+H�ZDV�DZDUGHG�WKH������$O]KHLPHU
V�$VVRFLDWLRQ�GH�/HRQ�SUL]H�LQ�1HXURLPDJLQJ�� 

 

$EVWUDFW 3ULPDU\�3URJUHVVLYH�$SKDVLD��33$��LV�D�WHUP�XVHG�WR�GHVFULEH�D�JURXS�RI�GHJHQHUDWLYH�GLVRUGHUV�SUHVHQW�LQJ�ZLWK�LQLWLDO�SURJUHVVLYH�ODQJXDJH�LPSDLUPHQW��DQG�LV�XVXDOO\�FRQVLGHUHG�ZLWKLQ�WKH�IURQWRWHPSRUDO�GH�PHQWLD�VSHFWUXP��33$�LV�FRQYHQWLRQDOO\�GLYLGHG�LQWR�WKUHH�PDMRU�VXEW\SHV��3URJUHVVLYH�QRQ-IOXHQW�DSKDVLD��31)$��LV�W\SLILHG�E\�KHVLWDQW��HIIRUWIXO�VSHHFK�ZLWK�JUDPPDWLFDO�HUURUV��6HPDQWLF�GHPHQWLD��6'��LV�FKDUDF�WHULVHG�E\�LPSDLUPHQWV�RI�ZRUG-PHDQLQJ�UHVXOWLQJ�LQ�IOXHQW�EXW�SURJUHVVLYHO\�HPSW\�VSHHFK�DQG�DQRPLD��/RJRSDHQLF�DSKDVLD��/3$��LV�DVVRFLDWHG�ZLWK�ZRUG�ILQGLQJ�SDXVHV�DQG�LPSDLUHG�UHSHWLWLRQ�RI�ORQJHU�SKUDVHV�RU�VHQWHQFHV��,Q�SUDFWLFH�KRZHYHU�WKHUH�PD\�EH�RYHUODS�EHWZHHQ�WKHVH�V\QGURPHV�DQG�LW�PD\�QRW�DOZD\V�EH�HDV\�WR�FODVVLI\�LQGLYLGXDO�SDWLHQWV�LQWR�RQH�RI�WKHVH�WKUHH�FDWHJRULHV��DQG�RYHU�WLPH�VRPH�SDWLHQWV�GH�YHORS�EHKDYLRXUDO�V\PSWRPV��PRWRU�IHDWXUHV�FRQVWDQW�ZLWK�D�FRUWLFREDVDO�V\QGURPH�RU�SURJUHVVLYH�VXSUD�QXFOHDU�SDOV\��RU�UDUHO\�PRWRU�QHXURQ�GLVHDVH��:KLOVW�05�LPDJLQJ�ILQGLQJV�FDQ�JLYH�LPSRUWDQW�FOXHV�WR�WKH�GLDJQRVLV�WKHUH�LV�QRW�DOZD\V�D�RQH-WR-RQH�FRUUHODWLRQ��'HSHQGLQJ�RQ�WKH�FOLQLFDO�SKHQRW\SH��WKH�XQGHUO\LQJ�SDWKRORJ\�DQG�FKDQFH�RI�WKHUH�EHLQJ�DQ�XQGHUO\LQJ�JHQHWLF�FDXVH�FDQ�EH�HVWDEOLVKHG�ZLWK�YDU\LQJ�GHJUHHV�RI�FHUWDLQW\��,Q�WKLV�WDON��DQ�DSSURDFK�WR�WKH�SDWLHQW�ZLWK�33$�ZLOO�EH�SURYLGHG��ZLWK�WKH�IRFXV�RQ�KRZ�D�FOLQL�FDO�DVVHVVPHQW�EDFNHG�XS�E\�LPDJLQJ�DQG�RWKHU�ELRPDUNHUV�FDQ�EH�XVHG�WR�JXLGH�SDWLHQW�PDQDJHPHQW��   
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6SHDNHUV�6KRUW�%LRJUDSKLHV�DQG�$EVWUDFWV�'D\�� 
3UHGLFWLQJ�ODQJXDJH�RXWFRPH�DQG�UHFRYHU\�DIWHU�VWURNH��3/25$6� 

&DWK\�3ULFH�LV�DQ�H[SHUW�LQ�WKH�XVH�RI�VWUXFWXUDO�DQG�IXQFWLRQDO�EUDLQ�LPDJLQJ�IRU�XQGHUVWDQGLQJ�FRJQLWLYH�SURFHVVLQJ�LQ�WKH�QHXURORJLFDOO\�KHDOWK\�DQG�GDPDJHG�EUDLQ�� +HU�EDVLF�WUDLQLQJ�ZDV�LQ�3K\VLRORJ\�DQG�3V\FKRORJ\�DQG�VKH�KDV�D�3K'�LQ�FRJQLWLYH�QHXUR�SV\FKRORJ\��'XULQJ�KHU�SRVWGRFWRUDO�WUDLQLQJ��VKH�ZRUNHG�RQ�WKH�GHVLJQ�DQG�DQDO\VLV�RI�WKH�HDUOLHVW�IXQFWLRQDO�QHXURLPDJLQJ�VWXGLHV�RI�ODQJXDJH�DQG�UHDGLQJ��6LQFH�������VKH�KDV�EHHQ�IXQGHG�E\�WKH�:HOOFRPH�7UXVW�WR�EXLOG�D�IXQFWLRQDO�DQDWRPLFDO�PRGHO�RI�DXGLWRU\�DQG�YLVXDO�ZRUG�SURFHVVLQJ�WKDW�ZLOO�SUHGLFW�ODQJXDJH�RXWFRPH�DIWHU�EUDLQ�GDP�DJH��  &DWK\�KDV SXEOLVKHG PRUH�WKDQ�����SDSHUV�LQ�KLJK�SURILOH�MRXUQDOV�DQG�KHU�ZRUN�KDV�EHHQ�YHU\�KLJKO\�FLWHG �+HU�PDLQ�FRQWULEXWLRQV�DUH�LQ�WKH�GHYHORSPHQW�RI�QRY�HO   PHWKRGRORJLHV  IRU�XQGHUVWDQGLQJ�EUDLQ�GDPDJH�DQG�EUDLQ�DFWLYDWLRQ�ZLWK�WKHVH�PHWKRGRORJLHV�OHDGLQJ�WR  QRYHO�QHXURVFLHQWLILF�LQVLJKWV�LQWR�WKH�QHXUDO�PHFKDQLVPV�VXVWDLQLQJ�ODQJXDJH�DQG�UHDGLQJ��&XUUHQWO\��KHU�IRFXV�LV�RQ�WKH�FOLQLFDO�WUDQVODWLRQ�RI�KHU�VFLHQFH��,Q�SDUWLFXODU��VKH�LV GHYHORSLQJ�D�FOLQLFDO�WRRO�WKDW�ZLOO�SUHGLFW�RXWFRPH�DQG�UHFRYHU\�DIWHU�VWURNH�RQ�WKH�EDVLV�RI�D�VWUXFWXUDO�EUDLQ�VFDQ� F�M�SULFH#XFO�DF�XN 

 

$EVWUDFW  ,Q�UHFHQW�GHFDGHV��LW�KDV�EHFRPH�LQFUHDVLQJO\�FOHDU�WKDW�WKH�HIIHFW�RI�EUDLQ�GDPDJH��DIWHU�VWURNH��ODUJHO\�GHSHQGV�RQ�ZKLFK�SDUWV�RI�WKH�EUDLQ�KDYH�EHHQ�GDPDJHG� �0RVW�RI�WKH�HYLGHQFH�KDV�EHHQ�JOHDQHG�IURP�QHXURLPDJLQJ�VWXGLHV�WKDW�KDYH�VHDUFKHG�KLJK�UHVROXWLRQ�PDJQHWLF�UHVRQDQFH�LPDJHV��05,��IRU�EUDLQ�UH�JLRQV�WKDW�DUH�GDPDJHG�LQ�SDWLHQWV�ZKR�KDYH�SDUWLFXODU�V\PSWRPV�IXQFWLRQDO�ORVV� �7KH�UHVXOWV�RI�WKHVH�VWXGLHV��XVLQJ�LQFUHDVLQJO\�VRSKLVWLFDWHG�WHFKQLTXHV�WR�RYHUFRPH�DJH-ROG�FKDOOHQJHV��DUH�LPSRUWDQW�IRU�LGHQWLI\LQJ�³VWUXFWXUH-IXQFWLRQ�UHODWLRQVKLSV´�DQG�IXQFWLRQDO�VSHFLILFLW\�LQ�WKH�KXPDQ�EUDLQ� �+RZHYHU��WKH\�DUH�QRW�XVHIXO�IRU�SUHGLFWLQJ�RXWFRPH�DIWHU�EUDLQ�GDPDJH�EHFDXVH�WKH�VWUXFWXUH-IXQFWLRQ�PDSSLQJV�RQO\�DULVH�ZKHQ�HIIHFWV�DUH�DYHUDJHG�RYHU�SDWLHQWV��DQG�WKH\�DUH�QRW�SUHGLFWLYH�RI�RXWFRPH�DW�DQ�LQGLYLGXDO�SD�WLHQW�OHYHO��  ,�ZLOO�GHVFULEH�KRZ�ZH�GHYHORSHG�D�VHW�RI�SURFHGXUHV�WKDW�LGHQWLILHG�OHVLRQ-GHILFLW�PDSSLQJV�WKDW�ZHUH�FRQ�VLVWHQW�DFURVV�SDWLHQWV� �7KH�UHVXOWV�VKRZ�KRZ�WKH�WLPH�FRXUVH�RI�UHFRYHU\�FDQ�EH�SUHGLFWHG�DIWHU�VWURNH�IRU�PDQ\�SDWLHQWV��,PSRUWDQWO\��ZH�DUH�DEOH�WR�LGHQWLI\�ZKLFK�LQGLYLGXDO�SDWLHQWV�ZH�FDQ�PDNH�SUHGLFWLRQV�IRU��L�H��WKRVH�ZKRVH�OHVLRQ�VLWHV�PHHW�WKH�FULWHULD�IRU�SUHGLFWLRQV��DQG�WKRVH�WKDW�ZH�FDQQRW�\HW�PDNH�SUHGLF�WLRQV�IRU��L�H��WKRVH�ZKRVH�OHVLRQ�VLWHV�KDYH�LQFRQVLVWHQW�RXWFRPHV���7R�LPSURYH�RXU�SUHGLFWLRQV�IRU�DOO�SD�WLHQWV��ZH�QHHG�WR�FRQVLGHU�HYHQ�ODUJHU�VDPSOH�VL]HV��RWKHU�VRUWV�RI�OHVLRQ�LQIRUPDWLRQ��DV�ZHOO�DV�PHWDEROLF��GHPRJUDSKLF�DQG�PHFKDQLVWLF�PDUNHUV�RI�UHFRYHU\�SRWHQWLDO��7KH�SUHGLFWLRQV�ZH�GR�KDYH�QRZ�FDQ�EH�XVHG�WR�DVVHVV�WKH�HIIHFWV�RI�QRYHO�WKHUDSLHV�ZKHUH�WKH�JRDO�LV�WR�VKRZ�WKDW�D�QHZ�WKHUDS\�UHVXOWHG�LQ�D�IDVWHU�RU�PRUH�VXEVWDQWLDO�LPSURYHPHQW�WKDQ�H[SHFWHG�LQ�WKH�DEVHQFH�RI�WKH�WKHUDS\� �  7KH�SURFHGXUHV�ZH�KDYH�JHQHUDWHG�ZLOO�EH�XVHIXO�IRU�UHDOLVWLF�JRDO�VHWWLQJ��PDQDJHPHQW�RI�SDWLHQW�DQG�FDUHU�H[SHFWDWLRQV��LQWHUSUHWLQJ�LQWHUYHQWLRQ�HIIHFWV�DQG�VHOHFWLQJ�WKH�ULJKW�WKHUDS\�LQ�WKH�IXWXUH��)RU�H[DPSOH��WKH�PRVW�DSSURSULDWH�WKHUDS\�PLJKW�QHHG�WR�WDNH�LQWR�DFFRXQW�WKH�OLNHO\�ORQJHYLW\�RI�WKH�LPSDLUPHQW�DQG�WKH�DYDLODELOLW\�RI�SUHVHUYHG�EUDLQ�UHJLRQV�WR�VXSSRUW�WKH�UHFRYHU\�SURFHVV��:LWK�DQ�LQFUHDVHG�VDPSOH�VL]H��FRQ�ILGHQW�LQGLYLGXDO�SURJQRVHV�FRXOG�EH�PDGH�IRU�PRUH�SDWLHQWV��2XU�QRYHO�PHWKRGRORJ\�FDQ�DOVR�EH�XVHG�WR�LGHQWLI\�OHVLRQ�VLWHV�WKDW�SUHGLFW�D�ZLGH�UDQJH�RI�IXQFWLRQDO�RXWFRPHV�DIWHU�VWURNH�RU�RWKHU�W\SHV�RI�EUDLQ�GDPDJH�   



%ULWLVK�1HXURSV\FKLDWU\�$VVRFLDWLRQ���WK�$*0�-�5R\DO�&ROOHJH�RI�6XUJHRQV��/LQFROQV�,QQ�)LHOGV��/RQGRQ�  

  ZZZ�EQSD�RUJ�XN 

6SHDNHUV�6KRUW�%LRJUDSKLHV�DQG�$EVWUDFWV�'D\�� 

&KULV�)ULWK�LV�(PHULWXV�3URIHVVRU�RI�1HXURSV\FKRORJ\�DW�WKH :HOOFRPH�&HQWUH�IRU�1HXURLPDJLQJ�DW�8QLYHUVLW\�&ROOHJH�/RQGRQ�DQG�5HVHDUFK )HOORZ�DW�WKH ,QVWLWXWH�RI�3KL�ORVRSK\��8QLYHUVLW\�RI /RQGRQ��6LQFH�FRPSOHWLQJ�KLV 3K'�LQ������KH�ZDV�IXQGHG�E\�WKH�0HGLFDO�5HVHDUFK�&RXQFLO�DQG�WKH�:HOOFRPH 7UXVW�WR VWXG\�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�PLQG�DQG�WKH�EUDLQ� +H ZDV�1LHOV�%RKU�9LVLWLQJ�3URIHVVRU�LQ�WKH�,QWHUDFWLQJ�0LQGV�SURMHFW�DW�$DUKXV 8QLYHUVLW\ LQ�'HQPDUN�IURP�����-���DQG�D�)HOORZ�RI�$OO�6RXOV�&ROOHJH�2[IRUG�IURP�����-����� +H�KDV�SXEOLVKHG�VHYHUDO�ERRNV��LQFOXGLQJ 7KH &RJQLWLYH�1HXURSV\�FKRORJ\�RI�6FKL]RSKUHQLD �3V\FKRORJ\�3UHVV��������FODVVLF�HGLWLRQ������ DQG 0DNLQJ�XS�WKH�0LQG��+RZ�WKH�%UDLQ�&UHDWHV�RXU�0HQWDO�:RUOG �:LOH\-%ODFNZHOO������� +H�LV�D�SLR�QHHU�LQ�WKH�DSSOLFDWLRQ�RI�EUDLQ�LPDJLQJ�WR�WKH VWXG\�RI�PHQWDO�SURFHVVHV��+H�KDV�FRQWULEXWHG�PRUH�WKDQ�����SDSHUV WR VFLHQWLILF�MRXUQDOV�DQG�LV�NQRZQ�HVSHFLDOO\�IRU�KLV�ZRUN�RQ�DJHQF\��VRFLDO FRJQLWLRQ��DQG�XQGHU�VWDQGLQJ�WKH�PLQGV�RI�SHRSOH ZLWK�PHQWDO�GLVRUGHUV�VXFK�DV VFKL]RSKUHQLD��)RU�WKLV�ZRUN�KH�ZDV�HOHFWHG�D�)HOORZ�RI�WKH�5R\DO�6RFLHW\�LQ �����DQG�D�)HOORZ RI�WKH�%ULWLVK�$FDGHP\�LQ������ �F�IULWK#XFO�DF�XN� 

:K\�WZR��RU�PRUH��PLQGV�DUH�EHWWHU�WKDQ�RQH 
 

$EVWUDFW  ,Q������*DOWRQ�VKRZHG�WKDW�WKH DYHUDJH�RI�DOO�WKH�JXHVVHV�IRU�D�µZHLJKW�RI�WKH�R[¶�FRPSHWLWLRQ�ZDV�EHWWHU�WKDQ WKH�EHVW�LQGLYLGXDO�JXHVV��6XFK DGYDQWDJHV�IRU�JURXS�GHFLVLRQV�DUH�QRW�XQLTXH WR�KXPDQV��7KH\�DUH�DOVR�REVHUYHG�LQ�LQVHFWV��ILVK�DQG�ELUGV��7KH�DGYDQWDJH DULVHV�IURP�D�SURFHVVLQJ�RI VLJQDO�DYHUDJLQJ��WKURXJK�ZKLFK�ZHDN�LQGLYLGXDO VLJQDOV�DUH�HQKDQFHG�E\�FDQFHOOLQJ�RXW�WKH�QRLVH��%XW�KRZ�LV�WKLV�DFKLHYHG�ZKHQ WKHUH�LV�QR�*DOWRQ�WR�GR WKH�DYHUDJLQJ"  ,Q�PRVW�FDVHV�WKH�DYHUDJLQJ HPHUJHV�VSRQWDQHRXVO\�IURP�D�SURFHVV�RI�DXWRPDWLF�DOLJQPHQW��+XPDQV��KRZHYHU� FDQ�DFKLHYH�D�VLPLODU�UHVXOW�E\ WDONLQJ�WR�HDFK�RWKHU�DERXW�WKHLU�SHUFHSWXDO H[SHULHQFHV�DQG�DF�FHSWLQJ�WKH�GHFLVLRQ�RI�WKH�PRUH�FRQILGHQW�LQGLYLGXDO�RQ�D WULDO-E\-WULDO�EDVLV��6XFK GLVFXVVLRQV�UHO\�RQ�DQ�H[SOLFLW�IRUP�RI PHWDFRJQLWLRQ��:H�FDQ�UHIOHFW�RQ�RXU�PHQWDO�SURFHVVHV�DQG�UHSRUW�WKHP�WR RWKHUV��7KLV�LV�D�WZR-ZD\�SURFHVV��:KDW ZH�OHDUQ�DERXW�PHQWDO�SURFHVVHV�IURP RWKHUV�FDQ�FKDQJH�RXU�H[SHULHQFH�DQG�EH�KDYLRXU�  ,Q�DGGLWLRQ�WR�HQKDQFLQJ�JURXS GHFLVLRQV��H[SOLFLW�PHWDFRJQLWLRQ�HQDEOHV�WKH�FUHDWLRQ�RI�FXOWXUDO�FRQVHQ�VXV DERXW�DVSHFWV�RI�GHFLVLRQ-PDNLQJ VXFK�DV�IUHHGRP�DQG�UHVSRQVLELOLW\��6WXGLHV�RI H[SOLFLW�PHWDFRJQLWLRQ�FRXOG�LQFUHDVH�RXU�XQGHUVWDQGLQJ�RI�WKH�QDWXUH�RI VFKL]RSKUHQLD��7KH�ODFN�RI�LQVLJKW DQG�UHVLVWDQFH�WR�WKH�RSLQLRQV�RI�RWKHUV WKDW�DUH�VXFK�VWULNLQJ�IHDWXUHV�RI�SV\FKRVLV�UHIOHFW�D�GLVRUGHU�RI�WKLV�SURFHVV�� 

%13$�0HGLFDO�/HFWXUH &KDLU�  $GDP�=HPDQ 



%ULWLVK�1HXURSV\FKLDWU\�$VVRFLDWLRQ���WK�$*0�-�5R\DO�&ROOHJH�RI�6XUJHRQV��/LQFROQV�,QQ�)LHOGV��/RQGRQ�  
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6SHDNHUV�6KRUW�%LRJUDSKLHV�DQG�$EVWUDFWV�'D\�� 

