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$OOHQ�$�3K���$OOHQ�-�5� %DVLQ�$QDO\VLV��3ULQFLSOHV�

DQG�$SSOLFDWLRQ�WR�3HWUROHXP�3OD\�$VVHVVPHQW����HG��
:LOH\�%ODFNZHOO����������� S�

%DVLQ DQG� 3HWUROHXP� 6\VWHP� 0RGHOLQJ� �� $O�
+DMHUL�0�0���$O�6DHHG�0���'HUNV�-��HW�DO� ���2LOILHOG�
5HZLHZ������� 9RO������,V� ���3����±���

+DQWVFKHO�7���.DXHUDXI�$� )XQGDPHQWDOV�RI�EDVLQ�
DQG� SHWUROHXP� V\VWHPV�PRGHOLQJ�� %HUOLQ�� 6SULQJHU�
9HUODJ�� ����� ��� S� '2,� ������������������
��������

*HRORJ\�DQG�3HWUROHXP 3RWHQWLDO�RI�'HHS�'HSRVLWV�RI�
WKH 9HUNKQHSHFKRUVND\D�'HSUHVVLRQ
(�$��.X]QHWVRY
3HUP�6WDWH�8QLYHUVLW\�
���%XNLUHYD�6WU���3HUP���������5XVVLD��(�PDLO��UHJLRQDO�368#\DQGH[�UX

7KH�DUWLFOH�LV�GHYRWHG�WR�DVVHVVLQJ�WKH�SURVSHFWV�RI�SHWUROHXP SRWHQWLDO�RI�WKH�GHHS�KRUL]RQV�RI�WKH�9HUNKQHSH�
FKRUVND\D GHSUHVVLRQ�RI�WKH�3UH�8UDO�WURXJK��7KHVH�VWUDWD�DUH�XQHYHQO\�DQG�SRRUO\�VWXGLHG��DQG�WKH�SURVSHFWV�IRU�
WKHLU�SHWUROHXP SRWHQWLDO�DUH�QRW�GHILQHG��7KH�DUWLFOH�SURYLGHV�D�EULHI�GHVFULSWLRQ�RI�WKH�JHRORJLFDO�VWUXFWXUH��VWUD�
WLJUDSK\�DQG�OLWKRORJ\���UHVHUYRLU�DQG�JHRFKHPLFDO�SURSHUWLHV�RI�GHHS�OD\HUV��DQG FRQVLGHUV�WKH�UHVXOWV�RI��' DQG�
�'�EDVLQ�PRGHOLQJ��,W�LV�VKRZQ�WKDW�LQ�WKHVH�VWUDWD�WKH�RLO�DQG�JDV�VRXUFH URFNV�KDYH�EHHQ�GHYHORSHG�IURP�YHU\�



���

SRRU� WR�YHU\�ULFK ZLWK�SUHGRPLQDQFH�RI�SRRU�DQG�YHU\�SRRU��7KH�YDOXH RI� WKH�RUJDQLF�PDWWHU�FRQWHQW�PDNHV� LW�
SRVVLEOH�WR�LGHQWLI\�WKH�GHHS�RLO�DQG�JDV�VRXUFH�IRUPDWLRQV��$GGLWLRQDOO\��LW�DOORZV�LGHQWLILFDWLRQ�RI�WKH UHVHUYRLUV�
DQG�UHJLRQDO�DQG�]RQDO�VHDO�URFNV�LQ�WKH�GHHS�VHGLPHQWV��%DVHG�RQ�WKH�UHVXOWV�RI�EDVLQ�PRGHOLQJ��LW�FDQ�EH�FRQ�
FOXGHG WKDW�WKHVH�OD\HUV�ZHUH�XVHG�IRU�JHQHUDWLQJ�JDVHV�DQG�JDV�FRQGHQVDWHV��ZKLFK�FRXOG�SURYLGH WKH�IRUPDWLRQ�
RI�GHSRVLWV�ERWK�LQ�WKH�GHHS�OD\HUV�DQG�LQ�WKH�RYHUO\LQJ�KRUL]RQV��7KH�JHQHUDWLRQ�RI�JDVHRXV�K\GURFDUERQV�RF�
FXUUHG�DW�D�WLPH�IDYRUDEOH�IRU�WKH�IRUPDWLRQ�RI�GHSRVLWV��7KH�UHSRUWHG�VWXG\�ZDV�IXQGHG�E\�5)%5�DFFRUGLQJ�WR�

������������
.H\ZRUGV��9HUNKQHSHFKRUVND\D GHSUHVVLRQ��EDVLQ�PRGHOLQJ��GHHS�OD\HUV��SHWUROHXP�SRWHQWLDO��FDWDJHQHVLV��UHV�

HUYRLU�SURSHUWLHV��JHRFKHPLFDO�SURSHUWLHV�

5HIHUHQFHV

%HO\DHYD� *�/� ������ .DWDJHQH]� RUJDQLFKHVNRJR�
YHVKFKHVWYD� SRURG� JOXERNRSRJUX]KHQQ\NK� JRUL�
]RQWRY� 7LPDQR�3HFKRUVNR\� 1*3� L� HJR� VY\D] V�
QHIWHJD]RQRVQRVW\X� >&DWDJHQHVLV� RI� URFN� RUJDQLF�
PDWWHU� RI� GHHS� KRUL]RQV� LQ� 7LPDQ�3HFKRUD RLO�DQG�
JDV�EHDULQJ� SURYLQFH� DQG� LWV� UHODWLRQVKLS� ZLWK� RLO�
DQG�JDV�SRWHQWLDO@� *HRORJL\D��JHRIL]LND�L�UD]UDERWND�
QHIW\DQ\NK�L�JD]RY\NK�PHVWRUR]KGHQL\������±��� �LQ�
5XVVLDQ�

%HO\DHYD� *�/��� .DUDVHYD� 7�9��� .X]QHFRYD (�$�
����� *HRORJLFKHVNRH� VWURHQLH� L� QHIWHJD]RQRVQRVW
JOXERNRSRJUX]KHQQ\NK� RWOR]KHQL\� 7LPDQR�
3HFKRUVNR\ 1*3� >*HRORJLFDO� VWUXFWXUH�DQG�SHWUROH�
XP�SRWHQWLDO�RI�GHHS�GHSRVLWV�RI�WKH�7LPDQ�3HFKRUD�
SHWUROHXP� SURYLQFH@� *HRORJL\D�� JHRIL]LND� L� UD]�
UDERWND�QHIW\DQ\K�L�JD]RY\K�PHVWRUR]KGHQL\������±
�����LQ 5XVVLDQ�

*DOXVKNLQ� <X�,� ������ 0RGHOLURYDQLH� RVDGR�
FKQ\NK� EDVVH\QRY� L� RWVHQND� LNK� QHIWHJD]RQRVQRVWL�
>0RGHOOLQJ�RI� VHGLPHQWDU\�EDVLQV�DQG� WKHLU�SHWUROH�
XP�SRWHQWLDO HYDOXDWLRQ@��1DXFKQ\\ PLU��0RVNYD��S��
������LQ�5XVVLDQ�

'DQLOHYVNLM�6�$���6NO\DURYD�=�3���7ULIDFKHY <X�0��
������ *HRIO\XLGDOQ\H� VLVWHP\ 7LPDQR�3HFKRUVNR\�
SURYLQWVLL� >*HRIOXLG� 6\VWHPV� RI� WKH� 7LPDQ�3HFKRUD�
SURYLQFH@�� $WODV� NDUW�� 8NKWD�� 5HJLRQDOQ\\ GRP�
SHFKDWL��S�������LQ�5XVVLDQ�

'\DNRQRY� $�,��� 2YFKDURYD� 7�$��� 6KHOHPHM 6�9�
������ 2WVHQND� JD]RQHIW\DQRJR� SRWHQWVLDOD�
DYWRNKWRQRY� L� DOORNKWRQRY� 3UHGXUDOVNRJR� NUDHYRJR�
SURJLED� QD� HYRO\XWVLRQQR�JHQHWLFKHVNR\ RVQRYH�
>$VVHVVPHQW�RI�RLO�DQG�JDV�SRWHQWLDO�RI�DXWRFKWKRQV�
DQG� DOORFKWKRQV� RI� WKH� 3UH�8UDO� IRUH�GHHS RQ� WKH�
HYROXWLRQDU\�JHQHWLF�EDVLV@��8NKWD� 8*78��S�������LQ�
5XVVLDQ�

.RFKQHYD� 2�(�� .DUDVHYD� 7�9��� .X]QHFRYD (�$�
����� 3HUVSHNWLY\� QHIWHJD]RQRVQRVWL� JOXERNRSR�
JUX]KHQQ\NK� RWOR]KHQL\ 9HUNKQHSHFKRUVNR\
YSDGLQ\� SR� GDQQ\P� EDVVH\QRYRJR� PRGHOLURYDQL\D�
>3URVSHFWV�RI�2LO�DQG *DV�FRQWHQW�RI�WKH�GHHS GHSRV�
LWV� RI� WKH�9HUNKQHSHFKRUVND\D GHSUHVVLRQ E\� EDVLQ�
PRGHOLQJ GDWD@� 1HIW\DQRH� NKR]\D\VWYR�� ����±����
�LQ�5XVVLDQ�

.X]QHWVRYD� (�$� ������1HIWHJD]RQRVQRVW JOXER�
NRSRJUX]KHQQ\NK� RWOR]KHQL\� YRVWRND� 9XNW\OVNRJR�

QDGYLJD� SR� GDQQ\P� EDVVH\QRYRJR� PRGHOLURYDQL\D�
>3HWUROHXP�SRWHQWLDO�RI�GHHS�GHSRVLWV�RI�WKH�(DVWHUQ�
SDUW� RI� WKH� 9XNW\OVNL\ RYHUWKUXVW� XVLQJ WKH� %DVLQ�
PRGHOLQJ@� 9HVWQLN� 3HUPVNRJR� XQLYHUVLWHWD�� *H�
RORJL\D�� ���������±���� �LQ� 5XVVLDQ� GRL�
���������SVX�JHRO���������

.X]QHFRYD� (�$�� ������ 1HIWHJD]RQRVQRVW JOXER�
NRSRJUX]KHQQ\NK� RWOR]KHQL\� UD\RQD� 9XNW\OVNRJR�
QDGYLJD� SR� GDQQ\P� EDVVH\QRYRJR� PRGHOLURYDQL\D�
>3HWUROHXP�SRWHQWLDO�RI�GHHS�GHSRVLWV�RI� WKH�9XNW\O�
RYHUWKUXVW UHJLRQ� RQ� WKH� UHVXOWV� RI� EDVLQ� DQDO\VLV@�
,Q� *HRORJL\D� L� SROH]Q\H� LVNRSDHP\H� =DSDGQRJR�
8UDOD��3HUP� 3*1,8��SS�����±������LQ�5XVVLDQ�

.X]QHFRYD� (�$��� .DUDVHYD� 7�9� ������ 2VREHQ�
QRVWL� JHRORJLFKHVNRJR� VWURHQL\D� L� IRUPLURYDQL\D�
QHIWHJD]RQRVQRVWL� Y� UD\RQH� 9XNW\OVNRJR� QDGYLJD�
>)HDWXUHV� RI� JHRORJLFDO� VWUXFWXUH� DQG� IRUPDWLRQ� RI�
RLO�DQG�JDV� GHSRVLWV� LQ� WKH� 9XNW\O� WKUXVW� IDXOW� UH�
JLRQ@� 9HVWQLN� 31,38�� *HRORJL\D�� 1HIWHJD]RYRH� L�
JRUQRH� GHOR�� ���������±����� GRL� ��������������
����������������LQ�5XVVLDQ�

3DQNUDWRYD� (�,��� %RJGDQRY� %�3� ������ *HRORJ�
LFKHVNLH� SUHGSRV\ONL� Y\\DYOHQL\D� SODVWRY\NK�
]DOH]KH\ Y�RWOR]KHQL\DNK�SHUPL�NDUERQD�DYWRNKWRQD�
9XNW\OVNRJR� QHIWHJD]RNRQGHQVDWQRJR� PHVWRUR�
]KGHQL\D� >*HRORJLFDO� EDVLV IRU� LGHQWLI\LQJ� SURGXF�
WLYH� SRROV� LQ� WKH�/RZHU� 3HUPLDQ�&DUERQLIHURXV� DX�
WRFKWKRQ GHSRVLWV�RI�WKH�9XNW\O�2LO�DQG�*DV�FRQGHQ�
VDWH� ILHOG@� 1HIWHJD]RYD\D� JHRORJL\D�� 7HRUL\D� L�
SUDWLND� ������ 85/� KWWS���ZZZ�QJWS�UX�UXE��
����B�����SGI �LQ�5XVVLDQ�

2SHUDWLYQRH REREVKFKHQLH� UH]XOWDWRY� SRLVNRYR�
UD]YHGRFKQ\NK� UDERW� L� SRGVFKHW� ]DSDVRY� SR�
SORVKFKDG\DP� 32� �6HYHUJD]SURP�� Y� ����±��� JJ����
RWFKHW�SR�WHPH�32��6HYHUJD]SURP�� *ULQNR�7�*� HW�
DO� 9XNW\O���������LQ�5XVVLDQ�

$OOHQ� $�3K��� $OOHQ� -�5� ������ %DVLQ� $QDO\VLV��
3ULQFLSOHV� DQG� $SSOLFDWLRQ� WR� 3HWUROHXP� 3OD\� $V�
VHVVPHQW����HG��:LOH\�%ODFNZHOO� S������

$O�+DMHUL� 0�0��� $O� 6DHHG� 0��� 'HUNV� -�� HW DO�
������ %DVLQ� DQG� 3HWUROHXP� 6\VWHP�0RGHOLQJ� 2LO�
ILHOG�5HZLHZ����������±���

+DQWVFKHO�7���.DXHUDXI�$� ������)XQGDPHQWDOV�RI�
%DVLQ� DQG� 3HWUROHXP� 6\VWHPV� 0RGHOLQJ�� %HUOLQ��
6SULQJHU�9HUODJ��S� ����


