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5REHUW�'��6WHSKHQV�
&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV��&6���

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

'DQLHO�5��&ROH\�
&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV��&6���

&RURQD��&$�

7KRPDV�0��0DWKLV�
&DULQD�6RIWZDUH�	�,QVWUXPHQWV�

'DQYLOOH��&$�

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

(DWRQ��&2�

�5HFHLYHG�������2FWREHU�����5HYLVHG�������1RYHPEHU�����

&&'� SKRWRPHWULF� REVHUYDWLRQV� RI� VHYHQ� PDLQ�EHOW�
DVWHURLGV�ZHUH� REWDLQHG� DW� WKH�&HQWHU� IRU�6RODU� 6\VWHP�
6WXGLHV� �&6��� IURP� ����� -XO\�6HSWHPEHU��7ZR� UHYLVHG�
SHULRGV�IURP�REVHUYDWLRQV�REWDLQHG�LQ������DQG������DUH�
DOVR� UHSRUWHG�� ����� &KLQPR\� DSSHDUV� WR� EH� LQ� QRQ�
SULQFLSDO�D[LV�URWDWLRQ��³WXPEOLQJ´���2XU�DQDO\VLV�IRXQG�
DQ� DGGLWLRQDO�� XQH[SHFWHG� VKRUW� SHULRG�� ORZ� DPSOLWXGH�
OLJKWFXUYH�� ��������� ����� :/��� DOVR� DSSHDUV� WR� EH�
WXPEOLQJ��,W�ZDV�QRW�SRVVLEOH�WR�HVWDEOLVK�WKH�WUXH�SHULRGV�
RI�URWDWLRQ�DQG�SUHFHVVLRQ�IRU�HLWKHU�DVWHURLG��

7KH� &HQWHU� IRU� 6RODU� 6\VWHP� 6WXGLHV� �&6��� KDV� QLQH� WHOHVFRSHV�
ZKLFK�DUH�QRUPDOO\�XVHG� LQ�SURJUDP�DVWHURLG� IDPLO\� VWXGLHV��7KH�
IRFXV�LV�RQ�QHDU�(DUWK�DVWHURLGV��-RYLDQ�7URMDQV�DQG�+LOGDV��:KHQ�
LW�LV�QRW�WKH�VHDVRQ�WR�VWXG\�D�IDPLO\��RU�ZKHQ�D�QHDUO\�IXOO�PRRQ�LV�
WRR�FORVH�WR�WKH�IDPLO\�WDUJHWV�EHLQJ�VWXGLHG��WDUJHWV�RI�RSSRUWXQLW\�
DPRQJVW�WKH�PDLQ�EHOW�IDPLOLHV�ZHUH�VHOHFWHG��

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��

7HOHVFRSH� &DPHUD�
�����P�I����6FKPLGW�&DVV� )/,�0LFUROLQH�

����(�

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

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

�����P�)�����5�&� 4+<����&026�

7DEOH�,��/LVW�RI�&6��WHOHVFRSH�&&'�FDPHUD��

,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�³QDWLYH´�
PDJQLWXGHV�RI�WKH�FDWDORJ��7KRVH�DGMXVWPHQWV�DUH�XVXDOO\���������
PDJ��7KH�UDUH�JUHDWHU�FRUUHFWLRQV�PD\�KDYH�EHHQ�UHODWHG�LQ�SDUW�WR�
XVLQJ� XQILOWHUHG� REVHUYDWLRQV�� SRRU� FHQWURLGLQJ� RI� WKH� UHIHUHQFH�
VWDUV��DQG�QRW�FRUUHFWLQJ�IRU�VHFRQG�RUGHU�H[WLQFWLRQ��

7KH� <�D[LV� YDOXHV� DUH� $7/$6� 65� ³VN\´� PDJQLWXGHV�� 7KH� WZR�
YDOXHV�LQ�WKH�SDUHQWKHVHV�DUH�WKH�SKDVH�DQJOH��D��DQG�WKH�YDOXH�RI�*�
XVHG� WR� QRUPDOL]H� WKH� GDWD� WR� WKH� FRPSDULVRQ� VWDUV� XVHG� LQ� WKH�
HDUOLHVW�VHVVLRQ��7KLV��LQ�HIIHFW��PDGH�DOO�WKH�REVHUYDWLRQV�VHHP�WR�
EH�PDGH�DW�D�VLQJOH�IL[HG�GDWH�WLPH�DQG�SKDVH�DQJOH�� OHDYLQJ�DQ\�
YDULDWLRQV�GXH�RQO\�WR�WKH�DVWHURLG¶V�URWDWLRQ�DQG�RU�DOEHGR�FKDQJHV��
7KH�;�D[LV�VKRZV�URWDWLRQDO�SKDVH�IURP�������WR������� ,I� WKH�SORW�
LQFOXGHV�WKH�DPSOLWXGH��H�J���³$PS������´��WKLV�LV�WKH�DPSOLWXGH�RI�
WKH�)RXULHU�PRGHO�FXUYH�DQG�QRW�QHFHVVDULO\�WKH�DGRSWHG�DPSOLWXGH�
IRU�WKH�OLJKWFXUYH��

)RU�EUHYLW\��RQO\�VRPH�RI�WKH�SUHYLRXVO\�UHSRUWHG�URWDWLRQDO�SHULRGV�
PD\� EH� UHIHUHQFHG�� $� FRPSOHWH� OLVW� LV� DYDLODEOH� DW� WKH� DVWHURLG�
OLJKWFXUYH�GDWDEDVH��/&'%��:DUQHU�HW�DO����������

�����/LQFROQ�� 3HULRGV� KDYH� EHHQ� UHSRUWHG� IRU� WKLV�9HVWRLG� XVLQJ�
VXUYH\�GDWD��8VLQJ�GHQVH�7(66�GDWD��3iO� HW� DO�� ������� UHSRUWHG�D�
SHULRG� RI� �������� K�� 8VLQJ� VSDUVH� $7/$6� GDWD�� (UDVPXV� HW� DO��
�������UHSRUWHG�D�SHULRG�RI��������K��FORVH�WR�D�����DOLDV�RI�WKH�3iO�
HW�DO��UHVXOW��2XU�UHVXOW�WKLV�\HDU�FRQILUPHG�WKH�3iO�HW�DO��SHULRG�DQG�
LOOXVWUDWHV�WKH�LVVXH�RI�XVLQJ�VSDUVH�GDWD�ZKLOH�DVVXPLQJ�D�ELPRGDO�
OLJKWFXUYH��

�

�����'H/DHWHU��)LQGLQJ�D� UHOLDEOH�SHULRG� IRU� WKLV� LQQHU�PDLQ�EHOW�
DVWHURLG�KDV�EHHQ�GLIILFXOW�LQ�WKH�SDVW�GXH�WR�WKH�DV\PPHWULF�VKDSH�
RI�LWV�OLJKWFXUYH�DQG�ORZ�TXDOLW\�GDWD��:H�REVHUYHG�LW�WKUHH�WLPHV�
EHIRUH�ZLWK�YDU\LQJ�UHVXOWV��6WHSKHQV�������������K��:DUQHU��������
������K��6WHSKHQV�������������K���7KLV�\HDU�ZH�ZHUH�DEOH�WR�REWDLQ�
D�KLJK�TXDOLW\�GDWDVHW�FRYHULQJ� WKH�HQWLUH�SKDVHG� OLJKWFXUYH� WKUHH�
WLPHV�� 7KH� SHULRG� VSHFWUXP� VXJJHVWV� RQO\� WZR�SRVVLELOLWLHV�� QHDU��
���K�DQG����K��8SRQ�LQVSHFWLRQ��WKH����K�SHULRG�LV�QRW�SODXVLEOH��

7KH� RULJLQDO� ����� LPDJHV� QR� ORQJHU� H[LVW�� EXW� ZH� ZHUH� DEOH� WR�
UHSKDVH�WKDW�OLJKWFXUYH�WR�D�SHULRG�QHDU�������K�UHVXOWLQJ�LQ�D�ORZ�
DPSOLWXGH�OLJKWFXUYH��:LWK�VXFK�D�ORZ�DPSOLWXGH��LW�LV�SRVVLEOH�WKDW�
D�OLJKWFXUYH�FRXOG�KDYH�D�VLQJOH�PLQLPXP�PD[LPXP�SDLU��RU�WKUHH�
RU�PRUH�SDLUV��+DUULV�HW�DO����������7KH������GDWD�ZHUH�RI�WRR�ORZ�D�
TXDOLW\� WR� UHSKDVH� WR� D� XVHIXO� OLJKWFXUYH�� EXW�ZH� UHPHDVXUHG� WKH�
�����GDWD�XVLQJ�$7/$6�65�PDJQLWXGHV� DQG�ZHUH� DEOH� WR� ILQG� D�
�������K�SHULRG�ZLWK�DQ�DV\PPHWULF�OLJKWFXUYH��

:H�WKLQN�ZH�FDQ�SURQRXQFH�µFDVH�FORVHG¶�IRU������'H/DHWHU��7KH�
QH[W�RSSRUWXQLWLHV�WR�REVHUYH�LW�DUH�LQ�������DQG�SDUWLFXODUO\�LQ������
ZKHQ�LW�ZLOO�EH�PDJ�������
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�����&KLQPR\��7KHUH�DUH�QR�SUHYLRXV�SHULRGV�UHSRUWHG�LQ�WKH�/&'%�
IRU�WKLV�PHPEHU�RI�WKH�+HUWKD�G\QDPLFDO�IDPLO\��1HVYRUQ\�HW�DO���
������ 1HVYRUQ\�� ������� :H� ZHUH� UHTXHVWHG� WR� REVHUYH� LW� E\�
6]DEROFV�1\DUL��,W�ZDV�DSSDUHQW�IURP�RXU�ILUVW�QLJKW�RI�REVHUYDWLRQV�
WKDW�&KLQPR\�KDG�D�ORQJ�SHULRG��'HYLDWLRQV�LQ�WKH�SHULRG�VXJJHVWHG�
LW� WR�EH� WXPEOLQJ��ZKLFK�032�&DQRSXV� FDQQRW�SURSHUO\�DQDO\]H��
(YHQ�VR��ZH�XVHG�LW�WR�H[WUDFW�WKH�GRPLQDQW�SHULRG�DQG�DQRWKHU�WKDW��
ZKHQ� VXEWUDFWHG� IURP� WKH� IXOO� GDWD� VHW�� DOORZHG� D� JRRG� ILW��
WR� D� ELPRGDO� OLJKWFXUYH� ZLWK� 3��  � ������ K�� 7KH� RWKHU� SHULRG���
3�� �������K��LV�OLNHO\�DQ�LQWHJUDO�UDWLR����3��RI�WKH�WUXH�IUHTXHQF\��
DQ�DUWLIDFW�RI�KROGLQJ�WKH�ILUVW�SHULRG�FRQVWDQW�ZKLOH�VHDUFKLQJ�IRU�D�
VHFRQG�DQG�LQVXIILFLHQW�GDWD��3URSHU�DQDO\VLV�ZRXOG�KDYH� WKH� WZR�
SHULRGV� VROYHG� VLPXOWDQHRXVO\�� 7KH� SHULRGV� DUH� ORQJ� HQRXJK� WR�
VXVSHFW�WKDW�WKH�DVWHURLG�KDV�EHHQ�LQ�D�WXPEOLQJ�VWDWH�IRU�VRPH�WLPH��
%DVHG�RQ�D�JHQHUDO�UXOH�RI� WKXPE��3UDYHF�HW�DO����������������WKH�
GDPSLQJ�WLPH�IRU�WKH�DVWHURLG��JLYHQ�LWV�VL]H�DQG�SHULRGV��ZRXOG�EH�
VOLJKWO\�PRUH�WKDQ���*\U��
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�����6FLXUXV�� 7KLV�9HVWRLG�KDV�EHHQ� REVHUYHG� WZLFH� LQ� WKH� SDVW��
3UDYHF������ZHE��REVHUYHG�LW�ILQGLQJ�D�SHULRG�RI��������K��8VLQJ�
*DLD�GDWD��'5����&ROD]R�HW�DO���������UHSRUWHG�D�SHULRG�RI�������K��
2XU�UHVXOW�WKLV�\HDU�LV�LQ�JRRG�DJUHHPHQW�ZLWK�WKRVH�SULRU�ILQGLQJV��

�

�������� �����3-���$V� SDUW� RI� WKH� 3KRWRPHWULF� 6XUYH\� RI� %LQDU\�
1HDU�(DUWK�$VWHURLGV��3UDYHF�HW�DO���������3UDYHF�HW�DO�������ZHE��
UHSRUWHG�D�SHULRG�RI���������K�IRU�WKLV�0DUV�FURVVHU��2XU�SHULRG�RI�
������K�WKLV�\HDU�LV�LQ�JRRG�DJUHHPHQW�ZLWK�WKDW�SULRU�UHVXOW��

�

�������������;/����7KHUH�DUH�QR�SUHYLRXV�HQWULHV�LQ�WKH�/&'%�IRU�
WKLV�0DUV�FURVVHU��7KH�UHVXOW�RI�������K�LV�DVVXUHG�VLQFH�HDFK�RI�WKH�
IRXU�VHTXHQWLDO�QLJKWV�FRYHUHG�WKH�FRPSOHWH�OLJKWFXUYH��

�

��������������:/����7KHUH�DUH�QR�SUHYLRXV�SHULRGV�UHSRUWHG�LQ�WKH�
/&'%�IRU�WKLV�0DUV�FURVVHU���)URP�WKH�ILUVW�QLJKW�RI�REVHUYDWLRQV��
LW�ZDV�DSSDUHQW�WKDW�LW�KDG�D� ORQJ�SHULRG��,W�VHHPV�OLNHO\�IURP�WKH�
SHULRG�DQG�GLDPHWHU�RI�����NP�WKDW�WKLV�LV�D�WXPEOHU��3UDYHF�HW�DO��
�������032�&DQRSXV�FDQQRW�IXOO\�DQDO\]H�WKLV�W\SH�RI�REMHFW��(YHQ�
VR�� ZH� ZHUH� ���DEOH� WR� H[WUDFW� D� GRPLQDQW� SHULRG� RI� ������ K��
6XEWUDFWLQJ� WKDW� GRPLQDQW� SHULRG� DOORZHG�XV� WR� ILQG� D� VHFRQGDU\�
SHULRG�RI������ K��*LYHQ� WKDW� WKLV�KDV� D����� LQWHJUDO� UDWLR�ZLWK�3��
VXJJHVWV� WKH� LGHD� RI�3�� EHLQJ� D� KDUPRQLF� DUWLIDFW� RI� WKH� )RXULHU�
DQDO\VLV��

�

�
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$FNQRZOHGJHPHQWV�

7KLV�ZRUN�LQFOXGHV�GDWD�IURP�WKH�$VWHURLG�7HUUHVWULDO�LPSDFW�/DVW�
$OHUW� 6\VWHP� �$7/$6�� SURMHFW�� $7/$6� LV� SULPDULO\� IXQGHG� WR�
VHDUFK�IRU�QHDU�HDUWK�DVWHURLGV�WKURXJK�1$6$�JUDQWV�11��$5��*��
��166&��.������DQG���166&��.������E\SURGXFWV�RI�WKH�1(2�
VHDUFK� LQFOXGH� LPDJHV� DQG� FDWDORJV� IURP� WKH� VXUYH\� DUHD�� 7KH�
$7/$6� VFLHQFH� SURGXFWV� KDYH� EHHQ� PDGH� SRVVLEOH� WKURXJK� WKH�
FRQWULEXWLRQV�RI�WKH�8QLYHUVLW\�RI�+DZDLL�,QVWLWXWH�IRU�$VWURQRP\��
WKH� 4XHHQ
V� 8QLYHUVLW\� %HOIDVW�� WKH� 6SDFH� 7HOHVFRSH� 6FLHQFH�
,QVWLWXWH�� DQG� WKH� 6RXWK� $IULFDQ� $VWURQRPLFDO� 2EVHUYDWRU\�� 7KH�
DXWKRUV�JUDWHIXOO\�DFNQRZOHGJH�6KRHPDNHU�1(2�*UDQWV�IURP�WKH�
3ODQHWDU\�6RFLHW\���������������7KHVH�ZHUH�XVHG�WR�SXUFKDVH�VRPH�
RI�WKH�WHOHVFRSHV�DQG�&&'�FDPHUDV�XVHG�LQ�WKLV�UHVHDUFK��

5HIHUHQFHV�

&ROD]R�� 0��� 'XIIDUG�� 5��� :HLGPDQQ�� :�� �������� ³7KH�
GHWHUPLQDWLRQ�RI�DVWHURLG�+�DQG�*�SKDVH�IXQFWLRQ�SDUDPHWHUV�XVLQJ�
*DLD�'5��´�0RQWKO\�1RWLFHV�RI�5$6����������������

(UDVPXV�� 1��� 1DYDUUR�0H]D�� 6��� 0F1HLOO�� $��� 7ULOOLQJ�� '�(���
6LFNDIRRVH��$�$���'HQQHDX��/���)OHZHOOLQJ��+���+HLQ]H��$���7RQU\��
-�/�� �������� ³,QYHVWLJDWLQJ� 7D[RQRPLF�'LYHUVLW\� ZLWKLQ� $VWHURLG�
)DPLOLHV� WKURXJK�$7/$6�'XDO�EDQG� 3KRWRPHWU\�´�$S�� -�� 6XSSO��
6HU�������$����

+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��������������

+DUULV�� $�:��� 3UDYHF�� 3��� *DODG�� $��� 6NLII�� %�$���:DUQHU�� %�'���
9LODJL��-���*DMGRV��6���&DUERJQDQL��$���+RUQRFK��.���.XVQLUDN��3���
&RRQH\�� :�5��� *URVV�� -��� 7HUUHOO�� '��� +LJJLQV�� '��� %RZHOO�� (���
.RHKQ��%�:����������³2Q�WKH�PD[LPXP�DPSOLWXGH�RI�KDUPRQLFV�RQ�
DQ�DVWHURLG�OLJKWFXUYH�´�,FDUXV�������������

1HVYRUQ\��'����������³1HVYRUQ\�+&0�$VWHURLGV�)DPLOLHV�9����´�
1$6$� 3ODQHWDU\� 'DWD� 6\VWHPV�� LG�� ($5�$�9$5*%(7���
1(69251<)$0�9�����

1HVYRUQ\��'��� %UR]��0���&DUUXED��9�� �������� ³,GHQWLILFDWLRQ� DQG�
'\QDPLFDO� 3URSHUWLHV� RI�$VWHURLG� )DPLOLHV�´� ,Q�$VWHURLGV� ,9� �3��
0LFKHO��)��'H0HR��:�)��%RWWNH��5��%LQ]HO��(GV����8QLY��RI�$UL]RQD�
3UHVV��7XFVRQ��DOVR�DYDLODEOH�RQ�DVWUR�SK��

3iO��$���6]DNiWV��5���.LVV��&���%yGL��$���%RJQiU��=���.DOXS��&���.LVV��
/�/���0DUWRQ�� *���0ROQiU�� /��� 3ODFK\�� (��� 6iUQHF]N\�� .��� 6]DEy��
*�0��� 6]DEy�� 5�� �������� ³6RODU� 6\VWHP� 2EMHFWV� 2EVHUYHG� ZLWK�
7(66���)LUVW�'DWD�5HOHDVH��%ULJKW�0DLQ�EHOW�DQG�7URMDQ�$VWHURLGV�
IURP�WKH�6RXWKHUQ�6XUYH\�´�$S��-�������$����

3UDYHF��3���+DUULV��$�:���6FKHLULFK��3���.XãQLUiN��3���âDURXQRYi��/���
+HUJHQURWKHU��&�:���0RWWROD��6���+LFNV��0�'���0DVL��*���.UXJO\��
<X�1���6KHYFKHQNR��9�*���1RODQ��0�&���+RZHOO��(�6���.DDVDODLQHQ��
0���*DOiG��$���%URZQ��3���'HJUDII��'�5���/DPEHUW��-�9���&RRQH\��
:�5��� )RJOLD�� 6�� �������� ³7XPEOLQJ� DVWHURLGV�´� ,FDUXV������ ����
�����

3UDYHF��3���6FKHLULFK��3���.XVQLUiN��3���6DURXQRYi��/���0RWWROD��6���
+DKQ��*���%URZQ��3���(VTXHUGR��*���.DLVHU��1���.U]HPLQVNL��=���DQG�
��� FROOHDJXHV� �������� ³3KRWRPHWULF� VXUYH\� RI� ELQDU\� QHDU�(DUWK�
DVWHURLGV�´�,FDUXV�������������

3UDYHF��3���:ROI��0���6DURXQRYD��/�������ZHE������ZHE��� �
KWWS���ZZZ�DVX�FDV�F]�aSSUDYHF�QHR�KWP�

3UDYHF�� 3��� 6FKHLULFK�� 3��� �XUHFK�� -��� 3ROORFN�� -��� .XVQLUDN�� 3���
+RUQRFK��.���*DODG��$���9RNURXKOLFN\��'���+DUULV��$�:���-HKLQ��(���
0DQIURLG��-���2SLWRP��&���*LOORQ��0���&RODV��)���2H\��-���9UDVWLO��-���
5HLFKDUW�� '��� ,YDUVHQ��.���+DLVOLS�� -���/D&OX\]H��$�� �������� ³7KH�
WXPEOLQJ�VWDWH�RI���������$SRSKLV�´�,FDUXV�������������

6WHSKHQV��5�'����������³3KRWRPHWU\�RI�����/DQ]LD�������&OHPDWLV��
�����3RUL�������9DDVD��DQG������'H/DHWHU�´�0LQRU�3ODQHW�%XOO������
�����

6WHSKHQV��5�'����������³$VWHURLGV�2EVHUYHG�IURP�&6��������-XO\���
6HSWHPEHU�´�0LQRU�3ODQHW�%XO�������������

7RQU\�� -�/��� 'HQQHDX�� /��� )OHZHOOLQJ�� +��� +HLQ]H�� $�1��� 2QNHQ��
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