7KHUH�LV�URRP�IRU�D�VRXO�LQ�WKH�PRGHUQ�FRQFHSW�RI�WKH�SV\FKH 

5HY�'U�$ODVGDLU�&ROHV��LV�D�OHFWXUHU�LQ�QHXURLPPXQRORJ\��VWXG\�RI�WKH�QHUYRXV�DQG�LPPXQH�V\VWHP�WRJHWKHU��DW�&DPEULGJH�8QLYHUVLW\�DQG�DQ�KRQRUDU\�FRQVXOWDQW�QHXUROR�JLVW�WR�$GGHQEURRNH¶V�DQG�+LQFKLQJEURRNH�+RVSLWDOV��+H�LV�LQYROYHG�LQ�UHVHDUFK�LQWR�QHZ�WUHDWPHQWV�IRU�PXOWLSOH�VFOHURVLV��D�GLVHDVH�WKDW�FDXVHV�GDPDJH�WR�WKH�QHUYHV���+LV�DPD�WHXU�UHVHDUFK�LQWHUHVW��LQ�WKH�QHXURORJLFDO�EDVLV�IRU�UHOLJLRXV�H[SHULHQFH��FDPH�IURP�PDQ�DJLQJ�D�VPDOO�FRKRUW�RI�SDWLHQWV�ZLWK�VSLULWXDO�H[SHULHQFHV�GXH�WR�WHPSRUDO�OREH�HSLOHSV\��VHL]XUHV�LQ�WKH�SDUWV�RI�WKH�EUDLQ�WKDW�DUH�LQYROYHG�LQ�VSHHFK��PHPRU\�DQG�KHDULQJ���+H�KDV�JLYHQ�OHFWXUHV�RQ�WKLV�VXEMHFW�DW�VHYHUDO�XQLYHUVLWLHV��$ODVGDLU�ZDV�RUGDLQHG�LQ�WKH�&KXUFK�RI�(QJODQG�LQ������DQG�LV�QRZ�D�FXUDWH�DW�6W�$QGUHZV�&KXUFK��&DPEULGJH��DORQJVLGH�KLV�PHGLFDO�DQG�VFLHQWLILF�ZRUN� 
$QLO�6HWK�LV�3URIHVVRU�RI�&RJQLWLYH�DQG�&RPSXWDWLRQDO�1HXURVFLHQFH�DW�WKH�8QLYHU�VLW\�RI�6XVVH[��VLQFH��������ZKHUH�KH�LV�DOVR�&R-'LUHFWRU��ZLWK�3URI��+XJR�&ULWFKOH\��RI�WKH�6DFNOHU�&HQWUH�IRU�&RQVFLRXVQHVV�6FLHQFH� �+H�LV��(GLWRU-LQ-&KLHI�RI�1HXURVFLHQFH�RI�&RQVFLRXVQHVV��2[IRUG�8QLYHUVLW\�3UHVV���ZDV�&RQIHUHQFH�&KDLU�RI�WKH���WK�0HHWLQJ�RI�WKH�$VVRFLDWLRQ�IRU�WKH�6FLHQWLILF�6WXG\�RI�&RQVFLRXVQHVV��$66&�����������DQG�LV�KRQ�RXUHG�WR�EH�RQ�WKH�VWHHULQJ�JURXS�DQG�DGYLVRU\�ERDUG�RI�WKH�+XPDQ�0LQG�3URMHFW�DV�ZHOO�DV�PHPEHU�
DW�ODUJH
�IRU�WKH�$66&��+H�KDV�D�PXOWLGLVFLSOLQDU\�VFLHQWLILF�WUDLQLQJ��KROGLQJ�GHJUHHV�LQ�1DWXUDO�6FLHQFHV��%$�0$��&DPEULGJH���������.QRZOHGJH-%DVHG�6\VWHPV��0�6F���6XVVH[��������DQG�&RPSXWHU�6FLHQFH�DQG�$UWLILFLDO�,QWHOOLJHQFH��'�3KLO��3K�'���6XVVH[���������+H�ZDV�D�3RVWGRFWRUDO�DQG�$VVRFLDWH�)HOORZ�DW�WKH�1HXURVFLHQFHV�,QVWLWXWH�LQ�6DQ�'LHJR��&DOLIRUQLD������-�������+H�LV�(GLWRU�DQG�&R-$XWKRU�RI����6HFRQG�%UDLQ��,Y\�3UHVV���������&RQVXOWDQW�IRU�(\H�%HQGHUV��,Y\�3UHVV��������ZLQQHU�RI�WKH�5R\DO�6RFLHW\�<RXQJ�3HRSOH¶V�%RRN�3UL]H�������DQG�FRQWULE�XWHV�UHJXODUO\�WR�D�YDULHW\�RI�PHGLD�LQFOXGLQJ�WKH�1HZ�6FLHQWLVW��7KH�*XDUGLDQ��DQG�WKH�%%&� �+H�ZULWHV�WKH�SRSXODU�EORJ�1HXUR-%DQWHU� +LV�UHVHDUFK�LV��DQG�KDV�EHHQ��VXSSRUWHG�E\�WKH�'U��0RUWLPHU�DQG�7KHUHVD�6DFNOHU�)RXQGDWLRQ��WKH�(365&��/HDGHUVKLS�)HOORZVKLS���WKH�(5&��DQG�WKH�0RWRU�1HXURQH�'LVHDVH�$VVR�FLDWLRQ� 

 

7+(�'(%$7(� &KDLU���$GDP�=HPDQ� 

 

5HY�'U�$ODVGDLU�&ROHV¶�SRVLWLRQ�LV�WKDW�ZH�VKRXOG�WDNH�VHULRXVO\�WKDW�KXPDQV�KDYH�D�VSLULWXDO�OLIH��DQG�WKDW�LW�LV�SRVVLEOH�WR�KDYH�VSLULWXDO�GLVRUGHUV�PDVTXHUDGLQJ�DV�SV\FKLDWULF�GLVRUGHUV��DQG�OLNHZLVH�WKDW�SV\FKLDWULF�DQG�SK\VLFDO�GLVRUGHUV�FDQ�DIIHFW�WKH�VSLULWXDO�OLIH    $QLO�6HWK�ZLOO�DUJXH�WKDW�ZH�VKRXOG�WDNH�SHRSOHV¶�H[SHULHQFHV�RI�VHOIKRRG�YHU\�VHULRXVO\��LQ�KHDOWK�DQG�LQ�SV\FKLDWULF�GLVHDVH��DQG�DOVR�ZKHQ�GHVFULELQJ�VSLULWXDO�H[SHULHQFHV��EXW�WKDW�ZKHQ�H[SODLQLQJ�WKHVH�H[�SHULHQFHV�ZH�VKRXOG�QRW�DSSHDO�WR�QRQ-SK\VLFDO�HQWLWLHV�OLNH�D�VRXO� 



