
&RPPHQWDULHV�DUH�LQIRUPDWLYH�HVVD\V�GHDOLQJ�ZLWK�YLHZSRLQWV�RI�VWD��
WLVWLFDO�SUDFWLFH��VWDWLVWLFDO�HGXFDWLRQ��DQG�RWKHU�WRSLFV�FRQVLGHUHG�WR�
EH�RI�JHQHUDO�LQWHUHVW�WR�WKH�ERDUG�UHDGHUVKLS�RI�7KH�$PHULFDQ�6WDWLV��
WLFLDQ��&RPPHQWDULHV�DUH�VLPLODU�LQ�VSLULW�WR�/HWWHUV�WR�WKH�(GLWRU��EXW�

WKH\�LQYROYH�ORQJHU�GLVFXVVLRQV�RI�EDFNJURXQG��LVVXHV��DQG�SHUVSHF��
WLYHV��$OO�FRPPHQWDULHV�ZLOO�EH�UHIHUHHG�IRU�WKHLU�PHULW�DQG�FRP��
SDWLELOLW\�ZLWK�WKHVH�FULWHULD��
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0HWKRGV�IRU�GLVSOD\LQJ�GDWD�EDGO\�KDYH�EHHQ�GHYHO��
RSLQJ�IRU�PDQ\�\HDUV��DQG�D�ZLGH�YDULHW\�RI�LQWHUHVWLQJ�
DQG�LQYHQWLYH�VFKHPHV�KDYH�HPHUJHG��3UHVHQWHG�KHUH�LV�
D�V\QWKHVLV�\LHOGLQJ�WKH����PRVW�SRZHUIXO�WHFKQLTXHV�
WKDW�VHHP�WR�XQGHUOLH�PDQ\�RI�WKH�UHDOL]DWLRQV�IRXQG�LQ�
SUDFWLFH��7KHVH�����WKH�GLUW\�GR]HQ��DUH�LGHQWLILHG�DQG�
LOOXVWUDWHG��

.(<� :25'6�� *UDSKLFV��'DWD�GLVSOD\��'DWD�GHQVLW\��
'DWD�LQN�UDWLR��

���,1752'8&7,21�

7KH�GLVSOD\�RI�GDWD�LV�D�WRSLF�RI�VXEVWDQWLDO�FRQWHP��
SRUDU\�LQWHUHVW�DQG�RQH�WKDW�KDV�RFFXSLHG�WKH�WKRXJKWV�
RI�PDQ\�VFKRODUV�IRU�DOPRVW�����\HDUV��'XULQJ�WKLV�WLPH�
WKHUH�KDYH�EHHQ�D�QXPEHU�RI�DWWHPSWV�WR�FRGLI\�VWDQ��
GDUGV�RI�JRRG�SUDFWLFH��H�J���$60(� 6WDQGDUGV�������
&R[� ������(KUHQEHUJ�������DV�ZHOO�DV�D�QXPEHU�RI�
ERRNV� WKDW� KDYH� LOOXVWUDWHG�WKHP� �L�H��� %HUWLQ�
����������������6FKPLG������� 6FKPLG�DQG� 6FKPLG�
������7XIWH��������7KH�ODVW�GHFDGH�RU�VR�KDV�VHHQ�D�
WUHPHQGRXV�LQFUHDVH�LQ�WKH�GHYHORSPHQW�RI�QHZ�GLVSOD\�
WHFKQLTXHV�DQG�WRROV�WKDW�KDYH�EHHQ�UHYLHZHG�UHFHQWO\�
�0DFGRQDOG�5RVV� ������ )LHQEHUJ������� &R[� ������
:DLQHU�DQG�7KLVVHQ��������:H�ZLVK�WR�FRQFHQWUDWH�RQ�
PHWKRGV�RI�GDWD�GLVSOD\�WKDW�OHDYH�WKH�YLHZHUV�DV�XQLQ��
IRUPHG�DV�WKH\�ZHUH�EHIRUH�VHHLQJ�WKH�GLVSOD\�RU��ZRUVH��
WKRVH�WKDW�LQGXFH�FRQIXVLRQ��$OWKRXJK�VXFK�WHFKQLTXHV�
DUH�EURDGO\�SUDFWLFHG��WR�P\�NQRZOHGJH�WKH\�KDYH�QRW�
DV�\HW�EHHQ�JDWKHUHG�LQWR�D�VLQJOH�VRXUFH�RU�FDUHIXOO\�

+RZ�WR�'LVSOD\�'DWD�%DGO\�

FDWHJRUL]HG��7KLV�DUWLFOH�LV�WKH�EHJLQQLQJ�RI�VXFK�D�
FRPSHQGLXP��
7KH�DLP�RI�JRRG�GDWD�JUDSKLFV�LV�WR�GLVSOD\�GDWD�DFFX��

UDWHO\�DQG�FOHDUO\��/HW�XV�XVH�WKLV�GHILQLWLRQ�DV�D�VWDUWLQJ�
SRLQW�IRU�FDWHJRUL]LQJ�PHWKRGV�RI�EDG�GDWD�GLVSOD\��7KH�
GHILQLWLRQ�KDV�WKUHH�SDUWV��7KHVH�DUH��D�� VKRZLQJ�GDWD��
�E�� VKRZLQJ�GDWD� DFFXUDWHO\��DQG� �F�� VKRZLQJ�GDWD�
FOHDUO\��7KXV��LI�ZH�ZLVK�WR�GLVSOD\�GDWD�EDGO\��ZH�KDYH�
WKUHH�DYHQXHV�WR�IROORZ��/HW�XV�H[DPLQH�WKHP�LQ�VH��
TXHQFH��SDUVH�WKHP�LQWR�VRPH�RI�WKHLU�FRPSRQHQW�SDUWV��
DQG�VHH�LI�ZH�FDQ�LGHQWLI\�PHDQV�IRU�PHDVXULQJ�WKH�
VXFFHVV�RI�HDFK�VWUDWHJ\��
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2EYLRXVO\��LI�WKH�DLP�RI�D�JRRG�GLVSOD\�LV�WR�FRQYH\�
LQIRUPDWLRQ��WKH�OHVV�LQIRUPDWLRQ�FDUULHG�LQ�WKH�GLVSOD\��

&KDQJH�LQ�6FLHQFH� $FKLHYHPHQW�RI����� ��L����� ELRORJLFDOVFLHQFH�

�����DQG����<HDU�2OGV��E\�7\SH�RI�
([HUFLVH������������ B�� 3K\VLFDO�VFLHQFH�

&KDQJH�LQ�SHUFHQW�FRUUHFW� ��<($5�2/'6�
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)LJXUH����$Q�H[DPSOH�RI�D�ORZ�GHQVLW\�JUDSK��IURP�6���>GGL� ���@���

+RZDUG�:DLQHU�LV�6HQLRU�5HVHDUFK�6FLHQWLVW��(GXFDWLRQDO�7HVWLQJ�
6HUYLFH��3ULQFHWRQ��1-��������7KLV�LV�WKH�WH[W�RI�DQ�LQYLWHG�DGGUHVV�WR�
WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ��,W�ZDV�VXSSRUWHG�LQ�SDUW�E\�WKH�
3URJUDP�6WDWLVWLFV�5HVHDUFK�3URMHFW�RI�WKH�(GXFDWLRQDO�7HVWLQJ�6HU��
YLFH��7KH�DXWKRU�ZRXOG�OLNH�WR�H[SUHVV�KLV�JUDWLWXGH�WR�WKH�QXPHURXV�
IULHQGV�DQG�FROOHDJXHV�ZKR�UHDG�RU�KHDUG�WKLV�DUWLFOH�DQG�RIIHUHG�
YDOXDEOH�VXJJHVWLRQV�IRU�LWV�LPSURYHPHQW��(VSHFLDOO\�KHOSIXO�ZHUH�
'DYLG�$QGUHZV��3DXO�+ROODQG��%UXFH�.DSODQ��-DPHV���� 5DPVD\��
(GZDUG�7XIWH��WKH�SDUWLFLSDQWV�LQ�WKH�6WDQIRUG�:RUNVKRS�RQ�$G��
YDQFHG�*UDSKLFDO�3UHVHQWDWLRQ��WZR�DQRQ\PRXV�UHIHUHHV��WKH�ORQJ��
VXIIHULQJ�DVVRFLDWH�HGLWRU��DQG�*DU\�.RFK��

&��7KH�$PHULFDQ�6WDWLVWLFLDQ��0D\�������9RO������1R���� ����
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)LJXUH����$�ORZ�GHQVLW\�JUDSK��IURP�)ULHGPDQ�DQG�5DIVN\������
>GGL� ���@���

WKH�ZRUVH�LW�LV��7XIWH��������KDV�GHYLVHG�D�VFKHPH�IRU�
PHDVXULQJ�WKH�DPRXQW�RI�LQIRUPDWLRQ�LQ�GLVSOD\V��FDOOHG�
WKH�GDWD�GHQVLW\�LQGH[��GGL���ZKLFK�LV��WKH�QXPEHU�RI�
QXPEHUV�SORWWHG�SHU�VTXDUH�LQFK���7KLV�HDVLO\�FDOFX��
ODWHG�LQGH[�LV�RIWHQ�VXUSULVLQJO\�LQIRUPDWLYH��,Q�SRSXODU�
DQG�WHFKQLFDO�PHGLD�ZH�KDYH�IRXQG�D�UDQJH�IURP����WR�
�����7KLV�SURYLGHV�XV�ZLWK�WKH�ILUVW�UXOH�RI�EDG�GDWD�
GLVSOD\��

5XOH���6KRZ� DV�)HZ�'DWD�DV�3RVVLEOH��0LQLPL]H�WKH�
'DWD�'HQVLW\��

:KDW�GRHV�D�GDWD�JUDSKLF�ZLWK�D�GGL�RI����ORRN�OLNH"�
6KRZQ�LQ�)LJXUH���LV�D�JUDSKLF�IURP�WKH�ERRN�6RFLDO�
,QGLFDWRUV�,,,��6�����RULJLQDOO\�GRQH�LQ�IRXU�FRORUV��RULJ��
LQDO�VL]H����E\�����WKDW�FRQWDLQV����QXPEHUV�������� ������
7KH�PHGLDQ�GDWD�JUDSK�LQ�6���KDV�D�GDWD�GHQVLW\�RI����
QXPEHUV�LQ���WKLV�RQH�LV�QRW�DQ�XQXVXDO�FKRLFH��6KRZQ�LQ�
)LJXUH���LV�D�SORW�IURP�WKH�DUWLFOH�E\�)ULHGPDQ�DQG�
5DIVN\��������ZLWK�D�GGL�RI�����LW�VKRZV���QXPEHUV�LQ���
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)LJXUH����$�ORZ�GHQVLW\�JUDSK��"�������7KH�:DVKLQJWRQ�3RVW��ZLWK�
FKDUW�MXQN�WR�ILOO�LQ�WKH�VSDFH��GGL� ������

3XEOLF�DQG�3ULYDWH�(OHPHQWDU\�6FKRROV� P� 3XEOLF�
6HOHFWHG�<HDUV�����������

�3UMYDOH�
7KRXVDQ�G�RL� 6FKRROV�

����

�������� ��������� �������� �������� ��������
6FKRRO�<HDU�

)LJXUH����+LGLQJ�WKH�GDWD�LQ�WKH�VFDOH� �IURP�6�����

LQ����7KLV�LV�XQXVXDO�IRU�-$6$��ZKHUH�WKH�PHGLDQ�GDWD�
JUDSK�KDV�D�GGL�RI�����,Q�GHIHQVH�RI�WKH�SURGXFHUV�RI�WKLV�
SORW��WKH�SRLQW�RI�WKH�JUDSK�LV�WR�VKRZ�WKDW�D�PHWKRG�RI�
DQDO\VLV�VXJJHVWHG�E\�D�FULWLF�RI�WKHLU�SDSHU�ZDV�QRW�
IUXLWIXO��,�VXVSHFW�WKDW�SURVH�ZRXOG�KDYH�ZRUNHG�SUHWW\�
ZHOO�DOVR��
$OWKRXJK�DUJXPHQWV�FDQ�EH�PDGH�WKDW�KLJK�GDWD�GHQ��

VLW\�GRHV�QRW�LPSO\�WKDW�D�JUDSKLF�ZLOO�EH�JRRG��QRU�RQH�
ZLWK�ORZ�GHQVLW\�EDG��LW�GRHV�UHIOHFW�RQ�WKH�HIILFLHQF\�RI�
WKH�WUDQVPLVVLRQ�RI�LQIRUPDWLRQ��2EYLRXVO\��LI�ZH�KROG�
FODULW\�DQG�DFFXUDF\�FRQVWDQW��PRUH�LQIRUPDWLRQ�LV�EHW��
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)LJXUH����([SDQGLQJ�WKH�VFDOH�DQG�VKRZLQJ�WKH�GDWD�LQ�)LJXUH���
�IURP�6�����

���� �"�7KH�$PHULFDQ�6WDWLVWLFLDQ��0D\�������9RO������1R����



$�1HZ�6HW�RI�3URMHFWLQV� IRU�WKH�8�6��6XSSO\�RI�(QHUJ\�
&RPSDUHG�DUH�WZR�SURFWORQV� RW�8QLWHG�6WDWH� UWUJ\� XSSO\�,Q�WK��\�U� �����PDGH�E\�WKH�3IWHG\QW�V�&RXQFLO�RI�
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(USKDV�]HV�UF�HDVHG� 7RWDO� �D� ��
HUHUJ\�RGXFW�RQ���G��

������7KH�1HZ�<RUN�7LPHV�

)LJXUH����,JQRULQJ�WKH�YLVXDO�PHWDSKRU��"� ������7KH�1HZ�<RUN�
7LPHV���

WHU�WKDQ�OHVV��2QH� RI�WKH�JUHDW�DVVHWV�RI�JUDSKLFDO�WHFK��
QLTXHV�LV�WKDW�WKH\�FDQ�FRQYH\�ODUJH�DPRXQWV�RI�LQIRUPD��
WLRQ�LQ�D�VPDOO�VSDFH��

:H�QRWH�WKDW�ZKHQ�D�JUDSK�FRQWDLQV�OLWWOH�RU�QR�LQIRU��
PDWLRQ�WKH�SORW�FDQ� ORRN� TXLWH�HPSW\��)LJXUH���� DQG�
WKXV�UDLVH�VXVSLFLRQV�LQ�WKH�YLHZHU�WKDW�WKHUH�LV�QRWKLQJ�
WR�EH�FRPPXQLFDWHG��$�ZD\�WR�DYRLG�WKHVH�VXVSLFLRQV�LV�
WR�ILOO�XS�WKH�SORW�ZLWK�QRQGDWD�ILJXUDWLRQV�ZKDW�7XIWH�
KDV�WHUPHG��FKDUWMXQN��� )LJXUH���VKRZV�D�SORW�RI�WKH�
ODERU� SURGXFWLYLW\�RI�-DSDQ� UHODWLYH� WR� WKDW�RI� WKH�
8QLWHG�6WDWHV��,W�FRQWDLQV�RQH�QXPEHU�IRU�HDFK�RI�WKUHH�
\HDUV�� 2EYLRXVO\�� D�JUDSK�RI�VXFK�VSDUVH� LQIRUPDWLRQ�
ZRXOG� KDYH� D� ORW�RI�EODQN�VSDFH�� VR� ILOOLQJ�WKH�VSDFH�
KLGHV�WKH�SDXFLW\�RI�LQIRUPDWLRQ�IURP�WKH�UHDGHU��
$� FRQYHQLHQW�PHDVXUH� RI�WKH�H[WHQW�WR�ZKLFK�WKLV�

SUDFWLFH�LV�LQ�XVH�LV�7XIWH
V��GDWD�LQN�UDWLR���7KLV�PHD��
VXUH�LV�WKH�UDWLR�RI�WKH�DPRXQW�RI�LQN�XVHG�LQ�JUDSKLQJ�
WKH�GDWD� WR�WKH�WRWDO�DPRXQW�RI�LQN�LQ�WKH�JUDSK��7KH�
FORVHU�WR�]HUR�WKLV�UDWLR�JHWV��WKH�ZRUVH�WKH�JUDSK��7KH�
QRWLRQ� RI�WKH�GDWD�LQN�UDWLR�EULQJV�XV� WR� WKH�VHFRQG�
SULQFLSOH�RI�EDG�GDWD�GLVSOD\��

5XOH���+LGH� :KDW�'DWD�<RX�'R�6KRZ�
�0LQLPL]H�WKH�'DWD�,QN�5DWLR��

2QH� FDQ�KLGH�GDWD�LQ�D�YDULHW\�RI�ZD\V��2QH�PHWKRG�
WKDW�RFFXUV�ZLWK�VRPH�UHJXODULW\�LV�KLGLQJ�WKH�GDWD�LQ�WKH�
JULG��7KH�JULG�LV�XVHIXO�IRU�SORWWLQJ�WKH�SRLQWV��EXW�RQO\�
UDUHO\�DIWHUZDUGV��7KXV�WR�GLVSOD\�GDWD�EDGO\��XVH�D�ILQH�
JULG� DQG� SORW� WKH� SRLQWV� GLPO\� �VHH� 7XIWH� ������
SS�� ������ IRU�RQH�UHSHDWHG�YHUVLRQ�RI�WKLV���

$� VHFRQG�ZD\�WR�KLGH�WKH�GDWD� LV�LQ�WKH�VFDOH�� 7KLV�
FRUUHVSRQGV�WR�EORZLQJ�XS�WKH�VFDOH��L�H��� ORRNLQJ�DW�WKH�
GDWD�IURP�IDU�DZD\��VR�WKDW�DQ\�YDULDWLRQ�LQ�WKH�GDWD�LV�
REVFXUHG�E\�WKH�PDJQLWXGH�RI�WKH�VFDOH�� 2QH�FDQ�MXVWLI\�
WKLV�SUDFWLFH�E\�DSSHDOLQJ�WR��KRQHVW\�UHTXLUHV�WKDW�ZH�
VWDUW�WKH�VFDOH� DW�]HUR��� RU�RWKHU�VRUWV�RI�VRSKLVWU\��

,Q�)LJXUH���LV�D�SORW�WKDW��IURP�6����HIIHFWLYHO\�KLGHV�
WKH�JURZWK�RI�SULYDWH�VFKRROV�LQ�WKH�VFDOH�� $�UHGUDZLQJ�
RI�WKH�QXPEHU�RI�SULYDWH�VFKRROV� RQ� D� GLIIHUHQW�VFDOH�
FRQYH\V�WKH�JURZWK�WKDW�WRRN�SODFH�GXULQJ�WKH�PLG��
����
V��)LJXUH�����7KH�UHODWLRQVKLS�EHWZHHQ�WKLV�ULVH�DQG�
%URZQ�YV��7RSHND�6FKRRO�%RDUG�EHFRPHV�DQ�LPPHGLDWH�
TXHVWLRQ��
7R�FRQFOXGH�WKLV�VHFWLRQ��ZH�KDYH�VHHQ�WKDW�ZH�FDQ�

GLVSOD\�GDWD�EDGO\�HLWKHU�E\�QRW�LQFOXGLQJ�WKHP��5XOH����

�1� ���� �� �O	8A��

&P�QOLRQV�RI�8�6�GROODUV�� �LQ�PLOOLRQV�RI�8�6�GROODUV��
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8�6��H[SRUWV� 8�6��LPSRUWV�
WR�&KLQD� IURP�7DLZDQ�
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8�6��LPSRUWV� 8�6��H[SRUWV�
IURP�&KLQD� WR�7DLZDQ�

������ �����
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6RXUFH�'SDUWPHQW�RI�&RPPHUFH�

)LJXUH����5HYHUVLQJ�WKH�PHWDSKRU�LQ�PLG�JUDSK�ZKLOH�FKDQJLQJ�
VFDOHV� RQ�ERWK�D[HV� �"� -XQH�����������7KH�1HZ�<RUN�7LPHV���

RU�E\�KLGLQJ�WKHP��5XOH�����:H�FDQ�PHDVXUH�WKH�H[WHQW�
WR�ZKLFK�ZH�DUH�VXFFHVVIXO�LQ�H[FOXGLQJ�WKH�GDWD�WKURXJK�
WKH�GDWD�GHQVLW\��ZH�FDQ�VRPHWLPHV�FRQYLQFH�YLHZHUV�
WKDW�ZH�KDYH�LQFOXGHG�WKH�GDWD�WKURXJK�WKH�LQFRUSR��
UDWLRQ�RI�FKDUWMXQN��+LGLQJ�WKH�GDWD�FDQ�EH�GRQH�HLWKHU�
E\�XVLQJ�DQ�RYHUDEXQGDQFH�RI�FKDUWMXQN�RU�E\�FOHYHUO\�
FKRRVLQJ�WKH�VFDOH�VR�WKDW�WKH�GDWD�GLVDSSHDU��$�PHD��
VXUH�RI�WKH�VXFFHVV�ZH�KDYH�DFKLHYHG�LQ�KLGLQJ�WKH�GDWD�
LV�WKURXJK�WKH�GDWD�LQN�UDWLR��

��� 6+2:,1*�'$7$�$&&85$7(/<�

7KH�HVVHQFH�RI�D�JUDSKLF�GLVSOD\�LV�WKDW�D�VHW�RI�QXP��
EHUV�KDYLQJ�ERWK�PDJQLWXGHV�DQG�DQ�RUGHU�DUH�UHSUH��
VHQWHG�E\�DQ�DSSURSULDWH�YLVXDO�PHWDSKRU�WKH�PDJ��
QLWXGH�DQG�RUGHU�RI�WKH�PHWDSKRULFDO�UHSUHVHQWDWLRQ�
PDWFK�WKH�QXPEHUV��:H�FDQ�GLVSOD\�GDWD�EDGO\�E\�LJQRU��
LQJ�RU�GLVWRUWLQJ�WKLV�FRQFHSW��

5XOH���,JQRUH�WKH�9LVXDO�0HWDSKRU�$OWRJHWKHU�

,I�WKH�GDWD�DUH�RUGHUHG�DQG�LI�WKH�YLVXDO�PHWDSKRU�KDV�
D�QDWXUDO�RUGHU��D�EDG�GLVSOD\�ZLOO�VXUHO\�HPHUJH�LI�\RX�
VKXIIOH�WKH�UHODWLRQVKLS��,Q�)LJXUH���QRWH�WKDW�WKH�EDU�
ODEHOHG������LV�ORQJHU�WKDQ�WKH�EDU�ODEHOHG�����$QRWKHU�
PHWKRG�LV�WR�FKDQJH�WKH�PHDQLQJ�RI�WKH�PHWDSKRU�LQ�WKH�
PLGGOH�RI�WKH�SORW��,Q�)LJXUH���WKH�GDUN�VKDGLQJ�UHSUH��
VHQWV�LPSRUWV�RQ�RQH�VLGH�DQG�H[SRUWV�RQ�WKH�RWKHU��7KLV�
LV�EXW�RQH�RI�WKH�SUREOHPV�RI�WKLV�JUDSK��PRUH�VHULRXV�
VWLOO�LV�WKH�FKDQJH�RI�VFDOH��7KHUH�LV�DOVR�D�GLIIHUHQFH�LQ�
WKH�WLPH�VFDOH��EXW�WKDW�LV�PLQRU��$�FRPPRQ�WKHPH�LQ�
3OD\IDLU
V��������ZRUN�ZDV�WKH�GLIIHUHQFH�EHWZHHQ�LP��
SRUWV�DQG�H[SRUWV��,Q�)LJXUH����D�����\HDU�ROG�JUDSK�
WHOOV�WKH�VWRU\�FOHDUO\��7ZR�VXFK�SORWV�ZRXOG�KDYH�LOOXV��
WUDWHG�WKH�VWRU\�VXUURXQGLQJ�WKLV�JUDSK�TXLWH�FOHDUO\��

5XOH���2QO\� 2UGHU�0DWWHUV�

2QH�IUHTXHQW�WULFN�LV�WR�XVH�OHQJWK�DV�WKH�YLVXDO�PHWD��
SKRU�ZKHQ�DUHD�LV�ZKDW�LV�SHUFHLYHG��7KLV�ZDV�XVHG�TXLWH�
HIIHFWLYHO\�E\�7KH�:DVKLQJWRQ�3RVW�LQ�)LJXUH����1RWH�
WKDW�WKLV�JUDSK�DOVR�KDV�D�ORZ�GDWD�GHQVLW\�������DQG�LWV�
GDWD�LQN�UDWLR�LV�FORVH�WR�]HUR��:H�FDQ�DOVR�FDOFXODWH�
7XIWH
V��������PHDVXUH�RI�SHUFHSWXDO�GLVWRUWLRQ��3'��
IRU�WKLV�JUDSK��7KH�3'�LQ�WKLV�LQVWDQFH�LV�WKH�SHUFHLYHG�
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SUHVLGHQWLDO�IDFHV�LV�PDGH�H[SOLFLW�RQ�WKH�WLPH�VFDOH��

5XOH���*UDSK� 'DWD�2XW�RI�&RQWH[W�

2IWHQ�ZH�FDQ�PRGLI\�WKH�SHUFHSWLRQ�RI�WKH�JUDSK�
�SDUWLFXODUO\�IRU�WLPH�VHULHV�GDWD��E\�FKRRVLQJ�FDUHIXOO\�
WKH�LQWHUYDO�GLVSOD\HG��$�SUHFLSLWRXV�GURS�FDQ�GLVDSSHDU�
LI�ZH�FKRRVH�D�VWDUWLQJ�GDWH�MXVW�DIWHU�WKH�GURS��6LPL��
ODUO\��ZH�FDQ�WXUQ�VOLJKW�PHDQGHUV�LQWR�VKDUS�FKDQJHV�E\�
IRFXVLQJ�RQ�D�VLQJOH�PHDQGHU�DQG�H[SDQGLQJ�WKH�VFDOH��
2IWHQ�WKH�FKRLFH�RI�VFDOH�LV�DUELWUDU\�EXW�FDQ�KDYH�SUR��
IRXQG�HIIHFWV�RQ�WKH�SHUFHSWLRQ�RI�WKH�GLVSOD\��)LJXUH����
VKRZV�D�IDPRXV�H[DPSOH�LQ�ZKLFK�3UHVLGHQW�5HDJDQ�
JLYHV�DQ�RXW�RI�FRQWH[W�YLHZ�RI�WKH�HIIHFWV�RI�KLV�WD[�FXW��
7KH�7LPHV
�DOWHUQDWLYH�SURYLGHV�WKH�FRQWH[W�IRU�D�GHHSHU�
XQGHUVWDQGLQJ��6LPXOWDQHRXVO\�RPLWWLQJ�WKH�FRQWH[W�DV�
ZHOO�DV�DQ\�TXDQWLWDWLYH�VFDOH�LV�WKH�NH\�WR�WKH�SUDFWLFH�
RI�2UGLQDO�*UDSKLFV��VHH�DOVR�5XOH�����$XWRPDWLF�UXOHV�
GR�QRW�DOZD\V�ZRUN��DQG�ZLVGRP�LV�DOZD\V�UHTXLUHG��
,Q�6HFWLRQ���ZH�GLVFXVVHG�WKUHH�UXOHV�IRU�WKH�DFFXUDWH�

GLVSOD\�RI�GDWD��2QH�FDQ�FRPSURPLVH�DFFXUDF\�E\�LJQRU��
LQJ�YLVXDO�PHWDSKRUV��5XOH�����E\�RQO\�SD\LQJ�DWWHQWLRQ�
WR�WKH�RUGHU�RI�WKH�QXPEHUV�DQG�QRW�WKHLU�PDJQLWXGH�
�5XOH�����RU�E\�VKRZLQJ�GDWD�RXW�RI�FRQWH[W��5XOH�����
:H�DGYRFDWHG�WKH�XVH�RI�7XIWH
V�PHDVXUH�RI�SHUFHSWXDO�
GLVWRUWLRQ�DV�D�ZD\�RI�PHDVXULQJ�WKH�H[WHQW�WR�ZKLFK�WKH�
DFFXUDF\�RI�WKH�GDWD�KDV�EHHQ�FRPSURPLVHG�E\�WKH�GLV��
SOD\��2QH�FDQ�WKLQN�RI�PRGLILFDWLRQV�WKDW�ZRXOG�DOORZ�LW�
WR�EH�DSSOLHG�LQ�RWKHU�VLWXDWLRQV��EXW�ZH�OHDYH�VXFK�
H[SDQVLRQ�WR�RWKHU�DFFRXQWV��
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�"� ������7KH�1HZ�<RUN�7LPHV��UHSULQWHG�ZLWK�SHUPLVVLRQ���

VFULEHG�SUHYLRXVO\��WKDW�LV��WKH�GDWD�DUH�GLVSOD\HG��DQG�
WKH\�PLJKW�HYHQ�EH�DFFXUDWH�LQ�WKHLU�SRUWUD\DO��<HW�VXE��
WOH��DQG�QRW�VR�VXEWOH��WHFKQLTXHV�FDQ�EH�XVHG�WR�HIIHF��
WLYHO\�REVFXUH�WKH�PRVW�PHDQLQJIXO�RU�LQWHUHVWLQJ�DV��
SHFWV�RI�WKH�GDWD��,W�LV�PRUH�GLIILFXOW�WR�SURYLGH�REMHFWLYH�
PHDVXUHV�RI�SUHVHQWDWLRQDO�FODULW\��EXW�ZH�UHO\�RQ�WKH�
UHDGHU�WR�MXGJH�IURP�WKH�H[DPSOHV�SUHVHQWHG��

5XOH���&KDQJH� 6FDOHV�LQ�0LG�$[LV�

7KLV�LV�D�SRZHUIXO�WHFKQLTXH�WKDW�FDQ�PDNH�ODUJH�GLI��
IHUHQFHV�ORRN�VPDOO�DQG�PDNH�H[SRQHQWLDO�FKDQJHV�ORRN�
OLQHDU��
,Q�)LJXUH����LV�D�JUDSK�WKDW�VXSSRUWV�WKH�DVVRFLDWHG�

VWRU\�DERXW�WKH�VN\URFNHWLQJ�FLUFXODWLRQ�RI�7KH�1HZ�
<RUN�3RVW�FRPSDUHG�WR�WKH�SOXPPHWLQJ�'DLO\�1HZV�
FLUFXODWLRQ��7KH�UHDVRQ�JLYHQ�LV�WKDW�1HZ�<RUNHUV�
�WUXVW��WKH�3RVW��,W�WDNHV�D�FDUHIXO�ORRN�WR�QRWH�WKH�
��������MXPS�WKDW�WKH�VFDOH�PDNHV�EHWZHHQ�WKH�WZR�
OLQHV��
,Q�)LJXUH����LV�D�SORW�RI�SK\VLFLDQV
�LQFRPHV�RYHU�

WLPH��,W�DSSHDUV�WR�EH�OLQHDU��ZLWK�D�VOLJKW�WDSHULQJ�RII�
LQ�UHFHQW�\HDUV��$�FDUHIXO�ORRN�DW�WKH�VFDOH�VKRZV�WKDW�LW�
VWDUWV�RXW�SORWWLQJ�HYHU\�HLJKW�\HDUV�DQG�HQGV�XS�SORWWLQJ�
\HDUO\��$�PRUH�UHJXODU�VFDOH��LQ�)LJXUH�����WHOOV�TXLWH�D�
GLIIHUHQW�VWRU\��

7KH�VRDUDZD\� 3RVW�
WKH�GDLO\�SDSHU�
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)LJXUH�����&KDQJLQJ�VFDOH�LQ�PLG�D[LV�WR�PDNH�H[SRQHQWLDO�JURZWK�
OLQHDU��"� 7KH�:DVKLQJWRQ�3RVW���

5XOH���(PSKDVL]H� WKH�7ULYLDO��,JQRUH�WKH�,PSRUWDQW��

6RPHWLPHV�WKH�GDWD�WKDW�DUH�WR�EH�GLVSOD\HG�KDYH�RQH�
LPSRUWDQW�DVSHFW�DQG�RWKHUV�WKDW�DUH�WULYLDO��7KH�JUDSK�
FDQ�EH�PDGH�ZRUVH�E\�HPSKDVL]LQJ�WKH�WULYLDO�SDUW��,Q�
)LJXUH����ZH�KDYH�D�SDJH�IURP�6���WKDW�FRPSDUHV�WKH�
LQFRPH�OHYHOV�RI�PHQ�DQG�ZRPHQ�E\�HGXFDWLRQDO�OHYHOV��
,W�UHYHDOV�WKH�QRW�VXUSULVLQJ�UHVXOW�WKDW�EHWWHU�HGXFDWHG�
LQGLYLGXDOV�DUH�SDLG�EHWWHU�WKDQ�PRUH�SRRUO\�HGXFDWHG�
RQHV�DQG�WKDW�FKDQJHV�DFURVV�WLPH�H[SUHVVHG�LQ�FRQVWDQW�
GROODUV�DUH�UHDVRQDEO\�FRQVWDQW��7KH� FRPSDULVRQ�RI�
JUHDWHVW�LQWHUHVW�DQG�FXUUHQW�FRQFHUQ��FRPSDULQJ�VDO��
DULHV�EHWZHHQ�VH[HV�ZLWKLQ�HGXFDWLRQ�OHYHO��PXVW�EH�
PDGH�FOXPVLO\�E\�YHUWLFDOO\�WUDQVSRVLQJ�IURP�RQH�JUDSK�
WR�DQRWKHU��,W�VHHPV�FOHDU�WKDW�5XOH���PXVW�KDYH�EHHQ�
RSHUDWLQJ�KHUH��IRU�LW�ZRXOG�KDYH�EHHQ�HDV\�WR�SODFH�WKH�
JUDSKV�VLGH�E\�VLGH�DQG�DOORZ�WKH�FRPSDULVRQ�RI�LQWHUHVW�
WR�EH�PDGH�PRUH�GLUHFWO\��/RRNLQJ�DW�WKH�SUREOHP�IURP�
D�VWULFWO\�GDWD�DQDO\WLF�SRLQW�RI�YLHZ��ZH�QRWH�WKDW�WKHUH�
DUH�WZR�ODUJH�PDLQ�HIIHFWV��HGXFDWLRQ�DQG�VH[��DQG�D�
VPDOO�WLPH�HIIHFW��7KLV�ZRXOG�KDYH�LPSOLHG�D�SORW�WKDW�
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)LJXUH�����-LJJOLQJ�WKH�EDVHOLQH�PDNHV�FRPSDULVRQV�PRUH�GLIILFXOW�
�IURP�+DQGERRN�RI�$JULFXOWXUDO�&KDUWV���

5XOH���-LJJOH�WKH�%DVHOLQH�

0DNLQJ�FRPSDULVRQV�LV�DOZD\V�DLGHG�ZKHQ�WKH�TXDQ��
WLWLHV�EHLQJ�FRPSDUHG�VWDUW�IURP�D�FRPPRQ�EDVH��7KXV�
ZH�FDQ�DOZD\V�PDNH�WKH�JUDSK�ZRUVH�E\�VWDUWLQJ�IURP�
GLIIHUHQW�EDVHV��6XFK�VFKHPHV�DV�WKH�KDQJLQJ�RU�VXV��
SHQGHG�URRWRJUDP�DQG�WKH�UHVLGXDO�SORW�DUH�PHDQW�WR�
IDFLOLWDWH�FRPSDULVRQV��,Q�)LJXUH����LV�D�SORW�RI�8�6��
LPSRUWV�RI�UHG�PHDW�WDNHQ�IURP�WKH�+DQGERRN�RI�$JUL��
FXOWXUDO�&KDUWV�SXEOLVKHG�E\�WKH�8�6�� 'HSDUWPHQW�RI�
$JULFXOWXUH��6KDGLQJ�EHQHDWK�HDFK�OLQH�LV�D�FRQYHQWLRQ�
WKDW�LQGLFDWHV�VXPPDWLRQ��WHOOLQJ�XV�WKDW�WKH�DPRXQW�RI�
HDFK�NLQG�RI�PHDW�LV�DGGHG�WR�WKH�DPRXQWV�EHORZ�LW��
%HFDXVH�RI�WKH�GRPLQDQFH�RI�DQG�WKH�IOXFWXDWLRQV�LQ�
LPSRUWDWLRQ�RI�EHHI�DQG�YHDO��LW�LV�KDUG�WR�VHH�ZKDW�WKH�
FKDQJHV�DUH�LQ�WKH�RWKHU�NLQGV�RI�PHDW�,V� WKH�LPSRUWD��
WLRQ�RI�SRUN�LQFUHDVLQJ"�'HFUHDVLQJ"�6WD\LQJ�FRQVWDQW"�
7KH�RQO\�SXUSRVH�IRU�VWDFNLQJ�LV�WR�LQGLFDWH�JUDSKLFDOO\�
WKH�WRWDO�VXPPDWLRQ��7KLV�LV�HDVLO\�GRQH�WKURXJK�WKH�
DGGLWLRQ�RI�DQRWKHU�OLQH�IRU�727$/�� 1RWH�WKDW�D�
727$/�ZLOO�DOZD\V�EH�FOHDU�DQG�ZLOO�QHYHU�LQWHUVHFW�WKH�
RWKHU�OLQHV�RQ�WKH�SORW��$�YHUVLRQ�RI�WKHVH�GDWD�LV�VKRZQ�
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&KDUW� 6RXUFH�� 2ULJ]LQDO�

)LJXUH�����$Q�DOWHUQDWLYH�YHUVLRQ�RI�)LJXUH����ZLWK�D�VWUDLJKW�OLQH�
XVHG�DV�WKH�EDVLV�RI�FRPSDULVRQ��

/LIH�([SHFWDQF\�DW�%LUWK��E\�6H[��6HOHFWHG� P�0DOH�
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)LJXUH�����$XVWULD�)LUVW��2EVFXULQJ�WKH�GDWD�VWUXFWXUH�E\�DOSKD��
EHWL]LQJ�WKH�SORW��IURP�6�����

LQ�)LJXUH����ZLWK�WKH�VHSDUDWH�DPRXQWV�RI�HDFK�PHDW��DV�
ZHOO�DV�D� VXPPDWLRQ�OLQH��VKRZQ�FOHDUO\��1RWH�KRZ�
HDVLO\�RQH�FDQ�VHH�WKH�VWUXFWXUH�RI�LPSRUW�RI�HDFK�NLQG�
RI�PHDW�QRZ�WKDW�WKH�VWDQGDUG�RI�FRPSDULVRQ�LV�D�
VWUDLJKW�OLQH��WKH�WLPH�D[LV��DQG�QR�ORQJHU�WKH�LPSRUW�
DPRXQW�RI�WKRVH�PHDWV�ZLWK�JUHDWHU�YROXPH��

5XOH���$XVWULD�)LUVW��

2UGHULQJ�JUDSKV�DQG�WDEOHV�DOSKDEHWLFDOO\�FDQ�RE��
VFXUH�VWUXFWXUH�LQ�WKH�GDWD�WKDW�ZRXOG�KDYH�EHHQ�REYLRXV�
KDG�WKH�GLVSOD\�EHHQ�RUGHUHG�E\�VRPH�DVSHFW�RI�WKH�
GDWD�� 2QH� FDQ�GHIHQG�RQHVHOI�DJDLQVW�FULWLFLVPV�E\�
SRLQWLQJ�RXW�WKDW�DOSKDEHWL]LQJ��DLGV�LQ�ILQGLQJ�HQWULHV�
RI�LQWHUHVW���2I�FRXUVH��ZLWK�OLVWV�RI�PRGHVW�OHQJWK�VXFK�
DLGV�DUH�XQQHFHVVDU\��ZLWK�ORQJHU�OLVWV�WKH�LQGH[LQJ�
VFKHPHV�FRPPRQ�LQ���WK�FHQWXU\�VWDWLVWLFDO�DWODVHV�SUR��
YLGH�HDV\�ORRNXS�FDSDELOLW\��
)LJXUH����LV�DQRWKHU�JUDSK�IURP�6I��VKRZLQJ�OLIH�H[��

SHFWDQFLHV��GLYLGHG�E\�VH[��LQ����LQGXVWULDOL]HG�QDWLRQV��
7KH�RUGHU�RI�SUHVHQWDWLRQ�LV�DOSKDEHWLFDO��ZLWK�WKH�
8665�SRVLWLRQHG�DV�5XVVLD���7KH�PHVVDJH�ZH�JHW�LV�WKDW�
WKHUH�LV�OLWWOH�YDULDWLRQ�DQG�WKDW�ZRPHQ�OLYH�ORQJHU�WKDQ�
PHQ��5HGRQH�DV�D�VWHP�DQG�OHDI�GLDJUDP��)LJXUH����LV�
VLPSO\�D�UHRUGHULQJ�RI�WKH�GDWD�ZLWK�VSDFLQJ�SURSRU��
WLRQDO�WR�WKH�QXPHULFDO�GLIIHUHQFHV���WKH�PDJQLWXGH�RI�
WKH�VH[�GLIIHUHQFH�OHDSV�RXW�DW�XV��:H�DOVR�QRWH�WKDW�WKH�
8665� LV�DQ�RXWOLHU�IRU�PHQ��

5XOH�-2�/DEHO��D��,OOHJLEO\���E��,QFRPSOHWHO\��
�F��,QFRUUHFWO\��DQG��G��$PELJXRXVO\�

7KHUH�DUH�PDQ\�LQVWDQFHV�RI�ODEHOV�WKDW�HLWKHU�GR�QRW�

&��7KH�$PHULFDQ�6WDWLVWLFLDQ��0D\�������9RO������1R���� ����
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)LJXUH�����2UGHULQJ�DQG�VSDFLQJ�WKH�GDWD�IURP�)LJXUH����DV� D�
VWHP�DQG�OHDI�GLDJUDP�SURYLGHV� LQVLJKWV�SUHYLRXVO\�GLIILFXOW�WR�
H[WUDFW��IURP�6�����

WHOO�WKH�ZKROH�VWRU\��WHOO�WKH�ZURQJ�VWRU\��WHOO�WZR�RU�
PRUH�VWRULHV��RU�DUH�VR�VPDOO�WKDW�RQH�FDQQRW�ILJXUH�RXW�
ZKDW�VWRU\�WKH\�DUH�WHOOLQJ��2QH�RI�P\�IDYRULWH�H[DPSOHV�
RI�VPDOO�ODEHOV�LV�IURP�7KH�1HZ�<RUN�7LPHV��$XJXVW�

7R�7UDYHO�$JHQWV�
,Q� ONRVROGRIGO$HU�
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�UDYHO�DJHQWV
�RYHUKHDG��RIIVHWWLQJ�UHYHQXH�JDLQV�IURP�KLJKHU�YROXPH��

)LJXUH�����0L[LQJ�D�FKDQJHG�PHWDSKRU�ZLWK�D�WLQ\�ODEHO�UHYHUVHV�
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)LJXUH����� )LJXUH���� UHGUDZQ�ZLWK������ GDWD� SODFHG� RQ� D�
FRPSDUDEOH�EDVLV��IURP�:DLQHU��������

�������LQ�ZKLFK�WKH�DUWLFOH�FRPSODLQV�WKDW�IDUH�FXWV�ORZHU�
FRPPLVVLRQ�SD\PHQWV�WR�WUDYHO�DJHQWV��7KH�JUDSK��)LJ��
XUH�����VXSSRUWV�WKLV�YLHZ�XQWLO�RQH�QRWLFHV�WKH�WLQ\�ODEHO�
LQGLFDWLQJ�WKDW�WKH�VPDOO�EDU�VKRZLQJ�WKH�GHFOLQH�LV�IRU�
MXVW�WKH�ILUVW�KDOI�RI�������7KLV�RPLWV�VXFK�KHDY\�WUDYHO�
SHULRGV�DV�/DERU�'D\��7KDQNVJLYLQJ��&KULVWPDV��DQG�VR�
RQ��VR�WKDW�PHUHO\�GRXEOLQJ�WKH�ILUVW�KDOI�GDWD�LV�SURED��
EO\�QRW�HQRXJK��1HYHUWKHOHVV��ZKHQ�WKLV�EDU�LV�GRXEOHG�
�)LJXUH������ZH�VHH�WKDW�WKH�DJHQWV�DUH�GRLQJ�YHU\�ZHOO�
LQGHHG�FRPSDUHG�WR�HDUOLHU�\HDUV��

5XOH����0RUH� ,V�0XUNLHU���D��0RUH�'HFLPDO�
3ODFHV�DQG��E��0RUH�'LPHQVLRQV�

:H�RIWHQ�VHH�WDEOHV�LQ�ZKLFK�WKH�QXPEHU�RI�GHFLPDO�
SODFHV�SUHVHQWHG�LV�IDU�EH\RQG�WKH�QXPEHU�WKDW�FDQ�EH�
SHUFHLYHG�E\� D� UHDGHU��7KH\�DUH� DOVR� FRPPRQO\�
SUHVHQWHG�WR�VKRZ�PRUH�DFFXUDF\�WKDQ�LV�MXVWLILHG��$�
GLVSOD\�FDQ�EH�PDGH�FOHDUHU�E\�SUHVHQWLQJ�OHVV��,Q�7DEOH�
��LV�D�VHFWLRQ�RI�D�WDEOH�IURP�'KDUL\DO�DQG�'XGHZLF]
V�
�������-$6$�SDSHU��7KH�WDEOH�HQWULHV�DUH�SUHVHQWHG�WR�
ILYH�GHFLPDO�SODFHV��,Q�7DEOH���LV�D�KHDYLO\�URXQGHG�
YHUVLRQ�WKDW�VKRZV�ZKDW�WKH�DXWKRUV�LQWHQGHG�FOHDUO\��,W�
DOVR�VKRZV�WKDW�WKH�YDULRXV�FROXPQV�PLJKW�KDYH�D�VXE��
VWDQWLDO�UHGXQGDQF\�LQ�WKHP��WKH�PD[LPXP�H[SHFWHG�
JDLQ�ZLWK�E�F� � ���LV�DERXW�����WK�WKDW�RI�E�F� � ����DQG�
�����WK�WKDW�RI�E�F� � ��������,I�WKH\�GR��WKH�HQWLUH�WDEOH�
FRXOG�KDYH�EHHQ�UHGXFHG�VXEVWDQWLDOO\��
-XVW�DV�LQFUHDVLQJ�WKH�QXPEHU�RI�GHFLPDO�SODFHV�FDQ�

PDNH�D�WDEOH�KDUGHU�WR�XQGHUVWDQG��VR�FDQ�LQFUHDVLQJ�
WKH�QXPEHU�RI�GLPHQVLRQV�PDNH�D�JUDSK�PRUH�FRQ��

���� �&�7KH�$PHULFDQ�6WDWLVWLFLDQ��0D\�������9RO������1R����



7DEOH����2SWLPDO�6HOHFWLRQ�)URP�D�)LQLWH�
6HTXHQFH� :LWK�6DPSOLQJ�&RVW�

E�F� ������ ������ ��������
1� U� �*1�U���� D��F� U� �*1�U���� D��F� U� �*1�U���� D��F�
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�� �� ������� �� �������� �� ���������
�� �� ������� �� �������� �� ���������
�� �� ������� �� �������� �� ���������
��� �� ������� �� �������� �� ���������

127(��J�;V���U������ �E5�;V���U��������D��LI�6�  V�� DQG�J�;V��U����� � ���RWKHUZLVH��
6RXUFH��'KDUL\DO�DQG�'XGHZLF]���������

IXVLQJ��:H�KDYH�DOUHDG\�VHHQ�KRZ�H[WUD�GLPHQVLRQV�FDQ�
FDXVH�DPELJXLW\��,V�LW�OHQJWK�RU�DUHD�RU�YROXPH"���,Q�
DGGLWLRQ��KXPDQ�SHUFHSWLRQ�RI�DUHDV�LV�LQFRQVLVWHQW��
-XVW�ZKDW�LV�FRQIXVLQJ�DQG�ZKDW�LV�QRW�LV�VRPHWLPHV�RQO\�
D�FRQMHFWXUH��\HW�D�KLQW�WKDW�D�SDUWLFXODU�FRQILJXUDWLRQ�
ZLOO�EH�FRQIXVLQJ�LV�REWDLQHG�LI�WKH�GLVSOD\�FRQIXVHG�WKH�
JUDSKHU��6KRZQ�LQ�)LJXUH����LV�D�SORW�RI�SHU�VKDUH�HDUQ��
LQJV�DQG�GLYLGHQGV�RYHU�D�VL[�\HDU�SHULRG��:H�QRWH��ZLWK�
VRPH�DPXVHPHQW��WKDW������LV�WKH�VLGH�RI�D�EDU�WKH�
WKLUG�GLPHQVLRQ�RI�WKLV�EDU� �UHFWDQJXODU�SDUDOOHOR��
SLSHG"��FKDUW�KDV�FRQIXVHG�WKH�DUWLVW��,�VXVSHFW�WKDW������
LV�UHDOO\�ZKDW�LV�ODEHOHG�������DQG�WKH�XQODEHOHG�EDU�DW�
WKH�HQG�LV�SUREDEO\�������$�VLPSOH�OLQH�FKDUW�ZLWK�WKLV�
LQWHUSUHWDWLRQ�LV�VKRZQ�LQ�)LJXUH�����
,Q�6HFWLRQ���ZH�LOOXVWUDWH�VL[�PRUH�UXOHV�IRU�GLVSOD\LQJ�

GDWD�EDGO\��7KHVH�UXOHV�IDOO�EURDGO\�XQGHU�WKH�KHDGLQJ�
RI�KRZ�WR�REVFXUH�WKH�GDWD��7KH�WHFKQLTXHV�PHQWLRQHG�
ZHUH�WR�FKDQJH�WKH�VFDOH�LQ�PLG�D[LV��HPSKDVL]H�WKH�
WULYLDO��MLJJOH�WKH�EDVHOLQH��RUGHU�WKH�FKDUW�E\�D�FKDUDF��
WHULVWLF�XQUHODWHG�WR�WKH�GDWD��ODEHO�SRRUO\��DQG�LQFOXGH�
PRUH�GLPHQVLRQV�RU�GHFLPDO�SODFHV�WKDQ�DUH�MXVWLILHG�RU�
QHHGHG��7KHVH�PHWKRGV�ZLOO�ZRUN�VHSDUDWHO\�RU�LQ�FRP��
ELQDWLRQ�ZLWK�RWKHUV�WR�SURGXFH�JUDSKV�DQG�WDEOHV�RI�
OLWWOH�XVH��7KHLU�FRPPRQ�HIIHFW�ZLOO�XVXDOO\�EH�WR�OHDYH�
WKH�UHDGHU�XQLQIRUPHG�DERXW�WKH�SRLQWV�RI�LQWHUHVW�LQ�
WKH�GDWD��DOWKRXJK�VRPHWLPHV�WKH\�ZLOO�PLVLQIRUP�XV��
WKH�SK\VLFLDQV
�LQFRPH�SORW�LQ�)LJXUH����LV�D�SULPH�H[��
DPSOH�RI�PLVLQIRUPDWLRQ��
)LQDOO\��WKH�DYDLODELOLW\�RI�FRORU�XVXDOO\�PHDQV�WKDW�

WKHUH�DUH�DGGLWLRQDO�SDUDPHWHUV�WKDW�FDQ�EH�PLVXVHG��
7KH�8�6��&HQVXV
�WZR�YDULDEOH�FRORU�PDS�LV�D�ZRQGHUIXO�
H[DPSOH�RI�KRZ�XVLQJ�FRORU�LQ�D�JUDSK�FDQ�VHGXFH�XV�

7DEOH����2SWLPDO�6HOHFWLRQ�)URP�D�)LQLWH�6HTXHQFH�
:LWK�6DPSOLQJ�&RVW��UHYLVHG��

E�F� ���� E�F� ����� E�F� �������
1� U� *� U� *� U� *�
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�� �� ��� �� ���� �� ���
�� �� ��� �� ���� �� ���
�� �� ��� �� ���� �� ���
�� �� ��� �� ���� �� ���
���� �� ��� �� ���� �� ���

127(��J�;V���U������ E5�;V���U��������D��LI�6� �V��DQG�J�;V���U������ ����RWKHUZLVH��

LQWR�WKLQNLQJ�WKDW�ZH�DUH�FRPPXQLFDWLQJ�PRUH�WKDQ�ZH�
DUH��VHH�)LHQEHUJ�������:DLQHU�DQG�)UDQFROLQL�������
:DLQHU��������7KLV�OHDGV�XV�WR�WKH�ODVW�UXOH��

5XOH����,I�,W�+DV�%HHQ�'RQH�:HOO�LQ�WKH�3DVW��7KLQN�RI�
$QRWKHU�:D\�WR�'R� ,W�

7KH�WZR�YDULDEOH�FRORU�PDS�ZDV�GRQH�UDWKHU�ZHOO�E\�
0D\U�������������\HDUV�EHIRUH�WKH�8�6��&HQVXV�YHUVLRQ��
+H�XVHG�EDUV�RI�YDU\LQJ�ZLGWK�DQG�IUHTXHQF\�WR�DFFRP��
SOLVK�JUDFHIXOO\�ZKDW�WKH�8�6�� &HQVXV�XVHG�YDU\LQJ�
VDWXUDWLRQV�WR�GR�FOXPVLO\��
$� SDUWLFXODUO\�HQOLJKWHQLQJ�H[SHULHQFH�LV�WR�ORRN�

FDUHIXOO\�WKURXJK�WKH�VL[�ERRNV�RI�JUDSKV�WKDW�:LOOLDP�
3OD\IDLU�SXEOLVKHG�GXULQJ�WKH�SHULRG������������2QH�
GLVFRYHUV�FOHDU��DFFXUDWH��DQG�GDWD�ODGHQ�JUDSKV�FRQ��
WDLQLQJ�PDQ\�LGHDV�WKDW�DUH�XVHIXO�DQG�WRR�UDUHO\�DSSOLHG�
WRGD\��,Q�WKH�FRXUVH�RI�SUHSDULQJ�WKLV�DUWLFOH��,�VSHQW�
PDQ\�KRXUV�ORRNLQJ�DW�D�YDULHW\�RI�DWWHPSWV�WR�GLVSOD\�

(DUQV� 3HU�6KD� /$QG�Jaaa�
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)LJXUH����� 'DWD� IURP�)LJXUH���� UHGUDZQ�VLPSO\��IURP�:DLQHU�
�������

GDWD��6RPH�RI�WKH�KRUURUV�WKDW�,�KDYH�SUHVHQWHG�ZHUH�
WKH�IUXLWV�RI�WKDW�VHDUFK��,Q�DGGLWLRQ��MHZHOV�VRPHWLPHV�
HPHUJHG��,�VDYHG�WKH�EHVW�IRU�ODVW��DQG�ZLOO�FRQFOXGH�
ZLWK�RQH�RI�WKRVH�MHZHOV�P\�QRPLQHH�IRU�WKH�WLWOH�RI�
�:RUOG
V� &KDPSLRQ�*UDSK��� ,W� ZDV� SURGXFHG�E\�
0LQDUG�LQ������DQG�SRUWUD\V�WKH�GHYDVWDWLQJ�ORVVHV�VXI��
IHUHG�E\�WKH�)UHQFK�DUP\�GXULQJ�WKH�FRXUVH�RI�1DSR��
OHRQ
V�LOO�IDWHG�5XVVLDQ�FDPSDLJQ�RI�������7KLV�JUDSK�
�RULJLQDOO\�LQ�FRORU��DSSHDUV�LQ�)LJXUH����DQG�LV�UH��
SURGXFHG�IURP�7XIWH
V�ERRN��������S�������+LV�QDUUDWLYH�
IROORZV��

%HJLQQLQJ�DW�WKH�OHIW�RQ� WKH�3ROLVK�5XVVLDQ�ERUGHU�QHDU�WKH�
1LHPDQ�5LYHU��WKH�WKLFN�EDQG�VKRZV�WKH�VL]H�RI�WKH�DUP\����������
PHQ��DV�LW�LQYDGHG�5XVVLD�LQ�-XQH�������7KH�ZLGWK�RI�WKH�EDQG�
LQGLFDWHV�WKH�VL]H�RI�WKH�DUP\�DW�HDFK�SODFH�RQ�WKH�PDS��,Q�6HS��
WHPEHU��WKH�DUP\�UHDFKHG�0RVFRZ��ZKLFK�ZDV�E\�WKHQ�VDFNHG�DQG�
GHVHUWHG��ZLWK���������PHQ��7KH�SDWK�RI�1DSROHRQ
V�UHWUHDW�IURP�
0RVFRZ�LV�GHSLFWHG�E\�WKH�GDUNHU��ORZHU�EDQG��ZKLFK�LV�OLQNHG�WR�
D�WHPSHUDWXUH�VFDOH�DQG�GDWHV�DW�WKH�ERWWRP�RI�WKH�FKDUW��,W�ZDV�D�
ELWWHUO\�FROG�ZLQWHU��DQG�PDQ\�IUR]H�RQ�WKH�PDUFK�RXW�RI�5XVVLD��
$V�WKH�JUDSKLF�VKRZV��WKH�FURVVLQJ�RI�WKH�%HUH]LQD�5LYHU�ZDV�D�
GLVDVWHU��DQG�WKH�DUP\�ILQDOO\�VWUXJJOHG�EDFN�WR�3RODQG�ZLWK�RQO\�
�������PHQ�UHPDLQLQJ��$OVR�VKRZQ�DUH�WKH�PRYHPHQWV�RI�DX[LOLDU\�
WURRSV��DV�WKH\�VRXJKW�WR�SURWHFW�WKH�UHDU�DQG�IODQN�RI�WKH�DG��
YDQFLQJ�DUP\��0LQDUG
V�JUDSKLF�WHOOV�D�ULFK��FRKHUHQW�VWRU\�ZLWK�LWV�
PXOWLYDULDWH�GDWD��IDU�PRUH�HQOLJKWHQLQJ�WKDQ�MXVW�D�VLQJOH�QXPEHU�
ERXQFLQJ�DORQJ�RYHU�WLPH��6L[�YDULDEOHV�DUH�SORWWHG��WKH�VL]H�RI�WKH�
DUP\��LWV�ORFDWLRQ�RQ�D�WZR�GLPHQVLRQDO�VXUIDFH��GLUHFWLRQ�RI�WKH�
DUP\
V�PRYHPHQW��DQG�WHPSHUDWXUH�RQ�YDULRXV�GDWHV�GXULQJ�WKH�
UHWUHDW�IURP�0RVFRZ��
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