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JHQRW\SH� E\� HQYLURQPHQW� GDWD�� 7UHDWLQJ� HQYLURQPHQW� HIIHFW� DV� UDQGRP�KDV� D� GHVLUDEOH� FRQVHTXHQFH� RI�
FRUUHFWLQJ�WKH�ELDV�FUHHSLQJ�LQ�GXH�WR�VHOHFWLRQ�RI�HQYLURQPHQWV��:KLOH�HYDOXDWLQJ�WKH�)DFWRULDO�5HJUHVVLRQ�
IRU� XQEDODQFHG� GDWD�� WKH� HVWLPDWHV� RI� VHQVLWLYLW\� FRUUHVSRQGLQJ� WR� D� VLQJOH� FRYDULDWH� REWDLQHG� IURP�
�6XEVWLWXWHG��PHWKRG�VXJJHVWHG�E\�(HXZLMN���������DV�DQ�DSSUR[LPDWH�PHWKRG�ZKHUH�UDQGRP�LQWHUDFWLRQ�
HIIHFW�IRU�D�PLVVLQJ�FHOO�LV�LPSXWHG�E\�]HUR��DUH�VKRZQ�WR�EH�ELDVHG�WRZDUGV�]HUR�DV�FRPSDUHG�WR�WKH�XVXDO�
,JQRUHG� PHWKRG� ZKHUH� LQWHUDFWLRQ� HIIHFWV� RI� PLVVLQJ� FHOOV� DUH� �LJQRUHG��� -RLQW� 5HJUHVVLRQ� ZLWK� )LWFRQ�
HVWLPDWHV�DQG�'LJE\
V�0RGLILHG�-RLQW�5HJUHVVLRQ�ZHUH�IRXQG�WR�EH�VLPLODU�ZKHQ�WKH�YDULHWLHV�GLG�QRW�GLIIHU�
LQ�WKHLU�VHQVLWLYLWLHV�WR�HQYLURQPHQWDO�LQGH[��2IYHUVWHQ��������PHWKRGRORJ\�ZDV�IRXQG�WR�EH�YHU\�LQIHULRU�WR�
WKH�SURSRVHG�6XEVWLWXWHG�%/83�DQG�,JQRUHG�%/83�PHWKRGRORJLHV�ZLWK�UHVSHFW�WR�LWV�DELOLW\�WR�DVVHVV�WKH�
VHQVLWLYLW\� UDQN� RUGHU� REWDLQHG� IURP� WKH� EDODQFHG� GDWD� VHW�� 7KH� VHQVLWLYLW\� HVWLPDWHV� REWDLQHG� IURP�
6XEVWLWXWHG�%/83�PHWKRG�ZHUH�IRXQG�WR�EH�ELDVHG�WRZDUGV�XQLW\�DV�FRPSDUHG�WR�WKH�RQHV�REWDLQHG�IURP�
,JQRUHG�%/83�PHWKRG���
�

$00,�PRGHO� ZDV� VKRZQ� WR� EH�PRUH� UHDOLVWLF� WR� FDSWXUH� WKH� QRQ�OLQHDU� LQWHUDFWLRQV� ZKHQ� OLQHDU�
UHJUHVVLRQ� WHFKQLTXHV� IDLO�� (IIHFWLYH� QXPEHU� RI� UHSOLFDWLRQV� FRQILUPHG� WKH�6WHLQ� HIIHFW�PDNLQJ� WKH�$00,�
PRGHO�PRUH�SUHGLFWLYHO\�DFFXUDWH��7KH�VXFFHVV�RI�ELSORWV�WR�GUDZ�UHOLDEOH�VWDELOLW\�FRQFOXVLRQV�LV�VXEMHFW�WR�
WKH� VLJQLILFDQFH� RI� SURSRUWLRQ� RI� LQWHUDFWLRQ� H[SODLQHG� E\� WKH� ILUVW� RU� ILUVW� WZR� 3&$� D[HV�� 7KH� SURSRVHG�
VWDELOLW\� PHDVXUH�:L�$00,�� ZDV� VKRZQ� WR� EH� HTXLYDOHQW� WR� :ULFNH
V� HFRYDOHQFH�� ,W� ZDV� VKRZQ� WKDW� WKH�
UHOLDELOLW\�RI�VWDELOLW\�FRQFOXVLRQV�LPSURYHV�ZLWK�LQFUHDVH�LQ�WKH�QXPEHU�RI�3&$�D[HV�DFFRPPRGDWHG�E\�WKH�
PHDVXUH�RI�VWDELOLW\��,W�LV�FRQFOXGHG�WKDW�WKH�VWDELOLW\�LQIRUPDWLRQ�WKDW�FDQ�EH�GHULYHG�IURP�WKH�$00,�PRGHO�
FDQ�QHYHU�EH�EHWWHU�WKDQ�:ULFNH
V�HFRYDOHQFH��7KH�UDQNLQJ�DELOLW\�RI�:L�$00,��ZDV�IRXQG�WR�EH�VXSHULRU�WR�
)S�L���%L��)$L�ZKHQ�WKHUH�DUH�PLVVLQJ�FHOOV�LQ�WKH�GDWD��VKRZLQJ�VRPH�NLQG�RI�UREXVWQHVV�WR�WKH�PLVVLQJ�GDWD��
7KH�UDQNLQJ�DELOLWLHV�RI�GLIIHUHQW�VWDELOLW\�PHDVXUHV�ZHUH�IRXQG�WR�EH�EHWWHU�LQ�WKH�SURSRVHG�(0�$00,�ZLWK�
UDQGRP�HQYLURQPHQWV�DV�FRPSDUHG�WR�(0�$00,��*DXFK�DQG�=REHO��������DQG�0RGLILHG�(0�$00,��%DMSDL��
������ UHYHDOLQJ� LWV� VXSHULRULW\� RYHU� WKH� RWKHU� WZR� PHWKRGRORJLHV�� ,W� LV� FRQFOXGHG� WKDW� VWDELOLW\� PHDVXUH�
:L�$00,�� XVLQJ� (0�$00,� ZLWK� UDQGRP� HQYLURQPHQWV� PHWKRGRORJ\� PD\� EH� HPSOR\HG� WR� GHULYH� VWDELOLW\�
FRQFOXVLRQV�IURP�$00,�PRGHO�ZKHQ�VRPH�FHOOV� LQ� WZR�ZD\�WDEOH�DUH�PLVVLQJ��+RZHYHU�3LHSKR
V������D��
VWDELOLW\�YDULDQFH�DSSURDFK�IRU�LQFRPSOHWH�GDWD�ZDV�IRXQG�WR�EH�VOLJKWO\�VXSHULRU�WR�(0�$00,�ZLWK�UDQGRP�
HQYLURQPHQWV��ZKLFK�PD\�EH�DWWULEXWHG�WR�WKH�SRRU�SUHGLFWLYH�VXFFHVV�RI� LQGLUHFW�GDWD��7KH�SURSRVHG�(0�
$00,� HQULFKHG� WHFKQLTXHV� IRU� )DFWRULDO� 5HJUHVVLRQ� DQG� -RLQW� 5HJUHVVLRQ� ZHUH� IRXQG� WR� EH� LQIHULRU� WR�
6XEVWLWXWHG� DQG� ,JQRUHG� PHWKRGV� UHYHDOLQJ� WKH� IDLOXUH� RI� (0�$00,� WR� LPSXWH� WKH� WUXH� �EDODQFHG��
LQWHUDFWLRQV� DV� FRPSDUHG� WR� ]HUR� VXEVWLWXWHG� LQWHUDFWLRQV� IRU� WKH� GDWD� VHW� FRQVLGHUHG�� +HQFH� (0�$00,�
PHWKRGV�PD\�EH�XVHG�ZLWK�FRQVLGHUDEOH�FDUH� WR� LPSXWH�PLVVLQJ�FHOOV��7R� LGHQWLI\� WKH� UREXVW�DQG�UHOLDEOH�
PHDVXUHV�RI�VWDELOLW\�ZKHQ�WKH�LQWHUDFWLRQ�HIIHFWV�QRW�QRUPDO��YDULRXV�QRQ�QRUPDO�DQG�FRQWDPLQDWHG�QRUPDO�
GLVWULEXWLRQV�ZHUH�JHQHUDWHG�XVLQJ�0RQWH�&DUOR�VLPXODWLRQ��7KLUWHHQ�PHDVXUHV�RI�VWDELOLW\�ZHUH�FRQVLGHUHG�
LQ�WRWDO�IRU�WKH�VWXG\��'HILQHG�YDOXHV�RI�V�,� ��ZHUH�DVVLJQHG�WR�HDFK�JHQRW\SH�VR�WKDW�WKH�WUXH�VWDELOLW\�UDQN�
RUGHU�LV�NQRZQ�D�SULRUL��7KH�PHDVXUHV�RI�VWDELOLW\�WDNHQ�IRU�VWXG\�ZHUH�FRPSDUHG�ZLWK�UHVSHFW�WR�WKHLU�DELOLW\�



WR�DVVHVV� WKH� WUXH� UDQN�RUGHU��ZKLFK�ZDV�TXDQWLILHG�E\�6SHDUPDQ
V� UDQN�FRUUHODWLRQ�DYHUDJHG�RYHU������
UXQV�� 7KH� UHVXOWV� VXJJHVW� WKDW�� JLYHQ� D� QRUPDO� GLVWULEXWLRQ� RI� LQWHUDFWLRQ� HIIHFWV�� LW� LV� EHVW� WR� HVWLPDWH�
VWDELOLW\� E\� WKH� 0,148(� RI� V�,� �� �RU� HTXLYDOHQWO\� E\� :� L� �� :L�$00,���� 7KH� VLWXDWLRQ� GRHV� QRW� FKDQJH�
GUDPDWLFDOO\�XQGHU�PLOG�GHSDUWXUHV� IURP�QRUPDOLW\��+RZHYHU�ZLWK�H[WUHPH�DQG� ORQJHU� WDLOHG�GLVWULEXWLRQV��
VLJQLILFDQWO\� GHSDUWLQJ� IURP�QRUPDOLW\� IRU� WKH� LQWHUDFWLRQ� HIIHFWV�� LW�PD\� EH�ZRUWK�ZKLOH� WR� XVH� RQH�RI� WKH�
PRUH�UREXVW�PHDVXUHV�OLNH�/�L���S�,�����DQG�S�L������
�
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�
���6XEKUD�6DUNHU���6WXG\�RQ�RXWLOHU�LQ�GHVLJQHG�H[SHULPHQWV�
�

$Q�RXWOLHU� LQ�D�VHW�RI�GDWD�LV�DQ�REVHUYDWLRQ�WKDW�DSSHDUV�WR�EH�LQFRQVLVWHQW�ZLWK�WKH�UHPDLQGHU�RI�
WKH�REVHUYDWLRQV�LQ�WKDW�GDWD�VHW�DQG�ZKRVH�YDOXH�LV�QRW�LQ�WKH�SDWWHUQ�RI�WKH�YDOXHV�SURGXFHG�E\�WKH�GDWD��
3UHVHQFH� RI� RXWOLHU�V�� PD\� GLVWXUE� WKH� H[SHULPHQWDO� VHW� XS� DQG� DQDO\VLV� RI� GDWD� PD\� EHFRPH� PRUH�
FRPSOLFDWHG�� ,Q� WKH� OLWHUDWXUH�� WKH�SUREOHP�RI�RXWOLHU�V��KDV�EHHQ�H[WHQVLYHO\�VWXGLHG� LQ� WKH�JHQHUDO� OLQHDU�
PRGHO�VHWXS�WR�D�JUHDW�H[WHQW��%XW�PRVW�RI� WKHVH�VWXGLHV�UHODWH�WR�UHJUHVVLRQ�PRGHOV� LQ�ZKLFK�WKH�GHVLJQ�
PDWUL[�KDV�WKH�IXOO�FROXPQ�UDQN��$OWKRXJK�WKH�JHQHUDO�VHW�XS�RI�DQ�H[SHULPHQWDO�GHVLJQ� LV� WKDW�RI�D� OLQHDU�
PRGHO�� \HW� GHWHFWLRQ� DQG� WHVWLQJ� RI� RXWOLHU�V�� LQ� H[SHULPHQWDO� GHVLJQV� KDYH� VRPH� SUREOHPV� YL]��L�� 7KH�
GHVLJQ�PDWUL[�GRHV�QRW�KDYH�IXOO�FROXPQ�UDQN�DQG��LL��WKH�LQWHUHVW�LV�LQ�D�VXEVHW�RI�SDUDPHWHUV�UDWKHU�WKDQ�
ZKROH�YHFWRU�RI�SDUDPHWHUV��
�

,Q�WKH�SUHVHQW�LQYHVWLJDWLRQ��&RRN�VWDWLVWLF�KDV�EHHQ�GHULYHG�IRU�WHVWLQJ�WKH�SUHVHQFH�RI�PRUH�WKDQ�
RQH�RXWOLHU�LQ�D�EDODQFHG�ELQDU\�EORFN��%%%��GHVLJQ�ZKHQ�WKH�RXWO\LQJ�REVHUYDWLRQV�SHUWDLQ�WR�D�EORFN��7KH�
UREXVWQHVV� FULWHULRQ� RI� PLQLPL]DWLRQ� RI� GLVFUHSDQF\� RU� ELDV� LQ�PHDVXUHPHQW� RI� HUURU� YDULDQFH� KDV� EHHQ�
H[WHQGHG�IRU�WKH�LGHQWLILFDWLRQ�RI�UREXVW�GHVLJQV�DJDLQVW�WKH�SUHVHQFH�RI�WZR�DQG�WKUHH�RXWOLHUV��,W�KDV�DOVR�
EHHQ� VKRZQ� WKDW� LQ� D� SURSHU� EORFN� GHVLJQ� VHW� XS�� WKH� WZR� FULWHULD� RI� UREXVWQHVV� YL]�� PLQLPL]DWLRQ� RI�
GLVFUHSDQF\� RU� ELDV� LQ� PHDVXUHPHQW� RI� HUURU� YDULDQFH� DQG� PLQLPL]DWLRQ� RI� DYHUDJH� &RRN�VWDWLVWLF� DUH�
HTXLYDOHQW� IRU� D� VLQJOH� RXWOLHU� VLWXDWLRQ�� 1HVWHG� EDODQFHG� LQFRPSOHWH� EORFN� �1%,%�� GHVLJQV� DQG� QHVWHG�
SDUWLDO�EDODQFHG�LQFRPSOHWH�EORFN��13%,%��GHVLJQV�KDYH�DOVR�EHHQ�VKRZQ�WR�EH�UREXVW�LQ�WKH�SUHVHQFH�RI�D�
VLQJOH� RXWOLHU�� &RRN�VWDWLVWLF� KDV� EHHQ� GHULYHG� IRU� GHWHFWLRQ� RI� RXWOLHU� LQ� WKH� GDWD� IURP� EORFN� GHVLJQV� IRU�
GLDOOHO�FURVV�H[SHULPHQWV��$OO�XQLYHUVDOO\�RSWLPDO�ELQDU\�EDODQFHG�EORFN�GHVLJQV�IRU�GLDOOHO�FURVV�H[SHULPHQWV�
KDYH�EHHQ�VKRZQ� WR�EH�UREXVW� LQ� WKH�SUHVHQFH�RI�D�VLQJOH�RXWOLHU��&RRN�VWDWLVWLF� IRU�GHWHFWLRQ�RI�D�RXWOLHU�
KDV�DOVR�EHHQ�REWDLQHG�IRU�WKH�EORFN�GHVLJQV�IRU�PDNLQJ�WHVW�WUHDWPHQWV�FRQWURO�WUHDWPHQW�FRPSDULVRQV��$OO�
EDODQFHG�WHVW�WUHDWPHQW�LQFRPSOHWH�EORFN��%7,%��GHVLJQV�WKDW�DUH�ELQDU\�ZLWK�UHVSHFW�WR�WHVW�WUHDWPHQW�DUH�
VKRZQ�WR�EH�UREXVW�DJDLQVW�WKH�SUHVHQFH�RI�D�VLQJOH�RXWOLHU��

�
�*XLGH��'U��9�.��*XSWD��

�E��0�6F���$JULFXOWXUDO�6WDWLVWLFV��
�
���$MHHW�.XPDU���$QDO\WLFDO�WHFKQLTXHV�IRU�SORW�VDPSOLQJ�GDWD�LQ�GHVLJQHG�ILHOG�H[SHULPHQWV�
�

7KH� SORW�VDPSOHG� GDWD� IURP� GHVLJQHG� ILHOG� H[SHULPHQWV� LV� JHQHUDOO\� DQDO\]HG� DV� SHU� DQDO\WLFDO�
SURFHGXUH�RI� WKH�GHVLJQ�DGRSWHG�RQ� WKH�SORW�PHDQV��$QRWKHU�SURFHGXUH�RI�DQDO\VLV�RI�SORW�VDPSOHG�GDWD�
WKDW�LV�DYDLODEOH�LQ�OLWHUDWXUH�LV�EDVHG�RQ�LQGLYLGXDO�REVHUYDWLRQV��7KH�ODWWHU�SURFHGXUH�SURYLGHV�WKH�HVWLPDWH�
RI� WKH� VDPSOLQJ� HUURU� WKDW� FDQ� EH� XVHG� WR� GHWHUPLQH� WKH� RSWLPXP� VDPSOH� VL]H�� 7KURXJK� HPSLULFDO�
LQYHVWLJDWLRQV�LW�KDV�EHHQ�HVWDEOLVKHG�WKDW�WKH�HVWLPDWH�RI�VDPSOLQJ�HUURU�LV�VDPH�DV�WKDW�RI�SRROHG�YDULDQFH�
RI�SORW�VDPSOHG�REVHUYDWLRQV�DQG�LQIHUHQFH�RQ�WUHDWPHQW�HIIHFWV�LV�JHQHUDOO\�VDPH�IURP�WKH�$129$�EDVHG�
RQ�SORW�PHDQV�DQG� LQGLYLGXDO�REVHUYDWLRQV��7KHUHIRUH�� WKLV�PHWKRG�GRHV�QRW�DGG�PXFK�WR� WKH� LQIRUPDWLRQ�
WKDW�LV�DYDLODEOH�IURP�WKH�DQDO\VLV�EDVHG�RQ�SORW�PHDQV��7KH�SORW�YDULDQFHV��KRZHYHU��DUH�GLIIHUHQW�IURP�SORW�
WR� SORW� DQG� PD\� YLRODWH� WKH� DVVXPSWLRQV� RI� FRQVWDQF\� RI� YDULDQFHV� DQG� QRUPDOLW\� RI� REVHUYDWLRQV��
7KHUHIRUH��WKHUH�LV�D�QHHG�WR�HYROYH�YDULDQFH�VWDELOL]LQJ�WUDQVIRUPDWLRQV�VR�DV�WR�VDWLVI\�WKH�DVVXPSWLRQV�RI�
DQDO\VLV�RI�YDULDQFH��.HHSLQJ�WKLV�LQ�YLHZ��VHYHUDO�H[LVWLQJ�YDULDQFH�VWDELOL]LQJ�WUDQVIRUPDWLRQ�YL]��$LWNHQ
V�
WUDQVIRUPDWLRQ�� %R[�&R[� WUDQVIRUPDWLRQ�� WUDQVIRUPDWLRQ� EDVHG� RQ� WKH� VORSH� RI� UHJUHVVLRQ� HTXDWLRQ� RI�
YDULDQFHV�RI�HDFK�SORW�DQG�ORJ�RI�PHDQ�RI�FRUUHVSRQGLQJ�SORW�KDYH�EHHQ�XVHG��%R[�&R[�WUDQVIRUPDWLRQ�KDV�
EHHQ�XVHG�LQ�WKUHH�GLIIHUHQW�ZD\V�YL]��PLQLPL]DWLRQ�RI�H[SHULPHQWDO�HUURU��VDPSOLQJ�HUURU�DQG�WRWDO�HUURU��$�
QHZ�WUDQVIRUPDWLRQ�RI�GDWD�EDVHG�RQ�PLQLPXP�YDOXH�RI�[���LV�DOVR�VXJJHVWHG��(DFK�RI�WKHVH�WUDQVIRUPDWLRQV�
KDV�EHHQ� LOOXVWUDWHG�ZLWK� WKH�KHOS�RI�H[DPSOHV�EDVHG�RQ� WKH�GDWD� IURP�D�FRPSOHWHO\� UDQGRPL]HG�GHVLJQ��
UDQGRPL]HG�FRPSOHWH�EORFN�GHVLJQ��DQ�LQFRPSOHWH�EORFN�GHVLJQ�DQG�URZ�FROXPQ�GHVLJQ��$�6$6�FRGH�XVLQJ�
352&�,0/�KDV�EHHQ�GHYHORSHG�IRU�SHUIRUPLQJ�DOO�WKH�FRPSXWDWLRQ�RI�WKH�WUDQVIRUPDWLRQV�RI�GDWD�DW�RQH�JR��
�

7KH� SORW� VDPSOHG� GDWD� LV� LQ� WKH� IRUP� RI� VDPSOH� REVHUYDWLRQV� WKDW� FDQ� EH� XVHG� IRU� FRQVWUXFWLQJ�
LQWHUYDOV�IRU�WKH�UHVSRQVH�YDULDEOH�IRU�HDFK�RI�WKH�SORWV��$QDO\]LQJ�VXFK�H[SHULPHQWDO�GDWD�RQ�WKH�DYHUDJHV�
PD\�FDXVH�D� ORVV�RI� LQIRUPDWLRQ��+HQFH��D�SURFHGXUH�WKDW�FDQ�KDQGOH�WKH�GDWD� LQ� WKH� LQWHUYDO� IRUP�UDWKHU�
WKDQ�DYHUDJHV�PD\�EH�KHOSIXO�� ,Q�YLHZ�RI� WKLV�� IX]]\� UHJUHVVLRQ� WKHRU\� LV�PRGLILHG� LQ�RUGHU� WR�DSSO\� LW� IRU�
DQDO\]LQJ�GDWD�REWDLQHG�IURP�H[SHULPHQWV�FRQGXFWHG�XVLQJ�FRPSOHWHO\�UDQGRPL]HG�GHVLJQV�RU�ELQDU\�EORFN�
GHVLJQV��7KH�PRGLILFDWLRQ�LV� LQ� WHUPV�RI�VRPH�H[WUD�FRQVWUDLQWV� LQ� WKH� OLQHDU�SURJUDPPLQJ�IXQFWLRQ�WKDW� LV�
XVHG� IRU� IX]]\� UHJUHVVLRQ� WKHRU\��7KUHH�GLIIHUHQW� LQWHUYDOV� IRU� WKH� UHVSRQVH�YDULDEOH� IRU�HDFK�RI� WKH�SORWV�
ZHUH� IRUPHG�E\� WZR�PHWKRGV� WKDW�DUH�EDVHG�RQ��L�� WKH�UDQJH�RI� WKH�REVHUYDWLRQV��LL��FRQILGHQFH� LQWHUYDOV�
�����DQG�������7KH�IX]]\�UHJUHVVLRQ�WKHRU\�SURYLGHV�WKH�LQWHUYDO�HVWLPDWHV�RI�SDUDPHWHUV�DQG�QRW�WKDW�RI�
WUHDWPHQW�FRQWUDVWV��7KHVH�HVWLPDWHG�SDUDPHWHUV�KDYH�EHHQ�XVHG� WR�GHYHORS� WKH� LQWHUYDO� IRU�HOHPHQWDU\�
WUHDWPHQW� FRQWUDVWV� XVLQJ� IX]]\� VHW� WKHRU\�� $� 6$6� FRGH� KDV� EHHQ� GHYHORSHG� IRU� WKH� DQDO\VLV� RI� SORW�



VDPSOHG�GDWD� IURP� ILHOG�H[SHULPHQWV�XVLQJ�PRGLILHG� IX]]\� UHJUHVVLRQ� WKHRU\��7KH�SURFHGXUH� LV� LOOXVWUDWHG�
ZLWK�WKH�KHOS�RI�H[DPSOHV��
�

�*XLGH���'U��5DMHQGHU�3DUVDG��
�

���'LQHVK�.XPDU�3DWHULD���2Q�VRPH�DQDO\WLFDO�WHFKQLTXHV�IRU�DJUR�IRUHVWU\�H[SHULPHQWV�
�

$JUR�IRUHVWU\�LV�D�ODQG�XVH�V\VWHP�ZKHUH�ZRRG\�SHUHQQLDOV�DUH�GHOLEHUDWHO\�XVHG�RQ�WKH�VDPH�ODQG�
PDQDJHPHQW�XQLWV�DORQJ�ZLWK� FURSV��$JURIRUHVWU\� ILHOG�H[SHULPHQWV�DUH�FRQVLGHUDEO\�PRUH�FRPSOH[� WKDQ�
UHVHDUFK�FRQILQHG� WR�DQQXDO� FURSV��7KH�HYDOXDWLRQ� LV�DOVR� WKHUHIRUH�D�FRPSOH[� WDVN��7KH�GDWD�VWUXFWXUHV�
IURP�WKHVH�H[SHULPHQWV�FRQVLVW�RI�GLIIHUHQW�IRUPV�RI�\LHOG� LQIRUPDWLRQ�DYDLODEOH�IURP�GLIIHUHQW�FRPSRQHQWV�
RI� WKH�V\VWHP��7KHUH� LV�QRW�D�VLQJOH� IRUP�RI�VWDWLVWLFDO�DQDO\VLV�ZKLFK� LV�DSSURSULDWH� WR�DOO� IRUPV�RI�DJUR�
IRUHVWU\�GDWD���

�
7KH�SUHVHQW�VWXG\�GHDOV�ZLWK�VRPH�DQDO\WLFDO� WHFKQLTXHV�DV�DSSOLHG� WR�DJUR�IRUHVWU\�H[SHULPHQW��

7KH�GDWD�XVHG�IRU�WKLV�VWXG\�LV�IURP�DQ�DJUL�KRUWLFXOWXUDO�H[SHULPHQW�RQ��(VWDEOLVKPHQW�DQG�JURZWK�RI�IUXLW�
WUHHV�DQG�WKHLU�HIIHFW�RQ�FURS�JURZWK�DQG�SURGXFWLRQ��FRQGXFWHG�DW�15&$)��1DWLRQDO�5HVHDUFK�&HQWUH�IRU�
$JURIRUHVWU\��� -KDQVL� IURP� �������� WR� ��������� 7KH� H[SHULPHQW� FRQVLVWV� RI� IRXU� IUXLW� WUHH� VSHFLHV� YL]��
*XDYD� �3VLGLXP� JXDMDYD��� %HU� �=L]LSKXV� PDXULWLDQD��� $QDU� �3XQLFD� JUDQDWXP�� DQG� .LQQRZ� �&LWUXV�
UHWLFXODWD�� DQG� IRXU� FURS� URWDWLRQV� �6RUJKXP�:KHDW�� 6RUJKXP�*UDP�� *URXQGQXW�:KHDW� DQG� *URXQGQXW�
*UDP���7KH�GHVLJQ�XVHG�IRU�OD\LQJ�RXW�WKH�H[SHULPHQW�ZDV�D�VSOLW�VSOLW�SORW�GHVLJQ��

�
7KH�SDWWHUQ�RI�ZKHDW�\LHOG�KDV�EHHQ�VWXGLHG�RYHU�\HDUV�VHSDUDWHO\�XQGHU�GLIIHUHQW�WUHH�VSHFLHV�E\�

ILWWLQJ�GLIIHUHQW�PRGHOV�WR�JHW�WKH�EHVW�ILW�PRGHO��$�FRPSDULVRQ�KDV�EHHQ�PDGH�RI�\LHOGV�EHWZHHQ�GLIIHUHQW�
WUHHV�WR�VWXG\�WKH�HIIHFW�RI�WUHH�VSHFLHV�RQ�ZKHDW�SURGXFWLYLW\��8QGHU�DOO�WKH�WUHH�VSHFLHV��D�GHFOLQLQJ�WUHQG�
RI�ZKHDW�\LHOG�KDV�EHHQ�REVHUYHG��+RZHYHU��WKH�ZKHDW�SURGXFWLYLW\�LV�KLJKHU�XQGHU�*XDYD�DV�FRPSDUHG�WR�
RWKHU� WUHHV�� ,Q�RUGHU� WR�HYDOXDWH� WKH�SHUIRUPDQFH�RI� WKH�V\VWHP�DV�D�ZKROH�� WKH�ZKHDW�\LHOG�DQG� WKH� IUXLW�
\LHOG�DUH�DGGHG�LQ�WHUPV�RI�WKH�PRQH\�YDOXH�DQG�WKH�EHKDYLRU�RI�WKH�V\VWHP�KDV�EHHQ�VWXGLHG�RYHU�\HDUV�
DQG� DFFRUGLQJO\� WUHQG� HTXDWLRQ� KDV� EHHQ� HVWLPDWHG�� ,W� LV� IRXQG� WKDW� WKH� *XDYD�ZKHDW� V\VWHP� KDV�
SHUIRUPHG�WKH�EHVW�RYHU�\HDUV�DV�FRPSDUHG�WR�RWKHU�V\VWHPV��

�
6WHS�ZLVH� UHJUHVVLRQ� DQDO\VLV� KDV� EHHQ� SHUIRUPHG� RQ� JXDYD� IUXLW� \LHOG�ZLWK� KHLJKW�� FDQRS\� DQG�

FROODU� GLDPHWHU� DV� WKH� LQGHSHQGHQW� YDULDEOHV�� 7KH� YDULDEOHV� FRQWULEXWLQJ� VLJQLILFDQWO\� WR� IUXLW� \LHOG� DUH�
FDQRS\�DQG�FROODU�GLDPHWHU�RI�WKH�WUHH��3ULQFLSDO�FRPSRQHQW�UHJUHVVLRQ�KDV�EHHQ�SHUIRUPHG�EHWZHHQ�IUXLW�
\LHOG�DQG�ILUVW�SULQFLSDO�FRPSRQHQW�VFRUH��%LYDULDWH�DQDO\VLV�KDV�EHHQ�SHUIRUPHG�E\�FRQVLGHULQJ�WKH�ZKHDW�
\LHOG�DQG�ILUVW�SULQFLSDO�FRPSRQHQW�VFRUH�DV�WKH�WZR�YDULDWHV�ZLWK�IDFWRUV�WUHH�DQG�\HDU�LQ�WKH�PRGHO��%RWK�
WKH�IDFWRUV�DUH�IRXQG�WR�EH�VLJQLILFDQW�DQG�D�QHJDWLYH�FRUUHODWLRQ�LV�REVHUYHG�EHWZHHQ�ZKHDW�\LHOG�DQG�ILUVW�
SULQFLSDO�FRPSRQHQW�VFRUH��

�
6LQFH�DJURIRUHVWU\�H[SHULPHQWV�DUH�FRQGXFWHG�IRU�D�QXPEHU�RI�\HDUV��FRPELQHG�DQDO\VLV�KDV�EHHQ�

SHUIRUPHG�RYHU�\HDUV�RI�WKH�FURS�GDWD��ZKHDW�DQG�JUDP��WKDW�KDYH�EHHQ�FODVVLILHG�DFFRUGLQJ�WR�WKH�GLIIHUHQW�
WUHH�VSHFLHV�DQG�WKH�GLVWDQFH�RI�WKH�URZV�IURP�WKH�WUHH�EDVH�RQ�ZKLFK�WKH�FURS�LV�JURZQ��7KH�HIIHFW�RI�WUHHV�
DQG�GLVWDQFHV�DUH� IRXQG� WR�EH�VLJQLILFDQW�RYHU�\HDUV��&RQWUDVW�DQDO\VLV�KDV�DOVR�EHHQ�SHUIRUPHG� IRU� WKH�
VLJQLILFDQW� IDFWRUV��)XUWKHU� WKH�FRPELQHG�DQDO\VLV�RI�GDWD� IURP�VSOLW�VSOLW�SORW�GHVLJQ� LV�DOVR�SHUIRUPHG�E\�
WDNLQJ�WKH�IRXU�FURS�URWDWLRQV�LQ�WHUPV�RI�PRQH\�YDOXH��
�

�*XLGH��'U�6HHPD�-DJJL��
�

���0HPLWD�'HYL�(VWLPDWLRQ�RI�ILQLWH�SRSXODWLRQ�UHJUHVVLRQ�FR�HIILFLHQWV�XVLQJ�GRXEOH�VDPSOLQJ�
�

0XOWLSOH� UHJUHVVLRQ� WHFKQLTXHV� DUH� FRPPRQO\� XVHG� LQ� VWDWLVWLFDO� DQDO\VLV� RI� GDWD�PRVWO\� WKURXJK�
FRPSOH[�VRIWZDUH�XVLQJ�RUGLQDU\�OHDVW�VTXDUH��2/6��WHFKQLTXH��7KH�UHJUHVVLRQ�FR�HIILFLHQWV�DUH�FRPSXWHG�
XQGHU� WKH� DVVXPSWLRQ� WKDW� REVHUYDWLRQV� DUH� LQGHSHQGHQW�� 7KLV� DVVXPSWLRQ� RI� LQGHSHQGHQFH� RI�
REVHUYDWLRQV� GRHV� QRW� KROG� JRRG� LQ� WKH� VDPSOH� VXUYH\� FRQWH[W� DV� VXUYH\� GDWD� DUH� JHQHUDOO\� REWDLQHG�
WKURXJK�PXOWL�VWDJH�VDPSOLQJ�GHVLJQV� LQYROYLQJ�FOXVWHULQJ�DQG�VWUDWLILFDWLRQ� OHDGLQJ�WR�FRUUHODWLRQ�EHWZHHQ�
REVHUYDWLRQV� LQ� VDPH� VWUDWXP� RU� FOXVWHU�� 1DWKDQ� DQG� +ROW� ������� KDV� VKRZQ� WKDW� WKH�2/6� HVWLPDWRU� LV�
ELDVHG� LQ� FDVH� WKH�GDWD�DUH�REWDLQHG�ZLWK� WKH�KHOS�RI�&RPSOH[�VXUYH\�GHVLJQ�DQG�DOVR�FODLPHG� WKDW� WKH�
PD[LPXP�OLNHOLKRRG�HVWLPDWRU� �0/(��GHYHORSHG�E\�'HPHWV�DQG�+DOSHULQ��������SHUIRUPV�EHWWHU� WKDQ� WKH�
XVXDO� 2/6� HVWLPDWRU�� 'HPHWV� DQG� +DOSHULQ� ������� GHYHORSHG� WKLV� 0/(� XVLQJ� D� GHVLJQ� YDULDEOH� LQ� WKH�
VXUYH\� VWDJH�� $� OLPLWDWLRQ� RI� WKLV� 0/(� LV� WKDW� LW� DVVXPHV� WKDW� WKH� LQIRUPDWLRQ� RQ� WKH� GHVLJQ� YDULDEOH� LV�
DYDLODEOH�IRU�DOO�WKH�SRSXODWLRQ�XQLWV��$W�WLPHV�WKLV�LQIRUPDWLRQ�LV�QRW�DYDLODEOH�IRU�DOO�WKH�SRSXODWLRQ�XQLWV��,Q�
VXFK� VLWXDWLRQV� DQ� DOWHUQDWLYH� 0/(� GHYHORSHG� WKURXJK� GRXEOH� VDPSOLQJ� DSSURDFK� LV� SURSRVHG�� 7KH�
SURSRVHG�HVWLPDWRU� LV�IRXQG�WR�EH�EHWWHU�SHUIRUPHG�WKDQ�WKH�2/6�HVWLPDWRU��7KH�UHODWLYH�HIILFLHQF\�RI� WKH�
SURSRVHG�HVWLPDWRU�RYHU�WKH�2/6�HVWLPDWRU�LV�FRPSXWHG�XQGHU�D�VXLWDEOH�FRVW�IXQFWLRQ�DQG�LW�LV�IRXQG�WKDW�
WKH� UHODWLYH� HIILFLHQF\� LV� JUHDWHU� WKDQ� �� WKHUHE\� VKRZLQJ� WKDW� WKH� SURSRVHG� HVWLPDWRU� LV� DQ� LPSURYHPHQW�
RYHU� WKH�2/6�HVWLPDWRU��$QG� WKH�VWXG\�DOVR� UHYHDOV� WKDW�DV� WKH�FRVW�RI� FROOHFWLQJ� WKH� LQIRUPDWLRQ�RQ� WKH�
GHVLJQ�YDULDEOH�EHFRPHV�FKHDSHU�WKH�UHODWLYH�HIILFLHQF\�RI�WKH�SURSRVHG�HVWLPDWRU�LQFUHDVHV��
�

�*XLGH��'U��+�9��/��%DWKOD��
�

�



���1LOHVK�.XPDU�*XSWD��$SSOLFDWLRQ�RI�VSDWLDO�PRGHOV�LQ�HVWLPDWLRQ�RI�ZKHDW�SURGXFWLRQ�LQ�5RKWDN�
GLVWULFW�RI�+DU\DQD��
�

7KH�HVWLPDWLRQ�RI�SURGXFWLRQ�RI�ZKHDW�LQ�5RKWDN�GLVWULFW�DV�ZHOO�DV�LWV�WHKVLO
V�ZHUH�REWDLQHG�ZLWK�WKH�
KHOS�RI�FURS�FXWWLQJ�H[SHULPHQWV��&&(��GDWD�RI�WKH�GLVWULFW�XVLQJ�VSDWLDO�PRGHOV��7KH�\LHOG�GDWD�IURP��&&(��
DQG�WKH�FRUUHVSRQGLQJ�ORFDWLRQV�RI�\LHOG�GDWD�LQ�WHUPV�RI�ODWLWXGH�DQG�ORQJLWXGH�ZDV�LGHQWLILHG��7KH�VSDWLDO�
VWDWLVWLFV�ZDV�DSSOLHG�WR�WKH�GDWD�RI�\LHOGV�DQG�ORFDWLRQV�WR�GHWHUPLQH�WKH�VSDWLDO�PRGHO�RI�EHVW�ILW�DORQJ�ZLWK�
LWV� SDUDPHWHUV�� :LWK� WKH� KHOS� RI� EHVW� ILWWHG� VSDWLDO� PRGHO� RUGLQDU\� NULJLQJ� PHWKRG� ZDV� XVHG� IRU� VSDWLDO�
SUHGLFWLRQ�DW�XQ�VDPSOHG�ORFDWLRQV��2UGLQDU\�NULJLQJ�JLYHV�ERWK�D�SUHGLFWLRQ�DQG�VWDQGDUG�HUURU�RI�SUHGLFWLRQ�
DW�VDPSOHG�DV�ZHOO�DV�XQVDPSOHG� ORFDWLRQV��$OVR��SURGXFWLRQ�VXUIDFH�ZDV�REWDLQHG�XVLQJ�RUGLQDU\�NULJLQJ�
PHWKRG�LQ�WKH�IRUP�RI�JULGV�RI�GHVLUHG�VL]H��%\�RYHUOD\LQJ�WKH�DGPLQLVWUDWLYH�RXQGDU\�PDS�RI�GLVWULFW�RQ�WKH�
VXUIDFH�RI�JULGV��WKH�SURGXFWLRQ�RI�GLVWULFW�ZDV�REWDLQHG��7R�JHW�WKH�SURGXFWLRQ�RI�LQGLYLGXDO�WHKVLO��WKH�WHKVLO�
DGPLQLVWUDWLYH�PDS� ZDV� RYHUOD\HG� RYHU� WKH� GLVWULFW� PDS� DQG� WKH� HVWLPDWH� RI� SURGXFWLRQ� IRU� WHKVLO
V� ZDV�
REWDLQHG�� 7KH� HVWLPDWHV� RI� SURGXFWLRQ�ZHUH� LPSURYHG��ZLWK� WKH� KHOS� RI� QRUPDOL]HG� GLIIHUHQFH� YHJHWDWLRQ�
LQGH[��1'9,��IURP�UHPRWHO\�VHQVHG�VDWHOOLWH�GDWD�IRU�WKH�VWXG\�DUHD��$�VLPSOH�OLQHDU�UHJUHVVLRQ�PRGHO�ZDV�
ILWWHG� IRU� WKH� SXUSRVH� IRU� HVWLPDWLRQ� RI� FRHIILFLHQW�� 7KH� UHVLGXDO� HUURU� RI� WKH� PRGHO� KDV� EHHQ� WHVWHG� IRU�
QRUPDOLW\�DQG�IXUWKHU�REVHUYDWLRQV�ZHUH�JHQHUDWHG�ZLWK�WKH�KHOS�RI�1'9,�DQG�VLPXODWHG�HUURU�FRPSRQHQW�RI�
WKH� PRGHO�� 7KH� DGGLWLRQDO� SRLQWV� ZHUH� WDNHQ� DW� UDQGRP� IURP� WKH� FODVVLILHG� LPDJH� RI� GLVWULFW�� $JDLQ�
SURGXFWLRQ�ZDV�HVWLPDWHG�E\�XVLQJ�WKHVH�DGGLWLRQDO�SRLQWV�DORQJ�ZLWK�DFWXDO�REVHUYDWLRQV��7KH�SURGXFWLRQ�
VXUIDFH�LV�DOVR�REWDLQHG�RQ�WKH�EDVLV�RI�\LHOG�GDWD�REWDLQHG�IURP�&&(�DQG�WKH�VLPXODWHG�\LHOG�GDWD�XVLQJ�
DX[LOLDU\� FKDUDFWHU�1'9,�� 7KLV� SURFHVV� LV� UHSHDWHG� WLOO� FRQYHUJHQFH�� ,W� KDV� EHHQ� IRXQG� WKDW� DFFXUDF\� RI�
SUHGLFWLRQ�RI� WKH�SURGXFWLRQ�GHSHQGV�RQ�JULG�VL]H�DQG�QXPEHU�RI�VDPSOH�SRLQWV��7KH�DFFXUDF\� LQFUHDVHV�
ZLWK�LQFUHDVH�WKH�VDPSOH�SRLQWV�DQG�GHFUHDVH�LQ�WKH�JULG�VL]H��
�

�*XLGH��'U�$QLO�5DL��
�
���3UDYHHQ�.ULVKDQD���$�VWXG\�RQ�VRPH�DVSHFWV�RI�UDQNHG�VHW�VDPSOLQJ�
�

7KH�DSSOLFDWLRQV�RI�DX[LOLDU\�YDULDEOHV� LQ�FDVH�RI� UDQGRP�VDPSOLQJ� IRU� LPSURYLQJ� WKH�HIILFLHQF\�RI�
VDPSOLQJ�IRU� LPSURYLQJ�WKH�HIILFLHQF\�RI�VDPSOLQJ�VWUDWHJLHV�DUH�TXLWH�SRSXODU� LQ�FDVH�RI�VXUYH\�VDPSOLQJ��
7KLV�PD\�UHVXOW�LQ�PLVOHDGLQJ�LQIHUHQFHV�RI�WKH�WDUJHW�SRSXODWLRQ��7KHUH�PD\�EH�VLWXDWLRQV�ZKHUH�WKH�H[DFW�
PHDVXUHPHQW�DX[LOLDU\�YDULDEOH�RI�D�VHOHFWHG�XQLW�LV�HLWKHU�GLIILFXOW�RU�H[SHQVLYH�LQ�WHUPV�RI�WLPH��PRQH\�RU�
ODERXU��EXW�ZKHUH�WKH�UDQNLQJ�RI�VPDOO�VHWV�RI�VHOHFWHG�XQLWV�DFFRUGLQJ�WR�WKH�FKDUDFWHULVWLF�RI�LQWHUHVW�FDQ�
EH�GRQH�ZLWK� UHDVRQDEOH�VXFFHVV�RQ� WKH�EDVLV�RI�YLVXDO� LQVSHFWLRQ�RU�RWKHU� URXJK�PHDVXUHPHQW�RI�VXFK�
NLQG�� )RU� VXFK� VLWXDWLRQV� 0F,QW\UH� SURSRVHG� WKH� PHWKRG� RI� 5DQNHG� 6HW� 6DPSOLQJ� �566�� WR� JHW� EHWWHU�
SUHFLVLRQ� WKDQ� 656�� 0RVW� RI� WKH� HDUOLHU� ZRUN� UHODWHG� WR� 566� KDV� EHHQ� GRQH� IRU� WKH� FDVH� RI� LQILQLWH�
SRSXODWLRQ�� ,Q� WKLV� WKHVLV� 566� SURFHGXUH� KDV� EHHQ� SURSRVHG� IRU� ILQLWH� SRSXODWLRQ�� ,Q� WKLV� SURFHGXUH� WKH�
LQFOXVLRQ� SUREDELOLWLHV� KDYH� EHHQ� VKRZQ� WR� EH� HTXDO� IRU� HYHU\� XQLW� RI� WKH� SRSXODWLRQ�� $Q� HVWLPDWRU� IRU�
HVWLPDWLQJ�SRSXODWLRQ�PHDQ�KDV�EHHQ�SURSRVHG��,W�KDV�EHHQ�SURYHG�WR�EH�XQELDVHG�DQG�DQ�H[SUHVVLRQ�RI�
LWV� YDULDQFH� KDV� EHHQ� GHULYHG� LQ� WHUPV� RI� YDULDELOLW\� RI� LQGLYLGXDO� UDQNV�� 7KH� VWDWLVWLFDO� SURSHUWLHV� RI� WKLV�
HVWLPDWRU� KDYH� EHHQ� VWXGLHG� XVLQJ� VLPXODWLRQ�� ,W� ZDV� IRXQG� WKDW� WKH� SURSRVHG�566� HVWLPDWRU� LV� DOZD\V�
EHWWHU� WKDQ� 656� HVWLPDWRU�� )XUWKHU�� D� UDWLR� HVWLPDWRU� EDVHG� RQ� DX[LOLDU\� FKDUDFWHU� KDV� EHHQ� SURSRVHG��
6DPSOH�LV�GUDZQ�E\�566�SURFHGXUH�LQ�IRXU�GLIIHUHQW�VLWXDWLRQV��7KH�H[SUHVVLRQV�IRU�%LDV�DQG�0HDQ�6TXDUH�
(UURU�DV�ZHOO�DV�HVWLPDWH�RI�%LDV�DQG�0HDQ�6TXDUH�(UURU�KDYH�EHHQ�GHULYHG� IRU�DOO� IRXU� UDWLR�HVWLPDWRUV�
GHYHORSHG�� 7KH� VLPXODWLRQ� VWXG\� FDUULHG� RXW� WR� VWXG\� WKH� SHUIRUPDQFH�RI� WKHVH� HVWLPDWLRQV� VKRZHG� WKDW�
566�UDWLR�HVWLPDWRU�LV�VXSHULRU�WR�656�UDWLR�HVWLPDWRU��
�

�*XLGH��'U��$QLO�5DL��
�
�F��0�6F���&RPSXWHU�$SSOLFDWLRQ��
�
���$VKLVK�1��3DWLO���'HFLVLRQ�6XSSRUW�6\VWHP�IRU�1XWULHQW�0DQDJHPHQW�LQ�:KHDW��0XVWDUG�DQG�%DMUD�
�

'HFLVLRQ� VXSSRUW� V\VWHPV� DQG� H[SHUW� V\VWHPV� FDQ� EH� RI� WUHPHQGRXV� KHOS� WR� JXLGH� WKH� SHRSOH�
HQJDJHG� LQ� PRGHUQ� DJULFXOWXUH�� 7KHVH� V\VWHPV� XVXDOO\� SURYLGH� GHFLVLRQ� VXSSRUW� HLWKHU� IRU� H[WHQVLRQ�
ZRUNHUV�ZKR�KDYH� WR�GHFLGH�ZKDW�DGYLFH� WR�RIIHU� WR� FOLHQWV�� RU� IRU� WKH� IDUPHUV�ZKR�KDYH� WR�GHFLGH�RQ�D�
FRXUVH�RI�DFWLRQ�WR�EH�WDNHQ�LQ�D�JLYHQ�VLWXDWLRQ��'HILFLHQF\�RI�QXWULHQW�LV�ZLGHVSUHDG�LQ�VRLOV�DQG�SODQWV�DQG�
LW� JRHV� XQQRWLFHG� EHFDXVH� RI� ODFN� RI� VXSSRUW� IRU� GHFLVLRQ�PDNLQJ�� .HHSLQJ� LQ� YLHZ� WKH� LPSRUWDQFH� DQG�
ZLGHVSUHDG�GHILFLHQF\�RI� QXWULHQWV� WKH�SUREOHP�RI�GHYHORSLQJ�D�FRPSXWHU�DLGHG�V\VWHP�ZDV�XQGHUWDNHQ��
,QIRUPDWLRQ� DQG� NQRZOHGJH� JDWKHUHG� IRU� WKLV� V\VWHP� LV� IURP� YDULRXV� ERRNV� DQG� MRXUQDOV�� 7KLV� IRUPV� WKH�
FRUH�RI� WKH�GDWDEDVH��ZKLFK�VXSSRUWV� WKH�GHFLVLRQ�PDNLQJ�HIIRUW�� 7KH� V\VWHP� LV� FRPSOHWH�RQH� IRU�ZKHDW�
PXVWDUG�DQG�EDMUD�DQG�LV�ZHE�EDVHG��)XUWKHU��WKLV�V\VWHP�FDQ�EH�LPSOHPHQWHG�DV�QHW�ZRUN���EDVHG�V\VWHP�
ZLWK�D�VHUYHU��7KH�V\VWHP�LV�PHQX�GULYHQ�DQG�XVHU�IULHQGO\��+RSHIXOO\��WKH�XVH�RI�WKLV�V\VWHP�ZLOO�SURYLGH�
LQWHOOHFWXDO� VXSSRUW� WR� IDUPHUV� DQG� H[WHQVLRQ� ZRUNHUV� LQ� NQRZLQJ� QXWULHQW� DYDLODELOLW\� LQ� WKHLU� VRLOV� DQG�
IHUWLOL]HUV�W\SH�IRU�QXWULHQW�DSSOLFDWLRQ��
�

�&KDLUPDQ��'U��,�&��6HWKL���
�
���+DULVK���2QOLQH�6\VWHP�IRU�,QIRUPDWLRQ�DQG�0DUNHWLQJ�RI�,&$5�3XEOLFDWLRQV�
�

7KH� ,QGLDQ� &RXQFLO� RI� $JULFXOWXUDO� 5HVHDUFK� �,&$5�� GLVVHPLQDWHV� LQIRUPDWLRQ� RQ� UHFHQW�
WHFKQRORJLFDO� GHYHORSPHQWV� WKURXJK� YDULRXV� SXEOLFDWLRQV�� L�H�� ERRNV�� EXOOHWLQV�� SRSXODU� SXEOLFDWLRQV� DQG�



UHSRUWV�VR�DV�WR�FDWHU�WKH�QHHGV�RI�VFLHQWLVWV��H[WHQVLRQ�ZRUNHUV��SURJUHVVLYH�IDUPHUV��VWXGHQWV�DQG�JHQHUDO�
SXEOLF��7KH�GHYHORSPHQW�RI�DQ�,QIRUPDWLRQ�6\VWHP�IRU�,&$5�3XEOLFDWLRQV��$JUL3XE
V��ZLOO�KHOS�SURJUHVVLYH�
IRUPHUV�� LQGXVWULDOLVWV�� UHVHDUFKHUV�� VWXGHQWV� DQG� H[WHQVLRQ� ZRUNHUV� LQ� UDSLG� GLVVHPLQDWLRQ� DQG� RQOLQH�
RUGHULQJ�RI�NQRZOHGJH�IRU�WKH�EHQHILW�RI�KXPDQ�NLQG��7KH�SUHVHQW�LQYHVWLJDWLRQ�ZDV�FDUULHG�RXW�ZLWK�WKH�LGHD�
RI� GHYHORSLQJ� 2QOLQH� 6\VWHP� IRU� ,QIRUPDWLRQ� DQG� 0DUNHWLQJ� RI� ,&$5� 3XEOLFDWLRQV�� $JUL3XE
V� SURYLGHV�
LQIRUPDWLRQ� RQ� YDULRXV� DVSHFWV� RI� SXEOLFDWLRQV� YL]�� ERRNV�� +LQGL� MRXUQDOV�� (QJOLVK� MRXUQDOV�� GLVFRXQWHG�
ERRNV�� ELEOLRJUDSKLHV� 	� SURFHHGLQJV� DQG�PLVFHOODQHRXV� SXEOLFDWLRQV�� 7KH� LQIRUPDWLRQ� LV� SURYLGHG� LQ� WKH�
IRUP�RI�WH[W�DV�ZHOO�DV�SLFWXUHV��$JUL3XE
V�LV�YHU\�XVHU�IULHQGO\�IRU�GLVVHPLQDWLQJ�LQIRUPDWLRQ�RQ�SXEOLFDWLRQV��
$JUL3XE
V� FDQ� EH� LPSOHPHQWHG� DV� D� QHWZRUN�EDVHG� V\VWHP� ZLWK� D� VHUYHU� DW� FHQWUDO� ORFDWLRQ� VR� WKDW�
LQIRUPDWLRQ�LV�DYDLODEOH�RQ�OLQH��$JUL3XE
V�FDQ�UXQ�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�D�SURYLVLRQ�
WR� LQVHUW�� GHOHWH� DQG� PRGLI\� WKH� LQIRUPDWLRQ�� ,W� KDV� IDFLOLW\� WR� EURZVH�� VHDUFK� DQG� RQOLQH� RUGHULQJ� WKH�
SXEOLFDWLRQV�� ,W� KDV�RQ�OLQH�KHOS� WR� IDFLOLWDWH� VPRRWK�QDYLJDWLRQ��)DFLOLW\�KDV�EHHQ�SURYLGHG� IRU� LQWHUDFWLRQ�
ZLWK�WKH�6\VWHP�$GPLQLVWUDWRU�RI�$JUL3XE
V�WKURXJK�$JUL3XE
V�&RQWDFW8V�)RUP��/LQNV�DUH�DOVR�SURYLGHG�IRU�
SXEOLFDWLRQV�LQIRUPDWLRQ�WKDW�LV�FXUUHQWO\�DYDLODEOH�RQ�WKH�,QWHUQHW��
�

�&KDLUPDQ��'U��9�.��0DKDMDQ��
�
���6ULGKDU�*DMDYHOOL���:HE�%DVHG�,QIRUPDWLRQ�6\VWHP�IRU�0DL]H�&URS�
�

0DL]H� LV�D� YHU\� LPSRUWDQW� FURS�DQG�DQ� LQIRUPDWLRQ�V\VWHP�RQ�0DL]H� LV�H[SHFWHG� WR� VHUYH�XVHIXO�
SXUSRVH�WR�SURYLGH�WKH�UHTXLUHG�LQIRUPDWLRQ�WR�WKH�XVHUV��7KH�SUHVHQW�LQYHVWLJDWLRQ�ZDV�FDUULHG�RXW�ZLWK�WKH�
LGHD� RI� GHYHORSLQJ� ZHE� EDVHG� ,QIRUPDWLRQ� 6\VWHP� IRU� 0DL]H� &URS� �,60��� ,60� SURYLGHV� LQIRUPDWLRQ� RQ�
YDULRXV� DVSHFWV� RI� YDULHWLHV�� FXOWXUDO� SUDFWLFHV�� LQVHFWV�� GLVHDVHV�� ZHHGV� DQG� DOVR� SRVW� KDUYHVW�
WHFKQRORJLHV��7KH�LQIRUPDWLRQ�LV�SURYLGHG�LQ�WKH�IRUP�RI�WH[W�DV�ZHOO�DV�SLFWXUHV��,60�FDQ�EH�LPSOHPHQWHG�
DV�D�QHWZRUN�EDVHG�V\VWHP�ZLWK�D�VHUYHU�DW�FHQWUDO�ORFDWLRQ�VR�WKDW�LQIRUPDWLRQ�LV�DYDLODEOH�RQ�OLQH��6HFXULW\�
IHDWXUHV�DUH�SURYLGHG�LQ�VXFK�D�ZD\�WKDW�RQO\�DGPLQLVWUDWRU�FDQ�DFFHVV�WKH�GDWDEDVH��7KHUH�LV�D�SURYLVLRQ�
WR� LQVHUW��GHOHWH�DQG�PRGLI\� WKH� LQIRUPDWLRQ�� ,W�KDV� IDFLOLW\� WR�EURZVH�DQG�VHDUFK� WKH�FURS
V�FULWLFDO�VWDJHV�
DQG�WKHLU�UHPHGLHV�DOVR��,W�LV�SRVVLEOH�WR�JHW�HQODUJHG�YLHZ�RI�WKH�LPDJH�RI�YDULHWLHV��LQVHFWV��GLVHDVHV�DQG�
ZHHGV��,W�KDV�RQ�OLQH�KHOS�WR�IDFLOLWDWH�VPRRWK�QDYLJDWLRQ��

�
�&KDLUPDQ��'U��9�.��0DKDMDQ��

�
���9�1��%�6��0DGKDYDQDQG���,QWHUIDFH�'HYHORSPHQW�IRU�WKH�*,6�$VVLVWHG�*URXQG�:DWHU�3RWHQWLDO�
$VVHVVPHQW�
�

*URXQG� ZDWHU� LV� WKH� PRVW� LPSRUWDQW� QDWXUDO� UHVRXUFH� UHTXLUHG� IRU� GULQNLQJ�� LUULJDWLRQ� DQG�
LQGXVWULDOL]DWLRQ�� 7KH� UHVRXUFH� FDQ� EH� RSWLPDOO\� XVHG� DQG� VXVWDLQHG� RQO\� ZKHQ� TXDQWLW\� DQG� TXDOLW\� RI�
JURXQG�ZDWHU�LV�DVVHVVHG��7KH�*URXQG�ZDWHU�SRWHQWLDO�DVVHVVPHQW�PRGHOV�DUH�OLPLWHG�LQ�WKDW�WKH\�GR�QRW�
H[SOLFLWO\�DOORZ�IRU�WKH�LQFOXVLRQ�RI�VSDWLDO�GDWD�DQG�DWWULEXWH�GDWD�DV�PRGHO�LQSXWV��'DWD�PXVW�EH�SURFHVVHG�
LQWR�D�IRUP�WKDW�WKH�PRGHO�FDQ�XVH��3URFHVVLQJ�WKHVH�GDWD��HYHQ�ZLWK�WKH�XVH�RI�D�*HRJUDSKLF�,QIRUPDWLRQ�
6\VWHP� �*,6��� LV� WHGLRXV� DQG� WLPH� FRQVXPLQJ� GXH� WR� WKH� ODUJH� QXPEHU� RI� PRGHO� SDUDPHWHUV� UHTXLUHG�
H[HFXWLQJ� JURXQG�ZDWHU� DVVHVVPHQW�PRGHOV�� 7KH� SDUDPHWHUV� LQYROYHG� LQ� WKH� GHYHORSPHQW� RI� WKH�PRGHO�
DQG�VXEVHTXHQW�YDOLGDWLRQ�QHHGV�D�ODUJH�GDWD�VHW��,Q�WKLV�FRQWH[W��GDWD�DQDO\VLV�DQG�LQWHUSUHWDWLRQ�WKURXJK�
*,6�FRXSOHG�ZLWK�PRGHOLQJ�FDSDELOLWLHV�ZLOO�DVVLVW�WR�WDNH�DOWHUQDWLYH�GHFLVLRQV�ZLWKLQ�D�GHILQHG�V\VWHP��6R�
DQ� LQWHUIDFH� WR� WKH� *,6�� *:$6�� KDV� EHHQ� GHYHORSHG� XVLQJ� 0LFURVRIW� 9LVXDO� %DVLF� ���� DQG� $UF� 0DFUR�
/DQJXDJH� �$0/�� VR� WKDW� WKH� GDWD� UHTXLUHG� E\� WKH� JURXQG� ZDWHU� SRWHQWLDO� DVVHVVPHQW� PRGHOV� ZLOO� EH�
DVVHVVHG�IURP�WKH�*,6�LQIR�WDEOHV�DQG�DFFHVV�GDWDEDVH�DQG�WKH�RXWSXW�IURP�WKH�H[HFXWHG�PRGHO�FDQ�EH�
GLVSOD\HG�ZLWK�WKH�KHOS�RI�PHQXV��ZKLFK�FDQ�HOLPLQDWH�PDQ\�VRXUFHV�RI�HUURU�DQG�UHGXFH�UXQ�SUHSDUDWLRQV�
VLJQLILFDQWO\�� :LWK� WKH� KHOS� RI� WKLV� VRIWZDUH�� D� QRYLFH� PRGHOOHU� ZKR� LV� IDPLOLDU� ZLWK� WKH� EDVLF� ZLQGRZV�
DSSOLFDWLRQV�DOVR�FDQ�GR�WHGLRXV�*,6�UHODWHG�WDVNV��*:$6�JLYHV�D�WUHPHQGRXV�WLPH�VDYLQJ�VR�WKDW�PRGHOHU�
FDQ�VSHQG�FRQVLGHUDEOH�WLPH�RQ�PRGHOOLQJ��SODQQLQJ�DQG�LQ�GHFLVLRQ�PDNLQJ��
�

�&KDLUPDQ��'U��3�.��0DOKRWUD������


