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0DQ�6LQJK�
�
��� $JULFXVOWXUDO�5HVHDUFK�'DWD�%RRN������E\�+9/�%DWKOD��..�7\DJL��56�.KDWUL��-DJELU�VLQJK��

50�6RRG��-3�*R\DO��6&�$JDUZDO��06�9HUPD�DQG�%1�&KDNUDERUW\�
�
��� &'�520��(OHFWURQLF�%RRN�RQ�GHVLJQ�DQG�$QDO\VLV�RI�$JULFXOWXUDO�([SHULPHQWV� �������E\�

5DMHQGHU�3DUVDG���5�6ULYDVWDYD�DQG�9.�*XSWD��
�



��� (VWLPDWLRQ�RI�'HPDQG� IRU�&UHGLW� DQG� LWV� LPSDFW�RQ�HPSOR\PHQW� DQG� LQFRPH�E\�81�'L[LW��
$VKRN�.XPDU�DQG�$QW�5DP����

�
��� (VWLPDWLRQ�RI�UHJUHVVLRQ�FRHIILFLHQWV�IURP�VDPSOH�VXUYH\�GDWD��������E\�8&�6XG��$QLOD�5DL��

,&�6HWKL�DQG�931�6LQJK�
�
��� (YDOXDWLRQ� RI� )DWLJXH� 6FRUH� FDUG� IRU� $QLPDO�� $QQXDO� 5HSRUW� RI� $,&53� RQ� ,QFUHDVHG�

XWLOL]DWLRQ��RI�$QLPDO�(QHUJ\�ZLWK�(QKDQFHG�6\VWHP�(IILFLHQW�LQ�&ROODERUDWLRQ�ZLWK��.9.��
5HZHUL�E\�0��'LQ��-\RWVQD���3�.��6ULYDVWDYD�DQG��5DMHQGHU�3DUVDG�

�
��� 0RQRJUDSK� RQ� GHVLJQ� RI� H[SHULPHQWV� ������������ E\� 9.� *XSWD�� 5DMHQGHU� 3DUVDG� DQG�

6HHPD�-DJJL�
�
���� 3ODQQLQJ� GHVLJQLQJ� DQG� DQDO\VLV� RI� H[SHULPHQWV� SODQQHG� RQ� VWDWLRQV� XQGHU� WKH� 3URMHFW�

'LUHFWRUDWH�IRU�&URSSLQJ�6\VWHPV�5HVHDUFK�6WDWXV�5HSRUW��������������E\� �5DMLQGHU�.DXU��
$MLW�.DXU�

�
���� 6WDWLVWLFDO�PRGHOOLQJ�IRU�SURMHFWLRQ�RI�ERYLQH�SRSXODWLRQV�DQG�SUHGLFWLRQ�RI�PLON�DYDLODELOLW\�

E\�61�$U\D�DQG�6&�$JJDUZDO���
�
���� 6WXGLHV�RQ�RSWLPDOLW\� �RI�EORFN�GHVLJQ�IRU�PDNLQJ�WHVW� WUHDWPHQWV�±�FRPSDULVRQV��������E\�

5DMHQGHU�3DUVVDG��5��6ULYDVWDYD��9�.��*XSWD���
�
���� 6WXG\� IRU� HVWLPDWLRQ� RI� DUHD� DQG� SURGXFWLRQ� RI� LPSRUWDQW� YHJHWDEOH� FURSV� RQ� WKH� EDVLV� RI�

SDUWLDO�KDUYHVW�E\�$.�6ULYDVWDYD��'/�$KXMD��'&�0DWKXU�DQG�.�&KXJK�
�
���� 7R�VWXG\�WKH�HIIHFW�RI�YDULRXV�LQSXW�FRPSRQHQWV�RQ�WKH�\LHOG�RI�LPSRUWDQW�YHJHWDEOH�FURSV�E\�

$.�*XSWD�
�
���� 8VH� RI� GLVFULPLQDQW� IXQFWLRQ� RI�ZHDWKHU� SDUDPHWHUV� IRU� GHYHORSLQJ� IRUHFDVW�PRGHO� RQ� ULFH�

FURS�������E\���7��5DL�DQG�&KDQGUDKDV�
�
���� 8VH�RI�UHPRWH�VHQVLQJ�VDWHOOLWH�GDWD�LQ�FURS�VXUYH\V�E\�5DQGKLU�6LQJK�DQG�5&�*R\DO�
�
)LQDOLVHG�
�
��� 'HYHORSPHQW� RI� HDUO\� ZDUQLQJ� DQG� \LHOG� DVVHVVPHQW� PRGHOV� IRU� UDLQIHG� FURSV� EDVHG� RQ�

DJURPHWHRURORJLFDO�LQGLFHV�E\�$VKD�6DNVHQD��5�&��-DLQ��5HWLUHG�RQ������������5�/��<DGDY��
�
��� 3LORW�VWXG\�IRU�GHYHORSLQJ�%D\HVLDQ�SUREDELOLW\�IRUHFDVW�PRGHO�EDVHG�RQ�IDUPHUV¶�DSSUDLVDO�

GDWD�RQ�ZKHDW�FURS�E\�&KDQGUDKDV�DQG�7��5DL�
�
��� )HUWLOL]HU� UHVSRQVH� UDWLRV� IRU�GLIIHUHQW� FURSV� LQ� ,QGLD�E\�6'6KDUPD��3.�%DWUD��9.�6KDUPD��

DQG�1.�6KDUPD�
�
�
',66(57$7,216�$33529('�
�
3K�'���$JULFXOWXUDO�6WDWLVWLFV��
�
��� ',/((3�.80$5�3$1'$���2Q�5REXVWQHVV�RI�'LDOOHO�DQG�7ULDOOHO�&URVVLQJ�3ODQV�$JDLQVW�

([FKDQJH�RU�,QWHUFKDQJH�RI�&URVVHV�
�

��,Q�SODQW�DQG�DQLPDO�LPSURYHPHQW�H[SHULPHQWDWLRQV��YDULRXV�IRUPV�RI�PDWLQJ�GHVLJQ�OLNH�
GLDOOHO��WULDOOHO�DQG�GRXEOH�FURVV�SOD\�D�YLWDO�UROH�LQ�HYDOXDWLQJ�WKH�DFWLRQ�RU�LQWHUDFWLRQ�RI�JHQHWLF�
PDWHULDOV�� $OO� WKHVH� PDWLQJ� GHVLJQV� DUH� WR� EH� HPEHGGHG� LQ� DQ� H[SHULPHQWDO� GHVLJQ� FDOOHG�
HQYLURQPHQWDO� GHVLJQ� WR� REWDLQ� REVHUYDWLRQV� IRU� IXUWKHU� DQDO\VLV� XVLQJ� DSSURSULDWH� VWDWLVWLFDO�
SURFHGXUHV� IRU� GUDZLQJ�YDOLG� FRQFOXVLRQV�� 6RPHWLPHV�� D� VFLHQWLILFDOO\� SODQQHG� H[SHULPHQW� WXUQV�
RXW� WR� EH� XVHOHVV� ZKHQ� VRPH� GLVWXUEDQFHV� RFFXU� DQG� YLRODWH� WKH� DVVXPSWLRQV� UHTXLUHG� E\� WKH�
VWDWLVWLFDO�SURFHGXUHV��7KXV��LW� LV�RI�LQWHUHVW�WR�LQYHVWLJDWH�WKH�GHVLJQV�WKDW�DUH�LQVHQVLWLYH�WR�VXFK�
DEHUUDWLRQV��$Q�DWWHPSW�KDV�EHHQ�PDGH�LQ�WKLV�WKHVLV�WR�VWXG\�WKH�UREXVWQHVV�RI�EORFN�GHVLJQV�IRU�



GLDOOHO�DQG�WULDOOHO�FURVVLQJ�SODQV�DJDLQVW�H[FKDQJH�RU�LQWHUFKDQJH�RI�FURVVHV�XVLQJ�FRQQHFWHGQHVV�
DQG� HIILFLHQF\� FULWHULD�� ,W� KDV� EHHQ� VKRZQ� WKDW� DOO� ELQDU\� EDODQFHG� EORFN� �%%%�� GHVLJQV� IRU�
FRPSOHWH�GLDOOHO�FURVVHV�DUH�UREXVW�DJDLQVW�H[FKDQJH�RI�D�FURVV�LQ�RQH�RI�WKH�EORFNV�H[FHSW�D�%%%�
GHVLJQ� ZLWK� S� �QXPEHU� RI� OLQHV��  � ��� E� �QXPEHU� RI� EORFNV��  � �� DQG� N� �EORFN� VL]H��  � ��� � 7KH�
EDODQFHG�EORFN�GHVLJQV�IRU�GLDOOHO�FURVVHV�LQ�ZKLFK�HDFK�RI�WKH�OLQH�DSSHDUV�VDPH�QXPEHU�RI�WLPHV�
LQ� HDFK�RI� WKH�EORFNV�KDYH�DOVR� VKRZQ� WR�EH� UREXVW��7KH�DERYH�FODVV�RI�GHVLJQV� DUH� DOVR� UREXVW�
DJDLQVW�LQWHUFKDQJH�RI�D�SDLU�RI�FURVVHV���

�
5REXVWQHVV� RI� RSWLPDO� WULDOOHO� FURVVLQJ� SODQV� DJDLQVW� H[FKDQJH� RU� LQWHUFKDQJH� RI� FURVVHV�

KDV� EHHQ� VWXGLHG�� ,W� KDV� EHHQ� REVHUYHG� WKDW� DOO� GHVLJQV� IRU� S� t� ��� DUH� UREXVW� DFFRUGLQJ� WR�
FRQQHFWHGQHVV�DV�ZHOO�DV�HIILFLHQF\�FULWHULD�������������
�

�*XLGH�'U�9�.�6KDUPD��
�
��� +$180$1�/$/�5$,*(5���2Q�6WDELOLW\�&RQFHSWV��6WDELOLW\�$VVHVVPHQWV�DQG�,PSURYHG�

3URFHGXUHV�IRU�9DULHWDO�6HOHFWLRQ��
�

2QH� RI� WKH� LPSRUWDQW� VWHSV� LQ� DQ\� FURS� LPSURYHPHQW� SURJUDPPH� LV� WR� DVVHVV� WKH�
SHUIRUPDQFH�RI�LPSURYHG�YDULHWLHV�LQ�PXOWL�HQYLURQPHQW�WULDO�IRU�LGHQWLI\LQJ�VXSHULRU�YDULHWLHV�IRU�
ODUJH�VFDOH�SURSRJDWLRQ���,Q�DFWXDO�SUDFWLFH�YDULHWLHV�SHUIRUP�GLIIHUHQWO\�LQ�GLIIHUHQW�HQYLURQPHQWV��
OHDGLQJ� WR� DOWHUDWLRQ� RI� WKHLU� UDQNLQJ� LQ� WKH� HQYLURQPHQWV�� � 7KH� QRQ�� SDUDPHWULF� WHFKQLTXHV� RI�
UDQNLQJ� KDV� EHHQ� XVHG� WR� VWXG\� WKH� JHQRW\SLF�� HQYLURQPHQW� LQWHUDFWLRQ�E\� D� JDOD[\�RI�ZRUNHUV���
+RZHYHU�� WKHUH�KDV�EHHQ�KDUGO\�DQ\�DWWHPSW� WR� WDFNOH� WKH�GLIILFXOWLHV� WKDW� DULVH�ZKHQ�QRQ�OLQHDU�
LQWHUDFWLRQV� DUH� SUHVHQW�� �$�SURFHGXUH� IRU� GHDOLQJ� VXFK� VLWXDWLRQ� LV� GHYHORSHG�XQGHU� WKH� SUHVHQW�
VWXG\�� � )XUWKHU�� GLIIHUHQW� FRPSXWDWLRQV� RQ�7\SH� ±� ,� � � HUURU� DQG� SRZHU� RI� WKH� WHVW� DUH�PDGH� IRU�
HYDOXDWLQJ�WKH�PHULWV�RI�YDULRXV�VWDELOLW\�PHDVXUHV���3HUIRUPDQFH�RI�QRQ�SDUDPHWULF�PHDVXUHV�YLV�
j�YLV�SDUDPHWULF��PHDVXUHV�KDV�EHHQ�DVVHVVHG�EDVHG�RQ�WKH�DERYH�FULWHULD���$SSOLFDWLRQ�RI�VWDELOLW\�
PHDVXUH�V�� WR� UHDO�GDWD�RQ�SHDUO�PLOOHW�ZDV� � DOVR�PDGH� LQ� UHJDUG� WR� WKHLU� VXLWDELOLW\� IRU� VWDELOLW\�
DVVHVVPHQW��
�

�*XLGH��'U�9�7�3UDEKDNDUDQ��
�
��� 6$5$'$�&+81'85,���6WDWLVWLFDO�6WXG\�RI�6SDWLDO�DQG�7HPSRUDO�$VSHFWV�RI�3HVWV�

3RSXODWLRQV�DQG�3HVWLFLGH�&RQVXPSWLRQ�
�

�'XULQJ�WKH�ODVW�WKUHH��GHFDGHV�RU�VR��PDMRU�DGYDQFHV��KDYH��EHHQ���PDGH����LQ�LQFUHDVLQJ�
FURS� SURGXFWLYLW\� DV� D� UHVXOW� RI� ODUJH� VFDOH� DGRSWLRQ� RI� PRGHUQ� KLJK� \LHOGLQJ� YDULHWLHV� DQG�
LPSURYHG� WHFKQRORJLHV�� � 7KLV� DOO�URXQG� LQWHQVLILFDWLRQ� KDV� UHVXOWHG� LQ� LQFUHDVHG� SHVWLFLGH�
DSSOLFDWLRQ�LQ�DJULFXOWXUH��ZKLFK�LQ�WXUQ��DFFHQWXDWHG�WKH�SHVW�SUREOHP��,W�ZDV�HVWLPDWHG�WKDW�RYHU�
RQH�ODNK�VSHFLHV�RI�SHVWV�DQQXDOO\�GHVWUR\�IRRG�VXIILFLHQW�WR�IHHG�����PLOOLRQ�SHRSOH�DOO�RYHU�WKH�
ZRUOG�� �,Q�,QGLD��SHVWV�GHVWUR\�FURS�ZRUWK�VHYHUDO�WKRXVDQGV�RI�HYHU\�\HDU�� � �7KXV��WR�WDFNOH�WKLV�
SUREOHP��SURSHU�SODQW�SURWHFWLRQ�PHDVXUHV�DUH�RI�JUHDW�UHOHYDQFH���8QIRUWXQDWHO\��ODUJH�VFDOH�DQG�
XQVFUXSXORXV� DSSOLFDWLRQ� RI� SHVWLFLGHV� LQ� LQWHQVLYH� DJULFXOWXUH� KDV� UHVXOWHG� LQ� ODUJH� QXPEHU� RI�
DGYHUVH� HIIHFWV� VXFK� � DV� KXPDQ� DQG� DQLPDO� KHDOWK� KD]DUGV�� GHJUDGDWLQDWXUDO��
UHVRXUFH�HQYLURQPHQWDO�SROOXWLRQ�DQG�WRWDO�LPEDODQFH�RI�DJUR���HFRORJ\���+RZHYHU��D�WRWDO�EDQ�RQ�
SHVWLFLGHV� ZLWKRXW� DYDLODELOLW\� RI� HFRQRPLFDOO\� YLDEOH� DOWHUQDWLYHV� ZRXOG� UHVXOW� LQ� VLJQLILFDQW�
UHGXFWLRQ�LQ�FXUUHQW�SURGXFWLRQ�DQG�ZRXOG�DOVR�UDLVH�IRRG�SULFHV�VHYHUDO� WLPHV�7KHUHIRUH��SURSHU�
PDQDJHPHQW� RI� SHVW� SRSXODWLRQ� DQG� VXVWDLQDEOH� SHVWLFLGH� XVH� LV� QHFHVVDU\� IRU� SUHYHQWLQJ� \LHOG�
ORVVHV� WR� HQVXUH� IRRG� VXSSO\� WR� WHHPLQJ� PLOOLRQV� DQG� SUHYHQWLQJ� DGYHUVH� HIIHFWV� RI� XVH� RI�
SHVWLFLGHV���7R�WKLV�HQG�D�VWXG\�RI�VSDWLDO�DQG�WHPSRUDO�DVSHFWV�RI�SHVW�SRSXODWLRQ�JURZWK�DV�ZHOO�DV�
VWDWLVWLFDO�PRGHOOLQJ�RI� SHVWLFLGH� FRQVXPSWLRQ�KDV�EHHQ�FDUULHG�RXW��)RXU� LPSRUWDQW�*HQHUDOL]HG�
�VWRSSHG���VXP��GLVWULEXWLRQV��YL]��1H\PDQ�7\SH���$��7KRPDV��3RO\D���$HSSOL�DQG�/DJUDQJLDQ���
3RLVVRQ�GLVWULEXWLRQV�DUH�VWXGLHG�WR�XQGHUVWDQG�VSDWLDO�VSUHDG�RI�SHVW�SRSXODWLRQV���7ZR�PHWKRGV�RI�
SDUDPHWHU� HVWLPDWLRQ�� YL]�� µ0HWKRG� RI� PRPHQWV¶� DQG� µ0HWKRG� RI� PD[LPXP� OLNHOLKRRG¶� DUH�
GLVFXVVHG��8QIRUWXQDWHO\�PRVW�RI�WKH�VWDQGDUG�VWDWLVWLFDO�VRIWZDUH�SDFNDJHV��OLNH�VWDWLVWLFDO�SDFNDJH�
IRU� VRFLDO� VFLHQFHV� �6366�� DQG� 6WDWLVWLFDO� $QDO\VLV� 6\VWHP� �6$6�� GR� QRW� FRQWDLQ� FRPSXWHU�
SURJUDPV� IRU� ILWWLQJ� WKHVH� GLVWULEXWLRQV��� � 7KHUHIRUH�� WKHVH� DUH� GHYHORSHG� IRU� ILWWLQJ� WKH� DERYH�
PHQWLRQHG�FRQWDJLRXV�GLVWULEXWLRQV���$V�DQ�LOOXVWUDWLRQ��WKHVH�GLVWULEXWLRQV�DUH�ILWWHG�WR�WKH�GDWD�VHWV�
FROOHFWHG� IURP� HQWRPRORJLFDO� OLWHUDWXUH�� � 7KH� WZR� QRQOLQHDU� FXUYDWXUH� PHDVXUHV�� YL]�� ,QWULQVLF�
QRQOLQHDULW\� DQG� SDUDPHWHU� HIIHFWV� QRQOLQHDULW\� DUH� GHVFULEHG� LQ� GHWDLO� DORQJ� ZLWK� WKHLU�



FRPSXWDWLRQV�� $V� WKHVH�PHDVXUHV� DUH� H[SUHVVLEOH� DV� UDWLR� RI� WZR� PDWULFHV�� FRQWDLQLQJ� ILUVW� DQG�
VHFRQG� SDUWLDO� GHULYDWLYHV�� WKHLU� HYDOXDWLRQ� LQYROYH� KXJH� FRPSXWDWLRQV�� � 7KH� SURFHGXUH� IRU�
DFKLHYLQJ�WKH�WDVN�LV�WKRURXJKO\�GLVFXVVHG��$V�DQ�LOOXVWUDWLRQ��FXUYDWXUH�PHDVXUHV�DUH�FRPSXWHG�IRU�
D�QRQOLQHDU�G\QDPLFDO�PRGHO�IRU�DSKLG�SRSXODWLRQ�JURZWK�DSSOLHG�WR�VRPH�GDWD�RQ�SRWDWR�DSKLG��
0DUJLQDO� FXUYDWXUHV� DQG� SURILOH� �� W� SORWV� IRU� LQGLYLGXDO� SDUDPHWHUV� DUH� VWXGLHG�� � 7KLV� W\SH� RI���
LQYHVWLJDWLRQ� KHOSV� LQ� NQRZLQJ� WR� ZKLFK� SDUDPHWHU� LV� VKRZLQJ� KLJKO\� QRQOLQHDU� EHKDYLRXU� DQG�
KHQFH��QHHGV�D�UHSDUDPHWHUX]DWLRQ���)XUWKHU��D�SURFHGXUH�IRU�FKRLFH�RI�VXLWDEOH�UHSDUDPHWHUL]DWLRQ�
LV�GHVFULEHG�� �7KH� WHFKQLTXH�RI� µ([SHFWHG�YDOXH�SDUDPHWHUV¶� DV�ZHOO� DV� µ6LPXODWLRQ� VWXGLHV¶� DUH�
XVHG� WR� LGHQWLI\� VXLWDEOH� UHSDUDPHWHUL]DWLRQ� DQG� LOOXVWUDWHG� ZLWK� DQ� H[DPSOH�� 7KH� VHQVLWLYLW\�
DQDO\VLV�LV�FDUULHG�RXW�E\�ILUVW�YDU\LQJ�VLQJOH�SDUDPHWHU�DQG�WKHUHDIWHU�E\�VLPXOWDQHRXV�YDULDWLRQ�RI�
WZR�SDUDPHWHUV��7KH�FRUUHVSRQGLQJ�WZR�DQG�WKUHH���GLPHQVLRQDO�JUDSKV�DUH�SUHVHQWHG���)XUWKHU��WKH�
FKRLFH� RI� GHVLJQ� SRLQWV� IRU� D� QRQOLQHDU�PRGHO� IRU� EHWWHU� HVWLPDWLRQ�ZLWK� WKH� KHOS� RI� VHQVLWLYLW\�
IXQFWLRQV�LV�DOVR�GLVFXVVHG�����

�
µ6WDWLVWLFDO� 0RGHOOLQJ¶� RI� SHVWLFLGH� FRQVXPSWLRQ� GDWD� RI� WKH� FRXQWU\� GXULQJ� WKH� SHULRG�

�������� WR���������ZDV�FDUULHG�RXW�3RO\QRPLDO� IXQFWLRQV�DSSURDFK�DQG� WLPH� �� VHULHV�PRGHOOLQJ�
DUH�FRQVLGHUHG�IRU�PRGHOOLQJ�SXUSRVHV���,Q�WKH�IRUPHU��D�VHFRQG�GHJUHH�SRO\QRPLDO�IXQFWLRQ�ZLWK�
$5���� HUURU� VWUXFWXUH� LV� IRXQG� WR� EH� DSSURSULDWH� IRU� WKH� GDWD� XQGHU� FRQVLGHUDWLRQ�� � ,Q� WKH� ODWWHU�
DSSURDFK��WZR�SURFHGXUHV�YL]�$5,0$�PRGHOV�DQG�SLHFH�ZLVH�WKUHVKROG�WLPH���VHULHV�PRGHOV�DUH�
HPSOR\HG� IRU� GHVFULELQJ� WKH� SHVWLFLGH� FRQVXPSWLRQ� GDWD�� � $PRQJ� VHYHUDO� PRGHOV� FRQVLGHUHG��
$5,0$� �������� LV� IRXQG� WR� EH� DSSURSULDWH� PRGHO� EDVHG� RQ� DXWRFRUUHODWLRQV� DQG� SDUWLDO�
DXWRFRUUHODWLRQ�IXQFWLRQV��$�QRWHZRUWK\��IHDWXUH�LV�WKDW�SHVWLFLGH�FRQVXPSWLRQ�LQFUHDVHG�XSWR�\HDU�
�����DQG�LV�H[KLELWLQJ�D�GRZQZDUG�WUHQG�WKHUHDIWHU���7R�FDSWXUH�WKLV��D�SLHFH�ZLVH�WKUHVKROG�WLPH���
VHULHV�PRGHO�LV�FRQVLGHUHG�E\�WDNLQJ������DV�WKH�WKUHVKROG�\HDU���7ZR�$5,0$�VXEPRGHOV��RQH�IRU�
WKH�SHULRG�XS�WR������DQG�WKH�RWKHU�IRU�WKH�SHULRG�EH\RQG������DUH�ILWWHG���7KH�SHUIRUPDQFH�RI�WKLV�
PRGHO�LV�IRXQG�WR�EH�WKH�EHVW���+RZHYHU��WKHUH�LV�QR�JXDUDQWHH�WKDW�WKLV�JRRG�SHUIRUPDQFH�RI�WKH�
VHOHFWHG� PRGHOV� FRQWLQXH� WR� KROG� LQ� IXWXUH� DOVR�� � 7KH� PRPHQW� SHVWLFLGH� FRQVXPSWLRQ� VWDUWV�
VKRZLQJ�DQ�LQFUHDVLQJ�WUHQG��ZKLFK�LV�PRVW�OLNHO\�WR�RFFXU�VRRQHU�WKDQ�ODWHU��WKH�PRGHOV�QHHG�WR�EH�
ILWWHG�DJDLQ�WR�WKH�XSGDWHG�GDWD�WR�DUULYH�DW�WKH�PRVW�DSSURSULDWH�PRGHO��
�

�*XLGH��'U�3UDMQHVKX��
�
��� 6��5$9,&+$1'5$1���$�6WXG\�RI��'\QDPLFDO�0RGHOOLQJ�LQ�$JULFXOWXUH�
�
� ,Q�WKH�ILHOG�RI�DJULFXOWXUH��GDWD�DUH�XVXDOO\�FROOHFWHG�RYHU�WLPH��6R��G\QDPLFDO�WHFKQLTXHV�
DUH� RI� JUHDW� UHOHYDQFH� IRU�PRGHOOLQJ� DQG� IRUHFDVWLQJ� RI� VXFK� GDWD� VHWV�� ,QWURGXFWLRQ� GHDOV� ZLWK�
YDULRXV� FDWHJRULHV� RI� PDWKHPDWLFDO� PRGHOV� DUH� GLVFXVVHG�� � 6RPH� LPSRUWDQW� QRQOLQHDU� JURZWK�
PRGHOV� DQG� VXUSOXV� SURGXFWLRQ�PRGHOV� DUH� DOVR� GHVFULEHG� DORQJ�ZLWK� HVWLPDWLRQ� SURFHGXUHV� IRU�
ILWWLQJ�VXFK�QRQOLQHDU�PRGHOV���$�EULHI�UHYLHZ�RI�$5,0$�WLPH�VHULHV�PRGHOOLQJ�DSSURDFK�LV�DOVR�
SURYLGHG�� 8VH� RI� ³H[SHFWHG�YDOXH� SDUDPHWHUV´� IRU� ILWWLQJ� QRQOLQHDU� VWDWLVWLFDO� PRGHOV� LV� DOVR�
GLVFXVVHG�� �7KLV� W\SH�RI� UHSDUDPHWHUL]DWLRQ� � UHVXOWV� LQ� D�PRGHO� KDYLQJ�FORVH�WR�OLQHDU� EHKDYLRXU�
DQG�ORZ�FRUUHODWLRQV�DPRQJ�SDUDPHWHU�HVWLPDWHV���7KH�ZHOO�NQRZQ�QRQOLQHDU�DOORPHWULF�PRGHO�DQG�
)R[�VXUSOXV�SURGXFWLRQ�PRGHO�DUH�FRQVLGHUHG��7KH�H[SOLFLW�H[SUHVVLRQV�LQ�WHUPV�RI�H[SHFWHG�YDOXH�
SDUDPHWHUV�DUH�GHULYHG�DQG� WKH�PHWKRGRORJ\� LV�GHPRQVWUDWHG�E\�DSSO\LQJ� LW� WR� UHDO�OLIH� ILVKHULHV�
GDWD���7LPH�YDU\LQJ�VWDWH�VSDFH�UHJUHVVLRQ�PRGHOOLQJ�DSSURDFK�XVLQJ�.DOPDQ�ILOWHULQJ��WHFKQLTXH�
LV� DOVR� GLVFXVVHG�� � $V� DQ� LOOXVWUDWLRQ�� WKH�PHWKRGRORJ\� LV� DSSOLHG� WR� DOO� �� ,QGLD� GDWD� RQ�PDULQH�
ILVKHULHV�� 6WXGLHV� RQ� DQRWKHU� SURPLVLQJ� DSSURDFK�� YL]�� 6WDWH� VSDFH� PRGHOOLQJ� DSSURDFK� XVLQJ�
.DOPDQ� ILOWHULQJ� WHFKQLTXH� LV�GLVFXVVHG��7KH�DGYDQWDJH�RI� WKLV� WHFKQLTXH� LV� WKDW� LW� FDQ� WDNH� LQWR�
DFFRXQW� WKH� WLPH� GHSHQGHQF\� RI� WKH� XQGHUO\LQJ� SDUDPHWHUV�� � $V� DQ� LOOXVWUDWLRQ�� PRGHOOLQJ� DQG�
IRUHFDVWLQJ� RI� DOO�,QGLD� PDULQH� SURGXFWV� H[SRUW� GDWD� LV� FDUULHG� RXW�� � ³6WUXFWXUDO� WLPH� VHULHV�
PRGHOOLQJ��670�´�DSSURDFK�ZKHQ�WKHUH�LV�SUHVHQFH�RI�SURPLQHQW�WUHQG�LV�GLVFXVVHG��6SHFLILFDOO\��
WKUHH�W\SHV�RI�670�PRGHOV��YL]��/RFDO�OHYHO�PRGHO��//0���/RFDO�OLQHDU�WUHQG�PRGHO��//70���DQG�
/RFDO� OLQHDU� WUHQG� PRGHO� ZLWK� LQWHUYHQWLRQ� �//70,�� DUH� GLVFXVVHG� DORQJ� ZLWK� WKHLU� HVWLPDWLRQ�
SURFHGXUHV�DQG� WKHQ�DSSOLHG� WKHVH� WR�GDWD�VHWV� IURP�DJULFXOWXUH��6WUXFWXUDO� WLPH�VHULHV�PRGHOOLQJ�
IRU� GHVFULELQJ� DOO�,QGLD�PLON� SURGXFWLRQ� EDVHG� RQ� ORJLVWLF� JURZWK� FXUYH� LV� DOVR� GLVFXVVHG��$OO� ��
,QGLD�VKULPS�H[SRUW�GDWD�LV�DOVR�PRGHOOHG�YLD�670�ZKHQ�WKH�VHULHV�XQGHU�FRQVLGHUDWLRQ�IROORZV�DQ�
DXWRUHJUHVVLYH� SURFHVV�� � ,W� LV� IRXQG� WKDW� 670�SHUIRUPV�PXFK� EHWWHU� WKDQ�$5,0$� DSSURDFK�� DV�
MXGJHG� E\� YDULRXV� JRRGQHVV� RI� ILW� FULWHULD�� � )LQDOO\�� LGHQWLILHG�PRGHO� LV� XVHG� WR� IRUHFDVW� VKULPS�
H[SRUW�IRU�WKH�QH[W�ILYH�\HDUV������9DULRXV�W\SHV�RI�VWUXFWXUDO��WLPH�VHULHV�PRGHOV��ZKLFK�DUH�FDSDEOH�
RI�H[SODLQLQJ�³F\FOLFDO�IOXFWXDWLRQV´�LV�GLVFXVVHG���$V�DQ�LOOXVWUDWLRQ��DOO�,QGLD�ODF�SURGXFWLRQ�GDWD��
ZKLFK� KDV� SURPLQHQW� ILYH� \HDUV¶� F\FOHV� DORQJ�ZLWK� D� GHFOLQLQJ� WUHQG� LV� PRGHOOHG�� � 5HVXOWV� DUH�



FRPSDUHG�ZLWK�FRUUHVSRQGLQJ�DQDORJXH�IURP�$5,0$�IDPLO\���)LQDOO\��IRUHFDVWLQJ�RI�DOO�,QGLD�ODF�
SURGXFWLRQ�GDWD�LV�FDUULHG�RXW��)RU�PRGHOOLQJ�VHDVRQDO�IOXFWXDWLRQV�LQ�ILVK�SRSXODWLRQV��DSSURSULDWH�
PRGHOV� IURP�WKH� IDPLO\�RI�670�DUH� LGHQWLILHG�� �$�KHDVSHFW�RI� WKLV�DSSURDFK� LV� WKDW� WKH�SHFXOLDU�
IHDWXUHV�� OLNH� WUHQG�� DQG� VHDVRQDO� IOXFWXDWLRQV��H[KLELWHG�E\� WKH�GDWD�GLFWDWH� WKH�SDUWLFXODU�PRGHO�
IURP� WKH� IDPLO\� RI� 670� WR� EH� HPSOR\HG�� � 7ZR� W\SHV� RI� IRUPV�� YL]�� GXPP\� VHDVRQDOLW\�� DQG�
WULJRQRPHWULF� VHDVRQDOLW\� DUH� FRQVLGHUHG� IRU� GHVFULELQJ� VHDVRQDO� IOXFWXDWLRQV�� � $V� LOOXVWUDWLRQV��
WKHVH�PRGHOV� DUH� ILWWHG� WR� TXDUWHUO\� ODQGLQJV� RI� VLOYHUEHOOLHV� DQG� FURDNHUV� LQ�7DPLO�1DGX�� ,QGLD�
GXULQJ�WKH�SHULRG�����������&RPSDULVRQV�ZLWK�$5,0$�PRGHOV�UHYHDO�WKDW�WKH�IRUPHU�DSSURDFK�LV��
PXFK�VXSHULRU�WR�WKH�ODWWHU���)LQDOO\���WKH�LGHQWLILHG�PRGHOV�DUH�XVHG�IRU�IRUHFDVWLQJ�SXUSRVH���7ZR�
QHZ�SURPLVLQJ�DSSURDFKHV��YL]��³%D\HVLDQ�DQDO\VLV�RI�WLPH�VHULHV��%$76��´��DQG�³6WUXFWXUDO�WLPH�
VHULHV�PRGHOOLQJ��670�´��DUH�GLVFXVVHG�DQG�DSSOLHG�WR�PRGHO�,QGLD¶V�IRRGJUDLQ�SURGXFWLRQ�GDWD�IRU�
WKH�SHULRG�����������LV�GLVFXVVHG���)RUHFDVWV�IRU�WKH�\HDU�������RQ�WKH�EDVLV�RI�WKHVH�WZR�PRGHOV��
DUH�PDGH�� �%D\HVLDQ�QRQOLQHDU�� QRQQRUPDO� VWDWH� VSDFH� �%16�� IRUPXODWLRQ� IRU� WKLV�PRGHO� LV� DOVR�
GLVFXVVHG� LQ� WKLV� FKDSWHU�� � 3RVWHULRU� GHQVLW\� IXQFWLRQ� LV� REWDLQHG� E\� XVLQJ� *LEEV� VDPSOLQJ�
SURFHGXUH�� � 7KH� UHOHYDQW� FRPSXWHU� SURJUDP� IRU� ILWWLQJ� RI� %16�PRGHO� LV� DOVR� DSSHQGHG��$V� DQ�
LOOXVWUDWLRQ�� WKH� PHWKRGRORJ\� LV� DSSOLHG� WR� VRPH� ILVKHULHV� GDWD� HPSOR\LQJ� ³%D\HVLDQ� LQIHUHQFH�
XVLQJ�*LEEV�VDPSOLQJ��%8*6�´�VRIWZDUH�SDFNDJH��
�

�*XLGH���'U��3UDMQHVKX��
�
0�6F���$*5,&8/785$/�67$7,67,&6��
�
��� $0,7$9$� '(<� �� 5REXVW� %ORFN� 'HVLJQV� IRU� 'LDOOHO� &URVVHV� $JDLQVW� $� 0LVVLQJ�

2EVHUYDWLRQ�
�

'LDOOHO�FURVVLQJ�LV�D��XVHIXO�PHWKRG�IRU�FRQGXFWLQJ�SODQW�EUHHGLQJ�H[SHULPHQWV��7KH�GLDOOHO�
FURVV�LV�D�W\SH�RI�PDWLQJ�GHVLJQ�XVHG�WR�VWXG\�WKH�JHQHWLF�SURSHUWLHV�RI�D�VHW�RI�LQEUHG�OLQHV��
�

1RQ�DYDLODELOLW\� RI� GDWD� LQ� D� SODQQHG� H[SHULPHQW� PD\� VRPHWLPHV� OHDG� WR� VXFK� D� SRRU�
UHVLGXDO�GHVLJQ�WKDW�LW�PD\�QRW�HYHQ�EH�SRVVLEOH�WR�HVWLPDWH�DOO�WKH�HOHPHQWDU\�WUHDWPHQW�FRQWUDVWV�
WKURXJK�WKH�UHVLGXDO�GHVLJQ��RU�LW�PD\�KDSSHQ�WKDW�WKH�UHVLGXDO�GHVLJQ�LV�WUHDWPHQW�FRQQHFWHG�EXW�
WKH� HIILFLHQF\� RI� WKH� UHVLGXDO� GHVLJQ�PD\� IDOO� FRQVLGHUDEO\� DV� FRPSDUHG� WR� WKH� RULJLQDO� GHVLJQ��
7KXV� LW� LV� QHFHVVDU\� WR� VWXG\� WKH� UREXVWQHVV�RI�EORFN�GHVLJQV� IRU�GLDOOHO� FURVVHV� DJDLQVW�PLVVLQJ�
REVHUYDWLRQV�5REXVWQHVV�RI�EORFN�GHVLJQV�IRU�GLDOOHO�FURVV�H[SHULPHQWV�KDYH�EHHQ�LQYHVWLJDWHG�IRU�
WKH�VLWXDWLRQ�ZKHQ�WKH�LQWHUHVW�RI�WKH�H[SHULPHQWHU�LV�LQ�HVWLPDWLQJ�WKH�JHQHUDO�FRPELQLQJ�DELOLW\�
HIIHFWV� DVVXPLQJ� WKDW� WKH� VSHFLILF� FRPELQLQJ� DELOLW\� DIIHFWV� DUH� H[FOXGHG� IURP� WKH� PRGHO�� 7KH�
EORFN�GHVLJQV�IRU�GLDOOHO�FURVV�H[SHULPHQWV� WKDW�DUH� UREXVWKDYH�EHHQ� LGHQWLILHG�DJDLQVW�D�PLVVLQJ�
REVHUYDWLRQ�� XVLQJ� FRQQHFWHG� DQG� HIILFLHQF\� FULWHULRQ��&DWDORJXHV� KDYH� EHHQ� SUHSDUHG� RI� UREXVW�
PDWWLQJ� GHVLJQV� DV� SHU� HIILFLHQF\� FULWHULRQ� RI� UREXVWQHVV�� 5REXVWQHVV� RI� ELQDU\� EDODQFHG� EORFN�
GHVLJQV� IRU� GLDOOHO� FURVV� H[SHULPHQWV� JHQHUDWHG� IURP�1%,%� GHVLJQV� DJDLQVW� RQH� FRPSOHWH� EORFN�
PLVVLQJ�KDYH�DOVR�EHHQ�VWXGLHG��

�
�*XLGH�'U�5�6ULYDVWDYD��

�
��� -8*18�$16$5,���$Q�,QYHVWLJDWLRQ�RQ�WKH�(IIHFW�RI�0DWLQJ�'HVLJQV�RQ�WKH�9DULDQFH�RI�

+HULWDELOLW\�(VWLPDWHV�
� � � �

�)RU�SODQQLQJ�WKH�EUHHGLQJ�SURJUDPPHV�IRU�DQLPDO�DQG�SODQW�LPSURYHPHQW�WKH�PHWKRG�RI�
VHOHFWLRQ� LV� DQ� LPSRUWDQW� DVSHFW�� 7KH� UHOLDELOLW\� RI� WKLV� PHWKRG� LV� EDVHG� RQ� WKH� PDJQLWXGH� RI�
JHQHWLF�GLIIHUHQFHV�DPRQJ� WKH� LQGLYLGXDO�RI�EDVH�SRSXODWLRQ� WR�ZKLFK� WKLV�PHWKRG� LV� DSSOLHG��$�
TXDQWLWDWLYH� PHDVXUH� RI� JHQHWLF� YDULDELOLW\� DVVRFLDWHG� ZLWK� WKLV� GHVFULSWLRQ� LV� SURYLGHG� E\� WKH�
FRHIILFLHQW�RI�KHULWDELOLW\��7KH�YDOXH�RI�KHULWDELOLW\� FRHIILFLHQW� VKRXOG� OLH�EHWZHHQ�]HUR�DQG�RQH��
%XW�� ZKLOH� GHDOLQJ� ZLWK� DQLPDO� EUHHGLQJ� GDWD�� IUHTXHQWO\� WKH� VDPSOH� HVWLPDWHV� RI� KHULWDELOLW\�
FRHIILFLHQW�WXUQ�RXW�WR�EH�HLWKHU�QHJDWLYH�RU�D�YDOXH�JUHDWHU�WKDQ�XQLW\��,Q�WKH�SUHVHQW�GLVVHUWDWLRQ�D�
FULWLFDO�DQG�FRPSUHKHQVLYH�UHYLHZ�RI�SDVW�ZRUN�GRQH�RQ�WKH�RFFXUUHQFH�RI�LQDGPLVVLEOH�HVWLPDWHV��
WKHLU� FDXVHV�� RSWLPXP� GHVLJQV� IRU� H[SHULPHQWDWLRQ� DQG� SURFHGXUHV� IRU� LPSURYHG� HVWLPDWLRQ� RI�
KHULWDELOLW\�KDV�EHHQ�GRQH��7KH�HVWLPDWLRQ�RI�KHULWDELOLW\�DQG�LWV�YDULDQFHV�E\�ERRWVWUDS�WHFKQLTXH�
ZDV�DOVR� VWXGLHG� WR�JDLQ� LQVLJKW� LQWR� WKH�H[LVWLQJ�JDSV��$�GHWDLOHG�GHVFULSWLRQ�RI� VLPXODWLRQ�DQG�
ERRWVWUDS� WHFKQLTXHV� KDV� EHHQ� XVHG� LQ� WKH� SUHVHQW�ZRUN�� )RU� WKLV� VWXG\� �� JHQHUDWLRQ� RI� UDQGRP�
QXPEHUV��QRUPDO�YDULDWHV�ZLWK�FHUWDLQ�SDUDPHWULF�YDOXHV�DQG�VLPXODWLQJ�PDVWHU�VDPSOHV�IURP�KDOI�
±VLE� DQG� IXOO�VLE� PRGHOV�� WKDW� DUH� XVHG� IRU� ERRWVWUDSSLQJ� LQ� RUGHU� WR� JHW� YDULDQFH� HVWLPDWHV� RI�



KHULWDELOLW\���,W�DOVR�JLYHV�WKH�RSWLPXP�VDPSOH�VL]HV��VWUXFWXUH�DQG�QXPEHU�RI�ERRWVWUDS�UHSOLFDWLRQV�
IRU�REWDLQLQJ�PHDQLQJIXO�HVWLPDWHV�RI�KHULWDELOLW\��:H�FRPSDUHG�YDULDQFH�RI�ERRWVWUDS�HVWLPDWHV�RI�
KHULWDELOLW\�REWDLQHG�IURP�KDOI�VLE�PHWKRG�ZLWK�WKRVH�GHWHUPLQHG�IURP�VLUH�FRPSRQHQW�RI�IXOO�VLE�
DQDO\VLV��$�VHFRQG�FRPSDULVRQ�ZDV�FDUULHG�RXW�EHWZHHQ�VLUH�DQG�VLUH�GDP�FRPSRQHQWV�RI�IXOO�VLE�
DQDO\VLV��+HUH�DOVR�WKHVH�FRPSDULVRQV�DUH�EDVHG�RQ�WKH�ERRWVWUDS�HVWLPDWH�RI�YDULDQFHV��
�

�*XLGH�'U�9�7�3UDEKDNDUDQ��
�
�
��� 1$9((1�&+21$���(VWLPDWLRQ�RI�)LVK�&DWFK�IURP�,QODQG�5HVRXUFHV�DW�6PDOO�$UHD�/HYHO�
�

7KH�JURZLQJ�GHPDQG�IRU�UHOLDEOH�HVWLPDWHV�DW�VPDOOHU�DUHDV�PDNHV�VPDOO�DUHD��HVWLPDWLRQ�LQ�
VXUYH\�VDPSOLQJ�DQ�LPSRUWDQW�VXEMHFW��7KH�VDPSOH�VXUYH\V�ODQQHG�IRU�HVWLPDWLRQ�IRU�ODUJHU�UHDV��LI�
XVHG� IRU� VPDOO� DUHDV� WKHQ� VDPSOH� VL]HV� DUH� LQDGHTXDWH�� ,QFDVH� RI� LQODQG� ILVKHULHV� LQ� ,QGLD�� WKH�
SRVLWLRQ�RI� VWDWLVWLFV�RI� FDWFK� IURP�GLIIHUHQW� LQODQG� UHVRXUFHV� LV�QRW� VDWLVIDFWRU\��7KH�FRQFHSW�RI�
VPDOO�DUHD�KDV�QRW�VR�IDU�EHHQ�H[SORUHG�LQ�WKLV�DUHD�DQG�LW�ZDV�FRQVLGHUHG�QHFHVVDU\�WR�LQYHVWLJDWH�
VRPH�VPDOO�DUHD�HVWLPDWLRQ�WHFKQLTXHV�LQ�FDVH�RI�LQODQG�ILVKHULHV��)RU�HVWLPDWLQJ�WKH�ILVK�FDWFK�RI�
GLIIHUHQW� VSHFLHV� �6PDOO�$UHDV�� DW� GLVWULFW� OHYHO�� WKUHH� HVWLPDWRUV�QDPHO\�GLUHFW�� UDNLQJ� UDWLR� DQG�
FRPSRVLWH�HVWLPDWRUV�KDYH�EHHQ�GHYHORSHG��7RWDO�QXPEHUV�RI�ZDWHU�XQLWV�LQ�VHOHFWHG�GLVWULFWV�KDYH�
EHHQ�FRQVLGHUHG�DV�WKH�DX[LOLDU\�YDULDEOH�LQ�GHYHORSLQJ�WKHVH�HVWLPDWRUV��,W�KDV�EHHQ�REVHUYHG�WKDW�
IRU�HVWLPDWH�RI�ILVK�FDWFK�RI�GLIIHUHQW�VSHFLHV�LQ�WKHVH�GLVWULFWV��WKH�FRPSRVLWH�HVWLPDWRU�KDV�SURYHG�
WR�EH�WKH�EHVW�ZLWK�PLQLPXP�SHUFHQW�VWDQGDUG�HUURUV�DV�FRPSDUHG�WR�RWKHU�HVWLPDWRUV�L�H��GLUHFW�DQG�
UDNLQJ�UDWLR�����������
�

�*XLGH�'U�+�9�/�%DWKOD��
�
��� 1�2.(1'52�6,1*+���6WXG\�RQ�WKH�(IIHFW�RI�6DPSOH�6L]H�DQG�6WUXFWXUH�RQ�WKH�%RRWVWUDS�

(VWLPDWHV�RI�9DULDQFH�RI�+HULWDELOLW\�� �
�

7KH�SUHVHQW�LQYHVWLJDWLRQ�ZDV�FRQGXFWHG�WR�VWXG\�WKH�HIIHFW�RI�VDPSOH�VL]H�DQG�VWUXFWXUH�IRU�
HVWLPDWLQJ�WKH�SUHFLVLRQ�XQGHU�GLIIHUHQW�PDWLQJ�GHVLJQV�RI�KHULWDELOLW\�DQG�WR�GHFLGH�WKH�RSWLPXP�
QXPEHU� RI� ERRWVWUDS� UHSOLFDWLRQV� UHTXLUHG� IRU� SUHFLVLRQ� RI� KHULWDELOLW\�� 7KLV� ZDV� DFKLHYHG�
HPSLULFDOO\� E\� XVLQJ� WKH� VLPXODWHG� GDWD� IRU� GLIIHUHQW� YDOXHV� RI� SRSXODWLRQ� SDUDPHWHUV�� 7KH�
ERRWVWUDS� WHFKQLTXH� ZKLFK� LV� DQ� DQDO\WLFDO� DQG� KLJKO\� FRPSXWHU� RULHQWHG� PHWKRG� ZDV� XVHG� WR�
REWDLQ�WKH�HVWLPDWH�RI�KHULWDELOLW\��ELDV�DQG�VWDQGDUG�HUURU��7KH�KHULWDELOLW\�HVWLPDWHV�ZHUH�REWDLQHG�
E\�WZR�GLIIHUHQW�SURFHGXUHV�QDPHO\�UHJUHVVLRQ�RI�RIIVSULQJ�RQ�SDUHQW�DQG�KDOI�VLE�DQDO\VLV��,Q�WKH�
ILUVW�FDVH��WKH�UHVXOWV�ZHUH�REWDLQHG�IURP�WKH�GDWD�VLPXODWHG�E\�SDUHQW�RIIVSULQJ�PRGHO�E\�VHOHFWLQJ�
GLIIHUHQW�PDVWHU�VDPSOHV�RI����������������DQG������SDLUV�RI�REVHUYDWLRQV�IURP�WKH�SRSXODWLRQV�
ZLWK�GLIIHUHQW�KHULWDELOLW\�OHYHOV�IRU�GLIIHUHQW�ERRWVWUDS�UHSOLFDWLRQ�QXPEHUV��7KH�RSWLPXP�QXPEHU�
RI�ERRWVWUDS�UHSOLFDWLRQV�UHTXLUHG�WR�REWDLQ�VWDEOH�HVWLPDWH�RI�VWDQGDUG�HUURU�RI�KHULWDELOLW\�IRU�DOO�
WKH�WKUHH�FDVHV�FRQVLGHUHG�ZDV�DERXW�����WKDW�UHTXLUHG�����DERYH�IRU�VPDOO�VDPSOH��7KH�RSWLPXP�
VDPSOH� VL]H� UHTXLUHG� WR� JHW� SUHFLVH� HVWLPDWH� RI� VWDQGDUG� HUURU� IRU� ERWK� ORZ� DQG� PRGHUDWH�
KHULWDELOLW\�YDOXHV�ZDV�DERXW������EXW�WKH�VDPSOH�VL]H�RI�����ZDV�VXIILFLHQW�IRU�KLJK�KHULWDELOLW\�
YDOXH�� 7KH� ERRWVWUDS� HVWLPDWHV� RI� KHULWDELOLW\� XVLQJ� KDOI�VLE� DQDO\VLV� ZDV� REWDLQHG� E\� GUDZLQJ�
VDPSOHV� RI� ����� ���� DQG� ���� IRU� GLIIHUHQW� IDPLO\� VWUXFWXUHV� RI� HDFK� VDPSOH� VL]H�� $V� LQ� RWKHU�
PHWKRG� WKH� VWDEOH� HVWLPDWH� RI� ERRWVWUDS� VWDQGDUG� HUURU� UHTXLUHG� ZDV� DERXW� ���� ERRWVWUDS�
UHSOLFDWLRQV�LQ�DOO�WKH�OHYHOV�RI�KHULWDELOLW\�YDOXHV�WDNHQ��,W�ZDV�IRXQG�WKDW�WKH�RSWLPXP�IDPLO\�VL]H�
DQG�VWUXFWXUH�ZDV����VLUHV�DQG����SURJHQLHV�SHU�VLUH�IRU� ORZ�KHULWDELOLW\��6LPLODUO\�� WKH�RSWLPXP�
VDPSOH�VL]H�DQG�VWUXFWXUH�IRU�JHWWLQJ�WKH�SUHFLVH�HVWLPDWH�RI�VWDQGDUG�HUURU�RI�KHULWDELOLW\�ZHUH����
VLUHV� DQG� ��� SURJHQLHV� SHU� VLUH� DQG� ��� VLUHV� DQG� ��� SURJHQLHV� SHU� VLUH� RI� PRGHUDWH� DQG� KLJK�
KHULWDELOLW\�YDOXHV�UHVSHFWLYHO\��
�

�*XLGH��6K�6�'�:DKL��
�
��� 5$0(6+�.2//858����2Q�6RPH�$VSHFWV�RI�*URZWK�3DWWHUQV�RI�&URVVEUHG�&DWWOH�
����� ���� ��������������������������������������������������������

7KH� UHVHDUFK� RQ� FDWWOH� JURZWK� LV� RQH� RI� WKH� LPSRUWDQW� VWXGLHV� LQ� WKH� DQLPDO� VFLHQFHV��
$OWKRXJK�PHWKRGV�DUH�DYDLODEOH�LQ�OLWHUDWXUH�IRU�WKH�DQDO\VLV�RI�JURZWK�GDWD��QR�XQLYHUVDO�PHWKRG�
LV�UHFRPPHQGHG��,Q�WKH�SUHVHQW�VWXG\�GDWD�RQ�ERG\�ZHLJKW�ZDV�WDNHQ�IURP�ELUWK�WR�DQ�DJH�XSWR����
PRQWKV� RQ� ��� FURVVEUHG� FDWWOH�� $V� WKH� VFDWWHUSORWV� UHYHDOHG� D� VLJPRLG� VKDSH� DQG� DOVR� WKDW� WKH�
JURZWK�RI�DQLPDOV��LQ�JHQHUDO�IROORZ�D�QRQ�OLQHDU�GLVWULEXWLRQ��ILYH�QRQ�OLQHDU�PRGHOV�ZHUH�XVHG�WR�



PRGHO�ZHLJKW�DJH�GDWD�IRU�WKH�DQLPDOV��$OVR�WKDW�WKHVH�VLJPRLG�PRGHOV�DUH�HPSLULFDO�LQ�WKH�VHQVH�
WKDW� WKH�SDUDPHWHUV� KDYH� VRPH�ELRORJLFDO� LQWHUSUHWDELOLW\��&RPSDULVRQV�ZHUH�PDGH� DPRQJ� WKHVH�
PRGHOV�IRU�JRRGQHVV�RI�ILW��7KH�WKUHH�VLJPRLG�PRGHOV�YL]���%URG\��9RQ�%HUWDODQII\�DQG�*RPSHUW]�
RYHU�HVWLPDWHG�WKH�ZHLJKWV��5LFKDUGV�DQG�/RJLVWLF�PRGHOV�VXLWHG�WKH�GDWD�SDWWHUQ��/RJLVWLF�PRGHO�
LQ� FRPSDULVRQ�ZLWK�5LFKDUG¶V�PRGHO�� LV� FRPSXWDWLRQDOO\� HDVLHU� WR� ILW�� ,Q� WKH� DERYH� VDLG�PRGHOV�
SDUDPHWHUV� ZHUH� HVWLPDWHG� XVLQJ� RUGLQDU\� OHDVW� VTXDUHV� WHFKQLTXH�� %XW� WKH� DVVXPSWLRQV� IRU�
DSSOLFDWLRQV�RI�WKLV�WHFKQLTXH�DUH�UDUHO\�PHW�LQ�SUDFWLFDO�VLWXDWLRQV��6R�ZH�HVWLPDWHG�WKH�SDUDPHWHUV�
XQGHU�KHWURVFHGDVWLF�YDULDQFH�VWUXFWXUH��7KH�HVWLPDWHV�REWDLQHG�VR�UHYHDOHG�WR�EH�EHWWHU��6LQFH�WKH�
GDWD�LV�WDNHQ�RQ�UHSHDWHG�PHDVXUHPHQWV�WKH�HUURUV�PD\�EH�RI� WZR�W\SHV��V\VWHPDWLF�DQG�UDQGRP��
7KH�SDUDPHWHUV�ZHUH�HVWLPDWHG�WKURXJK�+LHUDUFKLFDO�QRQ�OLQHDU�PRGHOLQJ���8VLQJ�WKH�KLHUDUFKLFDO�
QRQ�OLQHDU�PRGHOV��WKH�GDWD�SDWWHUQV�DUH�EHWWHU�GHVFULEHG�FRPSDUHG�ZLWK�WKH�HDUOLHU�WHFKQLTXHV��
�

�*XLGH��'U�3�6�5DQD��
�
�
��� 680$17$�.80$5�'$6� ��2SWLPL]DWLRQ� 7HFKQLTXHV� XQGHU�0XOWLSOH� )UDPH� 6DPSOLQJ�

IRU�0XOWLYDULDWH�6WUDWLILFDWLRQ�
�

7KH�DSSURDFK�RI�PXOWLSOH�IUDPHV�LQFOXGHV�LQGHSHQGHQW�VHOHFWLRQ�RI�VDPSOHV�IURP�GLIIHUHQW�
IUDPHV�DQG�WR�REWDLQ�FRPELQHG�HVWLPDWH�RQ�WKH�EDVLV�RI�ERWK�WKH�VDPSOHV�DQG�RSWLPL]DWLRQ�RI�WKH�
VDPSOH�VL]HV�DQG�WKH�ZHLJKWV�DWWDFKHG�WR�WKH�VDPSOH�SRUWLRQ�FRPLQJ�IURP�WKH�FRPPRQ�IUDPHV���
2SWLPL]DWLRQ� LQ� VDPSOLQJ� LV� QRUPDOO\� YLHZHG� LQ� WHUPV� RI� YDULDQFH� DQG� FRVW� IXQFWLRQ�� +HUH� ZH�
FKRRVH�D�IXQFWLRQ�RI�VHYHUDO�YDULDEOHV��ZKLFK�LV�PD[LPL]HG�RU�PLQLPL]HG�VXEMHFW�WR�RQH�RU�PRUH�
FRQVWUDLQWV��7KH�FRQVWUDLQWV�DUH�JHQHUDOO\�HTXDOLWLHV�RU�LQHTXDOLWLHV��ZKLFK�PXVW�EH�VDWLVILHG�E\�WKH�
YDULDEOHV�RI� WKH�REMHFWLYH�IXQFWLRQ��2SWLPL]DWLRQ�LV�DQ�LPSRUWDQW�DVSHFW� LQ�WKH�VWXG\�RI�VDPSOLQJ�
IURP� PXOWLSOH� IUDPH� VLWXDWLRQV�� $� VDPSOLQJ� GHVLJQ� LV� FRQVLGHUHG� IRU� PXOWLSXUSRVH� VXUYH\V� LQ�
ZKLFK�VHYHUDO�VWUDWLI\LQJ�YDULDEOHV�DUH�DYDLODEOH�DQG�WKH�REMHFWLYH�LV�WR�HVWLPDWH�WKH�WRWDOV�RU�PHDQV�
RI�VHYHUDO�YDULDEOHV�HDFK�KLJKO\�FRUUHODWHG�ZLWK�RQH�RI�WKH�VWUDWLI\LQJ�YDULDEOH�7KH�GHVLJQ�LQYROYHV�
VHOHFWLQJ� VHSDUDWH� VXEVDPSOHV� LQGHSHQGHQWO\� E\� VWUDWLI\LQ� JYDULDEOH� LQ� WXUQ�� (VWLPDWLRQ� WKHQ�
LQYROYHV�SRROLQJ�GDWD� IURP� VHSDUDWH� VXEVDPSOHV�XVLQJ�PXOWLSOH� IUDPH� VDPSOLQJ��7KH� VWUDWHJ\� LV�
FRPSDUHG� ZLWK� VWDQGDUG� DSSURDFKHV� VXFK� DUDWLR� UHJUHVVLRQ� LQ� VLPXODWLRQ� VWXG\� DQG� UHODWLYH�
HIILFLHQF\�ZLOO�EH�GHWHUPLQHG��� � �����������������������������������������������������������
�

�*XLGH�'U�%�&�6D[HQD��
�
�
0�6F���&20387(5�$33/,&$7,21��
�
��� %$6$17�.80$5���3HVW�0DQDJHPHQW�,QIRUPDWLRQ�6\VWHP�RQ�6XJDUFDQH�
�
� ,QVSLWH� RI� ,QGLD� UDQNLQJ� ILUVW� LQ� DUHD� DQG� SURGXFWLRQ� DPRQJ� WKH� VXJDUFDQH� JURZLQJ�
FRXQWULHV�RI�WKH�ZRUOG��\LHOG�SHU�KHFWDUH�LV�VWLOO�PXFK�ORZHU�WKDQ�PRVW�RI�WKH�FRXQWULHV��$PRQJ�WKH�
YDULRXV� UHDVRQV� RI� ORZ� SURGXFWLYLW\�� DWWDFN� LQVSHFW�SHVWV�� GLVHDVHV�� ZHHGV�� PRWHV� HWF� SOD\V� DQ�
LPSRUWDQW� UROH�� ,W� LV� HVWLPDWHG� WKDW� DERXW� ���� RI� WKH� WRWDO� VXJDUFDQH� FURS� LQ� WKH� FRXQWU\� LV�
GHVWUR\HG�HYHU\�\HDU�DV�D�UHVXOW�RI�WKH�DWWDFN�RI�VHYHUDO�SHVWV��GLVHDVH�DQG�LQIHVWDWLRQ�E\�WKH�ZHHGV��
6ROXWLRQ�DUH�DYDLODEOH�LQ�WKH�IRUP�RI�FRQWURO�PHDVXUHV�DQG�,30��D�VXVWDLQDEOH�DSSURDFK�WR�PDQDJH�
WKH�LQVHFW�SHVWV�SUREOHPV�E\�FRPELQLQJ�ELRORJLFDO�FXOWXUDO��SK\VLFDO�DQG�FKHPLFDO�WRROV�LQ�D�ZD\�
WKDW�PLQLPL]HV�HFRQRPLF��KHDOWK�DQG�HQYLURQPHQWDO�UHVNV���%XW�WKH�LQIRUPDWLRQ��ZKLFK�LV�DYDLODEOH�
LQ�WKH�IRUP�RI�ERRNV��MRXUQDOV��PDJD]LQHV�HWF��DUH�EH\RQG�WKH�UHDFK�RI�FRPPRQ�SHUVRQ��DOVR�WKH\�
DUH�QRW�LQ�XSGDWHG�IRUP��6R�D�QHHG�ZDV�IHOW�WR�SXW�WKH�LQIRUPDWLRQ�LQ�HOHFWURQLF�IRUPDW�WKURXJK�WKH�
,QWHUQHW��3HVW�0DQDJHPHQW� ,QIRUPDWLRQ�6\VWHP� LQ�6XJDUFDQH� �30,66��FDQ�EH� LPSOHPHQWHG�DV�D�
QHWZRUN�EDVHG� V\VWHP�ZLWK� D� VHUYHU�� ,W�PDLQWDLQV� LQIRUPDWLRQ� UHJDUGLQJ�6XJDUFDQH� DQG� LWV� ,30�
SULPDULO\�ZLWK�HPSKDVLV�RQ�LQVHFWV��GLVHDVHV��ZHHGV�DQG�PLWHV�LQIHVWLQJ�LW��7KHUH�LV�DOVR�SURYLVLRQ�
WR� LQVHUW�� XSGDWH� DQG� GHOHWH� WKH� LQIRUPDWLRQ�� ,W� KDV� WKUHH� ±OD\HUHG� DUFKLWHFWXUH�� ,W� KDV� EHHQ�
GHYHORSHG�LQ�+70/��-DYD6FULSW��0LFURVRIW�$FFHVV�DQG�-DYD�6HUYOHWV�	�-'%&��30,66�UXQV�DW�DQ\�
QRGH�RI�,QWHUQHW�WKURXJK�D�EURZVHU��

��*XLGH��'U�3�.�0DOKRWUD��
�
�

�
�



��� 0'��=8%,5�$+0$'���,QIRUPDWLRQ�6\VWHP�IRU�$SSOH�&URS�
�
� $SSOH�IUXLW�LV�RQH�RI�WKH�LPSRUWDQW�IUXLW�RI�,QGLD��$SSOH�LQGXVWU\�LV�WKH�EDFNERQH�RI�,QGLDQ�
IUXLW� LQGXVWU\�DQG�$3('$�KDV� LGHQWLILHG�DSSOH�DV�RQH�RI� WKH�HLJKW� IUXLWV� IRU� DFFHOHUDWLQJ�H[SRUW�
SRWHQWLDO��7KRXJK�DSSOH�LV�JURZQ�LQ�GLIIHUHQW�VWDWHV�EXW�PDMRU�VKDUH�LV�FRQWULEXWHG�E\�RQO\���VWDWHV��
,QIRUPDWLRQ�RQ�$SSOH�FURS�LV�DYDLODEOH�LQ�WKH�IRUP�RI�ERRNV��MRXUQDOV�DQG�SRSXODU�PDJD]LQHV�HWF��
DQG� DUH� EH\RQG� WKH� UHDFK� RI� QHHG\� DFURVV� WKH� ZRUOG�� ([WHQVLRQ� DJHQF\� DOVR� UHTXLUHV� XSGDWHG��
LQIRUPDWLRQ�WR�DGYLVH�WKH�IDUPHUV�RQ�DSSOH�FXOWLYDWLRQ��7KH�SUHVHQW�LQYHVWLJDWLRQ�ZDV�FDUULHG�RXW�
ZLWK� WKH� LGHD� RI� GHYHORSLQJ� DQ� ,QIRUPDWLRQ� 6\VWHP� IRU� $SSOH� &URS� �,6$&�� WKDW� ZLOO� SURYLGH�
LQIRUPDWLRQ�RQ�DOO�DVSHFWV�RI�DSSOH�FXOWLYDWLRQ��SURFHVVLQJ�DQG�PDUNHWLQJ�� �7KH�V\VWHP�KDV�EHHQ�
GHYHORSHG�XVLQJ�9LVXDO�%DVLF�DW� WKH�IURQW�HQG�DQG�06�$FFHVV�DW� WKH�EDFNHQG��,6$&�UXQV�DW�DQ\�
ZLQGRZV� EDVHG� FRPSXWHU� V\VWHP�� 7KLV� VRIWZDUH� DOVR� KDV� KHOS� DQG� LQGH[� WR� IDFLOLWDWH� VPRRWK�
RSHUDWLRQ��$�SHUVRQ�ZLWK�OLWWOH�FRPSXWHU�NQRZOHGJH�FDQ�RSHUDWH�DQG�JHW�GHVLUHG�LQIRUPDWLRQ��
�

�*XLGH��6K�0DKHVK�.XPDU��
�
��� 35$.+$5�35$6+$17���,QWHJUDWHG�3HVW�0DQDJHPHQW�,QIRUPDWLRQ�6\VWHP�RQ�7RPDWR�
�
� ,QGLD�KDV�D�PDMRU�VKDUH� LQ� WKH�DJULFXOWXUH�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�� ,QGLD� KDV� WDNHQ�
VWURQJ�LQLWLDWLYH�LQ�WKH�IUXLWV�DQG�YHJHWDEOHV�UHVHDUFK�WR�LQFUHDVH�SURGXFWLRQ�DQG�SURGXFWLYLW\�LQ�D�
VXVWDLQDEOH� PDQQHU�� ,QIRUPDWLRQ� RQ� WRPDWR� FURS� LV� DYDLODEOH� LQ� WKH� IRUP� RI� ERRNV�� MRXUQDOV��
PDJD]LQHV�HWF��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��7KH�SUHVHQW�LQYHVWLJDWLRQ�ZDV�FDUULHG�RXW�
ZLWK� WKH� LGHD� RI� GHYHORSLQJ� ,QWHJUDWHG� 3HVW� 0DQDJHPHQW� ,QIRUPDWLRQ� 6\VWHP� RQ� 7RPDWR�
�,30,67�� VRIWZDUH� WKDW� LQFRUSRUDWHV� EDVLF� LQIRUPDWLRQ� RQ� 7RPDWR�� LWV� ,30� DQG� LQIHVWDWLRQ� E\�
YDULRXV� LQVHFWV�� GLVHDVHV��ZHHG� DQG�PLWHV� DQG� FDQ� EH� DFFHVVHG� WKURXJK� ,QWHUQHW�� ,W� KDV� D� WKUHH�
OD\HUHG� DUFKLWHFWXUH�� ,W� KDV� EHHQ� GHYHORSHG� LQ� +70/�� -DYD6FULSW�� 0LFURVRIW� $FFHVV� DQG� -DYD�
6HUYOHWV�	�-'%&��WKH�ODWHVW�WHFKQRORJ\�RI�6XQ�0LFURV\VWHPV���,30,67�FDQ�EH�LPSOHPHQWHG�DV�D�
QHWZRUN�EDVHG� V\VWHP� ZLWK� D� VHUYHU�� 7KHUH� LV� SURYLVLRQ� WR� LQVHUW�� XSGDWH� DQG� GHOHWH� WKH�
LQIRUPDWLRQ��
�

�*XLGH��'U�3�.�0DOKRWUD��
�
��� 5$&+$1$�&+$'+$� �� � 'LJLWDO� ,PDJH� 3URFHVVLQJ� RI� ,QGLDQ� 5HPRWH� 6HQVLQJ� 6DWHOOLWH�

'DWD�
�

5HPRWH�6HQVLQJ�LV�D�PXOWLGLVFLSOLQDU\�DFWLYLW\�ZKLFK�GHDOV�ZLWK�WKH�,QYHQWRU\�PRQLWRULQJ�
DQG�DVVHVVPHQW�RI�QDWXUDO�UHVRXUFHV�WKURXJK�WKH�DQDO\VLV�RI�GDWD�REWDLQHG�E\�REVHUYDWLRQV�IURP�D�
UHPRWH�SODWIRUP��7KH�GLJLWDO�LPDJHV�REWDLQHG�QHHG�WR�EH�PDQLSXODWHG�DQG�LQWHUSUHWHG�ZLWK�WKH�DLG�
RI�FRPSXWHU��7KHUHIRUH��VRIWZDUH�LV�UHTXLUHG�WR�SURFHVV�WKH�GLJLWDO�LPDJH��+HQFH��VRIWZDUH�HQWLWOHG�
³,QWHUDFWLYH� 'LJLWDO� ,PDJH� 3URFHVVLQJ� 6\VWHP� ³�,',36�� KDV� EHHQ� GHYHORSHG� DV� XVHU�IULHQGO\�
VRIWZDUH�IRU�LPDJH�UHVWRUDWLRQ��HQKDQFHPHQW�DQG�FODVVLILFDWLRQ�RI�,QGLDQ�5HPRWH�6HQVLQJ�6DWHOOLWH�
GLJLWDO�GDWD��7KH�VRIWZDUH�,',36�KDV�EHHQ�GHYHORSHG�IRU�:LQGRZ�SODWIRUP��0LFURVRIW�)RXQGDWLRQ�
&ODVVHV� �0)&�� LQ� 9LVXDO� &��� GHYHORSPHQW� HQYLURQPHQW� LV� XVHG� WR� GHYHORS� ,',36��0)&� LV� D�
OLEUDU\�RI�&���FODVVHV�XVHG� WR�EXLOG�:LQ���DSSOLFDWLRQV�� ,',36�PDNH�XVH�RI� WKH�YDULRXV�FODVVHV�
IURP� 0)&�� 2QH� RI� WKH� PRVW� LPSRUWDQW� FODVVHV� LV� &563UM'RF� WKDW� FRQWDLQV� WKH� GDWD� RI� WKH�
DSSOLFDWLRQ�� )XUWKHU� WKH� FODVV� &563UM9LHZ� FODVV� GLVSOD\V� WKH� LPDJHV� IRUPHG� E\� XVLQJ� WKH� GDWD�
VWRUHG�LQ�&563UM'RF�FODVV���,',36�DOORZV�XVHU�WR�UHVWRUH�DQ�LPDJH�DQG�YLHZ�YDULRXV�EDQG�LPDJHV�
DQG�IDOVH�FRORU�FRPSRVLWHV��,W�DOVR�SURYLGHV�IDFLOLW\�WR�SHUIRUP�OLQHDU�DQG�QRQ�OLQHDU�HQKDQFHPHQW��
HGJH� GHWHFWLRQ�� FDOFXODWHV� YHJHWDWLRQ� LQGLFHV�� 'LVWULEXWLRQ� RI� GDWD� FDQ� EH� DQDO\]HG� E\� YLHZLQJ�
KLVWRJUDPV�� ,Q� FODVVLILFDWLRQ�� ,',36� SURYLGHV� WKH� IDFLOLW\� RI� VXSHUYLVHG� FODVVLILFDWLRQ� DQG� KHQFH�
DOORZV�XVHU�WR�VHOHFW�WUDLQLQJ�DUHDV�RI�HDFK�ODQG�FRYHU�FODVV��)RU�HDFK�WUDLQLQJ�VLWH��WKH�VWDWLVWLFDO�
SDUDPHWHUV�DUH�JHQHUDWHG��7KH�FODVVLILHUV�XVHG�DUH�PLQLPXP�GLVWDQFH�WR�PHDQV�FODVVLILHU��SDUDOOHO�
SLSHG�FODVVLILHU�DQG�PD[LPXP�OLNHOLKRRG�FODVVLILHU��
�
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�
�



��� 5,78�0$/,.���'HYHORSPHQW�RI�:HE�%DVHG�&XUUHQW�$ZDUHQHVV�6HUYLFH�IRU�/LEUDU\�
�

/LEUDU\�VHUYHV�DV�D�&HQWUH�IRU�DURXVLQJ�DQG�VWLPXODWLQJ�LQWHOOHFWXDO�FXULRVLW\�DQG�WKH�GHVLUH�
WR� OHDUQ� E\� RIIHULQJ� PDWHULDOV� DQG� SURJUDPV� WR� VDWLVI\� WKH� GHVLUH� IRU� NQRZOHGJH�� &XUUHQW�
$ZDUHQHVV�6HUYLFH��&$6��RI�/LEUDU\�HQGHDYRUV�WR�NHHS�WKH�XVHU�LQIRUPHG�SURPSWO\�RI�DOO�QDVFHQW�
WKRXJKWV� FUHDWHG� LQ� WKHLU� ILHOGV� RI� ZRUN� DQG� UHODWHG� ILHOGV�� 2QH� VXFK� VHUYLFH� LV� ³&855(17�
&217(17�21�$*5,&8/785(��&&$�´�LV�EURXJKW�RXW�E\�,$5,��,QGLDQ�$JULFXOWXUDO�5HVHDUFK�
,QVWLWXWH��OLEUDU\��LQ�ZKLFK�;HUR[�FRS\�RI�WKH�FRQWHQW�LQGH[�SDJH�RI�LVVXH�DUH�ERXQGHG�DV�D�ERRNOHW�
DQG�VHQG�WR�DOO�WKH�GLYLVLRQV�RI�WKH�,$5,�OLEUDU\��.HHSLQJ�VSHHG�WLPHOLQHVV�RI�&$6�LQ�PLQG��:HER�
&XUUHQW�$ZDUHQHVV�6HUYLFH��:&$6��LV�GHYHORSHG�DV�WKH�,QWUDQHW�VROXWLRQ�WR�EULQJ�WKH�&&$�RQ�WKH�
ZHE� DQG� RYHUFRPH� LWV� OLPLWDWLRQV�� WKDW� LV�� WLPH� UHTXLUHG� UHDFKLQJ� LW� WR� XOWLPDWH� XVHU�� :&$6�
6RIWZDUH�SURYLGHV�&$6�IRU�-RXUQDOV��%RRNV�DQG�7KHVLV��:&$6¶V��RQH�RI�WKH�VLOHQW�IHDWXUHV�LV�WR�
SURYLGH� WKH�OLVW�RI�-RXUQDO¶V�,VVXH��ZKLFK�DUH�SURFXUHG�E\�WKH�/LEUDU\�EHWZHHQ�WKH� WZR�VSHFLILHG�
GDWHV��:&$6�DOORZV�LWV�XVHUV�WR�VHH�WKH�FRQWHQW�,QGH[�SDJH�RI�WKH�UHFHQWO\�SURFXUHG�LVVXH���:&$6�
LV� GHYHORSHG� XVLQJ� -DYD� 6HUYOHWV� �VHUYHU� VLGH� SURJUDPPLQJ�� DQG� -'%&� �-DYD� 'DWDEDVH�
&RQQHFWLYLW\��� ZKLFK� PDNHV� LW� SODWIRUP� LQGHSHQGHQW�� :&$6� LV� EDVHG� RQ� :LQGRZV� '1$�
�'LVWULEXWHG� ,QWHU1HW� $SSOLFDWLRQ�� $UFKLWHFWXUH�� GLYLGHG� LQWR� WZR� SDUWV� QDPHO\�� (QG8VHU� DQG�
$GPLQLVWUDWRU� �IRU� OLEUDU\� VWDII� WR� XSGDWH� WKH� LQIRUPDWLRQ� LQ� WKH� GDWDEDVH��� 7KURXJK� (QG8VHU�
SRUWLRQ��:&$6�SURYLGHV�WKUHH�W\SHV�RI�VHDUFK�IDFLOLWLHV�QDPHO\��3KUDVH�.H\ZRUG�6HDUFK��%RROHDQ�
6HDUFK�DQG�&RPELQHG�6HDUFK���

�*XLGH��6K�0DKHVK�.XPDU��
�
��� 628%+5$75$�'$6���:HE�%DVHG�,QIRUPDWLRQ�6\VWHP�RQ�,QWHJUDWHG�3HVW�0DQDJHPHQW�

RI�&XFXUELWV�
�

2YHU� WKH� ODVW� IHZ� GHFDGHV�� WKH� FRXQWU\� KDV� PDGH� LPSUHVVLYH� SURJUHVV� LQ� WKH� ILHOG� RI�
DJULFXOWXUH��$JULFXOWXUH�VWLOO�UHPDLQV�WKH�PRVW�YLWDO�VHFWRU�LQ�WKH�HFRQRP\�RI�RXU�FRXQWU\���,W�KDV�
EHFRPH�SRVVLEOH�WR�PLQLPL]H�WKH�ORVVHV�LQ�FURS�SURGXFWLRQ�GXH�WR�LQIHVWDWLRQ�E\�WKH�LQVHFWV�SHVWV��
GLVHDVHV��ZHHGV� DQG�PLWHV� E\� XVLQJ� QHZ� WHFKQRORJLHV� DQG� UHVHDUFK��7KH� LQLWLDWLYHV� WDNHQ� LQ� WKH�
IUXLWV�DQG�YHJHWDEOHV�UHVHDUFK�WR�LQFUHDVH�SURGXFWLRQ�DQG�SURGXFWLYLW\�LQ�D�VXVWDLQDEOH�PDQQHU�FDQ�
\LHOG�EHWWHU�UHVXOWV�LI�LQIRUPDWLRQ�LV�UHDGLO\�DYDLODEOH�WR�WKH�FRQFHUQHG��7KH�LQIRUPDWLRQ��ZKLFK�LV�
DYDLODEOH� LQ� WKH� IRUP� RI� ERRNV�� MRXUQDOV�� PDJD]LQHV� HWF�� FDQ� UHDFK� WKH� FRPPRQ� SHUVRQ� LI� LW� LV�
DYDLODEOH�LQ�HOHFWURQLF�IRUPDW�WKURXJK�WKH�,QWHUQHW��7KH�SUHVHQW�LQYHVWLJDWLRQ�ZDV�FDUULHG�RXW�ZLWK�
WKH� LGHD�RI�GHYHORSLQJ�,QWHJUDWHG�3HVW�0DQDJHPHQW� ,QIRUPDWLRQ�6\VWHP��&,30,6��VRIWZDUH� WKDW�
LQFRUSRUDWHV� EDVLF� LQIRUPDWLRQ� RQ�0DMRU� &XFXUELWV�� LWV� ,30� DQG� LQIHVWDWLRQ� E\� YDULRXV� LQVHFWV��
GLVHDVHV�� ZHHG� DQG�PLWHV�� ,W� KDV� D� WKUHH�OD\HUHG� DUFKLWHFWXUH�� ,W� KDV� EHHQ� GHYHORSHG� LQ�+70/��
-DYD6FULSW�� 0LFURVRIW� $FFHVV� DQG� -DYD� 6HUYOHWV� 	� -'%&� �WKH� ODWHVW� WHFKQRORJ\� RI� 6XQ�
0LFURV\VWHPV���&,30,6�FDQ�EH� LPSOHPHQWHG�DV�D�QHWZRUN�EDVHG�V\VWHP�ZLWK�D� VHUYHU��7KHUH� LV�
SURYLVLRQ�WR�LQVHUW��XSGDWH�DQG�GHOHWH�WKH�LQIRUPDWLRQ��

�
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�
��� 9�9�680$17�.80$5���'HYHORSPHQW�2I�:HE�%DVHG�(�&KRXSDO�
�

'HYHORSPHQW� RI� (OHFWURQLF�&KDXSDO� LV� DQ� DWWHPSW� WR� LQFUHDVH� WKH� VFRSH� RI� WKH�&KDXSDO��
ZKLFK�PHDQV� D� IRUXP�ZKHUH� D� JURXS� RI� SHUVRQV� �JHQHUDOO\� IDUPHUV��PHHW� WRJHWKHU� DQG� GLVFXVV�
LVVXHV� RI� WKHLU� LQWHUHVW�� 7KH� PDLQ� JRDO� RI� WKLV� SURMHFW� LV� WR� JLYH� ZRUNLQJ� VROXWLRQV� WR� IDUPHUV�
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