%ULWLVK�1HXURSV\FKLDWU\�$VVRFLDWLRQ���WK�$*0�-�5R\DO�&ROOHJH�RI�6XUJHRQV��/LQFROQV�,QQ�)LHOGV��/RQGRQ�  

  ZZZ�EQSD�RUJ�XN 

0HPEHUV¶�3RVWHUV 
���&RJQLWLYH�2XWFRPHV�IRU�&KLOGUHQ�([SRVHG�WR�9DOSURDWH�,Q�8WHUR�DV�D�5HVXOW�RI�0DWHUQDO�(SLOHSV\��$�6\VWHP�
DWLF�5HYLHZ 
$XWKRUV��0LFKDHO�6RZDUG��8QLYHUVLW\�RI�%LUPLQJKDP 
2EMHFWLYH���6RGLXP�YDOSURDWH��RWKHUZLVH�WHUPHG�YDOSURDWH��KDV�EHHQ�VXJJHVWHG�LQ�WKH�OLWHUDWXUH�WR�EH�DVVRFLDW�
HG�ZLWK�D�ZLGH�YDULHW\�RI�FRQJHQLWDO�DEQRUPDOLWLHV��7KHVH�DEQRUPDOLWLHV�FDQ�RFFXU�LQ�FKLOGUHQ�DV�D�UHVXOW�RI�LQWUDXWHULQH�
H[SRVXUH�GXH�WR�PDWHUQDO�HSLOHSV\��6RPH�RI�WKHVH�GHILFLWV�DUH�FRJQLWLYH�LQ�QDWXUH��7KH�SXUSRVH�RI�WKLV�V\VWHPDWLF�OLWHUD�
WXUH�UHYLHZ�ZDV�WR�SURYLGH�HYLGHQFH�RI�D�VHDUFK�WKDW�ZDV�XQGHUWDNHQ�LQ�RUGHU�WR�JDLQ�DQ�XQGHUVWDQGLQJ�RI�WKHVH�FRJQL�
WLYH�GHILFLWV��7KH�DLP�ZDV�WR�DVVHVV�WKH�TXDOLW\�RI�WKH�HYLGHQFH�DQG�WR�GUDZ�DV�FRQFUHWH�FRQFOXVLRQV�DV�LW�SHUPLWV� 
0HWKRG���7KLV�V\VWHPDWLF�OLWHUDWXUH�UHYLHZ�ZDV�SHUIRUPHG�ZLWK�DGKHUHQFH�WR�WKH�35,60$�FKHFNOLVW�DQG�VHDUFK�
IORZ��'DWDEDVH�VHDUFKLQJ�LQYROYHG�0HGOLQH��(PEDVH��3V\F,1)2��DV�ZHOO�DV�*RRJOH�6FKRODU��&OLQLFDO7ULDOV�JRY��DQG�
:HE�RI�6FLHQFH� 
5HVXOWV���5HVXOWV�LQGLFDWH�WKDW�YDOSURDWH�H[SRVXUH�LQ�XWHUR�FDQ�OHDG�WR�GHILFLHQFLHV�LQ�LQWHOOLJHQFH�TXRWLHQW��,4���
ODQJXDJH�DELOLWLHV��FRJQLWLYH�IOXHQF\��DQG�RULJLQDOLW\��)LQGLQJV�DOVR�VXJJHVW�WKDW�YDOSURDWH-H[SRVHG�FKLOGUHQ�UHTXLUH�PRUH�
VSHFLDO�HGXFDWLRQDO�DVVLVWDQFH��H[SHULHQFH�PRUH�GHYHORSPHQWDO�GHOD\��DQG�DUH�PRUH�SURQH�WR�DXWLVP�WKDQ�QRQ-
H[SRVHG�FKLOGUHQ�DQG�FKLOGUHQ�H[SRVHG�WR�RWKHU�DQWLHSLOHSWLF�GUXJV�LQ�XWHUR� 
&RQFOXVLRQ���7KH�OLWHUDWXUH�SURYLGHV�FRPSHOOLQJ�HYLGHQFH�IRU�FRJQLWLYH�LPSDLUPHQW�GXH�WR�YDOSURDWH�H[SRVXUH�
LQ�XWHUR��2QH�DGYDQWDJH�RI�WKH�HYLGHQFH�LV�WKDW�PRVW�RI�WKH�LQFOXGHG�VWXGLHV�DUH�SURVSHFWLYH�LQ�QDWXUH��+RZHYHU��WKH�
GDWD�WKDW�WKH\�SURYLGH�VKRXOG�EH�LQWHUSUHWHG�ZLWK�VRPH�GHJUHH�RI�GLVFUHWLRQ��'XH�WR�HWKLFDO�FRQVLGHUDWLRQV�DQG�WKH�QD�
WXUH�RI�WKH�WRSLF�XQGHU�LQYHVWLJDWLRQ��VWXGLHV�FDQ�DW�EHVW�SURYLGH�HYLGHQFH�RI�DQ�DVVRFLDWLRQ�DQG�FDQQRW�VKRZ�WUXH�FDX�
VDWLRQ��)LQDOO\��WKH�HWKLFV�RI�SUHVFULELQJ�YDOSURDWH�WR�SUHJQDQW�HSLOHSWLFV�DQG�SRVVLELOLWLHV�IRU�IXWXUH�UHVHDUFK�DUH�GLV�
FXVVHG�  ���7KH�HWKLFV�RI��PLV�UHSUHVHQWDWLRQ�RI�IXQFWLRQDO�QHXURORJLFDO�GLVRUGHUV�LQ�SXEOLF�PHGLD 
$XWKRUV��$OLVWDLU�:DUGURSH��0DUNXV�5HXEHU��8QLYHUVLW\�RI�6KHIILHOG 
2EMHFWLYH���7R�GHVFULEH�WZR�GLIIHUHQW�FDVHV�RI�PLVUHSUHVHQWDWLRQV�RI�IXQFWLRQDO�QHXURORJLFDO�GLVRUGHUV�LQ�PDVV�
PHGLD��WHOHYLVLRQ��DQG�UHYLHZ�HWKLFDO�LVVXHV�IDFHG�E\�WKH�KHDOWK�SURIHVVLRQDO�RQ�YLHZLQJ�WKHVH� 
0HWKRG���&DVH�VHULHV��QDUUDWLYH�UHYLHZ�DQG�FRQFHSWXDO�DQDO\VLV 
5HVXOWV���,Q�WKH�ILUVW�FDVH��D�GRFXPHQWDU\�VKRZV�HPHUJHQF\�PDQDJHPHQW�RI�DQ�LQGLYLGXDO�LQ�DSSDUHQW�VWDWXV�
HSLOHSWLFXV�ZKR�UHFHLYHV�LQWHQVLYH�LQYDVLYH�PDQDJHPHQW��)ROORZ-XS�LQ�WKH�GRFXPHQWDU\�VXJJHVWV�WKH�SDWLHQW�UHWDLQV�D�
GLDJQRVLV�RI�HSLOHSV\��+RZHYHU�D�YLHZLQJ�FOLQLFLDQ�EHOLHYHV�WKH�DWWDFN�GLVSOD\HG�WR�EH�QRQ-HSLOHSWLF�LQ�QDWXUH���7KH�VHF�
RQG�FDVH�FRQFHUQV�WKH�WDON�VKRZ�DSSHDUDQFH�RI�D�ZRPDQ�H[SHULHQFLQJ�IXQFWLRQDO�QHXURORJLFDO�V\PSWRPV�LQFOXGLQJ�
PHPRU\�ORVV�DQG�ZHDNQHVV��'XULQJ�WKH�FRXUVH�RI�WKH�LQWHUYLHZ��VHYHUDO�LQFRUUHFW�VWDWHPHQWV�UHJDUGLQJ�WKH�DHWLRORJ\��
PDQDJHPHQW�DQG�SURJQRVLV�RI�IXQFWLRQDO�QHXURORJLFDO�GLVRUGHUV�DUH�PDGH�WKDW�PD\�OHDG�WR�LQDSSURSULDWHO\�FDWDVWURSKL]�
LQJ�LQWHUSUHWDWLRQV�RI�WKH�FRQGLWLRQ��$�YLHZLQJ�FOLQLFLDQ�LV�FRQFHUQHG�DERXW�WKH�HIIHFW�RI�WKHVH�PLVOHDGLQJ�VWDWHPHQWV�RQ�
RWKHUV�ZKR�PD\�H[SHULHQFH�VLPLODU�V\PSWRPV� 
6XFK�FDVHV�UDLVH�FKDOOHQJLQJ�TXHVWLRQV�UHJDUGLQJ�FOLQLFDO�ZRUNHUV¶�SURIHVVLRQDO�UHVSRQVLELOLWLHV�LQ�µLQIRUPDO¶�FRQWH[WV�
RXWVLGH�HVWDEOLVKHG�SURIHVVLRQDO-SDWLHQW�UHODWLRQVKLSV��DQG�WKHLU�UHODWLRQVKLS�ZLWK�KHDOWK�MRXUQDOLVWV�LQ�PDLQVWUHDP�PH�
GLD��7KH�FOLQLFLDQ�PXVW�GHOLEHUDWH�ZKHWKHU�DQG�KRZ�WR�HQJDJH�ZLWK��WKH�SDWLHQWV�LQYROYHG��WKH�WHDPV�UHVSRQVLEOH�IRU�
WKHLU�FDUH��WKH�PHGLD�RXWOHWV�SURGXFLQJ�WKH�FRQWHQW��DQG�WKH�YLHZLQJ�SXEOLF��:H�ILQG�QHLWKHU�LQWHUQDOLVW�DSSURDFKHV�WR�
SURIHVVLRQDO�UHVSRQVLELOLW\��VXFK�DV�YLUWXH�HWKLFV�RU�FDUH�HWKLFV���QRU�H[WHUQDOLVW�RQHV��VXFK�DV�WKH�µVRFLDO�FRQWUDFW¶�PRG�
HO��DUH�DEOH�DGHTXDWHO\�WR�HQJDJH�ZLWK�VXFK�VLWXDWLRQV�–�WKH�IRUPHU�LQYRNLQJ�QRUPV�JURXQGHG�LQ�SUH-H[LVWLQJ�SURIHVVLRQ�
DO-SDWLHQW��UHODWLRQVKLSV��WKH�ODWWHU¶V�JXLGDQFH�EHLQJ�WRR�DEVWUDFW��:H�H[SORUH�WKHVH�TXHVWLRQV�WKURXJK�DQ�LQVWUXPHQWDO�
LVHG�YLUWXH�HWKLFV��HPSKDVL]LQJ�WKH�QRQ-FRPSODFHQF\�DQG�SUDFWLFDO�ZLVGRP�RI�YLUWXH�HWKLFV��EXW�JURXQGLQJ�WKH�QRUPDWLYH�
DXWKRULW\�RI�YLUWXH�LQ�D�SK\VLFLDQ¶V�ZLGHU�UHVSRQVLELOLW\�WR�VHUYH�SXEOLF�KHDOWK� 
&RQFOXVLRQ���+HDOWK�ZRUNHUV¶�FDULQJ�UHVSRQVLELOLWLHV�H[WHQG�EH\RQG�HVWDEOLVKHG�SURIHVVLRQDO-SDWLHQW�UHODWLRQVKLSV�WR�
LQIRUPDO�HQFRXQWHUV��EXW�PXVW�EH�DFWHG�RQ�LQ�D�ZD\�VHQVLWLYH�WR�WKH�FRQFUHWH�SDUWLFXODUV�RI�WKH�LQGLYLGXDO�FDVH��DQG�WR�
WKH�OLPLWDWLRQV�RI�WKH�KHDOWK�ZRUNHU¶V�NQRZOHGJH��+HDOWK�ZRUNHUV�FDQ�DOVR�SURPRWH�EHWWHU�KHDOWK�WKURXJK�ZRUNLQJ�WRZDUG�
SXEOLF�XQGHUVWDQGLQJ�RI�FRQGLWLRQV�LQ�WKHLU�ILHOG��DQG�VKRXOG�HQJDJH�ZLWK�KHDOWKFDUH�MRXUQDOLVWV�WR�FRQYH\�KRZ�VSHFLILF�
YXOQHUDELOLWLHV�RI�SDWLHQWV�H[SHULHQFLQJ�FRQGLWLRQV�WKH\�DUH�H[SHUW�LQ�OHDG�WR�PRUDO�KD]DUG� 
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0HPEHUV¶�3RVWHUV 
 ���1RQ-HSLOHSWLF�VHL]XUHV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��DQ�DXGLW 
$XWKRUV���6RSKLH�)LW]VLPPRQ��/LVD�3DJH��-XOLD�$UDP��&DUGLII�8QLYHUVLW\ 
2EMHFWLYH���1RQ-HSLOHSWLF�VHL]XUHV��1(6��FRPPRQO\�SUHVHQW�YLD�WKH�HPHUJHQF\�GHSDUWPHQW��('��DQG�PD\�OHDG�WR�LQDS�
SURSULDWH�DQG�RU�FRVWO\�WUHDWPHQW��7KLV�EDVHOLQH�DXGLW�DLPHG�WR�GHWHUPLQH�WKH�SUHYDOHQFH�RI�1(6�SUHVHQWLQJ�WR�WKH�('�
RI�WKH�5R\DO�6XVVH[�&RXQW\�+RVSLWDO��D�WHUWLDU\�FHQWUH�LQ�%ULJKWRQ��RYHU�WKH�FRXUVH�RI�RQH�\HDU��,W�DOVR�UHFRUGHG�ZKHWKHU�
WKHVH�SDWLHQWV�ZHUH�EHLQJ�IODJJHG�RQ�WKH�HOHFWURQLF�SDWLHQW�UHFRUGV��(35��V\VWHP�DQG�ZKDW�PDQDJHPHQW�WKH\�UHFHLYHG� 
0HWKRG���$�OLVW�RI�DOO�SDWLHQWV�SUHVHQWLQJ�WR�WKH�('�RYHU�D��-\HDU�SHULRG�ZLWK�DQ\�RI�WKH�NH\ZRUGV�µVHL]XUH¶�µILW¶�
µHSLOHSV\¶�LQ�WKH�SUHVHQWLQJ�FRPSODLQW�ZDV�JHQHUDWHG�XVLQJ�WKH�(35�V\VWHP��:H�FODVVLILHG�WKH�VHL]XUHV�DV�HSLOHSV\��
1(6��PL[HG��VHFRQGDU\��RU�DZDLWLQJ�GLDJQRVLV�E\��VHDUFKLQJ�HOHFWURQLF�GLVFKDUJH�VXPPDULHV�DQG�HOHFWURQLF�SV\FKLDWU\�
SDWLHQW�UHFRUGV��FURVV-FKHFNLQJ�ZLWK�QHXURORJ\�DQG�QHXURSV\FKLDWU\�VHUYLFHV��DQG�QRWHV�UHYLHZ��2QFH�WKH�1(6�SDWLHQWV�
ZHUH�LGHQWLILHG��ZH�TXDQWLILHG�WKH�QXPEHU�ZKR�KDG�EHHQ�IODJJHG�RQ�WKH�(35�DQG�UHFRUGHG�WKH�PDQDJHPHQW�WKH\�UH�
FHLYHG�GXULQJ�WKHLU�KRVSLWDO�DGPLVVLRQ� 
5HVXOWV��2XW�RI������SUHVHQWDWLRQV�RI�VHL]XUHV�WR�WKH�('�RYHU�WKH�FRXUVH�RI�D�\HDU������ZHUH�1(6���������7KLV�
DFFRXQWHG�IRU����RI�����SDWLHQWV�ZKR�SUHVHQWHG�ZLWK�VHL]XUHV������������RI�WKHVH�SDWLHQWV�ZHUH�IODJJHG�RQ�WKH�(35�
V\VWHP������RI�WKLV�JURXS�RI�1(6�SDWLHQWV�DWWHQGHG�WKH�('�PRUH�WKDQ�RQFH�RYHU�WKH�FRXUVH�RI�WKH�\HDU��7KHUH�ZHUH����
DGPLVVLRQV�RI�1(6�SDWLHQWV�RYHU�WKH�\HDU��������ZLWK�D�NQRZQ�GLDJQRVLV�RI�1(6�DW�DGPLVVLRQ��������ZLWKRXW�D�ILUP�
GLDJQRVLV���UDQJLQJ�IURP���WR����GD\V�LQ�OHQJWK��7KRVH�ZLWK�D�ILUP�GLDJQRVLV�RI�1(6�DW�WKH�WLPH�RI�DGPLVVLRQ�KDG�DQ�
DYHUDJH�OHQJWK�RI�VWD\�RI���GD\V�DQG�KDG�QR�HPHUJHQF\�FDOOV�SXW�RXW��WKRVH�ZLWKRXW�D�ILUP�GLDJQRVLV�KDG�DQ�DYHUDJH�
OHQJWK�RI�VWD\�RI���GD\V�DQG����KDG��EHWZHHQ���DQG���PHGLFDO�HPHUJHQF\�FDOOV�GXULQJ�WKHLU�DGPLVVLRQ� 
&RQFOXVLRQV��1RQ-HSLOHSWLF�VHL]XUHV�PDNH�XS�DQ�LPSRUWDQW�SURSRUWLRQ�RI�VHL]XUH�SUHVHQWDWLRQV�WR�WKH�('��DQG�WKHVH�
SDWLHQWV�FRPPRQO\�UH-SUHVHQW��,W�LV�LPSRUWDQW�WKDW�VXFK�SDWLHQWV�DUH�IODJJHG�ZLWK�D�FOHDU�PDQDJHPHQW�SODQ�LQ�SODFH�LI�
WKH�GLDJQRVLV�RI�1(6�LV�HVWDEOLVKHG��DQG�LI�QHHGHG�QHXURORJLFDO�DQG�QHXURSV\FKLDWULF�DVVHVVPHQW�LV�QRW�GHOD\HG�LQ�RU�
GHU�WR�PLQLPL]H�KDUPIXO�LQWHUYHQWLRQV�DQG�OHQJWK�RI�VWD\�  
���$�QHZ�HUD�LQ�SV\FKLDWU\��(&7�DQG�RU�SODVPDSKHUHVLV"�$�QHZ�FDVH�RI�DQWL-10'$�DQWLERGLHV�ZLWK�LVRODWHG�
SV\FKLDWULF 
$XWKRUV��'U�-HVVLFD�*RXJK��'U�-DQ�&RHEHUJK��'U�%UXQGD�&KDQGUD��'U�1DML�7DEHW��'U�5DPLQ�1LOIRURRVKDQ��%UDLQ�
6FLHQFH�5HVHDUFK�8QLW��O��/\QH��&KHUWVH\��6XUUH\�.7����$(��8QLWHG�.LQJGRP 
2EMHFWLYH���7R�SUHVHQW�D�QHZ�FDVH�RI�DQWL-10'$5�SRVLWLYH�DXWRLPPXQH�HQFHSKDOLWLV�WUHDWHG�ZLWK�HOHFWURFRQYXOVLYH�
WKHUDS\�DQG�WR�UHYLHZ�WKH�UHFHQW�OLWHUDWXUH�DQG�SXEOLVKHG�FDVH�UHSRUWV� 
0HWKRG���$XWRLPPXQH�HQFHSKDOLWLV�LV�D�SRRUO\�XQGHUVWRRG�FRQGLWLRQ�WKDW�FDQ�SUHVHQW�ZLWK�D�FRPELQDWLRQ�RI�
QHXURORJLFDO�DQG�SV\FKLDWULF�V\PSWRPV��HLWKHU�RI�ZKLFK�PD\�SUHGRPLQDWH��7KHUH�DUH�PDQ\�DXWRDQWLERGLHV�DVVRFLDWHG�
ZLWK�D�YDULHW\�RI�FOLQLFDO�V\QGURPHV�–�DQWL-10'$5�LV�WKH�FRPPRQHVW��&XUUHQWO\��WKH�PRVW�ZLGHO\�XVHG�WKHUDS\�LV�SURPSW�
SODVPDSKHUHVLV�DQG�VWHURLG�WUHDWPHQW��DQG�WXPRXU�UHVHFWLRQ�LI�LQGLFDWHG���IROORZHG�E\�VHFRQG�OLQH�LPPXQRVXSSUHVVLRQ�
LI�WKLV�IDLOV��*LYHQ�WKH�JURZLQJ�DZDUHQHVV�RI�DXWRLPPXQH�HQFHSKDOLWLV�DV�DQ�HQWLW\��LW�LV�LQFUHDVLQJO\�LPSRUWDQW�WKDW�ZH�
FRQVLGHU�LW�DV�D�SRWHQWLDO�GLDJQRVLV�LQ�RUGHU�WR�SURYLGH�WLPHO\��HIIHFWLYH�WUHDWPHQW��:H�GLVFXVV�VHYHUDO�SUHYLRXVO\�SXE�
OLVKHG�FDVH�UHSRUWV�DQG�RQH�QHZ�FDVH��7KHVH�UHSRUWV�H[DPLQHG�WKH�HIIHFWV�RI�(&7�RQ�SDWLHQWV�ZLWK�DXWRLPPXQH�HQ�
FHSKDOLWLV��SDUWLFXODUO\�WKRVH�LQ�ZKRP�SV\FKLDWULF�V\PSWRPV�DUH�HVSHFLDOO\�GHELOLWDWLQJ�DQG�UHIUDFWRU\�WR�VWDQGDUG�WUHDW�
PHQW��:H�DOVR�GLVFXVV�IDFWRUV�SUHGLFWLQJ�JRRG�RXWFRPH�DQG�SRVVLEOH�PHFKDQLVPV�E\�ZKLFK�(&7�PD\�EH�HIIHFWLYH� 
5HVXOWV��1XPHURXV�FDVHV��VXFK�DV�WKRVH�SUHVHQWHG�E\�:LQJILHOG��7VXWVXL��)ORUDQFH��6DQVLQJ��%UDDNPDQ�DQG�
0DWVXPRWR��GHPRQVWUDWH�HIIHFWLYH�XVH�RI�(&7�LQ�DQWL-10'$5�HQFHSKDOLWLV�SDWLHQWV�ZLWK�VHYHUH�SV\FKLDWULF�V\PSWRPV�
VXFK�DV�FDWDWRQLD��SV\FKRVLV��QDUFROHSV\�DQG�VWXSRU�ZKR�KDG�IDLOHG�WR�UHVSRQG�WR�VWDQGDUG�WUHDWPHQWV�DORQH���:H�DOVR�
SUHVHQW�D�QHZ�FDVH�RI�D����\HDU�ROG�IHPDOH�ZKR�SUHVHQWHG�WR�D�SV\FKLDWULF�XQLW�LQLWLDOO\�ZLWK�GHSUHVVLRQ��ZKLFK�HVFDODW�
HG�WR�FDWDWRQLD��GHOXVLRQV��QLKLOLVP�DQG�DXGLWRU\�KDOOXFLQDWLRQV��$IWHU�DQWL-10'$5�DQWLERGLHV�ZHUH�LVRODWHG��VKH�ZDV�
WUHDWHG�E\�WKH�QHXURORJ\�WHDP�ZLWK�SODVPDSKHUHVLV�DQG�VWHURLGV��ZLWK�D�SDUWLDO�UHVSRQVH��6KH�UHFHLYHG�PXOWLSOH�VHV�
VLRQV�RI�(&7�DQG�KHU�SV\FKLDWULF�V\PSWRPV�FRPSOHWHO\�UHVROYHG�DQG�VKH�UHWXUQHG�WR�KHU�SUHPRUELG�VWDWH� 
&RQFOXVLRQV���,Q�FRQFOXVLRQ��WKHUH�LV�D�JURZLQJ�ERG\�RI�HYLGHQFH�WKDW�(&7�LV�HIIHFWLYH�LQ�WUHDWLQJ�QHXUR-
SV\FKLDWULF�V\PSWRPV�RI�DXWRLPPXQH�HQFHSKDOLWLV��+HQFH��LW�LV�UHDVRQDEOH�WR�VXJJHVW�WKDW�LW�VKRXOG�EH�FRQVLGHUHG�DV�DQ�
DOWHUQDWLYH�RU�DGMXQFW�WR�VWDQGDUG�LPPXQRVXSSUHVVLYH�WKHUDSLHV��7KHUH�LV�D�GLIILFXOW\�LQ�GLIIHUHQWLDWLQJ�EHWZHHQ�
µIXQFWLRQDO¶�FDXVHV�RI�SV\FKRVLV�DQG�WKH�SV\FKRVLV�VHHQ�LQ�DQWL-10'$5�HQFHSKDOLWLV�ZKLFK�PD\�OHDG�WR�VRPH�SDWLHQWV�
EHLQJ�WUHDWHG�LQDSSURSULDWHO\�ZLWK�DQWL-SV\FKRWLFV�IRU�SRVVLEOH�VFKL]RSKUHQLD�RU�PRRG�GLVRUGHU�UDWKHU�WKDQ�LPPXQRPRG�
XODWRU\�WUHDWPHQWV��,W�LV��WKHUHIRUH��FUXFLDO�IRU�FOLQLFLDQV�WR�EH�DZDUH�RI�WKH�SRWHQWLDO�IRU�SDWLHQWV�WR�SUHVHQW�WR�HLWKHU�SV\�
FKLDWU\�RU�QHXURORJ\�VHUYLFHV�VR�WKDW�WLPHO\�GLDJQRVLV�LV�PDGH�DQG�DSSURSULDWH�WUHDWPHQW�DGPLQLVWHUHG�SURPSWO\� 
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0HPEHUV¶�3RVWHUV 
 ���$�SLORW�JURXS�LQWHUYHQWLRQ�WR�WUHDW�FKURQLF�IXQFWLRQDO�FRQGLWLRQV 
$XWKRUV���'U��1LNNL�6FKHLQHU��'U��6DUDK�&RKHQ��$PDQGD�$J\DUH��0LFD�5RVHQ���6KURGHOOV�8QLW��:DWIRUG�*HQHUDO�
+RVSLWDO���8QLWHG�.LQJGRP 
2EMHFWLYH���7R�LPSURYH�DIIHFW�UHJXODWLRQ��LQFUHDVH�SK\VLFDO�DQG�VRFLDO�IXQFWLRQLQJ��DQG�UHGXFH�KHDOWK�FDUH�XWLOL�
]DWLRQ�LQ�SDWLHQWV�ZLWK�IXQFWLRQDO�PRWRU��VHQVRU\��DQG�SK\VLFDO�GLVRUGHUV��DQG�RU�FKURQLF�KHDOWK�DQ[LHW\� 
0HWKRG���)ROORZLQJ�D�ELRSV\FKRVRFLDO�DVVHVVPHQW�DW�7KH�3HUVLVWHQW�3K\VLFDO�6\PSWRPV�&OLQLF��SDWLHQWV�ZHUH�
LQYLWHG
�WR�HQUROO�LQ�D����ZHHN�JURXS�WKHUDS\�SURJUDPPH��WKH�3URJUDPPH���'HVLJQHG�RQ�SULQFLSOHV�RI�&%7�DQG�$&7�
�$FFHSWDQFH�	�&RPPLWPHQW�7KHUDS\���WKH�3URJUDPPH�FRPELQHG�SV\FKR-HGXFDWLRQ��EHKDYLRUDO�H[SHULPHQWV��FRJQLWLYH�
UHIUDPLQJ�DQG�0LQGIXOQHVV��3UH-JURXS�DQG�ZHHNO\�YDOLGDWHG�PHDVXUHV��(4-�'/��:(06��6(36��ZHUH�FROOHFWHG��WRJHWK�
HU�ZLWK�GDWD�DERXW�KHDOWK�FDUH�XWLOL]DWLRQ�LQ�WKH�SUHYLRXV�\HDU��3DWLHQWV�ZLWK�+HDOWK�$Q[LHW\�DGGLWLRQDOO\�FRPSOHWHG�WKH�
+HDOWK�$Q[LHW\�LQYHQWRU\��+$,��,QGLYLGXDOV¶�KHDOWK�EHOLHIV�DQG�EHKDYLRUV�ZHUH�UHFRUGHG��DORQJ�ZLWK�KLVWRULFDO�DQG�UHFHQW�
VWUHVVRUV��FKLOGKRRG�DGXOW�WUDXPD��IDPLO\�SK\VLFDO�DQG�PHQWDO�KHDOWK�VWDWXV��ILQDQFLDO�ZRUULHV���$OH[LWK\PLD�-�D�WUDLW�LPSOL�
FDWHG�LQ�WKH�LPSDLUHG�GHYHORSPHQW�RI�HPRWLRQDO�QHXUDO�VWUXFWXUHV���.DQR�	�)XNXGR��������6KLEDWD�HW�DO��������–�ZDV�
DVVHVVHG�XVLQJ�WKH�7$6-�����'LVFXVVLRQ�RI�LQGLYLGXDO�FRQGLWLRQV��LQFOXGLQJ�1($'��&RQYHUVLRQ��0RYHPHQW��*DVWUR-
LQWHVWLQDO��3DLQ��DQG�5HVSLUDWRU\��GLVRUGHUV��ZDV�GLVFRXUDJHG�GXULQJ�WKH�VHVVLRQV��ERWK�WR�DYRLG�LDWURJHQLF�SHUSHWXDWLRQ�
WKURXJK�IRVWHULQJ�D�µFRPSHWLWLYH¶��HWKRV�DQG�WR�NHHS�SDUWLFLSDQWV�UHFRYHU\-IRFXVHG��([SDQGLQJ�SV\FKRORJLFDO�IOH[LELOLW\�
ZDV�HQFRXUDJHG�LQ�RUGHU�WR�HQKDQFH��DFFHSWDQFH�DQG�IDFLOLWDWH�FKDQJH��/HDUQLQJ�WR�LGHQWLI\�DQG�QDPH�HPRWLRQV�UHODWHG�
WR�WKHLU�H[SHULHQFH�RI�LOOQHVV�KHOSHG�SDWLHQWV�HVWDEOLVK�OLQNV�EHWZHHQ�DIIHFW�DQG�EHKDYLRU��H�J��DQJHU�ZLWK�VHOI��KHDOWK�
SURIHVVLRQDOV��DQG�IDPLO\��ODFN�RI�H[HUFLVH��LVRODWLRQ���5ROH�SOD\�GHYHORSHG�DVVHUWLYHQHVV�VNLOOV��ZKLOVW�H[SHULHQWLDO�H[HU�
FLVHV�-�JXLGHG-UHOD[DWLRQ�DQG��FRPSDVVLRQDWH�PLQGIXOQHVV�-�DLPHG�WR�UHGXFH�VRPDWRVHQVRU\�DPSOLILFDWLRQ���'HUDNVKDQ��
(\VHQFN�	�0\HUV��������(GZDUGV�	�%KDWLD���������3DWLHQWV�GUHZ�RQ�WKHLU�RZQ�YDOXHV�WR�GHVLJQ�JRDO-EDVHG�EHKDYLRUDO�
H[SHULPHQWV�IRU�LQWHU-VHVVLRQ�SUDFWLFH��'\VIXQFWLRQDO�FRJQLWLYH�VW\OHV�LPSOLFDWHG�LQ�ERWK�ORZ�PRRG�DQG�WKH�H[DFHUEDWLRQ�
RI�IXQFWLRQDO�FRQGLWLRQV�-�GLFKRWRPRXV�WKLQNLQJ��FDWDVWURSKL]LQJ�DQG�RYHU-JHQHUDOL]LQJ��/XPOH\��1HHO\��	�%XUJHU��������
ZHUH�FKDOOHQJHG��XVLQJ�KXPRU�DV�DSSURSULDWH��5HVLOLHQFH�VNLOOV�ZHUH�LQWHU-ZRYHQ�ZLWK�UHODSVH-SUHYHQWLRQ�WHFKQLTXHV���
$Q�LQGLYLGXDO�UHYLHZ�ZDV�RIIHUHG�KDOI-ZD\�WKURXJK�WKH�3URJUDPPH��
1RQ-�(QJOLVK�VSHDNHUV�	�RU�SDWLHQWV�FXUUHQWO\�H[�
SHULHQFLQJ�SV\FKRWLF�V\PSWRPV�ZHUH�H[FOXGHG� 
5HVXOWV���3DUWLFLSDQWV�ZKR�FRPSOHWHG�WKH�JURXS�UHFRUGHG�GHFUHDVHV�LQ�KHDOWK�XWLOL]DWLRQ��LVRODWLRQ�DQG�DQ[LHW\��
DQG�DQ�LPSURYHPHQW�LQ�SHUFHLYHG�FRQWURO�RYHU�WKHLU�V\PSWRPV���TXDOLW\�RI�OLIH��DQG�LQWHU-SHUVRQDO�VNLOOV� 
&RQFOXVLRQ���3UHOLPLQDU\�UHVXOWV�LQFOXGH�UHGXFHG�K\SHU-YLJLODQFH�DQG�V\PSWRPDWRORJ\��1DUFLVVLVWLF�WUDLWV�DUH�EDUUL�
HUV�WR�SURJUHVV��27�SK\VLRWKHUDSLVW�LQSXW�ZRXOG�HQKDQFH�WKH�3URJUDPPH�  ���%UDLQ�LQMXU\�5HKDELOLWDWLRQ��$XGLW�RI�D�1HXURSV\FKLDWU\�/LDLVRQ�6HUYLFH 
$XWKRUV��'U�0RLUD�*UDKDP��67��*HQHUDO�$GXOW�3V\FKLDWU\��3DXO�-DPHV��&OLQLFDO�1XUVH�6SHFLDOLVW���'U�.HYLQ�)R\�
�&RQVXOWDQW�1HXURSV\FKLDWULVW� 
2EMHFWLYH��6LQFH�������UHKDELOLWDWLRQ�DIWHU�EUDLQ�LQMXU\�KDV�EHHQ�FRRUGLQDWHG�LQ�&KHVKLUH�DQG�0HUVH\VLGH�
WKURXJK�D�UHKDELOLWDWLRQ�QHWZRUN��7KH�QHWZRUN�FRQVLVWV�RI�IRXU�UHKDELOLWDWLRQ�XQLWV��D�/HYHO�2QH�K\SHU-DFXWH�ZDUG�DQG�
FRPSOH[�UHKDELOLWDWLRQ�XQLW�ZLWKLQ�WKH�:DOWRQ�&HQWUH�DQG�WZR�/HYHO�7ZR�VSRNH�UHKDELOLWDWLRQ�XQLWV�ZLWKLQ�/LYHUSRRO�DQG�
6W�+HOHQV��LQ�DGGLWLRQ�WR�D�&RPPXQLW\�5HKDELOLWDWLRQ�7HDP��$Q�LQSDWLHQW�/LDLVRQ�1HXURSV\FKLDWU\�VHUYLFH�FRQVLVWLQJ�RI�D�
&RQVXOWDQW�1HXURSV\FKLDWULVW�DQG�D�&OLQLFDO�1XUVH�6SHFLDOLVW�FRYHU�WKH�XQLWV� 
0HWKRG��(OHFWURQLF�SDWLHQW�UHFRUGV�ZHUH�VHDUFKHG�IRU�LQIRUPDWLRQ�SHUWDLQLQJ�WR�1HXURSV\FKLDWU\�UHYLHZV�XQ�
GHUWDNHQ�RQ�SDWLHQWV�LQ�WKH�UHKDELOLWDWLRQ�XQLWV��'DWD�ZHUH�FROOHFWHG�RQ�WKH�QXPEHU�RI�UHYLHZV��GLDJQRVHV��SUHYLRXV�SV\�
FKLDWULF�KLVWRU\��QXPEHU�RI�LQMXULHV�GXH�WR�VXLFLGH�DWWHPSWV��FDSDFLW\�DVVHVVPHQWV�SHUIRUPHG�DQG�QXPEHU�RI�VXEVHTXHQW�
UHIHUUDOV�WR�&RPPXQLW\�0HQWDO�+HDOWK�7HDPV��&0+7�� 
5HVXOWV���2YHU�D�WZHOYH�PRQWK�SHULRG��D�WRWDO�RI�����SDWLHQWV�ZHUH�UHYLHZHG�E\�WKH�1HXURSV\FKLDWU\�/LDLVRQ�
6HUYLFH�������������RI�WKRVH�SDWLHQWV�KDG�D�SDVW�SV\FKLDWULF�KLVWRU\�DQG�LQGHHG���RI�WKHP�KDG�VXVWDLQHG�WKHLU�EUDLQ�LQMX�
U\�GXH�WR�D�VXLFLGH�DWWHPSW��7KH�SDWLHQWV�ZHUH�UHYLHZHG�DQ�DYHUDJH�RI���WLPHV�GXULQJ�WKHLU�VWD\�RQ�WKH�UHKDELOLWDWLRQ�
XQLW��&DSDFLW\�DVVHVVPHQWV�ZHUH�SHUIRUPHG�RQ����SDWLHQWV��7KH�PRVW�FRPPRQ�GLDJQRVHV�VHHQ�ZHUH�DGMXVWPHQW�UHDF�
WLRQ��GHSUHVVLRQ��GHOLULXP�DQG�DQ[LHW\��2I�WKH�SDWLHQWV�UHYLHZHG�������������ZHUH�VXEVHTXHQWO\�UHIHUUHG�RQ�WR�&0+7� 
&RQFOXVLRQ��7KLV�VWXG\�VKRZV�WKH�LPSRUWDQFH�RI�1HXURSV\FKLDWU\�SURYLVLRQ�ZLWKLQ�,QSDWLHQW�5HKDELOLWDWLRQ�
XQLWV�DQG�WKH�KLJK�OHYHO�RI�SV\FKLDWULF�FRQGLWLRQV�ZLWKLQ�SDWLHQWV�ZKR�VXIIHU�DQ�DFTXLUHG�EUDLQ�LQMXU\� 
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  ZZZ�EQSD�RUJ�XN 

0HPEHUV¶�3RVWHUV 
 ����3V\FKRJHQLF�QRQ-HSLOHSWLF�VHL]XUHV�DQG�IXQFWLRQDO�PRWRU�V\PSWRPV��D�FRPPRQ�DHWLRSDWKRORJ\" 
$XWKRUV��%HQHGHWWD�'HPDUWLQL���'LDQD�*RHWD���9DOHQWLQD�%DUELHUL��/XFLD�5LFFLDUGL��0DULD�3DROD�&DQHYLQL��.DWKH�
ULQH�7XUQHU��$UPDQGR�'¶$JRVWLQR��/XLJL�5RPLWR��2UVROD�*DPELQL��0LODQR��,WDO\ 
2EMHFWLYH���5HFHQWO\��IHZ�VWXGLHV�KDYH�WULHG�WR�FRPSDUH�SDWLHQWV�DIIHFWHG�E\�SV\FKRJHQLF�QRQ-HSLOHSWLF�VHL]XUHV�
�31(6��DQG�SDWLHQWV�DIIHFWHG�E\�IXQFWLRQDO�PRWRU�V\PSWRPV��)06��IURP�D�GHPRJUDSKLF��FOLQLFDO�DQG�SV\FKRORJLFDO�DQ�
JOH��1HYHUWKHOHVV��DV�IDU�DV�ZH�DUH�DZDUH��QR�SUHYLRXV�VWXG\�KDV�FRPSDUHG�WKRVH�WZR�JURXSV�IURP�DQ�DHWLRSDWKRORJLFDO�
SRLQW�RI�YLHZ��7KH�DLP�RI�RXU�VWXG\�ZDV�WR�DVVHVV�OHYHOV�RI�GLVVRFLDWLRQ�DQG�LWV�VXEFRPSRQHQWV��GHWDFKPHQW�DQG�FRP�
SDUWPHQWDOL]DWLRQ���DOH[LWK\PLD�DQG�LQWHURFHSWLYH�VHQVLWLYLW\�LQ�SDWLHQWV�ZLWK�31(6�DQG�LQ�SDWLHQWV�ZLWK�)06�� 
0HWKRG��:H�FRQGXFWHG�D�FURVV-VHFWLRQDO�VWXG\�UHFUXLWLQJ����SDWLHQWV�ZLWK�31(6�����SDWLHQWV�ZLWK�)06�DQG����
KHDOWK\�VXEMHFWV�DV�D�FRQWURO�JURXS��$OO�VXEMHFWV�XQGHUZHQW��'LVVRFLDWLYH�([SHULHQFH�6FDOH��'(6���6RPDWRIRUP�'LVVRFL�
DWLRQ�4XHVWLRQQDLUH�6'4-�����&DPEULGJH�'HSHUVRQDOL]DWLRQ�6FDOH��&'6���7RURQWR�$OH[LWK\PLD�6FDOH��7$6-�����+DPLO�
WRQ�5DWLQJ�6FDOH�IRU��'HSUHVVLRQ��+$0-'���+DPLOWRQ�5DWLQJ�6FDOH�IRU�DQ[LHW\��+$0-$���KHDUW�EHDW�GHWHFWLRQ�WDVN� 
5HVXOWV��2XU�GDWD�VXJJHVW�WKDW�31(6�JURXS�VFRUHG�VLJQLILFDQWO\�KLJKHU�WKDQ�WKH�KHDOWK\�FRQWURO�JURXS�RQ�D�
PHDVXUH�RI�GHWDFKPHQW�&'6���$V�D�UHVXOW�DOVR�WKH�'(6�VFRUH��ZKLFK�LV�D�PHDVXUH�RI�SV\FKRIRUP�GLVVRFLDWLRQ��ZDV�
VLJQLILFDQWO\�KLJKHU�WKDW�WKH�KHDOWK\�FRQWURO�JURXS��2Q�WKH�RWKHU�KDQG�SDWLHQWV�DIIHFWHG�E\�)06�VFRUHG�VLJQLILFDQWO\�KLJK�
HU�WKDQ�WKH�KHDOWK\�FRQWURO�JURXS�RQ�D�PHDVXUH�RI�FRPSDUWPHQWDOL]DWLRQ�EXW�ZHUH�QR�PRUH�OLNHO\�WR�UHSRUW�H[SHULHQFHV�
RI�GHWDFKPHQW�RQ�WKH�&'6��2XU�GDWD�VXJJHVW�WKDW�SDWLHQWV�DIIHFWHG�E\�31(6�DQG�)06�DUH�VLJQLILFDQWO\�PRUH�DOH[L�
WK\PLF�WKDQ�KHDOWK\�FRQWUROV��ZLWK�D�WKLUG�RI�WKHP�SDWLHQWV�UHDFKLQJ�IXOO�FULWHULD�IRU�DOH[LWK\PLD� 
&RQFOXVLRQ��:H�SURSRVH�D�PRGHO�ZKHUH�D�GLIIHUHQW�VWUHVVRU��SV\FKRORJLFDO�IRU�31(6�DQG�SK\VLFDO�IRU�)06��OHDGV�WR�WKH�GHYHORSPHQW�RI�WKH�VSHFLILF�V\PSWRP�WKURXJK�VSHFLILF�DHWLRSDWKRORJLFDO�PHFKDQLVPV�  
���&RJQLWLYH�DQG�3V\FKLDWULF�&RPRUELGLWLHV�LQ�3DWLHQWV�ZLWK�9HVWLEXODU�'LVRUGHU� 
$XWKRUV���/��-��6PLWK��7KH�8QLYHUVLW\�RI�.HQW���'�7��:LONLQVRQ��7KH�8QLYHUVLW\�RI�.HQW���6��6XUHQWKLUDQ��0HGZD\�
1+6�)RXQGDWLRQ�7UXVW���0��%RGDQL��.HQW�DQG�0HGZD\�1+6�DQG�6RFLDO�&DUH�3DUWQHUVKLS�7UXVW���6FKRRO�RI�3V\FKRORJ\��
7KH�8QLYHUVLW\�RI�.HQW��&DQWHUEXU\��&7���13��8QLWHG�.LQJGRP 
2EMHFWLYH���,W�LV�EHFRPLQJ�LQFUHDVLQJO\�FOHDU�IURP�D�YDULHW\�RI�FOLQLFDO�DQG�ODERUDWRU\�DSSURDFKHV�WKDW�WKH�KX�
PDQ�YHVWLEXODU�V\VWHP�QRW�RQO\�UHJXODWHV�DXWRQRPLF�DFWLYLW\�EXW�DOVR�LQIOXHQFHV�KLJKHU�OHYHO�SURFHVVHV��7R�KHOS�XQGHU�
VWDQG�WKH�QDWXUH�RI�WKHVH�KLJKHU-OHYHO�LQWHUDFWLRQV��ZH�LQYHVWLJDWHG�WKH�SUHYDOHQFH�RI�FRJQLWLYH��SV\FKLDWULF��DQG�IDWLJXH�
GLVWXUEDQFHV�LQ�D�VDPSOH�RI�����SDWLHQWV�ZLWK�SULPDU\�YHVWLEXODU�GLVRUGHU��7KH�QDWXUH�RI�WKLV�UHODWLRQVKLS�DQG�WKH�YDULD�
EOHV�LQIOXHQFLQJ�LW�ZHUH�DOVR�H[SORUHG� 
0HWKRG���$�FRPSUHKHQVLYH�QHXURSV\FKRORJLFDO�DVVHVVPHQW�EDWWHU\��LQFOXGLQJ�PHDVXUHV�RI�GHSUHVVLRQ��DQ[LH�
W\��GHSHUVRQDOL]DWLRQ���IDWLJXH��VOHHS��PHPRU\��DWWHQWLRQ�DQG�H[HFXWLYH�IXQFWLRQ�ZDV�FRPSOHWHG�E\�SDWLHQWV�DW�WKHLU�LQLWLDO�
QHXUR-RWRORJ\�DSSRLQWPHQW��1HXURORJLFDO�TXHVWLRQQDLUHV�DQG�EDODQFH�IXQFWLRQ�WHVWV�ZHUH�DOVR�DGPLQLVWHUHG�� 
5HVXOWV��8QH[SHFWHGO\��QHDUO\�DOO�SDWLHQWV�VKRZHG�HYLGHQFH�RI�FOLQLFDO�LPSDLUPHQW�RQ�PRVW�WHVWV��6\PSWRPV�RI�
IDWLJXH��DQ[LHW\�DQG��ZRUNLQJ�PHPRU\�LPSDLUPHQW�ZHUH�HVSHFLDOO\�SUHYDOHQW�LQ�WKH�VDPSOH��RYHU�����IHOO�RXWVLGH�WKH�
QRUPDWLYH�FXW-RII���$JH��YLVXDO�GRPLQDQFH��DQG�SUHYLRXV�DFFHVV�RI�SV\FKRORJLFDO�VXSSRUW�ZHUH�DOO�VLJQLILFDQW�SUHGLFWRUV�
RI�WKH�SUHVHQFH�RI�WKHVH�FRPRUELGLWLHV� 
&RQFOXVLRQ���7KHVH�ILQGLQJ�VXJJHVW�WKDW�WKH�YHVWLEXODU�V\VWHP�H[HUWV�D�PXFK�ZLGHU�LQIOXHQFH�RQ�FRJQLWLRQ�DQG�
DIIHFW�WKDQ�SUHYLRXVO\�LQGLFDWHG��DQG�XQGHUOLQHV�WKH�QHHG�IRU�EURDGHU�FOLQLFDO�GLDJQRVLV��DVVHVVPHQW�DQG�PDQDJHPHQW�
LQ�SDWLHQWV�ZKR�SUHVHQW�ZLWK�EDODQFH�FRPSODLQWV� 
 ���6FUHHQLQJ�RI�QHXURSV\FKLDWULF�V\PSWRPV�LQ�SDWLHQWV�ZLWK�3DUNLQVRQ¶V�GLVHDVH�LQ�D�8.�JHQHUDO�SUDFWLFH 
$XWKRUV���7KRPDV�&URQLQ��6HDQ�*DOODJKHU 
2EMHFWLYH���1HXURSV\FKLDWULF�V\PSWRPV�DUH�FRPPRQ�LQ�3DUNLQVRQ
V�GLVHDVH��3'��DQG�KDYH�LPSRUWDQW�FRQVH�
TXHQFHV�IRU�TXDOLW\�RI�OLIH�DQG�GDLO\�IXQFWLRQLQJ��$PRQJVW�WKH�PRVW�IUHTXHQW�DUH�GHPHQWLD��GHSUHVVLRQ��DQ[LHW\�DQG�SV\�
FKRVLV��%\�FRQWUDVW�ZLWK�WKH�PRWRU�V\PSWRPV�RI�3'��WKHVH�SUREOHPV�DUH�RIWHQ�SRRUO\�UHFRJQL]HG�DQG�LQDGHTXDWHO\�WUHDW�
HG��7KH�ILUVW�VWHS�WRZDUGV�WKHLU�PDQDJHPHQW�LV�LGHQWLILFDWLRQ��7KHUHIRUH��D�VHUYLFH�HYDOXDWLRQ�ZDV�XQGHUWDNHQ��DW�D�8.�
JHQHUDO�SUDFWLFH��ZLWK�WKH�DLP�WR�LGHQWLI\�WKH�SURSRUWLRQ�RI�SDWLHQWV�ZKR�DUH�VFUHHQHG�IRU�WKH�FRPPRQ�QHXURSV\FKLDWULF�
PDQLIHVWDWLRQV�RI�3'� 
0HWKRG��7KH�HOHFWURQLF�PHGLFDO�UHFRUGV�RI��������UHJLVWHUHG�SDWLHQWV�DW�RQH�8.�JHQHUDO�SUDFWLFH�ZHUH�VHDUFKHG�
IRU�UHDG�FRGHV�UHODWLQJ�WR�3'�DQG�GRSDPLQHUJLF�GUXJ�XVH��7KLV�LGHQWLILHG�WZHOYH�SDWLHQWV�ZLWK�D�GLDJQRVLV�RI�LGLRSDWKLF�
3'��7KH�QRWHV�RI�WKHVH�SDWLHQWV�ZHUH�WKHQ�UHYLHZHG�WR�GHWHUPLQH�ZKHWKHU�DQ\�IRUP�RI�VFUHHQLQJ�KDG�WDNHQ�SODFH�LQ�WKH�
ODVW�\HDU�UHJDUGLQJ�GHPHQWLD�FRJQLWLYH�LPSDLUPHQW��GHSUHVVLRQ��DQ[LHW\��VOHHS�GLVWXUEDQFH�DQG�KDOOXFLQDWLRQV� 
5HVXOWV��,Q�WKH�ODVW�\HDU�������Q ����RI�LGHQWLILHG�SDWLHQWV�KDG�VHHQ�D�*3��)RU�WKHVH�SDWLHQWV��WKH�DYHUDJH�QXP�
EHU�RI�YLVLWV�ZDV�����UDQJH��-�����6FUHHQLQJ�LQ�UHODWLRQ�WR�GHPHQWLD�ZDV�GRFXPHQWHG�LQ���SDWLHQW��WR�GHSUHVVLRQ�LQ���
SDWLHQWV��WR�DQ[LHW\�LQ�SDWLHQWV��WR�VOHHS�LQ���SDWLHQWV�DQG�WR�KDOOXFLQDWLRQV�LQ���SDWLHQW� 
&RQFOXVLRQ���,Q�SDWLHQWV�ZKR�KDG�YLVLWHG�WKHLU�*3�LQ�WKH�ODVW�\HDU��WKHUH�ZDV�D�ORZ�SURSRUWLRQ�RI�GRFXPHQWHG�
VFUHHQLQJ�IRU�WKH�FRPPRQ�QHXURSV\FKLDWULF�V\PSWRPV�RFFXUULQJ�LQ�3'��$OWKRXJK�WKHVH�SDWLHQWV�PD\�QRW�EH�FRQVXOWLQJ�
DERXW�LVVXHV�UHODWLQJ�WR�3'��JLYHQ�WKH�VLJQLILFDQFH�RI�QHXURSV\FKLDWULF�V\PSWRPV��RSSRUWXQLVWLF�VFUHHQLQJ�VKRXOG�EH�
FRQVLGHUHG��$�SUHVHQWDWLRQ�RI�WKHVH�UHVXOWV�KDV�EHHQ�GHOLYHUHG�WR�WKH�*3V�DW�WKLV�SUDFWLFH�DQG�D�VHUYLFH�HYDOXDWLRQ�ZLOO�
EH�SHUIRUPHG�DJDLQ�QH[W�\HDU�   
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  ZZZ�EQSD�RUJ�XN 

0HPEHUV¶�3RVWHUV 
 ����5HWURVSHFWLYH�VXUYH\�RI�HSLOHSV\�DQG�DQWLFRQYXOVDQW�XVDJH�LQ�SDWLHQWV�ZLWK�$FTXLUHG�%UDLQ�,QMXU\��$%,��DW�D�
1DWLRQDO�5HKDELOLWDWLRQ�+RVSLWDO� 
$XWKRUV���'U��$DLVKD�.KDQ��'U��3DXO�&DUUROO��1DWLRQDO�5HKDELOLWDWLRQ�+RVSLWDO��5RFKHVWRZQ�$YHQXH��15+���'~Q�
/DRJKDLUH�&R��'XEOLQ��,UHODQG 
2EMHFWLYH���7KHUH�LV�D�ODFN�RI�GDWD�ZLWK�UHJDUG�WR�WKH�HSLGHPLRORJ\�RI�HSLOHSV\�LQ�SDWLHQWV�DGPLWWHG�WR�WKH�15+��
'HYHORSLQJ�WKH�NQRZOHGJH�EDVH�LV�OLNHO\�WR�KHOS�LQIRUP�SUHVFULELQJ�SUDFWLFH��ULVN�GLVFXVVLRQ��HGXFDWLRQ�RI�SDWLHQWV�DQG�
VWDII�WKHUHE\�LPSURYH�FDUH�DQG�FODULW\�RI�FRPPXQLFDWLRQ�ERWK�WR�SHRSOH�ZLWK�HSLOHSV\�DQG�WKRVH�LQYROYHG�LQ�VXSSRUWLQJ�
WKHP�� 
7KLV�VWXG\�DLPHG�WR�JDWKHU�GDWD�RQ�� 
��(SLGHPLRORJ\�RI�VHL]XUHV�HSLOHSV\�UHODWLQJ�WR�LQ-SDWLHQWV�DW�WKH 
����15+��$QWLFRQYXOVDQW�SUHVFULELQJ�SUDFWLFH 
0HWKRG���$�SURIRUPD�ZDV�GHYHORSHG�LGHQWLI\LQJ�NH\�IDFWRUV�SHUWDLQLQJ�WR�HSLOHSV\�VHL]XUHV��7KLV�ZDV�SLORWHG�RQ���FDVHV�
DQG�DPHQGPHQWV�PDGH���'LVFKDUJH�OHWWHUV�RI�DOO�SDWLHQWV�ZLWK�$%,��GLVFKDUJHG�EHWZHHQ�������-���������ZHUH�DQDO\]HG�
UHWURVSHFWLYHO\�XVLQJ�WKLV�SURIRUPD�DQG�GDWD�H[WUDFWHG� 
5HVXOWV��$�WRWDO�RI�����GLVFKDUJH�OHWWHUV�ZHUH�H[DPLQHG�����0����)������SDWLHQWV�KDG�D�GLDJQRVLV�RI�HSLOHSV\�DW�
WKH�WLPH�RI�DGPLVVLRQ�����SDWLHQWV����0����)��KDG�D�GLDJQRVLV�RI�VHFRQGDU\�HSLOHSV\�DQG����D�GLDJQRVLV�RI�SULPDU\�
HSLOHSV\���2I�WKH����FDVHV�����KDG�KDG�QHXURVXUJLFDO�LQWHUYHQWLRQ�SRVW�EUDLQ�LQMXU\���6HFRQGDU\�HSLOHSV\�RFFXUUHG�ZLWK�
JUHDWHU�IUHTXHQF\�LQ�SDWLHQWV�ZLWK�WUDXPDWLF�EUDLQ�LQMXU\��Q ������KDHPRUUKDJLF�VWURNH�Q �����EUDLQ�VSDFH�RFFXS\LQJ�OH�
VLRQ��Q ���DV�FRPSDUHG�WR�LVFKHPLF�VWURNH�SDWLHQWV��Q� ������������Q �����LQGLYLGXDOV�ZHUH�RQ�DQWLFRQYXOVDQWV�DW�DG�
PLVVLRQ�IRU�GLYHUVH�UHDVRQV��PRVWO\�VHL]XUHV���������Q �����DQG�QHXURSDWKLF�SDLQ�������Q ������,Q����SDWLHQWV�RXW�RI�
�����QR�FOHDU�LQGLFDWLRQ�ZDV�HYLGHQW�IRU�WKHLU�DQWLFRQYXOVDQW�SUHVFULSWLRQ���0RVW�IUHTXHQWO\�SUHVFULEHG�DQWLFRQYXOVDQWV�
ZHUH�OHYHWLUDFHWDP�����������SUHJDEDOLQ��������������VRGLXP�YDOSURDWH���������������DQG�JDEDSHQWLQ�������������(OHY�
HQ�SDWLHQWV�KDG�VHL]XUHV�GXULQJ�DGPLVVLRQ�DQG�LQ�WKUHH��VHL]XUHV�RFFXUUHG�GXULQJ�ZHDQLQJ�RI�DQWL-FRQYXOVDQWV��6HL]XUH�
UHVFXH�PHGLFDWLRQ�L�H��EXFFDO�PLGD]RODP�ZDV�SUHVFULEHG�IRU���RI�����RQ�GLVFKDUJH� 
&RQFOXVLRQ���6HFRQGDU\�HSLOHSV\�LV�FRPPRQ�LQ�WKLV�SRSXODWLRQ�H[DPLQHG��,W�ZDV�PRUH�SUHYDOHQW�LQ�WKRVH�ZKR�
XQGHUZHQW�QHXURVXUJLFDO�LQWHUYHQWLRQ��6HL]XUHV�DQG�QHXURSDWKLF�SDLQ�ZHUH�PDLQ�UHDVRQV�WR�EH�RQ�DQWLFRQYXOVDQWV��/H�
YHWLUDFHWDP�ZDV�WKH�PRVW�FRPPRQO\�SUHVFULEHG�DJHQW��:HDNQHVVHV�RI�WKH�VWXG\�ZHUH�WKH�UHWURVSHFWLYH�VWXG\�GHVLJQ��
WKH�SRYHUW\�RI�GHWDLO�RQ�VHL]XUH�W\SH��UHDVRQV�IRU�SUHVFULSWLRQ�RI�DQWLFRQYXOVDQWV�DQG�UHOLDQFH�RQ�DFFXUDF\�RI�GLVFKDUJH�
OHWWHUV��4XDOLWDWLYH�ZRUN�LV�QHHGHG�WR�ORRN�DW�H[SHULHQFH�RI�HSLOHSV\�LQ�WKLV�JURXS�ZLWK�ORQJ�WHUP�IROORZ�XS�WR�KHOS�LQIRUP�
HGXFDWLRQ��GLVFXVVLRQV�DQG�WUHDWPHQW�  ����)RUHQVLF�LVVXHV�LQ�DGXOW�DWWHQGHHV�WR�D�VSHFLDOLVW�7RXUHWWH�V\QGURPH�VHUYLFH 
$XWKRUV���0LFKDHO�'��0RRUH��-HUHP\�6��6WHUQ��.DWHULQD�)HUQDQGRYD��.DYHWKD�6XQGDUDP��+HOHQ�6LPPRQV� 'HSDUWPHQW�RI�1HXURORJ\��6W�*HRUJH
V�+RVSLWDO��%ODFNVKDZ�5RDG��/RQGRQ�6:����44��8QLWHG�.LQJGRP 
2EMHFWLYH����7R�H[DPLQH�WKH�IUHTXHQF\�RI�IRUHQVLF�LVVXHV�LQ�SDWLHQWV�DWWHQGLQJ�D�7RXUHWWH¶V�V\QGURPH��76��FOLQLF�
LQ�UHODWLRQ�WR�FRPRUELG�FRQGLWLRQV�DQG�RWKHU�SRVVLEOH�ULVN�IDFWRUV� 
0HWKRG��&OLQLFDO�QRWHV�RI�����DWWHQGHUV�RYHU�WKH�DJH�RI����WR�WKH�7RXUHWWH�V\QGURPH�FOLQLF�DW�6W�*HRUJH¶V�+RVSL�
WDO�ZHUH�DQDO\VHG��7KH�LQIRUPDWLRQ�UHFRUGHG�IRU�HDFK�SDWLHQW�LQFOXGHG�GLDJQRVHV��LQFOXGLQJ�FR-PRUELGLWLHV���LOOLFLW�GUXJ�
XVDJH��IRUHQVLF�KLVWRU\��IDPLO\�KLVWRU\�RI�FULPLQDOLW\��)RU�WKH�SXUSRVHV�RI�WKLV�VWXG\�µIRUHQVLF�LVVXHV¶�LQFOXGHG�DQ\�IRUPDO�
LQWHUDFWLRQV�ZLWK�WKH�SROLFH��LQFOXGLQJ�FDXWLRQV� 
5HVXOWV��2I�WKH�����SDWLHQWV������ZHUH�PDOH�����KDG�IRUHQVLF�,VVXHV���������RI�ZKLFK���KDG�UHFHLYHG�SULVRQ�
VHQWHQFHV��LQFOXGLQJ���VXVSHQGHG�VHQWHQFHV��7LF�VHYHULW\�ZDV�QRW�UHFRUGHG�LQ�D�XQLIRUP�ZD\�IRU�DOO�SDWLHQWV��EXW�����
ZHUH�UDWHG�RQ�D�FOLQLFLDQV¶�JOREDO�LPSUHVVLRQ��DV�VHYHUH�LQ�����RI�IRUHQVLF�FDVHV�Y�����RI�FRQWUROV��16���&RPRUELG�
FRQGLWLRQV�ZHUH�PRUH�SUHYDOHQW�LQ�WKH�SUHVHQFH�RI�IRUHQVLF�LVVXHV��2SSRVLWLRQDO�'HILDQW�'LVRUGHU��2''�������Y�����

VLJQLILFDQW���&RQGXFW�'LVRUGHU�GLDJQRVHG�DV�D�FKLOG��&'�������Y����
���$WWHQWLRQ�'HILFLW�+\SHUDFWLYLW\�'LVRUGHU��$'+'��
�����Y�����
���2EVHVVLYH�&RPSXOVLYH�'LVRUGHU������Y�����16��DQG�GHSUHVVLRQ������Y�����16���3HUVRQDOLW\�GLVRU�
GHU�ZDV�UHFRUGHG�LQ�RQO\��������������SDWLHQWV�DV�D�ZKROH�DQG�ZDV�DOPRVW�FHUWDLQO\�FOLQLFDOO\�XQGHU-DVFHUWDLQHG��6XE�
VWDQFH�PLVXVH�ZDV�VHHQ�LQ�����RI�WKH�IRUHQVLF�JURXS�Y�����RI�FRQWUROV�
�LQFOXGLQJ�FDQQDELV��Q �����0'0$�������FR�
FDLQH�������DPSKHWDPLQH�������SUHVFULSWLRQ�GUXJV������/6'������³DFLG´������NHWDPLQH������³PXVKURRPV´������VROYHQWV����� 
7KRVH�UHFHLYLQJ�SULVRQ�VHQWHQFHV�DOO�KDG�PXOWLSOH�FR-PRUELGLWLHV��$�IDPLO\�IRUHQVLF�KLVWRU\�ZDV�VHHQ�LQ�����Y�����RI�
FRQWUROV��16�� 
&RQFOXVLRQ��7KHVH�GDWD�VKRZHG�WKDW�������RI�WKLV�SUHGRPLQDQWO\�PDOH�SDWLHQW�JURXS�KDG�KDG�IRUHQVLF�LVVXHV��
,W�LV�GLIILFXOW�WR�DVVHVV�WKH�VLJQLILFDQFH�RI�WKLV�ILJXUH�DV�WKHUH�FRXOG�EH�LPSRUWDQW�SV\FKRVRFLDO�IDFWRUV�WKDW�KDYH�QRW�EHHQ�
LQFOXGHG�LQ�WKH�DQDO\VLV�DQG�LQ�VRPH�FDVHV�SROLFH�LQYROYHPHQW�ZDV�LQ�D�SKDVH�RI�OLIH�HDUOLHU�WKDQ�WKH�FOLQLFDO�DVVHVV�
PHQW��:H�LQFOXGHG�D�ZLGH�UDQJH�RI�VHULRXVQHVV�RI�RIIHQFHV�DOOHJHG�RIIHQFHV��:H�IRXQG�VLJQLILFDQWO\�LQFUHDVHG�2''�
DQG�&'��FKLOGKRRG�GLDJQRVHV���$'+'�DQG�VXEVWDQFH�PLVXVH�LQ�WKH�IRUHQVLF�JURXS�EXW�QRW�D�VLJQLILFDQWO\�KLJKHU�SURSRU�
WLRQ�RI�VHYHUH�WLF�GLVRUGHUV��,Q�FRPPRQ�ZLWK�WKH�JHQHUDO�IRUHQVLF�OLWHUDWXUH��WKHVH�DUH�ULVN�IDFWRUV�WKDW�FRXOG�EH�DFWLYHO\�
DGGUHVVHG�LQ�WKH�\RXQJHU�DJH�JURXS�HJ�SDUHQWLQJ�SURJUDPPHV��&%7�IRU�LPSXOVLYLW\�DQG�PXOWLV\VWHPLF�WKHUDS\�  
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0HPEHUV¶�3RVWHUV 
 ����6HOI-+HOS�IRU�0HGLFDOO\�8QH[SODLQHG�6\PSWRPV��D�6\VWHPDWLF�5HYLHZ�DQG�0HWD-$QDO\VLV 
$XWKRUV��$QQH�YDQ�*LOV��5REHUW�$��6FKRHYHUV��,UPD�-��%RQYDQLH��-HDQQHWWH�0��*HODXII��$QQHOLHNH�0��5RHVW��-X�
GLWK�*�0��5RVPDOHQ��8QLYHUVLW\�0HGLFDO�&HQWHU�*URQLQJHQ��32�%R[��������*URQLQJHQ������5%��1HWKHUODQGV 
2EMHFWLYH���0HGLFDOO\�XQH[SODLQHG�V\PSWRPV��086���ZKLFK�DUH�KLJKO\�SUHYDOHQW�LQ�DOO�ILHOGV�RI�PHGLFLQH��DUH�
GLIILFXOW�WR�WUHDW��3V\FKRORJLFDO�WUHDWPHQWV�KDYH�VKRZQ�PRGHVW�HIIHFWV��EXW�WKHVH�DUH�FRVWO\��WLPH�FRQVXPLQJ��DQG�QRW�
HDVLO\�DFFHVVLEOH��6HOI-KHOS�LQWHUYHQWLRQV�PLJKW�RYHUFRPH�WKHVH�EDUULHUV��7KH�SULPDU\�DLP�RI�WKLV�V\VWHPDWLF�UHYLHZ�DQG�
PHWD-DQDO\VLV�ZDV�WR�DVVHVV�WKH�HIILFDF\�RI�VHOI-KHOS�LQWHUYHQWLRQV�IRU�DGXOWV�ZLWK�086� 
0HWKRG���5HOHYDQW�VWXGLHV�ZHUH�LGHQWLILHG�E\�VHDUFKLQJ�HOHFWURQLF�GDWDEDVHV��3XE0HG��(PEDVH��3V\F,1)2��DQG�
&,1$+/�IURP�LQFHSWLRQ�WR�0D\�������DQG�VFDQQLQJ�UHIHUHQFH�OLVWV�RI�LQFOXGHG�DUWLFOHV�DQG�UHODWHG�UHYLHZV��7ZR�UH�
VHDUFKHUV�LQGHSHQGHQWO\�VHOHFWHG�UDQGRPL]HG�FRQWUROOHG�WULDOV�FRPSDULQJ�VHOI-KHOS�WR�XVXDO�FDUH�RU�ZDLWLQJ�OLVW�LQ�DGXOWV�
ZLWK�086��'DWD�ZHUH�H[WUDFWHG�LQGHSHQGHQWO\�E\�WZR�UHVHDUFKHUV�XVLQJ�VWDQGDUGL]HG�IRUPV��6WDQGDUGL]HG�PHDQ�GLIIHU�
HQFHV��+HGJHV¶�J��ZHUH�SRROHG�XVLQJ�D�UDQGRP-HIIHFWV�PRGHO��6WXGLHV�ZHUH�FULWLFDOO\�DSSUDLVHG�XVLQJ�WKH�&RFKUDQH�
µULVN�RI�ELDV�DVVHVVPHQW�WRRO¶��2XWFRPHV�ZHUH�V\PSWRP�VHYHULW\�DQG�TXDOLW\�RI�OLIH�GLUHFWO\�SRVW-WUHDWPHQW�DQG�DW�IROORZ-
XS� 
5HVXOWV��2XW�RI�����VWXGLHV�LGHQWLILHG�����VWXGLHV�PHW�DOO�LQFOXVLRQ�FULWHULD��6WXGLHV�ZHUH�KHWHURJHQHRXV�ZLWK�
UHJDUG�WR�SDWLHQW�SRSXODWLRQV��LQWHUYHQWLRQ�FKDUDFWHULVWLFV��DQG�RXWFRPH�PHDVXUHV��&RPSDUHG�WR�XVXDO�FDUH�RU�ZDLWLQJ�
OLVW��VHOI-KHOS�ZDV�DVVRFLDWHG�ZLWK�ORZHU�V\PSWRP�VHYHULW\�����VWXGLHV��Q� �������J� �����������&,������–�������S�
��������DQG�KLJKHU�4R/�����VWXGLHV��Q� �������J� �����������&,������–�������S���������GLUHFWO\�SRVW-WUHDWPHQW��6LPLODU�
HIIHFW�VL]HV�ZHUH�IRXQG�DW�IROORZ-XS��$�KLJK�ULVN�RI�ELDV�ZDV�HVWDEOLVKHG�LQ�WKH�PDMRULW\�RI�LQFOXGHG�VWXGLHV��+RZHYHU��
VHQVLWLYLW\�DQDO\VHV�VXJJHVWHG�WKDW�WKLV�GLG�QRW�VLJQLILFDQWO\�LQIOXHQFH�VWXG\�UHVXOWV��)XQQHO�SORW�DV\PPHWU\�LQGLFDWHG�
SRWHQWLDO�SXEOLFDWLRQ�ELDV� 
&RQFOXVLRQ���6HOI-KHOS�LV�DVVRFLDWHG�ZLWK�D�VLJQLILFDQW�UHGXFWLRQ�LQ�V\PSWRP�VHYHULW\�DQG�LPSURYHPHQW�RI�4R/��'XH�WR�
WKH�VXERSWLPDO�PHWKRGRORJLFDO�TXDOLW\�RI�WKH�PDMRULW\�RI�LQFOXGHG�VWXGLHV��IXUWKHU�UHVHDUFK�LV�QHHGHG�WR�FRQILUP�WKH�ILQG�
LQJV�RI�WKLV�VWXG\���)RU�IXWXUH�VWXGLHV�ZH�UHFRPPHQG�WKH�XVH�RI�XQLIRUP�DQG�YDOLGDWHG�PHDVXUHPHQW�LQVWUXPHQWV��LQFOX�
VLRQ�RI�IROORZ-XS�DVVHVVPHQWV��DQG�SHUIRUPDQFH�RI�LQWHQWLRQ-WR-WUHDW�DQDO\VHV� 
 �����8QGHUSURYLVLRQ�RI�EHKDYLRXUDO�WKHUDSLHV�IRU�7RXUHWWH�V\QGURPH� $XWKRUV���.DWHULQD�)HUQDQGRYD��-HUHP\�6��6WHUQ��0LFKDHO�'��0RRUH��+HOHQ�6LPPRQV�'HSDUWPHQW�RI�1HXURORJ\��6W�*HRUJH
V�+RVSLWDO��%ODFNVKDZ�5RDG��/RQGRQ�6:����44��8QLWHG�.LQJGRP 2EMHFWLYH��7R�DVVHVV�WKH�XQPHW�QHHG�IRU�FRPSUHKHQVLYH�EHKDYLRXUDO�LQWHUYHQWLRQ�IRU�WLFV��&%,7��DQG�KDELW�UH�YHUVDO�WKHUDS\��+57��LQ�DGXOWV�DQG�FKLOGUHQ�ZLWK�7RXUHWWH�6\QGURPH� 0HWKRG���3DWLHQWV�ZLWK�7RXUHWWH�6\QGURPH�ZKR�DWWHQGHG�WKH�6W�*HRUJH
V�FOLQLF�EHWZHHQ �����DQG������ZHUH�VHOHFWHG�IRU�WKH�VWXG\��7RWDO�������%DVLF�FOLQLFDO�FKDUDFWHULVWLFV�DQG�WKH�VWDWXV�RI�&%,7�+57�ZDV�DVVHVVHG�IRU�HDFK�FDVH��,W�ZDV�FODVVLILHG�DV�EHLQJ������UHFRPPHQGHG�E\�WKH�FOLQLFLDQ������GLUHFWO\�UHIHUUHG�IRU�WKHUDS\������DFWXDOO\�UHFHLYHG�WKHUDS\������VWDWHG�QRW�VXLWDEOH�DV�QRW�LQGLFDWHG�IRU�UHDVRQV�VXFK�DV�VLJQLILFDQW�OHDUQLQJ�GLIILFXOW\�RU�LPSOLHG�ODFN�RI�DYDLODELOLW\�RI�WKHUDSLVWV�RU�����H[SOLFLWO\�VWDWHG�WR�EH�LQDFFHVVLEOH�IRU�WKH�SDWLHQW�RU�����QRW�PHQWLRQHG�DW�DOO�LQ�WKH�QRWHV� 5HVXOWV��2I�WKH�����SDWLHQWV�����ZHUH�IHPDOH�DQG�����PDOH������ZHUH�DGXOWV�DQG�����ZHUH�FKLOGUHQ�RI����\HDUV�DQG�XQGHU� ,Q�WRWDO�RQO\�����������KDG�EHKDYLRXUDO�WKHUDS\�PHQWLRQHG�LQ�WKHLU�FOLQLFDO�QRWHV��7KLV�KDV�LQFUHDVHG�RYHU�WKH�\HDUV�ZLWK�DQ�LQFUHDVH�IURP����LQ�DGXOWV�LQ������WR�����LQ������DQG�IURP�����LQ�FKLOGUHQ�LQ������WR�����LQ������ ���SDWLHQWV������ZHUH�FDWHJRULVHG�DV�QRW�VXLWDEOH� %HKDYLRXUDO�WKHUDS\�ZDV�UHFRPPHQGHG�EXW�QRW�HYHQWXDOO\�SURYLGHG�WR����RI�WKHVH�SDWLHQWV�������,Q�D�IXUWKHU����SD�WLHQWV�������EHKDYLRXUDO�WKHUDS\�ZDV�GHHPHG�LQDFFHVVLEOH�E\�WKH�FOLQLFLDQ�WR�EHJLQ�ZLWK��EHIRUH�DQ\�DWWHPSW�ZDV�HYHQ�PDGH�IRU�D�UHIHUUDO� 2QO\���������SDWLHQWV�ZHUH�DFWXDOO\�UHIHUUHG�IRU�EHKDYLRXUDO�WKHUDS\�DQG��������SDWLHQWV�RXW�WKH�WRWDO�����UHFHLYHG�EH�KDYLRXUDO�WKHUDS\����FKLOGUHQ�DQG���DGXOWV��DOWKRXJK�PLVVLQJ�QRWHV�PD\�KDYH�UHGXFHG�WKLV�QXPEHU� &RQFOXVLRQ���%HKDYLRXUDO�WKHUDSLHV�DUH�DQ�HYLGHQFH-EDVHG�WUHDWPHQW�IRU�7RXUHWWH�V\QGURPH��7KH�GDWD�SUHVHQWHG�KHUH�ZHUH�H[WUDFWHG�IURP�FOLQLFDO�QRWHV�DQG�ZHUH�QRW�FROOHFWHG�SURVSHFWLYHO\�IRU�WKLV�SXUSRVH�VR�LW�ZDV�RIWHQ�GLIILFXOW�WR�NQRZ�LI�FOLQLFLDQV�RPLWWHG�H[SOLFLW�PHQWLRQ�RI�&%,7�+57�EHFDXVH�RI�ODFN�RI�DYDLODELOLW\�RU�RQ�WKH�EDVLV�RI�SDWLHQW�VHOHF�WLRQ��,QFUHDVLQJ�LQWHUHVW�RYHU�WKH�\HDUV�LV�KRZHYHU�GHPRQVWUDWHG�KHUH�E\�DQ�LQFUHDVLQJ�IRFXV�LQ�WKH�SDWLHQW�QRWHV��EXW�WKHUH�LV�VWLOO�YHU\�OLWWOH�DFFHVV�WR�WKLV�IRUP�RI�WUHDWPHQW��D�QDWLRQDO�SUREOHP��$QHFGRWDOO\��PDQ\�PRUH�UHIHUUDOV�KDYH�EHHQ�PDGH�IRU�FKLOGUHQ�IURP�WKLV�FOLQLF�WR�DQRWKHU�FHQWUH�LQ�WKH�ODVW����PRQWKV��8QGHU�SURYLVLRQ�LQ�WKH�1+6�RI�VSHFLDOL]HG�SV\FKRORJLFDO�VHUYLFHV�IRU�7RXUHWWH�V\QGURPH�QHHGV�WR�EH�XUJHQWO\�DGGUHVVHG�   
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0HPEHUV¶�3RVWHUV 
  �����5HFRYHU\�RI�SUH-PRUELG�OHYHOV�RI�IXQFWLRQLQJ�DIWHU�JUDGH�,,�GLIIXVH�D[RQDO�LQMXU\�IROORZLQJ�VHYHUH�7%,� 
$XWKRUV��/l]DUR�3HUODGR��/DUUHD-8UUXWLD�$��2MHGD��1��0LUDQGD�$UWLHGD��=0����%UDLQ�,QMXU\�5HKDELOLWDWLRQ�8QLW��+RVSLWDO�
*yUOL]��2VDNLGHW]D�%DVTXH��+HDOWK�6HUYLFH�� 
2EMHFWLYH��7R�SUHVHQW�D�FDVH�RI�FRPSOHWH�IXQFWLRQDO�UHFRYHU\��DFKLHYLQJ�SUH-PRUELG�OHYHOV�RI�IXQFWLRQLQJ��DIWHU�
VXVWDLQLQJ�D�VHYHUH�Y�7%,��*&6�����37$����GD\V��ZLWK�QHXUR-UDGLRORJLFDO�HYLGHQFH�RI�JUDGH�,,�GLIIXVH�D[RQDO�LQMXU\� 
0HWKRG���$����\HDU�ROG��ULJKW�KDQGHG�PDQDJHU�RI�D�VKLSSLQJ�FRPSDQ\�ZDV�UHIHUUHG�WR�RXU�XQLW�IRU�QHXUR-
UHKDELOLWDWLRQ�IROORZLQJ�D�VHYHUH�7%,�LQ�D�URDG�WUDIILF�DFFLGHQW��57$������GD\V�SUHYLRXVO\��:LWKLQ����KRXUV�SRVW-7%,�D�
EUDLQ�&7�6FDQ�DQG�D�EUDLQ�05,�7���7���)/$,5�DQG�':,�VHTXHQFHV��DW���ZHHNV�ZHUH�SHUIRUPHG��7KH�SDWLHQW�XQGHUZHQW�
IXOO�QHXURSV\FKRORJLFDO�DVVHVVPHQW�����ZHHNV�SRVW-7%,��WR�HYDOXDWH�KLV�SUHPRUELG�,4�XVLQJ�WKH�7HVW�RI�:RUG�$FFHQWXD�
WLRQ��6SDQLVK��DQG�WKH�9RFDEXODU\�VXEWHVW�RI�WKH�:HFKVOHU�$GXOW�,QWHOOLJHQFH�6FDOH�,,,�YHUVLRQ��:$,6�,,,���+LV�FXUUHQW�,4�
ZDV�DVVHVVHG�XVLQJ�WKH�:$,6�,,,�IXOO�VFDOH��7KH�%DUFHORQD�7HVW�–UHYLVHG�YHUVLRQ�DVVHVVHG�KLV�ODQJXDJH�DELOLW\��([HFX�
WLYH�IXQFWLRQ�ZDV�HYDOXDWHG�XVLQJ�WKH�6WRRS�7HVW��7UDLO�%�DQG�WKH�:LVFRQVLQ�&DUG�6RUWLQJ�7HVW��:&67���+H�ZDV�GLV�
FKDUJHG�ZLWK�RXW-SDWLHQW�IROORZ-XS���ZHHNV�DIWHU�WKH�57$��2XW-SDWLHQW�QHXURSV\FKLDWULF�UHYLHZ�WRRN�SODFH�DW�������
ZHHNV�SRVW-7%,�DQG�E\�WHOHSKRQH�DW���PRQWKV� 
5HVXOWV��7KH�SDWLHQW�PDGH�DQ�H[FHOOHQW�SK\VLFDO�UHFRYHU\�ZLWK�QR�QHXURORJLFDO�IRFDO�VLJQV�GHWHFWHG�RQ�GLV�
FKDUJH��7KH�LQLWLDO�EUDLQ�&7�6FDQ�ZDV�UHSRUWHG�ZLWKLQ�QRUPDO�UDQJH��%UDLQ�05,��7���)/$,5��':,��UHYHDOHG�ELODWHUDO�
IURQWDO�K\SHULQWHQVLWLHV�LQ�VXEFRUWLFDO�ZKLWH�PDWWHU��DQWHULRU�VSOHQLXP��SRVWHULRU�FRUSXV�FDOORVXP��&&���OHIW�LQWHUQDO�FDS�
VXOH�H[WHQGLQJ�WR�WKH�FHUHEUDO�SHGXQFOH�DQG�OHIW�GRUVRODWHUDO�PHVFHQSKDORQ��FRPSDWLEOH�ZLWK�QRQ-KDHPRUUKDJLF�GLIIXVH�
D[RQDO�GDPDJH��JUDGH�,,��3UH-�PRUELG�,4�ZDV�HVWLPDWHG�LQ�WKH�³DERYH�DYHUDJH´�UDQJH��+H�VFRUHG�LQ�WKH�³KLJK�RU�VXSHUL�
RU´�UDQJH�LQ�DOO�WKH�UHVW�RI�WKH�WHVWV�RI�FXUUHQW�FRJQLWLYH�SHUIRUPDQFH��SHUFHQWLOH�UDQJH���-�����1HXURSV\FKLDWULF�DVVHVV�
PHQW�IRXQG�QR�HYLGHQFH�RI�QHXURSV\FKLDWULF�RU�EHKDYLRUDO�SUREOHPV��RQO\�UHIHUULQJ�PLOG�IDWLJXH�DW����ZHHNV�IROORZ-XS��
+H�JUDGXDOO\�UHWXUQHG�WR�ZRUN�DQG�ZDV�ZRUNLQJ�IXOO�WLPH�DW���PRQWKV�IROORZ-XS��UHIHUULQJ�LPSURYHPHQW�LQ�KLV�IDWLJXH� 
&RQFOXVLRQV���&RPSOHWH�UHFRYHU\�DIWHU�JUDGH�,,�GLIIXVH�D[RQDO�GDPDJH�LV�DFKLHYDEOH�   ����'LVVRFLDWLRQ�RI�FRQFHSWXDO�NQRZOHGJH�RI�VRFLDO�EHKDYLRU�DQG�WKH�NQRZOHGJH�RI�LWV�FRQVHTXHQFHV�LQ�IURQWR�
WHPSRUDO�OREDU�GHJHQHUDWLRQ 
$XWKRUV���5RODQG�=DKQ��6RSKLH�*UHHQ��+HOHQ�%HDXPRQW��$OLVWDLU�%XUQV��-RUJH�0ROO��'LDQD�&DLQH��0DWWKHZ�/DP�
ERQ�5DOSK 
2EMHFWLYH���7KH�REMHFWLYH�DVVHVVPHQW�RI�VRFLDOO\�LQDSSURSULDWH�EHKDYLRU�LQ�SDWLHQWV�ZLWK�IURQWRWHPSRUDO�OREDU�
GHJHQHUDWLRQ��)7/'��LV�GLIILFXOW�DQG�KDPSHUHG�E\�LWV�HOXVLYH�FRJQLWLYH�EDVLV��1HXURSV\FKRORJLFDO�WHVWV�RI�VRFLDO�FRJQL�
WLRQ�VXFK�DV�FRPSOH[�WKHRU\-�RI-PLQG�WDVNV�DUH�XQOLNHO\�WR�EH�KHOSIXO�IRU�HDUO\�GLIIHUHQWLDO�GLDJQRVLV�LQ�WKH�IXWXUH��EH�
FDXVH�SDWLHQWV�ZLWK�QRQ-QHXURORJLFDO�GLVRUGHUV�VKRZ�LPSDLUPHQWV�RQ�WKHVH�WDVNV�DQG�WKH\�DUH�FRQIRXQGHG�ZLWK�JHQHUDO�
H[HFXWLYH�DELOLWLHV��+HUH��ZH�XVHG�D�QHZO\�GHYHORSHG�WHVW�RI�WKH�NQRZOHGJH�RI�WKH�FRQVHTXHQFHV�RI�VRFLDO�EHKDYLRU�WR�
LQYHVWLJDWH�ZKHWKHU�WKLV�FDQ�EH�LPSDLUHG�LQ�SDWLHQWV�ZLWK�)7/'�UHODWLYH�WR�D�SUHYLRXVO\�GHYHORSHG�WHVW�RI�VRFLDO�FRQFHS�
WXDO�NQRZOHGJH� 
0HWKRG���:H�LQFOXGHG����FRQVHFXWLYH�SDWLHQWV�ZLWK�IHDWXUHV�RI�EY)7'�RU�6'��%DVHG�RQ�WKHLU�EDFNJURXQG�QHXUR�
SV\FKRORJLFDO�WHVWV�DQG�QHXURLPDJLQJ�IHDWXUHV��ZH�FODVVLILHG�SDWLHQWV�LQWR�WKRVH�ZLWK�SULPDU\�QHXURGHJHQHUDWLRQ�RI�WKH�
DQWHULRU�WHPSRUDO�OREHV���$7/�JURXS��Q �����WKRVH�ZLWK�SULPDU\�QHXURGHJHQHUDWLRQ�RXWVLGH�WKH�$7/��QRQ-$7/�JURXS��
Q ���DQG�WKRVH�ZLWK�JOREDO��LPSDLUPHQW�RU�DWURSK\��Q ��� 
5HVXOWV���$V�SUHGLFWHG��ZH�IRXQG�FRQFHSWXDO�NQRZOHGJH�RI�VRFLDO�EHKDYLRU�WR�EH�LPSDLUHG�LQ�WKH�SULPDU\�$7/�
JURXS�ZKLOVW�NQRZOHGJH�RI�LWV�ORQJ-WHUP�FRQVHTXHQFHV�ZDV�UHODWLYHO\�SUHVHUYHG�FRPSDUHG�ZLWK�WKH�QRQ-$7/�JURXS��,Q�
FRQWUDVW��WKH�QRQ-$7/�JURXS�VKRZHG�LPSDLUHG�SHUIRUPDQFH�RQ�WKH�WDVN�SURELQJ�NQRZOHGJH�RI�ORQJ-WHUP�FRQVHTXHQFHV�
ZLWK�UHODWLYHO\�EHWWHU�FRQFHSWXDO�VRFLDO�NQRZOHGJH�FRPSDUHG�ZLWK�WKH�$7/�JURXS� 
&RQFOXVLRQV���7KLV�VKRZV�WKDW�FRQFHSWXDO�DQG�VHTXHQWLDO�NQRZOHGJH�RI�VRFLDO�EHKDYLRU�DUH�GLVVRFLDEOH�DQG�DUH�
OLNHO\�WR�LQGHSHQGHQWO\�FRQWULEXWH�WR�VRFLDOO\�LQDSSURSULDWH�EHKDYLRU��6KRUW�YHUVLRQV�RI�WKHVH�VRFLDO�FRQFHSWXDO�DQG�VH�
TXHQWLDO�NQRZOHGJH�WHVWV�DUH�WKHUHIRUH�SURPLVLQJ�WRROV�IRU�LPSURYHPHQW�RI�GLIIHUHQWLDO�GLDJQRVLV�ZKHQ�DGGHG�WR�VWDQG�
DUG�WHVW�EDWWHULHV��� 
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0HPEHUV¶�3RVWHUV 
 �����3RVW-VXUJLFDO�SV\FKRSDWKRORJ\�DIWHU�HSLOHSV\�VXUJHU\��D�IROORZ-XS�VWXG\ $XWKRUV��$QD�9HORVD��0'���%UXQR�6LOOYD��0'��%HUQDUGR�%DUDKRQD-&RUUrD��0'��3K'��+RVSLWDO�(JDV�0RQL]�-�'HSDU�WDPHQWR�GH�3VLTXLDWULD�H�6D~GH�0HQWDO��5XD�GD�-XQTXHLUD������/LVERQ�����-�����3RUWXJDO 2EMHFWLYH��$GXOWV�ZLWK�UHIUDFWRU\�HSLOHSV\�SURSRVHG�IRU�HOHFWLYH�DEODWLYH�VXUJHU\�KDYH�D�KLJK�SUHYDOHQFH�RI�LQ�WHULFWDO�SV\FKRSDWKRORJ\��PRVWO\�GXH�WR�PRRG�DQG�DQ[LHW\�GLVRUGHUV��0RVW�VWXGLHV�VKRZ�SRVW-VXUJLFDO�UHPLVVLRQ�RI�GH�SUHVVLYH�DQG�DQ[LHW\�V\PSWRPV�LQ�D�VLJQLILFDQW�SHUFHQWDJH�RI�SDWLHQWV��DOWKRXJK�GH�QRYR�SV\FKRSDWKRORJ\�DIWHU�VXUJHU\�KDV�DOVR�EHHQ�GHVFULEHG��DIIHFWLYH�GLVRUGHUV���-������RI�WKH�FDVHV���DQ[LHW\�GLVRUGHUV���-�����DQG�SV\FKRWLF�V\PS�WRPV���-�����,Q�WKH�SUHVHQW�VWXG\�ZH�DVVHVVHG�WKH�LQFLGHQFH�RI�WKH�QRYR�SV\FKRSDWKRORJ\�DQG�WKH�HYROXWLRQ�RI�SUH-H[LVWLQJ�SV\FKRSDWKRORJ\�LQ�D�VDPSOH�RI�HSLOHSV\�SDWLHQWV�VXEPLWWHG�WR�DEODWLYH�VXUJHU\� 0HWKRG������FRQVHFXWLYH�DGXOW�SDWLHQWV�ZLWK�UHIUDFWRU\�HSLOHSV\��HOLJLEOH�IRU�DEODWLYH�VXUJLFDO�WUHDWPHQW��ZHUH�DVVHVVHG�SUH-RSHUDWLYHO\��XQVWUXFWXUHG�SV\FKLDWULF�LQWHUYLHZ�DQG�0LQL�,QWHUQDWLRQDO�1HXURSV\FKLDWULF�,QWHUYLHZ��DQG�RQ�UHSHDWHG�RFFDVLRQV�SRVW-RSHUDWLYHO\�IRU�D�YDULDEOH�SHULRG�RI�WLPH� 5HVXOWV���:H�IROORZHG�XS���PHQ�DQG���ZRPHQ��0HDQ�DJH�DW�WKH�WLPH�RI�VXUJHU\�ZDV������������\HDUV��:H�GLYLGHG�WKH�SRVW-VXUJLFDO�IROORZ-XS�SHULRG�LQ�WKUHH�SKDVHV��LPPHGLDWH��ILUVW���ZHHNV���LQWHUPHGLDWH���-���PRQWKV��DQG�ODWH��!����PRQWKV���3V\FKRSDWKRORJ\�ZDV�D�IUHTXHQW�RFFXUUHQFH�LQ�WKH�LPPHGLDWH��������RI�FDVHV���LQWHUPHGLDWH���������DQG�ODWH���������SRVW-RSHUDWLYH�SHULRG��:H�IRXQG�QR�DVVRFLDWLRQ�EHWZHHQ�SUH-VXUJLFDO�SV\FKRSDWKRORJ\�DQG�VXUJHU\�RXW�FRPH�LQ�WHUPV�RI�HSLOHSV\�UHPLVVLRQ���:H�IRXQG�DQ�DVVRFLDWLRQ�EHWZHHQ�IHPDOH�JHQGHU�DQG�SV\FKRSDWKRORJ\�LQ�WKH�ILUVW�\HDU�SRVW-VXUJHU\��S ��������Ȥ� �������1R�JHQGHU�HIIHFWV�ZHUH�IRXQG�LQ�WHUPV�RI�SUH-VXUJLFDO�SV\FKRSDWKRORJ\�RU�SV\�FKRSDWKRORJ\�LQ�WKH�LPPHGLDWH�RU�ODWH�SRVW-VXUJLFDO�SHULRG��+LSSRFDPSHFWRP\�SOXV�DP\JGDOHFWRP\�ZDV�DVVRFLDWHG�ZLWK�D�KLJKHU�LQFLGHQFH�RI�SV\FKRSDWKRORJ\�LQ�WKH�ILUVW�PRQWK�DQG�LQ�WKH�ILUVW�\HDU�DIWHU�VXUJHU\������YV������Ȥ� ������S �������DQG�����YV������Ȥ� ������S ��������UHVSHFWLYHO\���1RQH�RI�WKH�IRXU�SDWLHQWV�VXEPLWWHG�WR�DP\JGDOHFWRP\�ZLWK�KLS�SRFDPSXV�VSDULQJ�GHYHORSHG�DQ\�SV\FKRSDWKRORJ\�LQ�WKHVH�WZR�SRVW-VXUJLFDO�SHULRGV��Ȥ� ������S �������H�Ȥ� ������S ��������UHVSHFWLYHO\���/HIW�KHPLVSKHUH�LQWHUYHQWLRQV�ZHUH�DOVR�DVVRFLDWHG�ZLWK�LQFUHDVHG�ULVN�RI�ODWH��L�H���!���PRQWKV�SRVW-VXUJHU\��GHSUHVVLRQ�LQ�WKLV�VDPSOH������YV�������Ȥ� ������S ���������3UHRSHUDWLYH�SV\FKRSDWKRORJ\�ZDV�VLJQLILFDQW�O\�DVVRFLDWHG�ZLWK�SV\FKRSDWKRORJ\�LQ�WKH�ILUVW����PRQWKV�SRVW-VXUJHU\������YV������S ��������Ȥ� ������EXW�QRW�LQ�WKH�LPPHGLDWH�RU�ODWH�SRVW-VXUJLFDO�SHULRGV��3UH-VXUJLFDO�SV\FKRSDWKRORJ\�ZDV�DVVRFLDWHG�ZLWK�D�KLJKHU�LQFLGHQFH�RI�PDMRU�GHSUHVVLRQ�LQ�WKH�ILUVW�\HDU�SRVW-VXUJHU\��EXW�QRW�LQ�WKH�ODWH�SRVW-VXUJLFDO�SHULRG��:H�IRXQG�QR�DVVRFLDWLRQ�EHWZHHQ�SRVW-VXUJLFDO�SHUVLVWHQFH�RI�HSLOHSWLF�VHL]XUHV�DQG�GHSUHVVLYH�SV\FKRSDWKRORJ\��6HYHUH�PHQWDO�GLVRUGHUV�IROORZLQJ�HSLOHSV\�VXUJHU\�RFFXUUHG�LQ�WZR�GLVWLQFW�SUHVHQWDWLRQV��K\SHU-DFXWH��VKRUW-OLYHG�VHYHUH�V\QGURPHV�WKDW�RFFXUUHG�LQ�WKH�ILUVW���ZHHNV�SRVW-VXUJHU\��ZLWK�SV\FKRWLF�V\PSWRPV��G\VSKRULD�DQG�VXLFLGDO�RU�KRPLFLGDO�LGHDWLRQ����FDVHV���ODWH�SV\FKRWLF�V\QGURPHV�ZLWK�LQVLGLRXV�GHYHORSPHQW�PRUH�WKDQ����PRQWKV�DIWHU�VXUJHU\����FDVHV��WZR�RI�WKHP�ZLWK�QR�SUHYLRXV�KLVWR�U\�RI�PHQWDO�LOOQHVV���ZLWK�SUHGRPLQDQWO\�GHSUHVVLYH�SV\FKRWLF�V\PSWRPV��:H�IRXQG�QR�DVVRFLDWLRQ�EHWZHHQ�WKH�IRUPHU�DQG�WKH�ODWWHU�FDVHV��2QH�RI�WKH�LPPHGLDWH�SRVW-VXUJHU\�FDVHV�KDG�D�KLVWRU\�RI�SV\FKRVLV�SULRU�WR�WKH�VXUJLFDO�LQWHUYHQ�WLRQ��$OO�WKUHH�FDVHV�GHYHORSLQJ�LQ�WKH�LPPHGLDWH�SRVW-VXUJHU\�SHULRG�KDG�EHHQ�VXEPLWWHG�WR�OHIW�+LSSRFDPSHFWRP\�SOXV�DP\JGDOHFWRP\��Ȥ� ������S ���������7KHVH�SDWLHQWV�ZHUH�DOVR�\RXQJHU�WKDQ�WKH�UHPDLQLQJ�VDPSOH�������YV�����������W �����S ��������7ZR�RI�WKH���FDVHV�ZLWK�SUH-VXUJLFDO�SV\FKRWLF�V\QGURPHV�UHPLWWHG�DIWHU�VXUJHU\� &RQFOXVLRQ��7KH�UHODWLRQ�EHWZHHQ�SV\FKRSDWKRORJ\�DQG�VXUJLFDO�WUHDWPHQW�RI�HSLOHSV\�LV�GLIILFXOW�WR�HVWDEOLVK�RU�WR�SUHGLFW��DQG�GLIIHUV�DPRQJVW�LQGLYLGXDOV��/LWHUDWXUH�VKRZV�WKDW�DQ[LHW\�GHSUHVVLYH�GLVRUGHUV�DUH�WKH�PRVW�IUHTXHQW�SV\FKRSDWKRORJLF�RFFXUUHQFH�LQ�DOO�SRVW-VXUJLFDO�SKDVHV��WKDW�SUHYLRXV�H[LVWHQFH�RI�SV\FKRSDWKRORJ\�SUHGLFWV�LWV�RFFXU�UHQFH�ZLWKLQ�D�\HDU�IURP�VXUJHU\��DQG�WKDW�LQ�VRPH�SDWLHQWV�VXUJHU\�ZDV�IROORZHG�E\�HSLOHSV\�UHPLVVLRQ�DQG�SUHYLRXV�SV\FKRSDWKRORJ\��,Q�FRQWUDVW�ZLWK�VRPH�RI�WKH�SUHYLRXV�OLWHUDWXUH�RQ�WKLV�VXEMHFW��ZH�REVHUYHG�WKDW�WKH�W\SH�RI�LQWHUYHQ�WLRQ�LQIOXHQFHV�SV\FKRSDWKRORJ\�HYROXWLRQ��DQG�WKDW�KLSSRFDPSHFWRP\�SOXV�DP\JGDOHFWRP\�LV�DVVRFLDWHG�ZLWK�KLJKHU�LQFLGHQFH�RI�SV\FKRSDWKRORJ\�ZLWKLQ�D�\HDU�IURP�VXUJHU\��/HIW-KHPLVSKHUH�LQWHUYHQWLRQ�PD\�EH�DVVRFLDWHG�ZLWK�D�KLJKHU�ULVN�RI�ODWH�GHSUHVVLRQ��ZKLFK�LV�LQ�OLQH�ZLWK�WKH�UHVXOWV�RI�WKH�DEXQGDQW�UHVHDUFK�RQ�WKH�UHODWLRQ�EHWZHHQ�OHIW-KHPLVSKHUH�OHVLRQV�DQG�GHSUHVVLYH�SV\FKRSDWKRORJ\��2Q�WKH�FRQWUDU\��KLSSRFDPSXV�VSDULQJ�PD\�KDYH�SURWHFWLQJ�HI�IHFWV�LQ�ZKDW�FRQFHUQV�SRVW-VXUJLFDO�SV\FKRSDWKRORJ\� 7KH�ILUVW�IRXU�ZHHNV�VHHP�WR�EH�D�ULVN�SHULRG�IRU�WKH�RFFXUUHQFH�RI�VHYHUH�KLSHU-DFXWH�SV\FKRSDWKRORJ\��DQ�REVHUYDWLRQ�WKDW�KDV�QRW�EHHQ�GHVFULEHG�LQ�OLWHUDWXUH��6XFK�V\QGURPHV�DUH�XQV\VWHPDWL]HG��VHOI-OLPLWHG��DQG�SRWHQWLDOO\�GDQJHURXV��7KHLU�RFFXUUHQFH�LV�GLIILFXOW�WR�SUHGLFW��LQ�VSLWH�RI�WKH�SRVVLEOH�DVVRFLDWLRQ�ZLWK�PRUH�H[WHQVLYH�LQWHUYHQWLRQV��KLSSRFDPSHFWRP\�SOXV�DP\JGDOHFWRP\��DQG�\RXQJHU�DJH� &RQFOXVLRQV�DUH�OLPLWHG�E\�VPDOO�VDPSOH�VL]H��7KH�LQFLGHQFH�RI�ODWH�SV\FKRSDWKRORJ\�PD\�KDYH�EHHQ�RYHUHVWLPDWHG�GXH�WR�UHIHUUDO�ELDV��,W�VHHPV�DGYLVDEOH�WKDW�HSLOHSV\�VXUJHU\�SDWLHQWV�ZLWKRXW�SV\FKRSDWKRORJ\�DUH�REVHUYHG�LQ�QHXUR�SV\FKLDWU\�DW�OHDVW�WZLFH�ZLWKLQ�D�PRQWK�IURP�VXUJHU\��PRQWKO\�ZLWKLQ�D�\HDU��DQG�DW�OHDVW�HYHU\�VL[�PRQWKV�DIWHU�WKH�ILUVW�\HDU�         
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0HPEHUV¶�3RVWHUV 
  ����'HSUHVVLYH�V\PSWRPV�LQ�7RXUHWWH�V\QGURPH��$�FRQWUROOHG�VWXG\ 
$XWKRUV���$QGUHD�(��&DYDQQD���-RKQ�&�3��3LHGDG���'HSDUWPHQW�RI�1HXURSV\FKLDWU\��%60+)7�DQG�8QLYHUVLW\�RI�
%LUPLQJKDP��7KH�%DUEHUU\�1DWLRQDO�&HQWUH�IRU�0HQWDO�+HDOWK�����9LQFHQW�'ULYH�%����)*��8QLWHG�.LQJGRP 
2EMHFWLYH��$IIHFWLYH�V\PSWRPV�DUH�IUHTXHQWO\�UHSRUWHG�E\�SDWLHQWV�ZLWK�WLF�GLVRUGHUV�DQG�7RXUHWWH�V\QGURPH�LQ�
SDUWLFXODU��'HSUHVVLRQ�LQ�WKH�FRQWH[W�RI�7RXUHWWH�V\QGURPH�LV�OLNHO\�WR�EH�DHWLRORJLFDOO\�PXOWLIDFWRULDO�DQG�SKHQRW\SLFDOO\�
KHWHURJHQHRXV��'HVSLWH�WKH�NQRZQ�LPSDFW�RI�GHSUHVVLRQ�RQ�KHDOWK-UHODWHG�TXDOLW\�RI�OLIH�RI�SDWLHQWV�ZLWK�QHXURSV\FKLDW�
ULF�GLVRUGHUV��OLWWOH�UHVHDUFK��KDV�EHHQ�FRQGXFWHG�RQ�WKH�FOLQLFDO�DVSHFWV�RI�DIIHFWLYH�V\PSWRPV�DVVRFLDWHG�ZLWK�7RXUHWWH�
V\QGURPH��:H�VHW�RXW�WR�DVVHVV�WKH�FOLQLFDO�SKHQRPHQRORJ\�DQG�VHYHULW\�RI�GHSUHVVLYH�V\PSWRPV�LQ�DGXOW�SDWLHQWV�ZLWK�
7RXUHWWH�V\QGURPH�FRPSDUHG�WR�DGXOW�SDWLHQWV�ZLWK�PDMRU�GHSUHVVLRQ�DQG�KHDOWK\�FRQWUROV� 
0HWKRG���7KH�%HFN�'HSUHVVLRQ�,QYHQWRU\��%',��ZDV�XVHG�WR�FROOHFW�VHOI-UHSRUW�UDWLQJV�RI�GHSUHVVLYH�V\PSWRPV�
IURP����SDWLHQWV�ZLWK�7RXUHWWH�V\QGURPH��%',-,,�������KHDOWK\�FRQWUROV��%',-,$��DQG�����SDWLHQWV�ZLWK�D�OLIHWLPH�GLDJQR�
VLV�RI�UHFXUUHQW�PDMRU�GHSUHVVLYH�GLVRUGHU��%',-,$���$OO�FOLQLFDO�GLDJQRVHV�ZHUH�YDOLGDWHG�E\�'60�FULWHULD�DQG�GLUHFW�
FRPSDULVRQV�ZHUH�SRVVLEOH�IRU����RXW�RI�WKH����%',�LWHPV��3DWLHQWV�ZLWK�7RXUHWWH�V\QGURPH�ZHUH�UHFUXLWHG�DW�D�VSHFLDO�
LVW�WHUWLDU\�UHIHUUDO�FOLQLF��ZKHUHDV�SDWLHQWV�ZLWK�D�SULPDU\�GLDJQRVLV�RI�GHSUHVVLRQ�DQG�KHDOWK\�FRQWUROV�ZHUH�H[WUDFWHG�
IURP�D�ODUJH�PXOWLFHQWUH�UHVHDUFK�GDWDEDVH�GHYHORSHG�IRU�WKH�LQYHVWLJDWLRQ�RI�JHQHWLF�DQG�QRQ-JHQHWLF�GHWHUPLQDQWV�RI�
DIIHFWLYH�GLVRUGHUV� 
5HVXOWV���3DWLHQWV�ZLWK�7RXUHWWH�V\QGURPH�UHSRUWHG�VLJQLILFDQWO\�KLJKHU�WRWDO�%',�VFRUHV�WKDQ�KHDOWK\�FRQWUROV� 
&RQFOXVLRQ���'HSUHVVLRQ�LV�FRQILUPHG�DV�D�PDMRU�FOLQLFDO�LVVXH�LQ�SDWLHQWV�ZLWK�7RXUHWWH�V\QGURPH��6HOI-UHSRUW�
UDWLQJV�RI�RYHUDOO�GHSUHVVLRQ�VHYHULW\�LQ�WKLV�SDWLHQW�SRSXODWLRQ�DUH�VLPLODU�WR�WKRVH�UHSRUWHG�E\�SDWLHQWV�ZLWK�D�SULPDU\�
GLDJQRVLV�RI�UHFXUUHQW�PDMRU�GHSUHVVLYH�GLVRUGHU��7KHUH�DUH�KRZHYHU�VSHFLILF�GLIIHUHQFHV�LQ�WKH�FOLQLFDO�SKHQRPHQRORJ\�
RI�GHSUHVVLYH�V\PSWRPV��DV�LUULWDELOLW\�LV�D�PRUH�SURPLQHQW�IHDWXUH�LQ�SDWLHQWV�ZLWK�7RXUHWWH�V\QGURPH��5RXWLQH�VFUHHQ�
LQJ�IRU�DIIHFWLYH�V\PSWRPV�ZLWK�SDUWLFXODU�IRFXV�RQ�WKH�DVVHVVPHQW�RI�LUULWDELOLW\�V\PSWRPV�LV�ZDUUDQWHG�LQ�RUGHU�WR�LP�
SOHPHQW�HIIHFWLYH�WUHDWPHQW�VWUDWHJLHV�DV�DSSURSULDWH��)XWXUH�UHVHDUFK�LV�QHHGHG�WR�EHWWHU�XQGHUVWDQG�WKH�UHODWLRQVKLS�
EHWZHHQ�WLF�V\PSWRPV��LUULWDELOLW\�DQG�GHSUHVVLRQ�LQ�7RXUHWWH�V\QGURPH�  
����:KDW�LQIRUPDWLRQ�LV�SURYLGHG�WR�SDWLHQWV�ZLWK�7RXUHWWH�V\QGURPH" 
$XWKRUV��$QGUHD�(��&DYDQQD��2OLYLD�+DOH��'HSDUWPHQW�RI�1HXURSV\FKLDWU\��%60+)7�DQG�8QLYHUVLW\�RI�%LUPLQJ�
KDP��7KH�%DUEHUU\�1DWLRQDO�&HQWUH�IRU�0HQWDO�+HDOWK�����9LQFHQW�'ULYH�%����)* 
2EMHFWLYH��,QIRUPDWLRQ�DERXW�PHGLFDO�GLVRUGHUV�VKRXOG�EH�SURYLGHG�WR�SDWLHQWV�LQ�D�VWDQGDUGL]HG�ZD\�LQ�RUGHU�
WR�HQVXUH�WKDW�NH\�LQIRUPDWLRQ�DERXW�WKHLU�FRQGLWLRQV�LV�DSSURSULDWHO\�FRQYH\HG��7KLV�LV�SDUWLFXODUO\�UHOHYDQW�IRU�QHXUR�
SV\FKLDWULF�GLVRUGHUV�IRU�ZKLFK�PLVFRQFHSWLRQV�DUH�ZLGHVSUHDG��VXFK�DV�7RXUHWWH�V\QGURPH��:H�VHW�RXW�WR�LGHQWLI\�DQG�
FULWLFDOO\�DSSUDLVH�WKH�PRVW�FRPPRQO\�XVHG�3DWLHQW�,QIRUPDWLRQ�/HDIOHWV��3,/V��DERXW�7RXUHWWH�V\QGURPH�ZRUOGZLGH� 
0HWKRG���$�FRPSXWHULVHG�VHDUFK�ZDV�FDUULHG�RXW�XVLQJ�WKH�ZHE�VHDUFK�HQJLQH�*RRJOH��ZKLFK�UDQNV�ZHE�SDJHV�
E\�UHOHYDQFH�XVLQJ�WKH�3DJH5DQN�DOJRULWKP��7KH�VHDUFK�WHUPV�³7RXUHWWH
´�$1'�³OHDIOHW´�25�³IDFW�VKHHW´�25�
³LQIRUPDWLRQ�VKHHW´�ZHUH�XVHG�WR�LGHQWLI\�3,/V�GHYHORSHG�E\�D�QDPHG�VRXUFH�LQ�(QJOLVK�ODQJXDJH�ZLWK�WKH�SXUSRVH�WR�
SURYLGH�DQ�RYHUYLHZ�RI�7RXUHWWH�V\QGURPH��7KH�FRQWHQWV�RI�WKH�3,/V�ZHUH�VXEVHTXHQWO\�VFUHHQHG�IRU�LQFOXVLRQ�RI�WKH�
HLJKW�NH\�IDFWV�LGHQWLILHG�E\�7RXUHWWHV�$FWLRQ-8.�DV�WKH�JROG�VWDQGDUG�RI�HVVHQWLDO�LQIRUPDWLRQ�DERXW�7RXUHWWH�V\QGURPH�
WR�EH�FRPPXQLFDWHG�WR�SDWLHQWV��(DFK�3,/�ZDV�JLYHQ�D�TXDOLW\�VFRUH�IURP���WR���IRU�HDFK�NH\�IDFW��WRWDO�VFRUH��-������
SRLQWV�LI�WKH�IDFW�ZDV�QRW�DGGUHVVHG�������SRLQWV�LI�WKH�IDFW�ZDV�SDUWLDOO\�DGGUHVVHG��DQG���SRLQW�LI�WKH�IDFW�ZDV�IXOO\�DG�
GUHVVHG� 
5HVXOWV���$�WRWDO�RI����3,/V�ZHUH�LGHQWLILHG��ZLWK�TXDOLW\�VFRUHV�UDQJLQJ�IURP���WR������7KHUH�ZHUH�FRQVLGHUDEOH�
GLVFUHSDQFLHV�LQ�WKH�DPRXQW�DQG�DFFXUDF\�RI�LQIRUPDWLRQ�SURYLGHG�E\�HDFK�3,/��7KH�NH\�IDFWV�DERXW�WKH�UDQJH�RI�VHYHUL�
W\�RI�7RXUHWWH�V\QGURPH�DQG�WKH�SUHVHQFH�RI�FR-PRUELGLWLHV�VXFK�DV�$'+'�DQG�2&'�ZHUH�DGHTXDWHO\�FRYHUHG�E\�DOO�
3,/V��.H\�LQIRUPDWLRQ�DERXW��WKH�GHILQLWLRQ�RI�7RXUHWWH�V\QGURPH�DQG�WKH�H[LVWHQFH�RI�GHGLFDWHG�FKDULWLHV�VXSSRUW�
JURXSV�ZDV�SUHVHQW�LQ�������3,/V���������7KH�PDMRULW\�RI�3,/V��������������FOHDUO\�VWDWHG�WKDW�LQYROXQWDU\�VZHDULQJ�DV�
D�WLF��FRSURODOLD��LV�SUHVHQW�RQO\�LQ�D�VXEVHW�RI�SDWLHQWV�ZLWK�7RXUHWWH�V\QGURPH��)RXU�3,/V�������PHQWLRQHG�SKDUPDFR�
ORJLFDO�RSWLRQV�RXWVLGH�QHXUROHSWLFV��VXFK�DV�FORQLGLQH��DQG�RQO\�RQH�3,/������FRYHUHG�EHKDYLRUDO��SKDUPDFRORJLFDO�DQG�
VXUJLFDO�WUHDWPHQW�RSWLRQV��)LQDOO\��WKH�UHFRPPHQGDWLRQ�RI�UHIHUULQJ�SDWLHQWV�ZLWK�7RXUHWWH�V\QGURPH�WR�D�VSHFLDOLVW�LQ�
QHXURSV\FKLDWU\�ZDV�QRW�H[SOLFLWO\�PHQWLRQHG�LQ�DQ\�RI�WKH�3,/V� 
&RQFOXVLRQV���7KHUH�LV�D�ZLGH�VHOHFWLRQ�RI�3,/V�DYDLODEOH�RQ�7RXUHWWH�V\QGURPH��KRZHYHU�WKH�LQIRUPDWLRQ�SUR�
YLGHG�LQ�WKHVH�3,/V�YDU\�FRQVLGHUDEO\�LQ�TXDOLW\�DQG�FRPSUHKHQVLYHQHVV��,QFOXVLRQ�RI�NH\�IDFWV�RQ�7RXUHWWH�V\QGURPH�
ZRXOG�LPSURYH�WKH�GHOLYHU\�RI�FDUH�IRU�WKLV�FOLQLFDO�SRSXODWLRQ�E\�HQVXULQJ�WKDW�SDWLHQWV�KDYH�DFFHVV�WR�PRUH�DFFXUDWH��
FRQVLVWHQW�DQG�XVHIXO�LQIRUPDWLRQ� 
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0HPEHUV¶�3RVWHUV 
  ����,PSDFW�RI�FR-PRUELG�DWWHQWLRQ-GHILFLW�DQG�K\SHUDFWLYLW\�GLVRUGHU�RQ�FRJQLWLYH�IXQFWLRQ�LQ�PDOH�FKLOGUHQ�ZLWK�
7RXUHWWH�V\QGURPH��$�FRQWUROOHG�VWXG\ 
$XWKRUV��$QGUHD�(��&DYDQQD��&KLDUD�/XRQL��6WHIDQLD�)RQWRODQ��&ODXGLD�6HOYLQL��/LYLD�3HUHJR��)UDQFHVFD�
3DYRQH��*LRUJLR�5RVVL��8PEHUWR�%DORWWLQ��&ULVWLDQR�7HUPLQH��'HSDUWPHQW�RI�1HXURSV\FKLDWU\��%60+)7�DQG�8QLYHUVLW\�
RI�%LUPLQJKDP��7KH�%DUEHUU\�1DWLRQDO�&HQWUH�IRU�0HQWDO�+HDOWK 
2EMHFWLYH���1HXURSV\FKRORJLFDO�VWXGLHV�KDYH�KLJKOLJKWHG�WKH�SUHVHQFH�RI�VSHFLILF�FRJQLWLYH�GHILFLWV�LQ�WZR�QHX�
URGHYHORSPHQWDO�GLVRUGHUV�DIIHFWLQJ�PRUH�FRPPRQO\�PDOH�FKLOGUHQ�DQG�RIWHQ�SUHVHQWLQJ�LQ�FR-PRUELGLW\��7RXUHWWH�V\Q�
GURPH��76��DQG�DWWHQWLRQ-GHILFLW�DQG�K\SHUDFWLYLW\�GLVRUGHU��$'+'���,W�LV�HVWLPDWHG�WKDW�RYHU�����RI�FKLOGUHQ�ZLWK�76�
SUHVHQW�ZLWK�FR-PRUELG�$'+'�DQG�WKH�DVVHVVPHQW�RI�WKH�UHODWLYH�FRQWULEXWLRQ�RI�WLF�V\PSWRPV�DQG�$'+'�V\PSWRPV�WR�
FRJQLWLYH�SUREOHPV�LQ�WKLV�SDWLHQW�SRSXODWLRQ�SRVHV�FRQVLGHUDEOH�FKDOOHQJHV��:H�VHW�RXW�WR�GHWHUPLQH�WKH�LPSDFW�RI�FR-
PRUELG�$'+'�RQ�FRJQLWLYH�IXQFWLRQ�LQ�PDOH�FKLOGUHQ�ZLWK�76�E\�FRQGXFWLQJ�D�FRQWUROOHG�VWXG\�ZLWK�D�FRPSUHKHQVLYH�
EDWWHU\�RI�QHXURSV\FKRORJLFDO�WHVWV� 
0HWKRG���3DUWLFLSDQWV�LQFOXGHG�IRXU�JURXSV�RI�XQPHGLFDWHG�DJH-�DQG�JHQGHU-PDWFKHG�FKLOGUHQ��PHDQ�DJH���-���
\HDUV��UDQJH��-���\HDUV����-�����PDOH�JHQGHU���76�JURXS��Q ���FKLOGUHQ�ZLWK�D�GLDJQRVLV�RI�XQFRPSOLFDWHG�RU�µSXUH¶�
76���76�$'+'�JURXS�Q ��FKLOGUHQ�ZLWK�76�DQG�FR-PRUELG�$'+'���$'+'�JURXS�����FKLOGUHQ�ZLWK�$'+'�LQ�WKH�DEVHQFH�
RI�WLFV��DQG�FRQWUROV�Q ���KHDOWK\�FKLOGUHQ���$OO�SDWLHQWV�KDG�D�'60-YDOLGDWHG�GLDJQRVLV�DQG�ZHUH�UHFUXLWHG�IURP�WKH�
&KLOG�1HXURSV\FKLDWU\�8QLW��9DUHVH��,WDO\��ZKHUHDV�KHDOWK\�FRQWUROV�ZHUH�UDQGRPO\�VHOHFWHG�IURP�D�SRRO�RI�UHVHDUFK�
YROXQWHHUV�IURP�ORFDO�VFKRROV��)ROORZLQJ�FOLQLFDO�DVVHVVPHQW��HDFK�SDUWLFLSDQW�FRPSOHWHG�D�VWDQGDUGL]HG�EDWWHU\�RI�QHX�
URSV\FKRORJLFDO�WHVWV��WKH�:HFKVOHU�,QWHOOLJHQFH�6FDOH�IRU�&KLOGUHQ-,,,��%ORFN�'HVLJQ�WHVW��9RFDEXODU\�WHVW���,WDOLDQ�%DW�
WHU\�IRU�$'+'��:DON-'RQ¶W�:DON�WHVW��6XVWDLQHG�$XGLWRU\�$WWHQWLRQ�WHVW��6WURRS�WHVW��6HQWHQFH�&RPSOHWLRQ�WHVW��0DWFK�
LQJ�)DPLOLDU�)LJXUHV�WHVW��6XVWDLQHG�9LVXDO�$WWHQWLRQ�WHVW���7RZHU�RI�/RQGRQ�WHVW��&RUVL�WHVW��DQG�'LJLW�6SDQ�WHVW� 
5HVXOWV���$OO�SDWLHQW�JURXSV�UHSRUWHG�VLJQLILFDQWO\�ORZHU�VFRUHV�WKDQ�KHDOWK\�FRQWUROV�DFURVV�WKH�QHXURSV\FKR�
ORJLFDO�WHVWV�LQYROYLQJ�H[HFXWLYH�IXQFWLRQV��$�VSHFLILF�SDWWHUQ�LQ�FRJQLWLYH�SHUIRUPDQFHV�HPHUJHG��VKRZLQJ�WKDW�WKH�
76�$'+'�JURXS�ZDV�WKH�PRVW�VHYHUHO\�DIIHFWHG��IROORZHG�E\�WKH�$'+'�JURXS�DQG�WKH�76�JURXS��7KLV�ZDV�SDUWLFXODUO\�
HYLGHQW�IURP�WKH�UHVXOWV�RI�WKH�WHVWV�DVVHVVLQJ�SODQQLQJ�DELOLW\��%ORFN�'HVLJQ�WHVW��0DWFKLQJ�)DPLOLDU�)LJXUHV�WHVW��7RZHU�
RI�/RQGRQ�WHVW���LQKLELWRU\�IXQFWLRQ��:DON-'RQ¶W�:DON�WHVW��6WURRS�WHVW��0DWFKLQJ�)DPLOLDU�)LJXUHV�WHVW���ZRUNLQJ�PHPRU\�
�6XVWDLQHG�$XGLWRU\�$WWHQWLRQ�WHVW��&RUVL�WHVW��'LJLW�6SDQ�WHVW��DQG�YLVXDO�DWWHQWLRQ��:DON-'RQ¶W�:DON�WHVW��0DWFKLQJ�)D�
PLOLDU�)LJXUHV�WHVW��6XVWDLQHG�9LVXDO�$WWHQWLRQ�WHVW���EXW�QRW�DXGLWRU\�DWWHQWLRQ��6XVWDLQHG�$XGLWRU\�$WWHQWLRQ�WHVW�� 
&RQFOXVLRQ���$OWKRXJK�SUREOHPV�LQ�H[HFXWLYH�IXQFWLRQV�DUH�PRUH�FRPPRQ�LQ�DOO�SDWLHQW�JURXSV�WKDQ�KHDOWK\�
FRQWUROV��GHILFLWV�LQ�SODQQLQJ�DELOLW\��LQKLELWRU\�IXQFWLRQ��ZRUNLQJ�PHPRU\�DQG�YLVXDO�DWWHQWLRQ�UHSRUWHG�E\�FKLOGUHQ�ZLWK�
76�DSSHDU�WR�EH�PRUH�VWURQJO\�UHODWHG�WR�WKH�SUHVHQFH�RI�FR-PRUELG�$'+'�V\PSWRPV� 
 
