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6WHSKHQV��5�'����������³7URMDQ�$VWHURLGV�2EVHUYHG�IURP�*0$56�
DQG� 6DQWDQD� 2EVHUYDWRULHV�� ����� 2FWREHU� �� 'HFHPEHU�´� 0LQRU�
3ODQHW�%XOO�������������

6WHSKHQV��5�'���&ROH\��'�5���:DUQHU��%�'���)UHQFK��/�0����������
³/LJKWFXUYHV�RI�-RYLDQ�7URMDQ�$VWHURLGV�IURP�WKH�&HQWHU�IRU�6RODU�
6\VWHP�6WXGLHV��/��*UHHN�&DPS�DQG�6SLHV�´�0LQRU�3ODQHW�%XOO��
�������������

6WHSKHQV��5�'���:DUQHU��%�'����������³/LJKWFXUYH�$QDO\VLV�RI�/��
7URMDQ�$VWHURLGV�DW�WKH�&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV�������-XO\�
7R�6HSWHPEHU�´�0LQRU�3ODQHW�%XOO�������������

7RQU\�� -�/��� 'HQQHDX�� /��� )OHZHOOLQJ�� +��� +HLQ]H�� $�1��� 2QNHQ��
&�$��� 6PDUWW�� 6�-��� 6WDOGHU�� %��� :HLODQG�� +�-��� :ROI�� &�� ��������
³7KH� $7/$6� $OO�6N\� 6WHOODU� 5HIHUHQFH� &DWDORJ�´� $VWURSK\V�� -��
�����$�����

:DUQHU�� %�'��� +DUULV�� $�:��� 3UDYHF�� 3�� �������� ³7KH� $VWHURLG�
/LJKWFXUYH� 'DWDEDVH�´� ,FDUXV� ����� ��������� 8SGDWHG� ����� 2FW���
KWWS���ZZZ�PLQRUSODQHW�LQIR�OLJKWFXUYHGDWDEDVH�KWPO�
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)UHGHULFN�3LOFKHU�
�����2UJDQ�0HVD�/RRS�

/DV�&UXFHV��10�������86$�
ISLOFKHU��#JPDLO�FRP�

2EVHUYHUV� ZKR� KDYH� PDGH� YLVXDO�� SKRWRJUDSKLF�� RU� &&'�
PHDVXUHPHQWV�RI�SRVLWLRQV�RI�PLQRU�SODQHWV�LQ�FDOHQGDU�\HDU������
DUH� HQFRXUDJHG� WR� UHSRUW� WKHP� WR� WKLV� DXWKRU� RQ� RU� EHIRUH� �����
$SULO�����7KLV�ZLOO�EH�WKH�GHDGOLQH�IRU�UHFHLSW�RI�UHSRUWV��IRU�ZKLFK�
UHVXOWV� FDQ� EH� LQFOXGHG� LQ� WKH� ³*HQHUDO� 5HSRUW� RI� 3RVLWLRQ�
2EVHUYDWLRQV�IRU������´�WR�EH�SXEOLVKHG�LQ�03%�9RO������1R�����
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1($5�($57+�$67(52,'�/,*+7&859(�$1$/<6,6��
$7�7+(�&(17(5�)25�62/$5�6<67(0�678',(6���

�����6(37(0%(5�72������-$18$5<�

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

����6\FDPRUH�$YH��
(DWRQ��&2�������86$�

EULDQ#0LQRU3ODQHW2EVHUYHU�FRP�

5REHUW�'��6WHSKHQV�
&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV���0RUH'DWD��

5DQFKR�&XFDPRQJD��&$�

�5HFHLYHG�������-DQ�����

/LJKWFXUYHV�RI����1HDU�(DUWK�DVWHURLGV��1($V��REWDLQHG�
DW�WKH�&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV��&6���IURP������
2FWREHU� WR� HDUO\� ����� -DQXDU\� ZHUH� DQDO\]HG� IRU�
URWDWLRQ� SHULRG�� SHDN�WR�SHDN� DPSOLWXGH�� DQG� VLJQV� RI�
VDWHOOLWHV�RU�WXPEOLQJ��

&&'�SKRWRPHWULF�REVHUYDWLRQV�RI����QHDU�(DUWK�DVWHURLGV��1($V��
ZHUH� PDGH� DW� WKH� &HQWHU� IRU� 6RODU� 6\VWHP� 6WXGLHV� �&6��� IURP�
�����6HSWHPEHU�WR�HDUO\������-DQXDU\��7DEOH�,�OLVWV�WKH�WHOHVFRSHV�
DQG�&&'�FDPHUDV�WKDW�ZHUH�FRPELQHG�WR�PDNH�REVHUYDWLRQV��

8S� WR� QLQH� WHOHVFRSHV� FDQ� EH� XVHG� IRU� WKH� FDPSDLJQ�� DOWKRXJK�
VHYHQ�LV�PRUH�FRPPRQ��$OO� WKH�FDPHUDV�XVH�&&'�FKLSV�IURP�WKH�
.$)� EOXH�HQKDQFHG� IDPLO\� DQG� VR� KDYH� HVVHQWLDOO\� WKH� VDPH�
UHVSRQVH��7KH�SL[HO�VFDOHV�UDQJHG�IURP�����������DUFVHF�SL[HO��

7HOHVFRSHV� &DPHUDV�
�����P�I�����6FKPLGW�&DVV� )/,�0LFUROLQH�����(�

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

�����P�I�����6FKPLGW�&DVV� 6%,*�67/�����(�

�����P�I�����6FKPLGW�&DVV� �

�����P�I�����5LWFKH\�&KUpWLHQ��

7DEOH�,��/LVW�RI�DYDLODEOH�WHOHVFRSHV�DQG�&&'�FDPHUDV�DW�&6���7KH�
H[DFW�FRPELQDWLRQ� IRU�HDFK� WHOHVFRSH�FDPHUD�SDLU�FDQ�YDU\�GXH� WR�
PDLQWHQDQFH�RU�VSHFLILF�QHHGV��

$OO�OLJKWFXUYH�REVHUYDWLRQV�ZHUH�XQILOWHUHG�VLQFH�D�FOHDU�ILOWHU�FDQ�
FDXVH�D���������PDJ�ORVV��7KH�H[SRVXUH�GXUDWLRQ�YDULHG�GHSHQGLQJ�
RQ� WKH� DVWHURLG¶V� EULJKWQHVV� DQG� VN\� PRWLRQ�� *XLGLQJ� RQ� D� ILHOG�
VWDU�VRPHWLPHV�UHVXOWHG�LQ�D�WUDLOHG�LPDJH�IRU�WKH�DVWHURLG��

0HDVXUHPHQWV�ZHUH�PDGH� XVLQJ�032�&DQRSXV�� 7KH�&RPS�6WDU�
6HOHFWRU� XWLOLW\� LQ�032� &DQRSXV� IRXQG� XS� WR� ILYH� FRPSDULVRQ�
VWDUV�RI�QHDU�VRODU�FRORU�IRU�GLIIHUHQWLDO�SKRWRPHWU\��7R�UHGXFH�WKH�
QXPEHU�RI�WLPHV�DQG�DPRXQWV�RI�DGMXVWLQJ�QLJKWO\�]HUR�SRLQWV��ZH�
XVH� WKH�$7/$6�FDWDORJ� U�� �65��PDJQLWXGHV� �7RQU\� HW� DO����������
7KRVH� DGMXVWPHQWV� DUH� XVXDOO\� d� ������ 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�� $QRWKHU� FDXVH� PD\� EH�
VHOHFWLQJ� ZKDW� DSSHDUV� WR� EH� D� VLQJOH� VWDU� EXW� LV� DFWXDOO\� DQ�
XQUHVROYHG�SDLU��

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

�����+HSKDLVWRV��7KH�HVWLPDWHG�GLDPHWHU�IRU�WKLV�1($�LV������NP�
�0DLQ]HU� HW� DO��� ������� 3UDYHF� HW� DO�� ������� UHSRUWHG� D� SHULRG� RI�
!���K�EXW�WKH�UHVXOW�ZDV�FRQVLGHUHG�XQUHOLDEOH��2XU�GDWD�OHG�WR�WZR�
SUREDEOH�UHVXOWV�QHDU����K�DQG����K�ZKHQ�XVLQJ�D�VHFRQG�RUGHU�ILW��
:H�DGRSWHG�D�SHULRG�RI����K�ZLWK�D�ELPRGDO� OLJKWFXUYH�EDVHG�RQ�
WKH� SUHVXPHG� DPSOLWXGH� RI� DERXW� ����� PDJ�� ZKLFK� PDNHV� D�
ELPRGDO� OLJKWFXUYH�PRUH� OLNHO\� WKDQ�QRW� �+DUULV�HW� DO���������DQG�
EHFDXVH�WKH�VORSHV�RI�WKH�GDWD�DJUHHG�ZLWK�WKH�VORSHV�RI�WKH�)RXULHU�
PRGHO�FXUYH��

�

�����%HOWURYDWD��3iO�HW�DO���������XVHG�7(66�GDWD�WR�ILQG�D�SHULRG�
RI�������K��2XU�UHVXOW�FRQILUPV�WKHLU�ILQGLQJ���

7KH��WK�RUGHU�)RXULHU�FXUYH�JDYH�D�JRRG�DSSUR[LPDWH�SHDN�WR�SHDN�
DPSOLWXGH�RI������PDJ��EXW�IHOO�VKRUW�RI�WKH�ERWWRP�RI�WKH�VHFRQG�
PLQLPXP�DW������URWDWLRQ�SKDVH�E\�DERXW�����PDJ��JLYLQJ�D�IDOVH�
LPSUHVVLRQ� RI� DV\PPHWU\� LQ� WKH� OLJKWFXUYH�� ,Q� UHDOLW\�� WKH� WZR�
PLQLPXPV�DUH�DFWXDOO\�FORVH�WR�WKH�VDPH�GHSWK��/LJKWFXUYHV�XVLQJ�
KLJKHU�RUGHU�ILWV�KDG�WRR�PDQ\�DUWLILFLDO�GHYLDWLRQV�IURP�D�VPRRWK�
FXUYH�DV�WKH�)RXULHU�DQDO\VLV�ORFNHG�RQWR�QRLVH��

�

������������;%��7KHUH�ZHUH�QR�SUHYLRXVO\�UHSRUWHG�SHULRGV�LQ�WKH�
/&'%�IRU�WKLV�����P�1($��7KH�KLJK�SKDVH�DQJOH�KHOSHG�SURGXFH�
D� VRPHZKDW� XQXVXDO� VKDSH�� 'HVSLWH� WKDW� DQG� WKH� LQFRPSOHWH�
FRYHUDJH��ZH�KDYH�KLJK�FRQILGHQFH�LQ�WKH�UHVXOW��

�

�������� ����� 6.�� 7KLV� ��NP� 1($� KDV� EHHQ� ZRUNHG� QXPHURXV�
WLPHV�EHIRUH��H�J���3UDYHF�HW�DO�������ZHE��������K��DQG�3ROLVKRRN�
������������K���7KH�ILUVW�WLPH�ZH�REVHUYHG������6.�ZDV�LQ������
1RYHPEHU��:DUQHU���������ZKLFK�OHG�WR�D�SHULRG�RI�������K��2XU�
PRVW�UHFHQW�UHVXOW�LV�LQ�JRRG�DJUHHPHQW�ZLWK�WKH�SUHYLRXV�ZRUNV��

�

�������� �����:8����3UDYHF� HW� DO�� �����ZHE�� IRXQG� D� SHULRG� RI�
������ K� XVLQJ� GDWD� IURP� ����� $XJXVW�� 9DGXYHVFX� HW� DO�� �������
UHSRUWHG� ����� K�� 7KLV� LV� WKH� IRXUWK� WLPH� WKH� DVWHURLG� KDV� EHHQ�
REVHUYHG� DW� &6��� 7KH� WKUHH� SUHYLRXV� UHVXOWV� ZHUH� 6WHSKHQV�
�����ZHE�� ������ K��� :DUQHU� �����D�� ������ K��� DQG�:DUQHU� DQG�
6WHSKHQV��������������K���

6RXUFH� Dq� /3$%� $PS� $PS���

3UDYHF�HW�DO�������ZHE�� ��� ���� ����� �����

6WHSKHQV������ZHE�� �� ��� ����� �����

9DGXYHVFX�HW�DO��������� ��� ���� ����� �����

:DUQHU������D�� ��� ���� ����� �����

:DUQHU�DQG�6WHSKHQV�������� ��� ��� ����� �����

7KLV�ZRUN� �� ��� ����� �����

7DEOH�,,��$�FRPSDULVRQ�RI�DPSOLWXGHV�YHUVXV�SKDVH�DQJOH�DW�
GLIIHUHQW�SKDVH�DQJOH�ELVHFWRU�ORQJLWXGHV�IRU����������$PS�LV�
WKH� PHDVXUHG� DPSOLWXGH� RI� WKH� OLJKWFXUYH�� $PS��� LV� WKH�
GHULYHG�PDJQLWXGH�DW����SKDVH�DQJOH��=DSSDOD�HW�DO����������
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$Q�DFFXUDWH�FRPSDULVRQ�RI�DPSOLWXGHV�YHUVXV�SKDVH�DQJOH�ELVHFWRU�
ORQJLWXGH��/3$%��UHTXLUHV�UHGXFLQJ�WKH�DPSOLWXGHV�WR�D�IL[HG�SKDVH�
DQJOH��XVXDOO\����E\�XVLQJ�WKH�IRUPXOD�IURP�=DSSDOD�HW�DO����������

#4¹ L �#Ô�:sEI=;�

:KHUH�D� LV� WKH�SKDVH�DQJOH�RI� WKH�REVHUYDWLRQV�DQG�P� LV� D�YDOXH�
EDVHG� RQ� WD[RQRPLF� W\SH�� $VVXPLQJ� W\SH� 6�� WKH� FDVH� IRU� PRVW�
1($V��P� ��������

)URP�7DEOH�,,��D�IHZ�VXSSRVLWLRQV�FDQ�EH�PDGH��7KH�REVHUYDWLRQV�
QHDU�/3$%� ������VKRZ�WKH�ORZHVW�DGMXVWHG�DPSOLWXGHV��)URP�WKLV��
LW� FDQ� EH� DVVXPHG� WKDW� WKH� SROH� RI� WKH� DVWHURLG� KDV� DQ� HFOLSWLF�
ORQJLWXGH�QHDU�������RU��������6LQFH�WKH�DGMXVWHG�DPSOLWXGHV�VKRZ�
D�VLJQLILFDQW��WKRXJK�QRW�H[WUHPH��UDQJH�� WKH�SROH�RI� WKH�VSLQ�D[LV�
LV� PRGHUDWHO\� LQFOLQHG� IURP� WKH� HFOLSWLF� SODQH�� $VVXPLQJ� WKH�
REVHUYDWLRQV� E\� :DUQHU� DQG� 6WHSKHQV� ������� ZHUH� DW� D� QHDUO\�
HTXDWRULDO� YLHZ�RI� WKH� DVWHURLG�� WKHQ� WKH�D�E� UDWLR�RI� D� VPRRWKHG�
WULD[LDO�HOOLSVRLG�LV�D�E�a�������3URSHU�OLJKWFXUYH�LQYHUVLRQ�DQDO\VLV�
LV�UHTXLUHG�WR�FRQILUP�WKH�YHUDFLW\�RI�WKHVH�UHVXOWV��

�

������ &KHO\DELQVN�� 3UDYHF� HW� DO�� �����ZHE�� IRXQG� D� SHULRG� RI�
������ K� DQG� $� !� ����� PDJ�� 7KH\� IROORZHG� XS� LQ� ����� �3UDYHF��
HW�DO���������� ILQGLQJ�D�SHULRG�RI��������EXW�FRXOG�QRW�SXW�D�ILUP�
FDS�RQ�WKH�DPSOLWXGH��

�

2XU� GDWD� IURP� ORQJ� QLJKWV� LQ� �����'HFHPEHU� DOORZHG� IROORZLQJ�
WKH�OLJKWFXUYH�IRU�D�ODUJH�SRUWLRQ�RI�LWV�OLJKWFXUYH��LI�DGRSWLQJ�RXU�
SHULRG�RI�������K��*LYHQ� WKH� DPSOLWXGH� DQG�PRGHVW�SKDVH� DQJOH��
WKH�ELPRGDO�VROXWLRQ�VHHPV�VHFXUH��+DUULV�HW�DO����������0RUH�VR��
WKH�DV\PPHWU\�RI�WKH�WZR�KDOYHV�RI�WKH�OLJKWFXUYH�OHG�XV�WR�UHMHFW�
WKH�QHDUO\�GRXEOH�SHULRG�IRXQG�E\�3UDYHF�HW�DO���������

�������������-:���7KHUH�ZHUH�QR�SUHYLRXV�URWDWLRQ�SHULRGV�OLVWHG�
LQ� WKH� /&'%�� 0DLQ]HU� HW� DO�� ������� HVWLPDWHG� WKH� HIIHFWLYH�
GLDPHWHU�WR�EH�����������P��8VLQJ�+� �������WKH\�IRXQG�DQ�DOEHGR�
RI�S9� ��������7KLV� LV�XQXVXDOO\�KLJK�IRU�DQ�1($��:DUQHU�HW�DO���
������EXW�VHYHUDO�RWKHU�1($V�LQ�WKH�/&'%�KDYH�VLPLODU�YDOXHV��

,QLWLDO�DQDO\VLV�RI� WKH�REVHUYDWLRQV�RIIHUHG� WKH�SRVVLELOLW\� WKDW� WKH�
DVWHURLG�PLJKW�EH�D�PHPEHU�RI�WKH�YHU\�ZLGH�ELQDU\�DVWHURLGV��VHH�
:DUQHU�� ������ DQG� -DFREVRQ�HW� DO��� �������$V�PRUH�GDWD�EHFDPH�
DYDLODEOH�� WKH� PRUH� SUREDEOH� LQWHUSUHWDWLRQ� ZDV� WKDW� WKH� DVWHURLG�
ZDV�WXPEOLQJ��

032�&DQRSXV� LV�QRW� DEOH� WR�KDQGOH� WXPEOLQJ� DVWHURLGV� FRUUHFWO\�
VLQFH� LW� FDQQRW� SHUIRUP� D� VLPXOWDQHRXV� GXDO�SHULRG� VHDUFK�� 7KH�
EHVW�LW�FRXOG�GR�LQ�WKLV�FDVH�ZDV�ILQG�WKH�PRVW�GRPLQDQW�SHULRG�LQ�
WKH�GDWD�VHW�DQG�WKHQ��XVLQJ�DQ�LWHUDWLYH�GXDO�SHULRG�VHDUFK��ILQG�WKH�
GRPLQDQW� SHULRG� DIWHU� VXEWUDFWLQJ� WKH� ILUVW� SHULRG�� 7KLV� OHG� WR�
ILQGLQJ�SHULRGV�RI�3�� �����K�DQG�3�� �����K��

�

�
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�

:KLOH� QRW� REYLRXV� IURP� WKH� OLJKWFXUYHV�� WKH� VORSH�RI� WKH� GDWD� LQ�
YDULRXV� VHVVLRQV� FORVHO\� PDWFKHV� WKH� VORSH� RI� WKH� )RXULHU� FXUYH��
WKLV�OHQGV�DW�OHDVW�VRPH�VXSSRUW�IRU�WKH�GHULYHG�SHULRGV��+RZHYHU��
DV�ZLWK�PDQ\�WXPEOLQJ�DVWHURLGV��WKH�WZR�SHULRGV�PD\�QRW�EH�WKH�
WUXH�SHULRGV�RI�URWDWLRQ�DQG�SUHFHVVLRQ�EXW�DUH�UHODWHG�WR�WKHP�E\�
LQWHJUDO�PXOWLSOHV�RI�IUHTXHQF\��L�H�����3��

$IWHU�ILQG�WKH�WZR�SHULRGV��WKHUH�ZHUH�VWLOO�VRPH�UHVLGXDOV�WKDW�OHG�
WR�D�WKLUG�SHULRG�RI�������K��7KLV�LV�DOPRVW�H[DFWO\�����RI�DQ�(DUWK�
GD\� DQG� FRXOG� HDVLO\� EH� WKH� UHVXOW� RI� V\VWHPDWLF� HUURUV� DQG� WKH�
VDPSOLQJ�RI�WKH�OLJKWFXUYH�DW�IL[HG�LQWHUYDOV�RI�DERXW����KRXUV��

8VLQJ�WKH�UXOHV�RI�WKXPE�IRU�WXPEOLQJ�GDPSLQJ�WLPH��3UDYHF�HW�DO���
�������������WKH�GLDPHWHU�DQG�SHULRGV�PDNH�WKLV�D�JRRG�FDQGLGDWH�
IRU�WXPEOLQJ��ZKLFK�OHQGV�IXUWKHU�VXSSRUW�WR�WKH�UHVXOWV��

�������������2=����3iO�HW�DO���������IRXQG�D�SHULRG�RI��������K��
2XU� GDWD� ZHUH� H[WUHPHO\� QRLV\�� (YHQ� VR�� ZH� FRXOG� QRW� ILQG� D�
SHULRG�QHDU������DV�VKRZQ�LQ�WKH�SHULRG�VSHFWUXP��:H�GR�QRW�KDYH�
KLJK�FRQILGHQFH� LQ� WKH�UHVXOW��7KH�QH[W� IDYRUDEOH�DSSDULWLRQ� LV� LQ�
����� -DQXDU\� ZKHQ� WKH� DVWHURLG� ZLOO� EH� 9� a� ����� DW� �����
GHFOLQDWLRQ��

�

������+HUPHV��3UDYHF�HW�DO�������ZHE��DQG�0DUJRW�HW�DO���������
UHSRUWHG� WKLV� WR� EH� D� ELQDU\� DVWHURLG�� 7KH� UDGDU� REVHUYDWLRQV� E\�
0DUJRW� HW� DO�� ������� VKRZHG� WKH� DVWHURLG� WR� EH� ³VWURQJO\�
ELIXUFDWHG�´�EHLQJ�FRPSULVHG�WR�WZR�ERGLHV�DQG�³FRQVLVWHQW�ZLWK�D�
URWDWLQJ� ELQDU\� SDLU�´� 7KH\� HVWLPDWHG� WKH� WZR� ERGLHV� WR� KDYH�
HIIHFWLYH� GLDPHWHUV� RI� �������� P� EXW� WKH\� FRXOG� QRW� IXOO\�
FRQVWUDLQ�WKH�SHULRG��������K���3UDYHF�HW�DO�������ZHE��ZHUH�DEOH�
WR�ILQG�D�SHULRG�RI��������K��7KRVH������REVHUYDWLRQV�DQG�UHVXOWV�
ZHUH�WKH�ODVW�WR�EH�UHSRUWHG�LQ�WKH�/&'%�IRU�D�URWDWLRQ�SHULRG��

�

�

2XU�REVHUYDWLRQV�VRPH����\HDUV� ODWHU�FRQILUP�WKH�RULJLQDO�SHULRG�
DQG��DV�LQ�������D�YHU\�ORZ�DPSOLWXGH��7KLV�LV�QRW�VXUSULVLQJ�VLQFH�
WKH������DQG������REVHUYDWLRQV�ZHUH�DW�QHDUO\� WKH�VDPH�YLHZLQJ�
DVSHFW��/3$%� �������������

��������� �����(:���3UDYHF� HW� DO�� �����ZHE�� IRXQG� D� SHULRG� RI�
������ K� EDVHG� RQ� GDWD� IURP� ����� 2FWREHU�� %HKUHQG� �����ZHE��
IRXQG� ������� K�� 2XU� UHVXOW� RI� ����� K�� EDVHG� RQ� LQFRPSOHWH�
FRYHUDJH��LV�LQ�JRRG�DJUHHPHQW��:H�DVVXPHG�D�ELPRGDO�OLJKWFXUYH�
EHFDXVH� RI� WKH� ODUJH� DPSOLWXGH� DQG� UHODWLYHO\� ORZ� SKDVH� DQJOH�
�+DUULV�HW�DO����������

�

��������� ����� :2����� 7KH� OLJKWFXUYH� IRU� WKLV� ����P� 1($�
FKDQJHG� VLJQLILFDQWO\� RYHU� WKH� VKRUW� WLPH� LW� ZDV� REVHUYHG� ������
'HF��������$QDO\VLV�ZDV�EHVW�GRQH�E\�VXEGLYLGLQJ�WKH�GDWD�VHW��
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7KH� FRPELQHG� OLJKWFXUYH� VKRZV� WKH� GHULYHG� SHULRG� DVVXPLQJ� D�
IL[HG�V\QRGLF�SHULRG��+RZHYHU��WKH�LQGLYLGXDO�OLJKWFXUYHV�IRU�'HF�
��� ���� DQG� ��� GLVWLQFWO\� VKRZ� KRZ� WKH� VKDSH� DQG� GHSWK� RI� WKH�
VKDOORZHU�PLQLPXP�HYROYHG�DQG� WKDW� WKH� V\QRGLF�SHULRG�ZDV�QRW�
IL[HG�� 7KLV� LV� H[SHFWHG� ZKHQ� WKH� YLHZLQJ� DVSHFW� DQG� DQG�RU�
YLHZLQJ� DVSHFW� �/3$%�� FKDQJH� VLJQLILFDQWO\�RYHU� WKH� UDQJH�RI� WKH�
GDWD�VHW��

7KH�KLJK�RUGHU�ILWV�ZHUH�UHTXLUHG�WR�JHW�WR�WKH�ERWWRP�RI�WKH�GHHS�
PLQLPXP��

�

�

�

�

��������������84���2WKHU�WKDQ�%LQ]HO�HW�DO���������UHSRUWLQJ�WKLV�
����P� 1($� WR� EH� WD[RQRPLF� FODVV� 6T�� WKHUH� ZHUH� QR� SUHYLRXV�
HQWULHV� LQ� WKH�/&'%��$VVXPLQJ�RXU�DGRSWHG�SHULRG�RI�������K� LV�
FRUUHFW��ZH�ZHUH�DEOH�WR�FDSWXUH�PRVW�RI�WKH�OLJKWFXUYH�GXULQJ�HDFK�
REVHUYLQJ� UXQ�� 7KH� DPSOLWXGH� DQG� SKDVH� DQJOH� GR� QRW�
DXWRPDWLFDOO\� SUHFOXGH� VROXWLRQV� RWKHU� WKDQ� D� ELPRGDO� OLJKWFXUYH�
�+DUULV� HW� DO��� �������+RZHYHU�� WKH�YHU\� VOLJKW� DV\PPHWU\� LQ�RXU�
UHVXOW�ZRXOG�VHHP�WR�H[FOXGH�D�PRQRPRGDO�VROXWLRQ��

�

��������������$3����:H��:DUQHU�DQG�6WHSKHQV��������SUHYLRXVO\�
UHSRUWHG�WKH�SRVVLELOLW\�WKDW�WKLV�DVWHURLG�LV�HLWKHU�ELQDU\�RU��DW�WKH�
OHDVW��KDV�VRPH�SK\VLFDO�WUDLW�WKDW�SURGXFHV�D�VHFRQG�SHULRG�EH\RQG�
WKH�GRPLQDQW�RQH�QHDU�����K��7KH�SUHYLRXV�UHVXOWV�DUH�LQ�7DEOH�,,,�
EXW�WKHLU�SORWV�DUH�QRW�LQFOXGHG�KHUH��

�
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�

7KH�PDLQ�SRLQW�RI� LQWHUHVW� LV� WKDW� WKH�DPSOLWXGH�RI� WKH� VHFRQGDU\�
OLJKWFXUYH�GLPLQLVKHG�DV�WKH�SKDVH�DQJOH�URVH�IURP�����WR�����DQG��
PRUH�LPSRUWDQW�� WKH�/3$%�FKDQJHG�E\�PRUH� WKDQ����GHJUHHV��7KH�
VKDSH� DOVR� FKDQJHG��EHLQJ�PXFK�EHWWHU�GHILQHG� LQ� ODWH�$XJXVW� WR�
HDUO\�6HSWHPEHU�WKDQ�LQ�HDUO\�2FWREHU��

*LYHQ� WKLV�� ZKHQ� ZH� UHREVHUYHG� WKH� DVWHURLG� LQ� HDUO\� �����
-DQXDU\��LW�ZDV�QRW�VXUSULVLQJ�WKDW�DQ\�LQGLFDWLRQV�RI�D�VHFRQGDU\�
SHULRG� ZHUH� QRW� IRXQG�� RU� ZHUH� KLGGHQ� ZLWKLQ� WKH� QRLVH�� 2XU�
SHULRG��������K��IURP�WKH�PRVW�UHFHQW�REVHUYDWLRQV�FORVHO\�DJUHHV�
ZLWK� WKH� HDUOLHU� UHVXOWV� ZKHQ� DFFRXQWLQJ� IRU� FKDQJHV� LQ� WKH�
V\QRGLF�VLGHUHDO�GLIIHUHQFH�RYHU�WKH�VSDQ�RI�WKH�REVHUYDWLRQV��

$�FRPSRVLWH�RI� WKH�WKUHH�SULPDU\�SHULRG�VROXWLRQV�WKDW�IRUFHG�WKH�
ORZHVW�PLQLPXP�WR���� URWDWLRQ�SKDVH�SURYLGHV�D�GUDPDWLF�SLFWXUH�
RI�WKH�OLJKWFXUYH�HYROXWLRQ��

��������������6:�����7KHUH�ZHUH�QR�SUHYLRXV�UHSRUWV�RI�D�SHULRG�
LQ�WKH�/&'%�IRU�WKLV�1($�ZLWK�DQ�HVWLPDWHG�GLDPHWHU�RI���NP��

�

�

7KH� )RXULHU� DQDO\VLV� ORFNHG� RQWR� D� VHHPLQJO\� FOHDU� VROXWLRQ� RI�
�����K��+RZHYHU��WKH�VRPHZKDW�QRLV\�GDWD��HVSHFLDOO\�FRPSDUHG�WR�
WKH�ORZ�DPSOLWXGH��PDNHV�WKLV�VROXWLRQ�XVHDEOH�EXW�KDUGO\�VHFXUH��

��������������<+���7KHUH�ZHUH�QR�SUHYLRXV�HQWULHV�LQ�WKH�/&'%�
RI� DQ\� NLQG� IRU� ����� <+��� ZKLFK� KDV� DQ� HIIHFWLYH� GLDPHWHU� RI��
��������P��:H�FRQVLGHU� WKH�VROXWLRQ� WR�EH�VHFXUH��EXW�DGGLWLRQDO�
REVHUYDWLRQV�DUH�HQFRXUDJHG��7KH������-XQH�DSSDULWLRQ��9�a�������
LV�WKH�RQO\�RQH�ZLWK�9������XQWLO�������

�

��������� �����:2���0DLQ]HU� HW� DO�� ������� IRXQG� WKLV� WR� EH� DQ�
XVXDOO\� ORZ� DOEHGR�REMHFW� DPRQJ� WKH�1($�SRSXODWLRQ��S9� �������
8VLQJ�+� ������� WKH\� IRXQG�D�GLDPHWHU�RI������NP��2XU�GDWD� VHW�
ZDV�REWDLQHG�RYHU����GD\V�LQ������1RYHPEHU�EXW�ZDV�QRW�DEOH�WR�
IXOO\� FRYHU� WKH� SUHVXPHG� ELPRGDO� OLJKWFXUYH� ZLWK� D� SHULRG� RI��
����� K�� %DVHG� RQ� +DUULV� HW� DO�� �������� D� ELPRGDO� OLJKWFXUYH� LV�
YLUWXDOO\�DVVXUHG��

8VLQJ� WKH� UXOH� RI� WKXPE� IRU� WKH� GDPSLQJ� WLPH� IRU� D� WXPEOLQJ�
DVWHURLG� �3UDYHF� HW� DO��� ������ ������� L�H��� WR� JR� IURP� WXPEOLQJ� WR�
VLQJOH�D[LV�URWDWLRQ��WKH�SHULRG�OHDGV�WR�D�WLPH�FRQVLGHUDEO\�JUHDWHU�
WKDQ� WKH� DJH� RI� WKH� 6RODU� 6\VWHP�� 7KH� VKDSH� RI� WKH� OLJKWFXUYH��
ZKHUH� WKH�VORSH�RI� VRPH� VHVVLRQV�GRHVQ¶W�PDWFK� WKH� VORSH�RI� WKH�
)RXULHU�PRGHO�FXUYH��ZRXOG�VXJJHVW� WKDW� WKH�DVWHURLG�LV� LQ�D� ORZ�
OHYHO�WXPEOLQJ�VWDWH��

�

��������� �����96���:DUQHU� �����E�� IRXQG� D� SHULRG� RI� ������ K�
XVLQJ�GDWD�IURP�������2XU������GDWD�VHW�OHG�WR�D�VKRUWHU�SHULRG�RI�
������K��ZKLFK�ZH�FRQVLGHU�WR�EH�VLJQLILFDQWO\�PRUH�OLNHO\�WKDQ�WKH�
RQH�IURP������VLQFH�WKDW�VROXWLRQ�KDG�ODUJH�JDSV�LQ�WKH�OLJKWFXUYH�
DQG�WKH�GDWD�KDG�PXFK�KLJKHU�QRLVH��
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�

�����78����7KHUH�ZHUH�QR�SUHYLRXV�HQWULHV�LQ�WKH�/&'%�IRU������
78����ZKLFK�KDV�DQ�HVWLPDWHG�GLDPHWHU�RI�����P��7KLV�LV�FORVH�WR�
WKH�DSSUR[LPDWH�SRLQW�RI�DERXW�����P�ZKHQ�WKH�URWDWLRQ�SHULRG�FDQ�
HDVLO\�EH�����K��7KLV�1($� LV�FRPSOHWHO\�FRQWUDU\� LQ� WKDW� UHJDUG��
7KH� ODUJH� DPSOLWXGH� DQG� SKDVH� DQJOH� DVVXUH� D� ELPRGDO� VROXWLRQ�
�+DUULV� HW� DO��� ������� 7KH� PDLQ� LVVXHV� ZHUH� W\LQJ� WKH� VHVVLRQV�
WRJHWKHU� RYHU� WKH� SHULRG� RI� WHQ� GD\V� DQG� WKH� IDFW� WKDW� HDFK� RQH�
FRYHUHG�RQO\�D�VKRUW�VHJPHQW�RI�WKH�OLJKWFXUYH��7KLV�LV�ZKHUH�WKH�
$7/$6�FDWDORJ� �7RQU\� HW�DO���������SURYHG� WR�EH�HVVHQWLDO� VLQFH�
WKH�V\VWHPDWLF�HUURUV�DUH�RQ�WKH�RUGHU�RI�������PDJ�DQG�OHVV��7KLV�
PHDQW� OHDYLQJ� WKH�]HUR�SRLQWV�DORQH������PDJ�RIIVHW��DQG�ZDLWLQJ�
XQWLO�D�JRRG�SRUWLRQ�RI�WKH�OLJKWFXUYH�ZDV�FRYHUHG��,Q�WKH�HQG��DOO�
]HUR�SRLQW�DGMXVWPHQWV�ZHUH�d�������PDJ��

�

7KH�VKRUWHU�WXPEOLQJ�GDPSLQJ�WLPHV�LQ�3UDYHF�HW�DO���������ZRXOG�
IDYRU� WKLV� EHLQJ� LQ� D� WXPEOLQJ� VWDWH�� 7KH� ORQJHU� WLPHV� IRXQG� LQ�
3UDYHF�HW�DO���������DOORZ�IRU�D�GDPSLQJ�WLPH�D�OLWWOH�OHVV�WKDQ�WKH�
DJH�RI� WKH�6RODU�6\VWHP��7KHUH�GRQ¶W�DSSHDU� WR�EH�FOHDU�VLJQV�RI�
HYHQ�ORZ�OHYHO�WXPEOLQJ�EXW�LW�FDQQRW�EH�IRUPDOO\�H[FOXGHG��

�����*=��� 7KLV�ZDV� WKH� ILUVW� HQWU\� RI� DQ\� NLQG� LQWR� WKH�/&'%��
7KH�VROXWLRQ�LV�FRQVLGHUHG�VHFXUH�DQG�WKHUH�GRQ¶W�DSSHDU�WR�EH�DQ\�
VLJQV�RI�WXPEOLQJ��ZKLFK�ILWV�WKH�UXOH�RI�WKXPE�IRU�ORQJHU�GDPSLQJ�
WLPHV�IRXQG�LQ�3UDYHF�HW�DO����������

�

�����<-��7KLV�LV�JRRG�GHPRQVWUDWLRQ�RI�³EHDWLQJ�GRZQ�WKH�QRLVH´�
WR�ILQG�D�JRRG�VROXWLRQ�LQ�ZKDW�PLJKW�RWKHUZLVH�EH�D�PDUJLQDO�GDWD�
VHW�� :H� FRQVLGHU� WKH� VROXWLRQ� WR� EH� VHFXUH�� EXW� YHULILFDWLRQ� LV�
ZDUUDQWHG�� $� UHDVRQDEOH� FKDQFH� GRHVQ¶W� FRPH� DJDLQ� XQWLO� �����
'HFHPEHU� ZKHQ� WKH� DVWHURLG� ZLOO� EH� 9� a� ����� DQG� �����
GHFOLQDWLRQ��

�

����� 8;���� 7KHUH� ZHUH� QR� SUHYLRXV� HQWULHV� LQ� WKH� /&'%�� 7KH�
HVWLPDWHG� GLDPHWHU� RI� WKLV�1($� LV�����P��7KHUH� DUH� JDSV� LQ� WKH�
FRYHUDJH�DQG�VRPH�RI� WKH�GDWD� UXQV�KDYH�QRLV\�GDWD��EXW�ZH�VWLOO�
FRQVLGHU� WKH� VROXWLRQ� WR�EH� VHFXUH� VLQFH�QR�RWKHU�SHULRG� WKDW�ZDV�
H[DPLQHG�SURGXFHG�D�SODXVLEOH�OLJKWFXUYH�VKDSH��
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�

�����67���,I�HYHU�DQ�DVWHURLG�VKRZHG�FOHDU�VLJQV�RI�WXPEOLQJ�IURP�
WKH�VWDUW�RI�REVHUYDWLRQV�������67��ZDV�LW��(DFK�UXQ�FRYHUHG�PRUH�
WKDQ�ZKDW�DSSHDUHG�WR�EH�D�IXOO�F\FOH�EXW�WKH�GDWD�FRXOG�QRW�EH�ILW�
WR� D� VLQJOH� SHULRG� ZLWK� D� SODXVLEOH� OLJKWFXUYH�� HYHQ� ZKHQ� XVLQJ�
RQO\� RQH� QLJKW¶V� REVHUYDWLRQV�� DV� VHHQ� ZLWK� WKH� LQGLYLGXDO�
OLJKWFXUYHV�IRU�1RY��������

�

�

�

�

�

7KH�GDWD�IURP�1RY����FDPH�WKH�FORVHV�WR�ILWWLQJ�D�VLQJOH�SHULRG�EXW�
WKH� OLJKWFXUYH� KDG� WKUHH� H[WUHPD� SDLUV��*LYHQ� WKH� DPSOLWXGH� DQG�
ORZ�SKDVH�DQJOH��WKLV�ZDV�KLJKO\�XQOLNHO\��+DUULV�HW�DO���������7KH�
1RY����GDWD� VHW� OHG� WKH�ZRUVW� ILW� WR�D� VLQJOH�SHULRG�ZKLOH� WKH�VHW�
IURP�1RY����DOPRVW�ILW�D�VLQJOH��EXW�LPSODXVLEOH��SHULRG��

032�&DQRSXV� FDQQRW� SURSHUO\� KDQGOH� WKH� GDWD� IURP�D� WXPEOLQJ�
DVWHURLG�VLQFH�LW�GRHV�QRW�GR�D�VLPXOWDQHRXV�VHDUFK�IRU�WZR�SHULRGV��
7R�KDYH�DQ\�FKDQFH�RI� ILQGLQJ�WKH�WUXH�SHULRGV�RI�SUHFHVVLRQ�DQG�
URWDWLRQ�� WKH� FRPSOHWH� GDWD� VHW� ZDV� VHQW� WR� 3HWU� 3UDYHF� IRU� KLV�
DQDO\VLV�� +H� FRQILUPHG� WKH� WXPEOLQJ� VWDWH� �SULYDWH�
FRPPXQLFDWLRQV���
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0\� IXOO� ��SHULRG� )RXULHU� VHULHV� DQDO\VLV� VKRZV� >WKH@�

IROORZLQJ�WKUHH�SHULRGV�ZLWK�WKH�KLJKHVW�VLJQDO���������������

DQG� ������ K��� 7ZR� RI� WKH� WKUHH� DUH� UHDO� SHULRGV� RI� WKH�

WXPEOHU�� ZKLOH� D� WKLUG� RQH� LV� UHODWHG� WR� WKHP�� QRWH� WKDW�

��������  � �������� �� ���������� +RZHYHU�� ZH� FDQQRW� UHVROYH�

ZKLFK� WZR�RI� WKH� WKUHH�DUH� WKH�UHDO�RQHV�EDVHG� MXVW� RQ� WKLV�

DQDO\VLV���«�IXWXUH�SK\VLFDO�PRGHOLQJ�PD\�UHYHDO�LW��

+LV� SORW� VKRZV� WKH� WZR� VWURQJHU� SHULRGV� RI� ������K� DQG������� K�
DQG� KRZ� FRQIXVHG� OLJKWFXUYHV� FDQ� EH� ZLWK� D� WXPEOLQJ� DVWHURLG�
VLQFH�WKH�OLJKWFXUYH�DOPRVW�QHYHU�UHSHDWV�LWVHOI��,W�FDQ�FRPH�FORVH��
DV�RQ�1RY����DQG�����EXW�WKRVH�DUH�XQOLNHO\�VROXWLRQV��HYHQ�WKRXJK�
WKH\�DUH�HDFK�FORVH�WR�WKH�SHULRG�RI�������K�IRXQG�E\�3UDYHF��

$FNQRZOHGJHPHQWV�

)XQGLQJ� IRU� REVHUYDWLRQV� DW� &6�� DQG� ZRUN� RQ� WKH� DVWHURLG�
OLJKWFXUYH�GDWDEDVH� �:DUQHU� HW�DO���������DQG�$/&'()�GDWDEDVH�
�DOFGHI�RUJ��DUH�VXSSRUWHG�E\�1$6$�JUDQW���166&��.������

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��

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\��

5HIHUHQFHV�

5HIHUHQFHV�IURP�ZHE�VLWHV�VKRXOG�EH�FRQVLGHUHG�WUDQVLWRU\��XQOHVV�
IURP� DQ� DJHQF\� ZLWK� D� ORQJ� OLIHWLPH� H[SHFWDQF\�� 6LWHV� UXQ� E\�
SULYDWH� LQGLYLGXDOV�� HYHQ� LI� RQ� DQ� LQVWLWXWLRQDO� ZHE� VLWH�� GR� QRW�
QHFHVVDULO\�IDOO�LQWR�WKLV�FDWHJRU\��

%HKUHQG��5�������ZHE���2EVHUYDWRLUH�GH�*HQHYH�ZHE�VLWH�� �
KWWS���REVZZZ�XQLJH�FK�aEHKUHQG�SDJHBFRX�KWPO�

%LQ]HO�� 5�3��� 'H0HR�� )�(��� 7XUWHOERRP�� (�9��� %XV�� 6�-���
7RNXQDJD��$���%XUELQH��7�+���/DQW]��&���3ROLVKRRN��'���&DUU\��%���
0RUELGHOOL�� $��� %LUODQ��0��� 9HUQD]]D�� 3��� %XUW�� %�-���0RVNRYLW]��
1���6OLYDQ��6�0���7KRPDV��&�$���5LYNLQ��$�6���+LFNV��0�'���'XQQ��
7��� 5HGG\�� 9�� �������� ³&RPSRVLWLRQDO� GLVWULEXWLRQV� DQG�
HYROXWLRQDU\� SURFHVVHV� IRU� WKH� QHDU�(DUWK� REMHFW� SRSXODWLRQ��
5HVXOWV� IURP� WKH� 0,7�+DZDLL� 1HDU�(DUWK� 2EMHFW� 6SHFWURVFRSLF�
6XUYH\��0,7+1(26��´�,FDUXV�������������

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

-DFREVRQ��6�$���6FKHHUHV��'�-���0F0DKRQ�� -�� �������� ³)RUPDWLRQ�
RI� WKH� :LGH� $V\QFKURQRXV� %LQDU\� $VWHURLG� 3RSXODWLRQ�´� $S�� -��
�����$����

0DLQ]HU��$�.���%DXHU��-�0���&XWUL��5�0���*UDY��7���.UDPHU��(�$���
0DVLHUR�� -�5��� 1XJHQW�� &�5��� 6RQQHWW�� 6�0��� 6WHYHQVRQ�� 5�$���
:ULJKW��(�/�� �������� ³1(2:,6(�'LDPHWHUV� DQG�$OEHGRV�9����´�
1$6$�3ODQHWDU\�'DWD�6\VWHP�� �
($5�$�&203,/���1(2:,6(',$0�9�����

0DUJRW�� -�/��� 1RODQ�� 0�&��� 1HJURQ�� 9��� +LQH�� $�$��� &DPSEHOO��
'�%��� +RZHOO�� (�6��� %HQQHU�� /�$�0��� 2VWUR�� 6�-��� *LRUJLQL�� -�'���
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