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0DULQ�)HUUDLV�����(PPDQXsO�-HKLQ���3LHUUH�9HUQD]]D����
/DXUHQW�-RUGD���<RXVVHI�0RXODQH���)UDQFLVFR�-��3R]XHORV����
-HDQ�0DQIURLG���.KDOLG�%DUNDRXL�����=RXKDLU�%HQNKDOGRXQ��

�6SDFH�VFLHQFHV��7HFKQRORJLHV�	�
$VWURSK\VLFV�5HVHDUFK��67$5��,QVWLWXWH�

8QLYHUVLW\�RI�/LqJH�
$OOpH�GX���$R�W����������/LqJH��%(/*,80�

PDULQ�IHUUDLV#XOLHJH�EH�

�$L[�0DUVHLOOH�8QLYHUVLWp��&156��/$0��/DERUDWRLUH�
G
$VWURSK\VLTXH�GH�0DUVHLOOH��0DUVHLOOH��)5$1&(�

�2XNDwPHQGHQ�2EVHUYDWRU\�
&DGL�$\\DG�8QLYHUVLW\��0DUUDNHFK��0252&&2�

�5HFHLYHG�������'HF�����

$� GHQVHO\�VDPSOHG� OLJKWFXUYH� RI� WKH� ODUJH� PDLQ�EHOW�
DVWHURLG� ���+\JLHD� ZDV� REWDLQHG�ZLWK� WKH� 75$33,67�
6RXWK� �76�� DQG� 75$33,67�1RUWK� �71�� WHOHVFRSHV� LQ�
����� 6HSWHPEHU� DQG� 2FWREHU�� :H� IRXQG� LWV� V\QRGLF�
URWDWLRQ�SHULRG�DQG�DPSOLWXGH�WR�EH������������������K�
DQG� ����� PDJ�� 7KH� GDWD� KDYH� EHHQ� VXEPLWWHG� WR� WKH�
$/&'()�GDWDEDVH��

2EVHUYDWLRQV� RI� WKH� ODUJH� PDLQ�EHOW� DVWHURLG� �0%$�� ��� +\JLHD�
ZHUH�DFTXLUHG�ZLWK�WKH�URERWLF�WHOHVFRSHV�75$33,67�1RUWK��71��
=���� DQG� 75$33,67�6RXWK� �76�� ,���� RI� WKH� /LqJH� 8QLYHUVLW\�
�-HKLQ� HW� DO��� ������� 7KH\� DUH� ORFDWHG�� UHVSHFWLYHO\�� DW� WKH�
2XNDwPHGHQ� 2EVHUYDWRU\� LQ� 0RURFFR� DQG� WKH� (62� /D� 6LOOD�
2EVHUYDWRU\�LQ�&KLOH��%RWK�DUH�����P�5LWFKH\�&KUpWLHQ�WHOHVFRSHV�
RSHUDWLQJ� DW� I��� RQ�*HUPDQ�(TXDWRULDO�PRXQWV�� 71� FDPHUD� LV� DQ�
$QGRU�,.21/�%(;��''�������DUFVHF�SL[HO��DQG�WKH�RQH�RI�76�LV�
D�)/,�3UR/LQH������%%�������DUFVHF�SL[HO���

7KH� UDZ� LPDJHV� ZHUH� FDOLEUDWHG� ZLWK� FRUUHVSRQGLQJ� IODW� ILHOGV��
ELDV� DQG� GDUN� IUDPHV� DQG� SKRWRPHWULF� PHDVXUHPHQWV� ZHUH�
REWDLQHG� XVLQJ� ,5$)� �7RG\�� ������ VFULSWV�� 7KH� GLIIHUHQWLDO�
SKRWRPHWU\� DQG� OLJKWFXUYHV� ZHUH� PDGH� ZLWK� 3\WKRQ� VFULSWV�� )RU�
WKH�GLIIHUHQWLDO�SKRWRPHWU\��DOO� WKH�VWDUV�ZLWK�D�KLJK�HQRXJK�615�
ZHUH� XVHG� DQG� FKHFNHG� WR� GLVFDUG� WKH� YDULDEOH� VWDUV�� 9DULRXV�
DSHUWXUHV� ZHUH� WHVWHG� WR� PD[LPL]H� WKH� 615�� ,Q� WKH� FRPSRVLWH�
OLJKWFXUYH� EHORZ�� WKH� QRUPDOL]HG� UHODWLYH� IOX[� LV� SORWWHG� DJDLQVW�
WKH�URWDWLRQDO�SKDVH��7KH�URWDWLRQ�SHULRG�ZDV�GHWHUPLQHG�ZLWK�WKH�
VRIWZDUH� 3HUDQVR� �9DQPXQVWHU�� ������� ZKLFK� LPSOHPHQWV� WKH�
)$/&� DOJRULWKP� �+DUULV� HW� DO��� ������� 7KH� UHSRUWHG� DPSOLWXGH� LV�
IURP�WKH�)RXULHU�PRGHO�FXUYH��

���+\JLHD�LV�WKH�IRXUWK�ODUJHVW�0%$�ZLWK�D�GLDPHWHU�RI����������
NP��9HUQD]]D�HW�DO����������6LQFH�������DOO� RI�+\JLHD¶V� UHSRUWHG�
URWDWLRQ� SHULRGV� DJUHHG� ZLWK� D� YDOXH� FORVH� WR� ����� K� �/&%'��
:DUQHU� HW� DO��� ������ EXW� ZHUH� HDFK� WLPH� EXLOW� IURP� VSDUVHO\�
VDPSOHG� OLJKWFXUYHV�� ,Q� VXSSRUW� RI� WKH� (62� /DUJH� 3URJUDPPH�

����&������ �9HUQD]]D� HW� DO��� ������ DLPLQJ� WR� GHWHUPLQH� SUHFLVH�
YROXPHV� DQG� GHQVLWLHV� RI� WKH� ��� ODUJHVW� 0%$V�� ZH� VWDUWHG�
H[WHQVLYH�SKRWRPHWULF�REVHUYDWLRQV�RI�+\JLHD�WR�UHILQH�LWV�URWDWLRQ�
SHULRG�DQG�KHOS� LQ� WKH�VKDSH�DQG�VSLQ�D[LV�GHWHUPLQDWLRQ��6XFK�D�
ORQJ�SHULRG�LV�FKDOOHQJLQJ�WR�FRYHU��HVSHFLDOO\�ZKHQ�LW�LV�FORVH�WR�
���K��WKH������K�SHULRG�WUDQVODWHV�LQ�D�SKDVH�VKLIW�RI�RQO\�����RI�
WKH� URWDWLRQ� HDFK�QLJKW��� H[SODLQLQJ� WKH� ODFN�RI�GHQVH� OLJKWFXUYHV�
IRU� WKLV� ODUJH� DQG� EULJKW� DVWHURLG�� 7R� WDFNOH� WKLV� FKDOOHQJH�� WKH�
FRPSOHPHQWDULW\�RI�WKH�WZR�75$33,67�WHOHVFRSHV�DW�WZR�GLIIHUHQW�
ORQJLWXGHV� ZDV� GHFLVLYH� WR� DFTXLUH� ORQJ� DQG� FRQWLQXRXV�
SKRWRPHWULF�VHULHV�DV�LOOXVWUDWHG�LQ�)HUUDLV�HW�DO����������

:H�REVHUYHG�+\JLHD� LQ� ����� IURP�6HSWHPEHU� ��� WR�2FWREHU� ���
ZLWK�71�DQG�76�XVLQJ�WKH�-RKQVRQ�&RXVLQV�EURDG�EDQG�5F�ILOWHU��
QR�ELQQLQJ��DQG�DQ�H[SRVXUH�WLPH�RI���VHFRQGV��$V�PRUH�GDWD�ZHUH�
JDWKHUHG�� WKH�SKDVHG� OLJKWFXUYH� VWDUWHG� WR� VKRZ�D� FODVVLF�GRXEOH�
VLQXVRLGDO�VKDSH�ZLWK� WKH�SUHYLRXVO\�UHSRUWHG�SHULRG�EXW�ZLWK� WKH�
KLJK� TXDOLW\� RI� WKH� GDWD�� ZH� QRWLFHG� LW� ZDV� SHUIHFWO\� V\PPHWULF�
�VHH� )LJ�� �� IRU� WKH� ILQDO� OLJKWFXUYH� SKDVHG� ZLWK� 3�  � ����� K���
7KHUHIRUH�� ZH� SURGXFHG� WKH� VSOLW� KDOYHV� SORW� ZKLFK� VKRZHG� WZR�
LGHQWLFDO�KDOYHV�DQG�D�YHU\�FRQYLQFLQJ�ILW��)LJ������)URP�WKH�ILQDO�
GDWD�VHW�ULFK�RI������LPDJHV�VSOLW�LQ����ORQJ�SKRWRPHWULF�VHULHV�IRU�
D� WRWDO�RI����K��D�QHZ�V\QRGLF�SHULRG�RI������������������K�ZDV�
GHULYHG�DQG�FRQILUPHG�E\�WKH�FRQYHUJLQJ��'�PRGHO�EXLOW�ZLWK�WKH�
9/7�63+(5(� DGDSWLYH� RSWLFV� LPDJHV� �9HUQD]]D� HW� DO��� �������
7KHVH� LPDJHV� UHYHDOHG� WKH� VSKHULFDO� VKDSH�RI�+\JLHD�DQG�DOEHGR�
IHDWXUHV� DW� LWV� VXUIDFH�� H[SODLQLQJ� WKH� VLQJOH�SHDN� VKDSH� RI� LWV�
OLJKWFXUYH��

)ROORZLQJ� WKH� SXEOLFDWLRQ� RI� WKH� QHZ� SHULRG� LQ� 9HUQD]]D� HW� DO��
�������� 3LOFKHU� ������� GHULYHG� D� VLPLODU� V\QRGLF� SHULRG� RI��
���������������K�IURP�SKRWRPHWULF�REVHUYDWLRQV�REWDLQHG�LQ�������
:H� VWUHVV� ZLWK� WKLV� H[DPSOH� WKH� LPSRUWDQFH� RI� KLJK�TXDOLW\�
SKRWRPHWULF�GDWD�WR�GHULYH�DVWHURLG�URWDWLRQ�SHULRGV��HVSHFLDOO\�IRU�
WKRVH�KDYLQJ�D�SHULRG�FORVH�WR�D�PXOWLSOH�RI�D�GD\�DQG�WR�EH�FDUHIXO�
ZLWK� V\PPHWULF� GRXEOH�SHDN� OLJKWFXUYHV� ZKLFK� PLJKW� KDYH� LQ�
UHDOLW\�KDOI�WKH�SHULRG�GXH�WR�DQ�DOEHGR�IHDWXUH�UDWKHU�WKDQ�GXH�WR�
WKHLU�VKDSH��

�
)LJXUH� ��� 3KDVHG� OLJKWFXUYH� XVLQJ� WKH� SUHYLRXVO\� UHSRUWHG� URWDWLRQ�
SHULRG�RI������K��

1XPEHU� 1DPH� �����PP�GG� 3WV� 3KDVH� /3$%� %3$%� 3HULRG�K�� 3�(�� $PS� $�(�� *US�

� ��� +\JLHD� ������������ ����� � 
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7DEOH� ,��2EVHUYLQJ�FLUFXPVWDQFHV�DQG� UHVXOWV��3WV� LV� WKH�QXPEHU�RI�GDWD�SRLQWV��7KH�SKDVH�DQJOH� LV�JLYHQ� IRU� WKH� ILUVW�DQG� ODVW�GDWH�DQG�
UHDFKHG�D�PLQLPXP�GXULQJ�WKH�SHULRG��/3$%�DQG�%3$%�DUH�WKH�DSSUR[LPDWH�SKDVH�DQJOH�ELVHFWRU�ORQJLWXGH�DQG�ODWLWXGH�DW�PLG�GDWH�UDQJH��VHH�
+DUULV�HW�DO����������*US�LV�WKH�DVWHURLG�IDPLO\�JURXS��:DUQHU�HW�DO����������
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)LJXUH����7KH�OLJKWFXUYH�SKDVHG�XVLQJ�WKH�QHZ�SHULRG�RI���������K��

$FNQRZOHGJHPHQWV�

75$33,67�6RXWK� LV� D� SURMHFW� IXQGHG� E\� WKH� %HOJLDQ� )RQGV�
�1DWLRQDO�� GH� OD� 5HFKHUFKH� 6FLHQWLILTXH� �)�5�6��)156�� XQGHU�
JUDQW�3'5�7����������75$33,67�1RUWK�LV�D�SURMHFW�IXQGHG�E\�WKH�
8QLYHUVLW\� RI� /LqJH�� LQ� FROODERUDWLRQ� ZLWK� WKH� &DGL� $\\DG�
8QLYHUVLW\� RI� 0DUUDNHFK� �0RURFFR��� (�� -HKLQ� LV� )156� 6HQLRU�
5HVHDUFK�$VVRFLDWH��7KH�ZHEVLWH�RI�WKH�75$33,67�SURMHFW�FDQ�EH�
YLVLWHG�DW�KWWSV���ZZZ�WUDSSLVW�XOLHJH�EH��

5HIHUHQFHV�

)HUUDLV��0���-HKLQ��(���0RXODQH��<���3R]XHORV��)�-���%DUNDRXL��.���
%HQNKDOGRXQ�� =�� �������� ³7UDSSLVW�1RUWK� DQG� �6RXWK� &RPELQHG�
/LJKWFXUYHV�RI�1HDU�(DUWK�$VWHURLG������)ORUHQFH�´�0LQRU�3ODQHW�
%XOO�������������

+DUULV�� $�:��� <RXQJ�� -�:��� 6FDOWULWL�� )��� =DSSDOD�� 9�� ��������
³/LJKWFXUYHV�DQG�SKDVH�UHODWLRQV�RI�WKH�DVWHURLGV����$ONPHQH�DQG�
����*\SWLV�´�,FDUXV��������������

+DUULV��$�:���<RXQJ��-�:���%RZHOO��(���0DUWLQ��/�-���0LOOLV��5�/���
3RXWDQHQ�� 0��� 6FDOWULWL�� )��� =DSSDOD�� 9��� 6FKREHU�� +�-���
'HEHKRJQH��+���=HLJOHU��.�:����������³3KRWRHOHFWULF�2EVHUYDWLRQV�
RI�$VWHURLGV�����������������DQG�����´�,FDUXV��������������

-HKLQ�� (��� *LOORQ�� 0��� 4XHOR]�� '��� 0DJDLQ�� 3��� 0DQIURLG�� -���
&KDQWU\� 9��� /HQGO�� 0��� +XWVHPpNHUV�� '��� 8GU\�� 6�� ��������
³75$33,67�� 75$QVLWLQJ� 3ODQHWV� DQG� 3ODQHWHV,PDOV� 6PDOO�
7HOHVFRSH�´�7KH�0HVVHQJHU�����������

3LOFKHU��)����������³/LJKWFXUYHV�DQG�URWDWLRQ�SHULRGV�RI����+\JLHD��
���$JODMD������%UXFKVDOLD������/ROD��DQG�����(PDQXHOD�´�0LQRU�
3ODQHW�%XOO���������������

7RG\�� '�� �������� ³7KH� ,5$)� 'DWD� 5HGXFWLRQ� DQG� $QDO\VLV�
6\VWHP�´�3URF��63,(�,QVWUXPHQWDWLRQ�LQ�$VWURQRP\�9,�����������

9DQPXQVWHU��7����������3HUDQVR�VRIWZDUH�� �
ZZZ�FEDEHOJLXP�FRP�SHUDQVR��

9HUQD]]D�� 3��� %UR]��0��� 'URXDUG�� $��� DQG� ��� FROOHDJXHV� ��������
³7KH� LPSDFW�FUDWHU�DW� WKH�RULJLQ�RI� WKH�-XOLD�IDPLO\�GHWHFWHG�ZLWK�
9/7�63+(5("´�$VWURQRP\�	�$VWURSK\VLFV������������

9HUQD]]D��3���-RUGD��/���âHYHþHN��3���DQG����FROOHDJXHV���������³$�
EDVLQ�IUHH� VSKHULFDO� VKDSH� DV� DQ� RXWFRPH� RI� D� JLDQW� LPSDFW� RQ�
DVWHURLG�+\JLHD�´�1DWXUH�$VWURQRP\�������������

:DUQHU�� %�'��� +DUULV�� $�:��� 3UDYHF�� 3�� �������� ³7KH� $VWHURLG�
/LJKWFXUYH�'DWDEDVH�´� ,FDUXV� ����� ��������� 8SGDWHG� �����0DU��
KWWS���ZZZ�PLQRUSODQHW�LQIR�OLJKWFXUYHGDWDEDVH�KWPO�
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5REHUW�'��6WHSKHQV�
&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV��&6�����0RUH'DWD��

������0RXQW�-RKQVRQ�&W���5DQFKR�&XFDPRQJD��&$�������86$�
UVWHSKHQV#IR[DQGVWHSKHQV�FRP�

%ULDQ�'��:DUQHU�
&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV��&6�����0RUH'DWD��

(DWRQ��&2�

�5HFHLYHG�������-DQ����

/LJKWFXUYHV� IRU� VL[� /�� -RYLDQ� 7URMDQ� DVWHURLGV� ZHUH�
REWDLQHG� DW� WKH�&HQWHU� IRU� 6RODU� 6\VWHP� 6WXGLHV� �&6���
IURP������2FWREHU�WR�'HFHPEHU��

&&'�SKRWRPHWULF�REVHUYDWLRQV�RI�VL[�7URMDQ�DVWHURLGV�IURP�WKH�/��
�*UHHN�� /DJUDQJH� SRLQW� ZHUH� REWDLQHG� DW� WKH� &HQWHU� IRU� 6RODU�
6\VWHP�6WXGLHV��&6���03&�8�����)RU�VHYHUDO�\HDUV��&6��KDV�EHHQ�
FRQGXFWLQJ�D�VWXG\�RI�-RYLDQ�7URMDQ�DVWHURLGV��7KLV�LV�DQRWKHU�LQ�D�
VHULHV� RI� SDSHUV� UHSRUWLQJ� GDWD� DQDO\VLV� EHLQJ� DFFXPXODWHG� IRU�
IDPLO\�SROH�DQG�VKDSH�PRGHO�VWXGLHV��,W�LV�DQWLFLSDWHG�WKDW�IRU�PRVW�
-RYLDQ� 7URMDQV�� WZR� WR� ILYH� GHQVH� OLJKWFXUYHV� SHU� WDUJHW� DW�
RSSRVLWLRQV�ZHOO� GLVWULEXWHG� LQ� HFOLSWLF� ORQJLWXGHV�ZLOO� EH�QHHGHG�
DQG�FDQ�EH�VXSSOHPHQWHG�ZLWK�UHOLDEOH�VSDUVH�GDWD�IRU�WKH�EULJKWHU�
7URMDQ� DVWHURLGV�� )RU� WZR� RI� WKHVH� WDUJHWV� ZH� ZHUH� DEOH� WR� JHW�
SUHOLPLQDU\� SROH� SRVLWLRQV� DQG� FUHDWH� VKDSH� PRGHOV� IURP� VSDUVH�
GDWD�DQG�WKH�GHQVH�OLJKWFXUYHV�REWDLQHG�WR�GDWH��7KHVH�SUHOLPLQDU\�
PRGHOV� ZLOO� EH� LPSURYHG� DV� PRUH� GDWD� DUH� DFTXLUHG� DW� IXWXUH�
RSSRVLWLRQV�DQG�ZLOO�EH�SXEOLVKHG�DW�D�ODWHU�GDWH��

7DEOH� ,� OLVWV� WKH� WHOHVFRSHV� DQG�&&'� FDPHUDV� WKDW� ZHUH� XVHG� WR�
PDNH� WKH�REVHUYDWLRQV�� ,PDJHV�ZHUH�XQELQQHG�ZLWK� QR� ILOWHU� DQG�
KDG�PDVWHU�IODWV�DQG�GDUNV�DSSOLHG��7KH�H[SRVXUHV�GHSHQGHG�XSRQ�
YDULRXV�IDFWRUV�LQFOXGLQJ�PDJQLWXGH�RI�WKH�WDUJHW��VN\�PRWLRQ��DQG�
0RRQ�LOOXPLQDWLRQ��

,PDJH� SURFHVVLQJ�� PHDVXUHPHQW�� DQG� SHULRG� DQDO\VLV� ZHUH� GRQH�
XVLQJ�032� &DQRSXV� �%GZ� 3XEOLVKLQJ��� ZKLFK� LQFRUSRUDWHV� WKH�
)RXULHU� DQDO\VLV� DOJRULWKP� �)$/&�� GHYHORSHG� E\� +DUULV� �+DUULV��
HW� DO��� ������� 7KH� &RPS� 6WDU� 6HOHFWRU� IHDWXUH� LQ�032�&DQRSXV�
ZDV�XVHG�WR�OLPLW�WKH�FRPSDULVRQ�VWDUV� WR�QHDU�VRODU�FRORU��1LJKW�
WR�QLJKW� FDOLEUDWLRQ�ZDV� GRQH� XVLQJ� ILHOG� VWDUV� IURP� WKH� $7/$6�
FDWDORJ��7RQU\�HW�DO����������ZKLFK�KDV�6ORDQ�JUL]�PDJQLWXGHV�WKDW�
ZHUH�GHULYHG�IURP�WKH�*$,$�DQG�3DQ�67$55�FDWDORJV�DQG�DUH�WKH�
³QDWLYH´�PDJQLWXGHV�RI�WKH�FDWDORJ��

7R�UHGXFH�WKH�UHVHWWLQJ�QLJKWO\�]HUR�SRLQWV��ZH�XVH�WKH�$7/$6�U��
�65��PDJQLWXGHV��7KRVH�DGMXVWPHQWV�DUH�PRVWO\��������PDJ��7KH�
RFFDVLRQV�ZKHUH� ODUJHU�FRUUHFWLRQV�ZHUH� UHTXLUHG�PD\�KDYH�EHHQ�
UHODWHG�LQ�SDUW�WR�XVLQJ�XQILOWHUHG�REVHUYDWLRQV��SRRU�FHQWURLGLQJ�RI�
WKH�UHIHUHQFH�VWDUV��DQG�QRW�FRUUHFWLQJ�IRU�VHFRQG�RUGHU�H[WLQFWLRQ�
WHUPV��

7HOHVFRSH� &DPHUD�
�����P�I����6FKPLGW�&DVV� )/,�3UROLQH�����(�

�����P�I����6FKPLGW�&DVV� )OL�0LFUROLQH�����(�

�����P�I����6FKPLGW�&DVV� )OL�0LFUROLQH�����(�

7DEOH�,��/LVW�RI�WHOHVFRSHV�DQG�&&'�FDPHUDV�XVHG�DW�&6���


