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WUHHV�RQ�WKH�\LHOG�RI�ZKHDW�FURS��,QG��-��)RUHVWU\��

�
���� +DQGD��'�3���-DJJL��6HHPD��*LOO��$�6��DQG�6LQJK��1�3����������$�FRUUHODWLRQ�DQG�

SDWK�FRHIILFLHQW�DQDO\VLV�RI�ZKHDW�FRPSRQHQWV�XQGHU�PXOWLSXUSRVH�WUHH�VSHFLHV��
,QG��-��)RUHVWU\��

�
���� -DJJL��6HHPD��+DQGD��'�3���*LOO��$�6��DQG�6LQJK��1�3��/DQG�HTXLYDOHQW�UDWLR�IRU�

DVVHVVLQJ�\LHOG�DGYDQWDJHV�IURP�DJURIRUHVWU\�H[SHULPHQW��,QG��-��$JUL��6FL��
��



���� .XPDU��5DMHQGHU�DQG�.DSRRU��-�.����������6WXG\�RI�RXWSXW�LQSXW�UDWLRV�RI�YDULRXV�
FURSV�DW�YDULRXV�OHYHOV�RI�FXOWXUDO�SUDFWLFHV�DW�RSWLPXP�OHYHO�RI�IHUWLOL]HU�QXWULHQWV�
LQ�WKH�FRXQWU\��$QQ��$JULF��5HV����������

�
���� 0LVUD�� $�.��� 2P� 3UDNDVK� DQG� 5DPDVXEUDPDQLDQ�� 9�� �������� )RUHZDUQLQJ�

SRZGHU\� PLOGHZ� FDXVHG� E\� 2LGLXP� PDQJLIHUDH� LQ� PDQJR� �0DQJLIHUD� LQGLFD��
XVLQJ�ORJLVWLF�UHJUHVVLRQ�PRGHOV��,QG��-��$JULF��6FL��

�
���� 3DQZDU��6DQMHHY�DQG�.XPDU��$QLO���������1RQ�OLQHDU�JURZWK�PRGHOOLQJ�RI�DSSOH�

SURGXFWLYLW\�RI�GLIIHUHQW�VWDWHV�LQ�,QGLD��-��)DUP��6\V��5HV��'HY��
�
���� 3DUVDG�� 5DMHQGHU� DQG� 6DWSDWL�� 6�.�� 1HVWHG� EORFN� GHVLJQV� IRU� FRPSDULQJ� WHVW�

WUHDWPHQWV�ZLWK�D�FRQWURO��8WLOLWDV�0DWKHPDWLFD��
�
���� 3DUVDG��5DMHQGHU��*XSWD��9�.��DQG�*XSWD��6XGKLU��2SWLPDO�GHVLJQV�IRU���OLQH�DQG�

��OLQH�FURVV�H[SHULPHQWV��8WLOLWDV�0DWKHPDWLFD��
��
���� 3DXO�� $PULW� .XPDU�� 6LQJK�� ,QGUD� DQG� %KDWLD�� 9�.�� $� QRWH� RQ� HVWLPDWLRQ� RI�

KHULWDELOLWLHV� RI� GLIIHUHQW� GDLU\� FKDUDFWHULVWLFV� RI� .DQNUHM� EUHHG� E\� GLIIHUHQW�
PHWKRGV��-��$QLP��5HV��

�
���� 6LQJK�� 5DMHQGUD�� .ULVKDQ� /DO� DQG� 7KRPDV�� %�)�� $QDO\VLV� RI� ODFWDWLRQ� FXUYHV�

UHSHDWHG�PHDVXUHPHQWV�IRU�XQHTXDO�ODFWDWLRQ�OHQJWK��-��,QG��6RF��$JULO��6WDWLVW��
�

���� 5DPDVXEUDPDQLDQ��9���6LQJK��5��DQG�5DL��$����������$Q�HPSLULFDO� LQYHVWLJDWLRQ�
RQ�UHOLDELOLW\�RI�-DFNNQLIH�HVWLPDWLRQ�XQGHU�WZR�SKDVH�VDPSOLQJ�IRU�VWUDWLILFDWLRQ��
,QG��-��$SSO��6WDWLVW��

�
���� 5DR��$�5��DQG�6DQMHHY�.XPDU��%D\HVLDQ� HVWLPDWLRQ� RI� KHULWDELOLW\� XVLQJ�*LEEV�

VDPSOLQJ�IRU�KDOI�VLE�PDWLQJ�GHVLJQ��,QG��-��$SSO��6WDWLVW��
�
���� 6LQJK�� *�� DQG� &KDQGUD�� +XNXP� �������� 3URGXFWLRQ� DQG� HFRQRPLF� IDFWRUV�

DQDO\VLV� RI� FURS� FXOWLYDWLRQ�� �3DUW� ±� ,�� *URXQGQXW�� ,QG�� -�� 2LOVHHG� 5HV���
'LUHFWRUDWH�RI�2LOVHHGV�5HVHDUFK��+\GHUDEDG��

�
���� 6LQJK�� *�� DQG� &KDQGUD�� +XNXP� �������� 3URGXFWLRQ� DQG� HFRQRPLF� IDFWRUV�

DQDO\VLV�RI�RLOVHHG�FXOWLYDWLRQ���3DUW�±�,,��5DSHVHHG�DQG�0XVWDUG��,QG��-��2LOVHHG�
5HV���'LUHFWRUDWH�RI�2LOVHHGV�5HVHDUFK��+\GHUDEDG��

�
���� 6LQJK��*��DQG�&KDQGUD��+XNXP���������$QDO\VLV�RI� WUHQGV� LQ� IRRG�JUDLQV�DUHD��

\LHOG�DQG�SURGXFWLRQ� LQ�0DKDUDVKWUD��3.9�5HV�� -���'U��3XQMDE�5DR�'HVKPXNK�
.ULVKL�9LGK\D�3HHWK��$NROD�0DKDUDVKWUD��



�
���� 9DUJKHVH��&LQL� DQG�6KDUPD��9�.��$� VHULHV� RI� UHVROYDEOH�3%,%���� GHVLJQV�ZLWK�

WZR�UHSOLFDWHV��0HWULND��
�
���� 9DWV��0�5���6HKJDO��'�.��DQG�0HKWD��'�.����������0LG�FRXUVH�ELIXUFDWLRQ�RI�SORWV�

LQ�ORQJ�WHUP�IHUWLOL]HU�H[SHULPHQWV��$SSO��6WDWLVW���
�
���� :DKL��6�'��DQG�5DR��$�5��(VWLPDWLRQ�RI�YDULDQFH�RI� UHSHDWDELOLW\�HVWLPDWRUV� IRU�

SHUHQQLDO�FURSV��,QG��-��$SSO��6WDWLVW��
�
���� :DKL��6�'���/DO�&KDQG�DQG�%KDWLD��9�.��6WXG\�RQ�JURZWK�SDWWHUQ�LQ�FURVVHV�DQG�

SXUH�,QGLDQ�EUHHGV�RI�JRDWV��,QG��-��$QLP��6FL���
�
5HVHDUFK�3URMHFW�5HSRUWV��
�
�L��3XEOLVKHG�
��� $� VWXG\� RI� ODQG� XVH� VWDWLVWLFV� WKURXJK� LQWHJUDWHG� PRGHOOLQJ� XVLQJ� *HRJUDSKLF�

,QIRUPDWLRQ�6\VWHP�E\�$QLO�5DL��$�.��6ULYDVWDYD��5DQGKLU�6LQJK�DQG�9�.��-DLQ��
�
��� 'HVLJQ�DQG�DQDO\VLV�RI�$JURIRUHVWU\�([SHULPHQWV�E\�'3�+DQGD��6HHPD�-DJJL��

9�.��6KDUPD�DQG�$�6��*LOO��
�
��� 'HYHORSPHQW�RI�*,6�EDVHG�WHFKQLTXHV�IRU�LGHQWLILFDWLRQ�RI�SRWHQWLDO�DJUR�IRUHVWU\�

DUHDV�E\�7DXTXHHU�$KPDG��5DQGKLU�6LQJK�DQG�$QLO�5DL��
�
��� 'HYHORSPHQW�RI�VWDWLVWLFDO�SURFHGXUHV�IRU�VHOHFWLQJ�JHQRW\SHV�VLPXOWDQHRXVO\�IRU�

\LHOG�DQG�VWDELOLW\�E\�$�5��5DR��9�7��3UDEKDNDUDQ�DQG�$�.��6LQJK��
�
��� ,PSDFW� DVVHVVPHQW�RI� WHFKQRORJ\� LQWHUYHQWLRQ�DQG� FURS�GLYHUVLILFDWLRQ� LQ� WULEDO��

EDFNZDUG�DQG�KLOO\�DUHDV��3URJUDPPH����SHUWDLQLQJ�WR�,PSURYHPHQW�LQ�0LJUDWRU\�
6KHHS�3URGXFWLRQ�3URJUDPPH� IRU� 7ULEDO� )DUPHUV� LQ�1RUWKZHVW��$QQXDO�5HSRUW�
������������E\�6XVKLOD�.DXO�DQG�'�5��6LQJK��

�
��� 2Q�UREXVW�HVWLPDWLRQ�RI�KHULWDELOLW\��������E\�9�.��%KDWLD�DQG�$PULW�.XPDU�3DXO��
��
��� 3ODQQLQJ�� GHVLJQLQJ� DQG� VWDWLVWLFDO� DQDO\VLV� RI� GDWD� UHODWLQJ� WR� H[SHULPHQWV�

FRQGXFWHG� XQGHU� WKH� $,&53� RQ� ORQJ� WHUP� IHUWLOL]HU� H[SHULPHQWV�
������������E\�0�5��9DWV��'�.��6HKJDO�DQG�'�.��0HKWD��

�



��� $G�KRF�VWXG\� UHSRUWV�RQ� ³6WXG\�RI�H[LVWLQJ�PRQLWRULQJ�PHFKDQLVP� IRU� UHVHDUFK�
SURMHFWV� LQ� GLIIHUHQW� ,&$5� ,QVWLWXWHV� DQG� 6$8V´� XQGHU� 1DWLRQDO� $JULFXOWXUDO�
5HVHDUFK�6\VWHP�E\�6�'��6KDUPD��$VKRN�.XPDU��5�&��*R\DO�DQG�3�.��0DOKRWUD��

�
��� $G�KRF�VWXG\�UHSRUWV�RQ�³,QIRUPDWLRQ�VXSSRUW�IRU�PDQDJHPHQW�RI�DJULFXOWXUH´�E\�

6�'�� 6KDUPD�� $�.�� 6ULYDVWDYD�� +�9�/�� %DWKOD�� 8�&�� 6XG�� 5�.�� 3DQGH\�� 3�.��
0DOKRWUD�� 5DQGKLU� 6LQJK�� $VKRN� .XPDU�� $QLO� 5DL�� 3UDFKL� 0LVKUD� DQG� 6XVKLOD�
.DXO��

�
�LL��)LQDOLVHG�
�
��� 6WDWLVWLFDO� LQYHVWLJDWLRQ� RQ� WKH� IHUWLOL]HU� XVH� HIILFLHQF\� LQ� UHODWLRQ� WR� FXOWXUDO�

SUDFWLFHV�E\�5DMHQGHU�.XPDU�DQG�-�.��.DSRRU��
�
��� 6WDWLVWLFDO� VWXGLHV� RQ� FRPSHWLWLRQ� HIIHFWV� DPRQJ� QHLJKERXULQJ� XQLWV� LQ� ILHOG�

H[SHULPHQWV��$3�&HVV�)XQGHG��E\�6HHPD�-DJJL�DQG�9�.��*XSWD��
�
��� $� GLDJQRVWLF� VWXG\� RI� GHVLJQ� DQG� DQDO\VLV� RI� ILHOG� H[SHULPHQWV� E\� 5DMHQGHU�

3DUVDG��9�.��*XSWD��3�.��%DWUD��5��6ULYDVWDYD��5DMLQGHU�.DXU��$MLW�.DXU�%KDWLD�
DQG�3UDZLQ�$U\D��

�
��� )RUHFDVWLQJ�WKH�ORVV�LQ�\LHOG�GXH�WR�ZHHGV�E\�0DGDQ�0RKDQ��5DMYLU�6KDUPD��7��

5DL�DQG�5DQMDQD�$JDUZDO��
��
��� )RUHFDVWLQJ� VXJDUFDQH� \LHOGV� XVLQJ� PXOWLSOH� 0DUNRY� FKDLQV� E\�

5DPDVXEUDPDQLDQ�9���5DQMDQD�$JDUZDO�DQG�/�0��%KDU���
�
��� $V�SDUW�RI�SURMHFW�HQWLWOHG�³6WXG\�UHODWLQJ�WR�IRUPXODWLQJ�ORQJ�WHUP�PHFKDQL]DWLRQ�

VWUDWHJ\�IRU�HDFK�DJUR�FOLPDWLF�]RQH�6WDWH´��D�GRFXPHQW�HQWLWOHG�³6WDWXV�RI�)DUP�
0HFKDQLVDWLRQ�LQ�,QGLD´��FRPSULVLQJ����HGLWHG�VWDWXV�SDSHUV�E\�HPLQHQW�H[SHUWV��
KDV�EHHQ�VXEPLWWHG�WR�WKH�'2$&��0LQLVWU\�RI�$JULFXOWXUH�RQ�6HSW������������

�
��� 6WXGLHV� RQ� GDWD� SURFHVVLQJ� WHFKQLTXHV� IRU� VWDWLVWLFDO� DQDO\VLV� RI� ODUJH� ILHOG�

YDULDELOLW\� LQ� KLOO\� DQG� VDOW� DIIHFWHG� VRLO� UHJLRQV� E\� 9�.�� %KDWLD� DQG� 5DMHQGHU�
3DUVDG��

�
%RRNV�
��� $JULFXOWXUDO� 5HVHDUFK�'DWD� %RRN� ����� �0D\� ������� +�9�/�� %DWKOD�� .�.�� 7\DJL��

5�6��.KDWUL��-DJELU�6LQJK��-�3��*R\DO��6�&��$JDUZDO�DQG�5�0��6RRG��
�



'LVVHUWDWLRQV�DSSURYHG�
�D��3K�'���$JULFXOWXUDO�6WDWLVWLFV��
�
��� � .DQGDOD� 9HQX� 0DGKDY� �� 6WXG\� RI� VWDWLVWLFDO� PRGHOOLQJ� WHFKQLTXHV� LQ�

DJULFXOWXUH�
�

� 1RQOLQHDU� 6FKDIHU� PRGHO� LV� H[WHQVLYHO\� XVHG� LQ� ILVKHULHV� WR� REWDLQ� PD[LPXP�
VXVWDLQDEOH�\LHOG�DQG�FRUUHVSRQGLQJ�RSWLPXP�ILVKLQJ�HIIRUW��,I�WKH�SDUDPHWHUV�RI�WKLV�
QRQOLQHDU�PRGHO�DUH�UHSODFHG�E\�³H[SHFWHG�YDOXH´�SDUDPHWHUV��WKH�UHVXOWLQJ�IRUP��DV�
D� SOHDVDQW� VXUSULVH�� UHGXFHV� WR� DQ� H[DFW� OLQHDU� IRUP�� 7KXV� WKH� QRQOLQHDU� 6FKDIHU�
PRGHO� FDQ� EH� ILWWHG� HDVLO\� E\� XVLQJ� ³0XOWLSOH� /LQHDU� 5HJUHVVLRQ´� WHFKQLTXH�� 7KLV�
SURFHGXUH�LV�LOOXVWUDWHG�RQ�VRPH�VKULPS�FDWFK�HIIRUW�GDWD��)XUWKHU��IRU�GHVFULELQJ�WKH�
SDWK�RI�DGRSWLRQ�RI�+LJK�<LHOGLQJ�9DULHWLHV�LQ�WKH�FRXQWU\�GXULQJ�SRVW�JUHHQ�UHYROXWLRQ�
HUD�� D� IRXU�SDUDPHWHU� QRQOLQHDU� PL[HG� LQIOXHQFH� JURZWK� PRGHO� LV� LQYHVWLJDWHG��
(PSOR\LQJ� QRQOLQHDU� HVWLPDWLRQ� SURFHGXUHV�� LW� LV� IRXQG� WKDW� VRPH� SDUDPHWHU�
HVWLPDWHV� GLG� QRW� FRQYHUJH� WR� ELRORJLFDOO\� PHDQLQJIXO� YDOXHV�� 6XEVHTXHQWO\�� RQH�
SDUDPHWHU� RI� WKH�PRGHO� LV� UH�SDUDPHWHUL]HG� E\� XVLQJ� ³H[SHFWHG� YDOXH´� SDUDPHWHU��
&RQVHTXHQWO\�� WKH� UHVXOWLQJ� IRUP� LV� VXFFHVVIXOO\� ILWWHG� WR� WKH� GDWD� DQG� K\SRWKHVLV�
WHVWLQJ� LV� WKHQ� FDUULHG� RXW� WKURXJK� :DOG¶V� WHVW�� $SSOLFDWLRQ� RI� VWDWLVWLFDO� PRGHOV�
UHTXLUHV� ³SUHFLVH´� GDWD�� ZKLFK� LV� TXLWH� RIWHQ� QRW� SRVVLEOH�� )XUWKHU�� WKHUH� LV� DOVR�
IX]]LQHVV� RU� LPSUHFLVHQHVV� LQ� WKH� XQGHUOLQHG� SKHQRPHQD� GHVFULELQJ� UHODWLRQVKLSV�
EHWZHHQ� H[SODQDWRU\� DQG� UHVSRQVH� YDULDEOHV�� 7KH� PHWKRGRORJ\� RI� ³)X]]\�
5HJUHVVLRQ´�LV�WKRURXJKO\�GLVFXVVHG�WR�KDQGOH�YDULRXV�VLWXDWLRQV��YL]���3KHQRPHQD�LV�
IX]]\��3KHQRPHQD�DQG�UHVSRQVH�YDULDEOHV�DUH�ERWK�IX]]\�DQG�3KHQRPHQD��UHVSRQVH�
DQG� H[SODQDWRU\� YDULDEOHV� DUH� DOO� IX]]\�� $� SURJUDP� LQ� 6$6� LV� GHYHORSHG��
6XEVHTXHQWO\�� WKH�PHWKRGRORJ\� LV�DSSOLHG�WR�YDULRXV�UHDO�GDWD�VHWV�IURP�WKH�ILHOG�RI�
DJULFXOWXUH��6XSHULRULW\�RI�WKLV�QHZO\�GHYHORSLQJ�DSSURDFK�RYHU�FRQYHQWLRQDO�³0XOWLSOH�
/LQHDU�5HJUHVVLRQ�PHWKRG´�LV�FOHDUO\�GHPRQVWUDWHG��)XUWKHU��IX]]\�$5,0$�DSSURDFK�
WR�KDQGOH�IX]]\�WLPH�VHULHV�GDWD�LV�DOVR�VWXGLHG�LQ�GHWDLO��7KH�PHWKRGRORJ\�GHYHORSHG�
LV� VXFFHVVIXOO\� DSSOLHG� WR� UHDO� GDWD� DQG� LWV� VXSHULRULW\� RYHU� %R[�-HQNLQV� $5,0$�
DSSURDFK�LV�HVWDEOLVKHG��7KH�DERYH�DSSURDFKHV�RI�³6WDWLVWLFDO�0RGHOOLQJ´�DUH�PRGHO�
GULYHQ��+RZHYHU�� LI� WKHUH�DUH�VHYHUDO�H[SODQDWRU\�YDULDEOHV�� LW� LV�VHOGRP�SRVVLEOH� WR�
KDYH�DQ� LGHD�RI�XQGHUO\LQJ�QRQOLQHDU� IXQFWLRQDO� UHODWLRQVKLSV�EHWZHHQ�WKHP��7R�WKLV�
HQG�� DQ� H[WUHPHO\� YHUVDWLOH� DSSURDFK� RI� ³1HXUDO� 1HWZRUNV� �11V�´�� ZKLFK� LV� GDWD�
GULYHQ��LV�UDSLGO\�GHYHORSLQJ��11V�OHDUQ�IURP�H[DPSOHV�DQG�FDSWXUH�VXEWOH�IXQFWLRQDO�
UHODWLRQVKLSV�DPRQJ�WKH�GDWD�HYHQ�LI�WKH�XQGHUO\LQJ�UHODWLRQVKLSV�DUH�XQNQRZQ��7KXV�
11V�DUH�ZHOO�VXLWHG�IRU�SUREOHPV�ZKHUH�VROXWLRQV�UHTXLUH�NQRZOHGJH�WKDW�LV�GLIILFXOW�WR�
VSHFLI\� EXW� IRU� ZKLFK� WKHUH� DUH� HQRXJK� GDWD� SRLQWV�� ,Q� WKLV� VHQVH�� 11V� FDQ� EH�
UHJDUGHG� DV� WKH� PXOWLYDULDWH�� QRQOLQHDU�� QRQSDUDPHWULF� VWDWLVWLFDO� PHWKRG�� 7KLV�
PRGHOOLQJ�DSSURDFK�ZLWK� WKH�DELOLW\� WR� OHDUQ� IURP�H[SHULHQFH� LV�H[WUHPHO\�XVHIXO� IRU�
PDQ\� SUDFWLFDO� SUREOHPV� LQ� DJULFXOWXUH�� $� QXPEHU� RI� 11� PRGHOV� DUH� WKRURXJKO\�



VWXGLHG�� $V� DQ� LOOXVWUDWLRQ� D� IHHG� IRUZDUG� PXOWLOD\HUHG� QHWZRUN� WUDLQHG� XVLQJ� EDFN�
SURSDJDWLRQ� LV� GLVFXVVHG� DW� OHQJWK�� 7KH� PHWKRGRORJ\� LV� WKHQ� DSSOLHG� WR� IRUHFDVW�
ZKHDW� SURGXFWLYLW\� RI� -XQDJDGK� GLVWULFW� XVLQJ� ZHHNO\� ZHDWKHU� GDWD� RI� VHYHUDO�
YDULDEOHV�� OLNH�� WHPSHUDWXUH�� UHODWLYH�KXPLGLW\��ZLQG� VSHHG�� DQG� VXQVKLQH�KRXUV��7R�
WKLV� HQG�� D� VWDQGDUG� VRIWZDUH� SDFNDJH� LV� DOVR� HPSOR\HG�� $SSURSULDWH� 1HXUDO�
1HWZRUNV� PRGHOV� DUH� DOVR� LGHQWLILHG� IRU� IRUHFDVWLQJ� WLPH� VHULHV� GDWD� RQ� FURS�
SURGXFWLRQ�DQG�D�FRPSDULVRQ�RI� WKH�FRUUHVSRQGLQJ�UHVXOWV�REWDLQHG� WKURXJK�$5,0$�
DSSURDFK� LV� DOVR�PDGH��)LQDOO\�� D� V\QHUJLVWLF� DSSURDFK�EDVHG� RQ�ERWK�$5,0$�DQG�
5%)� 1HXUDO� 1HWZRUNV� LV� XVHG� DQG� LV� HPSLULFDOO\� FRPSDUHG� ZLWK� $5,0$� DQG�
)HHGIRUZDUG�1HWZRUNV��

�*XLGH��'U��3UDMQHVKX��
�

��� � �0V��� 3�� 6DQGK\D� .LUDQ� �� 2Q� VRPH� VWDWLVWLFDO� SURSHUWLHV� RI� HVWLPDWHV� RI�
KHULWDELOLW\�

�
� 7KLV� WKHVLV� LV� FRQFHUQHG� ZLWK� H[DPLQLQJ� WKH� GLVWULEXWLRQDO� SURSHUWLHV� RI�
KHULWDELOLW\��LGHQWLILFDWLRQ�RI�GLIIHUHQW�SURFHGXUHV�IRU�UREXVW�DQG�DGPLVVLEOH�HVWLPDWLRQ�
RI�KHULWDELOLW\��H[SORULQJ�%D\HVLDQ�DQDO\VLV�LQ�HVWLPDWLRQ�RI�YDULDQFH�FRPSRQHQWV�DQG�
KHULWDELOLW\�DQG�FRPSDULVRQ�RI�GLIIHUHQW�LGHQWLILHG�SURFHGXUHV�LQ�GLIIHUHQW�VLWXDWLRQV��,Q�
RUGHU� WR� LGHQWLI\� VXLWDEOH� PHWKRG� IRU� HVWLPDWLRQ� RI� KHULWDELOLW\� LQ� YDULRXV� SUDFWLFDO�
VLWXDWLRQV��WKH�GDWD�KDYLQJ�SUHVHQFH�RI�DEHUUDQW�YDOXHV��XQHTXDO�QXPEHUV�RI�UHFRUGV�
DQG�QRQ�QRUPDOLW\�GLVWULEXWLRQ�RI�REVHUYDWLRQV�KDYH�EHHQ�FRQVLGHUHG�IRU�WKH�SUHVHQW�
VWXG\�� ,W�ZDV�REVHUYHG� WKDW� WKH�HVWLPDWHV�RI� KHULWDELOLW\� REWDLQHG� IURP�KDOI�VLE�GDWD�
IROORZ� QRUPDO� GLVWULEXWLRQ�� ,Q� WKH� FDVH� RI� IXOO�VLEV�� WKH� VLUH�GDP� FRPSRQHQW� RI�
KHULWDELOLW\�HVWLPDWHV�DQG�VLUH�FRPSRQHQW�RI�KHULWDELOLW\�HVWLPDWHV�DW�KLJKHU�SDUDPHWULF�
YDOXHV�ZHUH� IRXQG� WR� IROORZ�QRUPDO�GLVWULEXWLRQ��ZKLOH� VLUH� FRPSRQHQW�RI�KHULWDELOLW\�
HVWLPDWHV� DW� ORZHU� SDUDPHWULF� YDOXHV� IROORZ� ORJQRUPDO� DQG� JDPPD� GLVWULEXWLRQV�� $�
0RQWH�&DUOR�VWXG\�ZDV�FRQGXFWHG�WR�FRPSDUH�WKH�SHUIRUPDQFH�RI�0RGLILHG�$129$�
PHWKRG��ZKLFK�NHHSV�UHVWULFWLRQ�RQ�WKH�SDUDPHWHU�VSDFH�RI�WKH�YDULDQFH�FRPSRQHQWV��
ZLWK�WKH�RWKHU�WUDGLWLRQDO�PHWKRGV�$129$��0/��5(0/�DQG�0,948(�����LQ�SUHVHQFH�
RI� XQEDODQFHGQHVV� DQG� VFDOH� FRQWDPLQDWLRQ�� ,W� ZDV� REVHUYHG� WKDW� WKH� PRGLILHG�
$129$� HVWLPDWRU� KDV� OHVVHU� 06(� WKDQ� $129$� IRU� DOO� WKH� SDUDPHWULF� YDOXHV� RI�
KHULWDELOLW\�XQGHU�GLIIHUHQW�VDPSOH�VL]HV��+RZHYHU�5(0/�VKRZHG�FRQVLVWHQW�UHVXOWV�LQ�
GLIIHUHQW�VLWXDWLRQV��7KH�PXOWLYDULDWH�DSSURDFK�XVLQJ�GHOHWH�G�MDFNNQLIH�WHFKQLTXH�ZDV�
IRXQG� WR� EH� EHWWHU� WKDQ� $129$� DQG� 5(0/�ZKHQ� LQIRUPDWLRQ� LV� DYDLODEOH� RQO\� RQ�
IHZHU� RIIVSULQJ� SHU� VLUH�� ,Q� WKH� FDVH� RI� GDWD� FRQWDLQLQJ� RXWOLHUV�� UREXVW� PHWKRG� RI�
HVWLPDWLRQ�\LHOGHG�DFFXUDWH�DQG�UHOLDEOH�HVWLPDWHV�RI�KHULWDELOLW\�DV�FRPSDUHG�WR�RWKHU�
PHWKRGV�RI�HVWLPDWLRQ��7KH�DSSOLFDELOLW\�RI�%D\HVLDQ� WHFKQLTXH�ZDV�DOVR�VWXGLHG� LQ�
WKH�HVWLPDWLRQ�RI�KHULWDELOLW\�DQG� WKH� UHVXOWV�DUH�YHU\�HQFRXUDJLQJ� LQ� WKH�VHQVH� WKDW�
WKH\�JDYH�QRQ�QHJDWLYH�HVWLPDWHV�IRU�DOO�WKH�SUDFWLFDO�VLWXDWLRQV��)LQDOO\�WKLV�VWXG\�KDV�



SURYHG�WR�EH�YHU\�KHOSIXO�LQ�ILQDOL]LQJ�FRPSXWHU�VWUDWHJLHV�WR�DUULYH�DW�D�YDOLG�HVWLPDWH�
RI�KHULWDELOLW\��

�*XLGH���'U��9��.��%KDWLD��
�
�E��0�6F���$JULFXOWXUDO�6WDWLVWLFV��
�
��� � $QDQWD�6DUNDU���$QDO\WLFDO�WHFKQLTXHV�IRU�ORQJ�WHUP�H[SHULPHQWV�
�
� /RQJ�WHUP�H[SHULPHQWV�DUH� WKRVH�H[SHULPHQWV� WKDW�DUH�FRQWLQXHG�RQ� WKH�VDPH�
VHW� RI� H[SHULPHQWDO� XQLWV� RYHU� D� VHTXHQFH� RI� \HDUV� ZLWK� SUHSODQQHG� VHTXHQFH� RI�
WUHDWPHQWV�RU�FURSV�RU�ERWK��7KH�PDMRU�REMHFWLYH�RI� WKHVH�H[SHULPHQWV� LV�WR�PRQLWRU�
WKH� FKDQJHV� LQ� VRLO� SURSHUWLHV� DQG� FURS� SURGXFWLYLW\� DV� D� UHVXOW� RI� FRQWLQXRXV�
DSSOLFDWLRQ� RI� WUHDWPHQWV� DQG� WR� LGHQWLI\� WKH� PRVW� VXLWDEOH� WUHDWPHQW�� /RQJ�WHUP�
H[SHULPHQWV�PD\�EH�ZLWK�VHDVRQDO�FURSV��DQQXDO�FURS�VHTXHQFHV��SHUHQQLDO�FURSV��
HWF��:H�KDYH�UHVWULFWHG�WR�ORQJ�WHUP�IHUWLOL]HU�H[SHULPHQWV�RQ�D�IL[HG�FURS�VHTXHQFH��
7KHVH�H[SHULPHQWV�DUH�EHLQJ�FRQGXFWHG�DW����ORFDWLRQV�XQGHU�WKH�DHJLV�RI�$OO� ,QGLD�
&R�RUGLQDWHG�5HVHDUFK�3URMHFW��$,&53��RQ�/RQJ�7HUP�)HUWLOL]HU�([SHULPHQWV��/7)(��
RI� ,QGLDQ� &RXQFLO� RI� $JULFXOWXUDO� 5HVHDUFK� XVLQJ� D� UDQGRPL]HG� FRPSOHWH� EORFN�
GHVLJQ��7UHDWPHQWV�LQ�WKHVH�H[SHULPHQWV�DUH�JUDGHG�OHYHOV�RI�IHUWLOL]HUV��6DPH�GHVLJQ�
OD\RXW��LQFOXGLQJ�UDQGRPL]DWLRQ��LV�IROORZHG�RYHU�\HDUV���
�
� 7KH�DQDO\WLFDO� WHFKQLTXHV�IRU� ORQJ�WHUP�H[SHULPHQWV�DYDLODEOH� LQ� OLWHUDWXUH�KDYH�
EHHQ�FRQVROLGDWHG��7KH�GDWD� IRU�HDFK�\HDU� LV�VHSDUDWHO\�H[DPLQHG�XVLQJ�XQLYDULDWH�
DQDO\VLV� RI� YDULDQFH� �$129$��� &RPELQHG� DQDO\VLV� RI� GDWD� RYHU� \HDUV� XVLQJ� WKH�
SURFHGXUH�RI�JURXSV�RI�H[SHULPHQWV�RU�VSOLW�SORW�DQDO\VLV��WDNLQJ�\HDUV�DV�VXE�SORWV��LV�
QRW�YDOLG�EHFDXVH�WKH�REVHUYDWLRQV�IURP�WKH�VDPH�SORW�PD\�EH�FRUUHODWHG��7KHUHIRUH��
ZH� VXJJHVWHG� WKH� XVH� RI� PXOWLYDULDWH� DQDO\VLV� RI� YDULDQFH� �0$129$��� 7KH�
FRPSDULVRQ�RI�WUHDWPHQWV�DIWHU�0$129$�LV�D�SUREOHP��)RU�FRPSDULVRQ�RI�WUHDWPHQWV��
$129$� EDVHG� RQ� VFRUH� RI� ILUVW� SULQFLSDO� FRPSRQHQW� H[SODLQLQJ�PRUH� WKDQ� ���� RI�
YDULDWLRQ�LV�JHQHUDOO\�DWWHPSWHG��,Q�VRPH�VLWXDWLRQV��ILUVW�SULQFLSDO�FRPSRQHQW�PD\�QRW�
H[SODLQ�PRUH�WKDQ�����RI�YDULDWLRQ�DQG�HYHQ�LI�LW�H[SODLQV��VWLOO�DERXW�����RI�YDULDWLRQ�
UHPDLQ� XQH[SODLQHG�� 7KH� LQIHUHQFH�PDGH� RQ� WKH� EDVLV� RI� D� SDUWLDO� YDULDWLRQ� RI� WKH�
SRSXODWLRQ� PD\� EH� PLVOHDGLQJ�� 7R� WDFNOH� WKLV� SUREOHP�� ZH� KDYH� GHYHORSHG� D�
PXOWLYDULDWH�WUHDWPHQW�FRQWUDVW�DQDO\VLV�SURFHGXUH�EDVHG�RQ�:LON¶V�/DPEGD�FULWHULRQ��
$OO� WKHVH� DQDO\WLFDO� WHFKQLTXHV� KDYH� EHHQ� LOOXVWUDWHG� ZLWK� WKH� KHOS� RI� GDWD� IURP�
5DQFKL� DQG� /XGKLDQD� FHQWUHV� RI� $,&53� RQ� /7)(�� 6HYHUDO� SDLUHG� WUHDWPHQW�
FRPSDULVRQV� WKDW� DUH� QRQ�VLJQLILFDQW� WKURXJK� XQLYDULDWH� DQDO\VLV� DUH� IRXQG� WR� EH�
VLJQLILFDQW� WKURXJK�PXOWLYDULDWH�FRQWUDVW�DQDO\VLV�� ,W� LV�� WKHUHIRUH�� UHFRPPHQGHG� WKDW�
WKH� GDWD� SHUWDLQLQJ� WR� WKHVH� H[SHULPHQWV� VKRXOG� EH� DQDO\]HG� WKURXJK�0$129$�� ,I�
WKH� QXPEHU� RI� \HDUV� IRU� ZKLFK� WKH� H[SHULPHQW� LV� FRQGXFWHG� DUH� PRUH� WKDQ� HUURU�



GHJUHH� RI� IUHHGRP�� WKHQ�0$129$�PD\� EH� SHUIRUPHG� XVLQJ� D� VXLWDEOH� QXPEHU� RI�
SULQFLSDO�FRPSRQHQWV���
�
� )RU�VWXG\LQJ�WKH�WUHQG�EHKDYLRXU�RI�DYDLODEOH�VRLO�QXWULHQWV��WKH�GDWD�IURP�5DQFKL�
DQG�/XGKLDQD�FHQWUHV�DUH�SORWWHG��2Q�WKH�EDVLV�RI�VKDSHV�RI�SORWWHG�FXUYHV��GLIIHUHQW�
OLQHDU� DQG� QRQ�OLQHDU�PRGHOV�ZHUH� ILWWHG��$GMXVWHG�5��� URRW�PHDQ� VTXDUH� HUURU� DQG�
SHUFHQWDJH�SUHGLFWLRQ�HUURU�YDOXHV�DUH�WDNHQ�DV�PRGHO�VHOHFWLRQ�FULWHULRQ��3DUWLDO�GDWD�
VHWV� �H[FOXGLQJ� ODVW� IRXU� \HDUV�� DUH� XVHG� IRU� PRGHO� EXLOGLQJ� DQG� SUHGLFWLRQV� RI�
DYDLODEOH�VRLO�QXWULHQWV�DUH�GRQH�IRU�WKH�ODVW�\HDUV��,Q�PRVW�RI�WKH�FDVHV��WKH�SUHGLFWLRQ�
HUURU�LV�IRXQG�WR�EH�OHVV�WKDQ�����

�*XLGH��'U��5DMHQGHU�3DUVDG��
�
���� $MD\� .ULVKDQUDR� .DQNXUH� ±� 6PDOO� DUHD� HVWLPDWLRQ� RI� FURS� \LHOG� DW� EORFN�

OHYHO�XVLQJ�VDWHOOLWH�GDWD�
�
� ,Q�DJULFXOWXUDO�VXUYH\V�WKH�HVWLPDWHV�RI�FURS�\LHOG�DUH�SUHVHQWO\�EHLQJ�ZRUNHG�RXW�
DW�WKH�GLVWULFW�OHYHO�WKURXJK�WKH�*HQHUDO�&URS�(VWLPDWLRQ�6XUYH\V��%XW�ZKLOH�SODQQLQJ�
DW� WKH� JUDVV�URRW� OHYHO�� LW� EHFRPHV� LPSHUDWLYH� WR� REWDLQ� WKHVH� HVWLPDWHV� DW� VPDOOHU�
OHYHOV� VXFK� DV� FRPPXQLW\� GHYHORSPHQW� EORFNV� DQG� YLOODJH� SDQFKD\DWV�� 6DPSOH�
VXUYH\V� GHVLJQHG� WR� SURYLGH� HVWLPDWHV� IRU� ODUJHU� DUHDV� DUH� LQDGHTXDWH� WR� SURYLGH�
DGHTXDWH�SUHFLVLRQ� IRU� VPDOO� DUHDV��7KH�JURZLQJ�GHPDQGV� IRU� UHOLDEOH�HVWLPDWHV�DW�
VPDOOHU�DUHDV�PDNHV�VPDOO�DUHD�HVWLPDWLRQ�LQ�VXUYH\�VDPSOLQJ�DQ�LPSRUWDQW�WRSLF��$�
QXPEHU�RI�VPDOO�DUHD�WHFKQLTXHV�DUH�DYDLODEOH�LQ�WKH�OLWHUDWXUH��ZKLFK�DUH�DSSOLFDEOH�
XQGHU�GLIIHUHQW�VLWXDWLRQV�VXEMHFW�WR�GDWD�DYDLODELOLW\��:LWK�WKH�KHOS�RI�UHPRWH�VHQVLQJ�
WHFKQRORJ\�TXLFN�DQG� IDLUO\�DFFXUDWH�HVWLPDWHV�RI�FURS�\LHOG�FDQ�EH�REWDLQHG�ZKLFK�
ZRXOG�OHDG�WR�DGYDQFH�IRUHFDVWLQJ�RI�WKH�WRWDO�FURS�SURGXFWLRQ�RI�WKH�FRXQWU\��,Q�FDVH�
RI�HVWLPDWLRQ�RI�FURS�\LHOG�RQ�WKH�EDVLV�RI�FURS�FXWWLQJ�H[SHULPHQW�DW�EORFN�OHYHO�LW�ZDV�
FRQVLGHUHG� QHFHVVDU\� WR� LQYHVWLJDWH� VRPH� VPDOO� DUHD� HVWLPDWLRQ� WHFKQLTXHV� XVLQJ�
UHPRWH� VHQVLQJ� VDWHOOLWH� GDWD�� 7KH� UHPRWH� VHQVLQJ� LPDJH� IRU� 5RKWDN� GLVWULFW� ZDV�
REWDLQHG�DQG�GHYHORSHG�XVLQJ�WKH�GLJLWDO�LPDJH�SURFHVVLQJ�PHWKRGV��7KH�GLVWULFW�ZDV�
GLYLGHG�LQWR�WZR�VWUDWD������+LJK�YHJHWDWLRQ�DQG�����$YHUDJH�YHJHWDWLRQ�RQ�WKH�EDVLV�
RI� 1'9,� YDOXHV�� 3RVW�VWUDWLILHG� HVWLPDWRUV� QDPHO\�� 'LUHFW� HVWLPDWRU�� 6\QWKHWLF�
HVWLPDWRU�� *HQHUDOL]HG� 5HJUHVVLRQ� HVWLPDWRU�� DQG� 6WUXFWXUH� 3UHVHUYLQJ� HVWLPDWRU�
ZHUH�GHYHORSHG�IRU�HVWLPDWLRQ�RI�ZKHDW�FURS�\LHOG�DW�EORFN�OHYHO�IRU�5RKWDN�GLVWULFW�RI�
+DU\DQD�DQG�FRPSDUHG�IRU���������DQG�����������GDWD�XVLQJ�VPDOO�DUHD�HVWLPDWLRQ�
WHFKQLTXHV��,W�KDV�EHHQ�IRXQG�WKDW�WKH�V\QWKHWLF�HVWLPDWRU�JLYHV�WKH�EHVW�HVWLPDWH�DV�
LW�KDV�ORZHVW�VWDQGDUG�HUURU�LQ�FRPSDULVRQ�ZLWK�WKH�'LUHFW�DQG�*5(*�HVWLPDWRU��7KH�
JHQHUDOL]HG� UHJUHVVLRQ� HVWLPDWRU� KDV� WKH� ODUJHU� VWDQGDUG� HUURU� DPRQJ� DOO� WKH�
HVWLPDWRUV�IRU�DOPRVW�DOO�WKH�EORFNV��7KH�UHVXOWV�ZHUH�IRXQG�WR�EH�FRQVLVWHQW�IRU�ERWK�
WKH�\HDUV�� �

�*XLGH��'U��5��6LQJK��



�
���� � *DXUDY�*R\DO���&URS�\LHOG�IRUHFDVW�XVLQJ�GRXEOH�VDPSOLQJ�
�
� )RUHFDVW� PRGHOV� EDVHG� RQ� SODQW� FKDUDFWHUV�� UHTXLUH� SHULRGLF� PHDVXUHPHQW� RI�
SODQW� FKDUDFWHULVWLFV��7KH�SHULRGLF� FROOHFWLRQ� RI� GDWD� RQ�SODQW� FKDUDFWHUV� LV� FRXSOHG�
ZLWK�FHUWDLQ�OLPLWDWLRQV��QDPHO\�FRVW�DQG�SDUWLDOO\�PLVVLQJ�GDWD��2QH�SRVVLELOLW\�WR�GHDO�
ZLWK�VXFK�SUREOHP�LV�µXVH�RI�GRXEOH�VDPSOLQJ¶�ZKHUH�GDWD�RQ�OHVV�FRVWOLHU�YDULDEOHV�LV�
FROOHFWHG�RQ�DOO� WKH�XQLWV��Q��VD\��RI� WKH�VDPSOH�DQG�GDWD�RQ�WKH�YDULDEOHV� LQYROYLQJ�
PRUH�FRVW�DQG� ODERXU�DUH�FROOHFWHG�RQ� WKH�VXE�VDPSOH� �P���7KH�YDOXHV� IRU� WKH�QRQ�
VDPSOHG�YDULDEOHV�LQ�WKH�UHPDLQLQJ�XQLWV��Q�P��DUH�SUHGLFWHG�XVLQJ�WKHLU�UHODWLRQVKLS�
ZLWK�RWKHU�YDULDEOHV� LQ� WKH�VDPSOHG�XQLWV� �P��DQG� LQIRUPDWLRQ�RQ�DJULFXOWXUDO� LQSXWV��
7KH�SUHVHQW�VWXG\�DSSOLHV�UHJUHVVLRQ�DSSURDFK�WR�IRUHFDVW�VXJDUFDQH�\LHOG�XVLQJ�WKH�
FRQFHSW� RI� GRXEOH� VDPSOLQJ�� 7KH� YDULDEOHV� XVHG� ZHUH� REVHUYDWLRQV� RQ� QXPEHU� RI�
FDQHV�� VSDFLQJ� DQG� IDUPHUV¶� DSSUDLVDO� RI� \LHOG�KD�� 7KH� QXPEHU� RI� FDQHV� ZDV�
LGHQWLILHG�DV�WKH�FKDUDFWHU�LQYROYLQJ�KLJK�FRVW�ODERXU�VRSKLVWLFDWHG�LQVWUXPHQWV�IRU�LWV�
REVHUYDWLRQ��7R�VWXG\�WKH�IHDVLELOLW\�RI�WKH�VXJJHVWHG�PHWKRGRORJ\��D�VXE�VDPSOH�RI�
���SHU�FHQW�DQG����SHU�FHQW�RI�WKH�WRWDO�VDPSOH�VL]H�ZDV�WDNHQ�WR�FROOHFW�WKH�DFWXDO�
GDWD�RQ�QXPEHU�RI�FDQHV�DQG�PRGHOV�ZHUH�ILWWHG�IRU� LW��7KH�UHVXOWV� LQGLFDWH�WKDW�WKH�
IRUHFDVWV�EDVHG�RQ�WKH�VXJJHVWHG�PHWKRGRORJ\�ZHUH�FRPSDUDEOH�WR�WKRVH�REWDLQHG�
XVLQJ� WKH� FRPSOHWH� GDWD�� 8QGHU� WKH� SUHVHQFH� RI� VLJQLILFDQW� PXOWLFROOLQHDULW\� WKH�
SULQFLSDO� FRPSRQHQWV� RI� YDULDEOHV� VKDOO� EH� HPSOR\HG� LQ� FRQMXQFWLRQ� ZLWK� WKH�
PHWKRGRORJ\�� 8QGHU� WKH� OLPLWDWLRQ� RI� DYDLODELOLW\� RI� ODERXU�FRVW�LQVWUXPHQWV� IRU�
REVHUYLQJ�DQG�IRU�PLVVLQJ�GDWD��WKH�VXJJHVWHG�PHWKRGRORJ\�PD\�EH�DSSOLHG�WR�DUULYH�
DW�HTXDOO\�UHOLDEOH�IRUHFDVWV��

�*XLGH��'U��5DQMDQD�$JDUZDO��
�

���� � -LWHQGHU�6LQJK�7RPDU���'HVLJQ�IRU�VWXG\LQJ�FRPSHWLWLRQ�HIIHFWV�
�
� ,Q� ILHOG�H[SHULPHQWV��JHQHUDOO\� WKH�SORWV�ZLWKLQ�D�EORFN�DUH�SODFHG�VLGH�E\�VLGH��
7KH� UHVSRQVH� IURP� D� JLYHQ� SORW� PD\� EH� DIIHFWHG� E\� WKH� WUHDWPHQWV� DSSOLHG� WR� LWV�
QHLJKERXULQJ�SORWV�EHVLGHV�WKH�WUHDWPHQW�DSSOLHG�WR�WKH�SORW�LWVHOI��,QWHUGHSHQGHQFH�RI�
DGMDFHQW�SORWV�EHFDXVH�RI� WKHLU� FRPPRQ�QHHGV� LV� UHIHUUHG� WR�DV�FRPSHWLWLRQ�HIIHFW��
,QWHUIHUHQFH��DOVR�LQWHUSUHWHG�DV�FRPSHWLWLRQ��EHWZHHQ�QHLJKERXULQJ�XQLWV�LV�D�VHULRXV�
VRXUFH� RI� ELDV�� 8QGHUVWDQGLQJ� WKH� VWUXFWXUH� RI� WKHVH� FRPSHWLWLRQ� HIIHFWV� KHOSV� LQ�
PLQLPL]LQJ�VXFK�ELDV�WR�D�JUHDW�H[WHQW��7KLV�LQYROYHV�FRQVWUXFWLRQ�RI�D�GHVLJQ�LQ�ZKLFK�
WZR�FRPSHWLQJ� WUHDWPHQWV�RFFXU� WRJHWKHU� LQ�VDPH�RUGHU��7KH� OLQHDU�PRGHO� LQYROYLQJ�
WKHVH�FRPSHWLWLRQ�HIIHFWV�LV�WDNHQ�DQG�WKH�LQIRUPDWLRQ�PDWUL[�IRU�HVWLPDWLRQ�RI�GLUHFW�
HIIHFWV�DQG�QHLJKERXU�HIIHFWV�KDV�EHHQ�GHULYHG��&KDUDFWHUL]DWLRQ�RI�EORFN�GHVLJQ�IRU�
FRPSHWLWLRQ� HIIHFWV�� LQ� WHUPV� RI� WKH� LQIRUPDWLRQ� PDWUL[�� KDV� EHHQ� REWDLQHG�� 6RPH�
PHWKRGV�RI�FRQVWUXFWLQJ�EORFN�GHVLJQV�EDODQFHG� IRU�QHLJKERULQJ�FRPSHWLWLRQ�HIIHFWV�
KDV�EHHQ�GHYHORSHG��$�FDWDORJXH�RI�WKH�EORFN�GHVLJQV�REWDLQHG�KDV�EHHQ�SUHSDUHG�



WKDW�FRQWDLQV� WKH�SDUDPHWHUV��HIILFLHQF\�DQG� LQLWLDO�EORFNV��$�PHWKRG�RI�FRQVWUXFWLQJ�
EORFN� GHVLJQV� SDUWLDOO\� EDODQFHG� IRU� QHLJKERULQJ� FRPSHWLWLRQ� HIIHFWV� KDV� DOVR� EHHQ�
GHVFULEHG�� 7KH� GHVLJQV� REWDLQHG� DUH� SDUWLDOO\� EDODQFHG�ZLWK� WZR� DVVRFLDWH� FODVVHV�
L�H��WKRVH�WUHDWPHQWV�WKDW�DSSHDU�DV�QHLJKERXUV�WR�DQ\�WUHDWPHQW�DUH�ILUVW�DVVRFLDWHV�
DQG� UHVW� DUH� VHFRQG� DVVRFLDWH�� 7KH� HIILFLHQF\� RI� WKHVH� GHVLJQV� KDV� DOVR� EHHQ�
FRPSXWHG��

�*XLGH��'U��6HHPD�-DJJL��
�
�
��� � 5DPD�.ULVKQD�6LQJK���5REXVWQHVV�RI�EDODQFHG�WUHDWPHQW�LQFRPSOHWH�EORFN�

GHVLJQV�DJDLQVW�H[FKDQJH�RI�D�WHVW�WUHDWPHQW�
�
� 7KH� SUHVHQW� WKHVLV� GHDOV� UREXVWQHVV� RI� EDODQFHG� WUHDWPHQW� LQFRPSOHWH� EORFN�
GHVLJQV� DJDLQVW� H[FKDQJH� RI� D� WHVW� WUHDWPHQW�� ,GHDOO\�� LW� LV� H[SHFWHG� WKDW� LQ� DQ\�
H[SHULPHQWDO�VLWXDWLRQ�WKHUH�ZLOO�EH�D�SHUIHFW�PDWFK�EHWZHHQ�WKH�DYDLODEOH�UHVRXUFHV�
DQG�WKH�UHVRXUFHV�UHTXLUHG�IRU�WKH�FRQGXFW�RI�H[SHULPHQW��,W�LV�DOVR�HQYLVDJHG�WKDW�LQ�
WKH�OD\RXW�DQG�H[HFXWLRQ�RI�DQ�H[SHULPHQW�HYHU\WKLQJ�VKDOO�JR�DFFRUGLQJ�WR�WKH�SODQ��
7KH�SUREOHP�RI�PLVVLQJ�REVHUYDWLRQV��RXWOLHUV�DQG�SUHVHQFH�RI�WUHQGV�IRU�UREXVWQHVV�
RI� GHVLJQV� DUH� VRPH� RI� WKH� UHVXOWV� RI� WKLQJV� JRLQJ�ZURQJ� DW� WKH� OD\RXW� RU� DW� RWKHU�
VWDJHV�RI�WKH�H[HFXWLRQ�RI�H[SHULPHQW��$SDUW�IURP�WKH�DERYH�PHQWLRQHG�GLVWXUEDQFHV�
GXULQJ� WKH�SODQQLQJ�RU�FRQGXFW�RI�H[SHULPHQW�GLVFUHSDQFLHV�GXH�WR� LQWHUFKDQJH�DQG�
H[FKDQJH�RI�WUHDWPHQWV�PD\�FUHHS�LQ�HLWKHU�DFFLGHQWDOO\�RU�GXH�WR�WKH�FRQVWUDLQWV�LQ�
WKH�H[SHULPHQWDO� UHVRXUFHV��7KH�HDUOLHVW�ZRUN�GRQH� LQ� WKLV�GLUHFWLRQ�ZDV�E\�3HDUFH�
��������ZKR�VWXGLHG�WKH�SURFHGXUH�RI�DQDO\VLV�RI�UDQGRPL]HG�EORFN�GHVLJQ�ZKHQ�RQH�
WUHDWPHQW� VXEVWLWXWHV� DQRWKHU�� ,Q� FRQWH[W� RI� EORFN� GHVLJQ� RQH� PD\� HQFRXQWHU� WKH�
IROORZLQJ�GLVFUHSDQFLHV���L��H[FKDQJH�RI�WUHDWPHQW�WDNHV�SODFH�L�H��LQ�D�EORFN�GHVLJQ�DW�
OHDVW� RQH� RI� WKH� WUHDWPHQW� LQ� VRPH� RI� WKH� EORFNV� JHW� VXEVWLWXWHG� E\� VRPH� RWKHU�
WUHDWPHQW�LQFOXGHG�LQ�WKH�WULDO��LL��WKH�LQWHUFKDQJH�RI�WUHDWPHQW�WDNHV�SODFH�L�H��DW�OHDVW�
D� SDLU� RI� WKH� WUHDWPHQWV� HDFK� EHORQJLQJ� WR� GLIIHUHQW� EORFNV� LQ� WKH� GHVLJQ� JHW�
LQWHUFKDQJHG� LQ� WKH� OD\RXW� RU� LQ� RWKHU� ZRUGV� HDFK� RI� WKH� XQLWV� JHW� DOORWWHG� WR� D�
WUHDWPHQW�RULJLQDOO\�GHVLJQDWHG�IRU�RWKHU�� ,Q�RUGHU� WR�RYHUFRPH�VXFK�D�VLWXDWLRQ�RQH�
PXVW� WKLQN�RI�GHVLJQV��ZKLFK�DUH� LQVHQVLWLYH�RU�UREXVW�DJDLQVW�VXFK�GLVWXUEDQFHV�� ,Q�
H[SHULPHQWDO� VLWXDWLRQ� IRU� PDNLQJ� WHVW� WUHDWPHQW� FRQWURO� FRPSDULVRQV� JHQHUDOO\�
VWDQGDUG� UHLQIRUFHG�EDODQFHG� LQFRPSOHWH�EORFN� �65�%,%��GHVLJQV�DUH�RI�PXFK�XVH��
65�%,%� LV� D� VSHFLDO� IRUP� RI� %7,%� GHVLJQ� LQ� ZKLFK� D� %,%� GHVLJQ� FRQVLVWLQJ� RI� WHVW�
WUHDWPHQWV� LV� DXJPHQWHG� LQ� HDFK� EORFN� ZLWK� RQH� UHSOLFDWH� RI� FRQWURO� WUHDWPHQW��
5REXVWQHVV� RI� EDODQFHG� WUHDWPHQW� LQFRPSOHWH� EORFN� GHVLJQV� LV� VWXGLHG�� 7KH�
LQIRUPDWLRQ�PDWUL[�RI�UHVLGXDO�GHVLJQ�ZKHQ�H[FKDQJH�RI�RQH�WHVW�WUHDWPHQW�KDV�WDNHQ�
SODFH� KDV� EHHQ� REWDLQHG�� $V� D� SDUWLFXODU� FDVH� UREXVWQHVV� RI� 65�%,%� GHVLJQV� KDV�
EHHQ�VWXGLHG�XVLQJ�WKH�HIILFLHQF\�FULWHULRQ�RI�UREXVWQHVV��6LQFH�WKH�DOJHEUD�WR�REWDLQ�
HLJHQYDOXHV�RI�PDWUL[�RI� UHVLGXDO�GHVLJQ� LV� QRW� WUDFWDEOH�� WKH�HIILFLHQFLHV�RI�65�%,%�



GHVLJQV��REWDLQHG�E\�DGGLQJ�D�VLQJOH�FRQWURO�WUHDWPHQW�LQ�HDFK�EORFN�RI�D�%,%�GHVLJQ�
FDWDORJXHG�LQ�3DUVDG��*XSWD�DQG�.KDQGXU���������DIWHU�H[FKDQJH�RI�D�WHVW�WUHDWPHQW�
KDYH�EHHQ�REWDLQHG�XVLQJ�6$6��6WDWLVWLFDO�$QDO\VLV�6\VWHP��SDFNDJH��7KHVH�GHVLJQV�
WXUQ� RXW� WR� EH� IDLUO\� UREXVW�� 7KH� XWLOLW\� RI� UREXVW� GHVLJQV� LQ� SUDFWLFDO� VLWXDWLRQ� OLNH�
VFDUFLW\�H[SHULPHQWDO�PDWHULDO�HWF��KDV�EHHQ�LOOXVWUDWHG���

�*XLGH��'U��5��6ULYDVWDYD��
�
��� � 5DP� .XPDU� &KDXGKDU\� �� 8VH� RI� +DQVHQ� DQG� +XUZLW]� WHFKQLTXH� LQ�

VXFFHVVLYH�VDPSOLQJ��
�
� 7KH�SUREOHP�RI�QRQ�UHVSRQVH�LQ�GDWD�FROOHFWLRQ�LV�D�FRPPRQ�SUREOHP�HVSHFLDOO\�
LQ� FDVH� RI� PDLO� VXUYH\V�� :KHQ� SRSXODWLRQ� LV� G\QDPLF� LQ� QDWXUH� DQG� LQWHUHVW� LV� WR�
HVWLPDWH�WKH�SRSXODWLRQ�SDUDPHWHU�IRU�WKH�FXUUHQW�RFFDVLRQ��VDPSOLQJ�RQ�VXFFHVVLYH�
RFFDVLRQV� LV�VXJJHVWHG�� ,Q� WKH�SUHVHQW�VWXG\��DQ�DWWHPSW�KDV�EHHQ�PDGH�WR�KDQGOH�
WKH� SUREOHP� RI� QRQ�UHVSRQVH� LQ� HVWLPDWLQJ� WKH� SRSXODWLRQ� PHDQ� IRU� WKH� FXUUHQW�
RFFDVLRQ� LQ� WKH� FRQWH[W� RI� VDPSOLQJ� RQ� VXFFHVVLYH� RFFDVLRQV� XVLQJ� +DQVHQ� DQG�
+XUZLW]� WHFKQLTXH�� ZKHQ� WKHUH� LV� QRQ�UHVSRQVH� LQ� GDWD� FROOHFWLRQ�� 7R� REWDLQ� WKH�
PLQLPXP� YDULDQFH� OLQHDU� XQELDVHG� HVWLPDWRU� �09/8(�� ]HUR� IXQFWLRQ� DSSURDFK� KDV�
EHHQ�XVHG��7KH�09/8(�RI�WKH�SRSXODWLRQ�PHDQ�IRU�WKH�FXUUHQW�RFFDVLRQ�DORQJ�ZLWK�
PLQLPXP�YDULDQFH�KDV�EHHQ�REWDLQHG��7KH�RSWLPXP�IUDFWLRQ�WR�EH�PDWFKHG�KDV�EHHQ�
GHWHUPLQHG� ZKLFK� PLQLPL]H� WKH� YDULDQFH� RI� WKH� HVWLPDWRUV�� 7KH� HVWLPDWLRQ� RI�
SRSXODWLRQ�PHDQ�IRU�WKH�FXUUHQW�RFFDVLRQ�LQ�VDPSOLQJ�RQ�WZR�RFFDVLRQV�ZKHQ�WKHUH�LV�
QRQ�UHVSRQVH� RQ� ERWK� WKH� RFFDVLRQV� KDV� EHHQ� GHYHORSHG�� 7KH� HVWLPDWRUV� RI� WKH�
SRSXODWLRQ�PHDQ�IRU�WKH�FXUUHQW�RFFDVLRQ�KDYH�EHHQ�GHYHORSHG�DV�D�SDUWLFXODU�FDVH�
ZKHQ�WKHUH�LV�QRQ�UHVSRQVH�RQ�WKH�ILUVW�RFFDVLRQ�DQG�VHFRQG�RFFDVLRQ�RQO\��'LIIHUHQW�
HVWLPDWRUV� VR� REWDLQHG� KDYH� EHHQ� FRPSDUHG�� 7KH� SHUFHQWDJH� ORVV� GXH� WR� QRQ�
UHVSRQVH�RYHU�XVXDO�FDVH�IRU�GLIIHUHQW�FDVHV�KDV�EHHQ�VKRZQ�HPSLULFDOO\�IRU�GLIIHUHQW�
YDOXHV�RI�GLIIHUHQW�SDUDPHWHUV���
�
� ,W�KDV�EHHQ�VKRZQ� WKDW� WKH�SHUFHQWDJH� ORVVHV�GXH� WR�QRQ�UHVSRQVH�RYHU�XVXDO�
FDVH�LQFUHDVHV�ZLWK�LQFUHDVH�LQ�YDOXHV�RI�ERWK�FRUUHODWLRQ�EHWZHHQ�PDWFKHG�SRUWLRQV�
DQG� IUDFWLRQ� WR� EH� XQPDWFKHG� ZKLOH�� LW� GHFUHDVHV� ZLWK� LQFUHDVH� LQ� YDOXHV� RI�
FRUUHODWLRQ� EHWZHHQ� PDWFKHG� SRUWLRQV� DPRQJ� WKH� QRQ�UHVSRQGHQWV�� $OVR�� WKH�
SHUFHQWDJH�ORVV�LQ�SUHFLVLRQ�RYHU�XVXDO�FDVH�LV�PD[LPXP�IRU�WKH�FDVH��ZKHQ�WKHUH�LV�
QRQ�UHVSRQVH� RQ� ERWK� WKH� RFFDVLRQV� ZKLOH�� LW� LV� OHDVW� ZKHQ� WKHUH� LV� QRQ�UHVSRQVH�
RQO\�RQ�WKH�ILUVW�RFFDVLRQ��,W�KDV�DOVR�EHHQ�VKRZQ�WKDW�WKHUH�LV�VDYLQJ�LQ�FRVW�RI�WKH�
VXUYH\�RYHU�XVXDO�FDVH�ZKHQ�+DQVHQ�DQG�+XUZLW]�WHFKQLTXH�LV�XVHG�IRU�HVWLPDWLRQ�LQ�
FDVH�RI�QRQ�UHVSRQVH��7KH�VDYLQJ� LQ�FRVW�RI� WKH�VXUYH\�GHFUHDVHV�ZLWK� LQFUHDVH� LQ�
FRUUHODWLRQ�EHWZHHQ�PDWFKHG�SRUWLRQV�RU�IUDFWLRQ�WR�EH�XQPDWFKHG�ZKLOH�LW�LQFUHDVHV�
ZLWK� LQFUHDVH� LQ�FRUUHODWLRQ�EHWZHHQ�PDWFKHG�SRUWLRQV�DPRQJ�WKH�QRQ�UHVSRQGHQWV��
7KH�WKHRU\�VR�REWDLQHG�IRU�HVWLPDWLRQ�RI�SRSXODWLRQ�PHDQ�IRU�WKH�FXUUHQW�RFFDVLRQ�LQ�



VDPSOLQJ� RQ� WZR� RFFDVLRQV� KDV� EHHQ� GHPRQVWUDWHG� ZLWK� WKH� KHOS� RI� DQ� HPSLULFDO�
VWXG\�XVLQJ� VXUYH\�GDWD�� 7KH� WKHRU\� GHYHORSHG� IRU� WKH� VDPSOLQJ�RQ� WZR�RFFDVLRQV�
KDV�EHHQ�JHQHUDOL]HG�IRU�WKH�FDVH�RI�VDPSOLQJ�RQ�µK¶�RFFDVLRQV��7KH�09/8(�DORQJ�
ZLWK�YDULDQFH�RI�WKH�HVWLPDWRU�DQG�IUDFWLRQ�WR�EH�XQPDWFKHG�KDV�EHHQ�REWDLQHG��$OVR��
WKH�OLPLWLQJ�YDOXHV�RI�FRQVWDQW�*K��IUDFWLRQ�WR�EH�XQPDWFKHG�DQG�YDULDQFH�KDYH�EHHQ�
GHWHUPLQHG�DVVXPLQJ�WKDW�FRUUHODWLRQ�EHWZHHQ�PDWFKHG�SRUWLRQ�DQG�PDWFKHG�SRUWLRQ�
DPRQJ�WKH�QRQ�UHVSRQGHQWV�LV�HTXDO��7KH�OLPLWLQJ�YDOXH�FRPHV�RXW�WR�EH�ò�ZKLFK�LV�
HTXDO�WR�WKH�XVXDO�FDVH��

�*XLGH��'U��+��9��/��%DWKOD��
�
�F��� 0�6F���&RPSXWHU�$SSOLFDWLRQ��
�
���� � $VKXWRVK�3UDVDG�0DXU\D�±�2Q�OLQH�GDWD�PDQDJHPHQW�V\VWHP�IRU�RQ�IDUP�

WULDOV�
�
� )DUPHUV� DGRSW� WKH� WHFKQRORJLHV� HYROYHG� WKURXJK� WULDOV� FRQGXFWHG� RQ� UHVHDUFK�
VWDWLRQV� DIWHU� WKH\� DUH� WHVWHG� LQ� WKHLU� FRQGLWLRQV�� 7KHVH� WULDOV� RQ� IDUPHUV� ILHOGV� DUH�
FRQGXFWHG� WR� WHVW� WKH� FRQVLVWHQF\� DQG� DGRSWDELOLW\� RI� WHFKQRORJLHV� GHYHORSHG� E\�
UHVHDUFK�VWDWLRQV�DQG�DOVR�WR�SURSDJDWH�WKH�WHFKQRORJLHV�DPRQJ�IDUPHUV��7KHVH�RQ�
IDUP� WULDOV�DUH�FRQGXFWHG�DIWHU�GLYLGLQJ� WKH�FRXQWU\� LQWR����1$53�=RQHV� ��'LVWULFWV��
2EYLRXVO\�� WKHVH� WULDOV� DUH� FRQGXFWHG� IRU� YDULRXV� FURSSLQJ� V\VWHPV� DQG� WKH� GDWD�
FROOHFWHG�LQ�WKH�SURMHFW�LV�ULJKW�QRZ�ILOOHG�PDQXDOO\�DQG�VXEPLWWHG�WR�,$65,�DQG�3URMHFW�
'LUHFWRUDWH�IRU�IXUWKHU�DQDO\VLV��'DWD�VFKHGXOHV�IRU�HDFK�W\SH�RI�WULDOV�DUH�ILOOHG�LQ�E\�
UHVHDUFK�VFLHQWLVWV��7KH�GDWD�IURP�WKHVH�FHQWHUV� LV�WKHQ�UHFHLYHG�E\�SRVW�DQG�ORW�RI�
HIIRUW� LV�PDGH�LQ�VFUXWLQLQJ��FRGLQJ�DQG�YDOLGDWLRQ�RI�WKH�GDWD��7KLV�YDOLGDWHG�GDWD�LV�
WKHQ�FRQYHUWHG�WR�HOHFWURQLF�IRUP�IRU�VWDWLVWLFDO�DQDO\VLV��'XULQJ�VFUXWLQLQJ�PDQ\�WULDOV�
DUH�UHMHFWHG�EHFDXVH�RI�FHUWDLQ�GLVFUHSDQFLHV��7KH�RQ�OLQH�GDWD�PDQDJHPHQW�V\VWHP�
IRU� RQ�IDUP� WULDOV� �:HE)DUP�� LV� D� VRIWZDUH� WR� FXVWRPL]H� UHFRUGLQJ� RI� WKH�2Q�)DUP�
7ULDOV� XQGHU� ,QGLDQ�&RXQFLO� RI� $JULFXOWXUDO� 5HVHDUFK��:LWK� WKH� GHYHORSPHQW� RI� WKLV�
:HE)DUP�WKH�GDWD�JHQHUDWHG�DW�HDFK�FHQWHU�ZLOO�EH�DYDLODEOH�WR�,$65,�DQG�3'&&65�
LQ�HOHFWURQLF�IRUP��7KLV�ZLOO�UHGXFH�WKH�GHOD\�LQ�UHFHLYLQJ�WKH�GDWD�DQG�LWV�VXEVHTXHQW�
WUDQVIHU� WR� HOHFWURQLF� IRUP�� )XUWKHU�� ,$65,� FDQ� GLVWULEXWH� WKH� ZRUN� RI� FKHFNLQJ� RI�
VFKHGXOHV�� FRGLQJ� RI� GDWD� DQG� FRQYHUWLQJ� GDWD� WR� HOHFWURQLF� IRUP� WR� WKH� YDULRXV�
FHQWHUV� FRQGXFWLQJ� RQ�IDUP� WULDOV�� $V� D� UHVXOW�� WKH� FDQ� EH� GLUHFWO\� XVHG� IRU� WKH�
VWDWLVWLFDO�DQDO\VLV��7KH�SUHVHQW�VRIWZDUH�KDV�D�WKUHH�OD\HUHG�DUFKLWHFWXUH��&OLHQW�6LGH�
,QWHUIDFH� /D\HU� LV� LPSOHPHQWHG� LQ� +70/� DQG� -DYD6FULSW�� 6HUYHU� 6LGH� $SSOLFDWLRQ�
/D\HU� LV� D� FRQQHFWLRQ� EHWZHHQ� FOLHQW� VLGH� OD\HU� DQG� WKH� 'DWDEDVH� DQG� LV�
LPSOHPHQWHG� LQ� -DYD� 6HUYHU� 3DJHV�� 'DWDEDVH� /D\HU� LV� LPSOHPHQWHG� LQ� 0LFURVRIW�
$FFHVV� ������ 7KH� GHYHORSHG�:HE)DUP� FDQ� EH� LPSOHPHQWHG� DV� D� QHWZRUN�EDVHG�
V\VWHP�ZLWK�D�VHUYHU�VR� WKDW� LQIRUPDWLRQ� LV�DYDLODEOH�RQ�OLQH��:HE)DUP�UXQV�DW�DQ\�
QRGH�RI�WKH�,QWHUQHW�WKURXJK�D�EURZVHU��6HFXULW\�IHDWXUHV�DUH�SURYLGHG�LQ�VXFK�D�ZD\�



WKDW� RQO\� DGPLQLVWUDWRU� FDQ� DFFHVV� WKH� GDWDEDVH�� ,W� KDV� IDFLOLWLHV� IRU� EURZVLQJ� DQG�
VHDUFKLQJ�WKH�LQIRUPDWLRQ�DQG�RQ�OLQH�KHOS�IRU�VPRRWK�QDYLJDWLRQ��)XUWKHU�SURYLVLRQ�LV�
PDGH�IRU�LQWHUDFWLQJ�ZLWK�WKH�6\VWHP�$GPLQLVWUDWRU�WKURXJK�HPDLO��

�*XLGH��'U��,��&��6HWKL��
�
���� � 'KDUPHQGUD�6LQJK���:HE�EDVHG�H[DPLQDWLRQ�DQG�HYDOXDWLRQ�V\VWHP�
�
� 7KH� DGYHQW� RI� FRPSXWHUV� DQG� WKHLU� H[WHQVLYH� SRWHQWLDO� RI� IDVWHU� DFFHVV� WR�
LQIRUPDWLRQ� KDYH� UHYROXWLRQL]HG� DOPRVW� DOO� WKH� IDFHWV� RI� KXPDQ� OLIH�� ,W� KDV� PDMRU�
LPSDFW�LQ�WKH�ILHOG�RI�HGXFDWLRQ�ZKHUH�:RUOG�:LGH�:HE�KDV�EHHQ�XVHG�IRU�LQWHUDFWLYH�
OHDUQLQJ�DQG�UHVHDUFK��1RZDGD\V��ZHE�EDVHG�H[DPLQDWLRQ�V\VWHP�KDYH�EHHQ�XVHG�
DV�DQ�HIIHFWLYH�VROXWLRQ� IRU�PDVV�HGXFDWLRQ�DQG�HYDOXDWLRQ�� ,Q�DQ\�H[DPLQDWLRQ�� WKH�
FRQFHUQHG� DXWKRULW\� KDV� WR� XQGHUWDNH� D� FRPSOHWH� H[HUFLVH� VWDUWLQJ� IURP� WKH�
SUHSDUDWLRQ� RI� TXHVWLRQ� EDQN�� VHWWLQJ� RI� WKH� TXHVWLRQ� SDSHU�� FRQGXFWLQJ� WKH�
H[DPLQDWLRQ�DQG�HYDOXDWLRQ�RI�WKH�DQVZHU�VKHHWV��,Q�DOO�WKHVH�VWDJHV��WKHUH�LV�D�QHHG�
RI� VXEMHFW�H[SHUWV�DQG� WKH�HQWLUH�SURFHVV� UHTXLUHV�PXFK�PRUH� WLPH�DQG�HIIRUW��7KH�
GHYHORSPHQW�RI�D�ZHE�EDVHG�H[DPLQDWLRQ�DQG�HYDOXDWLRQ�V\VWHP�ZLOO�EH�DQ�HIIHFWLYH�
VXEVWLWXWH��UHSODFLQJ� WKH� WUDGLWLRQDO�SDSHU�EDVHG�H[DPLQDWLRQ�V\VWHP��$�:HE�%DVHG�
([DPLQDWLRQ� DQG� (YDOXDWLRQ� 6\VWHP� KDV� EHHQ� GHYHORSHG� WDNLQJ� WKH� ,&$5� -5)�
H[DPLQDWLRQ�DV�D�PRGHO�DQG�LW�SURYLGHV�RQOLQH�H[DPLQDWLRQ�DQG�HYDOXDWLRQ�IDFLOLW\��,W�
LV�XVHU�IULHQGO\�VRIWZDUH�GHYHORSHG�LQ�-DYD�6HUYHU�3DJH��-63��KDYLQJ�D�WKUHH�OD\HUHG�
DUFKLWHFWXUH�� &OLHQW� 6LGH� ,QWHUIDFH� /D\HU� LV� LPSOHPHQWHG� LQ� +\SHUWH[W� 0DUNXS�
/DQJXDJH��+70/��DQG�-DYD6FULSW��6HUYHU�6LGH�$SSOLFDWLRQ�/D\HU� LV� LPSOHPHQWHG� LQ�
-DYD�6HUYHU�3DJHV�DQG�-DYD�'DWDEDVH�&RQQHFWLYLW\��'DWDEDVH�/D\HU�LV�LPSOHPHQWHG�
LQ�0LFURVRIW� $FFHVV� ������ 4XHVWLRQV� SDSHU� FRQVLVWV� RI�PXOWLSOH� FKRLFHV�� WUXH�IDOVH�
DQG�PDWFKLQJ� W\SH� TXHVWLRQV� WKDW� DUH� JHQHUDWHG� UDQGRPO\�ZLWKRXW� UHSHWLWLRQ� JLYLQJ�
IOH[LELOLW\�WR�H[DPLQDWLRQ�DXWKRULW\�LQ�WKH�FRQGXFW�RI�WKH�H[DPLQDWLRQ�DW�GLIIHUHQW�WLPHV��
7KH� VWXGHQWV� PD\� JHW� WKH� VFRUH� LPPHGLDWHO\� DIWHU� DSSHDULQJ� LQ� WKH� H[DPLQDWLRQ��
6RIWZDUH� DOVR� KDV� WKH� SURYLVLRQ� IRU� RQOLQH� DGGLWLRQ�� PRGLILFDWLRQ� DQG� GHOHWLRQ� RI�
TXHVWLRQV�DQG�RWKHU�DGPLQLVWUDWLRQ�DFWLYLWLHV��6HFXULW\�IHDWXUHV�DUH�SURYLGHG�LQ�VXFK�D�
ZD\�WKDW�RQO\�FRQFHUQHG�SHUVRQ�FDQ�DFFHVV�WKH�GDWDEDVH��

�*XLGH��'U��5��&��*R\DO��
�
���� � *XUXEDQD�.DQKDU���$QLPDO�QXWULWLRQDO�H[SHULPHQWV�LQIRUPDWLRQ�V\VWHP�
�
� 7KH� DSSOLFDWLRQ� RI� LQIRUPDWLRQ� WHFKQRORJ\� LV� JURZLQJ� UDSLGO\� LQ� DOPRVW� DOO� WKH�
ILHOGV� DW� JOREDO� OHYHO�� 7KLV� WHFKQRORJ\� LQFUHDVHV� WKH�ZRUNLQJ� HIILFLHQF\� E\� UHGXFLQJ�
WLPH�� 7KH� LQIRUPDWLRQ� RQ� DQLPDO� QXWULWLRQ� H[SHULPHQWV� WKDW� KDYH� EHHQ� FRQGXFWHG�
XQGHU� WKH� 1DWLRQDO� $JULFXOWXUDO� 5HVHDUFK� 6\VWHP� WR� VWXG\� WKH� HIILFDF\� RI� SURSHU�
JURZWK� GXH� WR� WKH� IHHGLQJ� RI� DQLPDOV� LQ� D� VFLHQWLILF� DQG� V\VWHPDWLF� PDQQHU� LV�
DYDLODEOH�LQ�UHSRUWV�DQG�UHVHDUFK�SDSHUV��,I�LW�LV�PDGH�DYDLODEOH�WR�WKH�UHVHDUFKHUV�RQ�



WKH� ,QWHUQHW�� LW�ZLOO�KHOS� WKHP� LQ�SODQQLQJ� WKHLU�H[SHULPHQWV� LQ�D�PRUH�VFLHQWLILF�ZD\�
DQG�ZLOO�DYRLG�GXSOLFDWLRQ�RI�UHVHDUFK�HIIRUWV��:LWK�WKH�REMHFWLYH�RI�NHHSLQJ�UHFRUGV�RI�
VXFK�H[SHULPHQWV� LQ�FRPSDWLEOH� IRUP�DW�RQH�SODFH�DQG�SURYLGLQJ�XVHIXO� LQIRUPDWLRQ��
³$QLPDO�1XWULWLRQDO�([SHULPHQWV� ,QIRUPDWLRQ�6\VWHP� �$1(,6�´�KDV�EHHQ�GHYHORSHG��
$1(,6�SURYLGHV�LQIRUPDWLRQ�RQ�YDULRXV�DVSHFWV�RI�H[SHULPHQWV�OLNH�ORFDWLRQ��VSHFLHV�
DQG�WKHLU�EUHHGV��LQIRUPDWLRQ�RQ�WKH�UHVHDUFK��VXPPDU\�RI�WKH�H[SHULPHQWV��HWF���DQG�
ZLOO�EH�D�UHDG\�UHFNRQHU�IRU�XVH�DV�D�UHIHUHQFH�PDWHULDO��(IIRUWV�KDYH�EHHQ�PDGH�WR�
SURYLGH�WKH�GDWD�RI�WKH�H[SHULPHQWV�LQ�VLPSOH�EXW�LQ�DQ�H[KDXVWLYH�PDQQHU��$1(,6�LV�
EDVHG� RQ� -$9$� WHFKQRORJ\�� ZKLFK� LV� SODWIRUP� LQGHSHQGHQW�� 7KHUHIRUH�� WKH�
DGPLQLVWUDWRUV� KDYLQJ� YDU\LQJ� KDUGZDUH� DQG� VRIWZDUH� IDFLOLWLHV� ZLOO� QRW� IDFH� DQ\�
GLIILFXOW\� LQ� LPSOHPHQWLQJ� DQG� XVLQJ� $1(,6�� 7KH� SUHVHQW� ZRUN� KDV� D� WKUHH�OD\HUHG�
DUFKLWHFWXUH��7KH�&OLHQW�6LGH�,QWHUIDFH�/D\HU�LV�LPSOHPHQWHG�LQ�+70/�DQG�-DYD6FULSW��
6HUYHU� 6LGH� $SSOLFDWLRQ� /D\HU� LV� D� FRQQHFWLRQ� EHWZHHQ� FOLHQW� VLGH� OD\HU� DQG� WKH�
'DWDEDVH�DQG�LV�LPSOHPHQWHG�LQ�-DYD�6HUYHU�3DJHV��'DWDEDVH�/D\HU�LV�LPSOHPHQWHG�
LQ�0LFURVRIW�$FFHVV�������$1(,6�FDQ�EH� LPSOHPHQWHG�DV�D�QHWZRUN�EDVHG�V\VWHP�
ZLWK� D� VHUYHU� VR� WKDW� LQIRUPDWLRQ� LV� DYDLODEOH� RQ� WKH� ,QWHUQHW� WKURXJK� D� EURZVHU��
6HFXULW\� IHDWXUHV� KDYH� EHHQ� LQFOXGHG�� VR� WKDW� RQO\� DGPLQLVWUDWRU� FDQ� DFFHVV� WKH�
GDWDEDVH�� )XUWKHU� SURYLVLRQ� LV� PDGH� IRU� LQWHUDFWLQJ� ZLWK� WKH� 6\VWHP� $GPLQLVWUDWRU�
WKURXJK� HPDLO�� $1(,6� LV� 8VHU�IULHQGO\� DQG� ,QWHUDFWLYH� 6RIWZDUH� DQG� D� SHUVRQ� ZLWK�
YHU\�OLWWOH�NQRZOHGJH�FDQ�RSHUDWH�DQG�JHW�WKH�GHVLUHG�LQIRUPDWLRQ���

�*XLGH��6K��+��6��6LNUDZDU��
�
��� � �0V��� 3UL\DQND� 6DKL� �� 'HYHORSPHQW� RI� D� ZLQGRZ�EDVHG� VRIWZDUH� IRU� WKH�

DQDO\VLV�RI�WZR�VWDJH�VXUYH\�GDWD�
�
� 6WDQGDUG� VWDWLVWLFDO� VRIWZDUHV� DUH� YHU\� FRPPRQO\� XVHG� IRU� DQDO\VLV� RI� VDPSOH�
VXUYH\� GDWD�� %XW� WKHVH� VRIWZDUHV� JHQHUDOO\� GR� QRW� WDNH� LQWR� DFFRXQW� WKH� FRPPRQ�
FKDUDFWHULVWLFV� RI� VXUYH\� GDWD�� VXFK� DV� VWUDWLILFDWLRQ�� FOXVWHULQJ� HWF�� � 7ZR�VWDJH�
VDPSOLQJ� LV� YHU\� IUHTXHQWO\� XVHG� LQ� VDPSOH� VXUYH\�� 7KHUHIRUH�� VRPH� VXLWDEOH�
VSHFLDOL]HG� VRIWZDUH� VKRXOG� EH� XVHG� WR� DQDO\VH� VDPSOH� VXUYH\� GDWD�� 6RPH� RI� WKH�
LPSRUWDQW�VRIWZDUHV�XVHG�IRU�VXUYH\�GDWD�DQDO\VLV�DUH�3&�&$53��68'$$1��67$7$��
:HV9DU3&�� &(19$5�� &/867(56�� (3,� ,1)2�� 93/;�� HWF�� 7KHVH� DUH� HLWKHU� YHU\�
FRVWO\�RU�WKH\�DUH�'26�EDVHG��6R�VRIWZDUH��6XUYH\�'DWD�$QDO\VLV�3DFNDJH��6'$3���
IRU� DQDO\VLV� RI� WZR�VWDJH� VXUYH\� GDWD� KDV� EHHQ� GHYHORSHG� XVLQJ� 9LVXDO� %DVLF� �����
ZKLFK� LV� PRUH� IOH[LEOH�� PHQX� GULYHQ� DQG� XVHU�IULHQGO\�� 6'$3� KDV� WKUHH� DQDO\VHV�
PRGXOHV���7RWDOV��5DWLRV�DQG�'LIIHUHQFH�RI�WZR�UDWLRV�IRU�DQDO\VLQJ�WZR�VWDJH�VXUYH\�
GDWD�� 6DPSOLQJ� IUDFWLRQV� DUH� FDOFXODWHG� IRU� ERWK� ILUVW� DQG� VHFRQG� VWDJHV�� $QDO\VHV�
FDQ�EH�GRQH�RQ�VHOHFWHG�RU�DOO�YDULDEOHV�DV�SHU�UHTXLUHPHQW�DQG�WKHUH�LV�QR�UHVWULFWLRQ�
RQ�PD[LPXP�QXPEHU� RI� YDULDEOHV�� 6'$3� FDOFXODWHV� WZR�VWDJH� HVWLPDWHV�� VWDQGDUG�
HUURU��DQG�FRHIILFLHQW�RI�YDULDWLRQ�IRU�VXUYH\�GDWD��+HOS�UHJDUGLQJ�GDWD�ILOHV��DQDO\VHV��
HWF��LV�DYDLODEOH��6KRUWFXW�PHQXV�DUH�DOVR�WKHUH�LQ�WKH�WRROEDU��'DWD�ILOHV�FDQ�EH�WH[W�



RU� QRWHSDG� ILOHV�� 2XWSXWV� FDQ� EH� GLVSOD\HG�� VDYHG� DQG� SULQWHG� XVLQJ� DSSURSULDWH�
PHQXV��$�QRYLFH�XVHU�ZKR�LV�IDPLOLDU�ZLWK�EDVLF�ZLQGRZV�DSSOLFDWLRQV�FDQ�XVH�6'$3��

�*XLGH��'U��9��.��0DKDMDQ��
�
��� � 6KDOHQGUD�7ULSDWKL���,QWHJUDWHG�OLEUDU\�PDQDJHPHQW�LQIRUPDWLRQ�V\VWHP��
�
� ,QWHJUDWHG� OLEUDU\� PDQDJHPHQW� LQIRUPDWLRQ� V\VWHP� �,/0,6�� LV� D� ZHE�EDVHG�
VROXWLRQ�IRU�WKH�OLEUDU\��GHYHORSHG�LQ�-DYD�6HUYHU�3DJH��-63��IRU�DFTXLVLWLRQ�FRQWURO��
VHULDO�FRQWURO�DQG�OLEUDU\�FDWDORJXH�V\VWHP��,W�KDV�D�WKUHH�OD\HUHG�DUFKLWHFWXUH��&OLHQW�
6LGH� ,QWHUIDFH� /D\HU� LV� LPSOHPHQWHG� LQ� +70/� DQG� -DYD6FULSW�� 6HUYHU� 6LGH�
$SSOLFDWLRQ� /D\HU� LV� LPSOHPHQWHG� LQ� -DYD� 6HUYHU� 3DJHV� DQG� -DYD� 'DWDEDVH�
&RQQHFWLYLW\��'DWDEDVH�/D\HU� LV� LPSOHPHQWHG� LQ�0LFURVRIW�$FFHVV������� ,/0,6�FDQ�
EH� LPSOHPHQWHG� DV� D� QHWZRUN�EDVHG� V\VWHP� ZLWK� D� VHUYHU� DW� ,$65,� VR� WKDW�
LQIRUPDWLRQ� LV� DYDLODEOH� RQ�OLQH�� ,/0,6� UXQV� DW� DQ\� QRGH� RI� WKH� ,QWHUQHW� WKURXJK� D�
EURZVHU�� 6HFXULW\� IHDWXUHV� DUH� SURYLGHG� LQ� VXFK� D� ZD\� WKDW� RQO\� DGPLQLVWUDWRU� FDQ�
DFFHVV�WKH�GDWDEDVH��7KHUH�LV�SURYLVLRQ�WR�LQVHUW��XSGDWH�DQG�GHOHWH�WKH�LQIRUPDWLRQ��
,W�KDV�IDFLOLW\�WR�EURZVH�DQG�VHDUFK�WKH�FROOHFWLRQ�LQ�WKH�,/0,6��,W�KDV�RQ�OLQH�KHOS�WR�
IDFLOLWDWH� VPRRWK� QDYLJDWLRQ�� 3URFXUHPHQW� RI� WKH� ERRNV� LV� WKH� SULPDU\� LQ�KRXVH�
RSHUDWLRQ� RI� DQ\� OLEUDU\�� ,/0,6� DVVLVWV� LQ� DFTXLVLWLRQ� FRQWURO�� 3UHSDULQJ� WKH� OLVW� RI�
UHTXHVWHG�ERRNV��FKHFNLQJ�IRU�GXSOLFDWH�WLWOH��DXWKRU�DQG�SXEOLFDWLRQ�\HDU��JHQHUDWLQJ�
RUGHU�IRUP�FRQWHQW��SULQWLQJ�SXUFKDVH�RUGHUV�WR�VXSSOLHUV��LWHPV�UHFHLYHG��UHPLQGHU�WR�
VXSSOLHUV� IRU� ODWH� GHOLYHU\� DUH� WKH� DFWLYLWLHV� ZKLFK� ,/0,6� SURYLGHV� IRU� DFTXLVLWLRQ�
FRQWURO��6HULDO�FRQWURO�KDV�DGGLWLRQDO�IDFLOLWLHV�RYHU�DQG�DERYH�WKH�DFTXLVLWLRQ�FRQWURO��
&DWDORJXH� FRQWURO� LQFOXGHV� DGGLWLRQ�� GHOHWLRQ�� DQG� PRGLILFDWLRQ� RI� WKH� ERRNV��
SHULRGLFDOV� DQG� WKHVLV� LQ� WKH� FDWDORJXH�� )DFLOLW\� KDV� EHHQ� SURYLGHG� IRU� XVHU�
PDQDJHPHQW� XQGHU� µ8VHU� 0DQDJHPHQW¶� PRGXOH�� /LQN� KDV� EHHQ� SURYLGHG� WR�
&,5&26<6�IRU�FLUFXODWLRQ�FRQWURO��ZKLFK�FRQFHUQV�WKH�UHFRUG�NHHSLQJ�RI�ERRNV�DQG�
RWKHU�OLWHUDWXUH�LVVXHG�WR�XVHUV�DQG�ZKDW�WKH\�KDYH�UHWXUQHG��,W�DOVR�KHOSV�LQ�FKHFNLQJ�
SLOIHUDJH� DQG� ORVVHV� DQG� LQ� SURPSWO\� ORFDWLQJ� ZKLFK� RI� WKH� GRFXPHQWV� VWDQG� ZLWK�
ZKRP�DQG�ZKHQ�WKHVH�DUH�GXH�� ,/0,6�SURYLGHV�VHDUFK�IDFLOLW\�RI�ERRNV��SHULRGLFDOV�
DQG�WKHVLV�E\�WLWOH��DXWKRU��NH\ZRUGV�HWF��WR�OLEUDU\�PHPEHUV��/LEUDU\�PHPEHU�FDQ�VHH�
WKH�LVVXHG�DQG�RYHUGXH�ERRN�E\�KLPVHOI�RU�KHUVHOI��

�*XLGH��'U��6�'��6KDUPD��
�
���� � 9LQRG� .XPDU� <DGDY� ��:HE� EDVHG� LQIRUPDWLRQ� V\VWHP� RQ� SHVWLFLGHV� DQG�

WKHLU�GHFRQWDPLQDWLRQ�
�
� ,QGLD�KDV�D�PDMRU�VKDUH�LQ�WKH�DJULFXOWXUDO�SURGXFWLRQ�LQ�WKH�ZRUOG�DQG�WKH�VHFRQG�
ODUJHVW� SURGXFHU� RI� IUXLWV� DQG� YHJHWDEOHV�� :LWK� WKH� DGYHQW� RI� QHZ� XSFRPLQJ�
WHFKQRORJLHV�DQG�UHVHDUFK�ZRUN�XQGHUWDNHQ�LQ�WKH�ILHOG�RI�DJULFXOWXUH��LW�KDV�EHFRPH�
SRVVLEOH� WR� PLQLPL]H� WKH� ORVVHV� LQ� FURS� SURGXFWLRQ� GXH� WR� LQIHVWDWLRQ� E\� WKH�



LQVHFWV�SHVWV�� GLVHDVHV�� ZHHGV�� DQG� PLWHV�� 7KH� SHVWLFLGHV� SOD\� D� YLWDO� UROH� LQ�
VDIHJXDUGLQJ� WKH� FURSV�� VDYLQJ� WKH� ORVVHV� DQG� KHOS� LQ� UHDOL]LQJ� SRWHQWLDO� \LHOG� RI�
FURSV��7KH�VDYLQJV�DIIHFWHG�WKURXJK�WKH�XVDJH�RI�WKH�FURS�SURWHFWLRQ�FKHPLFDOV��L�H��
SHVWLFLGHV�� LV� HVWLPDWHG� DW� ��� SHUFHQW� RI� WKH� WRWDO� DJULFXOWXUDO� SURGXFWLRQ�� %XW� WKH�
LQIRUPDWLRQ� DERXW� SHVWLFLGHV� �ZKLFK� LQFOXGHV� JHQHUDO� LQIRUPDWLRQ�� WKHLU� SURWHFWLRQ�
VFKHGXOHV��VWDWXV��05/�YDOXHV��UHVLGXHV�DQDO\VLV��GHFRQWDPLQDWLRQ�PHWKRGV�HWF��� LV�
DYDLODEOH� LQ�ERRNV�� MRXUQDOV��PDJD]LQHV��PDQXDOV�HWF��DQG�DUH�EH\RQG� WKH� UHDFK�RI�
FRPPRQ� SHUVRQ� DFURVV� WKH� ZRUOG�� 6R� WKHUH� LV� D� QHHG� WR� SXW� WKH� LQIRUPDWLRQ� LQ�
HOHFWURQLF� IRUPDW� WKURXJK� WKH� ,QWHUQHW�� 7R� PHHW� WKH� DERYH� UHTXLUHPHQWV�� DQ�
,QIRUPDWLRQ�6\VWHP�RQ�3HVWLFLGH�DQG�WKHLU�'HFRQWDPLQDWLRQ��,163('(&���KDV�EHHQ�
GHYHORSHG��7KH�SUHVHQW�ZRUN�KDV�D�WKUHH�OD\HUHG�DUFKLWHFWXUH���&OLHQW�6LGH�,QWHUIDFH�
/D\HU�KDV�EHHQ�LPSOHPHQWHG�LQ�+70/�DQG�-DYD6FULSW��6HUYHU�6LGH�$SSOLFDWLRQ�/D\HU�
LPSOHPHQWHG� LQ�-DYD�6HUYHU�3DJHV�DQG�'DWDEDVH�/D\HU� LQ�0LFURVRIW�$FFHVV�������
7KH� ,163('(&�FDQ� EH� LPSOHPHQWHG� DV� D� QHWZRUN�EDVHG� V\VWHP�DQG� UXQV� DW� DQ\�
QRGH�RQ�WKH�,QWHUQHW�WKURXJK�D�EURZVHU��6HFXULW\�IHDWXUHV�DUH�SURYLGHG�LQ�VXFK�D�ZD\�
WKDW� RQO\� DGPLQLVWUDWRU� FDQ� DFFHVV� WKH� GDWDEDVH�� ,W� KDV� IDFLOLWLHV� IRU� EURZVLQJ� DQG�
VHDUFKLQJ�WKH�LQIRUPDWLRQ�DQG�RQ�OLQH�KHOS�IRU�VPRRWK�QDYLJDWLRQ��)XUWKHU�SURYLVLRQ�LV�
PDGH�IRU�LQWHUDFWLQJ�ZLWK�WKH�6\VWHP�$GPLQLVWUDWRU�WKURXJK�HPDLO��$�SHUVRQ�ZLWK�OLWWOH�
NQRZOHGJH�FDQ�RSHUDWH�DQG�JHW�WKH�GHVLUHG�LQIRUPDWLRQ��
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