�����0D]LQGRO�HIIHFW�RQ�FHUHEUDO�UHVSRQVH�WR�QRQYHUEDO�DIIHFWLYH�YRFDOL]DWLRQ�LQ�KHDOWK\�LQGLYLGXDOV��$Q�I05,�
VWXG\ 
$XWKRUV���0LFKLKLNR�.RHGD����<XPLNR�,NHGD����$PDQH�7DWHQR����+LGHQRUL�6X]XNL����DQG�<RVKLUR�2NXER�����'H�SDUWPHQW�RI�1HXURSV\FKLDWU\��1LSSRQ�0HGLFDO�6FKRRO��7RN\R��-DSDQ� �'HSDUWPHQW�RI�3KDUPDFRORJ\��1LSSRQ�0HGLFDO�6FKRRO��7RN\R��-DSDQ %DFNJURXQG�$LPV��0D]LQGRO�LV�NQRZQ�DV�RQH�RI�WKH�DQRUH[LDQWV�IRU�PRUELG�REHVLW\��$FFRUGLQJ�WR�SUHYLRXV�VWXG\��WKH�SKDUPDFRORJLFDO�SURSHUW\�LV�VLPLODU�WR�DPSKHWDPLQH��DQG�WKLV�GUXJ�KDV�DQ�DXJPHQWLQJ�UROH�RI�GRSDPLQH�DQG�VHURWRQLQ�E\�WKH�LQKLELWLRQ�RI�SUHV\QDSVH�WUDQVSRUWHU��+RZHYHU��WKH�QHXUDO�EDVLV�RI�KRZ�PD]LQGRO�DFWV�RQ�DIIHFWLYH�SUR�FHVVLQJ�KDV�EHHQ�XQFOHDU��:H�LQYHVWLJDWHG�WKH�FHUHEUDO�UHVSRQVH�WR�QRQYHUEDO�DIIHFWLYH�YRFDOL]DWLRQ�WR�FODULI\�WKH�HIIHFW�RI�PD]LQGRO�E\�IXQFWLRQDO�PDJQHWLF�UHVRQDQFH�LPDJLQJ��I05,�� 0HWKRGV�����KHDOWK\�VXEMHFWV�����PDOHV����IHPDOHV��PHDQ�DJH�������\HDUV��6'� ������SDUWLFLSDWHG�LQ�WKLV�VWXG\��7KH�VWXG\�SURWRFRO�ZDV�DSSURYHG�E\�WKH�HWKLFV�FRPPLWWHH�RI�1LSSRQ�0HGLFDO�6FKRRO��DQG�DOO�VXEMHFWV�SURYLGHG�WKHLU�LQIRUPHG�FRQVHQW��7KLV�H[SHULPHQW�ZDV�SHUIRUPHG�E\�UDQGRPL]HG�FRQWUROOHG�WULDO�� (DFK�VXEMHFW�XQGHUZHQW�WZR�I05,�H[SHULPHQWV��WDNLQJ�HLWKHU�D�SODFHER�RU�����PJ�RI�PD]LQGRO���KRXUV�EHIRUH�WKH�VFDQ��)RU�HDFK�VXEMHFW��WKH�WZR�H[SHULPHQWV�ZHUH�VHSDUDWHG�E\�DW�OHDVW���ZHHNV��(YHQW-UHODWHG�I05,�H[SHULPHQWV�ZHUH�SHU�IRUPHG�LQ�WKLV�VWXG\��7KH�VXEMHFWV�OLVWHQHG�WR���W\SHV�RI�HPRWLRQDO�VRXQGV��KDSS\��VDG��DQG�QHXWUDO�VRXQGV��(DFK�VXE�MHFW�MXGJHG�ZKHWKHU�WKH�HPRWLRQDO�YDOHQFH�ZDV�SRVLWLYH��QHJDWLYH��RU�QHXWUDO��'DWD�DQDO\VLV�ZDV�SHUIRUPHG�E\�VWDWLVWLFDO�SDUDPHWULF�PDSSLQJ��630��� 5HVXOWV��$V�IRU�I05,�DFFXUDF\��WZR-ZD\�UHSHDWHG�$129$����HPRWLRQV�î���PHGLFDWLRQV��SODFHER�PD]LQGRO���VKRZHG�QR�VLJQLILFDQW�GLIIHUHQFH�ERWK�LQ�PDLQ�HIIHFW�RI�HPRWLRQ��)��������� �������S�!��������DQG�LQ�PDLQ�HIIHFW�RI�PHGLFDWLRQ��SODFHER�PD]LQGRO��)��������� �������S�!�������7KH�I05,�H[SHULPHQW�DFFRUGLQJ�WR�WZR-ZD\�UHSHDWHG�$129$�VKRZHG�VLJQLILFDQW�GLIIHUHQFH�ERWK�LQ�PDLQ�HIIHFW�RI�HPRWLRQ��)��������� �������S�����������DQG�LQ�PDLQ�HIIHFW�RI�PHGLFDWLRQ��SODFHER�PD]LQGRO��)��������� ��������S���������� ,Q�FHUHEUDO�UHVSRQVH��WZR-ZD\�UHSHDWHG�$129$�VKRZHG�VLJQLILFDQW�GLIIHUHQFH�LQ�PDLQ�HIIHFW�RI�HPRWLRQ�DW�WKH�ELODWHUDO�VXSHULRU�WHPSRUDO�J\UXV��DQG�OHIW�SUHIURQWDO�J\UXV��S����������XQFRUUHFWHG���,Q�PDLQ�HIIHFW�RI�PHGLFDWLRQ��VLJQLILFDQW�DFWL�YDWLRQ�ZDV�REVHUYHG�DW�WKH�ELODWHUDO�PHGLDO�IURQWDO�FRUWH[��ELODWHUDO�SXWDPHQ��OHIW�VXSHULRU�IURQWDO�J\UXV��DQG�DQWHULRU�FLQJXODWH��S����������XQFRUUHFWHG���)XUWKHU�LQWHUDFWLRQ�HIIHFW��HPRWLRQ�î�PHGLFDWLRQ��ZDV�REVHUYHG�DW�ELODWHUDO�FDXGDWH��S����������XQFRUUHFWHG�� &RQFOXVLRQ��$FFRUGLQJ�WR�WKHVH�UHVXOWV��FHUHEUDO�IXQFWLRQ�LQ�YRFDO�DIIHFWLYH�SURFHVVLQJ�ZDV�FKDQJHG�E\�WKH�DFWLRQ�RI�PDGLQGRO��HVSHFLDOO\�LQ�WKH�DUHD�DVVRFLDWHG�ZLWK�GRSDPLQHUJLF�QHXURQ�LQFOXGLQJ�PHGLDO�IURQWDO�FRUWH[�DQG�DQWH�ULRU�FLQJXODWH� 
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 ����7KH�5HQDLVVDQFH�RI�D�6SHFLDOW\��'HILQLQJ�WKH�5HDOP�RI�1HXURSV\FKLDWU\�–�$�6FRSLQJ�5HYLHZ��3LORW� $XWKRUV���+XJK�$��0LUROR��0'��+HDWKHU�6�'��:DWNLQV��%�6F���0HOLVVD�0��/DQQRQ��%�6F���3�2��%R[���������5\DQ
V�
/DQH��$SW�����$�$��&��&DQDGD 
2EMHFWLYH��%$&.*5281'���1HXURSV\FKLDWU\�LV�D�EUDQFK�RI�PHGLFLQH�WKDW�FRPSULVHV�D�ZLGH�YDULHW\�RI�SDWLHQWV��
YDU\LQJ�GHJUHHV�RI�VHYHULW\�DQG�QXPHURXV�HWLRORJLHV��1HXURSV\FKLDWU\�HQFRPSDVVHV��EXW�LV�QRW�OLPLWHG�WR��V\PSWRPV�LQ�
WKH�³JUD\�DUHD´�EHWZHHQ�1HXURORJ\�DQG�3V\FKLDWU\��LPSDLUPHQW�RI�DWWHQWLRQ��DOHUWQHVV��SHUFHSWLRQ��PHPRU\��ODQJXDJH�
DQG�LQWHOOLJHQFH��VOHHS�DQG�KHDGDFKHV��DPRQJ�RWKHUV��8QIRUWXQDWHO\��WKHUH�LV�FXUUHQWO\�D�ODFN�RI�D�FOHDU�DQG�XQLYHUVDOO\�
DFFHSWHG�GHILQLWLRQ�RI�µ1HXURSV\FKLDWU\¶�LQ�WKH�OLWHUDWXUH�� 
$,0��7R�GHWHUPLQH�ZKHWKHU��DQG�LQ�ZKDW�FLUFXPVWDQFHV��1HXURSV\FKLDWU\�FDQ�EH�SUDFWLFHG�DV�D�GLVWLQFW��LQGHSHQGHQW�
0HGLFDO�6SHFLDOW\��7KLV�LV�D�SLORW�WR�PRUH�FRPSUHKHQVLYH�UHVHDUFK�DLPLQJ�WR�GHVFULEH�WKH�GHYHORSPHQW�RI�1HXURSV\FKL�
DWU\�RYHU�WLPH�IURP�FRQFHSWLRQ�WR�SUHVHQW��LQFOXGLQJ�GHILQLWLRQ��VFRSH�DQG�UHTXLUHG�WUDLQLQJ� 
0HWKRG���$�UHODWLYHO\�QHZ�PHWKRGRORJ\�TXLWH�VLPLODU�WR�WKH�ORQJ�HVWDEOLVKHG�V\VWHPDWLF�UHYLHZ��VFRSLQJ�UH�
YLHZV�µPDS�WKH�NH\�FRQFHSWV�XQGHUSLQQLQJ�D�UHVHDUFK�DUHD�DV�ZHOO�DV�FODULI\�ZRUNLQJ�GHILQLWLRQV��DQG�RU�WKH�FRQFHSWXDO�
ERXQGDULHV�RI�D�WRSLF�¶�7KLV�PHWKRGRORJ\�HQGHDYRXUV�WR�LGHQWLI\�JDSV�LQ�HYLGHQFH��FODULI\�NH\�FRQFHSWV��RU�UHSRUW�RQ�WKH�
HYLGHQFH�W\SHV�DGGUHVVLQJ�DQG�LQIRUPLQJ�SUDFWLFH�LQ�D�JLYHQ�DUHD��7KH�SLORW�SKDVH�RI�WKLV�SURMHFW�XWLOL]HG�WKH�GDWDEDVH�
3XE0HG��VHDUFKLQJ�IRU�DUWLFOHV�WKDW�XWLOL]H�WKH�ZRUG�µ1HXURSV\FKLDWU\¶�LQ�WKH�WLWOH��L�H��QHXURSV\FKLDWU\>WL@���&KDUWLQJ�UH�
VXOWV�RI�WKLV�SURMHFW�ZLOO�SURYLGH�UHDGHUV�D�ORJLFDO�DQG�GHVFULSWLYH�VXPPDU\�DOLJQLQJ�ZLWK�WKH�VWXG\¶V�REMHFWLYHV�DQG�UH�
VHDUFK�TXHVWLRQV��'DWD�DEVWUDFWLRQ�IRUPV�ZHUH�XVHG�DQG�UHVXOWLQJ�LQIRUPDWLRQ�RUJDQL]HG�VR�DV�QRW�WR�UHTXLUH�IXUWKHU�
UHYLHZ�RI�WKH�VDPH�DUWLFOH��,QIRUPDWLRQ�RQ�WKH�VFRSH�DQG�GHILQLWLRQ�RI�1HXURSV\FKLDWU\�ZDV�FROOHFWHG�IURP�DUWLFOHV�ZKHUH�
WKH�GLVFLSOLQH�RI�1HXURSV\FKLDWU\�ZDV�WKH�PDLQ�IRFXV� 
5HVXOWV��7KH�IUHTXHQF\�RI�SXEOLVKHG�DUWLFOHV�RQ�D�VXEMHFW�PD\�UHIOHFW�WKH�DPRXQW�RI�LQWHUHVW�DW�DQ\�JLYHQ�WLPH��
WKHUH�DUH�ODUJH�QXPEHUV�RI�1HXURSV\FKLDWU\-UHODWHG�DUWLFOHV�SXEOLVKHG�EHWZHHQ�����-������IROORZHG�E\�D�GHFUHDVH�IURP�
����-�����ZKHQ�WKH�GLYHUJHQFH�RI�1HXURSV\FKLDWU\�LQWR�1HXURORJ\�DQG�3V\FKLDWU\�EHFDPH�DSSDUHQW��,Q�UHFHQW�GHF�
DGHV��LQWHUHVW�LQ�1HXURSV\FKLDWU\�KDV�UH-HPHUJHG��SRLQWLQJ�WRZDUG�D�QHHG�IRU�1HXURSV\FKLDWU\�DV�D�6SHFLDOW\�LQ�FRQ�
WHPSRUDU\�PHGLFLQH� 
&RQFOXVLRQV���%\�DQDO\]LQJ�1HXURSV\FKLDWU\�OLWHUDWXUH�WKURXJKRXW�UHFHQW�KLVWRU\��WKLV�VWXG\�H[SORUHV�WKH�SUDF�
WLFH�RI�1HXURSV\FKLDWU\�DV�ZHOO�DV�SXEOLFDWLRQ�WUHQGV�WR�KLJKOLJKW�WKH�LPSRUWDQFH�RI�1HXURSV\FKLDWU\�DV�D�6SHFLDOW\�LQ�
0HGLFLQH��7KLV�SURMHFW�KDV�WKH�SRWHQWLDO�WR�FKDQJH�WKH�SUDFWLFH�RI�QRW�RQO\�QHXURSV\FKLDWULVWV��EXW�DOVR�SUDFWLWLRQHUV�IURP�
HYHU\�ILHOG��SURYLGLQJ�D�EHWWHU�XQGHUVWDQGLQJ�RI�1HXURSV\FKLDWU\�DQG�RIIHULQJ�LQQRYDWLYH�NQRZOHGJH�WR�WKH�IXWXUH�RI�PHG�
LFLQH� 
$GGLWLRQDO�,QIRUPDWLRQ���)RU�IXUWKHU�GHWDLOV�FRQFHUQLQJ�'U��0LUROR¶V�DFDGHPLF�DQG�SURIHVVLRQDO�SXUVXLWV��SOHDVH�
UHIHU�WR�/LQNHG,Q��KWWSV���ZZZ�OLQNHGLQ�FRP�LQ�KXJKPLURORPG� 
 
����µ6RUU\�–�,�GLGQ¶W�FDWFK�\RXU�QDPH¶�–�3DUNLQVRQ¶V�DQG�OHDUQLQJ�SURSHU�QRXQV� $XWKRUV��'U�6��%��*��0DF$QGUHZ��	�'U�7��2OLYHU� �'LYLVLRQ�RI�3V\FKRORJ\��6FKRRO�RI�6RFLDO�DQG�+HDOWK�6FLHQFHV��$EHUWD\�8QLYHUVLW\��'XQGHH��6FRWODQG��''���+* �6RFLDO�'LPHQVLRQV�RI�+HDOWK�,QVWLWXWH��8QLYHUVLW\�RI�'XQGHH��'XQGHH��6FRWODQG��''���+- 2EMHFWLYHV�DLPV��'R�SHRSOH�ZLWK�3DUNLQVRQ¶V�H[SHULHQFH�PRUH�GLIILFXOW\�OHDUQLQJ�QDPHV�WKDQ�WKHLU�W\SLFDOO\�DJHLQJ�SHHUV�DQG�\RXQJHU�SHRSOH"�,I�VR��ZKDW�VSHHFK�SURGXFWLRQ�PHFKDQLVP�DFFRXQWV�IRU�WKH�SKHQRPHQRQ"�:H�FRPSDUHG�QDPH�OHDUQLQJ�LQ�\RXQJ�DQG�ROGHU�DGXOWV�DQG�SHRSOH�ZLWK�3DUNLQVRQ¶V��/HDUQLQJ�QHZ�QDPHV�LQ�FKLOGUHQ�UHOLHV�LQ�SDUW�RQ�SKRQRORJLFDO�DZDUHQHVV�DQG�ZH�K\SRWKHVLVHG�WKLV�ZRXOG�DOVR�EH�WKH�FDVH�LQ�ROGHU�SHRSOH��3KRQRORJLFDO�SURFHVVLQJ�LV�FDUULHG�RXW�LQ�ZRUNLQJ�PHPRU\�ZKLFK�LV�DVVRFLDWHG�ZLWK�WKH�LQWHJULW\�RI�IURQWDO�DUHDV� 0HWKRGV��:H�FUHDWHG�QDPHV�XVLQJ�WKH�*HQHUDO�5HJLVWU\�RI�6FRWODQG�GDWDEDVH��$OO�WKUHH�JURXSV�OHDUQHG�SKRQR�ORJLFDOO\�IDPLOLDU��)UDVHU�+XQWHU��DQG�XQIDPLOLDU��(VWKHU�+DXJKWRQ��QDPHV�LQ�UHVSRQVH�WR�IDFHV�IURP�WKH�6WLUOLQJ�8QLYHU�VLW\�3V\FKRORJLFDO�,PDJH�GDWDEDVH��:H�SHUIRUPHG��[��$129$�IRU�JURXSV�DQG�QDPH�W\SH�ZLWK�WKH�GHSHQGHQW�YDULDEOH�RI�QXPEHU�RI�FRUUHFWO\�UHFDOOHG�QDPHV��:H�DVVHVVHG�GHJUHH�RI�IURQWDO�FKDQJH�XVLQJ�WKH�3V\FKROLQJXLVWLF�$VVHVVPHQW�RI�/DQJXDJH�3URFHVVLQJ�LQ�$SKDVLD�EDWWHU\�DQG�WKH�:LVFRQVLQ�&DUG�6RUW�7HVW��:H�SHUIRUPHG�FRUUHODWLRQV�ZLWK�WKHVH�YDULDEOHV�DQG�RXU�QDPH�OHDUQLQJ�VFRUHV� 5HVXOWV��3HRSOH�ZLWK�3DUNLQVRQ¶V�OHDUQHG�VLJQLILFDQWO\�IHZHU�ORZ�IUHTXHQF\�QDPHV�WKDQ�WKH�RWKHU�JURXSV��3HUIRU�PDQFH�FRUUHODWHG�ZLWK�GLJLW�VSDQ�RQ�WKH�3V\FKROLQJXLVWLF�$VVHVVPHQW�RI�/DQJXDJH�3URFHVVLQJ�EDWWHU\�DQG�SHUVHYHUD�WLRQ�RQ�WKH�:LVFRQVLQ�WHVW��&RQFOXVLRQV��3UREOHPV�LQ�QDPH�OHDUQLQJ�DUH�SURYRNHG�E\�GHFOLQH�LQ�SKRQRORJLFDO�DELOLW\�DQG�ZRUNLQJ�PHPRU\�SRVVLEO\�XQGHUVFRUHG�E\�FKDQJHV�LQ�IURQWDO�FLUFXLWU\�LQ�3DUNLQVRQ¶V� 
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