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3UHYDOHQFH�RI�RUDO�PDQLIHVWDWLRQV�LQ�SDWLHQW�ZLWK�6\VWHPLF�/XSXV�(U\WKHPDWRVXV��6/(���
=DKUD�=DNHUL�� %HK]DG�1DURXLH�� $OLUH]D�%DNKVKLSRXU�� -DYDG�6DUDEDGDQL�

���'HSDUWPHQW�RI�,QWHUQDO�0HGLFLQH��)DFXOW\�RI�0HGLFLQH��=DKHGDQ�8QLYHUVLW\�RI�0HGLFDO�6FLHQFHV��=DKHGDQ��,UDQ���*HQHUDO�3UDFWLWLRQHU��5HVHDUFKHU�RI�&OLQLFDO�5HVHDUFK�'HYHORSPHQW�&HQWHU��$OL�(EQH��$ELWDOHE��+RVSLWDO��=DKHGDQ�8QLYHUVLW\�RI�0HGLFDO�6FLHQFHV��=DKHGDQ��,UDQ����'HSDUWPHQW�RI��'HQWLVWU\��=DKHGDQ�8QLYHUVLW\�RI�0HGLFDO�6FLHQFHV��=DKHGDQ��,UDQ��&RUUHVSRQGLQJ�$XWKRU���%HK]DG�1DURXLH���0'����5HVHDUFKHU�RI�&OLQLFDO�5HVHDUFK�'HYHORSPHQW�&HQWHU���$OL�(EQH��$ELWDOHE��+RVSLWDO���=DKHGDQ�8QLYHUVLW\�RI��0HGLFDO�6FLHQFHV���=DKHGDQ�,UDQ��(PDLO���EBQDURXLH#\DKRR�FRP������7HOHID[���������B���������
$EVWUDFW����6\VWHPLF�/XSXV�(U\WKHPDWRVXV��6/(��LV�DQ�DXWRLPPXQH�GLVHDVH�WKDW�FKDUDFWHUL]HG�E\�SURGXFLQJ�ORWV�RI�DQWLERGLHV�� ����� SHUFHQW� RI� SDWLHQWV� KDYH� RUDO� OHVLRQV�� KRZHYHU� LQ� VRPH� VWXGLHV� UHSRUWHG� XS� WR� ��� SHUFHQW�� 7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�GHWHUPLQH�WKH�RUDO�PDQLIHVWDWLRQV�SUHYDOHQFH�LQ�SDWLHQW�ZLWK�6/(���,Q�WKLV�VWXG\����6/(�SDWLHQWV� DWWHQGLQJ� WR� =DKHGDQ� UKHXPDWRORJ\� FOLQLF� ZHUH� LQFOXGHG�� 6/(� SDWLHQW
V� PRXWKV� ZHUH� H[DPLQHG� XQGHU�DSSURSULDWH� OLJKW�E\� WRQJXH�EODGHV�DIWHU�D� UKHXPDWRORJLVW�FRQILUPDWLRQ��5HJDUGLQJ�TXHVWLRQQDLUHV�ZHUH�ILOOHG�RXW��$Q\�OHVLRQV�LQ�WKHVH�SDWLHQWV�ZHUH�UHFRUGHG�LQ�WKH�TXHVWLRQQDLUHV�DIWHU�RUDO�PHGLFLQH�VSHFLDOLVW�FRQILUPDWLRQ��7KHQ�QHFHVVDU\� WUHDWPHQWV� ZHUH� SHUIRUPHG�� ,Q� WKLV� VWXG\� ��� SDWLHQWV� ����PDOH�� �� IHPDOH�� ZLWK� WKH� 6/(� GLVHDVH� ZHUH�VHOHFWHG��ZLWK�WKH�DJH�UDQJH�RI�������\HDUV��������RI�SDWLHQWV�KDG�RUDO�OHVLRQV��7KH�PRVW�FRPPRQ�OHVLRQV�ZHUH�UHG�OHVLRQV�����������ZKLWH�OHVLRQV������������SLJPHQWDWLRQV�����������XOFHUV�����������DQJXODU�FKHLOLWLV����������DQG�ZKLWH�DQG�UHG�OHVLRQV����������������RI�SDWLHQWV�KDG�[HURVWRPLD��3RVWHULRU�DUHD�RI�KDUG�SDODWH�DQG�ORZHU�OLS�ZHUH�WKH�PRVW�LQYROYHG�VLWHV��7KHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�RUDO�PDQLIHVWDWLRQV�ZLWK�DJH��VH[�DQG�GXUDWLRQ�RI�GLVHDVH�DFWLYLW\��S!��������$V�RUDO�PDQLIHVWDWLRQV�DUH�RQH�RI�WKH�ILUVW�6/(�IHDWXUHV��LW�VKRZV�WKH�QHFHVVLW\�RI�PRXWK�IROORZ�XS�3K\VLFLDQ�H[DPLQDWLRQ�LQ�RUGHU�WR�HDUO\�GLDJQRVLV�DQG�EHWWHU�WUHDWPHQW�RI�RUDO�OHVLRQV�LQ�WKH�SDWLHQWV�ZLWK�6/(�GLVHDVH���>=DKUD� =DNHUL�%HK]DG1DURXLH�$OLUH]D%DNKVKLSRXU� DQG� -DYDG� 6DUDEDGDQL�� 3UHYDOHQFH� RI� RUDO�PDQLIHVWDWLRQV� LQ�SDWLHQW�ZLWK�6\VWHPLF�/XSXV�(U\WKHPDWRVXV��6/(����/LIH��6FL��-����������������������@���,661���������������� KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP� ����
�.H\ZRUGV��6\VWHPLF�OXSXV�HU\WKHPDWRVXV��RUDO�OHVLRQ��HSLGHPLRORJ\�
,QWURGXFWLRQ�6\VWHPLF� /XSXV� (U\WKHPDWRVXV� �6/(�� LV� SHUIHFW�H[DPSOH�RI�DXWRLPPXQH�GLVHDVH�ZKLFK�LV�FKDUDFWHUL]HG�E\�SURGXFLQJ�ORWV�RI�DQWLERGLHV���������RI�OXSXV�FDVHV�RFFXU�EHIRUH�DJH�RI�����ZKLOH�WKH�KLJKHVW�SUHYDOHQFH�RI�WKLV� GLVHDVH� LV� EHWZHHQ� DJHV� RI� ��� WR� ���� 6/(�PRVWO\�RFFXUV� LQ�ZRPHQ�EXW� LW� LV�PRUH�SUHYDOHQW� LQ�EODFNV�����,WV�SUHYDOHQFH�LV�����SHUFHQW�LQ�WKH�ZRUOG�����,Q����WR����SHUFHQW�RI�FDVHV��D�SDUWLFXODU�PRGHO�RI�%HHFK�EXWWHUIO\�SDWWHUQ�DSSHDUV�LQ�QRVH�DQG�FKHHNV�RI�SDWLHQWV�LQ�ZKLFK�H[SRVXUH� WR� VXQOLJKW� PD\� ZRUVHQ� OHVLRQV� LQ� WKHVH�DUHDV����� � %ORRG�� OLYHU� DQG� NLGQH\� IDLOXUH� DQG� KHDUW�GLVHDVH�LV�DOPRVW�SUHYDOHQW�LQ�WKLV�GLVHDVH�WRR��$OWKRXJK�VRPH� VWXGLHV� KDYH� VKRZQ� ��� SHUFHQW� RI� RUDO� OHVLRQ¶V�RFFXUUHQFH�LQ�6/(�SDWLHQWV��RUDO�OHVLRQV�RFFXU�XS�WR���WR����SHUFHQW�LQ�6/(�SDWLHQWV�����6/(�FDXVHV�PRXWK�XOFHUV�RU� QDVRSKDU\Q[�� ZKLFK� XVXDOO\� FDXVH� QR� SDLQ�DIWHUZDUGV����� /HVLRQV� JHQHUDOO\� LQYROYH� KDUG� DQG� VRIW�SDODWH�� EXFFDO� PXFRVD� DQG� JLQJLYD� �� ,QYROYHPHQW� RI�ORZHU� OLS� YHUPLOLRQ� DUHDV�PLJKW� VRPHWLPHV� RFFXU� WRR��

2WKHU� RUDO� SUREOHPV� KDG� EHHQ� H[SODLQHG� EHIRUH��LQFOXGLQJ� [HURVWRPLD�� VWRPDWRG\QLD�� FDQGLGLDVLV��SHULRGRQWDO� GLVHDVH�� EXW� GLUHFW� DVVRFLDWLRQ� RI� WKHVH�SUREOHPV�ZLWK�6/(�LV�QRW�FOHDU�\HW������'/(� LV� GLVFRLG� W\SH� RI� OXSXV� HU\WKHPDWRVXV�� ZKLFK�RFFXU� LQ� DSSUR[LPDWHO\� ����RI�SDWLHQWV�ZLWK�6/(� DQG�FRXOG� OHDG� WR� GLVILJXUHPHQW� RI� SDWLHQW�� EHFDXVH� LWV�OHVLRQV�KDYH� FHQWUDO� DWURSK\�DQG�VFDUULQJ��ZKLFK�FRXOG�EH�UHFRJQL]HG�E\�DQ�HU\WKHPDWRXV�OHDGLQJ�HGJH��VFDOLQJ�DQG� WHODQJLHFWDVLD��7KHVH� OHVLRQV�RFFXU� LQ� VXQ�H[SRVHG�DUHDV�RI�ERG\��VFDOS��HDUV��IDFH��EDFN��FKHVW�DQG�VSHFLILF�DUHDV� RI� WKH� DUPV� ±ZKLFK� DUH� H[SRVHG� WR� VXQ�� '/(�OHVLRQV� FDQ� FDXVH� UHGQHVV�� DWURSK\�DQG�GHSLJPHQWDWLRQ�RI�OLSV��:KLOH�����RI�SDWLHQWV�ZLWK�6/(�KDYH�'/(�WRR��RQO\�����RI�6/(�SDWLHQWV�ZRXOG�ODWHU�GHYHORS�6/(�����'HQWLVWV�VKRXOG�EH�PRUH�FDUHIXO�LQ�WUHDWPHQW�RI�SDWLHQWV�ZLWK� 6/(�� EHFDXVH� RQ� RQH� KDQG� VRPH� VSHFLILF� ERG\�PHPEHUV�ZRXOG�EH�DIIHFWHG�LQ�WKLV�GLVHDVH��ZKLFK�QHHGV�WR� EH� VSHFLILFDOO\� REVHUYHG� EHIRUH� DQG� DOVR� GXULQJ�WUHDWPHQW��2Q�WKH�RWKHU�KDQG�RUDO�PDQLIHVWDWLRQV��ZKLFK�
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DUH�RQH�RI�V\PSWRPV�RI�LGHQWLI\LQJ�WKLV�GLVHDVH��QHHG�WR�EH�IXOO\�GLDJQRVHG�WRR��7KLV�LV�GXH�WR�WKH�IDFW�WKDW�VRPH�RUDO� OHVLRQV� DUH� YHU\� VLPLODU� WR� OLFKHQ� SODQXV¶V� RQH��0RUHRYHU��RUDO�XOFHUV�LQ�SDWLHQWV�ZLWK�OXSXV�VRPHWLPHV�LPSRVH� VSHFLILF� GLHW�� )XUWKHUPRUH�� VRPH� SDWLHQWV�LQLWLDOO\� YLVLW� GRFWRUV� IRU� RUDO� OHVLRQV� ZKLFK�VXEVHTXHQWO\� QHHG� IXUWKHU� FRQVXOWDWLRQ� LQ� RUGHU� WR� EH�GLDJQRVHG�FRUUHFWO\��7KHUHIRUH��LQ�RUGHU�WR�DFKLHYH�WKLV�JRDO��ZH�GHWHUPLQHG�WR�WDNH�DQ�HIIHFWLYH�VWHS�LQ�SURFHVV�RI�GLDJQRVLV�DQG�WUHDWPHQW�RI�WKLV�GLVHDVH�E\�H[DPLQLQJ�PRXWKV� RI� SDWLHQWV� ZKR� YLVLWHG� SULYDWH� FOLQLF� RI�UKHXPDWRORJ\�LQ�FLW\�RI�=DKHGDQ����
0DWHULDO�DQG�PHWKRGV�7KLV� VWXG\� LV� W\SLFDOO\� FURVV�VHFWLRQDO� VWXG\� RU�GHVFULSWLYH�VWXG\��,W�ZDV�FDUULHG�RXW�RQ�DOO�SDWLHQWV�ZLWK�OXSXV� HU\WKHPDWRVXV� ZKHWKHU� 6/(� RU� '/(�� ZKR� ZHUH�DGPLWWHG�WR�SULYDWH�UKHXPDWRORJ\�FOLQLF�LQ�=DKHGDQ�FLW\��IURP� EHJLQQLQJ� RI� -DQXDU\� ����� ������� XQWLO� HQG� RI�-XQH��������������/XSXV�GLDJQRVLV�LQ�WKHVH�SDWLHQWV�ZDV�EDVHG�RQ�FULWHULD�DSSURYHG�E\�UKHXPDWRORJ\¶V�VSHFLDOLVW�RI�$PHULFDQ�FROOHJH�RI�5KHXPDWRORJ\��$&5�� LQ�������$ VSHFLDO�IRUP�ZDV�SUHSDUHG�IRU�SDWLHQWV�DQG�WKHQ�ZDV�FRPSOHWHG��3HUVRQDO�LQIRUPDWLRQ�RI�HDFK�RQH�RI�SDWLHQWV�ZLWK� OXSXV� HU\WKHPDWRVXV� ZKHWKHU� 6/(� RU� '/(� ZDV�ILOOHG� RXW� LQ� TXHVWLRQQDLUH� IRUP�� 3HUVRQDO� LQIRUPDWLRQ�ZKLFK�ZDV�UHFRUGHG�LQFOXGHG��DJH��VH[��PHGLFDO�KLVWRU\��LOOQHVV� GXUDWLRQ�� DQG� PHGLFDWLRQV� XVHG� IRU� WUHDWPHQW��2UDO� OHVLRQV�ZHUH�GLDJQRVHG�EDVHG�RQ�FOLQLFDO� IHDWXUHV�DV�ZHOO�DV�GLDJQRVLV�RI�VSHFLDOLVWV�LQ�RUDO�GLVHDVHV��2UDO�PXFRVD¶V�H[DPLQDWLRQV�RI�SDWLHQWV�ZHUH�SHUIRUPHG�ZLWK�KHOS�RI�D�PLUURU�WKURXJK�DSSURSULDWH�OLJKW��,Q�WKLV�VWXG\��LQ�RUGHU�WR�GHWHUPLQH�SUHYDOHQFH�RI�RUDO�OHVLRQV�LQ�OXSXV�HU\WKHPDWRVXV� ZKHWKHU� 6/(� RU� '/(� EDVHG� RQ�FODVVLILFDWLRQ� PDGH� LQ� UHIHUHQFH� ERRNV�� OHVLRQV� ZHUH�FODVVLILHG�DQG�UHYLHZHG�DV�IROORZV���([RSK\WLF� OHVLRQV�� DQ\� SDWKRORJLFDO� JURZWK� EH\RQG�QDWXUDO� OLPLWV� RI� RUDO� PXFRVDO� VXUIDFHV� ZRXOG� EH�FRQVLGHUHG�DV�H[RSK\WLF�OHVLRQ����1RQ�ZHDU�RII�ZKLWH� OHVLRQ�� LW� LV� D�ZKLWH� OHVLRQ�ZKLFK�ZRXOG� QRW� ZHDU� RII� E\� VFUXEELQJ�� ,W� LV� LQ� VKDSH� RI�H[RSK\WLF�ZKLWH�SODTXHV�ZLWK�LUUHJXODU�VKDSHV�RU�VLOYHU\�ZKLWH� VFDUV� ZKLFK� LV� IRUPHG� EHFDXVH� RI� LQFUHDVHG�SURGXFWLRQ� RI� NHUDWLQ� �K\SHUNHUDWRVLV�� RU� DEQRUPDO�EHQLJQ�WKLFNHQLQJ�RI�VWUDWXP�VSLQRVXP��DFDQWKRVLV���DQG�LQWHUFHOOXODU� DQG� H[WUDFHOOXODU� DFFXPXODWLRQ�RI� IOXLG� LQ�RUDO�HSLWKHOLXP����5HG� OHVLRQV�� DQ\� OHVLRQ�ZLWK� UHG� YHOYHW� IHDWXUH�ZKLFK�FRXOG� EH� LQVHSDUDEOH� IURP� QRUPDO� WLVVXH�� LW� LV� IRUPHG�EHFDXVH� RI� HSLWKHOLXP� DWURSK\� RU� LQFUHDVLQJ� DQG�VFKRODUR]DWLRQ����

:KLWH� DQG� UHG� OHVLRQV�� DQ\� OHVLRQ� LQ� UHG� DQG� ZKLWH�FRORU� ZKLFK� FRXOG� EH� VHSDUDEOH� IURP� VXUURXQGLQJ�QRUPDO�WLVVXH��*URRYHV�DQG� ILVVXUHV��$Q\�JDSV�RU�FUDFNV�RU�GHQWV� LQ�WLVVXH�WKDW�KDG�EHHQ�IRUPHG�SDWKRORJLFDOO\���,QMXU\�� D� OHVLRQ� ZLWK� HU\WKHPDWRVXV� FRQWH[W� LQ� ZKLFK�HSLWKHOLXP� FRQWLQXLW\� KDG� GHVWUR\HG� FRPSOHWHO\� DQG�OHVLRQ�KDG�SHQHWUDWHG�LQWR�FRQQHFWLYH�WLVVXH�GHHSO\���+DUG� SDODWH� LQFOXGHV� UXJDH� DQG� SRVWHULRU� SDODWH�� VRIW�SDODWH�� /LS� LQFOXGHV� XSSHU� OLS� DQG� ORZHU� OLS�� 7RQJXH�LQFOXGHV�GRUVDO�VXUIDFH� ��VLGH�DQG�XQGHUVLGH�RI� WRQJXH��ULJKW� DQG� OHIW� EXFFDO� PXFRVD�� � 'HSWK� RI� YHVWLEXOH�LQFOXGHV�XSSHU�DQG�ORZHU�MDZ��*LQJLYD�LQFOXGHV�EXFFDO�DQG�OLQJXDO�DQG�ERWWRP�RI�PRXWK��'DWD�ZHUH�DQDO\]HG�E\�XVLQJ�VWDWLVWLFDO�VRIWZDUH�6366����DIWHU�H[WUDFWLRQ�RI�TXHVWLRQQDLUH�IRUPV��7KHQ�UHVXOWV�ZHUH� UHSRUWHG� DV� FHQWUDO� DQG� GLVSHUVLRQ� VWDWLVWLFDO�LQGH[HV�� ;� WHVWV� ZDV� XVHG� IRU� DQDO\]LQJ� GDWD� DQG�S������ZHUH�FRQVLGHUHG�VLJQLILFDQW����5HVXOWV�,Q� WKLV� VWXG\�� ��� SDWLHQWV�� ZKR� ZHUH� UHIHUUHG� WR�UKHXPDWRORJ\�FOLQLF�LQ�FLW\�RI�=DKHGDQ��ZHUH�H[DPLQHG�GXULQJ�ZLQWHU� RI� ����� WLOO� ODWH� VSULQJ� RI� ������2XW� RI�WKHVH�SDWLHQWV����������RI�WKHP�ZHUH�PHQ�DQG����������RI� WKHP� ZHUH� ZRPHQ�� ZKR� ZHUH� ��� WR� ��� \HDUV� ROG��7KHLU�PHDQ�DJH�ZDV��������7KH\�ZHUH�GLYLGHG�LQWR�WKUHH�JURXSV� DV� IROORZV�� XQGHU� ��� \HDUV�� EHWZHHQ� ��� WR� ���\HDUV� ROG� DQG� RYHU� ��� \HDUV�� 2XW� RI� ��� SDWLHQWV� ZLWK�6/(�����SDWLHQWV����������KDG�RUDO�SUHVHQWDWLRQV�DQG����SDWLHQWV���������KDG�QR�RUDO�SUHVHQWDWLRQV��7KHUH�ZHUH�RQH�RU�PRUH�WKDQ�RQH�RUDO�SUHVHQWDWLRQV�LQ����SDWLHQW�RI�ZKR�KDG�RUDO�SUHVHQWDWLRQV�� ,Q�SRSXODWLRQ�XQGHU� VWXG\��PRVW� SUHYDOHQW� OHVLRQV� ZHUH� LQ� JURXS� RI� SDWLHQWV� ZKR�ZHUH�EHWZHHQ���� WR����\HDUV�ROG��ZKLFK�ZDV������EXW�VWDWLVWLFDO� WHVWV� VKRZQ� QR� VLJQLILFDQW� UHODWLRQVKLS�EHWZHHQ�DJH�DQG�RUDO�OHVLRQV��S ������7DEOH������7DEOH� ��IUHTXHQF\� GLVWULEXWLRQ� RI� DJH� JURXSV� DQG� LWV�UHODWLRQVKLS�ZLWK�RUDO�SUHVHQWDWLRQV�LQ�6/(�SDWLHQWV�ZKR�ZHUH� UHIHUUHG� WR� SULYDWH� UKHXPDWRORJLVWV� LQ� FLW\� RI�=DKHGDQ�LQ������DQG�������
DJH� 2UDO�SUHVHQWDWLRQ� VXP�
�SHUFHQW�� KDYH� +DYH�QRW� �SHUFHQW��
%HORZ� ���\HDUV�ROG� ������ ������ �������
%HWZHHQ���� WR� ���\HDUV�ROG�

���������� ���������� ���������
2YHU� ���\HDUV�ROG� �������� �������� ���������
VXP� ���������� ���������� ���������
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,Q� ILHOG� RI� UHODWLRQVKLS� RI� VH[� ZLWK� RUDO� SUHVHQWDWLRQV��RXW�RI����SDWLHQWV�ZLWK�RUDO�SUHVHQWDWLRQV����PDOHV�DQG����IHPDOHV�KDG�RUDO�SUHVHQWDWLRQV��WKDW�EDVHG�RQ�[�WHVWV�QR�VLJQLILFDQW�UHODWLRQVKLS�EHWZHHQ�VH[�DQG�LQFLGHQFH�RI�RUDO�OHVLRQV�ZHUH�REVHUYHG��S �������WDEOH������7DEOH� �� IUHTXHQF\� GLVWULEXWLRQ� RI� VH[� DQG� LWV�UHODWLRQVKLS�ZLWK�RUDO�SUHVHQWDWLRQV�LQ�6/(�SDWLHQWV�ZKR�ZHUH� UHIHUUHG� WR� SULYDWH� UKHXPDWRORJLVWV� LQ� FLW\� RI�=DKHGDQ�LQ������DQG�������
6H[�� 2UDO�SUHVHQWDWLRQV� 6XP��SHUFHQW��KDYH� +DYH�QRW�
)HPDOH��SHUFHQW�� ���������� ���������� ���������
0DOH��SHUFHQW�� �������� �������� �������
6XP��SHUFHQW�� ���������� ���������� ���������

7DEOH��� VKRZV� UHODWLRQVKLS� EHWZHHQ� RUDO� SUHVHQWDWLRQV�DQG� WLPH� SDVVHG� VLQFH� EHJLQQLQJ� RI� /XSXV� GLVHDVH��ZKLFK�LV�GLYLGHG�LQWR���JURXSV�DV�IROORZV��7LPH�SDVVHG�VLQFH�EHJLQQLQJ�RI�GLVHDVH�ZDV� OHVV� WKDQ����PRQWKV� LQ�ILUVW� JURXS�� ������ PRQWKV� LQ� VHFRQG� JURXS� DQG� PRUH�WKDQ� ��� PRQWKV� LQ� WKLUG� JURXS�� 5HVXOWV� VKRZHG� QR�VLJQLILFDQW� DVVRFLDWLRQ� EHWZHHQ� RUDO� SUHVHQWDWLRQV� DQG�WLPH�SDVVHG�VLQFH�EHJLQQLQJ�RI�/XSXV�GLVHDVH��S��������7KRVH�SDWLHQWV�ZLWK�[HURVWRPLD�ZHUH�H[DPLQHG�WRR��2XW�RI� ��� SDWLHQWV� ZLWK� 6/(�� ��� �������� SDWLHQWV� KDG�[HURVWRPLD�DQG������������SDWLHQWV�KDG�QRW�[HURVWRPLD��7KH� PRVW� SUHYDOHQW� OHVLRQV� UHJLRQV� ZHUH� UHSRUWHG� LQ�SRVWHULRU�KDUG�SDODWH����������DQG�ORZHU�OLSV�����������2WKHU�UHJLRQV�ZHUH�DV�IROORZV��� ��VRIW�SDODWH������ULJKW�FKHHN������OHIW�FKHHN������EXFFDO�JLQJLYD������OLQJXDO�JLQJLYD����±�VLGH�DQG�6XE�OLQJXDO������XSSHU�OLS�2XW� RI� ��� SDWLHQWV� GLDJQRVHG� ZLWK� RUDO� OHVLRQV�� PRVW�GLDJQRVHG� RUDO� OHVLRQV� ZHUH� ��� FDVHV� RI� UHG� OHVLRQV����������DQG����FDVHV�RI�ZKLWH�OHVLRQV����������DQG����FDVHV� RI� SLJPHQWDWLRQ� ����������1R� H[RSK\WLF� OHVLRQV�ZHUH� UHSRUWHG�� ,Q�ZKLWH� OHVLRQV�� WKH�KLJKHVW� RQHV�ZHUH�QXPEHU� RI� NHUDWRVLV� SODTXHV� �K\SHU� NHUDWLQL]DWLRQ�������� �7DEOH���� DQG� LQ� UHG� OHVLRQV�� KLJKHVW� RQHV�ZHUH�HURVLRQ�������Q� �����DQG�RWKHU�RQHV�ZHUH�PXOWL�IRUPHG�HU\WKHPD����

7DEOH��� IUHTXHQF\�GLVWULEXWLRQ�RI�WLPH�VLQFH�EHJLQQLQJ�RI�GLVHDVH�DQG�LWV�UHODWLRQVKLS�ZLWK�RUDO�SUHVHQWDWLRQV�LQ�6/(� SDWLHQWV� ZKR� ZHUH� UHIHUUHG� WR� SULYDWH�UKHXPDWRORJLVWV�LQ�FLW\�RI�=DKHGDQ�LQ������DQG�������
WLPH� VLQFH�EHJLQQLQJ�RI�GLVHDVH�

2UDO�3UHVHQWDWLRQV� 6XP��SHUFHQW��+DYH��SHUFHQW�� +DYH�QRW��SHUFHQW��
�����PRQWKV��SHUFHQW�� ���������� ���������� ���������
������PRQWKV��SHUFHQW��

���������� �������� ���������
2YHU� ���PRQWKV��SHUFHQW��

���������� �������� ���������
6XP��SHUFHQW�� ���������� ���������� ���������

7DEOH��� IUHTXHQF\�GLVWULEXWLRQ�RI�ZKLWH�OHVLRQV�W\SHV�LQ�6/(� SDWLHQWV� ZKR� ZHUH� UHIHUUHG� WR� SULYDWH�UKHXPDWRORJLVWV�LQ�FLW\�RI�=DKHGDQ�LQ������DQG�������
ZKLWH�OHVLRQV�IUHTXHQF\� 1R��SHUFHQW��
/LQHD�$OED� �������
+\SHU�NHUDWLQL]DWLRQ�� ������
/LFKHQ�3ODQXV�� ��������
&DQGLGLDVLV� ��������
6XP� ���������

'LVFXVVLRQ��,Q� WKLV� VWXG\�RI� ���SDWLHQWV�ZLWK�/XSXV�(U\WKHPDWRVXV�DGPLWWHG� WR� D� SULYDWH� FOLQLF� 5KHXPDWRORJ\� LQ� FLW\� RI�=DKHGDQ��ZKR�DOO�KDG�6/(�����DSWLHQWV���������KDG�RUDO�OHVLRQV�LQ�ZKLFK����SDWLHQWV�RI�WKHP�KDG�WZR�RUDO�OHVLRQ��,Q�WRWDO����OHVLRQV���������ZHUH�GLDJQRVHG��������RUDO�OHVLRQV� LQ� WKLV� VWXG\� ZHUH� VLPLODU� WR� VWXG\� GRQH� E\�&KDYDUULD�LQ������LQ�ZKLFK����SHUFHQW�RUDO�OHVLRQV�ZHUH�UHSRUWHG�����0RUHRYHU��RXU�VWXG\�LV�YHU\�VLPLODU�WR�VWXG\�RI�0��6FKLRGW�LQ������LQ�ZKLFK����SDWLHQWV�ZLWK�/XSXV�ZHUH� H[DPLQHG� DQG� ���� RI� SDWLHQWV� ZHUH� UHSRUWHG�KDYLQJ� RUDO� OHVLRQV�� WKDW� PRVW� RI� OHVLRQV� ZHUH� OLFKHQ�SODQQXV� DQG� ORFR� SODQQXV�� 3UHYDOHQW� UHJLRQ� RI� OHVLRQV�
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ZHUH� LQ� EXFFDO� PXFRVD�� JLQJLYD� DQG� ORZHU� OLS�YHUPLOLRQ������,Q�VWXG\�RI�-RKQVRQ�5KGXV�ZKLFK�ZDV�GRQH�LQ����������PRXWKV� RI� SDWLHQW� ZLWK� /XSXV� ZHUH� H[DPLQHG� DQG�DQDO\]HG��,Q� WKLV�VWXG\��RUDO� OHVLRQV� LQ�����RI�SDWLHQWV�LQYROYHG� LUUHJXODU� H[RSK\WLF�ZKLWH� SODTXHV� DQG� VLOYHU\�ZKLWH�VFDUV�DQG�XOFHUV�DQG�KHPRUUKDJH��5HJLRQV�ZKHUH�WKHVH�OHVLRQV�RFFXUUHG�ZHUH�LQ�VRIW�DQG�KDUG�SDODWH�DQG�EXFFDO� PXFRVD�� UHVSHFWLYHO\�� 'LVSHUVLRQ� RI� OHVLRQV¶�UHJLRQV� ZDV� WKH� VDPH� DV� RXU� VWXG\�� $OWKRXJK� LQ� WKLV�VWXG\�[HURVWRPLD�ZHUH�UHSRUWV������������LQ�RXU�VWXG\�[HURVWRPLD� ZHUH� ORZHU�� L�H�� ������ ����� 3UREDEO\�� WKLV�ORZHU�UHSRUWHG�QXPEHU�RI�[HURVWRPLD�LQ�RXU�VWXG\�ZDV�GXH� WR� ODFN� RI� XVLQJ� PHWKRGV� IRU� GLDJQRVLQJ� SDWLHQWV�ZLWK� [HURVWRPLD�� LQYROYLQJ� VSHFLILF� GLDJQRVWLF� WHVWV�RI�[HURVWRPLD�� EHFDXVH� GLDJQRVLV� RI� [HURVWRPLD� LQ� RXU�VWXG\� ZDV� MXVW� EDVHG� RQ� VHOI�UHSRUWHG� VWDWHPHQWV��0RUHRYHU��ERWK�W\SHV�RI�PHGLFDWLRQV�DV�ZHOO�DV�W\SHV�RI�SDWLHQWV¶� GLHWV� LQIOXHQFHG� RFFXUUHQFH� RI� [HURVWRPLD��0HDQZKLOH�� D� QXPEHU� RI� SDWLHQWV� ZHUH� QRW� DZDUH� RI�WKHLU�[HURVWRPLD�DQG�LW�VKRXOG�EH�QRWHG�WKDW�GLDJQRVLV�RI�[HURVWRPLD�ZDV�MXVW�EDVHG�RQ�VHOI�UHSRUWHG�VWDWHPHQWV���7KH� KLJKHVW� SUHYDOHQFH� RI� RUDO� SUHVHQWDWLRQV� LQ� WKLV�VWXG\�ZHUH�HURVLRQ��K\SHUNHUDWRVLV��� NHUDWRVLV� SODTXHV�� SLJPHQWDWLRQ� DQG� RUDO� DSKWKRXV��7KHVH�SUHVHQWDWLRQV�ZHUH�REVHUYHG�LQ�SUHYDOHQW�RUGHU�LQ�KDUG� SDODWH�� VRIW� SDODWH� DQG� ORZHU� OLS� YHUPLOLRQ��'LVSHUVLRQ� RI� OHVLRQ¶V� UHJLRQV� LV� VLPLODU� WR� DERYH�PHQWLRQHG� VWXG\� DV� ZHOO� DV� -�'�� 8UPDQ� VWXG\�� -�'��8UPDQ� VWXGLHG� ���� SDWLHQWV� ZLWK� /XSXV� LQ� ����� LQ�ZKLFK� DOWKRXJK� SUHYDOHQFH� RI� RUDO� OHVLRQV� ZHUH� ORZHU�WKDQ� RXU� VWXG\� ������� ���� SHUFHQW� RI� SDWLHQWV� KDG�OHVLRQV� LQ� WKHLU� KDUG� SDODWH����� )XUWKHUPRUH�� 8UPDQ�VWXGLHG� ��� SDWLHQWV� ZLWK� /XSXV� LQ� ����� LQ� ZKLFK� KH�UHSRUWHG� RUDO� OHVLRQV� LQ� ���� RI� SDWLHQWV�� 2XW� RI� WKLV������ ���� RI� OHVLRQV� ZHUH� TXDVL� OLFKHQ� SODQXV�� 7KHVH�OHVLRQV� ZHUH� PRVWO\� RFFXUUHG� LQ� KDUG� SDODWH�� PXFXV�EXFFDO��JLQJLYDO� WLVVXH��ZKLFK�ZDV�VLPLODU� WR�RXU� VWXG\�LQ�WKLV�UHJDUG�������,Q�FRQWUDVW�ZLWK�RXU�VWXG\��D�VWXG\�ZDV�SHUIRUPHG�E\�.��-DUDOOK�LQ�ZKLFK�����SDWLHQWV�ZLWK�/XSXV�ZHUH�VWXGLHG�LQ�D SDVW�RULHQWHG�ZD\��+H�UHSRUWHG� WKDW�RUDO�OHVLRQV�ZHUH����� ZKLFK� LQYROYHG� HU\WKHPD� DQG� K\SHUNHUDWRVLV� LQ�PXFXV�DQG�EXFFDOPXFRVD������0RUHRYHU�� QXPEHU� RI� RUDO� OHVLRQV� LQ� RXU� VWXG\� ZHUH�PRUH� WKDQ� VWXG\� GRQH� E\�0�$��1D]DULQLD� LQ� 6KLUD]� LQ������LQ�ZKLFK�SUHYDOHQFH�RI�RUDO�OHVLRQV�ZHUH�UHSRUWHG�LQ� ���� RI� SDWLHQWV������ )XUWKHUPRUH�� LQ� D� VWXG\�SHUIRUPHG�E\�&�$��9LOODPLQ�RQ�3KLOLSSLQH�SDWLHQWV�ZLWK�/XSXV� LQ� ������ RUDO� OHVLRQV¶� SUHYDOHQFH� ZDV� UHSRUWHG�����������6�9�� /RXUHQFR� HW� DO� UHSRUWHG� RUDO� OHVLRQV¶� SUHYDOHQFH����WR�����LQ�SDWLHQWV�ZLWK�/XSXV�LQ�����������&RPSDULQJ� ILQGLQJV� RI� WKLV� VWXG\� DERXW� RUDO� OHVLRQ¶�SUHYDOHQFH� ZLWK� RWKHU� VWXGLHV� VKRZHG� GLIIHUHQW� DQG�VRPHWLPHV�VLPLODU�UDWH�RI�SUHYDOHQFH��,Q�WKLV�VWXG\��PRVW�

RI� RUDO� OHVLRQV¶� SUHYDOHQFH� ZDV� UHODWHG� WR� UHG� OHVLRQV��ZKLWH�OHVLRQV�DQG�SLJPHQWDWLRQ�LQ�ZKLFK�PRVW�RI�WKHVH�SHRSOH� ZHUH� QRW� DZDUH� RI� OHVLRQV� LQ� WKHLU� PRXWKV��$OPRVW� KDOI� QXPEHU� RI� SDWLHQWV� FRPSODLQHG� IURP�[HURVWRPLD� WKDW� FRXOG� EH� UHVXOW� RI� XVLQJ� PHGLFDWLRQV�OLNH� QHUYHV� PHGLFDWLRQV� VXEVHTXHQWO\� �RU� DIWHU�[HURVWRPLD��� ZKR� KDG� QXPHURXV� RUDO� FDYLWLHV��OHVLRQV������%XW� RI�FRXUVH� UHODWLRQVKLSV�RI� WKLV� GLVHDVH�ZLWK� RWKHU� OHVLRQV� VXFK� DV� FDQGLGLDVLV� DQG� VLPLODU�FOLQLFDO�OHVLRQV�OLNH�OLFKHQ�SODQXV�DQG�OHXNRSODQXV�ZLWK�/XSXV�VKRXOG�EH�LGHQWLILHG�WRR���0HDQZKLOH�PRVW� RI� QHZ� SDWLHQWV�ZLWK� /XSXV� KDG� RUDO�SUHVHQWDWLRQV� DQG� RWKHUV� ZKR� KDG� QRW� RUDO� OHVLRQV�DQQRXQFHG� WKDW� WKH\� KDG� QR� RUDO� OHVLRQV� EHIRUH� WKH\�EHJDQ�WR�XVH�PHGLFDWLRQV��2XU�OLPLWDWLRQV�DQG�FRQVWUDLQV�LQ�WKLV�VWXG\�ZDV�WKDW�ZH�ZHUH�QRW�DEOH�WR�VWXG\�DOO�SDWLHQWV�ZLWK�/XSXV�ZKR�KDG�EHHQ� GLDJQRVHG� ERWK� LQ� FKURQLF� DQG� QHZ� FDVHV�� 6LQFH�LPSDLUPHQW� LQ� LPPXQH� V\VWHP� DQG� XVLQJ� PHGLFDWLRQV�ZKLFK� ZHDNHQV� LPPXQH� V\VWHP�� DUH� LPSRUWDQW� IDFWRUV�IRU� RFFXUUHQFH� RI� RUDO� OHVLRQV� LQ� SDWLHQWV� ZLWK�/XSXV������DQG�RQ� WKH�RWKHU�KDQG�PRVW� RI�RUDO� OHVLRQV�UHDFW� WR� WUHDWPHQW� ZLWK� VWHURLGDO� DQWL�LQIODPPDWRU\�PHGLFDWLRQV��WKHQ�LW�PLJKW�EH�SRVVLEOH�WKDW�ODFN�RI�RUDO�OHVLRQV� LQ� VRPH� SDWLHQWV� FRXOG� EH� UHVXOW� RI� XVLQJ� DQWL�LQIODPPDWRU\�DQG�UKHXPDWRLG�PRGXODWRUV��7KHUHIRUH��LW�PLJKW�EH�SRVVLEOH�WKDW�WKHVH�UHSRUWHG�VWDWLVWLFV�DUH�HYHQ�ORZHU�WKDQ�DFWXDO�QXPEHU�RI�RUDO�OHVLRQV���2WKHU�VKRUWFRPLQJ�RI�RXU�VWXG\�ZDV�ODFN�RI�LGHQWLI\LQJ�UHODWLRQVKLS�EHWZHHQ�RUDO� OHVLRQV� DFFRUGLQJ� WR� VHYHULW\�RI�GLVHDVH�DFWLYLW\��6LQFH�LQ�D�QXPEHU�RI�VWXGLHV�UHODWLRQVKLS�RI�RUDO�OHVLRQV�ZLWK� LQFLGHQFH� RI� VRPH� FRPSOLFDWLRQV� VXFK� DV� OXSXV�QHSKULWLV� KDYH� EHHQ� UHSRUWHG�����,QYHVWLJDWLQJ�UHODWLRQVKLS� EHWZHHQ� RUDO� OHVLRQV� DQG� RWKHU� V\VWHPDWLF�SUHVHQWDWLRQV�� VSHFLILFDOO\� VNLQ� OHVLRQV�� FRXOG� EH�HIIHFWLYH�LQ�SUHGLFWLQJ�SURFHGXUH�RI�WKLV�GLVHDVH������2WKHU� VKRUWFRPLQJ� RI� RXU� VWXG\�� WKDW� QHHGHG� LQYDVLYH�PHDVXUHV� WR� EH� WDNHQ�� LQYROYHG� QRQ�SHUIRUPDQFH� RI�ELRSV\� RQ� RUDO� OHVLRQV� DQG� ODFN� RI� XVLQJ� KLVWRORJLFDO��LPPXQRIOXRUHVFHQFH��LPPXQRKLVWRFKHPLFDO�WHFKQLTXHV�WR�GHWHUPLQH�QDWXUH�RI�RUDO� OHVLRQV�DFFXUDWHO\��%HFDXVH�EDVHG�RQ�VRPH�KLVWRORJLFDO�VWXGLHV�� WKHVH�OHVLRQV�FRXOG�FKDQJH� FULWHULD�� ZKLFK� DUH� MXVW� RUDO� XOFHUV�� IRU�GLDJQRVLQJ�/XSXV�RUDO�OHVLRQV������
�&RQFOXVLRQ�7KHUHIRUH� LW� LV� UHFRPPHQGHG� WKDW� VLQFH� PXFXV� VNLQ�OHVLRQV� DUH� RUDO� SUHVHQWDWLRQV� RI� SUHYDOHQW� RQHV�� DQG�FRXOG�DOVR�EH�LQLWLDO�V\PSWRPV�RI�RFFXUUHQFH�RI�GLVHDVH�DQG� DOVR� UHSUHVHQWDWLYH� RI� XQGHUO\LQJ� V\VWHPDWLF�VLWXDWLRQ�� WKHQ� GHQWLVWV� DQG� GRFWRUV� VKRXOG� EH� PRUH�FDUHIXO� LQ� H[DPLQLQJ� PRXWKV� RI� SDWLHQWV� ZLWK� QRQ�VSHFLILF�FRPSODLQWV��DQG�LI�WKH\�IRXQG�RUDO�OHVLRQV��PDNH�VXUH� WR� PDNH� DZDUH� SDWLHQWV� RI� LPSRUWDQFH� RI� WKHVH�OHVLRQV� DQG� EH� SHUVXDVLYH� RI� RWKHU� V\PSWRPV� RI� WKLV�
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GLVHDVH��7KHUHE\�DQ�HIIHFWLYH�VWHS�LV�WDNHQ�LQ�SURFHGXUH�RI�HDUO\�GLDJQRVLV�DV�ZHOO�DV�LQ�WLPH�WUHDWPHQW�RI�/XSXV�GLVHDVH�ZKLFK�SUHYHQWV�LQYDVLYH�GLDJQRVLV�PHDVXUHV�DQG�DOVR� LPSRVHG� DGGLWLRQDO� FRVWV� DV� ZHOO� DV� LQFRUUHFW�WUHDWPHQW�PHDVXUHV���6LQFH�/XSXV�RUDO�OHVLRQV�FRXOG�DIIHFW�LQLWLDO�KHDOWK�DQG�K\JLHQH�RI�PRXWK�DQG�FRXOG�UHVXOW�LQ�VHULRXV�SHULRGRQWDO�FRPSODLQWV�� LQ�WLPH� GLDJQRVLV� DQG� WUHDWPHQW� RI� WKLV�GLVHDVH� LV� DQ� LPSHUDWLYH� VWHS�IRU� SUHVHUYLQJ�KHDOWK�DQG�K\JLHQH� RI� WRRWK� DQG� PRXWK�� � )XUWKHUPRUH�� LW� LV�UHFRPPHQGHG�WKDW� RWKHU� WKDQ�SD\LQJ�FORVH�DWWHQWLRQ� WR�RUDO�OHVLRQV�LQ�/XSXV�GLVHDVH��FRQVLGHULQJ�RWKHU�ILQGLQJV�LQ�PRXWK� VXFK� DV� DQHPLD�DQG�PXFRVDO� SDOORU�� DWURSKLF�JORVVLWLV�� FDQGLGLDVLV� RI� SHULRGRQWDO� LQIODPPDWLRQ� LQ�GLVHDVH� FRPSOLFDWLRQV� OLNH� GLDEHWHV�� UHIOX[��K\SHUSLJPHQWDWLRQ��ZKLFK�PD\�EH�WKH�ILUVW�V\PSWRP�RI�$GGLVRQ
V�GLVHDVH�LQ�WKHVH�SDWLHQWV�LV�LPSHUDWLYH�WRR���
$FNQRZOHGJHPHQWV�7KLV� DUWLFOH� LV� GHULYHG� IURP� UHVHDUFK� SURMHFW� 1R�� �����DSSURYHG�E\�6FKRRO�RI�'HQWLVWU\��=DKHGDQ8QLYHUVLW\�RI�0HGLFDO� 6FLHQFHV�$XWKRUV� ZRXOG� OLNH� WR� DFNQRZOHGJH�RXU� FROOHDJXHV� LQ� &OLQLFDO� 5HVHDUFK� 'HYHORSPHQW�&HQWHU� RI� $OL�(EQH�$ELWDOHE� +RVSLWDO�� =DKHGDQ�8QLYHUVLW\� RI� 0HGLFDO� 6FLHQFHV� IRU� WKHLU� OHDGLQJ�VXJJHVWLRQV�RQ�WKLV�PDQXVFULSW���
5HIHUHQFHV���� *UHHQEHUJ� 06�� *OLFN� 0�� %XUNHW
V� RUDO� PHGLFLQH�GLDJQRVLV� DQG� WUHDWPHQW�� ��WK� HG+DPLOWRQ�%F�'HFNHU����������������� +DUULVRQ�75��5HVQLFN�:5��+DUULVRQ¶V�SULQFLSOHV�RI�LQWHUQDO� PHGLFLQH�� ��WKHG�1HZ\RUN�0F*UDZ+LOOFR��������������������� 1HYLOH�� 'DPP�� $OOHQ�� %XTXRW�� 2UDO� DQG� PD[LOOR�IDFLDO�SDWKRORJ\����WK�HG��/RQGRQ��%F�'HFNHU������������������� 5HJH]L�� 2UDO� SDWKRORJ\�� �WK� HG�3KLODGHOSKLD��6DXQGHUV��������������� /RDQQ� 2�� 7DVVLXODV�� .HOOH\ V WH[W� ERRN� RI�UKHXPDWRORJ\���WK�HG��3KLODGHOSKLD��6DXQGHUV���������������������� &KDYDUULD� (�� %XHQR� &�� /D]DUR� 3� DQG� /HFRQD� 0��6XE� DFXWH� FXWDQHRXV� V\VWHPLF� /XSXV�HU\WKHPDWRVXV��3UHVHQWDWLRQ�RI� WZR�FOLQLFDO� &DVHV��$FWDV�'HUPRVLILOLRJU����������������������

��� 6FKLRGW�0�+DOEUJ� 3�� HW� DO�� $� FOLQLFDO� VWXG\� RI� ���SDWLHQW�ZLWK�RUDO�GLVFRLG�OXSXV�HU\WKHPDWRVXV�,QW�-�2UDO�6XUJ��������������������� -RQVVRQ�5��+H\GHQ�*��:HVWEHUJ�1*� DQG�1MHEHUJ�*�� RUDO� PXFRVDO� OHVLRQV� LQ� V\VWHPLF� OXSXV�HU\WKHPDWRVXV� D� FOLQLFDO�� KLVWRSDWKRORJLFDO� DQG�LPPXQRSDWKRORJLFDO� VWXG\�� -� 5KHXPDWRO� ����������������������� 8UPDQ� -'�/RZHQVWHLQ� 0%� HW� DO�2UDO� PXFRVDO�8OFHUDWLRQ� LQ� V\VWHPLF� /XSXV� HU\WKHPDWRVXV� � ��$UWKULWLV�5KHXP�������������������� 8WKPDQ� ,� �� 1DVU� )�� .DVVDN� .� DQG� 0DVUL� $)��6\VWHPLF� OXSXV� (U\WKHPDWRVXV� LQ� /HEDQRQ�OXSXV���������������������� $O� -DUROODK� .�� $O� $ZDGLD� HW� DO�V\VWHPLF� /XSXV�HU\WKHPDWRVXV� LQ� NXZDLW� KRXVSLWDO� EDVHG�VWXG\�/RSXV���������������������� 1D]DULQLD� 0$�� *KDIIDUSDVDQG� )� HW� DO�� 6\VWHPLF�OXSXV� HU\WKHPDWRVXV� LQ� WKH� )DUV� 3URYLQFH� RI� ,UDQ��/RSXV����������������������� 9LOODPLQ�&$��1DYDUUD�69��&OLQLFDO�PDQLIHVWDWLRQV�DQG� FOLQLFDOV\QGURPHV� RI� )LOLSLQR� SDWLHQWV� ZLWK�V\VWHPLF� OXSXV� HU\WKHPDWRVXV�� 0RG� 5KHXPDWRO������������������������ /RXUHQoR� 69�GH� &DUYDOKR� )5�� /XSXV�HU\WKHPDWRVXV��FOLQLFDO�DQG�KLVWRSDWKRORJLFDO�VWXG\�RI� RUDO� PDQLIHVWDWLRQV� DQG� LPPXQRKLVWRFKHPLFDO�SURILOH�RI�WKH�LQIODPPDWRU\�LQILOWUDWH�-�&XWDQ�3DWKRO������������������������ /LWWOH� -:��)DODFH�'$��0LOOHU�&6�DQG�5KRGXV�1/��'HQWDO0DQDJHPHQW�RI�WKH�0HGLFDOO\�&RPSURPLVHG�3DWLHQW���WK�HG����6W�/RYLV�0RVE\�������������������� 0H\HU� 8�� .OHLQKHLQ]� -�� 2UDO� PDQLIHVWDWLRQV� LQ�SDWLHQWV� ZLWK� V\VWHPLF� OXSXV� HU\WKHPDWRVXV�0XQG�.LHIHU�*HVLFKWVFKLU��������������������� 6YHU]XW� $7�� $OODLV� 0�� 2UDO� PDQLIHVWDWLRQ� RI�V\VWHPLF� OXSXV� HU\WKHPDWRVXV�� OXSXV� QHSKULWLV�UHSRUW�RI�D�FDVH�*HQ�'HQW������������������������ 1LFR� 00�� 9LOHOD� 0$�� 2UDO� OHVLRQV� LQ� OXSXV�HU\WKHPDWRVXV�� FRUUHODWLRQ� ZLWK� FXWDQHRXV�OHVLRQV�(XU�-�'HUPDWRO������������������������� /ySH]�/DEDG\� -�� 9LOODUURHO�'RUUHJR� 0�� 2UDO�PDQLIHVWDWLRQV� RI� V\VWHPLF� DQG� FXWDQHRXV� OXSXV�HU\WKHPDWRVXV� LQ� D�9HQH]XHODQ� SRSXODWLRQ�� -�2UDO�3DWKRO�0HG��������������������

����������


