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/HDUQLQJ�ORRSV�LQ�WKH�SXEOLF�UHDOP�

�

3DUWLFLSDWRU\�VHQVLQJ�ZLWKLQ�FR�FUHDWLRQ��LPSURYLQJ�
WKH�WUDQVIRUPDWLRQ�RI�WKH�XUEDQ�HQYLURQPHQW��7KH�

9HURQD�FDVH�LQVLGH�WKH�/223(5�SURMHFW��

0DVVLPLOLDQR�&RQGRWWD���&KLDUD�6FDQDJDWWD���*LRYDQQL�%RUJD���3DROR�5XJJHUL���
0LFKHOD�'H�0DULD���)DELR�3HURQ��

�8QLYHUVLWj�,XDY�GL�9HQH]LD��FRQGRWWD#LXDY�LW�
�8QLYHUVLWj�,XDY�GL�9HQH]LD��FVFDQDJDWWD#LXDY�LW�

�8QLYHUVLWj�,XDY�GL�9HQH]LD��ERUJD#LXDY�LW�
�8QLYHUVLWj�,XDY�GL�9HQH]LD��SUXJJHUL#LXDY�LW�

�8QLYHUVLWj�,XDY�GL�9HQH]LD��PLFKHOD�GHPDULD#LXDY�LW�
�8QLYHUVLWj�,XDY�GL�9HQH]LD��ISHURQ#LXDY�LW�

�

$EVWUDFW��7KLV�SDSHU�LOOXVWUDWHV�PHWKRGV��WHFKQRORJLHV�DQG�WRROV�XVHG�DQG�GHYHORSHG�WR�VXSSRUW�D�FR�
FUHDWLRQ� PHWKRG� IRU� WKH� WUDQVIRUPDWLRQ� RI� WKH� XUEDQ� HQYLURQPHQW�� GHYHORSHG� DQG� WHVWHG� LQ� WKH�
IUDPHZRUN�RI�WKH�9HURQD�FDVH�IURP�WKH�/223(5�SURMHFW��7KH�/223(5�SURMHFW��/HDUQLQJ�/RRSV�LQ�
WKH�3XEOLF�5HDOP���LV�DQ�(XURSHDQ�5HVHDUFK�3URMHFW�FR�IXQGHG�XQGHU�WKH�-3,�8UEDQ�(XURSH�SURJUDP��
2WKHU� WZR�FLWLHV�DUH� LQYROYHG��%UXVVHOV��ZRUNLQJ�RQ� WUDIILF� UHODWHG� LVVXHV��0DQFKHVWHU��ZRUNLQJ�RQ�
TXDOLW\�RI�VSDFHV��&R�FUHDWLRQ�EULQJV�WRJHWKHU�SDUWLFLSDWRU\�VHQVLQJ��FR�GHVLJQ�DQG�RWKHU�DFWLYLWLHV�WR�
DFWLYDWH�D�SDUWLFLSDWRU\�SURFHVV��7KH�/223(5�FR�FUHDWLRQ�PHWKRGRORJ\��LQ�WKH�ZD\�LW�LV�DSSOLHG�DW�WKH�
9HURQD�FDVH�VWXG\�� LV� WKHUHIRUH�EDVHG�RQ�ZRUNLQJ�ZLWK� WKH�VWDNHKROGHUV�VLQFH� WKH�ILUVW�VWHSV�RI� WKH�
SURMHFW��PHDQLQJ�WKDW�SDUWLFLSDWRU\�VHQVLQJ�LV�JURXQGHG�RQ�WKH�VFRSLQJ�DQG�PRQLWRULQJ�RI�XUEDQ�LVVXHV�
GRQH� E\� FLWL]HQV�� HQDEOLQJ� WKHP� WR� JDLQ� EHWWHU� UHVXOW� WKDQNV� WR� WKH� NQRZOHGJHV� REWDLQHG� LQ� WKH�
EHJLQQLQJ��7R�VXSSRUW� WKLV�SURFHVV�GLIIHUHQW� WHFKQRORJLHV�DUH�XVHG��SDVVLYH�VHQVRUV� IRU�12���QRLVH�
ER[HV��30����SRUWDEOH� VHQVRUV�� XVHU�IULHQGO\�YLVXDOLVDWLRQ�GDVKERDUG� WR� FROOHFW� DQG�YLVXDOLVH�GDWD��
7KHVH�PHWKRGV�DQG�WHFKQRORJLHV�KDYH�EHHQ�XVHG�WR�LPSURYH�FR�FUHDWLRQ�WR�LGHDWH�DQG�GHVLJQ�XUEDQ�
WUDQVIRUPDWLRQ�IDFLQJ�VRPH�LVVXHV�LQ�WKH�FLW\�RI�9HURQD�6XG��

.H\ZRUGV��&R�FUHDWLRQ��&R�GHVLJQ��3DUWLFLSDWRU\�VHQVLQJ��/HDUQLQJ�/RRS�

,QWURGXFWLRQ��

7KH� WUDQVIRUPDWLRQ�RI� WKH�XUEDQ�HQYLURQPHQW� LV�D�FRPSOH[�SURFHVV� WKDW� LQYROYHV�PDQ\�VWDNHKROGHUV��GLIIHUHQW�
WRSLFV�DQG�PDQ\�SHUVRQDO�RU�LQVWLWXWLRQDO�LQWHUHVWV��7KH�FRQVHTXHQFHV�RI�WKLV�FRPSOH[LW\�DUH�WKH�VORZLQJ�GRZQ�RI�
WKH�WUDQVIRUPDWLRQ�SURFHVV�DQG�WKH�ULVLQJ�RI�FRQIOLFWV�DQG�IULFWLRQV�EHWZHHQ�FLWL]HQV�DQG�SXEOLF�DGPLQLVWUDWLRQ��%XW�
DQRWKHU�DVSHFW�WKDW�LQIOXHQFH�RQ�WKH�VFDQW�LPSOHPHQWDWLRQ�RI�XUEDQ�WUDQVIRUPDWLRQ�LV�WKH�LQWULFDWH�DQG�IDUUDJLQRXV�
FOXVWHU� RI� QRUPV� DQG� UHJXODWRU\� SODQV� VXSSRVHG� WR� IDFLOLWDWH� DQG� FRRUGLQDWH� WKH� PDQDJHPHQW� RI� WKH� FLW\�
GHYHORSPHQW��EXW�RQ�WKH�FRQWUDU\��EHFDXVH�RI�WKHLU�WRS�GRZQ�DSSURDFK��WKH\�HQWUDS�PDQ\�SRWHQWLDO�VPDOO�DQG�ORFDO�
XUEDQ�WUDQVIRUPDWLRQ�LQ�WKH�QDPH�RI�D�XQLWDU\�DQG�FRRUGLQDWH�DSSURDFK�DW�XUEDQ�SUREOHPV���
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7KHUH�LV�WKHUHIRUH�WKH�QHFHVVLW\�RI�QHZ�VWUDWHJLHV�DQG�DSSURDFKHV�DW�XUEDQ�SUREOHPV�WR�VWLPXODWH�DQG�IDFLOLWDWH�WKH�
LGHDWLRQ�DQG�WKHQ�WKH�LPSOHPHQWDWLRQ�RI�XUEDQ�WUDQVIRUPDWLRQV�WR�LPSURYH�WKH�TXDOLW\�RI�WDUJHWHG�DQG�ORFDO�XUEDQ�
SODFHV��H�J��D�VWUHHW��D�VPDOO�QHLJKERXUKRRG��WKURXJK�D�VRUW�RI�D�ERWWRP�XS�DSSURDFK�LQ�WHUPV�RI�SODQQLQJ�VFDOH��
WKH�WUDQVIRUPDWLRQ�RI�VLQJOH�XUEDQ�SODFHV�FDQ�FRQWULEXWH�LQ�WKH�GHYHORSPHQW�DQG�WUDQVIRUPDWLRQ�RI�WKH�ZKROH�FLW\��
2Q�WKH�RWKHU�KDQG��WR�DYRLG�FRQIOLFWV�EXW�PRUHRYHU�WR�DGRSW�DGHTXDWH�DQG�ZHOO�FKRVHQ�VROXWLRQV��WKHUH�LV�DOVR�WKH�
QHFHVVLW\�RI�SODQ�WKHVH�WUDQVIRUPDWLRQV�WKURXJK�D�FR�FUHDWLRQ�SURFHVV�EDVHG�LWVHOI�RQ�D�ERWWRP�XS�DSSURDFK��,W�LV�
QRW�D�VLPSOH�WDVN�DQG�VRPH�FRQGLWLRQV�DUH�QHFHVVDULHV��³7KH�IXQGDPHQWDO�SUHFRQGLWLRQ�IRU�WKH�LPSOHPHQWDWLRQ�RI�
D�ERWWRP�XS�DSSURDFK�LV�WKH�H[LVWHQFH�RI�D�µERWWRP�OHYHO¶��ZKLFK�IRU�XUEDQ�SODQQLQJ�FRUUHVSRQGV�WR�WKH�H[LVWHQFH�
RI�D�FRPPXQLW\�WKDW�KDV�FHUWDLQ�QHHGV��SUREOHPV�DQG�H[SHFWDWLRQV��WKDW�DUH�GLIIHUHQW�IURP�RWKHU�FRPPXQLWLHV��DQG�
LV� DOVR�ZLOOLQJ� WR� SDUWLFLSDWH� LQ� SODQQLQJ� SURFHGXUHV� LQ� RUGHU� WR� LQIOXHQFH� WKHP´� �3LVVRXULRV�� ������� $QRWKHU�
FRQGLWLRQ�LV�WKH�QHFHVVLW\�WR�LQYROYH�LQ�WKH�ERWWRP�XS�SURFHVV�DOVR�FLW\�LQVWLWXWLRQV�ZLWK�WKH�UROH�RI�HYDOXDWLQJ�
IHDVLELOLW\�RI�VROXWLRQV�LQ�RUGHU�WR�DYRLG�GLIILFXOWLHV�³LQ�WUDQVODWLQJ�D�ERWWRP�XS�SURFHGXUH�RI�XUEDQ�LQWHUYHQWLRQ�
LQWR�OHJLVODWLRQ´��3LVVRXULRV���������

,Q�WKLV�WKHRUHWLFDO�FRQWH[W��WKH�/223(5�SURMHFW�ZDV�LGHDWHG�ZLWK�WKH�DLP�RI�GHYHORSLQJ�DQG�WHVWLQJ�D�UHOLDEOH�DQG�
DGDSWLYH�VWUDWHJ\�EDVHG�RQ� WKH�GRXEOH�ERWWRP�XS�DSSURDFK��VXSSRUWHG�E\�DQ� LQQRYDWLYH�PXOWL�VWHS�FR�FUHDWLRQ�
SURFHVV�WR�LPSURYH�WKH�WUDQVIRUPDWLRQ�RI�WKH�XUEDQ�HQYLURQPHQW��/223(5��/HDUQLQJ�/RRSV�LQ�WKH�3XEOLF�5HDOP��
LV�D�SURMHFW�FR�IRXQGHG�XQGHU�WKH�-3,�8UEDQ�(XURSH�SURJUDP�DQG�LW�ZRUNV�ZLWK�WKUHH�SLORW�FDVHV��WR�EH�FRPSDUHG�
DQG�HYDOXDWHG�� ORFDWHG� LQ�%HOJLXP� �%UXVVHO���8QLWHG�.LQJGRP� �0DQFKHVWHU�� DQG� ,WDO\� �9HURQD���7KH�SDUWQHUV�
LQYROYHG�DUH��9ULMH�8QLYHUVLWHLW�%UXVVHO��%5$/�&LWL]HQV�DVVRFLDWLRQ�RI�%UXVVHO��8QLYHUVLW\�RI�0DQFKHVWHU��6�%�
�%UXQVZLFN�5HJHQHUDWLRQ�3),���&OLFN�DQG�/LQNV��8QLYHUVLW\�,XDY�RI�9HQLFH��&RPXQH�GL�9HURQD��/HJDPELHQWH�
9HURQD��,Q�WKLV�SDSHU�WKH�,WDOLDQ�FDVH�LV�XVHG�WR�EHWWHU�H[SODLQ�KRZ�WKH�SDUWLFLSDWRU\�VHQVLQJ�ZLWKLQ�WKH�FR�FUHDWLRQ�
SURFHVV�FDQ�LPSURYH�WKH�WUDQVIRUPDWLRQ�RI�WKH�XUEDQ�HQYLURQPHQW��

$V�DERYHPHQWLRQHG�WKH�,WDOLDQ�DSSOLFDWLRQ�LV�ORFDWHG�LQ�9HURQD��LQ�1RUWK�,WDO\��DQG�PRUH�VSHFLILFDOO\�LQ�WKH�DUHD�
RI�9HURQD�6XG��)LJXUH�����WKDW�LV�GLYLGHG�IURP�WKH�KLVWRULFDO�SDUW�RI�WKH�FLW\�E\�WKH�$GLJH�ULYHU�DQG�WKH�IRUPHU�
IUHLJKW�\DUG��FRQILJXULQJ�LW�DV�D�FRPSOHWHO\�GLVWLQJXLVKDEOH�DQG�VHSDUDWHG�DUHD�RI�WKH�FLW\��,WV�GHYHORSPHQW�VWDUWHG�
DW�WKH�HQG�RI�WKH�;,;�FHQWXU\��ZLWK�WKH�FRPSOHWLRQ�RI�WKH�ILUVW�QHLJKERXUKRRG�LQ�WKH�HDUO\�WZHQWLHWK�FHQWXU\��8S�
WR������WKH�LQGXVWU\�JUHZ�LQ�WKH�DUHD��RFFXS\LQJ�WKH�FHQWUDO�SDUW�RI�LW��DQG�WKH�=�$�,���,QGXVWULDO�$JULFXOWXUDO�=RQH��
ZDV�HVWDEOLVKHG��

�

)LJXUH�����9HURQD�ORFDWLRQ�LQ�1RUWK�(DVW�SDUW�RI�,WDO\�DQG�9HURQD�6XG�ERUGHUV�

7KH�PDLQ� LVVXHV� WKDW� LQIOXHQFH� WKLV� DUHD� DUH� DLU� TXDOLW\� DQG� QRLVH� SROOXWLRQ��PDLQO\� FDXVHG� E\� KHDY\� WUDIILF��
LQGXVWULHV�� ROG� EXLOGLQJV¶� KHDWLQJ� SODQWV�� 7KH� SUHVHQFH� RI� WKLV� NLQG� RI� LVVXHV� OHDG� WR� WKH� FUHDWLRQ� RI�PXOWLSOH�
QHLJKERXUKRRG�DQG�FLWL]HQV�DVVRFLDWLRQV�ZKLFK�DUH�LQWHUHVWHG�LQ�VROYLQJ�WKHVH�SUREOHPV��7KH�VWURQJ�ZLOOLQJQHVV�
RI�WKH�JURXSV�LQ�SURWHVWLQJ�UHVXOWHG�LQ�D�FRQIOLFWXDO�UHODWLRQVKLS�ZLWK�SROLF\PDNHUV�DQG�WKH�SXEOLF�DGPLQLVWUDWLRQ�
RI�WKH�FLW\��&RQGRWWD�HW�DO����������,Q�WKLV�IUDPHZRUN�WKH�/223(5�SURMHFW�DSSOLHV�LWV�FR�FUHDWLRQ�PHWKRGRORJ\�WR�
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VROYH�WKH�FRQIOLFWV�UDLVHG�EHWZHHQ�WKH�SDUWLHV�LQ�RUGHU�WR�ILQG�QHZ�VKDUHG�PLWLJDWLRQ�VROXWLRQ�WR�LPSURYH�WKH�XUEDQ�
HQYLURQPHQW��

/223(5�PXOWL�VWHS�FR�FUHDWLRQ�SURFHVV�

7KH�/223(5�FR�FUHDWLRQ� LV� D�PXOWL�VWHS�SURFHVV�EDVHG�RQ�D�ERWWRP�XS�DSSURDFK��7R�FUHDWH� WKH�FRQGLWLRQ�RI�
KDYLQJ�D�FRQVLVWHQW�DQG�SUHSDUHG�³ERWWRP�OHYHO´���DQG�WKHUHIRUH�JHW�D�VXFFHVVIXO�FR�FUHDWLRQ�SURFHVV�±�WKH�VWUDWHJ\�
LV�WR�DSSO\�WKH�PHWKRGRORJ\�RI�WKH�/HDUQLQJ�/RRS�ZLWKLQ�8UEDQ�/LYLQJ�/DEV��8//V���

7KH�/HDUQLQJ�/RRS��RU�VLQJOH�GRXEOH�ORRS�OHDUQLQJ��FRQFHSW�ZDV�ILUVWO\�GHYHORSHG�E\�$UJ\ULV�DQG�6FK|Q���������
6LQJOH�ORRS�OHDUQLQJ�LV�DQ�RUJDQLVDWLRQDO�OHDUQLQJ�SURFHVV��PHDQLQJ�WKDW�SHRSOH��RUJDQLVDWLRQ�RU�JURXSV�PRGLI\�
WKHLU�EHKDYLRXU�DQG�DFWLRQV�DFFRUGLQJ�WR�KRZ�UHDFKHG�RXWFRPHV�GLIIHU�IURP�WKH�H[SHFWHG�RXWFRPHV��7KH�VLQJOH�
ORRS�OHDUQLQJ�LV�WKHUHIRU�EDVHG�RQ�WKH�LGHD�WKDW�SHRSOH�FKDQJH�WKHLU�DFWLRQV��RU�EHKDYLRXUV��WR�DYRLG�PLVWDNHV��7KH�
LPSOHPHQWHG�YHUVLRQ�RI�WKH�VLQJOH�ORRS�OHDUQLQJ�LV�WKH�GRXEOH�ORRS�OHDUQLQJ��ZKLFK�H[SDQGV�WKH�LGHD�RI�WKH�VLQJOH�
ORRS�E\�KDYLQJ�SHRSOH�WR�FRUUHFW�QRW�RQO\�WKHLU�DFWLRQV��EXW�DOVR�WKH�XQGHUO\LQJ�FDXVHV���L�H��RUJDQLVDWLRQDO�QRUPV��
SROLFLHV���EHKLQG�WKH�SUREOHPDWLF�DFWLRQ��

,Q�/223(5�D�GRXEOH�ORRS�OHDUQLQJ�LV�XVHG�DV�SDUWLFLSDQWV��DQG�VWDNHKROGHUV��DUH�FDOOHG�WR�FRQVLGHU�QRW�RQO\�DERXW�
WKHLU�DFWLRQV��EXW�DOVR�WKH�IUDPHZRUN�LQ�ZKLFK�WKH\�DUH�ZRUNLQJ��$V�WKLV�OHDGV�WR�D�GHHSHU�XQGHUVWDQGLQJ�RI�WKH�
SDWWHUQ�LQ�ZKLFK�WKH\�DUH�ZRUNLQJ��LW�DOVR�DOORZV�D�EHWWHU�GHFLVLRQ�PDNLQJ�SURFHVV�ZLWKLQ�HYHU\�RSHUDWLRQ��'RXEOH�
ORRS�OHDUQLQJ�DOVR�LQWURGXFHV�RUJDQLVDWLRQDO�OHDUQLQJ�LQ�WKH�IUDPHZRUN��SDUWLFLSDQWV�DQG�VWDNHKROGHUV�DUH�FDOOHG�WR�
H[DPLQH�WKH�XQGHUO\LQJ�DVVXPSWLRQV�EHKLQG�WKH�DFWLRQV�WR�OHDUQ�IURP�SRVVLEOH�LQFRUUHFW�PHWKRGV��

$QRWKHU�LPSRUWDQW�FRQFHSW�ZLWKLQ�WKH�SURMHFW�LV�WKDW�RI�8UEDQ�/LYLQJ�/DE��DQ��HYROXWLRQ�RI�WKH�/LYLQJ�/DE�FRQFHSW�
WKDW�LV�D�XVHU�FHQWHUHG�RSHQ�LQQRYDWLRQ�HFRV\VWHP��9RQ�+LSSHO��������&KHVEURXJK��������$OPLUDOO�DQG�:DUHKDP��
������ZKLFK�LQWHJUDWHV�UHVHDUFK�DQG�LQQRYDWLRQ�SURFHVVHV��%LOJUDP�HW�DO���������ZLWKLQ�D�SXEOLF�SULYDWH�SHRSOH�
SDUWQHUVKLS��3DOORW���������

7KH�LPSOHPHQWDWLRQ�RI�WKH�OHDUQLQJ�ORRS�DQG�8//�FRQFHSWV�ZLWKLQ�WKH�FR�FUHDWLRQ�SURFHVV�WDNHV�SODFH�E\�ILOOLQJ�
WKUHH�VHTXHQWLDO�SODQQLQJ�VWDJHV�ZKLFK�DUH�FRQGXFWHG�LQVLGH�8//V��)LJXUH��������,GHQWLILFDWLRQ�RI�SUREOHPV�����
&R�GHVLJQ�DQG�HYDOXDWLRQ�RI�DOWHUQDWLYH�VROXWLRQV�����,PSOHPHQWDWLRQ�DQG�PRQLWRULQJ��$IWHU�ILQLVKLQJ�WKH�WKUHH�
VWDJH�SURFHVV�DQRWKHU�ORRS�VWDUWV�E\�JRLQJ�EDFN�DW�WKH�LGHQWLILFDWLRQ�RI�SUREOHPV��WKLV�WULJJHUV�D�³OHDUQLQJ�ORRS´�DV�
GXULQJ�WKH�VHFRQG�ORRS�VWDNHKROGHUV�DOUHDG\�KDYH�DFTXLUHG�NQRZOHGJH�DQG�LQIRUPDWLRQ�DV�D�EDVH�IRU�LW��

�

)LJXUH�����/223(5�FR�FUHDWLRQ�SURFHVV�

7KH�OHDUQLQJ�VLGH�RI�WKH�FR�FUHDWLRQ�SURFHVV�

,Q�WKH�IUDPHZRUN�RI�WKH�PXOWL�VWHS�FR�FUHDWLRQ�SURFHVV��WKH�/223(5�PHWKRG�DFWLYDWHV�D�WKUHH�³OHDUQLQJ�VWDJHV´�
SURFHVV�LQVLGH�8//V��HDFK�RI�ZKLFK�WDNHV�SODFH�GXULQJ�HYHU\�OHDUQLQJ�ORRS��)LJXUH�����
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)LJXUH�����/HDUQLQJ�VWDJHV�LQVLGH�WKH�IUDPHZRUN�RI�WKH�/223(5�FR�FUHDWLRQ�SURFHVV�

(DFK�OHDUQLQJ�VWDJH�FDQ�EH�PDWFKHG�WR�RQH�RI�WKH�FR�FUHDWLRQ�SURFHVV¶�VWDJHV��ZKLFK�ZLOO�EH�EHWWHU�H[SODLQHG�ODWHU�
RQ��7KH�ILUVW�OHDUQLQJ�VWDJH�LV�PHDQW�WR�FUHDWH�DZDUHQHVV�DERXW�XUEDQ�LVVXHV�DQG�ERXW�WKH�VWDWXV�RI�WKH�SUREOHPV�
WKURXJK�VRPH�FRQVFLRXVQHVV�DFWLYLWLHV��7KLV�ILUVW�W\SH�RI�OHDUQLQJ�VWDUWV�E\�IRFXVLQJ�RQ�WKH�VFRSLQJ�RI�LVVXHV��GRQH�
GXULQJ�WKH�8//�PHHWLQJV�ZKLFK�DUH�RUJDQL]HG�WRJHWKHU�ZLWK�DOO�VWDNHKROGHUV��'XULQJ�WKHVH�PHHWLQJV�SDUWLFLSDQWV�
VWDUW�WR�OHDUQ�ZKDW�RWKHUV�SHUFHLYH�DV�LVVXHV��ZKLFK�PDWWHUV�DUH�UHDO�RU�SHUFHLYHG��DQG�ZKLFK�RI�WKH�LVVXHV�DUH�PRVW�
UHOHYDQW��7KH�OHDUQLQJ�ODWHU�PRYHV�WRZDUG�DSSO\LQJ�ZKDW�ZDV�OHDUQW�SUHYLRXVO\�WR�RUJDQL]H�WKH�GDWD�FROOHFWLRQ�
DFWLYLW\�ZKLFK�XVHV�D�FURZG�VRXUFLQJ�DSSURDFK��$V�VRRQ�DV�WKH�GDWD�FROOHFWLRQ�LV�FRPSOHWHG��WKH�YLVXDOL]DWLRQ�DGGV�
RWKHU�VNLOOV�DQG�NQRZOHGJH�WR�WKH�OHDUQLQJ�DV�SDUWLFLSDQWV�DUH�FDOOHG�WR�DQDO\VH�WKH�GDWD�WKH\�FROOHFWHG�E\�XVLQJ�WKH�
RQOLQH�LQWHUDFWLYH�JHR�SODWIRUP�WKDW�VKRZV�HYHU\�FROOHFWHG�GDWD�ZLWK�D�XVHU�IULHQGO\�DSSURDFK���

7KH� VHFRQG� OHDUQLQJ� VWDJH� FRYHUV� WKH� DFWLYLWLHV� RI� FR�GHVLJQ� RI� SRVVLEOH� XUEDQ� PLWLJDWLRQ� VROXWLRQV� DQG� WKH�
HYDOXDWLRQ�RI�ZKLFK�DUH�ZRUWK�WR�EH�LPSOHPHQWHG��'XULQJ�WKH�FR�GHVLJQ�DFWLYLW\�SDUWLFLSDQWV�DUH�DVNHG�WR�SURSRVH�
SRVVLEOH�VROXWLRQV�WR�VROYH�XUEDQ�LVVXHV��7KLV�FR�GHVLJQ�DFWLYLW\�LV�GRQH�E\�KDYLQJ�ZLWKLQ�WKH�SDUWLFLSDQWV�ERWK�
FLWL]HQV�DQG�SROLF\PDNHUV��WKLV�DOORZV�WR�KDYH�DQ�RSHQ�GLDORJXH�RQ�ZKLFK�SURSRVHG�VROXWLRQV�DUH�IHDVLEOH��HIIHFWLYH�
DQG�VXVWDLQDEOH��0RYLQJ�IRUZDUG�WR�WKH�HYDOXDWLRQ��HDFK�RI�WKH�VROXWLRQV�FRQVLGHUHG�WR�EH�IHDVLEOH��HIIHFWLYH�DQG�
VXVWDLQDEOH�E\�SDUWLFLSDQWV�DUH�DVVHVVHG�E\�XVLQJ�WKH�0$0&$��0XOWL�$FWRU�0XOWL�&ULWHULD�$QDO\VLV���

7KH�WKLUG�OHDUQLQJ�VWDJH�VHHNV�WR�LPSOHPHQW�WKH�VHOHFWHG�VROXWLRQV�LQWR�WKH�XUEDQ�HQYLURQPHQW��ZLWK�D�VHFRQG�GDWD�
FROOHFWLRQ�WR�PRQLWRU�LI�WKHUH�DUH�DQ\�HIIHFWV�DIWHU�WKH�LPSOHPHQWDWLRQ��'XULQJ�WKLV�VWDJH�SDUWLFLSDQWV���ERWK�FLWL]HQV�
DQG� SROLF\PDNHUV� �� DVVHVV� WKH� UHVXOWV� RI� WKHLU� DFWLYLWLHV� DQG�� LQ� WKLV�ZD\�� WKH\� LQFUHDVH� WKHLU� NQRZOHGJH� DQG�
DZDUHQHVV�RQ�SRVVLEOH�WUDQVIRUPDWLRQ�DQG�PLWLJDWLRQ�PHDVXUH�WR�DSSURDFK�XUEDQ�LVVXHV��$W�WKH�HQG�RI�WKLV�VWDJH�
DQRWKHU�ORRS�EHJLQV��DOORZLQJ�WR�KDYH�HYHQ�PRUH�OHDUQLQJ�DV�LW�VWDUWV�IURP�D�PRUH�DGYDQFHG�NQRZOHGJH�EDVH��

)XUWKHUPRUH��WKH�FR�FUHDWLRQ�SURFHVV�EDVHG�RQ�WKH�8//V�DQG�WKH�OHDUQLQJ�ORRS�PHWKRGRORJ\��ZKLFK�LV�DSSOLHG�LQ�
WKH�IUDPHZRUN�RI�WKH�/223(5�SURMHFW��GRHV�QRW�RQO\�DLP�DW�JLYLQJ�NQRZOHGJH�WR�SDUWLFLSDQWV�� LW�DOVR�KDV�WKH�
LQWHQW��RU�SHGDJRJLFDO�DPELWLRQ��RI�WUDQVIRUPLQJ�WKH�PRVW�FRPPRQ�QHJDWLYH�IHHOLQJV�RI�DQJHU�DQG�SURWHVW��ZKLFK�
XVXDOO\�FLWL]HQV�KDYH�WRZDUGV�SROLF\PDNHUV��LQWR�SRVLWLYH�HQHUJLHV�RI�SURSRVLWLRQ�DQG�SDUWLFLSDWLRQ��7KLV�LV�D�YHU\�
LPSRUWDQW�SRLQW�RI�WKH�SURFHVV�DV�XVXDOO\�WKHVH�QHJDWLYH�IHHOLQJ�VWHP�IURP�D�ORZ�NQRZOHGJH�ZKLFK�FLWL]HQV�KDYH�
ZKHQ�WDONLQJ�DERXW�XUEDQ�LVVXHV��OHDGLQJ�WR�D�IRUP�RI�LQHUWLD�ZKHQ�LPSURYHPHQW�PHDVXUHV�DUH�DSSOLHG�E\�SXEOLF�
DGPLQLVWUDWLRQV��
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7KH�³SDUWLFLSDWRU\�VHQVLQJ´��

7KH�OHDUQLQJ�VLGH�RI�WKH�FR�FUHDWLRQ�SURFHVV��WKDW�ZH�KDYH�GHVFULEHG�LQ�WKH�SUHYLRXV�SDUDJUDSK��SOD\�WKHUHIRUH�D�
UHOHYDQW� UROH� LQ�FUHDWLQJ� WKH�QHFHVVDU\�FRQGLWLRQV�IRU� LPSOHPHQWLQJ�DQ�HIIHFWLYH�ERWWRP�XS�DSSURDFK��$QRWKHU�
VWUDWHJ\�WR�HQKDQFH�WKH�ERWWRP�XS�DSSURDFK�LV�WR�HPEUDFH�D�³SDUWLFLSDWRU\�VHQVLQJ´�DSSURDFK�ZLWKLQ�WKH�ILUVW�VWDJH�
RI�WKH�OHDUQLQJ�ORRS��WKLV�LV�ZKDW�ZH�KDYH�GRQH�ZKLOH�DSSO\LQJ�WKH�/223(5�PHWKRG�DW�WKH�9HURQD�H[SHULHQFH��

7KH�SDUWLFLSDWRU\�VHQVLQJ�FRQFHSW�FDQ�WKHUHIRUH�EH�IRXQG�LQ�WKH�ZKROH�ILUVW�VWDJH�RI�WKH�FR�FUHDWLRQ�SURFHVV�DV�LW�
LV�D�FROOHFWLYH�ZD\�RI�JDWKHULQJ�NQRZOHGJH�ZKLOH�SHUFHLYLQJ�DQG�LQWHUSUHWLQJ�WKH�XUEDQ�VSDFH�WKDW�VXUURXQGV�WKH�
FRPPXQLW\� LWVHOI�� 7KH� SURFHVV� JHWV� FDOOHG� ³SDUWLFLSDWRU\� VHQVLQJ´� �)LJXUH� ��� DQG� DLPV� WR� FROOHFWLYHO\� LQYROYH�
�SDUWLFLSDWRU\��WKH�FRPPXQLW\�LQ�REVHUYLQJ��PHDVXULQJ�DQG�LQWHUSUHWLQJ��VHQVLQJ��WKH�XUEDQ�FULWLFDOLWLHV�DQG�WKH�
GDWD�FROOHFWHG�WR�UHDFK�WKH�GHVLJQ�RI�SRVVLEOH�LGHDV�WR�WUDQVIRUP�WKH�XUEDQ�HQYLURQPHQW��)URP�WKH�VFKHPH�LQ�)LJXUH�
��LW�LV�SRVVLEOH�WR�VHH�KRZ�±�XQGHU�WKH�XPEUHOOD�RI�SDUWLFLSDWRU\�VHQVLQJ�±�WKH�VXP�RI�WKH�DFWLYLWLHV�RI�WKH�ILUVW�VWDJH�
RI�WKH�SURMHFW�DFWXDOO\�EXLOW�WKH�³ERWWRP�OHYHO´�ZKLFK�LV�QHFHVVDU\�WR�KDYH�D�ZHOO�IXQFWLRQLQJ�ERWWRP�XS�DSSURDFK��
,QGHHG��LW�LV�SRVVLEOH�WR�UHDFK�JRRG��DQG�XVHIXO��UHVXOWV�ZLWK�D�ERWWRP�XS�DSSURDFK�RQO\�LI�FLWL]HQV�DUH�JLYHQ�WKH�
WRROV�WR�HPSRZHU�WKHPVHOYHV��

7R�JLYH�D�PRUH�FRPSOHWH�H[SODQDWLRQ�ZH�FDQ�VD\�WKDW�HDFK�RI�WKH�DFWLYLWLHV�GRQH�GXULQJ�WKH�ILUVW�VWDJH�JLYH�VRPH�
NQRZOHGJH�ZKLFK�DOORZV� WR�GHYHORS�SDUWLFLSDWRU\�VHQVLQJ�ZLWKLQ�D�FRPPXQLW\�� WKDW� ODWHU�RQ� LPSURYHV� WKH�FR�
FUHDWLRQ� SURFHVV��'XULQJ� WKH� VFRSLQJ� RI� LVVXHV� DFWLYLW\� FLWL]HQV� DUH� DEOH� WR� FROOHFWLYHO\� LQWHUSUHW� DQG� FUHDWH� D�
IUDPHZRUN�LQ�ZKLFK�WR�ZRUN��DQG�WKLV�FROOHFWLYH�FKRRVLQJ�DOORZV�D�IHHOLQJ�RI�LQYROYHPHQW�ZLWKRXW�ZKLFK�LW�ZRXOG�
QRW�EH�SRVVLEOH� WR� WULJJHU�D�ERWWRP�XS�DSSURDFK��'XULQJ� WKH�PRQLWRULQJ�DFWLYLW\� WKH�SDUWLFLSDWRU\�VHQVLQJ�JHWV�
HPSRZHUHG�DV�FLWL]HQV�DUH�FDOOHG�WR�FROOHFWLYHO\�PRQLWRU�ZKDW�WKH\�SUHYLRXVO\�GHFLGHG�WR�VFRSH��DQG�WKLV�LV�WKH�
ILUVW�DFWLYH�RQ�WKH�JURXQG�ZRUN�WKDW�WKH\�DUH�FDOOHG�WR�PDNH��'XULQJ�WKLV�DFWLYLW\�WKH�SDUWLFLSDWRU\�VHQVLQJ�UHDFKHV�
LWV�SHDN��0RYLQJ�WRZDUGV�WKH�YLVXDOLVDWLRQ��FLWL]HQV�DUH�FDOOHG�WR�LQWHUSUHW�WKH�GDWD�WKH\�FROOHFWHG�DERXW�WKH�LVVXH�
WKH\�FKRVH��

�

)LJXUH�����3DUWLFLSDWRU\�6HQVLQJ�FRQFHSW�DSSOLHG�DW�WKH�ILUVW�VWDJH�RI�WKH�/223(5�SURFHVV�

�
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)LUVW�6WDJH�RI�WKH�/223(5�FR�FUHDWLRQ�SURFHVV��LGHQWLILFDWLRQ�RI�SUREOHPV��

$V�ZH� KHUH�ZLOO� IRFXV� RQ� WKH� SDUWLFLSDWRU\� VHQVLQJ� DQG� KRZ� LW� FDQ� LPSURYH� WKH� WUDQVIRUPDWLRQ� RI� WKH� XUEDQ�
HQYLURQPHQW��LW�LV�QHFHVVDU\�WR�GHHSHU�H[SODLQ�WKH�ILUVW�OHDUQLQJ�ORRS�H[SHULHQFH�RI�WKH�/223(5�SURMHFW�DQG�KRZ�
LW�KDV�KHQFH�EHHQ�DSSOLHG�DQG�FXVWRPL]HG�DW�WKH�9HURQD�FDVH��7KH�ORRS�VWDUWHG�LQ�1RYHPEHU������DQG�ZLOO�HQG�LQ�
6HSWHPEHU�������JRLQJ�WKURXJKRXW� WKH�VWDJHV�RI���� ,GHQWLILFDWLRQ�RI�SUREOHPV�����&R�GHVLJQ�DQG�HYDOXDWLRQ�RI�
DOWHUQDWLYH�VROXWLRQV�DQG����,PSOHPHQWLQJ�DQG�PRQLWRULQJ��7KH�JHQHUDO�DLP�RI�WKH�ILUVW�VWDJH�ZDV�WR�LGHQWLI\��LQ�
SUDFWLFDO�GHWDLO��WKH�SUREOHPV�RI�D�ORFDO�FRPPXQLW\�WKURXJK�D�WKUHH�VWHS�SURFHVV��%XW�ZLWKLQ�WKHVH�DFWLYLWLHV�WKH�
ZRUG�³SUREOHP´�VWDUWHG�WR�LQFOXGH�WKH�LGHD�RI�³RSSRUWXQLWLHV´��DQG�SRVVLEOH�SDWKZD\V�WR�JR�IRUZDUG��

7KH�VFRSLQJ�DFWLYLW\���ZKLFK�PHDQV�WKH�VHWWLQJ�RI�WKH�IUDPHZRUN�RI�LVVXHV�IRU�WKH�SLORW�FDVH���WRRN�SODFH�EHWZHHQ�
1RYHPEHU������DQG�)HEUXDU\�������7KURXJKRXW�WKLV�DFWLYLW\�SHULRG��LW�ZDV�SRVVLEOH�WR�GHWHUPLQH�ZKLFK�ZKHUH�
WKH�XUEDQ�LVVXHV�WR�EH�FRQVLGHUHG��'XULQJ�WKH�VFRSLQJ�DFWLYLW\��)LJXUH�����IROORZLQJ�WKH�EURDG�SULRULWLHV�RI�WKH�
ZKROH�/DE�VHWXS��WKH�IRFXV�ZDV�RQWR�SDUWLFXODU�LQWHUYHQWLRQV�ZKLFK�FRXOG�VROYH�SUREOHPV���RU�JDWKHU�RSSRUWXQLWLHV�
��RI� VSHFLILF� LQWHUHVW� WR� WKH�FRPPXQLW\��3DUWLFXODU�DWWHQWLRQ�ZDV�JLYHQ� WR� WKH�SRVVLEOH�FDXVHV�DQG�HIIHFWV��7KH�
SUREOHPV�IRXQG�ZHUH�ODWHU�IUDPHG�LQ�RUGHU�WR�DOORZ�WKH�FROOHFWLRQ�RI�GDWD�WR�TXDQWLI\�TXDOLI\�WKH�LVVXHV�FKRVHQ�WR�
EH�DGGUHVVHG��DLU�TXDOLW\�DQG�QRLVH�SROOXWLRQ��

�

)LJXUH�����8//�VFRSLQJ�DFWLYLW\�

*RLQJ�WKURXJK�WKH�SUREOHP�VFRSLQJ�DFWLYLW\��D�FR�RSHUDWLYH�GDWD�FROOHFWLRQ�SODQQLQJ�VWDUWHG�DV�LW�ZDV�EDVHG�RQ�WKH�
LGHD�RI�D�SDUWLFLSDWRU\�VHQVLQJ�DFWLYLW\��$V�WKH�SUREOHPV�DQG�RSSRUWXQLWLHV�ZHUH�VHOHFWHG��WKH�GDWD�WR�EH�XVHG�DV�
LQGLFDWRU�RI�WKH�VHOHFWHG�XUEDQ�LVVXHV�ZHUH�LGHQWLILHG�ZLWK�WKH�KHOS�RI�SDUWLFLSDQWV��3DUWLFLSDQWV�±�EXW�DERYH�DOO��
FLWL]HQV�±�ZHUH� WUDLQHG�RQ� WKH�YDULRXV�DVSHFWV� UHODWHG� WR� WKH�PHDVXULQJ�RI�GDWD� UHODWHG� WR�D� VSHFLILF� LVVXH�DQG�
GHFLGHG�WKH�ORFDWLRQV�RQ�ZKHUH�WR�SRVLWLRQ�WKH�VHQVRUV�DYDLODEOH�ZLWKLQ�WKH�IUDPHZRUN�RI�WKH�SURMHFW��)LJXUH�����,W�
ZDV�� LQ� IDFW�� FKRVHQ� ZLWK� SDUWLFLSDQWV� ZKHUH� WR� SRVLWLRQ� WKH� VHQVRUV� DQG� ZKHQ� WR� XQGHUWDNH� WKH� PRQLWRULQJ�
FDPSDLJQ�IRU�WKH�GDWD�FROOHFWLRQ��7KH�VHQVRUV�DYDLODEOH�IRU�WKH�GDWD�FROOHFWLRQ�ZHUH�ERWK�RIILFLDO�RQHV���L�H��PRELOH�
VWDWLRQV�±�SURYLGHG�E\� WKH�(QYLURQPHQWDO�3UHYHQWLRQ�DQG�3URWHFWLRQ�$JHQF\�RI� WKH�9HQHWR�5HJLRQ��$53$9��
ZKLFK�LV�WKH�RIILFLDO�ERG\�LQ�FKDUJH�RI�WKH�PHDVXUHPHQWV��WR�JDWKHU�PRUH�DFFXUDWH�GDWD�WR�EH�XVHG�DV�FRQWURO�JURXS��
DQG�ORZ�FRVW�RQHV���L�H��QRLVH�ER[HV��$LU%HDP�IRU�30�����$LU�0RQLWRU�IRU�12���JHRWDJJLQJ�WRRO�IRU�TXDOLWDWLYH�
GDWD�±�IRU�WKH�FURZGVRXUFLQJ�DFWLYLW\��)LJXUH�����
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)LJXUH�����8//�VFRSLQJ�DFWLYLW\�DQG�VHQVRU�SRVLWLRQ�

�

�� �� �

)LJXUH�����1RLVH�ER[��$LU�0RQLWRU�DQG�$LU%HDP�

&RQVLGHULQJ�WKH�FUXFLDO�LPSRUWDQFH�RI�ZKHUH�DQG�ZKHQ�WKH�PRQLWRULQJ�FDPSDLJQ�ZRXOG�WDNH�SODFH��WKH�9HURQD�
8//� GHGLFDWHG� WKUHH� PHHWLQJ� LQ� WKLV� GHFLVLRQDO� SURFHVV� DQG� WKLV� ZDV� GRQH� E\� DOVR� WKLQNLQJ� DW� WKH� VHFRQG�
PRQLWRULQJ� FDPSDLJQ� DQG� QRW� RQO\� WR� WKH� ILUVW� RQH�� DQG� ERWK� FLWL]HQV� DQG� SROLF\PDNHUV� SDUWLFLSDWHG� DQG�
FROODERUDWHG� ZLWK� WKH� DLP� RI� ILQGLQJ� D� VROXWLRQ� ZKLFK� FRXOG� VXLW� WKH� QHHGV� DQG� ZLOOV� RI� HYHU\� VWDNHKROGHU�
SDUWLFLSDWLQJ�LQ�WKH�SURMHFW��,Q�)LJXUH���LW�LV�SRVVLEOH�WR�VHH�WKH�ORFDWLRQV�FKRVHQ�E\�SDUWLFLSDQWV�ZKHUH�WR�SRVLWLRQ�
VRPH�VHQVRUV��IURP�SODFHV�FKRVHQ�ZLWKLQ�SDUWLFLSDQW�KRXVHV�RU�SXEOLF�EXLOGLQJV��DQG�ZKHUH�WKHVH�SRVVLEOH�SRVLWLRQV�
RYHUODSSHG�ZLWK�WKH�FULWLFDOLWLHV�IRXQG�EHIRUH��

$IWHU�WKH�SURFHVV�RI�VFRSLQJ�RI�XUEDQ�PDWWHUV��DQG�RI�TXHVWLRQLQJ�RQ�ZKHUH�WR�SRVLWLRQ�VHQVRUV��LW�ZDV�HYDOXDWHG�
ZKLFK�SODFHV�ZKHUH�VXLWDEOH�WR�SRVLWLRQ�WKH�PRELOH�VWDWLRQV�JLYHQ�E\�$53$9��DQG�ZKLFK�ORFDWLRQV�FRXOG�EH�XVHG�
WR�SRVLWLRQ�WKH�ORZ�FRVW�SDVVLYH�VHQVRUV�IRU�DLU�SROOXWLRQ��'XULQJ�WKLV�DFWLYLW\�SDUWLFLSDQWV�ZHUH�KHOSHG�E\�JLYLQJ�
WKHP�WKH�WRROV�ZKLFK�ZHUH�QHFHVVDU\�WR�FKRRVH�ZLVHO\��L�H��NQRZOHGJH�DERXW�WKH�LVVXHV�IRXQG�GXULQJ�WKH�VFRSLQJ��
FRPSHWHQFHV�RQ�VHQVRUV�DQG�RQ�ODZV�WKDW�UHJXODWH�DLU�DQG�QRLVH�PRQLWRULQJ��H[SHUWLVH�RI�FRXQFLO�HPSOR\HHV�RQ�WKH�
IHDVLEOH�VSDFH�WR�SRVLWLRQ�PRELOH�VWDWLRQV��7KH�ILUVW�PRQLWRULQJ�FDPSDLJQ�WRRN�SODFH�EHWZHHQ�)HEUXDU\������DQG�
$SULO�������

6XEVHTXHQWO\��WKH�YLVXDOLVDWLRQ�RI�WKH�GDWD�FROOHFWHG���ZKLFK�ZDV�EHWZHHQ�-XQH������DQG�6HSWHPEHU��������ZDV�
PDGH�SRVVLEOH�E\�XVLQJ�ZHE�*,6�WRROV��WRJHWKHU�ZLWK�RWKHU�PHGLD�VXSSRUWV�VXFK�DV�DXGLR��LPDJH�RU�YLGHR��7KH�
UHVXOWV�RI�WKH�ILUVW�FRRSHUDWLYH�GDWD�FROOHFWLRQ�FDPSDLJQ�FDQ�EH�IRXQG�DW�YHURQD�ORRSHUSURMHFW�HX�YLVXDOL]]D]LRQH���
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7KH�UHVXOWV�RI�WKH�YLVXDOLVDWLRQ�DFWLYLW\�DUH�SXEOLFO\�VKDUHG�LQIRUPDWLRQ�ZKLFK�ZHUH�GLVFXVVHG�ZLWKLQ�WKH�8//�E\�
ORFDO�VWDNHKROGHUV�DQG�WKDW�ZHUH�DQDO\VHG�LQ�WHUPV�RI�WKUHVKROGV��WDUJHWV��SULRULWLHV��RSSRUWXQLWLHV��7R�EHWWHU�FODULI\��
DLU�TXDOLW\�GDWD�ZHUH�PDWFKHG�WR�RIILFLDO�ULVN�FDWHJRULHV��6RFLDO�GDWD�VXFK�DV�JUHHQVSDFHV�ZHUH�WR�EH�SULRULWLVHG�IRU�
DFWLRQ��$Q�DVVHVVPHQW�HYDOXDWLRQ�SURFHVV�GHFLGHG�H�J��ZKLFK�SUREOHPV�WR�ZRUN�RQ��E\�ZKR��ZLWK�ZKDW�UHVRXUFHV��
LQ�ZKLFK�WLPHVFDOH��LQ�ZKLFK�ORFDWLRQ��

7RROV�WR�VXSSRUW�WKH�SDUWLFLSDWRU\�VHQVLQJ�

$V� WKH�ZKROH�FR�RSHUDWLYH�GDWD�FROOHFWLRQ�DFWLYLW\� LV�RQH�RI� WKH�PRVW� LPSRUWDQW�DFWLYLWLHV� WR� UHDFK�D�FRPSOHWH�
SDUWLFLSDWRU\�VHQVLQJ�SURFHVV�KHUH�WKH�WRROV�XVHG�DUH�H[SODLQHG�LQ�GHWDLO���

7KH�WRROV�XVHG�EHWZHHQ�)HEUXDU\������DQG�$SULO������ZHUH��

x� 0RELOH�VWDWLRQV�IURP�$53$9��RIILFLDO�ERG\�LQ�FKDUJH�RI�FRQWUROOLQJ�WKH�HQYLURQPHQWDO�
VLWXDWLRQ�LQ�,WDO\��ZKLFK�FRXOG�FROOHFW�GDWD�RI��12��12���12;��30����

x� 3DVVLYH�VHQVRUV�IURP�$53$9�ZKLFK�FRXOG�FROOHFW�12��GDWD�IURP�D�ZLGHU�UDQJH�RI�SODFHV�DV�
WKHVH�DUH�ORZ�FRVW�VHQVRUV�ZKLFK�QHHG�QR�HOHFWULFLW\��

x� 1RLVH�ER[HV�PDGH�XS�IURP�D�ORZ�FRVW�$QGURLG�VPDUWSKRQH��WKH�2SH1RLVH�DSS�IURP�$53$�
3LHPRQWH��D�ZDWHUSURRI�ER[�DQG�D�PLFURSKRQH�WR�EH�DVVHPEOHG��

x� 12��ORZ�FRVW�VHQVRUV�PDGH�ZLWK�DQ�$UGXLQR�ERDUG�WR�ZKLFK�D�VHW�RI�RWKHU�FRPSRQHQWV��
LQFOXGLQJ�WKH�DFWXDO�12��VHQVRU��QHHG�WR�EH�HPEHGGHG��

x� 30����ORZ�FRVW�VHQVRUV�ZKLFK�ZRUN�ZLWK�D�OLJKW�VKDWWHULQJ�PHWKRG�ZLWK�D�FRQWLQXRXV�GDWD�
FROOHFWLRQ�WR�ILQG�RXW�SHRSOH�H[SRVLWLRQ�WR�WKH�SROOXWDQW��

x� $�JHRWDJJLQJ�ZHE�DSS�WR�FROOHFW�TXDOLWDWLYH�GDWD�DERXW�WUDIILF��XUEDQ�JUHHQ�VSDFHV�DQG�DQ\�RWKHU�
LVVXH�DQG�RU�JRRG�SUDFWLFH�WR�EH�IRXQG�LQ�WKH�DUHD��

7KH� ILQDO� UHVXOW�ZDV� WKDW� RI� D� FRPSOHPHQWDU\� VHW� RI� WRROV�ZKLFK� JDYH� D�PRUH� FRPSOHWH� XQGHUVWDQGLQJ� RI� WKH�
VLWXDWLRQ�RI�WKH�SURMHFW�DUHD��7KLV�PRUH�FRPSOHWH�YLHZ�DOVR�KHOSHG�LQ�UHDOLJQLQJ�WKH�SHUFHSWLRQ�WKDW�SDUWLFLSDQWV�
KDG�ZLWK� WKH� DFWXDO� VLWXDWLRQ� RI� WKH� VSDFHV� WKH\� OLYH� LQ�� 7KH� WZR�PDLQ� WRROV�ZKLFK� KHOSHG� LQ� RYHUWDNLQJ� WKLV�
GLVFUHSDQF\�ZHUH�WKH�$LU%HDP���ZKLFK�PRQLWRUHG�WKH�30������DQG�WKH�QRLVH�ER[HV���ZKLFK�PRQLWRUHG�VRXQG�OHYHOV�
LQ�G%�$����DV�WKHVH�DUH�WKH�PRVW�XQWUXVWHG�GDWD�DPRQJ�WKRVH�FROOHFWHG�E\�WKH�RIILFLDO�ERG\��

7KH�$LU%HDP�LV�D�WRRO�ZKLFK�FDQ�EH�XVHG�WR�JHW�LQVWDQWDQHRXV�GDWD�RI�WKH�H[SRVXUH�RI�D�SHUVRQ�WR�30�����LW�KDV�
EHHQ�GHYHORSHG�E\�+DELWDW0DS�ZKLFK�LV�D�QRQ�SURILW�HQYLURQPHQWDO�KHDOWK�MXVWLFH�RUJDQL]DWLRQ�ZKRVH�JRDO�LV�WR�
UDLVH�DZDUHQHVV�DERXW�WKH�LPSDFW�WKH�HQYLURQPHQW�KDV�RQ�KXPDQ�KHDOWK��7KH�ELJ�GLIIHUHQFH�EHWZHHQ�DQ�$LU%HDP�
GHYLFH�DQG�DQ�RIILFLDO�GHYLFH�UHOD\V�LQ�KRZ�GDWD�DUH�FROOHFWHG��LQGHHG�WKH�$LU%HDP�PHDVXUH�30����XVLQJ�D�OLJKW�
VFDWWHULQJ�PHWKRG��DLU�LV�VXFNHG�LQ�D�VHQVLQJ�FKDPEHU�ZKHUHLQ�D�/('�EXOE�VFDWWHUV�RII�SDUWLFOHV�LQ�WKH�DLUVWUHDP��
LV�UHJLVWHUHG�E\�D�GHWHFWRU�DQG�FRQYHUWHG�LQWR�D�PHDVXUHPHQW�WKDW�HVWLPDWHV�WKH�QXPEHU�RI�WKH�SDUWLFOHV�LQ�WKH�DLU�
�)LJXUH�����

7KLV� GHYLFH� LV� D� FURZGVHQVLQJ� RQH� DV� LW�ZRUNV� YLD�%OXHWRRWK� DQG� VHQGV� GDWD� WR� WKH�$LU&DVWLQJ�$QGURLG� DSS��
GHYHORSHG�E\�+DELWDW0DS��HYHU\�VHFRQG��7KH�DSS�WKHQ�PDSV�DQG�JUDSKV�WKH�GDWD�LQ�UHDO�WLPH�RQ�WKH�VPDUWSKRQH��
$W�WKH�HQG�RI�HDFK�PHDVXULQJ�VHVVLRQ�DOO�RI�WKH�FROOHFWHG�GDWD�DUH�VHQW�WR�WKH�$LU&DVWLQJ�VHUYHU�DQG�WKHUH�JHWV�
FURZGVRXUFHG�ZLWK�GDWD�FROOHFWHG�IURP�DOO�WKH�RWKHU�GHYLFHV�WR�FUHDWH�D�PDS�VKRZLQJ�ZKHUH�30����FRQFHQWUDWLRQV�
DUH�KLJKHVW�DQG�ORZHVW��7KH�GHYLFH�FDQ�EH�FRQVLGHUHG�DV�D�ORZ�FRVW�RQH�DV�WKH�SULFH�LV�RI����������IRU�D�VLQJOH�
GHYLFH��WKLV�WKRXJK�H[FOXGHV�WKH�FRVW�RI�DQ�DQGURLG�VPDUWSKRQH�ZLWK�LQWHUQHW�FRQQHFWLRQ�ZKLFK�LV�D�PDQGDWRU\�
UHTXLUHPHQW�IRU�LW�WR�IXQFWLRQ��,I�WKH�VPDUWSKRQH�QHHGV�WR�EH�ERXJKW��LW�LV�VWLOO�SRVVLEOH�WR�NHHS�WKH�WRWDO�SULFH�RI�
WKH�VHQVRU�XQGHU�¼���������
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)LJXUH�����$LU�%HDP�WRRO�

7KH�RWKHU�WRRO�PDLQO\�XVHG�IRU�WKH�SDUWLFLSDWRU\�VHQVLQJ�ZDV�WKH�QRLVH�ER[��7KH�QRLVH�ER[�VHQVRUV�DUH�VRXQG�OHYHO�
PHWHU�DSSDUDWXV�SURYLGHG�E\�DQ�DQGURLG�VPDUWSKRQH��D�ODYDOLHU�PLFURSKRQH�DQG�D�ZDWHUSURRI�HQFORVXUH��)LJXUH�
����7KHVH�DUH�XVHG�WR�FROOHFW�D�GDWD�HYHU\����PLQXWHV��EXW�WKH�WLPH�ODSV�SHULRG�FDQ�EH�PRGLILHG�E\�WKH�XVHU��$V�WKH�
GHYLFH�LV�FDOLEUDWHG�ZLWK�DQ�RIILFLDO�FODVV���OHYHO�PHWHU�LW�LV�SRVVLEOH�WR�FRPSDUH�WKH�GDWD�FROOHFWHG�E\�LW�ZLWK�WKH�
RIILFLDO�RQHV��7R�FRPSDUH�WKH�GDWD�LV�LW�QHFHVVDU\�WR�ZRUN�RQ�WKH�UDZ�GDWD�WR�REWDLQ�WKH�ZHHNO\�GD\�DQG�QLJKW�GDWD��
DV�UHTXLUHG�E\�ODZ��

7KH�VRXQG�OHYHO�PHWHU�VRIWZDUH�XVHG�IRU�WKH�6RXQG�/HYHO�0HWHU�DSSDUDWXV�LV�WKH�2SH1RLVH�$QGURLG�DSS�GHYHORSHG�
E\�$USD�3LHPRQWH��7KH�$SS�DOORZV�WKH�XVHU�WR�VWRUH�WKH�$�ZHLJKWHG�HTXLYDOHQW�OHYHO�LQ�D��W[W�ILOH���,Q�WKH��W[W�ILOH�
LV�LW�DOVR�SRVVLEOH�WR�VWRUH�WKH�WKLUG�RFWDYH�EDQG�ORJ��,Q�WKH�VHWWLQJV��LW�LV�SRVVLEOH�WR�FDOLEUDWH�WKH�PLFURSKRQH�DQG�
WR�FKDQJH�WKH�WLPH�VWHS�RI�WKH�ORJJLQJ�LQ�D�UDQJH�ZKLFK�JRHV�IURP�RQH�VHFRQG�WR�RQH�KRXU��$V�SHU�WKH�$LU%HDP�
VHQVRU��DQ�$QGURLG�VPDUWSKRQH� LV�PDQGDWRU\�DQG� WKH�SULFH�RI� WKH�DSSDUDWXV�GHSHQGV�RQ� WKH� W\SH�RI�KDUGZDUH�
FKRVHQ�EXW�LW�FDQ�EH�OHVV�WKDQ�¼���������

�� �� �

)LJXUH�����1RLVH�%R[�NLW�

,QWHUDFWLYH�PDS�IRU�GDWD�FR�YLVXDOLVDWLRQ�

7R�HQDEOH�WKH�FR�YLVXDOLVDWLRQ��WKH�YLVXDOLVDWLRQ�WRRO�QHHGV�WR�EH�DV�XVHU�IULHQGO\�DV�SRVVLEOH��)RU�WKLV�UHDVRQ�WKH�
QXPEHU�RI�GLIIHUHQW�VXEMHFWV�WR�ZKRP�WKH�LQIRUPDWLRQ�LV�DGGUHVVHG�KDV�OHG�WR�WKH�GHVLJQ�RI�D�VLPSOLILHG�LQWHUIDFH�
VWURQJO\�RULHQWHG�WR�UHGXFH�FRJQLWLYH�RYHUORDG��7R�GR�VR�D�ILUVW�FODVVLILFDWLRQ�RI�FROOHFWHG�GDWD�DQG�LQIRUPDWLRQ�WR�
EH� GLVSOD\HG� ZDV� GRQH� E\� GLVWLQJXLVKLQJ� LQVWLWXWLRQDO� �KLJK�DFFXUDF\� GDWDVHWV�� IURP� WKRVH� FROOHFWHG� LQ� D�
SDUWLFLSDWRU\�ZD\��KLJK�WHPSRUDO�DQG�VSDWLDO�UHVROXWLRQ�EXW�PHGLXP�ORZ�DFFXUDF\���7KLV�ILUVW�DVSHFW�GHWHUPLQHG�
WKH� VWUXFWXUH� RI� WKH� OD\HU� SDQHO� LQ� IRXU� GLIIHUHQW� VHFWLRQV�� LQVWLWXWLRQDO�RIILFLDO� GDWD�� SDUWLFLSDWRU\� VHQVLQJ��
VWDNHKROGHUV�IHHGEDFN�DQG�UHSRUW��SXEOLF�GDWDEDVHV��LQ�)LJXUH����RQO\�WKUHH�VHFWLRQV�DUH�VKRZQ�DV�GDWD�IURP�SXEOLF�
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GDWDEDVHV�DUH�WR�EH�XSORDGHG�DV�WKH�SDSHU�LV�ZULWWHQ���$JDLQ�WR�DYRLG�FRJQLWLYH�RYHUORDG��OD\HUV�DUH�VKRZQ�RQH�DW�
D�WLPH��PDS�FRQWUROV�RQO\�LQFOXGH�WKH�EDVH�OD\HU�VHOHFWLRQ��QDWXUDO�RU�URDG�PDS��DQG�WKH�]RRP�OHYHO��FOLFN�HYHQW�
ILUHV�WKH�GHWDLOV�LQIR�ER[�EXW�GRXEOH�FOLFN�LV�QRW�SURYLGHG��PRXVH�RYHU�HYHQW��RQO\�QRQ�WRXFK�GHYLFHV��VKRZV�WKH�
ODEHO�RI�WKH�PDS�IHDWXUH��$V�IRU�WKH�W\SH�RI�FROOHFWHG�GDWD��WKHUH�DUH�WKUHH�VSHFLILF�FDVHV��YHFWRU�JHRUHIHUHQFHG�GDWD�
�SRLQWV�� OLQHV� RU� DUHDV��PRVWO\� FROOHFWHG�ZLWK� D�PRELOH�IULHQGO\� JHR�WDJJLQJ� WRRO�� GDWD� VHULHV� UHODWHG� WR� VWDWLF�
PRQLWRULQJ�SRLQWV���PHDVXULQJ�VSRW���FRPLQJ�IURP�FRQWLQXRXV�PHDVXUHPHQW�FDPSDLJQV�FDUULHG�RXW�XVLQJ�VWDWLF�
VHQVRUV��*36�SRLQW�WUDFNV�ZLWK�VFDWWHUHG�PHDVXUHPHQW�FDPSDLJQV�FDUULHG�RXW�ZLWK�PRELOH�VHQVRUV�DQG�GDWD�ORJJHUV��

9HFWRU�JHRUHIHUHQFHG�GDWD�DUH�TXDOLWDWLYH�GDWD�ZLWK�D�TXDQWLWDWLYH�ILHOG� WKDW� LV� WKH� OHYHO�RI�UHODWLYH� LPSRUWDQFH�
�UDWLQJ��RI�WKH�SKHQRPHQRQ�UHSRUWHG�XVLQJ�D���FODVVHV�VFDOH��WKHUHIRUH�ZH�FKRVHQ�D�JUDSKLFDO�UHSUHVHQWDWLRQ�ZLWK�
D�UDWLQJ�EDVHG�FRORXU�UDPS��IURP�JUHHQ�WR�UHG�WR�FDVHV�UDQJLQJ�IURP�RSWLPDO�WR�WKH�PRVW�FULWLFDO���7KH�GDWD�VHULHV�
FROOHFWHG�ZLWK�VWDWLF�VHQVRUV�DUH�LQVWHDG�UHODWHG�WR�WKH�ORFDWLRQ�RI�WKH�PHDVXULQJ�ER[��IRU�WKRVH�SRLQWV��XVHUV�FDQ�
YLHZ�ILUVWO\�WKH�FDPSDLJQV�OLVW�DQG�WKHQ��ZLWK�D�VHFRQG�FOLFN��ORRN�DW�WKH�GHWDLOV�RI�WKH�VSHFLILF�FDPSDLJQ��)LJXUH�
������/DVWO\��*36�WUDFNV�ZLWK�PHDVXUHPHQWV�DUH�WKH�RQO\�GDWD�WKDW�PXVW�EH�WUHDWHG�DV�ZKROH�DUHD�FRYHUDJH��WKHUHIRUH�
WKH�YLVXDOL]DWLRQ�WHFKQLTXH�LV�EDVHG�RQ�D�KH[DJRQDO�PHVK�PDGH�LQ���GLIIHUHQW�VL]H�OHYHOV��IURP���P�WR����P�DQG�
D� G\QDPLF� FDOFXODWLRQ� RI� DYHUDJH� YDOXHV� FDUULHG� RXW� SHU� VLQJOH� FHOO� �)LJXUH� ���� )LJXUH� ����� ,Q� DQ\� FDVH� WKH�
FRPSOH[LW\�GRHV�QRW�DIIHFW�XVHU�LQWHUIDFH�WKDW�SURYLGHV�LQWXLWLYH�DQG�HIIHFWLYH���GLPHQVLRQDO��[��\��WLPH��YDOXH��
EURZVLQJ�IXQFWLRQV��VHH�WKH�ZLGJHW�DW�WKH�ERWWRP�OHIW�RI�)LJXUH������

$V�IRU� WKH� LQWHUDFWLRQ�GHVLJQ�� WKH�IHDWXUHV�RI�TXDQWLWDWLYH�GDWD�FROOHFWHG�ZLWK� ORZ�FRVW�VHQVRUV� LQ�SDUWLFLSDWRU\�
PRGH�UHTXLUHG�WKH�LQVHUWLRQ�RI�D�VSHFLDO�SDQHO�WR�DOORZ�XVHU�WR�FKRRVH�WKH�WKUHVKROGV�DQG�GHILQLQJ�FXVWRP�LQWHUYDOV�
EHWZHHQ�RSWLPDO�DQG�FULWLFDO�VLWXDWLRQV��LQ�WKLV�ZD\�LW�ZDV�SRVVLEOH�WR�VKRZ�ERWK�DFFXUDWH�RIILFLDO�GDWD�DQG�OHVV�
DFFXUDWH� GDWD� UHODWLQJ� WR� WKH� VDPH� SKHQRPHQRQ� DYRLGLQJ� GLUHFW� TXDQWLWDWLYH� UDWLR� RI�PHDVXUHV� WKDW� FDQQRW� EH�
SURSHUO\�FRPSDUHG�GXH�WR�WKH�GLIIHUHQW�VHQVLQJ�V\VWHPV��

�

)LJXUH������&R�YLVXDOLVDWLRQ�SODWIRUP�VFUHHQVKRW�

�
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3DUWLFLSDWRU\�VHQVLQJ�LPSURYHPHQWV�LQ�FR�FUHDWLRQ�

7R� FRPSUHKHQG� KRZ� WKH� SDUWLFLSDWRU\� VHQVLQJ� DFWXDOO\� LPSURYHG� WKH� FR�FUHDWLRQ� SURFHVV�� LW� LV� QHFHVVDU\� WR�
XQGHUVWDQG�KRZ�FLWL]HQV�ZHUH�HPSRZHUHG�E\�WKH�FR�RSHUDWLYH�GDWD�FROOHFWLRQ��,W�DOORZHG�WKHP�WR�EHWWHU�³VHQVH´�
XUEDQ�LVVXHV�DQG�WR�KDYH�WKH�ULJKW�WRROV�WR�LQWHUSUHW��VHQVH��RIILFLDO�GDWD��

&RPSDULVRQ�RI�RIILFLDO�GDWD�DQG�SDUWLFLSDWRU\�VHQVLQJ�GDWD�

7KH�GLVWUXVW�WKDW�FLWL]HQV�IHHO�WRZDUGV�SROLF\PDNHUV�DQG�RIILFLDO�ERGLHV�ZKHQ�WDONLQJ�DERXW�HQYLURQPHQW��LV�PRVWO\�
UDLVHG�E\�WKH�ODFN�RI�NQRZOHGJH�WKH\�KDYH�DERXW�ERWK�WKH�WRROV�XVHG�WR�FROOHFW�GDWD�DQG�WKH�ZD\�WKHVH�VHQVRUV�
ZRUN��%HFDXVH�RI�WKLV�LW�LV�RI�H[WUHPH�LPSRUWDQFH�WR�XVH�SDUWLFLSDWRU\�VHQVLQJ�ZKHQ�DSSO\LQJ�D�FR�FUHDWLRQ�ERWWRP�
XS�DSSURDFK��

:KHQ� WDONLQJ�DERXW�30����DQG�30���GDWD�DQDO\VLV� WKH�ILUVW� WKLQJ� WR�NHHS� LQ�PLQG� LV� WKDW�GDWD�FROOHFWHG�ZLWK�
RIILFLDO�ERGLHV�VHQVRUV�FRQVLVW�RQ�WKH�ZHLJKWLQJ�RI�D�WDPSRQ�ZKLFK�ZDV�H[SRVHG�IRU����KRXUV�WR�D�FHUWDLQ�YROXPH�
RI�DLU�FRQWUROOHG�E\�XVLQJ�D�SXPS��PHDQLQJ�WKDW�D�VLQJOH�GDWD�LQ�D�VSHFLILF�SRVLWLRQ�LV�JLYHQ�IRU�HDFK�GD\��7KLV�
PHDQV�WKDW�D�VLQJOH�GDWD�ZLOO�EH�JLYHQ�IRU�HDFK�GD\�RI�WKH�FDPSDLJQ��)LJXUH������7KH�ZD\�LQ�ZKLFK�WKHVH�GDWD�DUH�
WKHQ�DSSURDFKHG��IURP�D�ODZ�SHUVSHFWLYH��LV�RI�FRXQWLQJ�KRZ�PDQ\�GD\V�DUH�RYHU�WKH�GDLO\�OLPLW�YDOXH�RI����ȝJ�P��
GXULQJ�WKH�\HDU�±�LI�LW� LV�PRUH�WKDQ����GD\V�WKHUH�DUH�VDQFWLRQV���DQG�LI�WKH�DQQXDO�OLPLW�RI����ȝJ�P��KDV�EHHQ�
H[FHHGHG�±�DJDLQ�LI�WKLV�LV�WKH�FDVH�WKHUH�DUH�VDQFWLRQV��

�

)LJXUH������9LVXDOLVDWLRQ�RI�VWDWLF�PRQLWRULQJ�SRLQW�

$LU%HDP�GDWD��RQ�WKH�RWKHU�KDQG��DUH�UDWKHU�GLIIHUHQW�DV�WKH�VHQVRU�LV�PHDQW�WR�VKRZ�WKH�LQVWDQWDQHRXV�H[SRVXUH�WR�
30�WKDW�WKH�SHUVRQ�LV�IDFLQJ��PHDQLQJ�WKDW�PXOWLSOH�GDWD�DUH�FROOHFWHG�ZLWKLQ�D�RQH�VHFRQG�WLPHIUDPH�DQG�WKH�
PHWKRG�ZLWK�ZKLFK�DUH�FROOHFWHG�LV�WKDW�RI�WKH�OLJKW�VFDWWHULQJ��
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7KH� GDWD� WKHQ� DUH� QRW� FRPSDUDEOH� ZLWK� WKH� RQHV� REWDLQHG� ZLWK� WKH� RIILFLDO� VHQVRUV�� HYHQ� LI� WKH� $LU%HDP� LV�
SRVLWLRQHG�LQ�D�VSHFLILF�VSRW�IRU����KRXUV��DV�WKH�FROOHFWLRQ�PHWKRG�LV�GLIIHUHQW��7KH�PDLQ�SUREOHP�ZLWK�WKH�GDWD�
FROOHFWLRQ�GRQH�ZLWK�WKH�OLJKW�VFDWWHULQJ�PHWKRG�LV�WKDW�KLJK�OHYHOV�RI�KXPLGLW\��!�����KDYH�D�QHJDWLYH�LPSDFW�RQ�
WKH�DFFXUDF\�RI�WKH�VHQVRU��7KHUHIRUH��WKH�$LU%HDP�VHQVRU�KDV�WKH�PDLQ�SXUSRVH�RI�VKRZLQJ��PRVWO\�RQ�D�ODUJHU�
VFDOH��WKH�30�OHYHOV�WR�ZKLFK�SHRSOH�DUH�H[SRVHG�GXULQJ�WKH�GD\��)LJXUH������UDWKHU�WKDW�IXQFWLRQLQJ�DV�FRQWURO�
JURXS�IRU�RIILFLDO�VHQVRUV��

)RU� WKH�SDUWLFLSDWRU\�VHQVLQJ��DQ\KRZ�� WKH�$LU%HDP�ZDV�DQ� LPSRUWDQW� WRRO� WR� UDLVH�DZDUHQHVV�DQG� WUXVW�ZKHQ�
WDONLQJ�DERXW�RIILFLDO�GDWD��7KLV�EHFDXVH�RQH�RI� WKH� UHDVRQV�RI�GLVWUXVW� WKDW�FLWL]HQV�KDG� WRZDUGV�$53$9�ZDV�
EHFDXVH�WKH\�WKRXJKW�WKDW�WKH�IL[HG�VWDWLRQV�IRU�30�ZHUH�SRVLWLRQHG�DZD\�IURP�WKH�PRVW�SROOXWHG�SDUWV�RI�WKH�FLW\��
7R�RYHUFRPH�WKLV�PLVXQGHUVWDQGLQJ��LW�ZDV�VKRZQ�WR�FLWL]HQV�KRZ�KRPRJHQHRXV�ZDV�WKH�VSUHDG�RI�30�RQ�D�ODUJH�
VFDOH�E\�VKRZLQJ�WKHP�WKH�GDLO\�GDWD�RI�DOO�WKH�IL[HG�VWDWLRQV�LQ�WKH�DUHD�RI�9HURQD��7KH�JUDSK�LQ�)LJXUH����VKRZV�
WKDW�WKHUH�DUH�VPDOO�YDULDWLRQV�EHWZHHQ�$53$9�IL[HG�VWDWLRQV��DQG�WKDW�WKH�FKDQJHV�LQ�SHDNV�DQG�ORZV�DUH�GXH�
PDLQO\�WR�DWPRVSKHULF�FRQGLWLRQV���L�H��UDLQ��ORZ�SUHVVXUH���ZLWKLQ�WKH�GD\��DQG�QRW�WR�WKHLU�SRVLWLRQ��

�

)LJXUH������0HDVXUHPHQWV�RI�30���ZLWK�$53$9�IL[HG�VWDWLRQV�

&LWL]HQV�ZDQWHG� WR�XVH� WKH�GDWD�FROOHFWHG�ZLWK� WKH�$LU%HDPV� WR� UHIXWH� WKLV�FRQFHSW��$IWHU� WKH\�ZHUH�FDOOHG� WR�
YLVXDOLVH�WKH�FRPSOH[�RI�WKH�GDWD��WKH\�IRXQG�WKDW�FKDQJHV�FRXOG�EH�IRXQG�RQO\�RQ�ODUJHU�VFDOHV��DQG�WKDW�YDULDWLRQV�
KDSSHQHG�LQ�DQ�KRPRJHQHRXV�ZD\�DV�KLJKHU�YDOXHV�FRXOG�QRW�EH�IRXQG�FORVH�WR�WKH�ORZHVW�RQHV��)LJXUH������

$V�WKH�FRPSDULVRQ�RI�GDWD�ZDV�GRQH�EHWZHHQ�RIILFLDO�DQG�SDUWLFLSDWRU\�VHQVLQJ�GDWD��LW�ZDV�SRVVLEOH�WR�VWDUW�WR�
RYHUFRPH�WKH�GLVWUXVW�WKDW�FLWL]HQV�XVXDOO\�KDYH�WRZDUGV�SROLF\PDNHUV�LQ�RUGHU�WR�VWUHQJWKHQ�WKH�ERWWRP�XS�SURFHVV�
DQG�WKH�FR�FUHDWLRQ�PHWKRG��
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)LJXUH������0HDVXUHPHQWV�RI�30����ZLWK�$LU%HDP�

'XULQJ�8//�PHHWLQJV��PRUHRYHU�� LW�ZDV�IRXQG�WKDW�XUEDQ�QRLVH�SROOXWLRQ�LV�D� OHVV�UHFRJQL]HG�LVVXH�E\�FLWL]HQ�
FRPSDUHG�WR�RWKHU�DLU�SROOXWDQWV��VXFK�DV�30����DV�FDXVH�RI�WKH�LQFUHDVHG�ULVN�RI�UXQQLQJ�LQWR�VHULRXV�GLVHDVHV��
)XUWKHUPRUH��LW�ZDV�QRW�UHFRJQLVHG�WKDW�D�FRQVWDQW�EDFNJURXQG�RI�KLJK�QRLVH�GUDVWLFDOO\�ORZHUV�OLIH�TXDOLW\��,QGHHG��
WKH�:RUOG�+HDOWK�RUJDQL]DWLRQ�FRQVLGHUV�QRLVH�SROOXWLRQ�DV�D�RQH�RI�WKH�FDXVHV�RI�³DQQR\DQFH��HIIHFWV�RQ�VOHHS��
FDUGLRYDVFXODU�DQG�PHWDEROLF�HIIHFWV��DGYHUVH�ELUWK�RXWFRPHV��FRJQLWLYH�LPSDLUPHQW��PHQWDO�KHDOWK��TXDOLW\�RI�OLIH�
DQG� ZHOO�EHLQJ�� KHDULQJ� LPSDLUPHQW� DQG� WLQQLWXV� DQG� DQ\� RWKHU� UHOHYDQW� KHDOWK� RXWFRPH´�� �:RUOG� +HDOWK�
2UJDQL]DWLRQ��������

7KH�XVH�RI�ORZ�FRVW�VHQVRUV�IRU�QRLVH�PHDVXUHPHQW�KDV�PDGH�SRVVLEOH�WR�REWDLQ�ERWK�DQ�H[WHQGHG�SLFWXUH�RI�WKH�
QRLVH�OHYHOV�GLVWULEXWHG�LQ�WKH�WHUULWRU\�DQG�WR�WUDLQ�FLWL]HQV�RQ�WKH�LPSRUWDQFH�RI�QRLVH�PRQLWRULQJ�DQG�WKH�QHHG�WR�
DFFXUDWHO\�SRVLWLRQ�VHQVRUV�LQ�VXFK�D�ZD\�WR�REWDLQ�WKH�PRVW�DFFXUDWH�UHVXOWV��5XJJHUL�HW�DO����������:LWKLQ�WKH�
PHHWLQJV�RI�WKH�ZRUNLQJ�JURXSV��WKH�QRLVH�IURP�YHKLFXODU�WUDIILF�ZDV�LGHQWLILHG�DV�WKH�PDLQ�UHVSRQVLEOH�IRU�XUEDQ�
QRLVH� SROOXWLRQ�� /DWHU� RQ�� VHQVRUV� ZHUH� SRVLWLRQHG� FORVH�E\� WR� FULWLFDO� LQIUDVWUXFWXUHV� QRGHV� ZKLFK� FRXOG� EH�
FRPSDUHG�ZLWK�&ODVV�,9�DUHD��ZKLFK�OLPLWV�DUH����G%��$��LQ�WKH�GD\WLPH�SHULRG�������$0�WR�������30��DQG����
G%��$��IRU�WKH�QLJKW�SHULRG��7KHVH�ODZ�YDOXHV�VKRXOG�EH�GHWHFWHG�ZLWK�D�VRXQG�PHWHU�OHYHO�SODFHG�QHDU�D�IDoDGH�
IDFLQJ�WKH�VWUHHW�ZLWK�D�PLFURSKRQH�SODFHG�RQH�PHWHU�IURP�LW��DQG�WKH�GDWD�FROOHFWLRQ�VKRXOG�ODVW�DW�OHDVW�RQH�ZHHN��
DV�LW�PXVW�FRQVLGHU�WKH�GDLO\�YDULDWLRQV�RI�XUEDQ�WUDIILF��

1RLVH�ER[HV�ZHUH�XVHG�WR�PRQLWRU�GLIIHUHQW�ORFDWLRQV�GLVWULEXWHG�ZLWKLQ�WKH�SLORW�DUHD��)LJXUH������7KH�JUDSK�LQ�
)LJXUH����VKRZV�WKH�UHVXOWV�RI�WKH�VXUYH\�RI�D�W\SLFDO�ZHHN�GLVWLQJXLVKHG�E\�GD\�DQG�QLJKW�SHULRG��LQ�FRPSDULVRQ�
ZLWK�ODZ�OLPLWV��7KH�XVH�RI� ORZ�FRVW�VHQVRUV�� WKRXJK�� LV�QRW�PHDQW� WR�TXDQWLWDWLYHO\�GHILQH�QRLVH� OHYHOV��EXW� LV�
QHHGHG�WR�LGHQWLI\�FULWLFDOLWLHV�WR�EH�LQYHVWLJDWHG�PRUH�DFFXUDWHO\��L�H��E\�XVLQJ�FODVV���LQVWUXPHQWV��DQG�WR�UDLVH�
DZDUHQHVV�WRZDUGV�WKH�SRVVLEOH�GDQJHUV�ZKLFK�DUH�QRZ�OHVV�FRQVLGHUHG��
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)LJXUH������1RLVH�ER[HV�ORFDWLRQV�DQG�PHDVXUHPHQWV�

�

�

)LJXUH������:HHNO\�QRLVH�GD\�DQG�QLJKW�GDWD�FRPSDUHG�ZLWK�ODZ�OLPLWV�
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6HFRQG�6WDJH�RI�WKH�/223(5�FR�FUHDWLRQ�SURFHVV��&R�GHVLJQ�DQG�HYDOXDWLRQ�RI�DOWHUQDWLYH�VROXWLRQV��

7KH�FR�GHVLJQ�DFWLYLW\�WRRN�SODFH�LQ�2FWREHU�������DIWHU�DQ�LQLWLDO�PRPHQW�RI�YLVXDOLVDWLRQ�RI�GDWD�ZLWK�SDUWLFLSDQWV�
DQG�SROLF\PDNHUV��FR�YLVXDOL]DWLRQ���7KLV�DFWLYLW\�ZDV�IRFXVHG�RQ�KRZ�WR�UHVSRQG�WR�WKH�SUREOHPV�LQYHVWLJDWHG��
DQG�KRZ�WR�WDNH�DGYDQWDJH�IURP�WKH�RSSRUWXQLWLHV�GHWHFWHG��7KLV�VHFRQG�VWDJH�LQYROYHV�FR�GHVLJQ�DQG�HYDOXDWLRQ�
RI�ZKLFK�RSWLRQV�WR�LPSOHPHQW��7KH�PDLQ�LVVXH�ZLWK�WKH�FR�GHVLJQ�DFWLYLW\�ZDV�WKH�FUHDWLRQ�RI�DQ�LWHUDWLYH�ORRS��
L�H��IURP�FRQFHSW��WR�VNHWFK��WR�RXWOLQH��WR�GHWDLO�DV�HDFK�RI�WKHVH�QHHG�VRPH�IRUP�RI�SDUWLFLSDWLRQ�DQG�FRRSHUDWLRQ�
EHWZHHQ�H[SHUWV��FLWL]HQV��SXEOLF�VWDNHKROGHUV�DQG�SROLF\PDNHUV��

'XULQJ� WKH� FR�GHVLJQ� DFWLYLW\�SDUWLFLSDQWV�ZHUH� HQJDJHG� LQ�TXDOLWDWLYH� DQG� LQWHUDFWLYH�RQOLQH� DQG� IDFH�WR�IDFH�
GHOLEHUDWLRQ�DFWLYLWLHV�WR�SURSRVH�D�UDQJH�RI�VROXWLRQV��:KHQ�JRLQJ�SUDFWLFDO��FR�GHVLJQ�WXUQHG�DOVR�EH�DQ�LWHUDWLYH�
SURFHVV�DV�LW�ZHQW�GRZQ�PDQ\�F\FOHV�WR�SDVV�IURP�FRQFHSW�WR�GHWDLO��,W�DOVR�LQYROYHG�D�SUHOLPLQDU\�FRQWUDVW�EHWZHHQ�
WKH�FRPPXQLW\�DQG�H[SHUWV�SROLF\PDNHUV��WKDW�WKHQ�WXUQHG�WR�EH�DQ�HPSRZHULQJ�GLDORJXH�EHWZHHQ�WKH�SDUWLHV��7KH�
DFWLYLWLHV�ZKLFK�WRRN�SODFH�GXULQJ�WKLV�VWDJH�LQFOXGHG�WKH�LGHDWLRQ�RI�SRVVLEOH�PLWLJDWLRQ�VROXWLRQV��WKH�GHVLJQLQJ�
RI�WKH�LGHDV�DQG�XQGHUVWDQGLQJ�KRZ�WR�PDNH�WKHLU�LGHDV�UHDO��'XULQJ�WKH�LGHDWLRQ�DFWLYLW\�SDUWLFLSDQWV�ZHUH�FDOOHG�
WR�JHQHUDWH�FUHDWLYH�GLYHUJHQW�YLVLRQV�� LGHDV�� V\QHUJLHV�DQG�SRVVLELOLWLHV��$IWHU� WKLV�DFWLYLW\� WKH\�PRYHG� WR� WKH�
GHVLJQ�DFWLYLW\�GXULQJ�ZKLFK�WKH�LWHUDWLYH�SURFHVV�VWDUWHG�WR�PRYH�IURP�D�YLVLRQ�WR�D�FRQFHSW��WKHQ�WR�DQ�RXWOLQH��
'XULQJ�WKLV�DFWLYLW\�WKH�UHODWLRQVKLS�EHWZHHQ�H[SHUWV��UHVHDUFKHUV�DQG�SROLF\PDNHUV��DQG�FRPPXQLW\�EHFDPH�YHU\�
LPSRUWDQW��7KH�ODVW�DFWLYLW\�RI�WKLV�VHFRQG�VWDJH�ZDV�WKDW�RI�XQGHUVWDQGLQJ�KRZ�WR�WUDQVIRUP�LQ�IHDVLEOH�VROXWLRQV�
ZKDW�ZDV�SURSRVHG�XQWLO�WKDW�SRLQW��

7KH�SURFHVV�RI�FROOHFWLRQ�RI�SRVVLEOH�VROXWLRQV�WRRN�SODFH�ERWK�RQOLQH��ZLWK�WKH�KHOS�RI�D�FR�GHVLJQ�WRRO�WKDW�FRXOG�
EH�IRXQG�RQ�WKH�ZHEVLWH��)LJXUH������DQG�RIIOLQH��GXULQJ�WKH�ZRUNVKRSV��'XULQJ�WKH�RIIOLQH�DFWLYLW\��IDFH�WR�IDFH�
PHHWLQJV��SDUWLFLSDQWV�LQFOXGHG�QRW�RQO\�FLWL]HQV��EXW�DOVR�SROLF\PDNHUV�DQG�FRXQFLO�HPSOR\HHV��DQG�WKLV�FUHDWH�
DQ�HYHQ�PRUH�LQWHUHVWLQJ�PRPHQW�RI�VKDULQJ�DQG�GLVFXVVLQJ�WR�SURSRVH�EHWWHU�PLWLJDWLRQ��EXW�IHDVLEOH��VROXWLRQV�DV�
H[SHUWV�IURP�WKH�&LW\�&RXQFLO�ZHUH�SDUWLFLSDWLQJ��,GHDV�SURGXFHG�RIIOLQH�KDYH�DOVR�EHHQ�LQWHJUDWHG�RQ�WKH�RQOLQH�
WRRO��ZKLFK�ZDV�XVHG�ERWK�DV�D�ZD\�RI�SURSRVLQJ�LGHDV�IRU�SHRSOH�ZKR�FRXOG�QRW�SDUWLFLSDWH�DW�PHHWLQJV��DQG�DV�D�
VWRUDJH�RI�SRVVLEOH�VROXWLRQV�WR�NHHS�SDUWLFLSDQWV�LQIRUPHG��

�� �

)LJXUH������6FUHHQVKRW�RI�WKH�FR�GHVLJQ�WRRO�RQ�WKH�ZHEVLWH�

,Q� WKH� HYDOXDWLRQ� RI� RSWLRQV� SKDVH� WKHQ�� WKH� SRVLWLYHV�QHJDWLYHV� �FRVWV�EHQHILWV�� DVSHFW� RI� HDFK� VROXWLRQ�ZHUH�
FRPSDUHG� LQ�RUGHU� WR�SULRULWL]H� WKH� OLVW� RI� VROXWLRQV�SURSRVHG��2QH�RI� WKH�PRVW� LPSRUWDQW� FULWHULD�ZKLFK�ZHUH�
FRQVLGHUHG�ZDV�WKH�FRVW�IXQGLQJ�RU�IHDVLELOLW\��WKLV�EHFDXVH�ZKHQ�ZRUNLQJ�ZLWK�D�UHDO�HQYLURQPHQW�LW�KDV�WR�EH�
WDNHQ�LQWR�DFFRXQW�LI�WKH�VROXWLRQ�FDQ�DFWXDOO\�EH�LPSOHPHQWHG�LQ�D�FHUWDLQ�SODFH��DQG�LI�WKHUH�LV�HQRXJK�IRXQGLQJ�
WR�LPSOHPHQW�DQG�PDLQWDLQ�LW��

$IWHU�WKH�HYDOXDWLRQ�RI�WKH�SRVVLEOH�SURSRVHG�LGHDV��WKH�0$0&$��0XOWL�&ULWHULD�0XOWL�$FWRU�$QDO\VLV���0DFKDULV�
HW�DO����������ZDV�DSSOLHG�LQ�RUGHU�WR�JDWKHU�FRQILUPDWLRQ�RQ�WKH�FKRVHQ�LGHDV�WR�EH�LPSOHPHQWHG��$V�WKH�DUHD�RI�
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WKH�9HURQD�6XG�LV�TXLWH�ZLGH�DQG�WKH�SURSRVHG�LGHDV�ZKHUH�WR�EH�LPSOHPHQWHG�LQ�GLIIHUHQW�ORFDWLRQ��LW�ZDV�QHHGHG�
WR� JURXS� DQG� JHQHUDOLVH� WKH� LGHDV� WR� EH� DEOH� WR� DSSO\� WKH�0$0&$��7KLV�ZDV� EHFDXVH� WKH�0$0&$�PHWKRG�
HYDOXDWHV��DQG�FRPSDUHV��GLIIHUHQW�VROXWLRQV�DPRQJ�ZKLFK�WR�FKRRVH�WKH�RQH�WR�LPSOHPHQW�LQ�D�VSHFLILF�ORFDWLRQ��
$V� WKH�0$0&$�LV�D�PXOWL�DFWRU�DQDO\VLV� WKH�GLIIHUHQW�JURXS�RI�VWDNHKROGHU�ZKR�ZHUH� WDNHQ� LQWR�DFFRXQW�DUH�
FLWL]HQV��/HJDPELHQWH��DQ�1*2�ZKLFK�LV�DFWLYH�LQ�HQYLURQPHQW�UHODWHG�LVVXHV��DQG�WKH�&LW\�&RXQFLO��$OO�RI�WKHVH�
VWDNHKROGHUV�ZKHUH� WKH�RQHV�ZKR�DFWLYHO\�SDUWLFLSDWHG�XQWLO� WKLV�SRLQW� LQ� WKH�SURFHVV��7KH�HQGLQJ�UHVXOW�RI� WKH�
0$0&$�ZDV�WKHQ�WKDW�RI�FRQILUPLQJ�WKDW�WKH�LGHDV�FKRVHQ�IRU�WKH�LPSOHPHQWDWLRQ�GXULQJ�WKH�ODVW�IDFH�WR�IDFH�
PHHWLQJ�ZLWK�WKH�VWDNHKROGHUV��ZKHUH�WKH�PRVW�IHDVLEOH�RQHV�WR�LPSOHPHQW��

7KLUG�VWDJH�RI�WKH�/RRSHU�FR�FUHDWLRQ�SURFHVV��,PSOHPHQWDWLRQ�DQG�PRQLWRULQJ��

7KLV�ODVW�VWDJH�VWDUWHG�LQ�'HFHPEHU������DQG�LV�VWLOO�JRLQJ�RQ��,W�LQFOXGHV�WKH�LPSOHPHQWDWLRQ�RI�WKH�EHVW�RSWLRQV���
SURGXFHG�LQVLGH�8//V�GXULQJ�WKH�FR�GHVLJQ�DFWLYLW\���DQG�WKH�PRQLWRULQJ�IHHGEDFN�RI�WKH�UHVXOWV�HIIHFWV�REWDLQHG�
E\�WKH�LPSOHPHQWDWLRQ�RI�WKHVH�VROXWLRQV�LQ�WKH�UHDO�FRQWH[W��

,Q� WKH� DUHD�RI�9HURQD�6XG� WKH� LPSOHPHQWDWLRQ� DFWLYLW\� LV� VHHLQJ� VRPH�SK\VLFDO� DFWLRQV�RQ� WKH�JURXQG�� DV� WKH�
PLWLJDWLRQ�VROXWLRQV�DVNHG�E\�SDUWLFLSDQWV�ZHUH����NP�K�DUHDV�DURXQG�VFKRROV�ZLWK�VWUHHWV�FORVXUH�DW�HQWHULQJ�H[LW�
VFKRRO�KRXUV��FORVXUH�RI�VRPH�VWUHHWV�WR�FUHDWH�D�JDWKHULQJ�VSDFH�IRU�UHVLGHQWV��SRVLWLRQLQJ�RI�D�FURVVZDON�LVODQGV�
WR�DOORZ�D�PRUH�VHFXUH�HQYLURQPHQW�LQ�IURQW�RI�D�SULPDU\�VFKRRO��)LJXUH������$V�WKH�LPSOHPHQWDWLRQ�DFWXDOO\�KDG�
D�ILUVW�SDUW���'HFHPEHU������WR�-DQXDU\������±�RI�RUJDQLVDWLRQ��WKH�VROXWLRQV�ZHUH�RIILFLDOO\�LPSOHPHQWHG�IURP�
)HEUXDU\�������7KLV�DOORZV�WR�KDYH�WKH�VROXWLRQV�LQ�SODFH�GXULQJ�WKH�VHFRQG�FR�RSHUDWLYH�GDWD�FROOHFWLRQ�FDPSDLJQ�
LQ�RUGHU�WR�PRQLWRU�LI�WKHUH�DUH�DQ\�FKDQJHV�LQ�FRPSDULVRQ�ZLWK�WKH�VLWXDWLRQ�PRQLWRUHG�LQ�WKH�VDPH�SHULRG�WKH�
SUHYLRXV�\HDU��

�� �

)LJXUH������3RVLWLRQHG�FURVVZDON�LVODQG�

7KH�PRQLWRULQJ�DQG�IHHGEDFN�DFWLYLW\�GRQH�GXULQJ�WKLV� WKLUG�VWDJH�KDV�WKH�DLP�WR�FKHFN�ZKDW�UHVXOWV�� LPSDFWV��
RXWSXWV�DQG�RXWFRPHV�FDQ�EH�REWDLQHG�DIWHU�WKH�LPSOHPHQWDWLRQ�RI�WKH�FKRVHQ�VROXWLRQV��7R�GR�VR��ZKHUH�SRVVLEOH��
WKH�LPSDFW�RI�WKH�LPSOHPHQWHG�FR�GHVLJQHG�VROXWLRQV�LV�PRQLWRUHG�ZLWK�WKH�VDPH�VHW�RI�WRROV�DV�LQ�WKH�ILUVW�VWDJH�
DQG�ZLWK�WKH�LQSXW�RI�VWDNHKROGHUV�WKURXJK�SDUWLFLSDWRU\�VHQVLQJ�DQG�RSHQ�GDWD��$V�WKH�GDWD�FROOHFWLRQ�FDPSDLJQ�
LV�WDNLQJ�SODFH�DV�ZH�DUH�ZULWLQJ�WKLV�SDSHU��GDWD�ZLOO�EH�ODWHU�DQDO\VHG�WR�EH�XSORDGHG�RQ�WKH�RQOLQH�SODWIRUP�IRU�
IXUWKHU� GLVFXVVLRQ�ZLWK� SDUWLFLSDQWV�� 7KHVH� LQIRUPDWLRQ�ZLOO� WKHQ� JR� WRZDUGV� IHHGEDFN� IRU� WKH� QH[W� URXQG� RI�
SUREOHP�VFRSLQJ�DQG�FR�GHVLJQ��)XUWKHU�DFWLYLWLHV�ZLOO�WKHQ�LQFOXGH��PRQLWRULQJ�RI�WKH�µEHIRUH�	�DIWHU¶�UHVXOWV��
HYDOXDWLRQ�RI� WKH� LPSOLFDWLRQV��H�J��GLG� WKH�FR�GHVLJQ�ZRUN��FDQ�LW�EH� LPSURYHG��IHHGEDFN�LQWR� WKH�QH[W�URXQG��
DQG�RU�WKH�SROLF\�V\VWHP��
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&RQFOXVLRQV�

,Q�WKH�SDSHU�ZH�KDYH�HPSKDVL]HG�WKH�LPSRUWDQFH�RI�ERWWRP�XS�DSSURDFKHV�WR�LPSURYH�WKH�LPSOHPHQWDWLRQ�DQG�
HIIHFWLYHQHVV�RI�XUEDQ�WUDQVIRUPDWLRQ�LQWURGXFLQJ�DOVR�WZR�OHYHOV�RI�ERWWRP�XS�DSSURDFKHV��7KH�ILUVW�OHYHO�UHIHUV�
WR�VWDNHKROGHUV�LQYROYHG�LQ�WKH�SURFHVV��LQFOXGLQJ�WKHUHIRUH�DOVR�FLWL]HQV�DQG�ORFDO�FRPPXQLWLHV�LQ�WKH�GHFLVLRQ�
PDNLQJ��7KH�VHFRQG�LV� UHODWHG� WR� WKH�PHWKRGRORJ\�RI� LPSOHPHQWDWLRQ�RI� WKH�XUEDQ� WUDQVIRUPDWLRQ� WKDW�� LQ� WKLV�
DSSURDFK��LV�GRQH�E\�WKH�VXP�RI�VPDOO�VFDOH�ORFDO�WUDQVIRUPDWLRQ�WR�JHQHUDWH�DQ�RYHUDOO�FLW\�LPSURYHPHQW��

2Q�WKH�RWKHU�KDQG��ZH�KDYH�DOVR�DUJXHG�WKDW�WR�VXSSRUW�WKLV�GRXEOH�ERWWRP�XS�SURFHVV�LV�HVVHQWLDO�WKH�H[LVWHQFH�RI�
WKH�³ERWWRP�OHYHO´��7KLV�PHDQV�WKH�H[LVWHQFH�ERWK�RI�D�JURXS�RI�VWDNHKROGHUV�SUHSDUHG�DQG�ILW�IRU�WKH�FR�FUHDWLRQ�
DFWLYLWLHV�DQG�DOVR�WKH�LGHQWLILFDWLRQ�LQ�WKH�FLW\�RI�WKH�SODFHV�VXLWDEOH�IRU�WKDW�SXUSRVHV��7KH�SDUWLFLSDWRU\�VHQVLQJ�
PHWKRG�WKDW�ZH�SUHVHQWHG�LQ�WKH�SDSHU��XQGHUVWRRG�ERWK�DV�³LQYROYHPHQW´�DQG�³LQWHUSUHWDWLRQ´��LV�D�VWUDWHJ\�WR�
FUHDWH�WKH�³ERWWRP�OHYHOV´�UHTXLUHG��7KH�/RRSHU�SURMHFW�SURYLGHG�WKH�RFFDVLRQ�DQG�WKH�VFLHQWLILF�HQYLURQPHQW�WR�
GHYHORS�DQG�H[SHULPHQW�WKLV�WKHRU\�EXW�DOVR�WR�WHVW�WKH�WRROV�DGRSWHG�LQ�WKH�SURMHFW�WR�DFWLYDWH�WKH�SDUWLFLSDWRU\�
VHQVLQJ��

7KH�SLORW�VWXG\�RI�9HURQD�SURGXFHG�RQ�RQH�KDQG�SURPLVLQJ�UHVXOWV�LQ�WKH�ILUVW��SUREOHP�LGHQWLILFDWLRQ��DQG�VHFRQG�
�FR�GHVLJQ��VWDJHV�RI�WKH�FR�FUHDWLRQ�SURFHVV��KRZHYHU��RQ�WKH�RWKHU�KDQG��SLFNHG�RXW�VRPH�GLIILFXOWLHV�LQ�WKH�WKLUG�
VWDJH�LQ�UHODWLRQ�WR�LPSOHPHQWDWLRQ�RI�PHDVXUHV�SURGXFHG�LQ�WKH�FR�GHVLJQ�DFWLYLWLHV��,Q�IDFW��DOWKRXJK�WKH�GLUHFW�
LQYROYHPHQW�DQG�SDUWLFLSDWLRQ�RI� WKH�&LW\�DGPLQLVWUDWLRQ� WKDW�VXSSRUWHG� WKH� LQLWLDWLYH�DQG�HQGRUVHV� WKH�SURMHFW�
JRDOV��ZH�UXQ�LQWR�GLIILFXOWLHV�LQ�SXWWLQJ�LQWR�DFWLRQ�WKH�LGHDV�SURGXFHG�GXULQJ�WKH�FR�GHVLJQ�DFWLYLWLHV��7KH�LVVXHV�
IRXQG�GXULQJ�WKH�WKLUG�VWDJH�ZHUH�H[SHFWHG�E\�UHVHDUFKHUV��WKLV�GXH�WR�WKH�GLIILFXOWLHV�IRU�FLW\�DGPLQLVWUDWLRQV�WR�
DOORFDWH�QHZ�EXGJHW�LQ�D�VKRUW�SHULRG�RI�WLPH�DQG�WR�WKH�QRUPV�DQG�UHJXODWLRQV�WKDW�OLPLW�WKH�SRVVLELOLWLHV�RI�UDSLGO\�
H[HFXWH�±�HYHQ�WHPSRUDULO\�±�DQ\�LQQRYDWLYH�DQG�RU�DOWHUQDWLYH�VROXWLRQ��

'HVSLWH�WKH�SUDFWLFDO�LVVXHV�IURP�WKH�WKLUG�VWDJH��LW�FDQ�EH�VHHQ�KRZ�WKH�FR�FUHDWLRQ�SURFHVV�H[SHULHQFHG�ZLWKLQ�
/223(5�ZDV�SURYHQ�UHOLDEOH�WR�HQKDQFH�D�GRXEOH�ERWWRP�XS�DSSURDFK�ZKLFK�DOORZV�VWDNHKROGHUV�WR�RSHQ�D�PRUH�
HIILFLHQW�URXQG�WDEOH�WR�VFRSH�LVVXHV�ZKLFK�DUH�FORVHU�WR�FLWL]HQV��DQG�WR�SURSRVH�SRVVLEOH�VROXWLRQV��WR�EH�GLVFXVVHG�
ZLWK�SROLF\PDNHUV��WR�LPSURYH�WKH�WUDQVIRUPDWLRQ�RI�WKH�XUEDQ�HQYLURQPHQW��

$FNQRZOHGJHPHQWV�

7KH�VXSSRUW�RI�%UXVVHOV�&DSLWDO�5HJLRQ�±�,QQRYLULV��%HOJLXP���0LQLVWHUR�GHOO¶,VWUX]LRQH�GHOO
8QLYHUVLWj�H�GHOOD�
5LFHUFD��0,85���,WDO\���WKH�(FRQRPLF�DQG�6RFLDO�5HVHDUFK�&RXQFLO��8.��DQG�WKH�(XURSHDQ�8QLRQ�LV�JUDWHIXOO\�
DFNQRZOHGJHG��

5HIHUHQFHV�

$LU%HDP�WHFKQLFDO�VSHFLILFDWLRQV��'DWH�RI�DFFHVV��������������
KWWS���ZZZ�WDNLQJVSDFH�RUJ�DLUEHDP�WHFKQLFDO�VSHFLILFDWLRQV�RSHUDWLRQ�SHUIRUPDQFH��
$OPLUDOO��(���:DUHKDP��-���������/LYLQJ�/DEV��$UELWHUV�RI�0LG��DQG�*URXQG��/HYHO�,QQRYDWLRQ��7HFKQRORJ\�
$QDO\VLV�DQG�6WUDWHJLF�0DQDJHPHQW�����������������
$UJ\ULV��&���6FKRQ��'�$���������2UJDQL]DWLRQDO�/HDUQLQJ�,,��7KHRU\��0HWKRG��DQG�3UDFWLFH��$GGLVRQ�:HVOH\�
3XEOLVKLQJ�&RPSDQ\��
%LOJUDP��9���%UHP��$���9RLJW��.��,���������8VHU�&HQWULF�,QQRYDWLRQV�LQ�1HZ�3URGXFW�'HYHORSPHQW��6\VWHPDWLF�
,GHQWLILFDWLRQ�RI�/HDG�8VHU�+DUQHVVLQJ�,QWHUDFWLYH�DQG�&ROODERUDWLYH�2QOLQH�7RROV��,QWHUQDWLRQDO�-RXUQDO�RI�
,QQRYDWLRQ�0DQDJHPHQW������������������
&KHVEURXJK��+�:���������2SHQ�,QQRYDWLRQ��7KH�QHZ�LPSHUDWLYH�IRU�FUHDWLQJ�DQG�SURILWLQJ�IURP�WHFKQRORJ\��
�%RVWRQ��+DUYDUG�%XVLQHVV�6FKRRO�3UHVV��
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&RQGRWWD��0���5XJJHUL��3���6FDQDJDWWD��&���������7KH�/223(5�SURMHFW�LQ�6RXWK�9HURQD��$LU�TXDOLW\�
SDUWLFLSDWRU\�GDWD�FROOHFWLRQ�WRZDUGV�FR�GHVLJQ�RI�PLWLJDWLRQ�PHDVXUHV�LQ�XUEDQ�DUHDV��2IILFLQD��7ULPHVWUDOH�GL�
DUFKLWHWWXUD�H�WHFQRORJLD�������������
'HOLYHUDEOH�'����IURP�/223(5�SURMHFW�JHQHUDO�ZHEVLWH��'DWH�RI�DFFHVV��������������
KWWS���ORRSHUSURMHFW�HX�RXWSXW�GHOLYHUDEOHV��
0DFKDULV��&���GH�:LWWH��$���$PSH��-���������7KH�PXOWL�DFWRU��PXOWL�FULWHULD�DQDO\VLV�PHWKRGRORJ\��0$0&$��IRU�
WKH�HYDOXDWLRQ�RI�WUDQVSRUW�SURMHFWV��7KHRU\�DQG�SUDFWLFH��-��$GY��7UDQVS����������±�����
3DOORW��0���7URXVVH��%���6HQDFK��%���6FDSLQ��'���������/LYLQJ�/DE�5HVHDUFK�/DQGVFDSH��)URP�8VHU�&HQWUHG�
'HVLJQ�DQG�8VHU�([SHULHQFH�WRZDUGV�8VHU�&RFUHDWLRQ��)LUVW�(XURSHDQ�6XPPHU�6FKRRO�´/LYLQJ�/DEV´��,QULD�
�,&7�8VDJH�/DE���8VHUODE��(VRFH1HW��8QLYHUVFLHQFH��3DULV��)UDQFH��
3LVVRXULRV��,��$���������7RS�'RZQ�DQG�%RWWRP�8S�8UEDQ�DQG�5HJLRQDO�3ODQQLQJ��7RZDUGV�D�)UDPHZRUN�IRU�
7KH�8VH�RI�3ODQQLQJ�6WDQGDUGV��(XURSHDQ�6SDWLDO�5HVHDUFK�DQG�3ROLF\����������������
6FDQDJDWWD��&���&RQGRWWD��0���������7KH�OHDUQLQJ�ORRS�PHWKRG�DSSOLHG�WR�XUEDQ�OLYLQJ�ODEV�WRZDUG�OHDUQLQJ�
FRPPXQLWLHV��7KH�SLORW�FDVH�RI�9HURQD�LQVLGH�WKH�/223(5�SURMHFW��3URFHHGLQJV�RI��(XURSHDQ�5HVHDUFK�LQ�
$UFKLWHFWXUH�DQG�8UEDQLVP��WK�FRQJUHVV��������6HSWHPEHU�������$OLFDQWH��6SDJQD���������
9RQ�+LSSHO��(���������/HDG�XVHUV��D�VRXUFH�RI�QRYHO�SURGXFW�FRQFHSWV��0DQDJHPHQW�6FLHQFH���������±�����
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