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,QWURGXFWLRQ

$VLDQ�HOHSKDQWV� �(OHSKDV�PD[LPXV��DUH� ¶IRUHVW�
DQLPDOV·� PRVWO\� RFFXS\LQJ� SRRU� YLVLELOLW\�
KDELWDWV��7KH\�KDYH� ODUJH�KRPH� UDQJHV�DQG�FDQ�
PRYH� ORQJ� GLVWDQFHV� UDSLGO\� �)HUQDQGR� HW� DO��
������ ������� 'XH� WR� XELTXLWRXV� FRQÁLFW� ZLWK�
SHRSOH��PRVW�$VLDQ� HOHSKDQWV� DUH�EHKDYLRXUDOO\�
DGDSWHG� WR� DYRLG� KXPDQV� �)HUQDQGR� HW� DO��
������� &RQVHTXHQWO\�� XQOLNH� $IULFDQ� VDYDQQDK�
HOHSKDQWV��/R[RGRQWD�DIULFDQD���$VLDQ�HOHSKDQWV�
DUH�GLIÀFXOW�WR�VWXG\�E\�GLUHFW�REVHUYDWLRQ��2YHU�
WKH� ODVW� GHFDGH�� KXPDQ�HOHSKDQW� FRQÁLFW� KDV�
HVFDODWHG� DFURVV� WKH� UDQJH� �H�J��%DVNDUDQ�HW� DO��
������ )HUQDQGR� 	� 3DVWRULQL� ������ 6DDEDQ� HW�
DO�� ������� 7KXV�� PDQDJHPHQW� LQWHUYHQWLRQV� DUH�
EHFRPLQJ�HVVHQWLDO�IRU�FRQVHUYLQJ�HOHSKDQWV�DQG�
PLWLJDWLQJ�KXPDQ�HOHSKDQW�FRQÁLFW�DFURVV�$VLD��

*36� FROODUV� DUH� DQ� LQYDOXDEOH� WRRO� WR� VWXG\�
HOHSKDQW� EHKDYLRXU� DQG� REWDLQ� LQIRUPDWLRQ�
IRU� WKHLU� PDQDJHPHQW� �&DPSRV�$UFHL]� ������
)HUQDQGR�HW�DO��������������$OIUHG�HW�DO��������
3DVWRULQL� HW� DO�� ������� %HLQJ� RI� FRPSDUDWLYHO\�
UHFHQW�RULJLQ��VWXGLHV�XVLQJ�HOHSKDQW�*36�FROODUV�
KDYH� EHHQ� IDFHG� ZLWK� YDULRXV� LVVXHV� UHODWHG� WR�
IXQFWLRQDO�DQG�SK\VLFDO�IDLOXUH�RI�FROODUV��3LQWHU�
:ROOPDQ�������$��&DPSRV�$UFHL]��1��2WKPDQ��
SHUV�� FRPP���� &XUUHQWO\� D� QXPEHU� RI� SURGXFWV�

5HVHDUFK�$UWLFOH� *DMDK����������������

(OHSKDQW�*36�7UDFNLQJ�&ROODUV��,V�7KHUH�D�%HVW"

-HQQLIHU�3DVWRULQL�����7KDUDND�3UDVDG���3HWHU�/HLPJUXEHU���.DULQ�,VOHU��DQG�3ULWKLYLUDM�)HUQDQGR�

�&HQWUH�IRU�&RQVHUYDWLRQ�DQG�5HVHDUFK��7LVVDPDKDUDPD��6UL�/DQND
�$QWKURSRORJLVFKHV�,QVWLWXW��8QLYHUVLWlW�=�ULFK��=�ULFK��6ZLW]HUODQG
�'HSDUWPHQW�RI�:LOGOLIH�&RQVHUYDWLRQ��%DWWDUDPXOOD��6UL�/DQND
�6PLWKVRQLDQ�1DWLRQDO�=RRORJLFDO�3DUN��6PLWKVRQLDQ�&RQVHUYDWLRQ�%LRORJ\�,QVW���)URQW�5R\DO��86$
&RUUHVSRQGLQJ�DXWKRU·V�H�PDLO���MHQQ\#DLP�X]K�FK

$EVWUDFW�� �*36�WUDFNLQJ�FROODUV�DUH�DQ�H[WUHPHO\�XVHIXO� WRRO� LQ�UHVHDUFK��FRQVHUYDWLRQ�
DQG�PDQDJHPHQW�RI�HQGDQJHUHG�$VLDQ�HOHSKDQWV��:H�SURYLGH�DQ�DVVHVVPHQW�RI�VL[�*36�
HOHSKDQW� WUDFNLQJ� FROODU� PRGHOV� IURP� IRXU� PDQXIDFWXUHUV�� EDVHG� RQ� ÀHOG� H[SHULHQFH�
RI�FROODULQJ����HOHSKDQWV� LQ�6UL�/DQND��9DULDWLRQV�ZHUH�REVHUYHG�DPRQJ�FROODUV� LQ� WKH�
FRQÀJXUDWLRQ�DQG�PDWHULDOV�XVHG��DELOLW\�WR�REWDLQ�DQG�WUDQVPLW�*36�ORFDWLRQV��ORQJHYLW\��
UHOLDELOLW\�DQG�FRVW��7KHUH�ZDV�QR�FOHDU�¶ZLQQHU¶��WKH�EHVW�FKRLFH�GHSHQGLQJ�RQ�WKH�W\SH�
RI� VWXG\�� DUHD�RI� XVH��ÀQDQFLDO� DQG� ORJLVWLF� FRQVWUDLQWV�� LPSRUWDQFH�RI�GDWD�TXDOLW\�YV��
TXDQWLW\�DQG�GHVLUHG�OLIHWLPH�RI�WKH�FROODU�

DUH� RQ� RIIHU� IURP� GLIIHUHQW� PDQXIDFWXUHUV�
DQG� NQRZOHGJH� RI� WKH� UHODWLYH� VWUHQJWKV� DQG�
ZHDNQHVVHV�RI�GLIIHUHQW�FROODUV�DUH�DQ�LPSRUWDQW�
FRQVLGHUDWLRQ�LQ�VWDUWLQJ�D�FROODULQJ�SURJUDP�

6LQFH� ����� ZH� KDYH� PRQLWRUHG� ��� HOHSKDQWV�
XVLQJ����*36�VDWHOOLWH�FROODUV��+HUH�ZH�GHVFULEH�
DQG�FRPSDUH�SHUIRUPDQFH�RI�GLIIHUHQW�PRGHOV�RI�
HOHSKDQW�FROODUV�IURP�VHYHUDO�PDQXIDFWXUHUV�DQG�
VXJJHVW� IHDWXUHV� WKDW�ZRXOG� EH� RI� DGYDQWDJH� LQ�
JHQHUDO�DQG�LQ�WHUPV�RI�SDUWLFXODU�ÀHOG�VLWXDWLRQV�
DQG�ORJLVWLF�FRQVLGHUDWLRQV�

0HWKRGV

:H� XVHG� ��� FROODUV� IURP� IRXU� PDQXIDFWXUHUV�
LQFOXGLQJ� WZR� PRGHOV� HDFK� IURP� WZR�
PDQXIDFWXUHUV�KHUHDIWHU�UHIHUUHG�WR�DV�´ROGµ�DQG�
´QHZµ��7DEOH�����

&ROODULQJ� ZDV� GRQH� DV� D� FROODERUDWLYH� SURMHFW�
EHWZHHQ�WKH�'HSDUWPHQW�RI�:LOGOLIH�&RQVHUYDWLRQ�
DQG� WKH� &HQWUH� IRU� &RQVHUYDWLRQ� DQG� 5HVHDUFK�
WR� REWDLQ� EDVHOLQH� LQIRUPDWLRQ� DQG� WR� LQFUHDVH�
HIIHFWLYHQHVV� RI� HOHSKDQW� FRQVHUYDWLRQ� DQG�
KXPDQ�HOHSKDQW�FRQÁLFW�PLWLJDWLRQ�LQ�6UL�/DQND��

6L[� FROODUHG� HOHSKDQWV� GLHG� GXULQJ� WKH� VWXG\�
SHULRG�� ÀYH� GXH� WR� KXPDQ�HOHSKDQW� FRQÁLFW��

�������7KH�$XWKRUV���2SHQ�$FFHVV
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2QH�ZDV� D� FURS�UDLGLQJ�PDOH�ZKR�ZDV� VKRW� E\�
D� IDUPHU�� )RXU� ZHUH� WUDQVORFDWHG� PDOHV� �VHH�
)HUQDQGR�HW�DO���������2QH�IHPDOH�JRW�NLOOHG�LQ�
D�WUDLQ�DFFLGHQW��)LYH�RI�WKH�VL[�FROODUV�ZHUH�UH�
XVHG�� 0RVW� �1 ���� FROODUV� ZHUH� SURJUDPPHG�
WR� FROOHFW� D� *36� ORFDWLRQ� HYHU\� �� KRXUV�� )RXU�
FROODUV� JDWKHUHG� ORFDWLRQV� ��KRXUO\� �RQH� ROG�
7HORQLFV�� WZR�QHZ�7HORQLFV�DQG�RQH�$:7��DQG�
WKUHH�FROODUV��1HZ�9HFWURQLF��KRXUO\��2QH�FROODU�
KDG�D�PL[HG�VFKHGXOH�RI���DQG���KRXUV�DQG�WKUHH�
FROODUV�KDG���DQG���KRXUO\�VFKHGXOHV�DV�WKH\�ZHUH�
UHSURJUDPPHG�RQ�D�GLIIHUHQW�VFKHGXOH�ZKHQ�WKH\�
ZHUH�UH�GHSOR\HG�

5HVXOWV

&ROODU�GHVLJQ

$OO� FROODUV� FRQVLVWHG� RI� D� *36� XQLW�� 9+)�
WUDQVPLWWHU�� EDWWHULHV� DQG� VDWHOOLWH� RU� *60�
WUDQVPLWWHU� IRU� GDWD� GRZQORDG�� SDFNDJHG� LQWR�
RQH� LQWHJUDWHG� VHDOHG� XQLW�� 6N\� RULHQWDWLRQ� RI�
WKH� IXQFWLRQDO� XQLW� IRU� VDWHOOLWH� GHWHFWLRQ� ZDV�
DFKLHYHG�E\�D�FRXQWHUZHLJKW��)LJ������$OO�FROODUV�
KDG� WR� EH�PRXQWHG� RQ� WKH� HOHSKDQW� VR� WKDW� WKH�
IXQFWLRQDO� XQLW� DQG� WKH� FRXQWHU�ZHLJKW�ZHUH� DW�
RSSRVLWH�SROHV��7R�IDFLOLWDWH�WKLV��ZH�QXPEHUHG�WKH�
FRUUHVSRQGLQJ�VHWV�RI�SHUIRUDWLRQV�RQ�WKH�VLGHV�RI�
WKH�FROODU�RQ�ERWK�LQVLGH�DQG�RXWVLGH�VXUIDFHV�RI�
WKH�EHOWLQJ��7KH�$IULFD�:LOGOLIH�7UDFNLQJ��$:7��
FROODU�FDPH�ZLWK�QXPEHUHG�SHUIRUDWLRQV��&ROODU�
VL]H� �OHQJWK� RI� EHOWLQJ�� FRXOG� EH� VSHFLÀHG� DW�
RUGHULQJ�IRU�DOO�FROODUV�

2OG� DQG� QHZ� 7HORQLFV� FROODUV� FDPH� LQ� WZR�
VHJPHQWV�ZLWK�D����FP� OHQJWK�RI�EHOWLQJ� LQFRU�
SRUDWLQJ� WKH� IXQFWLRQDO� XQLW� DQG� D� ORQJHU� EHOW�
LQFRUSRUDWLQJ�WKH�FRXQWHU�ZHLJKW��)LJ���$���7KH�
WZR� SLHFHV� ZHUH� EROWHG� WRJHWKHU� ZLWK� �[�� FP�
PHWDO�SODWHV�DQG�IRXU����PP�EROWV�DW�FROODULQJ��

$�VHULHV�RI�SHUIRUDWLRQV�LQ�WKH�ORQJ�EHOW�VHJPHQW�
DOORZHG�WKH�FROODU�VL]H�WR�EH�DGMXVWHG��

7KH� ROG� DQG� QHZ�9HFWURQLF�� )ROOZLW� DQG�$:7�
FROODUV�KDG� WKH� IXQFWLRQDO�XQLW�À[HG� WR�D� VLQJOH�
SLHFH� RI� EHOW� WR� ZKLFK� WKH� FRXQWHU� ZHLJKW�
ZDV� DWWDFKHG� GLUHFWO\�ZLWK� WZR� RU� IRXU� ���PP�
EROWV� DQG� PHWDO� SODWHV� DW� FROODULQJ� �)LJ�� �%���
0XOWLSOH� SHUIRUDWLRQV� LQ� WKH� EHOWLQJ� DOORZHG�
FKDQJLQJ�WKH�FROODU�OHQJWK�LQ�9HFWURQLF�DQG�$:7�
FROODUV��)ROORZLW�FROODUV�KDG�RQO\�D�VLQJOH�VHW�RI�
SHUIRUDWLRQV� KHQFH� D� À[HG� FROODU� OHQJWK�� $V� LW�
ZDV�QRW�SRVVLEOH� WR�HVWLPDWH� WKH�UHTXLUHG�FROODU�
OHQJWK�ZLWK�FHUWDLQW\�EHIRUH�FROODULQJ��ZH�PDGH�
DGGLWLRQDO�VHWV�RI�SHUIRUDWLRQV�SULRU�WR�FROODULQJ�

%HOWLQJ

2OG�9HFWURQLF� FROODUV�XVHG�D� UXEEHUL]HG�FDQYDV�
EHOWLQJ� DQG� WKH� QHZ�9HFWURQLF� FROODUV� D� VLPLODU�
EHOWLQJ�WKDW�ZDV�WKLFNHU��2OG�7HORQLFV�FROODU�EHOWV�
ZHUH�PDGH�RI�D�ZRYHQ�Q\ORQ�VWUDS�HQFDVHG�LQ�D�
SURSULHWDU\�SODVWLF� VOHHYH� DQG� WKH�QHZ�7HORQLFV�
FROODUV�XVHG�EHOWLQJ�FRPSRVHG�RI�D�ZLGH�Q\ORQ�
PHVK� HPEHGGHG� LQ� D� SODVWLF� PDWHULDO�� )ROORZLW�
FROODUV� XVHG� PXOWL�OD\HUHG� FDQYDV� EHOWLQJ� DQG�
$:7�FROODUV�39&�EHOWLQJ��

,Q�WKH�ROG�7HORQLFV�FROODUV��VRPHWLPHV�WKH�SODVWLF�
VOHHYH� EHFDPH� VHSDUDWHG� IURP� WKH� Q\ORQ� VWUDS�
DIWHU�GHSOR\PHQW�DQG�WKH�FROODU�ÀOOHG�ZLWK�PXG��
VXEVWDQWLDOO\� LQFUHDVLQJ� WKH� FROODU� ZHLJKW� �)LJ��
�&��� 7KH� QHZ� 7HORQLFV� EHOWLQJ� RYHUFDPH� WKLV�
SUREOHP�� EXW� PDGH� WKH� WRS� SLHFH� VWLIIHU�� $V� D�
UHVXOW��LW�GLG�QRW�VLW�RQ�WRS�RI�WKH�QHFN�RI�IHPDOHV�
EXW�VOLG�WR�D�VLGH��)LJ���'���7KLV�ZDV�QRW�DQ�LVVXH�
ZLWK�ELJ�PDOHV�DV� WKH�QHFN�ZDV�YHU\�EURDG�DQG�
WKH� IXQFWLRQDO� XQLW� VDW� RQ� WRS�� 8VLQJ� WKH� ROG�
EHOWLQJ� IRU� WKH� WRS�SDUW�DQG� WKH�QHZ�EHOWLQJ� IRU�
WKH�ERWWRP�VROYHG�WKH�SUREOHP��

7DEOH�����&ROODUV�XVHG�LQ�WKH�VWXG\�
0DQXIDFWXUHU &RXQWU\ <HDU�RI�XVH 1 &RGH
7HORQLFV��,QF�� 86$ ���� �� 7HORQLFV�ROG

���� �� 7HORQLFV�QHZ
9HFWURQLF�$HURVSDFH�*PE+ *HUPDQ\ ���� � 9HFWURQLF�ROG

���� � 9HFWURQLF�QHZ
)ROORZLW�/LQGHVEHUJ�$% 6ZHGHQ ���� � )ROORZLW
$IULFD�:LOGOLIH�7UDFNLQJ 6RXWK�$IULFD ���� � $:7
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&ROODU�IXQFWLRQ

$OO� FROODUV� ZLWK� WKH� H[FHSWLRQ� RI� $:7� ZHUH�
VKLSSHG�E\� WKH�PDQXIDFWXUHU� LQ� WKH� GHDFWLYDWHG�
PRGH� DQG� ZHUH� VZLWFKHG� RQ� E\� UHPRYLQJ� DQ�
H[WHUQDO� PDJQHW�� &ROODUV� ZHUH� DFWLYDWHG� D� IHZ�
GD\V� SULRU� WR� FROODULQJ�� 7HORQLFV� FROODUV� XVHG�
YDULDWLRQV�LQ�WKH�9+)�¶EHHS·�WR�LQGLFDWH�VXFFHVV�
RI� FROODU� DFWLYDWLRQ�ZKLOH� )ROORZLW� FROODUV� XVHG�
D� ÁDVKLQJ� /('��$:7� FROODUV� ZHUH� VKLSSHG� LQ�
DFWLYDWHG�PRGH�IURP�WKH�PDQXIDFWXUHU��

)ROORZLW�� 9HFWURQLF� DQG� 7HORQLFV� FROODUV� FDPH�
SURJUDPPHG� E\� WKH�PDQXIDFWXUHU� EXW� ZHUH� UH�
SURJUDPPDEOH� E\� XVHU� SULRU� WR� GHSOR\PHQW� E\�
FRQQHFWLQJ�WR�D�FRPSXWHU��9HFWURQLF�FROODUV�ZHUH�
DOVR�UH�SURJUDPPDEOH�ZKLOH�GHSOR\HG��YLD�606�
FRPPXQLFDWLRQ� ZLWK� WKH� FROODU�� $:7� FROODUV�
ZHUH�SUH�SURJUDPPHG�E\� WKH�PDQXIDFWXUHU� DQG�
WKH�VFKHGXOH�FRXOG�QRW�EH�FKDQJHG�DQ\PRUH�

7HORQLFV�FROODUV�XSORDGHG�GDWD�WKURXJK�DQ�$UJRV�
VDWHOOLWH� V\VWHP� �KWWS���ZZZ�QRDDVLV�QRDD�
JRY�$5*26�!�� 7KH� XSORDG� ZLQGRZ� KDG� WR� EH�
VSHFLÀHG�DW�WKH�WLPH�RI�FROODU�RUGHULQJ�EDVHG�RQ�
WKH�JHRJUDSKLF�ORFDWLRQ�RI�GHSOR\PHQW�DV�D�SRODU�
RUELWLQJ�VDWHOOLWH�ZDV�XVHG��9HFWURQLF�FROODUV�XVHG�
HLWKHU� D� *OREDO� 6\VWHP� IRU� 0RELOH� &RPPXQL�
FDWLRQ� �*60�� RU� WKH� ,ULGLXP� VDWHOOLWH� QHWZRUN�
IRU� GDWD� XSORDG� DQG� GRZQORDG�� )RU� 9HFWURQLF�
*60�FROODUV��D�6,0�FDUG�IURP�D�ORFDO�SURYLGHU�
ZDV� SXUFKDVHG� DQG� VHQW� WR� WKH� PDQXIDFWXUHU�
DQG�LQVWDOOHG�LQ�WKH�FROODU��)ROORZLW�FROODUV�XVHG�
DQ� LQWHUQDWLRQDO� *60� SURYLGHU�� $:7� FROODUV�
�KWWS���ZZZ�DZW�FR�]D!� XWLOL]HG� DVVHW�WUDFNLQJ�
KDUGZDUH�UH�SDFNDJHG�DV�D�ZLOGOLIH�FROODU��

*36�SRVLWLRQV�IURP�)ROORZLW�FROODUV�ZHUH�OLVWHG�LQ�
D�WH[W�ÀOH��ZKLFK�ZDV�UHFHLYHG�YLD�H�PDLO��,Q�$:7�
FROODUV�DQ�([FHO�VKHHW�ZLWK�WKH�*36�SRVLWLRQV�ZDV�
GRZQORDGHG� IURP� WKH� PDQXIDFWXUHU·V� ZHEVLWH��

)LJXUH�����(OHSKDQW�WUDFNLQJ�FROODU�FRQÀJXUDWLRQV���$��7KH�WZR�VHJPHQWV�RI�D�7HORQLFV�FROODU���%��
6LQJOH�SLHFH�9HFWURQLF�FROODU�ZLWK�GLUHFWO\�EROWHG�FRXQWHU�ZHLJKW�DW�WKH�ERWWRP��$:7�DQG�)ROORZLW�
KDYH�D�VLPLODU�GHVLJQ����&��2OG�7HORQLFV�FROODU�EHOW�ÀOOHG�ZLWK�PXG���'��1HZ�7HORQLFV�FROODU�VOLG�WR�
WKH�VLGH�RI�WKH�QHFN�RI�D�IHPDOH�
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2OG� 9HFWURQLF� FROODUV� VHQW� WKH� GDWD� YLD� 606��
GRZQORDGHG� WR� WKH� XVHU·V� FRPSXWHU� WKURXJK� DQ�
DWWDFKHG� EDVH� VWDWLRQ�� 1HZ� 9HFWURQLF� FROODUV�
RIIHUHG� WKH� RSWLRQV� RI� GRZQORDGLQJ� WKURXJK� D�
EDVH� VWDWLRQ�DV�ZHOO� DV� UHFHLYLQJ�D�GDWD�ÀOH�YLD�
H�PDLO��'DWD�IURP�7HORQLFV�FROODUV�ZDV�DFFHVVHG�
WKURXJK� WKH� $UJRV� ZHEVLWH� DV� D� GRZQORDGDEOH�
ÀOH��'DWD�ZDV�NHSW�RQ�WKH�$5*26�VHUYHU�IRU����
GD\V�RQO\��9HFWURQLF�DQG�7HORQLFV�GDWD�ÀOHV�KDG�
WR�EH�SURFHVVHG�ZLWK�WKH�PDQXIDFWXUHU·V�VRIWZDUH�
WR�REWDLQ�WKH�DFWXDO�*36�ORFDWLRQV�

3ULRU� WR�FROODULQJ�ZH� VWHQFLOOHG�D�PHVVDJH�ZLWK�
D� ORFDO�SKRQH�QXPEHU�RQ� WKH�FRXQWHU�ZHLJKW�RI�
HDFK�FROODU��VR�WKH�ÀQGHUV�RI�IDOOHQ�FROODUV�ZRXOG�
EH�DEOH�WR�FRQWDFW�XV��0RVW�FROODUV�WKDW�GURSSHG�
RII�ZHUH�UHFRYHUHG�WKURXJK�WKLV�PHWKRG��

9HFWURQLF�� 7HORQLFV� DQG� )ROORZLW� FROODUV� VWRUHG�
DOO� FROOHFWHG� GDWD� RQ�ERDUG�� ,I� UHFRYHUHG� DIWHU�
GHSOR\PHQW�� WKH� GDWD� FRXOG� EH� GRZQORDGHG� E\�
FRQQHFWLQJ�WKH�FROODU�WR�D�FRPSXWHU�DQG�XVLQJ�D�
VRIWZDUH��9HFWURQLF�DQG�7HORQLFV�FROODUV�UHTXLUHG�
D� IXQFWLRQDO� FROODU� EDWWHU\� IRU� GLUHFW� GRZQORDG�
EXW�)ROORZLW� FROODUV� FRXOG�EH�GRZQORDGHG�HYHQ�
LI�WKH�EDWWHU\�ZDV�GHDG��)RU�D�IHH��9HFWURQLF�DQG�
7HORQLFV�FROODUV�ZLWK�GHDG�EDWWHULHV�FRXOG�EH�VHQW�
WR� WKH�PDQXIDFWXUHU� IRU� UHFRYHU\�RI�GDWD� VWRUHG�
RQERDUG��$:7�FROODUV�GLG�QRW�VWRUH�GDWD�

&ROODU�FRVW

7DEOH� �� VXPPDUL]HV� FROODU� SULFHV�� 7KH� SULFHV�
LQFOXGH�VKLSSLQJ� WR�6UL�/DQND�IURP�WKH�FRXQWU\�
RI�PDQXIDFWXUH�EXW�H[FOXGH�FXVWRPV�GXW\��LQ�6UL�
/DQND��XS�WR�����RI�WKH�FROODU�FRVW���6DWHOOLWH�DQG�
*60�SURYLGHUV�FKDUJHG�D�PRQWKO\�UHQWDO�SOXV�D�
IHH�IRU�HDFK�WUDQVPLVVLRQ��7KH�DQQXDO�FRVW��7DEOH�
���LV�EDVHG�RQ�VL[�*36�ORFDWLRQV�SHU�GD\��

1XPEHU�RI�WUDFNLQJ�GD\V

7KH�DYHUDJH�QXPEHU�RI�GDWD�GD\V�REWDLQHG�IURP�
DOO�FROODUV�ZDV���������������GD\V��)LJ���$���7KH�
ORQJHVW� IXQFWLRQLQJ� ZHUH� WZR� )ROORZLW� FROODUV�
������DQG������GD\V��DQG�WKH�VKRUWHVW�WKUHH�QHZ�
9HFWURQLF�FROODUV���������DQG����GD\V���

7KH�IRXU�)ROORZLW�FROODUV�IXQFWLRQHG�IRU���������
�������UDQJH�������������GD\V��2SHUDWLRQDO�OLIH�
RI�WKH����ROG�7HORQLFV�FROODUV�ZDV���������������
�UDQJH� ���� �� ������ GD\V��7KH� ��� QHZ�7HORQLFV�
FROODUV�ZRUNHG� IRU� ������ �� ������ �UDQJH� ���� ��
������GD\V��ZLWK����FROODUV�ODVWLQJ�PRUH�WKDQ�WZR�
\HDUV��7KH�WKUHH�ROG�9HFWURQLF�FROODUV�IXQFWLRQHG�
IRU���������������GD\V�� WZR� ODVWLQJ� OHVV� WKDQ�D�
\HDU�����������GD\V��DQG�RQH�IRU�����GD\V��7KH�
HLJKW� QHZ� 9HFWURQLF� FROODUV� RQ� DYHUDJH� ODVWHG�
��������������GD\V��6HYHQ�RI�WKHP�FHDVHG�GDWD�
WUDQVPLVVLRQ� DIWHU� OHVV� WKDQ� RQH� \HDU� EXW� RQH�
FROODU�ODVWHG�����GD\V��7KH�$:7�FROODU�VWRSSHG�
IXQFWLRQLQJ�DIWHU�����GD\V��)LJ���$���

2Q� DYHUDJH� FROODUV� RQ� ��� �Q ���� ��� �Q �����
DQG� ��KRXUO\� �Q ��� VFKHGXOHV� ODVWHG� ������ ��
������� ������ �� ������ DQG� ������ �� ������ GD\V�
UHVSHFWLYHO\�

1XPEHU�RI�*36�ORFDWLRQV

2Q�DYHUDJH�����������������*36�ORFDWLRQV�ZHUH�
UHFHLYHG� IURP� HDFK� FROODU�� UDQJLQJ� IURP� ��� WR�
��������)LJ���%��

7KH� IRXU� )ROORZLW� FROODUV� SURYLGHG� ������� ��
������� �UDQJH� ���� �� ������ *36� ORFDWLRQV��$OO�
ZHUH�SURJUDPPHG�RQ�D���KRXUO\�VFKHGXOH�

7KH� ��� ROG�7HORQLFV� FROODUV� SURYLGHG� ������� ��

7DEOH�����&RVW��86���RI�FROODUV��LQFOXGLQJ�VKLSSLQJ��DQG�DQQXDO�GDWD�WUDQVPLVVLRQ����*36�SHU�GD\��
&ROODU 7UDQVPLVVLRQ

&RPSDQ\ 3ULFH $QQXDO�FRVW 7\SH
7HORQLFV�ROG 1$ ��� 6DWHOOLWH��$UJRV�86$�
7HORQLFV�QHZ ���� ���� 6DWHOOLWH��$UJRV�)UDQFH�
9HFWURQLF�ROG 1$ ��� *60��ORFDO�
9HFWURQLF�QHZ ���� ����RU���� *60��ORFDO�RU�,ULGLXP�
)ROORZLW ���� ��� *60��URDPLQJ�
$:7 ���� ��� 6DWHOOLWH
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������� �UDQJH� ��� �� ������ *36� ORFDWLRQV�� 1LQH�
RI�WKHP�FROOHFWHG�*36�HYHU\���KRXUV��7KH�FROODU�
SURJUDPPHG� RQ� DQ� ��KRXUO\� VFKHGXOH� JDWKHUHG�
�����*36�ORFDWLRQV��7KH����QHZ�7HORQLFV�FROODUV�
FROOHFWHG� ������� �� ������� �UDQJH� ��� �� ������
ORFDWLRQV��7ZHOYH�RI�WKHP�ZHUH�SURJUDPPHG�RQ�
D���KRXUO\�VFKHGXOH��WZR�RQ�DQ���KRXUO\�VFKHGXOH�
DQG�RQH�RQ�ERWK�VFKHGXOHV�

7KH�WKUHH�ROG�9HFWURQLF�FROODUV��DOO�SURJUDPPHG�
RQ�D���KRXUO\�VFKHGXOH��FROOHFWHG������������DQG�
����� *36� ORFDWLRQV�� 7KH� HLJKW� QHZ� 9HFWURQLF�
FROODUV��IRXU�RI�WKHP�FROOHFWLQJ�D�*36�HYHU\�KRXU�
DQG� WKH� RWKHUV� HYHU\� �� KRXUV� VHQW� RQ� DYHUDJH�
����������������*36�ORFDWLRQV��+RZHYHU��WKUHH�
FROODUV�VHQW�OHVV�WKDQ�����ORFDWLRQV��2QH�FROODU�VHW�
RQ�DQ�KRXUO\�VFKHGXOH�IRU�WKH�ÀUVW�WZR�\HDUV�DQG�

)LJXUH�����%R[�SORWV�IRU�WKH�QXPEHU�RI�WUDFNLQJ�GD\V��$��DQG�QXPEHU�RI�*36�ORFDWLRQV�UHFHLYHG��%��
SHU�FROODU��$YHUDJH�FRVW�LQ�86��SHU�WUDFNLQJ�GD\��&��DQG�SHU�*36�ORFDWLRQ��'��EDVHG�RQ�FROODU�FRVW�DQG�
WUDQVPLVVLRQ�IHHV��7KH�SORWWHG�YDOXHV�DUH�PDUNHG�DFFRUGLQJ�WR�WKH�UHDVRQ�WKH�FROODU�VWRSSHG�VHQGLQJ�
GDWD��7KH�UHG�OLQH�LV�WKH�JUDQG�PHDQ��7KH�GDVKHG�OLQHV�LQ�$�LQGLFDWH�IXOO�\HDUV�������DQG���\HDUV��
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)LJXUH���� �3RUWLRQ�RI� VFKHGXOHG�*36�QRW� WDNHQ�
DQG�VXFFHVVIXOO\�DFTXLUHG�*36�QRW�WUDQVPLWWHG�

WKHUHDIWHU�UHVHW�WR�D���KRXUO\�VFKHGXOH��SURYLGHG�
�������*36�ORFDWLRQV��

7KH� $:7� FROODU�� ZKLFK� ZDV� SURJUDPPHG� RQ�
DQ� ��KRXUO\� VFKHGXOH� VHQW� D� WRWDO� RI� ���� *36�
ORFDWLRQV��)LJ���%��

&RPSOHWHQHVV�RI�WUDQVPLWWHG�*36�GDWD

7KH����FROODUV�RQ�DYHUDJH�VHQW��������������RI�
WKH� VFKHGXOHG�*36�SRVLWLRQV� IRU� WKH� SHULRG� WKH�
FROODUV�ZHUH�DFWLYH��2QH�ROG�7HORQLFV�FROODU�VHQW�
RQO\������RI�WKH�VFKHGXOHG�*36�SRVLWLRQV�ZKLOH�
RQH�)ROORZLW�FROODU�SURYLGHG�D�������FRPSOHWH�
GDWD�VHW��)LJ�����

7KH� IRXU� )ROORZLW� FROODUV� VHQW� RQ� DYHUDJH� �����
��������RI�WKH�VFKHGXOHG�*36�SRVLWLRQV��UDQJH�
���������������7KH�ROG�DQG�QHZ�9HFWURQLF�FROODUV�
VHQW�������������DQG��������������RI�WKH�H[SHFWHG�
*36� ORFDWLRQV�� UHVSHFWLYHO\�� 7KH� ROG� DQG� QHZ�
7HORQLFV� FROODUV� VHQW� ����� �� ������ DQG� ����� ��
������RI�VFKHGXOHG�*36�SRVLWLRQV��UHVSHFWLYHO\��
7KH�$:7�FROODU�SURYLGHG�������RI�WKH�VFKHGXOHG�
*36�ORFDWLRQV��)LJ������7KH�GLIIHUHQFHV�EHWZHHQ�
PDQXIDFWXUHUV� ZHUH� QRW� VWDWLVWLFDOO\� VLJQLÀFDQW�
�2QHZD\�7XNH\�.UDPHU�+6'��3 ������

)DLOHG�*36�DFTXLVLWLRQ�YV��WUDQVPLVVLRQ�HUURU

*36�ORFDWLRQV�VWRUHG�RQ�ERDUG�ZHUH�GRZQORDGHG�
IURP� ��� FROODUV� UHFRYHUHG� DIWHU� GHSOR\PHQW��
FRQVLVWLQJ�RI���ROG�9HFWURQLF����QHZ�9HFWURQLF��
�� )ROOZLW�� �� ROG� 7HORQLFV� DQG� �� QHZ� 7HORQLFV�
FROODUV�� 7KHVH� GDWD� VHWV� SURYLGHG� DOO� WKH� *36�
ORFDWLRQV�DFTXLUHG�DQG�OLVWHG�WKH�PLVVLQJ�GDWD�DV�
IDLOHG�*36�DWWHPSWV�

&RPSDULVRQ�RI�WKH�GLUHFW�GRZQORDG�GDWD�VHWV�ZLWK�
WKH� GDWD� UHFHLYHG� ZKLOH� GHSOR\HG� VKRZHG� WKDW�
WKH�WKUHH�QHZ�9HFWURQLF�FROODUV�DQG�WKH�)ROORZLW�
FROODU�WUDQVPLWWHG�DOO�WKH�DFTXLUHG�*36�ORFDWLRQV��
2Q� DYHUDJH� WKH� QHZ�9HFWURQLF� FROODUV� IDLOHG� WR�
DFTXLUH������������DQG�WKH�)ROORZLW�FROODU������
RI�WKH�VFKHGXOHG�*36�ORFDWLRQV��)LJ������7KH�RQH�
ROG�9HFWURQLF�FROODU�GLG�QRW�WUDQVPLW������RI�WKH�
DFTXLUHG� *36� ORFDWLRQV� DQG� IDLOHG� WR� DFTXLUH�
������ RI� WKH� VFKHGXOHG� *36� ORFDWLRQV�� 7KH�
ROG� DQG� QHZ�7HORQLFV� FROODUV� IDLOHG� WR� WUDQVPLW�
RQ� DYHUDJH� ����� �� ���� DQG� ���� �� ����� RI� WKH�
DFTXLUHG� *36� ORFDWLRQV�� UHVSHFWLYHO\�� 7KH� ROG�
7HORQLFV� FROODUV� IDLOHG� WR� DFTXLUH� DQ�DYHUDJH�RI�
�������������DQG�WKH�QHZ�7HORQLFV�FROODUV��������
������RI�WKH�VFKHGXOHG�*36�SRVLWLRQV�

2YHUDOO� WKH� ��� LQYHVWLJDWHG� FROODUV� ORVW� ����� ��
������ �UDQJH� ���� �� ������� RI� VFKHGXOHG� GDWD�
SRLQWV� GXH� WR� IDLOXUH� WR� DFTXLUH� D�*36�SRVLWLRQ�
DQG��������������UDQJH�����������IURP�LQDELOLW\�
WR�WUDQVPLW�DQ�DFTXLUHG�SRVLWLRQ�

)LJXUH� ��� � 3RUWLRQ� RI� VFKHGXOHG�*36� UHFHLYHG��
7KH� UHG� OLQH� LV� WKH� JUDQG� PHDQ�� 7KH� SORWWHG�
YDOXHV� DUH� PDUNHG� DFFRUGLQJ� WR� WKH� UHDVRQ� WKH�
FROODU�VWRSSHG�VHQGLQJ�GDWD�
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&RVW�SHU�WUDFNLQJ�GD\

7KH�DYHUDJH�FRVW�SHU�WUDFNLQJ�GD\�IRU�DOO�FROODUV�
ZDV�86�����������������UDQJH���������������)LJ��
�&���H[FOXGLQJ�WKH�ROG�9HFWURQLF�DQG�ROG�7HORQLFV�
FROODUV��SULFHV�XQNQRZQ��

2Q�DYHUDJH�D�WUDFNLQJ�GD\�ZLWK�)ROORZLW�FROODUV�
FRVW�86����������������UDQJH���������������DQG�
ZLWK�QHZ�7HORQLFV�FROODUV�86���������������UDQJH�
����� �� �������� 1HZ� 9HFWURQLF� FROODUV� FRVW� DQ�
DYHUDJH�RI�86����������������SHU�GD\��LQFOXGLQJ�
WKH� FKHDSHVW� �86�� ������ DQG� PRVW� H[SHQVLYH�
FROODU� �86�� �������� LQ� WKH� GDWD� VHW�� 7KH�$:7�
FROODU�SURYLGHG�GDWD�IRU�86�������D�GD\��)LJ���&���

&RVW�SHU�*36�ORFDWLRQ

7KH�DYHUDJH�FRVW�SHU�*36�SRVLWLRQ�IRU�DOO�FROODUV�
�H[FOXGLQJ�ROG�7HORQLFV�DQG�ROG�9HFWURQLF�FROODUV��
ZDV�86�������������� �UDQJH������ �� �������)LJ��
�'��

)ROORZLW�FROODUV�SURYLGHG�D�*36�ORFDWLRQ�DW�86��
�������������UDQJH��������������DQG�QHZ�7HORQLFV�
DW� 86�� ����� �� ����� �UDQJH� ����� �� ������� (DFK�
ORFDWLRQ�UHFHLYHG�IURP�QHZ�9HFWURQLF�FROODUV�FRVW�
RQ�DYHUDJH�86���������������UDQJH���������������
DQG�IURP�WKH�$:7�FROODU�86��������)LJ���'���

5HDVRQV�IRU�IDLOXUH

,Q� RQH� RI� WKH� ��� FROODU� GHSOR\PHQWV� WKH� FROODU�
GURSSHG�RII�EHIRUH�WKH�EDWWHU\�H[SLUHG��GXH�WR�EHOW�
IDLOXUH��)LJ������7HQ�FROODUV�������ZHUH�DIIHFWHG��
ZLWK�WZR�FRPLQJ�RII�WKH�HOHSKDQW�WZLFH�DQG�RQH�
WKUHH�WLPHV��%HOW�IDLOXUH�RFFXUUHG�LQ�7HORQLFV�DQG�
9HFWURQLF� FROODUV�� 7KH� ROG� 9HFWURQLF� FROODUV� ���
FROODUV����HOHSKDQWV�� FDPH�RII�ZLWKLQ�D�\HDU� ����
������������GD\V���,Q�WKUHH�LQVWDQFHV��WKH�7HORQLFV�
FROODUV�ODVWHG�IRU�OHVV�WKDQ�KDOI�D�\HDU��������������
GD\V��DQG�VHYHQ�FROODUV�FDPH�RII�EHWZHHQ�������
�����GD\V��

6HYHQ�RI�WKH�HLJKW�QHZ�9HFWURQLF�FROODUV�FHDVHG�
IXQFWLRQLQJ�DIWHU�OHVV�WKDQ�D�\HDU����������������
GD\V�� UDQJH� ��� �� ���� GD\V��� 7KH� IDLOXUH� ZDV�
FDXVHG�E\�GDPDJH�WR�WKH�FDVLQJ�RI�WKH�IXQFWLRQDO�
XQLW� DQG� FRQVHTXHQW� HOHFWURQLF� IDLOXUH�� SRVVLEO\�
GXH�WR�PRLVWXUH�ZDWHU�GDPDJH�

$Q� ROG� 7HORQLFV� DQG� D� )ROORZLW� FROODU� VWRSSHG�
IXQFWLRQLQJ�SUHPDWXUHO\�GXH�WR�HOHFWURQLF�IDLOXUH��
ZLWKRXW�REYLRXV�GDPDJH� WR� WKH� FDVLQJ� �)LJ�� ����
7KH�ROG�7HORQLFV�FROODU�VHQW�YHU\�OLWWOH�GDWD�DQG�
WKH�EDWWHU\�GUDLQHG�HDUO\������GD\V���,W�LV�XQFOHDU�
LI� WKH� *36� RU� WKH� WUDQVPLWWHU� RU� ERWK� ZHUH� DW�
IDXOW��7KH�)ROORZLW�FROODU�IDLOHG�DIWHU�����GD\V��,W�
KDG�DQ�HOHFWURQLF�PDOIXQFWLRQ��ZKLFK�FDXVHG�WKH�
EDWWHU\�WR�GUDLQ�TXLFNO\��

3UHVXPHG� EDWWHU\� OLIH� GLIIHUHG� EHWZHHQ� FROODU�
PRGHOV�DQG� LQGLYLGXDO�FROODUV� �)LJ�����7DEOH�����
2OG�7HORQLFV�FROODUV�ODVWHG�EHWZHHQ�����WR������
GD\V�� 7KH� EDWWHULHV� RI� WKH� ROG� 9HFWURQLF� DQG�
$:7�FROODUV�ODVWHG�PRUH�WKDQ�RQH�\HDU��:LWK�RQH�
H[FHSWLRQ������GD\V��WKH�QHZ�7HORQLFV�FROODUV�KDG�
D�EDWWHU\�OLIH�RI�PRUH�WKDQ�WZR�\HDUV��%DWWHULHV�RQ�
)ROORZLW�FROODUV�ODVWHG�PRUH�WKDQ�WKUHH�\HDUV��

'LVFXVVLRQ

&ROODU�FRQÀJXUDWLRQ

,Q�DOO�FROODUV��ORFDWLRQ�RI�WKH�HQWLUH�IXQFWLRQDO�XQLW�
RQ� WRS� UHVXOWHG� LQ� D� KLJK� SURÀOH� WKDW� SURMHFWHG�
DERYH� WKH� HOHSKDQW�� FDXVLQJ� LQFUHDVHG� GDPDJH�
IURP�VWULNLQJ�REMHFWV��HVSHFLDOO\�ZKHUH�HOHSKDQWV�
IUHTXHQWHG� WKLFN� DQG� WKRUQ\� VFUXE� KDELWDWV��
/RFDWLRQ�RI�WKH�IXQFWLRQDO�XQLW�DW�WKH�ERWWRP�DV�
LQ�9+)�RQO\�FROODUV�ZRXOG�EH�SUHIHUDEOH�DV�LW�LV�
WKHQ�ZHOO�SURWHFWHG�IURP�VXFK�DEXVH��,Q�DQ�DJH�RI�
XELTXLWRXV�LQWHU�GHYLFH�ZLUHOHVV�FRPPXQLFDWLRQ�
LW� LV� VXUSULVLQJ� WKDW� DOO� DYDLODEOH� HOHSKDQW� *36�
FROODUV� HPSOR\HG� D� FRXQWHUZHLJKW��ZKLFK�PRUH�
WKDQ�GRXEOHG�WKH�ZHLJKW�RI�WKH�FROODU�

2I� WKH� WZR� FROODU� GHVLJQV� HYDOXDWHG�� À[LQJ� WKH�
FRXQWHU�ZHLJKW�GLUHFWO\�RQWR�WKH�EHOW�ZDV�HDVLHU�
LQ� WKH� ÀHOG�� WKDQ� EROWLQJ� WRJHWKHU� WKH� ORQJ� DQG�

7DEOH�����8VDJH�WLPH��GD\V��RI�FROODUV�WKDW�UHDFKHG�
WKH�HQG�RI�EDWWHU\�OLIH�
0DQXIDFWXUHU 1 0HDQ 6WGHY 0LQ 0D[
7HORQLFV�ROG � ��� ����� ��� ����
7HORQLFV�QHZ � ��� ����� ��� ����
9HFWURQLF�ROG � ��� ��� ���
9HFWURQLF�QHZ � ��� ��� ���
)ROORZLW � ���� ���� ���� ����
$:7 � ��� ��� ���
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VKRUW� VHJPHQWV� RI� EHOWLQJ� DV� LQ� WKH� 7HORQLFV�
FROODUV��7KH�ODWWHU�UHTXLUHG�EROWLQJ�DW�WZR�ZLGHO\�
VHSDUDWHG� SRLQWV�� ZKLFK� ZHUH� VRPHWLPHV� QRW�
HDVLO\� DFFHVVLEOH� ZKHQ� WKH� HOHSKDQW� IHOO� RQ�
VFUXEE\�RU�WKRUQ\�YHJHWDWLRQ��

$GMXVWDELOLW\�RI�FROODU�VL]H�LV�D�PXVW�DQG�FROODUV�
VKRXOG� KDYH� SHUIRUDWLRQV� WKDW� DOORZ� DGMXVWPHQW�
EHWZHHQ� WKH� VPDOOHVW� DQG� ODUJHVW� HOHSKDQW� WKDW�
PD\EH�FROODUHG��0RVW�PDQXIDFWXUHUV�ZLOO�FRPSO\�
DQG�SURYLGHG�IDFWRU\�SHUIRUDWHG�FROODUV�WR�FRYHU�
WKH� VSHFLÀHG� VL]HV�� &ROODU� VL]H� VKRXOG� EH� UH�
FKHFNHG� SULRU� WR� FROODULQJ� DQG� WKH� SHUIRUDWLRQV�
WHVWHG�WR�VHH�WKDW�WKH�EROWV�ÀW�WKURXJK�WKHP�HDVLO\��

7KH�XVH�RI����PP�QXWV�DQG�EROWV�IRU�FROODU�À[LQJ�
LV� SUHIHUDEOH� WR� ��� PP�� DV� XQGHU� WKH� VWUHVV� RI�
FROODULQJ�ZKHUH�H[SHGLHQF\�LV�NH\��WKH�ODUJHU�VL]H�
PDNHV�IRU�HDVLHU�PDQLSXODWLRQ�DQG�GURSSHG�DQG�
ORVW�QXWV�OHVV�OLNHO\�

%HOWLQJ

%HOW� GXUDELOLW\� LV� D� WULFN\� LVVXH� DV� LGHDOO\� WKH�
EHOWV�VKRXOG�ODVW�WKH�IXQFWLRQDO�OLIH�RI�WKH�FROODU�
DQG�EUHDN�RII�VXEVHTXHQWO\��7KLV�PD[LPL]HV�GDWD�
DFTXLVLWLRQ�DQG�REYLDWHV�WKH�QHHG�WR�DQDHVWKHWL]H�
WKH�DQLPDO�WR�UHPRYH�WKH�FROODU��:KLOH�UHPRYLQJ�
G\VIXQFWLRQDO�FROODUV�LV�GHVLUDEOH�IURP�DQ�DQLPDO�
ZHOIDUH� SRLQW� RI� YLHZ� �&DVSHU� ������ )HUUHLUD�
HW� DO�� ������� DQDHVWKHWL]LQJ� D� ZLOG� HOHSKDQW�
SRVHV�D�ULVN�WR�WKH�OLIH�RI�WKH�HOHSKDQW�DQG�WKRVH�
XQGHUWDNLQJ�WKH�RSHUDWLRQ��$OVR��WKH�FXUUHQW�FRVW�
RI� DQDHVWKHWL]LQJ� D� ZLOG� HOHSKDQW� LQ� 6UL� /DQND�
LV� DURXQG�86��������7KHUHIRUH�� FROODUV� DUH� QRW�
WDNHQ�RII�DV�D�UXOH�LQ�6UL�/DQND��&ROODUV�GURSSHG�
RII�GXH�WR�GHJUDGDWLRQ�RI�WKH�FROODU�PDWHULDO�DQG�
ZHDU�DQG�WHDU��XVXDOO\�ZLWKLQ�ÀYH�\HDUV��

3UHPDWXUH� EHOW� IDLOXUH� ZDV� DQ� LVVXH� ZLWK� VRPH�
FROODUV�VXFK�DV�WKH�ROG�9HFWURQLFV��+RZHYHU��EHOW�
OLIH� ZDV� GHWHUPLQHG� E\� D� QXPEHU� RI� YDULDEOHV��
)DLOXUH�GXH� WR�ZHDU� DQG� WHDU�ZDV�PXFK�JUHDWHU�
LQ�WKRUQ\�VFUXE�KDELWDWV�DQG�ZLWK�PDOHV��,W�LV�DOVR�
OLNHO\�WR�YDU\�ZLWK�LQGLYLGXDO�HOHSKDQWV��2YHUDOO��
PXOWLOD\HUHG�FDQYDV�EHOWLQJ�DV�XVHG�E\�)ROORZLW�
DSSHDUHG�WR�EH�WKH�EHVW�ZLWK�PRVW�ODVWLQJ�WKH�OLIH�
RI�WKH�EDWWHULHV�DQG�GURSSLQJ�RII�VRRQ�DIWHU��7KH�
)ROORZLW� EHOWLQJ� PDWHULDO� GLG� QRW� GHJUDGH� DQG�
RQO\� JRW� DEUDGHG�� EXW� WRUH� EHWZHHQ� À[HG� DQG�

ÁH[LEOH�SRLQWV�DV�DW�WKH�MXQFWLRQ�RI�WKH�IXQFWLRQDO�
XQLW�RU�FRXQWHU�ZHLJKW�DQG�WKH�EHOW��

,Q�JHQHUDO��FROODUV�ZLWK�VWLIIHU�EHOWLQJ�ZHUH�OLDEOH�
WR� IDOO� RII� XQOHVV� ÀWWHG� FORVH� WR� WKH� QHFN� VL]H��
&ROODUV�ZLWK�ÁH[LEOH�EHOWLQJ� WHQGHG� WR�EH�PRUH�
IRUJLYLQJ�RI�ORRVH�ÀWWLQJ�DV�WKH�EHOW�FRQIRUPV�WR�
WKH�QHFN�VKDSH�DQG� LV�SUHYHQWHG� IURP�GURSSLQJ�
RII�E\� WKH�KHDG�DQG�HDUV��6WLIIHU�EHOWLQJ� LV� DOVR�
OLDEOH�WR�FDXVH�WKH�IXQFWLRQDO�XQLW�WR�VOLGH�RII�WKH�
WRS�WR�D�VLGH��HVSHFLDOO\�RQ�IHPDOHV��DV�WKHLU�QHFN�
LV�QDUURZHU�DQG�PRUH�SRLQWHG�GRUVDOO\��$OO�WHVWHG�
FROODUV� KDG� D� ÁDW� XQGHUVLGH� WR� WKH� IXQFWLRQDO�
XQLW� PHDQW� WR� EH� RQ� WRS� RI� WKH� QHFN�� 6KDSLQJ�
WKH�XQGHUVLGH�RI�WKH�IXQFWLRQDO�XQLW�WR�SURYLGH�D�
EHWWHU�ÀW�ZRXOG�EH�DQ�HDV\�LPSURYHPHQW�

&ROODU�VZLWFK�RII

,Q�6UL�/DQND�HOHSKDQW�LPPRELOL]DWLRQ�IRU�FROODULQJ�
LV� WKH� H[FOXVLYH� SUHVHUYH� RI� WKH� 'HSDUWPHQW�
RI� :LOGOLIH� &RQVHUYDWLRQ�� 'XH� WR� YDULRXV�
DGPLQLVWUDWLYH� DQG� ORJLVWLF� LVVXHV� VRPHWLPHV� LW�
WRRN�RYHU�D�\HDU�DIWHU� UHFHLYLQJ� WKH�FROODUV�� IRU�
WKHP� WR� EH� GHSOR\HG�� 6RPHWLPHV� D� FROODULQJ�
ZDV�VFKHGXOHG�DQG�FDQFHOOHG�DW� WKH�ODVW�PLQXWH��
DQG�UHVFKHGXOHG�IRU�PRQWKV�ODWHU��7KHUHIRUH�WKH�
LQDELOLW\� RI�$:7� FROODUV� WR� EH� VZLWFKHG� RQ�RII�
E\�WKH�XVHU�ZDV�D�PDMRU�GLVDGYDQWDJH��7KLV�PD\�
QRW�EH�DQ�LVVXH�ZKHUH�RSHUDWLRQV�FDQ�EH�SODQQHG�
UHOLDEO\��

7HORQLFV� DQG� 7HOHYLOW� FROODUV� SURYLGHG� DQ�
DVVHVVPHQW� RI� FROODU� IXQFWLRQ� ZKHQ� DFWLYDWLQJ�
WKHP�� WKURXJK� /('� RU� 9+)� VLJQDOV�� +RZHYHU�
JLYHQ� WKH� ORJLVWLFV� DQG� ULVNV� RI� FROODULQJ� DQ�
HOHSKDQW��ZH�IRXQG�LW�SUXGHQW�WR�VZLWFK�FROODUV�RQ�
D�IHZ�GD\V�SULRU� WR�GHSOR\PHQW�DQG�HQVXUH�WKDW�
GDWD�ZDV�UHFHLYHG�ZLWKRXW�DQ\�LVVXHV��

9+)�

$OO�FROODUV�KDG�D�9+)�XQLW�LQ�DGGLWLRQ�WR�WKH�*36�
XQLW��7KH�9+)� XQLW�ZDV� XVXDOO\� SRZHUHG� IURP�
D� VXSSOHPHQWDU\� SDFN�� VR� WKDW� LW� FRXOG� EH� XVHG�
WR�ORFDWH�WKH�FROODU�RQFH�WKH�*36�EDWWHULHV�ZHUH�
H[KDXVWHG��7KLV�IHDWXUH�ZRXOG�DOVR�EH�RI�YDOXH�LI�
FROODUV�DUH�WR�EH�WDNHQ�RII�DIWHU�FHVVDWLRQ�RI�*36�
WUDQVPLVVLRQ��:H�IRXQG�WKH�9+)�KHOSIXO�WR�ORFDWH�
DQG�UHFRYHU�FROODUV�WKDW�IHOO�RII�DQG�ZHUH�XQDEOH�
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WR�DFTXLUH�*36�VLJQDO�IURP�ZKHUH�WKH\�OD\��7KH�
9+)�ZDV� DOVR� XVHIXO� IRU� WUDFNLQJ� HOHSKDQWV� LQ�
UHDO� WLPH� WKURXJK� KRPLQJ�LQ�� DV� RIWHQ� WKH�*36�
GDWD�ZDV�IURP�PDQ\�KRXUV�HDUOLHU��

5HDO� WLPH� FRPPXQLFDWLRQ� ZLWK� WKH� FROODU� *36�
WKURXJK�D�KDQG�KHOG�XQLW�DQG�D�µJR�WR·�IDFLOLW\�DV�
IRXQG�LQ�VRPH�KDQG�KHOG�UHFUHDWLRQDO�*36�XQLWV�
VXFK�DV� WKH�*$50,1�5LQR��KWWS���VLWHV�JDUPLQ�
FRP�HQ�86�ULQR��� ZRXOG� SURYLGH� PXFK� EHWWHU�
WUDFNLQJ� WKDQ� SRVVLEOH� ZLWK� 9+)�� HVSHFLDOO\�
ZKHQ�FRPELQHG�ZLWK�D�VFUHHQ�PDS�VKRZLQJ�WKH�
FROODU�DQG�REVHUYHU�SRVLWLRQ�

'DWD�GRZQORDG�

,I�FROODUV�DUH�GHSOR\HG�LQ�DUHDV�ZLWK�JRRG�PRELOH�
SKRQH� FRYHUDJH�� D� ORFDO� *60� SURYLGHU� LV� WKH�
FKHDSHVW�RSWLRQ� IRU�GDWD�GRZQORDG��$GGLWLRQ�RI�
D� GDWD�URDPLQJ� IDFLOLW\� LQFUHDVHV� SUREDELOLW\� RI�
GDWD� GRZQORDG� ZKHUH� FRYHUDJH� LV� SDWFK\� DQG�
IURP�GLIIHUHQW�SURYLGHUV��6DWHOOLWH�SKRQH�V\VWHPV�
VXFK�DV�,ULGLXP�DQG�,QPDUVDW�VKRXOG�KDYH�JUHDWHU�
FRYHUDJH�DQG�EH�PRUH�VXLWDEOH�IRU�DUHDV�ZLWKRXW�
ORFDO� *60� FRYHUDJH�� 6DWHOOLWH� SKRQH� FKDUJHV�
ZHUH�FRPSDUDEOH�WR�FRVW�RI�*60�SOXV�URDPLQJ��

$UJRV� VDWHOOLWH� FROODUV� KDG� DQ� DGYDQWDJH� LQ�
HQVXULQJ� GDWD� WUDQVPLVVLRQ�� DV� WKH\� KDG� JOREDO�
FRYHUDJH�� +RZHYHU�� UDSLGO\� LQFUHDVLQJ� JOREDO�
VDWHOOLWH�SKRQH�FRYHUDJH�LV�OLNHO\�WR�REYLDWH�WKLV�
DGYDQWDJH�� $UJRV�EDVHG� GDWD� WUDQVPLVVLRQ� ZDV�
PXFK�PRUH�H[SHQVLYH��:KLOH�SURYLGLQJ�H[DFWO\�
WKH� VDPH� $UJRV� VHUYLFH�� &/6� $PHULFD� ZDV�
FKHDSHU� WKDQ� &/6� )UDQFH�� $V� H[SHFWHG� FROODU�
OLIH� LV� WKUHH� \HDUV�� PDLQWDLQLQJ� SD\PHQWV� RI�
KLJK�GRZQORDG�IHHV�PD\�EH�D�FRQVWUDLQW��8VLQJ�
$5*26� LPSRVHG� OLPLWDWLRQV� RQ� WLPLQJ� RI� GDWD�
XSORDG�IURP�D�SDUWLFXODU�ORFDWLRQ��$V�PRVW�$VLDQ�
HOHSKDQWV�UHPDLQ�XQGHU�FRYHU�GXULQJ�WKH�GD\�DQG�
YHQWXUH� LQWR� RSHQ� DUHDV� GXULQJ� WKH� QLJKW�� GDWD�
WUDQVPLVVLRQ�DW�GXVN�RU�GDZQ�LV�OLNHO\�WKH�EHVW��

)DLOHG�SRVLWLRQV

2YHUDOO�� FROODUV� IDLOHG� WR� SURYLGH� FORVH� WR� RQH�
IRXUWK�RI�VFKHGXOHG�SRVLWLRQV��7KH�GLIIHUHQW�FROODU�
W\SHV� VKRZHG� YDULDEOH� H[WHQWV� RI� IDLOXUH�� 7KH�
QHZ�9HFWURQLF�DQG�)ROORZLW�FROODUV�SURYLGHG�QHDU�
FRPSOHWH� GDWD� VHWV�ZKLOH� ROG�9HFWURQLF� DQG�ROG�

DQG�QHZ�7HORQLFV�FROODUV�KDG�D�KLJK�SHUFHQWDJH�
RI� IDLOHG�SRVLWLRQV��/RVV�RI� VFKHGXOHG�SRVLWLRQV�
FRXOG�KDYH�D�VLJQLÀFDQW�HIIHFW�GHSHQGLQJ�RQ�WKH�
FDXVH�DQG�H[WHQW�RI�ORVV�DQG�W\SH�RI�VWXG\��

)DLOXUH� WR� DFTXLUH� *36� SRVLWLRQV� ZDV� PRUH�
FRPPRQ� WKDQ� WUDQVPLVVLRQ� IDLOXUH� RI� DFTXLUHG�
SRVLWLRQV��7KH�QHZ�DQG�ROG�7HORQLFV�FROODUV�KDG�
ERWK� LVVXHV� ZKLOH� QHZ� 9HFWURQLF� DQG� )ROORZLW�
FROODUV� ZHUH� DEOH� WR� WUDQVPLW� DOO� DFTXLUHG�
SRVLWLRQV��

6WXGLHV�PRQLWRULQJ�LPSDFW�RI�PDQDJHPHQW�DFWLRQV�
RQ�HOHSKDQWV�DUH�XQOLNHO\� WR�EH�JUHDWO\�DIIHFWHG�
E\�IDLOXUH�WR�DFTXLUH�VRPH�SRVLWLRQV��$QDO\VHV�RI�
KRPH� UDQJH� H[WHQW� DQG� PRYHPHQW� SDWWHUQV� DUH�
PRUH� OLNHO\� WR�EH� LQÁXHQFHG�E\�V\VWHPDWLF�ELDV�
LQ�*36�DFTXLVLWLRQ�IDLOXUH��6LPLODUO\�KDELWDW�XVH�
DQG�SUHIHUHQFH�VWXGLHV�PD\�EH�JUHDWO\�LPSDFWHG��
HVSHFLDOO\�DV�*36�DFTXLVLWLRQ�IDLOXUH�LV�OLNHO\�WR�
EH�UHODWHG�WR�YDULDEOHV�VXFK�DV�KLJK�FDQRS\�FRYHU��
KHQFH� LQWURGXFH� VLJQLÀFDQW� ELDV�� 7UDQVPLVVLRQ�
IDLOXUH�PD\�LQWURGXFH�ELDV�GXH�WR�DUHD�RI�FRYHUDJH�
LQ� 606�GRZQORDG� DQG� KDELWDW� FRUUHODWHV� LQ� WKH�
FDVH�RI�$UJRV��

'RZQORDGLQJ�GDWD�VWRUHG�RQ�ERDUG

'RZQORDGLQJ�GDWD�VWRUHG�RQ�ERDUG�LV�XVHIXO�IRU�
DVVHVVLQJ�WKH�UHODWLYH�LPSRUWDQFH�RI�WUDQVPLVVLRQ�
DQG� *36� DFTXLVLWLRQ� IDLOXUH�� ,Q� FDVHV� RI� WUDQV�
PLVVLRQ�IDLOXUH��LW�SURYLGHV�D�PRUH�FRPSOHWH�GDWD�
VHW�� 7KH� DELOLW\� WR� GRZQORDG� GDWD� ZLWK� D� GHDG�
FROODU�EDWWHU\�DV� LQ�)ROORZLW�FROODUV� LV�GHVLUDEOH�
DV� LQ�PDQ\� FDVHV� FROODUV� GURSSHG� RII� DQG�ZHUH�
UHFRYHUHG�ORQJ�DIWHU�WKH�EDWWHULHV�KDG�H[SLUHG��

'DWD�SURFHVVLQJ

'DWD� SURFHVVLQJ� ZDV� HDVLHVW� ZLWK� WKH� )ROORZLW�
FROODUV� DV� WKH� H�PDLOHG� WH[W� ÀOH� OLVWHG� WKH�*36�
ORFDWLRQV�� 7KH� ROG� 7HORQLFV� FROODUV� UHTXLUHG�
FRQVLGHUDEOH�GDWD�SURFHVVLQJ�HIIRUW�DV�GRZQORDGHG�
ÀOHV�KDG�WR�EH�SURFHVVHG�WR�JHW�WKH�*36�ORFDWLRQV�
DQG�WKHQ�WKH�ORFDWLRQV�UHFHLYHG�KDG�WR�EH�VRUWHG�LQ�
D� WLPH�FRQVXPLQJ�SURFHVV� WR�UHPRYH�GXSOLFDWHV�
DQG�HUURUV��)RU�ERWK�ROG�DQG�QHZ�7HORQLFV�FROODUV��
VLQFH�WKH�$UJRV�VHUYHU�NHSW�WKH�GDWD�RQO\�IRU����
GD\V�� WKH� GDWD� KDG� WR� EH� GRZQORDGHG� UHJXODUO\�
ZLWKRXW�IDLO�WKURXJKRXW�WKH�OLIH�RI�WKH�FROODU��'DWD�
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SURFHVVLQJ�HIIRUW�DQG�FDSDFLW\�PD\�EH�DQ�LVVXH�LQ�
PRQLWRULQJ� SURJUDPV� UXQ� E\�ZLOGOLIH�PDQDJHUV�
HVSHFLDOO\� LQ�GHYHORSLQJ�FRXQWULHV�DQG�PD\EH�D�
IDFWRU�LQ�FROODU�VHOHFWLRQ�

&ROODUV�E\�PDQXIDFWXUHU

)ROORZLW�FROODUV�²�7KH�)ROORZLW�FROODUV�SHUIRUPHG�
YHU\� ZHOO�� ODVWLQJ� ORQJ� RQ� WKH� HOHSKDQW� DQG�
VHQGLQJ�PRVW�RI�WKH�VFKHGXOHG�*36�ORFDWLRQV��7KH�
WKUHH�ZHOO�IXQFWLRQLQJ�)ROORZLW�FROODUV�SURYLGHG�
WKH� PRVW� FRPSOHWH� GDWD� VHWV� �!������ 7KH� WZR�
FROODUV�UHDFKLQJ�WKH�HQG�RI�EDWWHU\�OLIH�SURYLGHG�
WKH� PRVW� WUDFNLQJ� GD\V� ������� ������ DQG� VHQW�
WKH�PRVW�*36�ORFDWLRQV���������������7KH\�DOVR�
WXUQHG�RXW�WR�EH�WKH�VHFRQG�FKHDSHVW�RSWLRQ�ZKHQ�
FRQVLGHULQJ�WKH�FRVW�SHU�*36�ORFDWLRQ��86��������
�������2QH�HOHSKDQW�GLHG�����GD\V�DIWHU�FROODULQJ�
DQG�WKH�FROODU�ZDV�QRW�UHXVHG��7KH�IRXUWK�FROODU�
KDG�D�WHFKQLFDO�IDLOXUH��ZKLFK�FDXVHG�WKH�EDWWHU\�
WR�GUDLQ�TXLFNO\��7KH�FRPSDQ\�DFFHSWHG�WKH�IDXOW�
DQG�RIIHUHG�WR�UHIXUELVK�RQH�FROODU�IRU�IUHH��VR�RXU�
ÀQDQFLDO�ORVV�ZDV�OLPLWHG�WR�WKH�FRVW�RI�FROODULQJ��

7HORQLFV� FROODUV� ²�2YHUDOO�� WKH�7HORQLFV� FROODUV�
ZHUH�YHU\�UHOLDEOH��7KH\�SURYLGHG�WKH�WKLUG�KLJKHVW�
QXPEHU�RI� WUDFNLQJ�GD\V�DQG�SHUIRUPHG�ZHOO� LQ�
WHUPV�RI�WKH�QXPEHU�RI�*36�DQG�FRPSOHWHQHVV�RI�
WKH�GDWD�VHW��7KH�QHZ�7HORQLFV�FROODUV�IXQFWLRQHG�
EHWWHU� WKDQ� WKH� ROG� RQHV��7KH� FRVW� SHU� WUDFNLQJ�
GD\��86���������������RU�SHU�*36��86���������
������ZDV�OHVV�WKDQ�IRU�)ROORZLW�RU�QHZ�9HFWURQLF�
FROODUV��:KLOH� ���7HORQLFV� FROODUV� FDPH�RII� WKH�
HOHSKDQW� EHIRUH� WKH� EDWWHULHV� ZHUH� HPSW\�� RQO\�
WKUHH�GLG�VR�LQ�OHVV�WKDQ�D�\HDU��2QH�ROG�7HORQLFV�
FROODU�KDG�DQ�XQNQRZQ�WHFKQLFDO�SUREOHP��ZKLFK�
RQO\�OHW�LW�WUDQVPLW����*36�ORFDWLRQV�LQ�����GD\V��
7KH�PDLQ�DGYDQWDJH�RI�WKH�7HORQLFV�FROODUV�LV�WKH�
$UJRV� WUDQVPLVVLRQ�� ZKLFK� LV� JOREDO� LQ� H[WHQW��
7KLV�LV�DQ�LPSRUWDQW�FRQVLGHUDWLRQ�ZKHQ�VWXG\LQJ�
HOHSKDQWV� URDPLQJ� RYHU� DUHDV� ZLWK� QR� *60�
FRYHUDJH��:KLOH�WKH�$UJRV�IHHV�DUH�YHU\�KLJK��DV�
WKH�FROODUV�JHQHUDOO\�VHQW�GDWD�IRU�D�ORQJHU�SHULRG��
WKH�DFWXDO�FRVW�SHU�WUDFNLQJ�GD\�DQG�WKH�FRVW�SHU�
*36�ZDV�DERXW�WKH�VDPH�DV�ZLWK�DQ�$:7�FROODU��

$:7� FROODU� ²� 7KH� $:7� FROODU� GLG� ÀQH� ZLWK�
WKH� QXPEHU� RI� WUDFNLQJ� GD\V� ������� ZKLFK�
FRUUHVSRQGHG� WR� ZKDW� WKH\� DUH� DGYHUWLVHG� IRU��
+RZHYHU�� WKH� QXPEHU� RI� *36� ORFDWLRQV� ������

DQG� HVSHFLDOO\� WKH� FRPSOHWHQHVV�RI� WKH�GDWD� VHW�
�������� ZHUH� QRW� VR� LPSUHVVLYH�� 7KH� FRVW� SHU�
WUDFNLQJ�GD\�ZDV�86��������ZKLFK�ZDV�LQ�WKH�VDPH�
UDQJH�DV�)ROORZLW�DQG�7HORQLFV�FROODUV��+RZHYHU��
WKH� FRVW� SHU� WUDQVPLWWHG� *36� �86�� ������ ZDV�
KLJKHU��)RU�VKRUW�WHUP�VWXGLHV�RU�WKRVH�ZLWK�D�ORZ�
EXGJHW��$:7�FROODUV�DUH�D�JRRG�RSWLRQ�

9HFWURQLF�FROODUV�²�7KH�ROG�9HFWURQLF�FROODUV�KDG�
DQ�LVVXH�ZLWK�EHOW�IDLOXUH��6HYHQ�RI�WKH�HLJKW�QHZ�
9HFWURQLF�FROODUV�VWRSSHG�IXQFWLRQLQJ�GXH�WR�WKH�
HOHSKDQWV�GDPDJLQJ�WKH�FDVH�ZLWK�WKH�HOHFWURQLFV��
:H�UHFHLYHG�D�ÀUVW�VHW�RI�IRXU�FROODUV�ZKLFK�DOO�
VWRSSHG� VHQGLQJ� GDWD� ZLWKLQ� ZHHNV� ����� ����
��� GD\V�� RU� PRQWKV� ����� GD\V��� 7KH� FRPSDQ\�
UHSODFHG� WKH�FROODUV�DQG� WKUHH�RI� WKH�QHZ�EDWFK�
VWRSSHG� IXQFWLRQLQJ� DIWHU� DERXW� ���� GD\V� GXH�
WR� GDPDJH� WR� WKH� IXQFWLRQDO� XQLW�� %HFDXVH� RI�
WKHVH�SUREOHPV�WKH�QXPEHU�RI�WUDFNLQJ�GD\V�DQG�
QXPEHU�RI�*36�UHFHLYHG�ZDV�ORZ��/HVV�GD\V�DQG�
OHVV�*36�DOVR�PHDQV�WKDW�WKH�SULFHV�ZHUH�KLJKHU�
FRPSDUHG�WR�RWKHU�FRPSDQLHV��7KH�IDLOXUH�RI�WKH�
9HFWURQLF�FROODUV�KDYH�WR�EH�YLHZHG�LQ�WKH�FRQWH[W�
WKDW�DOO�RI�WKHP�ZHUH�GHSOR\HG�RQ�DGXOW�PDOHV�WKDW�
UDQJHG�RXWVLGH�SURWHFWHG�DUHDV��6XFK�DQLPDOV�DUH�
PRUH�OLNHO\�WR�WUDYHUVH�WKLFN�WKRUQ\�VFUXE��DV�WKH\�
KLGH�LQVLGH�SDWFKHV�RI�YHJHWDWLRQ�GXULQJ�GD\�DQG�
FRPH�LQWR�RSHQ�DUHDV�LQ�WKH�QLJKW��2QH�RI�WKH�QHZ�
9HFWURQLF�FROODUV�ZRUNHG�SHUIHFWO\��,Q�����\HDUV�
WKH� FROODU� SURYLGHG� �������*36� ORFDWLRQV�� 7KH�
FRPSOHWHQHVV� RI� WKH�*36�GDWD� VHW� ��������ZDV�
DOVR�YHU\�JRRG��7KH�FRVW�SHU�*36�IRU�WKLV�FROODU�
ZDV� WKH� FKHDSHVW� DW� RQO\���� FHQWV�� ,I�9HFWURQLF�
VRUWV� RXW� WKH� SUREOHP� ZLWK� WKH� EHOWLQJ� DQG�
HQFDVLQJ� RI� WKH� HOHFWURQLFV�� WKHLU� FROODUV�ZRXOG�
EH� D� YHU\� JRRG� RSWLRQ�� ,W� LV� SDUWLFXODUO\� XVHIXO�
WKDW�D�ORFDO�6,0�FDUG�FDQ�EH�XVHG��ZKLFK�PDNHV�
IRU�YHU\�FKHDS�GDWD�GRZQORDG��

&RQFOXVLRQV

1RQH� RI� WKH� FROODU� PRGHOV� WHVWHG� ZRUNHG�
FRQVLVWHQWO\� DQG� LQGLYLGXDO� YDULDWLRQ� LQ� FROODU�
SHUIRUPDQFH�ZDV�KLJK��7KLV�PD\�EH�SDUWO\�GXH�WR�
YDULDWLRQV�LQ�ÀHOG�FRQGLWLRQV��EXW�DOVR�WR�YDULDWLRQ�
LQ�DVVHPEO\��%HFDXVH�FROODULQJ�DQ�HOHSKDQW� LV�D�
PDMRU�RSHUDWLRQ��LV�FRVWO\��DQG�SUHVHQWV�ULVNV�WR�WKH�
HOHSKDQW�DQG�FROODULQJ�WHDP��LW�LV�YHU\�GHVLUDEOH�
WKDW�WKH�FROODUV�ODVW� ORQJ��'XUDWLRQ�RI�FROODU�OLIH�
LV� SDUWLFXODUO\� LPSRUWDQW� LQ� HYDOXDWLQJ� VHDVRQDO�
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PRYHPHQWV�DQG�LQWHU�DQQXDO�YDULDWLRQ�LQ�UDQJLQJ�
ZKLFK� UHTXLUHV� PXOWL�\HDU� GDWD�� 0RQLWRULQJ�
PDQDJHPHQW� DFWLRQV� VXFK� DV� HOHSKDQW� GULYHV�
DQG� WUDQVORFDWLRQV� PD\� QRW� QHFHVVDULO\� UHTXLUH�
ORQJ�WHUP� GDWD�� +RZHYHU�� HYHQ� LQ� VXFK� FDVHV��
HYDOXDWLRQ�RI�ORQJ�WHUP�LPSDFWV�RQ�HOHSKDQWV�LV�
FULWLFDO�IURP�D�FRQVHUYDWLRQ�SRLQW�RI�YLHZ��

)RU� PRVW� VWXGLHV� DQG� HVSHFLDOO\� IRU� GHWDLOHG�
DQDO\VLV� RI� HOHSKDQW� PRYHPHQWV� DQG� KDELWDW�
XVH�� D� GDWD� VHW�ZLWKRXW� JDSV� LV� YHU\� LPSRUWDQW��
7KHUHIRUH��GDWD�GRZQORDG�RSWLRQV�DQG�VXLWDELOLW\�
WR� DUHD� ZKHUH� WKH� FROODUV� ZLOO� EH� GHSOR\HG� DUH�
LPSRUWDQW�FRQVLGHUDWLRQV��,I�WKH�FROODUV�ODVW�ORQJHU�
DQG�VHQG�PRUH�GDWD��WKH�FRVW�SHU�GD\�DQG�SHU�*36�
GHFUHDVH��7KHUHIRUH��LW�LV�ZHOO�ZRUWK�WR�SD\�PRUH�
IRU�D�FROODU�ZLWK�D�ORQJHU�OLIH��+RZHYHU�� LI� WKHQ�
WKH�FROODU�KDV�D�WHFKQLFDO�SUREOHP��WKH�ÀQDQFLDO�
ORVV�LV�JUHDWHU��*LYHQ�WKDW�QRQH�RI�WKH�FROODUV�ZHUH�
HQWLUHO\�UHOLDEOH��ZKHWKHU�WR�KHGJH�WKH�EHWV�ZLWK�
VKRUWHU� ODVWLQJ� OHVV�H[SHQVLYH�FROODUV�RU�JDPEOH�
RQ� PRUH� H[SHQVLYH�� SRWHQWLDOO\� ORQJHU� ODVWLQJ�
FROODUV��KDV�WR�EH�FRQVLGHUHG��

$FNQRZOHGJPHQWV

:H� WKDQN� WKH� 'HSDUWPHQW� RI� :LOGOLIH�
&RQVHUYDWLRQ��':&��6UL�/DQND�IRU�FROODERUDWLRQ�
DQG�+��.��-DQDND��6��(NDQD\DND��+��*��1LVKDQWKD�
DQG�':&�RIÀFHUV�IRU�KHOSLQJ�ZLWK�WKH�ÀHOGZRUN��
:H�DUH�PRVW�JUDWHIXO�IRU�ÀQDQFLDO�VXSSRUW�IURP�
8�6�� )LVK� DQG�:LOGOLIH� 6HUYLFH�$VLDQ� (OHSKDQW�
&RQVHUYDWLRQ� )XQG�� $EUDKDP� )RXQGDWLRQ��
6LGQH\� 6�� %\HUV� &KDULWDEOH� 7UXVW�� (FR+HDOWK�
$OOLDQFH��)ULHQGV�RI� WKH�1DWLRQDO�=RR� �)21=���
&LUFXV�.QLH��6PLWKVRQLDQ�:RPHQ·V�&RPPLWWHH��
9RQWREHO� 6WLIWXQJ�� 6ZLVV� 1DWLRQDO� 6FLHQFH�
)RXQGDWLRQ�DQG�3$0�:&3�3URMHFW�RI�WKH�':&�

5HIHUHQFHV

$OIUHG� 5�� $KPDG� $+�� 3D\QH� -�� :LOOLDPV� &��
$PEX� /1�� +RZ� 30� 	� *RRVVHQV� %� �������
+RPH�UDQJH�DQG�UDQJLQJ�EHKDYLRXU�RI�%RUQHDQ�
HOHSKDQW��(OHSKDV�PD[LPXV�ERUQHHQVLV��IHPDOHV��
3/R6�21(����H������

%DVNDUDQ� 1�� 9DUPD� 6�� 6DU� &.� 	� 6XNXPDU� 5�
�������&XUUHQW�VWDWXV�RI�$VLDQ�HOHSKDQWV�LQ�,QGLD��
*DMDK�����������

&DPSRV�$UFHL]�$�� /DUULQDJD�$5��:HHUDVLQJKH�
85�� 3DVWRULQL� -�� /HLPJUXEHU� 3�� )HUQDQGR� 3� 	�
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