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ZLWK�XQHTXDO�EORFN�VL]HV��8WLOLWDV�0DWKHPDWLFD�
�
���� -$**,�� 6((0$�� *837$�� 9.� DQG� 6+$50$�� 9.�� 'HVLJQ� DQG� DQDO\VLV� RI� DJURIRUHVWU\�

H[SHULPHQWV��$Q�RYHUYLHZ��,QGLDQ�-RXUQDO�RI�$JURIRUHVWU\��
�
���� .$8/��686+,/$�DQG�3$1'(<��5�.��)RRG�$YDLODELOLW\�DQG�LWV�,PSOLFDWLRQ�IRU�)RRG�6HFXULW\�

LQ�,QGLD�%LKDU�-RXUQDO�RI�$JULFXOWXUDO�0DUNHWLQJ��
�
���� �.$85�� 5$-,1'(5� DQG� %+$7,$�� $.�� $VVHVVPHQW� RI� LQWHUFURSSLQJ� V\VWHPV� WKURXJK�

ELYDULDWH�DQDO\VLV��-RXUQDO�RI�)DUPLQJ�6\VWHPV�5HVHDUFK�DQG�'HYHORSPHQW��
�

���� �.+85$1$�� */�� %$75$�� 3.� DQG� .80$5� $1,/�� (IILFLHQW� HVWLPDWLRQ� RI� WKH� UHODWLRQVKLS�
EHWZHHQ� SORW�VL]H� DQG� WKH� VRLO� YDULDELOLW\� RI� JURXQGQXW� \LHOG�� -RXUQDO� RI� )DUPLQJ� 6\VWHP�
5HVHDUFK�DQG�'HYHORSPHQW��

�
���� �.+85$1$�� */�� .80$5� $1,/� DQG� &+28'+$5<�� 9.�� $� 6WDWLVWLFDO� PHWKRGRORJ\� IRU�

H[SORUDWLRQ�DQG�H[SORLWDWLRQ�RI�SDFNDJHV�RI�WUHDWPHQWV�IRU�KLJKHU�JUDLQ�SURGXFWLYLW\��-RXUQDO�
RI�)DUPLQJ�6\VWHPV�5HVHDUFK�DQG�'HYHORSPHQW��

�



���� �3$56$'��5$-(1'(5��6+$50$��6'� DQG�*837$��9.�� $JULFXOWXUDO� 6WDWLVWLFV�� SUREOHPV�
IRU� IXWXUH� UHVHDUFK�� 3URFHHGLQJV� RI� ;,,,� 1DWLRQDO� &RQIHUHQFH� RI� $JULFXOWXUDO� 5HVHDUFK�
6WDWLVWLFLDQV��
�

���� �3$8/�� $�.�� DQG� %+$7,$�� 9�.�� 5ROH� RI� DX[LOLDU\� WUDLWV� IRU� HVWLPDWLRQ� RI� KHULWDELOLW\� RI�
VWD\DELOLW\��-RXUQDO�RI�WKH�,QGLDQ�6RFLHW\�RI�$JULFXOWXUDO�6WDWLVWLFV��
�

���� �3$8/��$�.��DQG�%+$7,$��9�.��&RPSDULVRQ�RI�EHWD�ELQRPLDO�PHWKRGV�ZLWK�RWKHU�PHWKRGV�
IRU�HVWLPDWLRQ�RI�KHULWDELOLW\�RI�VWD\DELOLW\�IRU�XQEDODQFHG�GDWD��,QG��-��$QLP��6FL��
�

���� 35$%+$.$5$1�� 9�7�� ,PSOLFDWLRQV� RI� FXUYLOLQHDU� UHVSRQVH� LQ� GDLU\� FRZV�ZLWK� LQFUHDVLQJ�
OHYHO� RI� H[RWLF� LQKHULWDQFH� LQ� UHODWLRQ� WR� D� SODXVLEOH� EUHHGLQJ� VWUDWHJ\� IRU� FDWWOH�
GHYHORSPHQW��,QG�-��RI�$QLP��DQG�3ODQW�%UHHGLQJ��
�

���� 35$-1(6+8�� 5$9,&+$1'5$1�� 6�� DQG� :$'+:$�� 6$9,7$�� 6WUXFWXUDO� WLPH� VHULHV�
PRGHOV� IRU� GHVFULELQJ� F\FOLFDO� IOXFWXDWLRQV�� -RXUQDO� RI� WKH� ,QGLDQ� 6RFLHW\� RI� $JULFXOWXUDO�
6WDWLVWLFV��
�

���� 5$,�� $1,/�� 65,9$67$9$�� $�.�� $1'� 6,1*+�� 0$1�� $� VRFLR�HFRQRPLF� VWXG\� RQ�
DJURIRUHVWU\� LQ� &KKDFKKUDXOL� EORFN� RI� <DPXQDQDJDU� GLVWULFW� RI� +UD\DQD�� ,QGLDQ� -��
$JURIRUHVWU\��

�
���� 5$0$68%5$0$1,$0�� 9�� 6,1*+�� 5$1'+,5� DQG� 5$,�� $1,/�� 5H�� VDPSOLQJ� EDVHG�

YDULDQFH� HVWLPDWLRQ� XQGHU� WZR�SKDVH� VDPSOLQJ�� -RXUQDO� RI� WKH� ,QGLDQ� 6RFLHW\� RI�
$JULFXOWXUDO�6WDWLVWLFV��

�
���� 5$87��.&��%+$7,$��9.�DQG�.+$75,��56���������'LVSDULWLHV�LQ� OLYHVWRFN�GHYHORSPHQW�RI�

,QGLD��-RXUQDO�RI�WKH�,QGLDQ�6RFLHW\�RI�$JULFXOWXUDO�6WDWLVWLFV��9RO���������
�
���� 5$9,&+$1'5$1�� 6�� DQG� 35$-1(6+8�� %D\HVLDQ� QRQOLQHDU� VWDWH� VSDFH� PRGHOOLQJ� IRU�

6FKDHIHU�PRGHO�LQ�ILVKHULHV�,QG��-��$SSO��6WDW���
�
���� 5$9,&+$1'5$1�� 6�� DQG� 35$-1(6+8�� 7LPH�YDU\LQJ� VWDWH� VSDFH� UHJUHVVLRQ� PRGHO� LQ�

ILVKHULHV�,QG��-��)LVK�������
�
���� 6(7+,�� 6&�� 0$7+85�� '&� DQG� 6+$5� 0$�� 6.�� 3ULFH� VSUHDG� DQG� PDUNHWLQJ� SDWWHUQ� RI�

YHJHWDEOHV�LQ�3XQH�LQ�+DU\DQD��(FRQRPLF�-RXUQDO��.DUQDO��
�
���� 6+$50$�� 6'�� 6+$50$�� 9.� DQG� -$**,�� 6((0$�� 7HDFKLQJ� RI� $JULFXOWXUDO� 6WDWLVWLFV��

VWDWXV� DQG� FKDOOHQJHV� DKHDG�� 3URFHHGLQJV� RI� ;,,,� 1DWLRQDO� &RQIHUHQFH� RI� $JULFXOWXUDO�
5HVHDUFK�6WDWLVWLFLDQV��

�
���� 6+$50$�� 9.�� 9$5*+(6(�� &,1,� DQG� -$**,�� 6((0$�� 2Q� RSWLPDOLW\� RI� FKDQJH�RYHU�

GHVLJQV�EDODQFHG�IRU�ILUVW�DQG�VHFRQG�RUGHU�UHVLGXDO�HIIHFWV��0HWURQ��
�
���� 6,1+$�� 3��� 35$-1(6+8� DQG� 9$50$�� $�� *URZWK� PRGHOV� IRU� PDQJR� SRZGHU\� PLOGHZ�

GHYHORSPHQW��$QQ��3O��3URWHF��6FL������
�
���� 65,9$67$9$��$.�DQG�-+$��*.��6RPH�0HWKRGRORJLFDO�,VVXHV�LQ�$JULFXOWXUDO�6XUYH\V��-U��

RI�,QFRPH�	�:HDOWK��
�
���� 68'��8&��65,9$67$9$��$.�DQG�6+$50$��'3��2Q�WKH�HVWLPDWLRQ�RI�SRSXODWLRQ�YDULDQFH�

LQ�UHSHDW�VXUYH\V��-RXUQDO�RI�WKH�,QGLDQ�6RFLHW\�RI�$JULFXOWXUDO�6WDWLVWLFV��9RO���������
�
���� 9$5*+(6(��&��5$2��$�5��DQG�6+$50$��9�.��5REXVWQHVV�RI�:LOOLDP¶V�6TXDUH�GHVLJQV��

0HWULND��
�
���� 9$5*+(6(��&,1��6+$50$��9.�DQG�5$2��$5��2SWLPDOLW\�RI�FLUFXODU�FURVV���RYHU�GHVLJQV�

EDODQFHG�IRU�ILUVW�DQG�VHFRQG�UHVLGXDOV��8WLOLWDV�0DWKHPDWLFD��
�
���� 9$76��05��6(+*$/��'.�DQG�0(+7$�'.��3KRVSKRUXV�DSSOLFDWLRQ�IRU�VXVWDLQDEOH�\LHOGV�

LQ�ORQJ�WHUP�IHUWLOL]HU�H[SHULPHQWV��)HUWLOL]HU�1HZV��
�
���� :$+,��6�'��DQG�&+$1'��/$/��$QDO\WLFDO�SURFHGXUH� IRU�HVWLPDWLRQ�RI�YDULDQFH�RI�JHQHWLF�

SDUDPHWHUV��,QG��-��$QLP��*HQHW��	�%UHHGLQJ��
�



5HVHDUFK�3URMHFW�5HSRUWV�
�
�D��3XEOLVKHG�
�
��� 6DPSOLQJ�SURFHGXUH�IRU�VHOHFWLRQ�RI�UHSUHVHQWDWLYH�VDPSOHV�RI�IHUWLOLVHU�IURP�VKLSV��������

E\�8&�6XG��+9/�%DWKOD�DQG�$QLO�5DL�
�
��� $� VWXG\� IRU� HVWLPDWLRQ� RI� FURS� \LHOG� DW� EORFN� OHYHO� XVLQJ� FURS� FXW� DQG� IDUPHUV¶� HVWLPDWH�

�������E\�8&�6XG��$.�6ULYDVWDYD��+9/�%DWKOD��'&�0DWKXU�DQG�*.�-KD�
�
��� )HUWLOL]HU�UHVSRQVH�UDWLRV�IRU�GLI��IHUHQW�FURSV�LQ�,QGLD��)XQGHG�E\�0LQLVWU\�RI�$JULFXOWXUH��E\�

6�'��6KDUPD��3�.��%DWUD��9�.��6KDUPD�DQG�1�.��6KDUPD��
�
��� 3ODQQLQJ�GHVLJQLQJ�DQG�DQDO\VLV�RI�GDWD�UHODWLQJ�WR�H[SHULPHQWV�FRQGXFWHG�XQGHU�$,&53�

RQ�/7)(�E\�0�5��9DWV��'�.��6HKJDO�DQG�'�.��0HKWD��
�
��� (QHUJ\� 5HTXLUPHQW� LQ� $JULFXOWXUDO� 6HFWRU�� $� /LQHDU� 3URJUDPPLQJ� $SSURDFK�� -RLQW�

3XEOLFDWLRQ� RI� ,$65,�� 1HZ� 'HOKL� DQG� &,$(�� %KRSDO� E\� 9�.�*XSWD�� 5DMHQGHU� 3DUVDG��
'LSDQNHU�'H��+XNDP�&KDQGUD�DQG�5�6�6LQJK��

�
��� ,PSDFW� $VVHVVPHQW� RI� 7HFKQRORJ\� ,QWHUYHQWLRQ� DQG� &URS� 'LYHUVLILFDWLRQ� LQ� 7ULEDO��

%DFNZDUG�DQG�+LOO\�$UHDV��3KDVH�,��������6XUYH\�5HSRUW�RI�$ULG�5HJLRQ�E\�5�.��3DQGH\��
6XVKLOD�.DXO�DQG�'�5��6LQJK��

�
��� ³*XLGHOLQHV� IRU� 0RQLWRULQJ� DQG� &RQFXUUHQW� (YDOXDWLRQ� RI� 6XE�� SURMHFWV� XQGHU� 1$73´�

SXEOLVKHG� DV� D� SDUW� RI� WKH� 1$73� VXE�SURMHFW� XQGHU� WKH� 2� 	� 0� FRPSRQHQW��
Ã,QVWLWXWLRQDOLVDWLRQ�RI�5HVHDUFK�3ULRULW\�6HWWLQJ��0RQLWRULQJ�	�(YDOXDWLRQ�DQG�1HWZRUNLQJ�RI�
6R��FLDO�6FLHQWLVWV¶�

�
��� 3LORW�VWXG\�IRU�GHYHORSLQJ�%D\HVLDQ�SUREDELOLW\�IRUHFDVW�PRGHO�EDVHG�RQ�IDUPHUV¶�DSSUDLVDO�

GDWD�RQ�ZKHDW�FURS��������,$65,�3XEOLFDWLRQ�E\�&KDQGUDKDV�DQG�7��5DL��
�
��� 6WXG\�RI�'HPDQG� IRU�$JULFXOWXUDO�3URGXFWV�DQG� ,WV� ,PSOLFDWLRQ� IRU�)RRG�6HFXULW\� LQ� ,QGLD�

�������E\�5�.��3DQGH\�DQG�6XVKLOD�.DXO��
�
�E��)LQDOLVHG�
�
��� 3LORW� VDPSOH� VXUYH\� IRU� HVWLPDWLQJ� WKH� DUHD�DQG� \LHOG� UDWHV� RI� JLQJHU� DQG�SRWDWR� LQ� KLOO\�

DUHDV�E\�06�1DUDQJ�DQG�5&�*ROD��
�
��� (VWLPDWLRQ�RI�IORZ�DQG�FKDQJH�LQ�G\QDPLF�SRSXODWLRQ�E\�-DJELU�6LQJK�
�
��� $�VWDWLVWLFDO� LQYHVWLJDWLRQ�RQ� WKH� ORQJ�WHUP�HIIHFW� RI� IHUWLOL]HU� RQ�SURGXFWLYLW\� RI� FHUHDO�E\�

9�.��6KDUPD�DQG�5DMLQGHU�.DXU��
�
��� 'HYHORSPHQW�RI�HDUO\�ZDUQLQJ�DQG�\LHOG�DVVHVVPHQW�PRGHOV� IRU� UDLQIHG�FURSV�EDVHG�RQ�

DJURPHWHRURORJLFDO�LQGLFHV�E\�$VKD�6DNVHQD��5�&��-DLQ��5HWLUHG�RQ������������5�/��<DGDY�
�
��� )RUHFDVWLQJ�ILVK�SURGXFWLRQ�IURP�SRQGV�E\�/DOPRKDQ�%KDU��6�6��:DOLD�DQG�$�.��5R\�
�
',66(57$7,216�$33529('�
�
��D���3K�'���$JULFXOWXUDO�6WDWLVWLFV��
�
���-�6��'KHNDOH���$QDO\WLFDO�7HFKQLTXHV�LQ�,QWHUFURSSLQJ�([SHULPHQWV�
�

,QWHUFURSSLQJ� UHVHDUFK� DWWUDFWHG� ZRUOGZLGH� DWWHQWLRQ� DQG� QXPEHU� RI� H[SHULPHQWV� DUH�
EHLQJ� FRQGXFWHG� WR� VWXG\� GLIIHUHQW� REMHFWLYHV� OLNH� PD[LPL]DWLRQ� RI� \LHOG�� LGHQWLILFDWLRQ�
LQWHUFURSSLQJ�V\VWHPV�RU�YDULHWLHV�VXLWDEOH� IRU�FXOWLYDWLRQ��HWF��7KHUH� LV�QR�VWDQGDUG�PHWKRG�RI�
DQDO\VLV� WKHUHIRUH�� DQ� DWWHPSW� KDV� EHHQ�PDGH� WR� VWXG\� YDULRXV� DQDO\WLFDO� WHFKQLTXHV�XVHG� LQ�
DQDO\VLV�RI�LQWHUFURSSLQJ�H[SHULPHQWV��

�
$QDO\WLFDO� WHFKQLTXHV� KDYH� EHHQ� VWXGLHG� E\� FODVVLI\LQJ� LQWHUFURSSLQJ� H[SHULPHQWV� LQWR�

WZR�W\SHV��7\SH�,�ZLWK�VROH�FURS�WUHDWPHQWV�DQG�W\SH�,,�ZLWKRXW�VROH�FURS�WUHDWPHQWV��)RU�W\SH�,�
H[SHULPHQWV� DQ� DQDORJ\� EHWZHHQ� H[SHULPHQWV� ZLWK� PL[WXUHV� DQG� UHSODFHPHQW� VHULHV�



LQWHUFURSSLQJ� H[SHULPHQWV� LV� HVWDEOLVKHG� DQG� DQDO\WLFDO�PHWKRG� KDV� EHHQ� SURSRVHG�� DOVR� WKH�
W\SH� ,� H[SHULPHQWV�RI� UHSODFHPHQW� VHULHV� FRQVLVWLQJ�RI�RWKHU� IDFWRUV� OLNH� VSDFLQJ� IHUWLOL]HU�HWF��
DUH� DQDO\]HG� E\� PL[WXUH� [� SURFHVV� YDULDEOH� WHFKQLTXHV�� )RU� DGGLWLYH� VHULHV� H[SHULPHQWV��
FRQWUDVW�DQDO\VLV�KDV�EHHQ�XVHG��
�

%LYDULDWH�PHWKRG�RI� DQDO\VLV� RI� LQWHUFURSSLQJ�H[SHULPHQWV� LV� SURSRVHG�DQG� WKUHH� WHVWV�
DUH� SURSRVHG� IRU� WHVWLQJ� VLQJOH� VROH� FURS� WUHDWPHQW� YHUVXV� LQWHUFURSSHG� WUHDWPHQW�� ERWK� VROH�
FURS� WUHDWPHQW� YHUVXV� LQWHUFURSSHG� WUHDWPHQW� DQG� IRU� WHVWLQJ� GLIIHUHQFH� EHWZHHQ� WZR�
LQWHUFURSSHG�WUHDWPHQWV��
�

,QWHUFURSSLQJ� LV� VWDEOH� FURSSLQJ� V\VWHP�� EXW� ZKHQ�PRUH� WKDQ� RQH� V\VWHP� LV� DYDLODEOH�
WKHQ�PHWKRG�IRU�LGHQWLI\LQJ�VWDEOH�LQWHUFURSSLQJ�V\VWHP�LQ�SUHVHQFH�RI�HQYLURQPHQWDO�FRYDULDWH�
LV�SURSRVHG�DQG�H[SODLQHG�ZLWK�VXLWDEOH�H[DPSOH��
�

�*XLGH��'U�9�.�*XSWD��
�
���3UDFKL�0LVUD���$SSOLFDWLRQ�RI�6SDWLDO�6WDWLVWLFV�LQ�$JULFXOWXUDO�6XUYH\V�
�

(VWLPDWLRQ�RI�FURS�DUHD�DQG�FURS�SURGXFWLRQ�IRUPV�WKH�PRVW�LPSRUWDQW�GLPHQVLRQ�DURXQG�
ZKLFK� WKH� RYHUDOO� DJULFXOWXUDO� VWDWLVWLFV� V\VWHP� RI� RXU� FRXQWU\� UHYROYHV�� )RUHFDVWLQJ� RI� FURS�
SURGXFWLRQ�LV�RQH�RI�WKH�LPSRUWDQW�DVSHFWV�RI�DJULFXOWXUDO�VWDWLVWLFV�V\VWHP��7KH�3URGXFWLRQ�RI�WKH�
PDMRU�DJULFXOWXUDO�FURSV�LQ�WKH�FRXQWU\�LV�HVWLPDWHG�RQ�WKH�EDVLV�RI�WKH�HVWLPDWHV�RI�DUHD�XQGHU�
WKH�FURS�DQG�WKH�DYHUDJH�\LHOG�SHU�XQLW�DUHD��)RU�HVWLPDWLQJ�DUHD�XQGHU�D�FURS�DW�GLVWULFW�OHYHO��
GLIIHUHQW�DSSURDFKHV�KDYH�EHHQ�IROORZHG��,Q�DJULFXOWXUDO�VXUYH\V�WKH�SDUDPHWHUV�RI�LQWHUHVW�DUH�
RIWHQ� JHRJUDSKLFDO� LQ� QDWXUH� L�H�� WKH\� FDUU\� WKH� HIIHFW� RI� ORFDWLRQ� WR� ZKLFK� WKH\� EHORQJ�� 7KLV�
LPSOLHV�WKDW�WKH�GDWD�LV�VSDWLDO�LQ�QDWXUH�EXW�LW�LV�VDPSOHG�XVLQJ�WKH�WUDGLWLRQDO�VDPSOLQJ�GHVLJQV�
OLNH� VLPSOH� UDQGRP� VDPSOLQJ�� VWUDWLILHG� VDPSOLQJ� DQG� V\VWHPDWLF� VDPSOLQJ� ZKLFK� GR� QRW� JLYH�
UHOLDEOH�DQG�FRQVLVWHQW�HVWLPDWHV�LQ�FDVH�RI�VSDWLDO�GDWD��7KXV��IRU�VSDWLDO�GDWD�WKHUH�LV�QHHG�IRU�
GHYHORSLQJ� VSDWLDO� VDPSOLQJ� GHVLJQV�� ZKLFK� WDNH� FDUH� RI� WKH� GHSHQGHQF\� LQ� WKH� GDWD�� ,Q� WKLV�
VWXG\� DQ� DWWHPSW� KDV� EHHQ� PDGH� WR� LPSURYH� WKH� FRQYHQWLRQDO� VXUYH\� PHWKRGRORJ\� IRU�
DJULFXOWXUDO�VXUYH\V�E\�XVLQJ�WKH�QHZHU�WHFKQRORJLHV�RI�5HPRWH�VHQVLQJ�DQG�*,6��

�
6SDWLDO�VDPSOLQJ�LV�D�SDUWLFXODUO\�GLIILFXOW�SUREOHP�WR�GHDO�ZLWK��VLQFH�VSDWLDO�XQLWV�DUH�QRW�

LQGHSHQGHQW�REVHUYDWLRQV��6SDWLDO�VDPSOLQJ�UHTXLUHV�WKH�UHVHDUFKHU�WR�UHFRJQL]H�WKH�GHJUHH�RI�
GHSHQGHQFH� LQ� WKH� VSDWLDO� GDWD�� 7KH�SURSRVHG� VSDWLDO� VDPSOLQJ� WHFKQLTXHV�DUH� EDVHG�RQ� WKH�
IDFW� WKDW� WKH� QHLJKERXULQJ� XQLWV� WHQG� WR� EH� KRPRJHQHRXV� ZKHQ� WKH� SDUDPHWHU� RI� LQWHUHVW� LV�
JHRJUDSKLFDO� LQ�QDWXUH��2QFH�D�SDUWLFXODU�XQLW� LV� LQFOXGHG� LQ� WKH�VDPSOH�� WKH�QHLJKERULQJ�XQLWV�
DUH� QRW� OLNHO\� WR� SURYLGH� PXFK� DGGLWLRQDO� LQIRUPDWLRQ� RI� WKH� WDUJHW� SRSXODWLRQ�� 7KH� SURSRVHG�
VDPSOLQJ�WHFKQLTXHV�WDNH�FDUH�RI�WKH�ORFDWLRQ�HIIHFW��ZKLFK�LV�WKH�PRVW�LPSRUWDQW�SURSHUW\�RI�WKH�
VSDWLDO�GDWD��$OO�XQLWV��ZKLFK�DUH�FRQWLJXRXV�L�H��WKH�XQLWV�WKDW�WRXFK�WKH�ERXQGDU\�RI�D�SDUWLFXODU�
XQLW�DUH�UHJDUGHG�DV�LWV�QHLJKERXUV��7KH�VSDWLDO�FRUUHODWLRQ�IRU�DQ�DX[LOLDU\�FKDUDFWHU�LV�XVHG�WR�
JLYH�KLJKHU�SUREDELOLW\�RI�VHOHFWLRQ�WR�GLVWDQW�XQLWV�DV�FRPSDUHG�WR�QHLJKERXULQJ�XQLWV��7KH�EDVLF�
SULQFLSOH�RI�VDPSOH�VHOHFWLRQ�LQ�FDVH�RI�VSDWLDO�VDPSOLQJ�LV�WKDW�WKH�SUREDELOLW\�RI�VHOHFWLRQ�RI�DQ\�
XQLW� LQFUHDVHV�DV� WKH�GLVWDQFH� IURP�WKH�XQLWV� �DUHD��DOUHDG\�VHOHFWHG� LQ� WKH�VDPSOH� LQFUHDVHV��
6XLWDEOH� XQELDVHG� HVWLPDWRUV�� ZKLFK� WDNH� LQWR� DFFRXQW� WKH� RUGHU� RI� WKH� GUDZ�� KDYH� EHHQ�
VXJJHVWHG��2Q�WKH�EDVLV�RI�WKH�PHWKRG�RI�VDPSOH�VHOHFWLRQ�DQG�HVWLPDWLRQ�IRXU�VSDWLDO�VDPSOLQJ�
PHWKRGV� KDYH� EHHQ� VXJJHVWHG�� 7KHVH� DUH� �L�� &RQWLJXRXV� 8QLW� %DVHG� 6SDWLDO� 6DPSOLQJ�
�&8%66�� 7HFKQLTXH� �LL�� 6WUDWLILHG� &RQWLJXRXV� 8QLW� %DVHG� 6SDWLDO� 6DPSOLQJ� 7HFKQLTXH� �LLL��
0RGLILHG�&RQWLJXRXV�8QLW�%DVHG�6SDWLDO�6DPSOLQJ�7HFKQLTXH��LY��6WUDWLILHG�0RGLILHG�&RQWLJXRXV�
8QLW�%DVHG�6SDWLDO�6DPSOLQJ�7HFKQLTXH��7KH�VWXG\�KDV�EHHQ�FRQGXFWHG� IRU�5RKWDN�GLVWULFW�RI�
+DU\DQD� VWDWH� DW� YLOODJH� OHYHO�� 7KH� YLOODJHV� DUH� FRQVLGHUHG� DV� WKH� UHJXODU� ODWWLFH� FDVH� L�H��
DVVXPLQJ�WKDW�WKH�SRSXODWLRQ�FRQVLVWV�RI�UHJXODU�XQLWV��$�VLPXODWLRQ�VWXG\�LV�FRQGXFWHG�WR�VWXG\�
WKH�SHUIRUPDQFH�RI� WKH�SURSRVHG�HVWLPDWRUV�DV�FRPSDUHG� WR� WKH�H[LVWLQJ�RQHV�JHQHUDOO\�XVHG�
IRU� VDPSOLQJ� VSDWLDO� GDWD��)RU� WKH� VLPXODWLRQ� VWXG\�� WKH� LUULJDWHG�DUHD�RI� WKH�GLVWULFW� KDV�EHHQ�
WDNHQ�DV� WKH�VWXG\�FKDUDFWHU�DQG� WKH�FXOWLYDWHG�DUHD�DV� WKH�DX[LOLDU\�FKDUDFWHU��7KH�UHVXOWV�RI�
WKH� VWXG\� UHYHDO� WKDW� WKH� SURSRVHG� VDPSOLQJ� WHFKQLTXHV� SURYLGH� PRUH� HIILFLHQW�� VWDEOH� DQG�
UHOLDEOH�HVWLPDWHV�DV�FRPSDUHG�WR�WKH�YDULRXV�H[LVWLQJ�VSDWLDO�VDPSOLQJ�WHFKQLTXHV��

�
7KH�VSDWLDO�GDWD�DUH�QRW�RQO\�GHSHQGHQW� LQ�QDWXUH�EXW� LV�KLJKO\� LUUHJXODU�DV� LQ� FDVH�RI�

LUUHJXODU�ODWWLFH�WKH�VKDSH�DQG�VL]H�RI�WKH�XQLWV�YDU\�WR�D�JUHDW�H[WHQW��7KLV�DGGLWLRQDO�SUREOHP�RI�
LUUHJXODULW\�DORQJ�ZLWK�GHSHQGHQF\�RI�WKH�GDWD�KDV�DOVR�EHHQ�VWXGLHG��7R�FRQVLGHU�WKLV�SUREOHP�
WKH� XVH� RI� GLVWDQFH�EDVHG� QHLJKERXU� KDV� EHHQ� VXJJHVWHG�� %DVHG� RQ� WKHVH� QHLJKERXUV� WKH�
PRGLILHG� IRUPXOD� IRU� VSDWLDO� FRUUHODWLRQ� LV� REWDLQHG�� )RXU� VSDWLDO� VDPSOLQJ� WHFKQLTXHV� DUH�
SURSRVHG�IRU�LUUHJXODU�DUHD�XQLWV��7KHVH�DUH��L��'LVWDQFH�8QLW�%DVHG�6SDWLDO�6DPSOLQJ��'8%66��
7HFKQLTXH��LL��6WUDWLILHG�'LVWDQFH�8QLW�%DVHG�6SDWLDO�6DPSOLQJ�7HFKQLTXH��LLL��0RGLILHG�'LVWDQFH�



8QLW� %DVHG� 6SDWLDO� 6DPSOLQJ� 7HFKQLTXH� �LY�� 6WUDWLILHG� 0RGLILHG� 'LVWDQFH� 8QLW� %DVHG� 6SDWLDO�
6DPSOLQJ�7HFKQLTXH��7KH�HIILFLHQF\�RI�WKHVH�HVWLPDWRUV�DUH�FRPSDUHG�ZLWK�WKH�RQH�REWDLQHG�IRU�
UHJXODU�ODWWLFH�FDVH��7KH�UHVXOWV�VKRZ�WKDW�WKH�VSDWLDO�VDPSOLQJ�WHFKQLTXHV�SURSRVHG�IRU�LUUHJXODU�
DUHD�SURYLGH�PRUH�HIILFLHQW�HVWLPDWRUV��
�

7KH�DGYHQW�RI�UHPRWH�VHQVLQJ�WHFKQRORJ\�DQG�LWV�SRWHQWLDO�LQ�WKH�ILHOG�RI�DJULFXOWXUH�KDV�
JLYHQ�QHZ�RSSRUWXQLWLHV� IRU� LPSURYLQJ�FURS�DFUHDJH�SURFHGXUHV��+RZHYHU�� LQ�QHLWKHU�RI� WKHVH�
DSSURDFKHV�VSDWLDO�LQIRUPDWLRQ�RI�WKH�FURS�GLVWULEXWLRQ�LV�WDNHQ�LQWR�FRQVLGHUDWLRQ�WKRXJK�VWXGLHV�
KDYH� VKRZQ� WKDW� WKHUH� H[LVW� VSDWLDO� GHSHQGHQFH� LQ� UHPRWHO\� VHQVHG� GDWD�� $� VXLWDEOH�
PHWKRGRORJ\� LV� GHYHORSHG� IRU� HVWLPDWLQJ� FURS� DUHD� E\� LQWHJUDWLQJ� UHPRWH� VHQVLQJ� DQG� *,6�
EDVHG�VSDWLDO�VDPSOLQJ�DSSURDFK��$Q�HPSLULFDO�VWXG\�WR�HVWLPDWH�WKH�DUHD�XQGHU�ZKHDW�FURS�IRU�
GLVWULFW�5RKWDN��+DU\DQD�IRU� WKH�\HDU���������XVLQJ�,56��%��/,66�,,�GDWD�KDV�EHHQ�FRQGXFWHG�
E\�XVLQJ�DYHUDJH�1'9,�RI�WKH�YLOODJH�DV�DQ�DX[LOLDU\�FKDUDFWHU��)XUWKHU��WKH�HVWLPDWHV�REWDLQHG�
IURP�WKLV�DSSURDFK�DUH�FRPSDUHG�ZLWK�WKRVH�REWDLQHG�IURP�XVXDO�UHPRWH�VHQVLQJ�PHWKRG��7KH�
UHVXOWV� RI� WKH� VWXG\� VKRZ� WKDW� LQFOXVLRQ� RI� UHPRWH� VHQVLQJ� SDUDPHWHU� LQ�*,6� DVVLVWHG� VSDWLDO�
VDPSOLQJ�WHFKQLTXHV�HQKDQFH�WKH�SHUIRUPDQFH�RI�WKH�HVWLPDWRUV��

�
7KXV��LQ�WKLV�VWXG\�VRPH�QHZ�DQG�PRUH�HIILFLHQW�VSDWLDO�VDPSOLQJ�WHFKQLTXHV�KDYH�EHHQ�

SURSRVHG�� 7KH� UHVXOWV� RI� WKH� VWXG\� SRLQW� RXW� WKDW� LQ� VSDWLDO� VXUYH\V�� D� FRQVLGHUDEOH� JDLQ� LQ�
HIILFLHQF\� RI� WKH� HVWLPDWRUV� FRXOG� EH� DFKLHYHG� E\� XVLQJ� D� *,6� DQG� UHPRWH� VHQVLQJ� DVVLVWHG�
VSDWLDO�VDPSOLQJ�VWUDWHJ\��ZKLFK�KHOSV�LQ�EHWWHU�DOORFDWLRQ�RI�UHVRXUFHV�OHDGLQJ�WR�KLJKHU�OHYHOV�
RI�DFFXUDF\�RI�WKH�HVWLPDWHV��
�

�*XLGH��'U��5DQGKLU�6LQJK���
�
��E���0�6F���$JULFXOWXUDO�6WDWLVWLFV��
�
��� -DZDLG�$VKUDI���'HVLJQV�IRU�WZR�1RQ�LQWHUDFWLQJ�6HWV�RI�7UHDWPHQWV�$SSOLHG�LQ�

6XFFHVVLRQ��
�

7KH� XVH� RI� VDPH� H[SHULPHQWDO� PDWHULDO� IRU� VHYHUDO� VXFFHVVLYH� H[SHULPHQWV� LV� TXLWH�
SUHYDOHQW� LQ� WKH� ILHOGV� OLNH� KRUWLFXOWXUH�� DQLPDO� VFLHQFHV� DQG� IRUHVWU\�� ZKHUH� VXEMHFW� XQGHU�
LQYHVWLJDWLRQ�LV�ORQJ�OLYHG��$W�HYHU\�VXFFHVVLRQ�RU�VWDJH�D�GLIIHUHQW�VHW�RI�WUHDWPHQWV�LV�DSSOLHG�
DQG�WKH�UHVSRQVH�LV�UHFRUGHG�RQO\�DW� WKH�HQG�DIWHU� WKH�ILQDO�DSSOLFDWLRQ�RI� WUHDWPHQWV��'HVLJQV�
ZLWK�Y��DQG�Y��WUHDWPHQWV�LQ�ILUVW�DQG�VHFRQG�VHWV�DSSOLHG�DW�ILUVW�DQG�VHFRQG�VWDJHV�UHVSHFWLYHO\�
KDYH� EHHQ� FRQVLGHUHG� ZLWK� WKH� DUUDQJHPHQW� RI� WKH� H[SHULPHQWDO� PDWHULDO� LQ� D� VWUXFWXUH� RI� E�
EORFNV�� ,W� LV� DVVXPHG� WKDW� WKH� WZR� VHWV� RI� WUHDWPHQWV� DUH� QRQ�LQWHUDFWLQJ�� 6RPH�PHWKRGV� RI�
FRQVWUXFWLRQ� RI� EORFN� GHVLJQV� IRU� GLIIHUHQW� FKDUDFWHUL]DWLRQV� KDYH� EHHQ� REWDLQHG� WKDW� DUH�
VWUXFWXUDOO\�FRPSOHWH��
�

'HVLJQ�SDWWHUQV�ZLWK�WKHVH�FKDUDFWHUL]DWLRQV�DGPLW�VLPSOH�DQG�VWUDLJKWIRUZDUG�DQDO\VLV��
7KH�PHWKRGV�KDYH�EHHQ�REWDLQHG�E\�GHYHORSLQJ�WKH�LQLWLDO�EORFN�FRQVLVWLQJ�RI�SDLU�RI�WUHDWPHQWV�
IURP�ERWK�WKH�VHWV��7KH�FKDUDFWHUL]DWLRQ�SURSHUWLHV�OLNH�YDULDQFH�EDODQFH�RI�WKHVH�GHVLJQV�KDYH�
EHHQ� VWXGLHG�� 7KH� PHWKRGV� DUH� DOVR� GHYHORSHG� EDVHG� RQ� WKH� VXSHULPSRVLWLRQ� SULQFLSOH�� $�
FDWDORJXH�RI�WKH�GHVLJQV�REWDLQHG�E\�WKHVH�PHWKRGV�IRU�WZR�QRQ�LQWHUDFWLQJ�VHWV�RI�WUHDWPHQWV�
KDV�EHHQ�SUHSDUHG��0HWKRG�RI�FRQVWUXFWLQJ�VWUXFWXUDOO\�LQFRPSOHWH�EORFN�GHVLJQV�IRU�WZR�VHWV�RI�
WUHDWPHQWV� DSSOLHG� LQ� VXFFHVVLRQ� KDV� EHHQ� GHYHORSHG� PDNLQJ� XVH� RI� FRPELQDWLRQ� RI� VRPH�
NQRZQ� GHVLJQV� OLNH� UDQGRPL]HG� EORFN� GHVLJQV�� %DODQFHG� LQFRPSOHWH� EORFN� GHVLJQV� HWF�� $�
FDWDORJXH�RI�WKH�GHVLJQV�REWDLQHG�JLYLQJ�OD\RXW�SODQV�RI�WKH�GHVLJQV�LV�DOVR�SUHSDUHG��
�

�*XLGH��'U��6HHPD�-DJJL��
�
���6�.�6DWSDWL���1HVWHG�%ORFN�'HVLJQV�DQG�WKHLU�$SSOLFDWLRQV�
�

$� QHVWHG� EORFN� GHVLJQ� LV� GHILQHG� DV� D� GHVLJQ� ZLWK� WZR� V\VWHPV� RI� EORFNV� ZKHUH� WKH�
VHFRQG� V\VWHP� �FDOOHG� VXE�� EORFNV�� LV� QHVWHG� ZLWKLQ� WKH� ILUVW� V\VWHP� �FDOOHG� EORFNV��� 7KHVH�
GHVLJQV�KDYH�EHHQ�GHYHORSHG�WR�WDNH�FDUH�RI�WKH�KHWHURJHQHLW\�LQ�WKH�H[SHULPHQWDO�XQLWV�RU�WKH�
H[SHULPHQWDO�FRQGLWLRQV�FDXVHG�E\�WZR�IDFWRUV��RQH�IDFWRU� LV�QHVWHG�ZLWKLQ� WKH�RWKHU� IDFWRU���$�
QHVWHG�EORFN�GHVLJQ�ZLWK�VXE�EORFN�VL]H���FDQ�DOVR�EH�XVHG� IRU�REWDLQLQJ�HIILFLHQW�GHVLJQV� IRU�
GLDOOHO�FURVVHV��.HHSLQJ�LQ�YLHZ�WKH�LPSRUWDQFH�RI�WKHVH�GHVLJQV�LQ�DJULFXOWXUDO�H[SHULPHQWDWLRQ��
WKH� FRPELQDWRULDO� DVSHFWV� RI� EORFN� GHVLJQV� KDYH� EHHQ� LQYHVWLJDWHG�� $Q� H[KDXVWLYH� UHYLHZ� RI�
PHWKRGV�RI�FRQVWUXFWLRQ�RI�QHVWHG�EDODQFHG�LQFRPSOHWH�EORFN��1%,%��GHVLJQV�KDV�EHHQ�PDGH��
6RPH�QHZ�PHWKRGV�RI�FRQVWUXFWLRQ�RI�1%,%�GHVLJQV�DQG�QHVWHG�EDODQFHG�EORFN��1%%��GHVLJQV�
KDYH� EHHQ� REWDLQHG�� 7KH� FDWDORJXH� RI� 1%,%� GHVLJQV�ZLWK� Y����U� �� ��� KDV� EHHQ� XSGDWHG� E\�
LQFOXGLQJ� WKH� 1%%� GHVLJQV�� 6RPH� QRQ�SURSHU� QHVWHG� YDULDQFH� EDODQFHG� EORFN� GHVLJQV� KDYH�



DOVR�EHHQ�REWDLQHG��1HZ�PHWKRGV�RI�FRQVWUXFWLRQ�RI�QHVWHG�SDUWLDOO\�EDODQFHG�LQFRPSOHWH�EORFN�
�13%,%��GHVLJQV�KDYH�EHHQ�GHYHORSHG�XVLQJ�1%,%�GHVLJQV��/DWLQ�VTXDUH�DVVRFLDWLRQ�VFKHPH�
DQG� UHFWDQJXODU�DVVRFLDWLRQ�VFKHPH��13%,%�GHVLJQV�ZLWK�Y����U�����REWDLQDEOH� IURP�H[LVWLQJ�
DQG�QHZ�PHWKRGV�RI�FRQVWUXFWLRQ�KDYH�EHHQ�FDWDORJXHG��6RPH�QHVWHG�EORFN�GHVLJQV�WKDW�DUH�
YDULDQFH�EDODQFHG�ZLWK�UHVSHFW�WR�EORFN�FODVVLILFDWLRQ�DQG�SDUWLDOO\�EDODQFHG�ZLWK�UHVSHFW�WR�VXE��
EORFN� FODVVLILFDWLRQ� KDYH� DOVR� EHHQ� REWDLQHG�� 7KH� FRQFHSW� RI� QHVWHG� EDODQFHG� WUHDWPHQW�
LQFRPSOHWH�EORFN��1%7,%��GHVLJQV�KDV�EHHQ�LQWURGXFHG�WR�GHDO�ZLWK�WKH�H[SHULPHQWDO�VLWXDWLRQV�
ZKHUH� WKH� H[SHULPHQWHU� LV� LQWHUHVWHG� LQ� FRPSDULQJ� VHYHUDO� WHVW� WUHDWPHQWV� ZLWK� D� FRQWURO�
WUHDWPHQW�� 6HYHUDO� PHWKRGV� RI� FRQVWUXFWLRQ� RI� 1%7,%� GHVLJQV� KDYH� EHHQ� REWDLQHG�� 1%7,%�
GHVLJQV�ZLWK�Y����U�����REWDLQDEOH�IURP�WKHVH�PHWKRGV�RI�FRQVWUXFWLRQ�KDYH�EHHQ�FDWDORJXHG��
�

�*XLGH��'U��5DMHQGHU�3DUVDG��
�
��F���0�6F��&RPSXWHU�$SSOLFDWLRQ��
�
���*�9�9�6K\DPOD�-\RWL���$XWRPDWLRQ�RI�&LUFXODWLRQ�&RQWURO�6\VWHP�LQ�WKH�/LEUDU\�
�

7KH�OLEUDU\�VHUYHV�DV�D�FHQWUH�IRU�DURXVLQJ�DQG�VLPXODWLQJ�LQWHOOHFWXDO�FXULRVLW\�DQG�WKXV�
VDWLDWLQJ�WKH�GHVLUH� WR� OHDUQ�E\�RIIHULQJ�UHDGLQJ�PDWHULDOV�DQG�ELEOLRJUDSKLF�VHDUFKHV�WR�VDWLVI\�
WKH�TXHVW� IRU� NQRZOHGJH��&LUFXODWLRQ�&RQWURO� FRQFHUQV� WKH� UHFRUG�NHHSLQJ�RI�ERRNV�DQG�RWKHU�
OLWHUDWXUH� LVVXHG� WR� XVHUV� DQG� ZKDW� KDV� EHHQ� UHWXUQHG� E\� WKHP�� ,W� DOVR� KHOSV� LQ� FKHFNLQJ�
SLOIHUDJH� DQG� ORVVHV� DQG� LQ� SURPSWO\� ORFDWLQJ� ZKLFK� RI� WKH� GRFXPHQWV� VWDQG� ZLWK� ZKRP� DQG�
ZKHQ�LW�LV�GXH��7R�PDQDJH�VXFK�LQIRUPDWLRQ�PDQXDOO\�LV�QRW�RQO\�WLULQJ�DQG�WLPH�FRQVXPLQJ��EXW�
GLIILFXOW� WR�PDQDJH� FRUUHFWO\�� 7KXV� WKH� FLUFXODWLRQ� VHFWLRQ� RI� D� /LEUDU\� LV� YHU\� LPSRUWDQW� DV� LW�
FRQWUROV�DQG�UHJXODWHV�WKH�HQWULHV�DQG�H[LWV�WR�WKH�OLEUDU\��.HHSLQJ�WKH�VRXO�DVSHFW�RI�&LUFXODWLRQ�
&RQWURO� RI� D� /LEUDU\� LQ� PLQG�� &,5&26<6� �&LUFXODWLRQ� &RQWURO� 6\VWHP�� LV� GHYHORSHG� DV� WKH�
,QWUDQHW�VROXWLRQ�IRU�WKH�VPRRWK�UXQQLQJ�RI�&LUFXODWLRQ�DFWLYLWLHV�RI�D�/LEUDU\��&,5&26<6�EULQJV�
WKH�&LUFXODWLRQ�&RQWURO�6\VWHP�RQ�WKH�ZHE�DQG�RYHUFRPHV�WKH�OLPLWDWLRQV�RI�WKH�PDQXDO�V\VWHP��
7KDW� LV�� LW� KHOSV� PDQDJH� FLUFXODWLRQ� RI� PDWHULDOV� PRUH� UDSLGO\�� PRUH� DFFXUDWHO\� DQG� OHVV�
H[SHQVLYHO\��&,5&26<6�NHHSV�D�UHFRUG�RI�DOO� WKH�ERRNV�DYDLODEOH� LQ�WKH�/LEUDU\�DQG�WR�ZKRP�
WKH\� DUH� LVVXHG� FXUUHQWO\�� :KHQ� DQ� LWHP� LV� RYHUGXH� LW� VHQGV� UHPLQGHUV� WKURXJK� H�PDLO�
DXWRPDWLFDOO\��%HVLGHV�WKLV��LW�DOVR�FROOHFWV�VRPH�XVHIXO�VWDWLVWLFV�DERXW�WKH�V\VWHP��&,5&26<6�
LV�GHYHORSHG�XVLQJ�-DYD�6HUYHU�3DJHV� �VHUYHU�VLGH�SURJUDPPLQJ��DQG�-'%&��-DYD�'DWDEDVH�
&RQQHFWLYLW\���ZKLFK�PDNHV�LW�SODWIRUP�LQGHSHQGHQW��7KH�FOLHQW�VLGH�SURJUDPPLQJ�LV�GRQH�XVLQJ�
+70/� DQG� -DYD� 6FULSW�� ,W� LV� GLYLGHG� LQWR� WKUHH� VHSDUDWH� PRGXOHV� IRU� (QG� 8VHU�� &LUFXODWLRQ�
$VVLVWDQW�DQG�$GPLQLVWUDWRU��'HSHQGLQJ�RQ�WKH�XVHU�W\SH�WKH\�ZLOO�KDYH�SUH�DVVLJQHG�SULYLOHJHV��
�

�*XLGH��'U�6�'�6KDUPD��
�
��� 1JX\HQ� 7KH� &XRQJ� �� ,QIRUPDWLRQ� 6\VWHP� RQ� $JURQRPLF� 3UDFWLFHV� IRU� :HW�

6HHGHG�5LFH�LQ�&DQWKR��9LHWQDP�
�

7KH� G\QDPLF� RI� DJULFXOWXUDO� V\VWHPV� LQFOXGH� FRPSOH[� ELRORJLFDO�� VRFLDO� DQG� HFRQRPLF�
SURFHVVHV�� )XWXUH� SRVVLELOLWLHV� DUH� DIIHFWHG� E\� PDQ\� GLIIHUHQW� IDFWRUV� WKDW� LQIOXHQFH� WKHLU�
ELRORJLFDO�DQG�HFRQRPLF�HIILFLHQF\��6XFFHVVIXO�PDQDJHPHQW�RI�WKHVH�V\VWHPV�FDQ�EH�IDFLOLWDWHG�
E\�D�SURSHU�WRRO�WR�VXSSRUW�UDWLRQDO�GHFLVLRQV��6XFK�D�WRRO�VKRXOG�IROORZ�WKH�ORJLF�RI�WKH�GHFLVLRQ�
PDNLQJ�SURFHVV��DQG�LQFOXGH�WKH�FDSDFLW\�WR�VXSSRUW�PDQDJHPHQW�DFWLYLWLHV���

�
7KH� SXUSRVH� RI� SUHVHQW� VWXG\� ZDV� WR� GHYHORS� D� ZHE�EDVHG� ³,QIRUPDWLRQ� V\VWHP� RQ�

DJURQRPLF� SUDFWLFHV� IRU� ZHW�� VHHGHG� ULFH� LQ� &DQWKR� SURYLQFH� ±� 9LHWQDP´� �,6$3:(5��� ZKLFK�
ZRXOG� KHOS� WKH� XVHUV� WR� EH� PRUH� LQIRUPHG� DERXW� GHFLVLRQV� UHODWHG� WR� ULFH� SURGXFWLRQ� LQ� WKH�
UHJLRQ��7KH�,6$3:(5�FRQWDLQV�WKH�LQIRUPDWLRQ�RI�DJURQRPLF�SUDFWLFH�RQ�ZHW��VHHGHG�ULFH�LQ�WKH�
IRUP�RI�WH[W�DQG�SLFWXUHV�RQ�DJURQRPLF�DVSHFWV�IURP�WKH�ODQG�SUHSDUDWLRQ�XS�WR�SRVW�SURGXFWLRQ�
DFWLYLWLHV���

�
7KH� ,6$3:(5� LV� GHYHORSHG� XVLQJ� WKH� FRQFHSWV� RI� ZHE�EDVHG� FOLHQW�VHUYHU� �UG� WLHU�

PRGHO�� 7KH� XVHU� LQWHUIDFH� OD\HU� LV� FRQVWUXFWHG� XVLQJ� +70/� DQG� -DYD6FULSW�� 7KH� DSSOLFDWLRQ�
OD\HU�LV�LPSOHPHQWHG�LQ�-DYD�6HUYHU�3DJHV�DQG�-'%&��7KH�GDWDEDVH�OD\HU�LV�EXLOW� LQ�0LFURVRIW�
$FFHVV�������7KH�,6$3:(5�FDQ�UXQ�DW�DQ\�FRPSXWHU�WKDW�FRQQHFWV�WR�WKH�,QWHUQHW�WKURXJK�WKH�
-DYD�HQDEOHG�EURZVHU���

�
7KH� ,6$3:(5��ZLWK� D� XVHU�IULHQGO\� LQWHUIDFH�� DOORZV� DQ\� XVHU�ZKR� KDV� DFFHVV� WR� WKH�

,QWHUQHW� WR� TXLFNO\� JHW� WKH� GHVLUHG� LQIRUPDWLRQ�� ,W� FDQ� EH� LPSOHPHQWHG� DV� D� ZHE� DSSOLFDWLRQ��
ZKLFK� DOORZV� VLPXOWDQHRXV� DFFHVV� WR�PDQ\� XVHUV�� 7KHUH� LV� D� SURYLVLRQ� WR� LQVHUW�� GHOHWH� DQG�
XSGDWH� WKH� LQIRUPDWLRQ�DW� WKH�UHPRWH�FRPSXWHU��7KH�,6$3:(5�ZDV�GHYHORSHG� LQ�UHVSRQVH�WR�



WKH�UHFRJQLWLRQ�WKDW�PDQ\�IDUPHUV�GR�QRW�KDYH�DFFHVV�WR� LQIRUPDWLRQ�RQ�KRZ�WR�JURZ�WKH�ULFH��
,QIRUPDWLRQ�WHFKQRORJ\�RIIHUV�QHZ�ZD\V�WR�SUHVHQW�LQIRUPDWLRQ�WR�WKHVH�IDUPHUV�WKURXJK�SUHVHQW�
SDFNDJH�
�

�*XLGH�'U�,�&�6HWKL��
�
��� 3UHHWL� 7DQZDU� �� :HE�EDVHG� LQIRUPDWLRQ� V\VWHP� RQ� LQIUDVWUXFWXUDO� IDFLOLWLHV�

DYDLODEOH�LQ�1$56��
�
$Q�LQIRUPDWLRQ�V\VWHP�UHODWHG�WR�YDULRXV�,QIUDVWUXFWXUDO�IDFLOLWLHV�DYDLODEOH�LQ�1$56�KDV�

EHHQ� GHYHORSHG�� 9DULRXV� *HQHUDO� DQG� 6SHFLILF� 5HSRUWV� DUH� JHQHUDWHG� ZLWK� WKH� FRPSOHWH�
GHVFULSWLRQ� RI� IDFLOLWLHV�� 5HSRUWV� LQ� WKH� VRIWZDUH� HPSKDVL]H� OLVW� RI� /DEV�� 'LYLVLRQV�� 9HWHULQDU\�
+RVSLWDOV�� /LEUDU\�� /HFWXUH� 5RRPV�� +RVWHOV�� &HQWUDO� ,QVWUXPHQW� /DEV�� 9HKLFOHV� HWF� LQ� YDULRXV�
,QVWLWXWHV�DQG�6RPH�5HSRUWV�DUH�JHQHUDWHG�DFFRUGLQJ�WR�WKH�XVHU�RSWLRQV�OLNH�YDULRXV�GLYLVLRQV�
LQ�VHOHFWHG�,QVWLWXWH��)DFLOLW\�GHVFULSWLRQ�DIWHU�VHOHFWLQJ�GLYLVLRQ�HYHQ�LI�,QVWLWXWH�LV�QRW�NQRZQ��OLVW�
RI�DOO� ,QVWLWXWHV�DIWHU�VHOHFWLRQ�RI� W\SH�RI� IDFLOLW\��'HVFULSWLRQ�DOO�H[LVWLQJ� ,QIUDVWUXFWXUDO� IDFLOLWLHV�
DIWHU� VHOHFWLRQ� RI� ,QVWLWXWH��'DWDEDVH� FDQ� DFFRPPRGDWH� DQ\� NLQG� RI� IDFLOLW\�� LUUHVSHFWLYH� RI� LWV�
W\SH�� +HOS� LV� DOVR� SURYLGHG� LQ� WKH� VRIWZDUH� VR� WKDW� WKH� HQG� XVHU� ZLOO� KDYH� QR� SUREOHPV� LQ�
QDYLJDWLQJ�WKH�V\VWHP��%HLQJ�ZHE�EDVHG�� LW� LV�PDGH�SODWIRUP�DV�ZHOO�DV�VHUYHU� LQGHSHQGHQW��,W�
FRXOG�DFW�DV�FRPSUHKHQVLYH�,QIRUPDWLRQ�GLUHFWRU\�IRU�WKH�HQG�XVHUV�	�DOVR�IRU�WKH�$GPLQLVWUDWRUV�
LQ�PDQDJLQJ�KXJH�GDWDEDVHV�RI�,QIUDVWUXFWXUDO�IDFLOLWLHV�DYDLODEOH�LQ�1$56��
�

�*XLGH�'U�5�&�*R\DO��
�
��� 5DWDQ�-\RWL���'HYHORSPHQW�RI�,QIRUPDWLRQ�6\VWHP�IRU�WKH�1DWLRQDO�3XVD�,QVHFW�

&ROOHFWLRQ�
�

7KH�1DWLRQDO� 3XVD� ,QVHFW�&ROOHFWLRQ� �13,&�� LV� RQH� RI� WKH� ELJJHVW� LQVHFW� FROOHFWLRQV� LQ�
$VLD��7KLV� LQVHFW�VWRUH�KRXVH�FRPSULVHV�RI�D�VSDFH�RI�PRUH� WKDQ������VT�� IW��DUHD�� �����GXVW�
SURRI� LQVHFW� FDELQHWV� DQG� ���� LQVHFW� DOPLUDKV� DQG� � KDV� D� FROOHFWLRQ� RI� PRUH� WKDQ� �� ODNKV�
VSHFLPHQV� FRPSULVLQJ� RI� DURXQG� ������ LGHQWLILHG� VSHFLHV�� VRPH� RI� ZKLFK� DUH� PRUH� WKDQ� D�
KXQGUHG� \HDUV� ROG�� 1HZ� VSHFLPHQV� DUH� EHLQJ� DGGHG� UHJXODUO\�� &ROOHFWLRQV� DUH� LPSRUWDQW� QRW�
RQO\�IRU�UHVHDUFK��ELR�GLYHUVLW\�VWXGLHV�DQG�YDULDWLRQ�EXW�DOVR�VHUYH�DV�UHIHUHQFH�PDWHULDO�IRU�WKH�
VSHFLHV��$�V\VWHPDWLF�FROOHFWLRQ�DOZD\V�SURYLGHV�PDQ\�ZD\V�RI�GLDJQRVLV�ZKLFK�RSHQV�WKH�ZD\�
WR� QHZ� FODVVLILFDWLRQ�� 6HDUFKLQJ� IURP� WKLV� ODUJH� GDWDEDVH� LV� WLPH� FRQVXPLQJ� DQG� WHGLRXV� MRE�
RIWHQ�UHVXOWLQJ�GDPDJH�WR�WKH�VWRUHG�VSHFLPHQV��7KH�IUHTXHQW�UHSHDWHG�KDQGOLQJ�RI�WKHVH�IUDJLOH�
DQG�QHDUO\�H[WLQFW�VSHFLPHQV�UHTXLUHV�FRPSXWHUL]DWLRQ�RI�13,&��

�
7KH� SUHVHQW� LQYHVWLJDWLRQ� ZDV� FDUULHG� RXW� ZLWK� WKH� LGHD� RI� GHYHORSLQJ� ZHE� EDVHG�

,QIRUPDWLRQ�6\VWHP�IRU�1DWLRQDO�3XVD�,QVHFW�&ROOHFWLRQ��,613,&��� ,613,&�SURYLGHV� LQIRUPDWLRQ�
RQ�YDULRXV�DVSHFWV�RI�LQVHFWV��7KH�LQIRUPDWLRQ�LV�SURYLGHG�LQ�WKH�IRUP�RI�WH[W�DV�ZHOO�DV�SLFWXUHV��
,613,&� LV� D� EHVW� SRVVLEOH� DSSURDFK� IRU� ,QVHFW� LGHQWLILFDWLRQ� 6HUYLFH�� $� SHUVRQ� ZLWK� OLWWOH�
FRPSXWHU�NQRZOHGJH�FDQ�RSHUDWH�DQG�JHW�GHVLUHG� LQIRUPDWLRQ�� ,W�DOVR�SURYLGHV� LQIRUPDWLRQ�RQ�
,QVHFWV��13,&�DQG�,QGLDQ�$JULFXOWXUDO�5HVHDUFK�,QVWLWXWH��

�
,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�������,613,&�FDQ�
EH� LPSOHPHQWHG� DV� D� QHWZRUN�EDVHG� V\VWHP� ZLWK� D� VHUYHU� DW� 13,&� VR� WKDW� LQIRUPDWLRQ� LV�
DYDLODEOH�RQ��OLQH��,613,&�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�13,&�� ,W� LV�SRVVLEOH� WR�JHW�HQODUJHG�YLHZ�RI� WKH� LPDJH�RI� LQVHFW�VSHFLPHQ� LQ� WKH�13,&� IRU�
PDNLQJ� FRPSDULVRQ�ZLWK� WKH� VSHFLPHQ�DYDLODEOH�ZLWK� WKH�XVHU�� ,W� KDV�RQ�OLQH�KHOS� WR� IDFLOLWDWH�
VPRRWK�QDYLJDWLRQ��)DFLOLW\�KDV�EHHQ�SURYLGHG� IRU� LQWHUDFWLRQ�ZLWK� WKH�6\VWHP�$GPLQLVWUDWRU�RI�
13,&�WKURXJK�HPDLO��/LQNV�DUH�DOVR�SURYLGHG�IRU�LQIRUPDWLRQ�RQ�LQVHFWV�WKDW�LV�FXUUHQWO\�DYDLODEOH�
RQ�,QWHUQHW��
�
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�
��� 5XE\� 6XVDQD� .XMXU� �� 'HYHORSPHQW� RI� 6RIWZDUH� IRU� $JULFXOWXUDO� 'LVFXVVLRQ�

)RUXP�
�

7KH�UHFHQW�DGYDQFHV�LQ�FRPSXWHU�DQG�FRPPXQLFDWLRQ�WHFKQRORJ\�KDYH�PDGH�FRPSXWHU�
KDUGZDUH�DQG�VRIWZDUH�PRUH�DIIRUGDEOH�DQG�XVHU�IULHQGO\�DQG�KDYH�UHVXOWHG�LQ�IDVWHU�PRYHPHQW�



RI� LQIRUPDWLRQ� DQG� LWV� XWLOL]DWLRQ�� ,QIRUPDWLRQ� V\VWHPV� DUH� DVVXPLQJ� DQ� HYHU�� LQFUHDVLQJ�
LPSRUWDQFH�LQ�WKH�DJULFXOWXUDO�GHYHORSPHQW�DQG�FRPSXWHU�EDVHG�LQIRUPDWLRQ�V\VWHPV�GDWDEDVHV�
DQG�FRPSXWHU�FRPPXQLFDWLRQ�QHWZRUNV�DUH�WRGD\�DQG�LQ�WKH�IRUHVHHDEOH�IXWXUH��D�SUH��UHTXLVLWH�
IRU� WDNLQJ�FRKHUHQW�DQG�EDODQFHG�GHFLVLRQV��$JULFXOWXUDO�'LVFXVVLRQ�)RUXP� �$')�� LV�RQH�VXFK�
VWHS� LQ� WKLV� GLUHFWLRQ��'LVFXVVLRQ�)RUXP� LV� DQ� LQIRUPDO� IRUXP�ZKHUH� SHRSOH� GLVFXVV� LVVXHV�RI�
WKHLU�LQWHUHVW�ZLWK�QR�IL[HG�DJHQGD�H[FHSW�WU\LQJ�WR�SURYLGH�VROXWLRQV�IRU�VRPH�VSHFLILF�SUREOHPV��
.HHSLQJ� LQ� YLHZ� WKH� UHTXLUHPHQWV� RI� WKH� XVHUV�� WKH� $JULFXOWXUDO� 'LVFXVVLRQ� )RUXP� KDV� EHHQ�
GHYHORSHG�DQG� LV�D� IHDVLEOH� ,QWHUQHW�VROXWLRQ�� ,W�KDV�SURYLVLRQ�IRU�UHOLDEOH�GDWD�DQG� LQIRUPDWLRQ�
DQG�DOVR�IRU�IXWXUH�UHVHDUFK��
�
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�
��� 9LNDV�.XPDU���'HYHORSPHQW�RI�6HDUFK�(QJLQH�IRU�$JULFXOWXUH�&RPPXQLW\�
�

7KH� SUHVHQW� HUD� KDV� VHHQ� DQ� H[SRQHQWLDO� JURZWK� DQG� GLYHUVLILFDWLRQ� RI� DOO� IRUPV� RI�
LQIRUPDWLRQ��ZKLFK�LV�VRPHWLPHV�FDOOHG�DV�LQIRUPDWLRQ�H[SORVLRQ��7KLV�KDV�EHHQ�PDGH�SRVVLEOH�
GXH� WR� WKH� LPSDFW�RI�FRPSXWHU� WHFKQRORJ\�RQ� WKH�SUHVHQW�VRFLHW\��7RGD\� WKH�:RUG�:LGH�:HE�
JURZV�E\�URXJKO\�D�PLOOLRQ�HOHFWURQLF�SDJHV��DGGLQJ�WR�WKH�KXQGUHGV�RI�PLOOLRQV�DOUHDG\�RQ�OLQH��
7KLV� YROXPH� RI� LQIRUPDWLRQ� LV� ORRVHO\� KHOG� WRJHWKHU� E\� PRUH� WKDQ� D� ELOOLRQ� DQQRWDWHG�
FRQQHFWLRQV��FDOOHG�OLQNV��)RU�WKH�ILUVW�WLPH�LQ�WKH�KLVWRU\��PLOOLRQV�RI�XVHUV�KDYH�YLUWXDOO\�LQVWDQW�
DFFHVV�IURP�WKHLU�KRPH�DQG�RIILFHV�WR�FUHDWLYH�RXWSXW�RI�D�VLJQLILFDQW�DQG�JURZLQJ�IUDFWLRQ�RI�WKH�
ZRUOG¶V�SRSXODWLRQ��$Q\�XVHU�FRQQHFWLQJ�WR�D�ZHE�VLWH�ZLOO�MXVW�JHW�DQ�HOHFWURQLF�FRS\�RI�WKH�SDUW�
RI� WKH�GRFXPHQW�RQH� LV� LQWHUHVWHG� LQ��6LPXOWDQHRXVO\�DQ\�QXPEHU�RI�RWKHU�XVHUV�FDQ�DOVR�JHW�
WKLV� GRFXPHQW�� 7KLV� GHILQLWHO\� LV� D�PDMRU� ODQGPDUN� LQ� WKH� HYROXWLRQ� RI� WKH�PDQQHU� RI� VKDULQJ�
NQRZOHGJH��
�

'XH� WR� WKH� ZHE¶V� UDSLG� JURZWK�� WKH� UHVXOWLQJ� QHWZRUN� RI� WKH� LQIRUPDWLRQ� ODFNV�
RUJDQL]DWLRQ� DQG� VWUXFWXUH�� ,Q� IDFW�� WKH� :HE� KDV� LQYROYHG� LQWR� D� JOREDO� PHVV� RI� SUHYLRXVO\�
XQLPDJLQHG� SURSRUWLRQV�� ,QGLYLGXDOV� ZLWK� DQ\� EDFNJURXQG�� HGXFDWLRQ�� FXOWXUH�� LQWHUHVW� DQG�
PRWLYDWLRQ� FDQ�ZULWH�ZHE� SDJHV� LQ� DQ\� ODQJXDJH�� GLDOHFW� RU� VW\OH�� (DFK� SDJH�PD\� UDQJH�����
IURP�D�IHZ�FKDUDFWHUV�WR�D�IHZ�KXQGUHG�WKRXVDQG�SDJHV��7KH�H[WUDFWLRQ�RI�UHOHYDQW�LQIRUPDWLRQ�
LQ� UHVSRQVH� WR�D�VSHFLILF�QHHG� IURP� WKLV�GLJLWDO�PDVV�KDV�EHFRPH�D�FKDOOHQJH��7KH�PDLQ� WRRO�
WKDW�KDV�HPHUJHG�IRU�JHWWLQJ�DW�WKH�LQIRUPDWLRQ�LQ�WKLV�HQYLURQPHQW�LV�WKH�6HDUFK�(QJLQH��
�

$� QXPEHU� RI� 6HDUFK� (QJLQH� VRIWZDUH� KDYH� EHHQ� GHYHORSHG� EXW� PRVW� RI� VHDUFKLQJ�
VRIWZDUH�DUH�FRGHG�DV�D�OHJDF\�FRGH�RI�µF¶�RU�LQ�µF��¶��ZKLFK�PDNH�WKHP�SODWIRUP�GHSHQGHQW�DQG�
GLIILFXOW�WR�LQFRUSRUDWH�ZLWK�ZHE�VHUYHU��EHFDXVH�LW�UHTXLUH�VSHFLDO�FRQILJXUDWLRQ�RI�VHUYHU��

�
7KH�DJULFXOWXUH�LV�D�VSHFLDOL]HG�ILHOG�DQG�LQIRUPDWLRQ�UHODWHG�WR�WKLV�LV�SUHVHQW�RQ�VSHFLILF�

VLWHV�� JHQHUDOO\� LQVWLWXWLRQDO� VLWH�� VWDWH� VSRQVRUHG� VLWHV� RU� DJULFXOWXUDO� LQGXVWU\� VLWHV�� )RU� WKH�
LQIRUPDWLRQ� UHTXLUHPHQW� RI� $JULFXOWXUH� UHODWHG� ILHOGV�� VHDUFKLQJ� RQ� WKHVH� VLWHV� ZLOO� EH� PRUH�
UHOHYDQW� WKDQ� VHDUFKLQJ�RQ�ZKROH� ,QWHUQHW�� ,Q�$JULFXOWXUH� VHFWRU� SDUWLFXODUO\� LQ� ,QGLD�QRW�PXFK�
HIIRUW� KDV� EHHQ� PDGH� WR� GHYHORS� DQG� GHSOR\� D� VHDUFK� HQJLQH�� ZKLFK� PD\� VHUYH� WKH� YDVW�
DJULFXOWXUH� FRPPXQLW\�� 0RVW� SHRSOH� ZLWK� :HE� VLWHV� DUH� FXVWRPHUV� RI� FRPPHUFLDO� ,QWHUQHW�
SURYLGHUV�DQG�WKH\�XVH�FRPPHUFLDO�VHDUFK�HQJLQHV��6R�WKHUH�LV�D�QHHG�WR�GHYHORS�D�ZHE�EDVHG�
DJULFXOWXUDO�VHDUFK�HQJLQH��
�

,Q�WKH�SUHVHQW�LQYHVWLJDWLRQ�HIIRUWV�KDV�EHHQ�PDGH�IRU�GHYHORSLQJ�VRIWZDUH�IRU�D�6HDUFK�
(QJLQH�XVLQJ�UREXVW�IXQFWLRQDOLW\�RI�-$9$��VLPSOH�DQG�HIILFLHQW�DOJRULWKP�RI�EHVW�VHDUFK�HQJLQH�
DQG� D� VHDUFK� HQJLQH� WKDW� LV� VXLWDEOH� IRU� VPDOO� VLWH� RU� IRU� LQWUDQHW�� $JUL.KRM� LV� GHYHORSHG� IRU�
,QWHUQHW�SXUSRVH��,W�KDV�D�WKUHH�OD\HUHG�DUFKLWHFWXUH��&OLHQW�6LGH�,QWHUIDFH�/D\HU�LV�LPSOHPHQWHG�
LQ� +70/�� -DYD6FULSW� DQG� &DVFDGLQJ� 6W\OH� 6KHHW� �&66��� 6HUYHU� 6LGH� $SSOLFDWLRQ� /D\HU� LV�
LPSOHPHQWHG� LQ� -DYD� 6HUYOHWV� 	� -'%&�� 'DWDEDVH� /D\HU� LV� LPSOHPHQWHG� LQ� 0LFURVRIW� $FFHVV�
������$JUL.KRM�FDQ�EH� LPSOHPHQWHG�DV�D�QHWZRUN�EDVHG�V\VWHP�ZLWK�D�VHUYHU��$�SHUVRQ�ZLWK�
OLWWOH�FRPSXWHU�NQRZOHGJH�FDQ�RSHUDWH�DQG�VHW�LW�WR�ZRUN��
�
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