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/HDUQLQJ�ORRSV�LQ�WKH�SXEOLF�UHDOP�

�

/HDUQLQJ�WKURXJK�FR�FUHDWLRQ��KRZ�WR�VROYH�XUEDQ�
SUREOHPV�ZLWK�FLWL]HQV�

,PUH�.HVHU����-HVVH�3DSSHUV���-DPHV�(YDQV��-DQLFH�$VWEXU\���0DVVLPLOLDQR�&RQGRWWD���
-RH�5DYHW]���&KLDUD�6FDQDJDWWD���&DWK\�0DFKDULV���

�
�9ULMH�8QLYHUVLWHLW�%UXVVHO��LPUH�NHVHUX#YXE�EH�

��9ULMH�8QLYHUVLWHLW�%UXVVHO��MHVVH�SDSSHUV#YXE�EH�
�8QLYHUVLW\�RI�0DQFKHVWHU��MDPHV�]�HYDQV#PDQFKHVWHU�DF�XN�
�8QLYHUVLW\�RI�0DQFKHVWHU��MDQLFH�DVWEXU\#PDQFKHVWHU�DF�XN�

�,8$9��FRQGRWWD#LXDY�LW�
�8QLYHUVLW\�RI�0DQFKHVWHU��MRH�UDYHW]#PDQFKHVWHU�DF�XN�

�,8$9��FKLDUD�VFDQDJDWWD#VWXG�LXDY�LW�
�9ULMH�8QLYHUVLWHLW�%UXVVHO��FDWK\�PDFKDULV#YXE�EH�

�

$EVWUDFW��7KH�SXEOLF�UHDOP�LV�D�SODFH�ZKHUH�XUEDQ�VWDNHKROGHUV�LQWHUDFW�DQG�FRPH�LQWR�FRQIOLFW��7KH�
DLP� RI� WKLV� SDSHU� LV� WR� SUHVHQW� WKH� /223(5� SDUWLFLSDWRU\� FR�FUHDWLRQ�PHWKRGRORJ\� DQG� SODWIRUP�
GHYHORSHG�LQ� WKH�/HDUQLQJ�/RRSV� LQ� WKH�3XEOLF�5HDOP��/223(5��SURMHFW� WR�GHPRQVWUDWH� µOHDUQLQJ�
ORRSV¶� L�H�� QHZ� ZD\V� RI� GHFLVLRQ�PDNLQJ� ZKLFK� EULQJ� WRJHWKHU� FLWL]HQV�� VWDNHKROGHUV� DQG� SROLF\�
PDNHUV� WR� LWHUDWLYHO\� OHDUQ� KRZ� WR� DGGUHVV� XUEDQ� FKDOOHQJHV�� 7KH� PHWKRGRORJ\� DQG� SODWIRUP� DUH�
GHPRQVWUDWHG� LQ� WKUHH�/LYLQJ�/DEV�ZLWK�GLIIHUHQW� VSDWLDO�� FXOWXUDO�DQG� WKHPDWLF�FRQWH[WV��7KH�PDLQ�
LVVXHV�EHLQJ�VROYHG�DUH�WUDIILF�DQG�PRELOLW\�LQ�%UXVVHOV��WUDIILF�DQG�JUHHQ� VSDFH�LQ�0DQFKHVWHU��DQG�
DLU� DQG� QRLVH� SROOXWLRQ� LQ�9HURQD�� 7KH� SDSHU� ZLOO� GLVFXVV� WKH� RYHUDOO� DSSURDFK� DQG�PHWKRGRORJ\�
GHYHORSHG�LQ�WKH�/223(5�SURMHFW�WR�VXSSRUW�ILQGLQJ�VROXWLRQV�WR�XUEDQ�SUREOHPV�LQ�D�SDUWLFLSDWRU\�
FR�FUHDWLRQ�SURFHVV��DQG�LWV�EURDGHU�LPSOLFDWLRQV�IRU�OLYLQJ�ODE�DSSURDFKHV�WR�XUEDQ�WUDQVIRUPDWLRQ��
6RPH�LQWHULP�ILQGLQJV�HPHUJH�LQ�WKH�FRQWH[W�RI�WKUHH�PDLQ�VRFLDO�VFLHQFH�VWUDQGV��VRFLDO�OHDUQLQJ�DQG�
FROOHFWLYH� LQWHOOLJHQFH�� ORFDO� JRYHUQPHQW� DQG� SDUWLFLSDWRU\� FR�JRYHUQDQFH�� DQG� WKH� FR�GHVLJQ�FR�
SURGXFWLRQ� SURFHVV� LQ� WKH� XUEDQ� HQYLURQPHQW��:RUN� LQ� SURJUHVV� IURP� WKH� /223(5� /LYLQJ� /DEV�
GHPRQVWUDWHV�WKHVH�ZLGHU�WKHPHV�LQ�WKH�OLJKW�RI�IURQW�OLQH�H[SHULHQFH��

.H\ZRUGV��FR�FUHDWLRQ��WUDIILF�VDIHW\��DLU�SROOXWLRQ�

,QWURGXFWLRQ�

7KH�SXEOLF�UHDOP�LV�D�SODFH�ZKHUH�XUEDQ�VWDNHKROGHUV�LQWHUDFW�DQG�FRPH�LQWR�FRQIOLFW��8UEDQ�DUHDV�DUH�FRPLQJ�
XQGHU� LQFUHDVHG�SUHVVXUH�FDXVHG�E\�XUEDQLVDWLRQ� WKDW� UHVXOWV� LQ� LQFUHDVHG�FRPSHWLWLRQ�IRU� WKH� OLPLWHG�DYDLODEOH�
VSDFH�� :HOO�GHYHORSHG� PRELOLW\� V\VWHPV� DUH� HVSHFLDOO\� LPSRUWDQW� IRU� XUEDQ� DUHDV� WR� IXQFWLRQ�� 1HYHUWKHOHVV��
PRELOLW\�RIWHQ�KDV�QHJDWLYH�H[WHUQDO�HIIHFWV�VXFK�DV�FRQJHVWLRQ��LQMXULHV�DQG�IDWDOLWLHV��JUHHQKRXVH�JDV�HPLVVLRQV��
DQG� QRLVH� DQG� DLU� SROOXWLRQ�� ,Q� UHFHQW� \HDUV�� XUEDQ� DQG� PRELOLW\� SODQQHUV� KDYH� WKHUHIRUH� PRYHG� WRZDUGV�
VXVWDLQDEOH�XUEDQ�PRELOLW\�LQVWHDG�RI�WU\LQJ�WR�VDWLVI\�WKH�HYHU�LQFUHDVLQJ�GHPDQG�IRU�URDG�WUDIILF���
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6WDNHKROGHU� LQYROYHPHQW� LV� D� NH\� DVSHFW� RI� VXVWDLQDEOH�PRELOLW\� DV� LW� FDQ� UHYHDO� QHZ� YDOXHV� DQG� NQRZOHGJH��
LQFUHDVHV� VXSSRUW� IRU� WKH� RXWFRPH�� DQG� IDFLOLWDWHV� LPSOHPHQWDWLRQ� �%DQLVWHU�� ������ /DUVRQ� DQG� /DFK�� �������
+RZHYHU��LQYROYLQJ�VWDNHKROGHUV�LQ�WUDQVSRUW�SODQQLQJ�LV�IDU�IURP�VWUDLJKWIRUZDUG�DV�LW�FKDOOHQJHV�WKH�RIWHQ�XVHG�
H[SHUW�OHG�DQG�WRS�GRZQ�PRGHO��%RRWK�DQG�5LFKDUGVRQ���������1HYHUWKHOHVV��DV�XUEDQ�SUREOHPV�DUH�EHFRPLQJ�
PRUH�FRPSOH[�DQG�FLWL]HQV�PRUH�YRFDO��SROLF\�PDNHUV�DUH�WXUQLQJ�WRZDUGV�QHZ�JRYHUQDQFH�DSSURDFKHV�OLNH�FR�
FUHDWLRQ�WR�LQYROYH�FLWL]HQV�DQG�VWDNHKROGHUV�LQ�ILQGLQJ�VROXWLRQV�WR�XUEDQ�SUREOHPV��3XHUDUL�HW�DO����������

&R�FUHDWLRQ� LV� DQ� XPEUHOOD� WHUP� IRU� D� ZLGH� UDQJH� RI� SDUWLFLSDWRU\� DQG� RSHQ�GHVLJQ� SURFHVVHV� WKDW� KDYH� EHHQ�
ZLGHO\�XVHG�LQ�XUEDQ�SODQQLQJ�DQG�GHVLJQ��,Q�FR�FUHDWLRQ��VWDNHKROGHUV�DUH�RIWHQ�IUHTXHQWO\�LQYROYHG�WKURXJKRXW�
D� SODQQLQJ� SURFHVV� DQG� DUH� JLYHQ� LQIOXHQFH� LQ� WKH� GHFLVLRQ�PDNLQJ� SURFHVV� �6DU]\QVNL�� �������&R�FUHDWLRQ� LQ�
XUEDQ�SODQQLQJ�KDV�UDUHO\�EHHQ�DSSOLHG��WKHUHIRUH�ZH�KDYH�OLWWOH�NQRZOHGJH�DERXW�WKH�EHQHILWV�RI�VXFK�DSSURDFK�
WR�WUDQVSRUW�SODQQLQJ�DQG�WKH�WRROV�WKDW�FDQ�IDFLOLWDWH�VXFK�D�SDUWLFLSDWRU\�DSSURDFK��/223(5�DGRSWV�WKH�EURDG�
PRGHO�RI�WKH�XUEDQ�OLYLQJ�ODE�DV�DQ�DSSURDFK�WKDW�HQDEOHV�VROXWLRQV�WR�EH�FR�SURGXFHG�DQG�H[SOLFLWO\�OHDUQW�IURP�
LQ�VSHFLILF�SODFHV��(YDQV�DQG�.DUYRQHQ���������

0HWKRGRORJ\�

3ODQQLQJ� DQG� LPSOHPHQWDWLRQ� WR� LPSURYH� SXEOLF� VSDFH� FDQ� EH� HQKDQFHG� WKURXJK� FR�FUHDWLRQ�� ,Q� WKH� WKUHH�
/223(5� /LYLQJ� /DEV� LQ� %UXVVHOV��0DQFKHVWHU�� DQG� 9HURQD�� FR�FUHDWLRQ� KDV� EHHQ� XVHG� LQ� WKH� IXOO� SODQQLQJ�
F\FOH��$� ORRS� VWDUWV�ZLWK� FROOHFWLYH� GHEDWH� RQ� WRSLFDO� LVVXHV�� WKHQ� IUDPHV� WKH� SUREOHP� DQG� FROOHFWV� GDWD�� 7KH�
SODWIRUP�YLVXDOL]HV� WKH�GDWD�DQG�HQDEOHV� WKH�FR�GHVLJQ�DQG�HYDOXDWLRQ�RI� VROXWLRQV��7KH� VHOHFWHG�VROXWLRQV�DUH�
WKHQ� LPSOHPHQWHG�� DQG� WKH� UHVXOWV� DUH� PRQLWRUHG� ZLWK� D� VHFRQG� ORRS� OHDUQLQJ� IURP� WKH� ILUVW�� 7KH� /223(5�
SURWRW\SH� SODWIRUP� LQWHJUDWHV� RQOLQH� DQG� RIIOLQH� WRROV� WR� IDFLOLWDWH� OHDUQLQJ� LQ� HDFK� VWDJH� RI� WKH� FR�FUHDWLRQ�
SURFHVV���

7KH� /223(5�PHWKRGRORJ\� LV� LOOXVWUDWHG� LQ� )LJXUH� �� 7KH� /223(5�PHWKRGRORJ\�� (DFK� /LYLQJ� /DE� ZLOO� JR�
WKURXJK�D�IXOO�FR�FUHDWLRQ�SURFHVV�WZLFH�GXULQJ�WKH�GXUDWLRQ�RI�WKH�/223(5�SURMHFW���

�

)LJXUH���7KH�/223(5�PHWKRGRORJ\�

7KH�PDLQ�VWDJHV�RI�WKH�/223(5�PHWKRGRORJ\�DUH�DV�IROORZV���

��� ,GHQWLILFDWLRQ� RI� SUREOHPV� DQG� RSSRUWXQLWLHV�� 7KH� DLP� LV� WR� LGHQWLI\� WKH� SUREOHPV� RI� D� ORFDO�
FRPPXQLW\�WKURXJK�D�WKUHH�VWHS�SURFHVV��7KLV�VWDJH�FDQ�EH�IUDPHG�SRVLWLYHO\��UHIHUULQJ�WR�RSSRUWXQLWLHV�
UDWKHU�WKDQ�SUREOHPV���

4069



�

�D�� 6FRSLQJ��7KH� DIIHFWHG� FRPPXQLWLHV� DQG� WKH� FRQWH[W� RI� WKH�SUREOHPV�ZLOO� EH� LGHQWLILHG��7KH�
SUREOHPV�DUH�IUDPHG�LQ�D�ZD\�WR�HQDEOH�WKH�WDQJLEOH�DVSHFWV�WR�EH�LGHQWLILHG�WKURXJK�GDWD��

�E�� 'DWD�FROOHFWLRQ��'DWD�WR�LGHQWLI\�WKH�VFRSH��ORFDWLRQ�DQG�W\SH�RI�SUREOHPV�LV�FROOHFWHG�ZLWK�WKH�
SDUWLFLSDWLRQ�RI�VWDNHKROGHUV�YLD�SDUWLFLSDWRU\�VHQVLQJ��YLD�SXEOLF�GDWDEDVHV�DQG�WKURXJK�IDFH�
WR�IDFH�GLVFXVVLRQV���

�F�� 9LVXDOLVDWLRQ��9LVXDOLVDWLRQV�RI�FROOHFWHG�GDWD�DUH�SXEOLVKHG�RQ�WKH�/223(5�RQOLQH�SODWIRUP�
DQG�GLVFXVVHG�DW�ORFDO�ZRUNVKRSV��

��� &R�GHVLJQ�DQG�HYDOXDWLRQ�RI�DOWHUQDWLYH� VROXWLRQV��7KH� DLP�RI� WKLV� VWDJH� LV� WR� DVVHVV� WKH�SUREOHPV�
LGHQWLILHG�LQ�WKH�SUHYLRXV�VWDJH��FR�GHVLJQ�DQG�HYDOXDWH�VROXWLRQV��DQG�VHOHFW�WKH�VROXWLRQ�V��WKDW�ZLOO�EH�
LPSOHPHQWHG��

�D�� &R�GHVLJQ�� 3DUWLFLSDQWV� HQJDJH� LQ� TXDOLWDWLYH� DQG� LQWHUDFWLYH� RQOLQH� DQG� IDFH�WR�IDFH�
GHOLEHUDWLRQ� DFWLYLWLHV� WR� SURSRVH� VROXWLRQV�� 3DUWLFLSDQWV� FR�FUHDWH� DOWHUQDWLYH� VFHQDULRV��
H[SORUH�QHZ�V\QHUJLHV�LQ�GHVLJQ�RU�SROLF\�DQG�GHILQH�SDWKZD\V�IRU�DFWLRQ��

�E�� (YDOXDWLRQ�� $IWHU� WKH� FR�GHVLJQ� VWDJH� D� PRUH� VWDQGDUGL]HG� PHWKRG� OLNH� D� PXOWL�FULWHULD�
DQDO\VLV� LV� XVHG� WR� DSSUDLVH� WKH� VXVWDLQDELOLW\� RI� DOWHUQDWLYHV� DQG� WKH� 0XOWL�$FWRU� 0XOWL�
&ULWHULD�$QDO\VLV��0$0&$��LV�DSSOLHG�WR�LGHQWLI\�VWDNHKROGHUV¶�SUHIHUHQFHV��

��� ,PSOHPHQWDWLRQ�DQG�PRQLWRULQJ��%DVHG�RQ�WKH�UHVXOWV�RI�6WDJH����VWDNHKROGHUV�LPSOHPHQW�D�UDQJH�RI�
VROXWLRQV� DQG� PRQLWRU� WKHLU� HIILFLHQF\�� XVLQJ� WKH� VDPH� RU� FRPSDUDEOH� GDWD� XVHG� IRU� WKH� SUREOHP�
GHILQLWLRQ��6WDJH�����

�D�� ,PSOHPHQWDWLRQ�LQ�WKH�OLYLQJ�ODEV�LQYROYHV�FLWL]HQV�DQG�VWDNHKROGHUV�WKURXJK�WKHLU�YROXQWDU\�
FRQWULEXWLRQ��

�E��0RQLWRULQJ��0RQLWRULQJ�WKH�LPSDFW�RI�FR�GHVLJQHG�VROXWLRQV�XVHV�WKH�VDPH�VHW�RI�WRROV�DV�LQ�
6WDJH����7KLV�PD\�LQYROYH�SDUWLFLSDQWV�WKURXJK�SDUWLFLSDWRU\�VHQVLQJ�DQG�RSHQ�GDWD�RU�WKURXJK�
RWKHU�TXDOLWDWLYH�PHDQV�RI�DSSUDLVDO�OLNH�UHFRQGXFWLQJ�LQWHUYLHZV��

7KHRUHWLFDO�FRQWH[W�

%HKLQG�WKH�/223(5�LV�D�WKHRUHWLFDO�IUDPHZRUN�ZKLFK�FRPELQHV�WKUHH�VWUDQGV�RI�VRFLDO�VFLHQFH��

x� 6RFLDO�/HDUQLQJ�WKHRU\��V\VWHPV�F\EHUQHWLFV�DQG�D�µFROOHFWLYH�ORFDO�LQWHOOLJHQFH¶�

x� /RFDO�JRYHUQPHQW�DQG�GHPRFUDWLF�SXEOLF�SDUWLFLSDWLRQ�

x� &LYLF�FR�GHVLJQ�DQG�FR�SURGXFWLRQ�LQ�WKH�SXEOLF�UHDOP�

7KLV�VHFWLRQ�LV�D�EULHI�UHYLHZ�RI�WKHVH�WKHPHV��WKHUH�IROORZV�DQ�LQWHULP�UHYLHZ�RI�WKH� /223(5�H[SHULHQFH��LQ�
SURJUHVV�DW�WKH�WLPH�RI�ZULWLQJ����

6RFLDO�OHDUQLQJ�	�FROOHFWLYH�LQWHOOLJHQFH�

2UJDQL]DWLRQDO� OHDUQLQJ� WKHRU\� LV� DW� WKH� FHQWUH� RI� WKH� /223(5� FRQFHSW� DQG� IUDPHZRUN� �$UJ\ULV� DQG� 6FKRQ��
�������7KLV�DSSOLHG�WKH�FRQFHSW�RI�UHIOH[LYH�IHHGEDFN�WR�RUJDQL]DWLRQV�DQG�LQVWLWXWLRQV��,W�DOVR�UHIOHFWV�SDUDOOHO�
LGHDV� IURP� VHFRQG�RUGHU� F\EHUQHWLFV� DQG� µFULWLFDO� V\VWHPV� KHXULVWLFV¶� �&KXUFKPDQ�� ������� 6WDUWLQJ� IURP� D�
WUDGLWLRQDO�YLHZ�RI�OHDUQLQJ�DV�µJDWKHULQJ�IDFWV¶��RUJDQL]DWLRQ�VWXGLHV�EHJDQ�WR�ORRN�DW�D�µ0RGH��¶�µGRXEOH�ORRS¶�
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W\SH� RI� OHDUQLQJ�� 0RGH� �� EULQJV� XS� QRW� RQO\� LQIRUPDWLRQ� IRU� GLUHFW� SUREOHP�VROYLQJ�� EXW� ZLGHU� FRQWH[WXDO�
NQRZOHGJH�DQG�GHHSHU�YDOXHV�DQG�JRDOV�DV�ZHOO��

7KH�OHDUQLQJ�DJHQGD�KDV�DOVR�H[SDQGHG�IURP�WKH�OHDUQLQJ�RI�LQIRUPDWLRQ��µNQRZ�ZKDW¶���WRZDUGV�OHDUQLQJ�DFWLYH�
VNLOOV��µNQRZ�KRZ¶���VRFLDO�HPRWLRQDO�QHWZRUNLQJ�LQWHOOLJHQFH��µNQRZ�ZKR¶���DQG�FXOWXUDO�RU�HWKLFDO�LQWHOOLJHQFH�
�µNQRZ�ZK\¶���7KLV�DSSOLHV�WR�LQGLYLGXDOV�LQ�WKH�HGXFDWLRQ�V\VWHP��EXW�DOVR�WR�RUJDQL]DWLRQV�DQG�LQVWLWXWLRQV��DQG�
LQFUHDVLQJO\�WR�FRPPXQLWLHV�RU�VRFLDO�QHWZRUNV��7KLV�WKHQ�DSSOLHV�WR�WKH�/223(5�REMHFWLYH�RI�µOHDUQLQJ�ORRSV�
LQ�WKH�SXEOLF�UHDOP¶���

x� /HDUQLQJ� RI� µZKDW¶�� ,V� WKHUH� LQIRUPDWLRQDO� RU� WHFKQLFDO� FRQWHQW� �ZKLFK� PLJKW� EH� SURYLGHG� RU�
VLJQSRVWHG�"�

x� /HDUQLQJ�RI�µKRZ¶��$UH�WKHUH�VNLOOV�RU�WHFKQLTXHV��ZLWK�WUDLQLQJ�RU�FDSDFLW\�EXLOGLQJ�"�

x� /HDUQLQJ� RI� µZKR¶�� &DQ� SROLF\PDNHUV� �� SURIHVVLRQDOV� OHDUQ� KRZ� WKH� FRPPXQLW\� ZRUNV�� DQG� FDQ� WKH�
FRPPXQLW\� OHDUQ� KRZ� SROLF\� ZRUNV"� 7KH� FRPPXQLW\� FDQ� OHDUQ� WR� VHOI�RUJDQL]H�� EXLOG� FDSDFLW\��
PRELOL]H�DFWLRQ�� WKH�SROLF\�V\VWHP�FDQ� OHDUQ� WR� LQQRYDWH�DQG�DGDSW�� ,V� WKHUH�PXWXDO� OHDUQLQJ�EHWZHHQ�
WKHP"�

x� /HDUQLQJ�RI�µZK\¶��SROLF\PDNHUV�PD\�QHHG�WR�OHDUQ�WKDW�PRELOL]LQJ�JUDVV�URRWV�DFWLYLW\�FDQ�HPSRZHU�
WKH�FRPPXQLW\�DQG�OHDG�WRZDUG�D�PRUH�KDUPRQLRXV�VRFLHW\���

6RFLDO� RU� FROOHFWLYH� LQWHOOLJHQFH� LV� WKHQ� WKH� ORJLFDO� UHVXOW� RI� VRFLDO� OHDUQLQJ�� 7KHUH� LV� QR� VLQJOH� YHUVLRQ� RU�
GHILQLWLRQ�� EXW� D� SUDFWLFDO� VWDUWLQJ� SRLQW� LV� ZLWK� *DUGQHU¶V� µPXOWLSOH� LQWHOOLJHQFHV¶� �*DUGQHU�� ������� ,Q� PDQ\�
ZDONV� RI� OLIH�� LW� LV� DFFHSWHG� WKDW� µLQWHOOLJHQFH¶� LV� PXFK� PRUH� WKDQ� WHFKQLFDO� SUREOHP�VROYLQJ�� µ(PRWLRQDO�
LQWHOOLJHQFH¶� LV�QRZ�HVVHQWLDO� LQ�EXVLQHVV�DQG�PDQDJHPHQW�� FXOWXUDO� LQWHOOLJHQFH� LV� YLWDO� LQ�PHGLD�DQG�FUHDWLYH�
DUWV�� HWKLFDO� LQWHOOLJHQFH� KHOSV� WR� PDQDJH� EXVLQHVV� ULVNV�� 7KH� FRPELQDWLRQ� RI� DOO� WKHVH� LV� IUDPHG� ZLWK� WKH�
µV\QHUJLVWLFV¶�IUDPHZRUN�IRU�PDSSLQJ�WKH�FROOHFWLYH�XUEDQ�LQWHOOLJHQFH��0LOHV�DQG�5DYHW]��������5DYHW]���������

2UJDQL]DWLRQ� FKDQJH� DQG� OHDUQLQJ� LV� DW� WKH� FHQWUH� RI� WKH� /223(5� FRQFHSW�� DQG� WKLV� DOVR� FDOOV� RQ� µV\VWHPV�
F\EHUQHWLFV¶�FRQFHSWV�RI�UHIOH[LYH�IHHGEDFN�WR�RUJDQL]DWLRQV�DQG�LQVWLWXWLRQV��,Q�SUDFWLFDO�WHUPV�WKLV�UHIHUV�WR�D�
SROLF\�F\FOH�ZKLFK�OHDUQV�IURP�H[SHULHQFH��PDNHV�HIIHFWLYH�GHFLVLRQV��DQG�HYDOXDWHV�WKH�IHHGEDFN�DQG�LPSURYHV�
DQG�DGDSWV��

7KH�FKDOOHQJH�KHUH�LV�WKDW�ODUJH�RUJDQL]DWLRQV��SXEOLF�RU�SULYDWH�RU�FLYLF��DUH�FRQWLQXRXVO\�DVNHG�WR�µOHDUQ¶�DQG�
µLQQRYDWH¶��+RZHYHU��LQ�D�ODUJH�RUJDQL]DWLRQ�WKHUH�DUH�PDQ\�OD\HUV��7UDLQLQJ�LV�GHOLYHUHG�RQ�VSHFLILF�LWHPV�VXFK�
DV�SURFXUHPHQW�RU�HTXDO�RSSRUWXQLWLHV��EXW�IRU�WKH�RUJDQL]DWLRQ�VWUXFWXUH�LWVHOI�LW�LV�QRW�HDV\�WR�LGHQWLI\�WKH�PRUH�
GLVWULEXWHG� W\SH� RI� OHDUQLQJ�� DQG� WKH� W\SLFDO� UHDOLW\� LV� RQH� RI� EDUULHUV�� JDSV�� LQHUWLD�� µZRUNVKRS� IDWLJXH¶�� DQG�
UHVLVWDQFH�WR�FKDQJH�DQG�LQQRYDWLRQ��0RVW�ODUJH�RUJDQL]DWLRQV�ZRXOG�DOUHDG\�KDYH�VRPH�NLQG�RI�PDQDJHPHQW�RU�
PRQLWRULQJ�V\VWHP�IRU�OHDUQLQJ��LQQRYDWLRQ��VHUYLFH�LPSURYHPHQW��DQG�RU�SURGXFWLYLW\�DQG�FRVW�VDYLQJ��6RPH�RI�
WKHVH�PHWKRGV� DUH� IRFXVHG�RQ� FLWL]HQ� DQG� FRPPXQLW\�SDUWLFLSDWLRQ�� DQG� VRFLDO� LQQRYDWLRQ�FRKHVLRQ�HQWHUSULVH��
H�J��µ6RFLDO�5HWXUQ�RQ�,QYHVWPHQW¶��

*RYHUQPHQW��FLWL]HQ�3DUWLFLSDWLRQ�DQG�FR�JRYHUQDQFH�

'UDZLQJ� IURP� WKHRULHV� RI� GHPRFUDWLF� SXEOLF� SDUWLFLSDWLRQ� �5DYHW]�� ������� D� FRJQLWLYH� RU� NQRZOHGJH�EDVHG�
V\VWHP� RI� JRYHUQDQFH� LQFRUSRUDWHV� F\EHUQHWLF� IHHGEDFN� F\FOHV� RI� LQIRUPDWLRQ� DQG� LQIOXHQFH�� ,Q� D� FRPSOH[�
VRFLHW\�� GHFLVLRQ� VWUXFWXUHV� WHQG� WR� FHQWUDOL]H� DQG� LQVWLWXWLRQDOL]H�� UHPRYLQJ� WKH� µGHFLVLRQ� SRLQW¶� IURP� WKH�
µLPSDFW� SRLQW
� IRU� PDQ\� VHWV� RI� VWDNHKROGHUV�� 7KH� UHVXOW� LV� RIWHQ� OHVV� HIIHFWLYH� DQG� OHVV� HTXLWDEOH� GHFLVLRQV��
SDUWLFXODUO\�ZKHUH�UHGLVWULEXWLYH�HIIHFWV�DUH�FRQFHUQHG��+HQFH�D�VWURQJHU�LQIRUPDWLRQ�IHHGEDFN�F\FOH�ZLOO�WHQG�WR�
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HQDEOH�PRUH�HIIHFWLYH�DQG�HTXLWDEOH�GHFLVLRQV��ZLWK�GLUHFW�FRPPXQLFDWLRQ�IORZV�EHWZHHQ�VWDNHKROGHUV��SURMHFW�
WHDPV��SURJUDPPH�PDQDJHUV�DQG�SROLF\�PDNHUV��

6XFK� SDUWLFLSDWLRQ� SURFHVVHV� FDQ� EH� VHHQ� LQ� VXFFHVVLYH� VWDJHV�� DV� LQ� WKH�ZHOO�NQRZQ� µODGGHU� RI� SDUWLFLSDWLRQ¶�
�$UQVWHLQ��������ZKLFK�FKDUWV�D�UDQJH�IURP�µPDQLSXODWLRQ¶��ZKHUH�LQIRUPDWLRQ�LV�UDWLRQHG�IRU�VSHFLILF�SXUSRVHV��
WR� µFRQVXOWDWLRQ¶�� µGLDORJXH¶� DQG� µOHJLWLPDWLRQ¶�� ZKHUH� LQIRUPDWLRQ� LV� VKDUHG� DQG� XVHG� WR� IRUP� FROODERUDWLYH�
DJHQGDV�� ,Q� µGHOHJDWLRQ¶� DQG� µFLWL]HQ� SRZHU¶�� QRW� RQO\� LQIRUPDWLRQ� DQG� FRQWURO� RI� DJHQGDV�� EXW� HFRQRPLF�
UHVRXUFHV�DUH�WUDQVIHUUHG�DQG�GHYROYHG��

�

)LJXUH���)URP�JRYHUQPHQW�WR�µFR�JRYHUQDQFH¶�

)URP�WKLV�F\EHUQHWLF�YLHZ�RI�SDUWLFLSDWLRQ��D�JRYHUQPHQW�RI�UHSUHVHQWDWLYH�GHPRFUDF\�LQ�IL[HG�XQLWV�VHHPV�TXLWH�
XQVXLWHG�WR�WKHVH�FRPSOH[��RYHUODSSLQJ��PXOWL�OD\HUHG�G\QDPLFV��0RUHRYHU��WKH�LQWHUQDO�VWUXFWXUHV�RI�GHFLVLRQ�
PDNLQJ� DOVR� VHHP� TXLWH� DUFKDLF�� 7KH� GLDJUDP� DW� )LJXUH� �� VKRZV�� RQ� WKH� OHIW� D� �&��� D� W\SLFDO� SDUOLDPHQWDU\�
GHPRFUDF\��H�J��8.���ZLWK�WKH�ORFDO�JRYHUQPHQW�DV�D�VPDOOHU�UHSOLFD�RI�WKH�QDWLRQDO�OHYHO��

7KHUH� DUH� VWURQJ� UHDVRQV� IRU� D� FRPSOH[� VHULHV� RI� FKHFNV� DQG� EDODQFHV�� EXW� WKH� RYHUDOO� V\VWHP� FRQILJXUDWLRQ�
VKRZV�D� ODFN�RI� IHHGEDFN� FKDQQHOV�� ZLWK� LQHIILFLHQFLHV�SLOLQJ� XS�� LQJURZQ�DQG� VHOI�VHUYLQJ� LQVWLWXWLRQV�� DQG� D�
µGHPRFUDWLF� GHILFLW¶� RU� ODFN� RI� HQJDJHPHQW� ZLWK� VWDNHKROGHUV�� $V� D� UHVXOW�� WKH� QHHGV� RI� FLWLHV� DQG�
QHLJKERXUKRRGV� JR� XQPHW�� UHVRXUFHV� DUH� ZDVWHG�� DQG� FLWL]HQV� DUH� DOLHQDWHG��0RUHRYHU�� UHVXOWV� RQ� WKH� JURXQG�
LQFOXGH�XUEDQ�VSUDZO��FDU�GHSHQGHQF\��ULVLQJ�LQHTXDOLW\�DQG�GHVWUXFWLRQ�RI�ORFDO�DVVHWV��

$OWHUQDWLYH� WKLQNLQJ� VWDUWV� ZLWK� WKH� SULQFLSOH� RI� WKH� URXQG� WDEOH� DQG� LWV� FRJQLWLYH� V\VWHP� SURSHUWLHV�� RI�
FROODERUDWLRQ��FR�OHDUQLQJ��DQG�FR�SURGXFWLRQ��$�URXQG�WDEOH�FRQILJXUDWLRQ�DOORZV�IRUPDO�JRYHUQPHQW�XQLWV�WR�VLW�
DORQJVLGH�RWKHU�VWDNHKROGHUV��ERWK�IRUPDO�DQG�LQIRUPDO��DV�VNHWFKHG�RQ�WKH�ULJKW�DW��'���2YHUDOO�WKHUH�LV�SRWHQWLDO�
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IRU�D�PRUH�UHVSRQVLYH�VWUXFWXUH�ZLWK�KLJKHU�OHYHOV�RI�FROOHFWLYH�SROLWLFDO�LQWHOOLJHQFH�±�D�URXQGWDEOH�RU�FLUFOH�RI�
VR�FDOOHG�µFR�JRYHUQDQFH¶��L�H��FROODERUDWLYH�DQG�FR�SURGXFHG�PRGHV�RI�GHFLVLRQ�PDNLQJ���

7KH�PRGHO�VKRZQ�DERYH�LV�D�K\EULG�SDUWQHUVKLS�EDVHG�RQ�QHWZRUNLQJ�DQG�FROODERUDWLYH�UHODWLRQV��QRW�WR�UHSODFH�
IRUPDO� GHFLVLRQ�PDNLQJ� VWUXFWXUHV� EXW� WR� HQKDQFH� WKHP�� ,W� ZRUNV� EHVW� ZLWK� PXOWL�OHYHO� LQWHU�FRQQHFWLRQV��
KRUL]RQWDOO\�RU�YHUWLFDOO\�EHWZHHQ�WKH�IRUPDO�XQLWV�RI�FLWLHV�RU�GLVWULFWV��WR�DOORZ�IRU�SUREOHPV�DQG�RSSRUWXQLWLHV�
ZKLFK�GR�QRW� ILW� LQ� IRUPDO�XQLWV��7KH�FHQWUDO� FLUFOH�FDQ�KDYH�DQ\�QXPEHU�RI� VSHFLDO� LQWHUHVW�RU�SURMHFW�FLUFOHV�
DWWDFKHG��DOO�OLQNHG�E\�D�FRPPRQ�SODWIRUP�IRU�LQIRUPDWLRQ�VKDULQJ��FR�OHDUQLQJ�DQG�FR�SURGXFWLRQ��,W�SURPRWHV�
µDVVRFLDWLRQDO¶� RU� µGHOLEHUDWLYH¶� IRUPV� RI� GHPRFUDF\�� ZKLFK� ORRNV� IRU� WKH� EDODQFH� RI� IRUPDO� DQG� LQIRUPDO�
LQWHUHVWV��ZKHUH�FLWL]HQV��QHLJKERXUKRRGV�RU�ZKROH�FLWLHV�FDQ�EH�HPSRZHUHG�DQG�VHOI�RUJDQL]HG���

/LYLQJ�/DEV�

7KH�WKUHH�/223(5�/LYLQJ�/DEV�KDYH�GLIIHUHQW�VSDWLDO��FXOWXUDO�DQG�WKHPDWLF�FRQWH[WV��7KH�%UXVVHOV�/223(5�
/LYLQJ�/DE�LV�VLWXDWHG�LQ�+HOPHW��D�QHLJKERXUKRRG�ZLWK�PDQ\�WUDIILF�VDIHW\�SUREOHPV�ZLWKLQ�WKH�PXQLFLSDOLW\�RI�
6FKDHUEHHN� LQ� WKH� QRUWK� RI� WKH� %UXVVHOV� &DSLWDO� 5HJLRQ�� ,WV� ORFDWLRQ� ZDV� VHOHFWHG� DIWHU� FRQVXOWLQJ� ORFDO� DQG�
UHJLRQDO�JRYHUQPHQWV�DV�ZHOO�DV�1*2V�LQ�WKH�DUHD��7KH�OLYLQJ�ODE�ZDV�VHW�XS�LQ�)HEUXDU\������DQG�ZLOO�UXQ�XQWLO�
-XQH�������7KH�ODE�LV�UXQ�E\�WKH�0RELOLW\��/RJLVWLFV�DQG�$XWRPRWLYH�7HFKQRORJ\�5HVHDUFK�&HQWUH��02%,��DW�
WKH�9ULMH�8QLYHUVLWHLW�%UXVVHO�DQG�%5$/��D�%UXVVHOV�FLWL]HQ�1*2��

7KH�0DQFKHVWHU� /223(5� /LYLQJ� /DE� LV� VLWXDWHG� LQ� WKH� %UXQVZLFN� QHLJKERXUKRRG�� D� IRUPHU� VRFLDO� KRXVLQJ�
HVWDWH�FORVH�WR�WKH�FLW\�FHQWUH�WKDW�LV�XQGHUJRLQJ�UHJHQHUDWLRQ��7KH�QHLJKERXUKRRG�KDV�D�GLYHUVH�SRSXODWLRQ�DQG�
LV�ERUGHUHG�E\�PDMRU�URDGV�RQ�WKUHH�VLGHV��7KH�0DQFKHVWHU�/LYLQJ�/DE�H[SORUHV�ILYH�LQWHUFRQQHFWHG�LVVXHV��DLU�
TXDOLW\�� WUDIILF� VDIHW\�� VHFXULW\�� FRPPXQLW\� VSDFHV� DQG� JUHHQLQJ�� 7KH� 8QLYHUVLW\� RI� 0DQFKHVWHU� LV� WKH�
FRRUGLQDWRU�RI�WKH�/LYLQJ�/DE�EXW�ZRUNV�LQ�FRRSHUDWLRQ�ZLWK�WKH�VRFLDO�KRXVLQJ�RUJDQLVDWLRQ�6�%��

7KH�9HURQD�/223(5�/LYLQJ�/DE�LV�ORFDWHG�LQ�WKH�VRXWK�RI�WKH�FLW\�RI�9HURQD��7KH�ERUGHUV�RI�9HURQD�6RXWK�DUH�
GHOLPLWHG�E\� WUDLQ� WUDFNV�� URDGV�� DQG� D� ULYHU��$LU� SROOXWLRQ� LQ� WKH� DUHD� LV� D� SUREOHP�DV� LW� H[FHHGV� OLPLW� YDOXHV�
LPSRVHG�E\�(8�ODZV��7KLV�SUREOHP�LV�SDUWO\�FDXVHG�E\�WKH�FLW\¶V�ORFDWLRQ�LQ�WKH�3R�9DOOH\�EXW�LV�H[DFHUEDWHG�E\�
WKH� HPLVVLRQV� RI� ROG� KHDWLQJ� SODQWV� DV� ZHOO� DV�PRELOLW\� UHODWHG� HPLVVLRQV�� 7KH�9HURQD�/223(5�/LYLQJ� /DE�
RIILFLDOO\�VWDUWHG� LQ�'HFHPEHU�RI�������7KH� ODE� LV� UXQ�E\� ,8$9�8QLYHUVLW\�RI�9HQLFH�ZLWK� WKH�FRRSHUDWLRQ�RI�
HQYLURQPHQWDO�1*2�/HJDPELHQWH�DQG�WKH�&LW\�RI�9HURQD��

5HVXOWV�SUREOHP�LGHQWLILFDWLRQ�

7KH�VFRSLQJ�RI�SUREOHPV�WR�EH�DGGUHVVHG�LQ�WKH�/223(5�/LYLQJ�/DEV�ZDV�GRQH�WRJHWKHU�ZLWK�ORFDO�VWDNHKROGHUV�
DQG�FLWL]HQV��/LYLQJ�/DE�RUJDQLVHUV�XVHG� WKHLU�NQRZOHGJH�RI� WKH�DUHD�EXW�DOVR�KDG�PHHWLQJV�ZLWK�VWDNHKROGHUV�
VXFK�DV�ORFDO�DXWKRULWLHV�DQG�VFKRROV��(PSKDVLV�ZDV�SXW�RQ�HQJDJLQJ�UHVLGHQWV�LQ�WKH�SURMHFW�DQG�VXJJHVW�LGHDV�
IRU� WKH� /LYLQJ� /DE��7KLV�ZDV� GRQH� YLD�ZRUNVKRSV�� QHLJKERXUKRRG� HYHQWV�� ORFDO� QHZVSDSHUV�� DQG� SRVWHUV� DQG�
OHDIOHWV��7KHVH�RXWUHDFK�HYHQWV� UHVXOWHG� LQ� WKH� VHOHFWLRQ�RI� WUDIILF�VDIHW\��JUHHQLQJ�DQG� WUDIILF�FDOPLQJ��DQG�DLU�
TXDOLW\�DV�WKH�WRSLF�RI�UHVSHFWLYHO\�WKH�%UXVVHOV��0DQFKHVWHU��DQG�9HURQD�/223(5�/LYLQJ�/DE��

(DFK�/LYLQJ�/DE�GHYHORSHG�D�SODQ�WR�FROOHFW�GDWD�RQ�WKH�LGHQWLILHG�SUREOHP��7KH�/DEV�KDG�DQ�RQOLQH�JHRWDJJLQJ�
DSSOLFDWLRQ� GHYHORSHG� E\� ,8$9� DW� WKHLU� GLVSRVDO� WKURXJK� ZKLFK� UHVLGHQWV� FRXOG� LGHQWLI\� SODFHV� LQ� WKH�
QHLJKERXUKRRG� WKDW� WKH\� IRXQG� HVSHFLDOO\� JRRG� RU� EDG� UHJDUGLQJ� WKH� LGHQWLILHG� SUREOHP� �VHH� )LJXUH� ���� ,Q�
%UXVVHOV�� UHVLGHQWV� FROOHFWHG� GDWD� RQ� WUDIILF� VSHHG� DQG� WUDIILF� YROXPHV��7KH�0DQFKHVWHU�/LYLQJ� /DE� FROOHFWHG�
GDWD�ZLWK�UHVLGHQWV�RQ�DLU�TXDOLW\�XVLQJ�PRELOH�$LUEHDP�VHQVRUV�DQG�GDWD�IURP�WKH�IL[HG�JRYHUQPHQW�DLU�TXDOLW\�
VHQVLQJ� VWDWLRQ�� 3ULPDU\� GDWD� ZDV� DOVR� FROOHFWHG� RQ� H[LVWLQJ� JUHHQ� LQIUDVWUXFWXUH� LQ� WDUJHW� LQWHUYHQWLRQ� DUHDV�
XVLQJ�REVHUYDWLRQ�DQG�JHRJUDSKLF� LQIRUPDWLRQ�V\VWHPV� �*,6��PDSSLQJ��5HVLGHQW�SUHIHUHQFHV�DQG�QRWHV�RQ� WKH�
ORFDO� DUHD�ZHUH� FROOHFWHG� XVLQJ� WKH� RQOLQH� JHRWDJJLQJ� DSSOLFDWLRQ� DQG��ZKHUH� UHVLGHQWV�ZHUH� HLWKHU� XQDEOH� RU�
XQZLOOLQJ� WR� XVH� WKH� DSS�� WKURXJK� RIIOLQH� FRQVXOWDWLRQ� XVLQJ�PDSV� DQG� SKRWRV� WKDW�ZHUH� WKHQ� XSORDGHG� WR� WKH�
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RQOLQH� SODWIRUP�� ,Q� 9HURQD�� UHVLGHQWV� FROOHFWHG� GDWD� RQ� DLU� SROOXWLRQ� E\� XVLQJ� PRELOH� �ORZ�FRVW�� DQG� IL[HG�
�RIILFLDO�ERG\��VHQVRUV�DV�ZHOO�DV�GDWD�RQ�QRLVH�SROOXWLRQ�XVLQJ�VWDWLRQDU\�QRLVH�ER[HV�EXLOW�ZLWK�D�VPDUWSKRQH��
DQ�DSS�DQG�D�FDOLEUDWHG�PLFURSKRQH��)XUWKHUPRUH��LQ�9HURQD�TXDOLWDWLYH�GDWD�DERXW�SHUFHSWLRQ�DQG�DSSUHFLDWLRQ�
RI�XUEDQ�VSDFHV�ZHUH�FROOHFWHG�XVLQJ�WKH�RQOLQH�JHRWDJJLQJ�DSSOLFDWLRQ��

)LJXUH���6FUHHQVKRWV�RI�WKH�/223(5�JHRWDJJLQJ�DSSOLFDWLRQ�

7KH�FROOHFWHG�GDWD�ZDV�YLVXDOLVHG�RQ�HDFK�UHVSHFWLYH�ORFDO�/223(5�SODWIRUPV��ZKLFK�LV�D�ZHEVLWH�LQ�WKH�ORFDO�
ODQJXDJHV�XVHG�DV�D�FRPPXQLFDWLRQ�FKDQQHO�WRZDUGV�FLWL]HQV�DV�ZHOO�DV�SURYLGLQJ�D�GDWD�FROOHFWLRQ��YLVXDOLVDWLRQ�
DQG�LGHD�JHQHUDWLRQ�SODWIRUP�IRU�WKH�ZKROH�FR�FUHDWLRQ�SURFHVV��,Q�%UXVVHOV��WKH�SODWIRUP�VKRZHG�WKH�UHVXOWV�RI�
WKH�VSHHG�PHDVXUHPHQWV�DQG�WUDIILF�FRXQWV��7KH�FROOHFWHG�GDWD�VKRZHG�WKDW�RQH�LQ�WKUHH�FDUV�JR�RYHU�WKH�VSHHG�
OLPLW�RI����NP�K�DQG�WKDW�PDMRULW\�RI�URDG�XVHUV�ZHUH�HLWKHU�RQ�IRRW�RU�LQ�D�FDU��,Q�0DQFKHVWHU��DLU�TXDOLW\�ZDV�
YLVXDOLVHG� WR� VKRZ� WKH� FRQFHQWUDWLRQV� DORQJ� PDLQ� URDGV� DQG� DURXQG� D� ORFDO� SULPDU\� VFKRRO�� ,Q� 9HURQD�� WKH�
FROOHFWHG�DLU�TXDOLW\�GDWD�ZDV�GLVSOD\HG�RQ�WKH�/223(5�SODWIRUP��VHH�)LJXUH������
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)LJXUH���'DWD�YLVXDOLVDWLRQ�RI�DLU�SROOXWLRQ�LQ�9HURQD�RQ�WKH�/223(5�SODWIRUP��

,Q�9HURQD��ERWK�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�GDWD�ZHUH�FROOHFWHG�DQG�GLVSOD\HG�RQ�WKH�/223(5�SODWIRUP��)LJXUH�
��VKRZV�FURZGVHQVHG�SDUWLFXODWH�PDWWHU��30������GDWD��FROOHFWHG�ZLWK�PRELOH�ORZ�FRVW�GHYLFHV��7KH�GDWD�IURP�
9HURQD�VKRZHG�WKDW�WKH�VSUHDG�RI�30����ZDV�DOPRVW�KRPRJHQHRXV�DFURVV�D�ODUJHU�DUHD��DQG�PLWLJDWLRQ�VROXWLRQV�
ZHUH�QHHGHG�DFURVV�WKH�ZKROH�9HURQD�6RXWK�DUHD��

7KH�GDWD�LQ�)LJXUH���VKRZV�KRZ�GDWD�FROOHFWHG�WKURXJKRXW�D�RQH�\HDU�SHULRG�JLYH�D�KRPRJHQHRXV�SLFWXUH�RI�WKH�
30�W\SLFDO�GLVWULEXWLRQ��+RZHYHU��YDULDWLRQV�DQG�SHDNV�RI�SDUWLFXODWH�PDWWHU�OHYHOV�FDQ�RQO\�EH�VHHQ�RQ�ODUJHU�
VFDOHV�� 7KLV� ORZ� GLIIHUHQFH� RI� YDOXHV� LQVLGH� RQ� D� UHJLRQDO� VFDOH� FDQ� DOVR� EH� IRXQG� ZKHQ� FRQVLGHULQJ� GDWD�
FROOHFWHG� LQ� D� VKRUWHU� SHULRG�RI� WLPH�� )LJXUH� �� VKRZV� WKDW� HYHQ�ZKHQ�FRQVLGHULQJ� WKH�SHULRG�ZLWK� WKH�KLJKHVW�
OHYHOV�RI�DLU�SROOXWLRQ�LQ�9HURQD��D�WHQ�GD\�IUDPH�EHWZHHQ�-DQXDU\�DQG�)HEUXDU\��������WKH�FROOHFWHG�GDWD�VKRZ�
QR�GLIIHUHQFHV�ZLWKLQ�FORVH�E\�DUHDV��1HYHUWKHOHVV��WKLV�FDPSDLJQ�GHPRQVWUDWHG�WKDW�LQ�VRPH�SHULRGV�RI�WKH�\HDU��
DLU�SROOXWLRQ�OHYHOV�LQ�WKH�FLW\�DUH�TXLWH�KLJK�DQG�WKDW�VRPH�PLWLJDWLRQ�VROXWLRQV�DQG�SROLFLHV�DUH�QHHGHG��
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)LJXUH���'DWD�YLVXDOLVDWLRQ�RI�SHULRG�ZLWK�KLJKHVW�OHYHOV�RI�DLU�SROOXWLRQ�LQ�9HURQD�

3DUWLFLSDQWV�DOVR�FROOHFWHG�GDWD�RQ�QRLVH�SROOXWLRQ��1RLVH�ER[HV�SRVLWLRQHG�DURXQG�9HURQD�6XG�VKRZHG�WKDW�QRLVH�
OHYHOV�ZHUH�FORVH�WR�RU�MXVW�RYHU�OHJDO�OLPLWV��7KLV�KHOSHG�UDLVH�DZDUHQHVV�RQ�GLVHDVHV�FDXVHG�E\�KLJK�QRLVH�OHYHOV�
ZKLFK�XVXDOO\�DUH�FRQVLGHUHG�DV�OHVV�LPSRUWDQW�FRPSDUHG�WR�DLU�SROOXWLRQ��

5HVXOWV�FR�GHVLJQ�DQG�LPSOHPHQWDWLRQ�RI�DOWHUQDWLYH�VROXWLRQV�

(DFK�/223(5�/LYLQJ�/DE�KHOG�ZRUNVKRSV�ZLWK�UHVLGHQWV�DQG�VWDNHKROGHUV�WR�SUHVHQW�DQG�H[SODLQ�WKH�FROOHFWHG�
GDWD� DQG� WR� VWDUW� WKH� VHFRQG� VWDJH�RI� WKH� /223(5�FR�FUHDWLRQ�PHWKRGRORJ\�� WKH� FR�GHVLJQ� DQG� HYDOXDWLRQ�RI�
DOWHUQDWLYH�VROXWLRQV��8VLQJ�WKHLU�ORFDO�NQRZOHGJH��UHVLGHQWV�FRXOG�VXEPLW�VROXWLRQV�WR�WKH�SUREOHP�LGHQWLILHG�LQ�
WKH�SUHYLRXV�VWDJH�YLD�WKH�ORFDO�/223(5�SODWIRUPV�ZKHUH�DQ�LGHD�JHQHUDWLRQ�WRRO�ZDV�VHW�XS�DV�ZHOO�DV�WKURXJK�
IDFH�WR�IDFH�FR�GHVLJQ�ZRUNVKRSV��VHH�)LJXUH������
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)LJXUH� �� /RFDWLRQ� RI� SRVVLEOH� VROXWLRQV� VXEPLWWHG� E\� UHVLGHQWV� WR� WKH� %UXVVHOV�
/223(5�SODWIRUP�

,Q�WKH�%UXVVHOV�/LYLQJ�/DE�����LGHDV�VROXWLRQV�ZHUH�VXJJHVWHG�E\�UHVLGHQWV��7KH�FR�GHVLJQHG�VROXWLRQV�LQFOXGHG�
FKDQJHV� LQ� WKH� LQIUDVWUXFWXUH�� DZDUHQHVV� FDPSDLJQV�� DQG� VWULFWHU� HQIRUFHPHQW� RI� WUDIILF� ODZV�� ,Q� WKH� ILUVW� FR�
GHVLJQ�ZRUNVKRS��UHVLGHQWV�GLVFXVVHG��PHUJHG�DQG�UHZURWH�LGHDV�VXEPLWWHG�YLD�WKH�SODWIRUP�DQG�WKHQ�GHFLGHG�RQ�
WKHLU� ILYH� IDYRXULWH� VROXWLRQV�� 7KHQ�� WKH� LPSDFW� RI� WKH� SURSRVHG� RSWLRQV� RQ� VXVWDLQDELOLW\� �0&$�� DQG� WKHLU�
VWDNHKROGHU� VXSSRUW� �0$0&$��ZDV� HYDOXDWHG��7KH� VXVWDLQDELOLW\�0&$�VKRZHG� WKDW� QRQH�RI� WKH� FR�GHVLJQHG�
VROXWLRQV�ZRXOG� KDYH� D� QHJDWLYH� LPSDFW� RQ� WKH� VXVWDLQDELOLW\� RI� WKH� QHLJKERXUKRRG��0RUHRYHU�� WKH�0$0&$�
VKRZHG� WKDW� QRQH� RI� WKH� VWDNHKROGHUV� �PXQLFLSDOLW\�� SXEOLF� WUDQVSRUW� RSHUDWRU�� UHJLRQDO�PLQLVWU\� RI�PRELOLW\��
ORFDO�F\FOLQJ�DVVRFLDWLRQ��FLWL]HQV��ZRXOG�EH�QHJDWLYHO\�LPSDFWHG�E\�WKH�FR�GHVLJQHG�VROXWLRQV��5HVLGHQWV�WKHQ�
GHFLGHG� GXULQJ� D� VHFRQG� FR�GHVLJQ� ZRUNVKRS� WKDW� WKH� VROXWLRQ� WR� EH� LPSOHPHQWHG� ZRXOG� EH� DQ� DZDUHQHVV�
FDPSDLJQ�IRU�WKH�SUHVHQFH�RI�FKLOGUHQ�LQ�WKH�VWUHHWV���

,Q� WKH� 0DQFKHVWHU� /223(5� /LYLQJ� /DE�� ��� LGHDV�VROXWLRQV� ZHUH� SURSRVHG� E\� UHVLGHQWV�� IRFXVLQJ� RQ� WZR�
VSHFLILF�URDGV�DQG�WZR�QHLJKERXUKRRG�ZLGH�LVVXHV��JUHHQ�VSDFHV�DQG�VWUHHW�VSDFHV���2YHUDOO��VROXWLRQV�UHVSRQGHG�
WR�D�GHVLUH�WR�HQKDQFH�WKH�DSSHDUDQFH�DQG�H[SHULHQFH�RI�WKH�QHLJKERXUKRRG��2Q�%UXQVZLFN�6WUHHW�WKUHH�VHWV�RI�
LGHDV�ZHUH�SURSRVHG�WR�DGGUHVV�WKH�SUREOHPV�RI�VSHHGLQJ�WUDIILF��ODFN�RI�JUHHQHU\�DQG�ODFN�RI�FRQQHFWLYLW\���SRRU�
ZD\ILQGLQJ�� 6SHFLILF� SURSRVDOV� LQFOXGHG� ��PSK� VSHHG� OLPLW� SOXV� D� UDQJH� RI� KRUL]RQWDO� DQG� SHUFHSWXDO� WUDIILF�
FDOPLQJ�IHDWXUHV��DGGLQJ�WUHHV��VKUXEV�DQG�SODQWHUV�RQWR�WKH�SDYHPHQW�DQG�RWKHU�SXEOLF�VSDFHV��DGGLQJ�KDQJLQJ�
EDVNHWV� DQG�RU� LY\� VFUHHQV� DQG� KHGJHV� LQ� IURQW� RI� KRXVHV� DQG� RWKHU� SULYDWH� VSDFHV�� DQG� H[WHQGLQJ� GHVLJQ�
HOHPHQWV� IURP� %UXQVZLFN� 3DUN� DQG� VLJQSRVWLQJ� HQWU\� LQWR� WKH� 3DUN� IURP� %UXQVZLFN�� :DGHVRQ� 5G� UXQV� WR�
0HGORFN�3ULPDU\�6FKRRO�DQG�LGHDV�LQFOXGHG�WXUQLQJ�:DGHVRQ�5G�LQWR�D�6FKRRO�6WUHHW��PHDQLQJ�FORVLQJ�GRZQ�
WKH� URDG� WR�QRQ�HVVHQWLDO� UHVLGHQWLDO� WUDIILF� GXULQJ� VFKRRO� HQWU\� DQG� FROOHFWLRQ���7KLV� LQFOXGHG�SDUN� DQG� VWULGH�
ZLWK�QHLJKERXULQJ� VKRS�FDU�SDUNV��ZKHUHE\�SDUHQWV�FRXOG�SDUN�QHDUE\�DQG�ZDON� WKH� ILQDO�SDUW�RI� WKH� MRXUQH\��
7XUQLQJ�:DGHVRQ�5G�LQWR�D�SDLQWHG�VWUHHW�DQG�PLWLJDWLQJ�DLU�SROOXWLRQ�LQVLGH�WKH�VFKRRO\DUG�E\�SODQWLQJ�KHGJHV�
DURXQG�VFKRRO�ZHUH�DOVR�VXJJHVWHG��,Q�WHUPV�RI�ZLGHU�QHLJKERXUKRRG�JUHHQLQJ��VXJJHVWLRQV�IRFXVHG�RQ�DGGLQJ�
HOHPHQWV�WR�PDNH�H[LVWLQJ�JUHHQVSDFH�PRUH�LQWHUHVWLQJ��VXFK�DV�ZLOGIORZHU�PHDGRZV��ZRRGODQGV��EHQFKHV��SOD\�
HTXLSPHQW�� FRPPXQLW\�DFWLYLWLHV�� DQG�JUHHQ�EHOW� �� DFWLYH� WUDQVSRUW� URXWHV��7KHUH�ZHUH�DOVR�SURSRVDOV� WR�FUHDWH�
FLWL]HQ�OHG� VPDOO� JUHHQ� VSDFHV�� FUHDWLQJ� RUFKDUGV� ZLWK� IUXLW� WUHHV� DQG� JUDSHYLQHV� PDQDJHG� E\� QHLJKERXUV��
)LQDOO\�� WKHUH� ZHUH� SURSRVDOV� WR� LPSURYH� VWUHHW� VSDFHV� DFURVV� WKH� QHLJKERXUKRRG�� 7KHVH� LQFOXGHG� LPSURYHG�
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VLJQDJH�� FRQQHFWLQJ� ZLWK� GHVLJQ� HOHPHQWV� LQ� WKH� QHZ� %UXQVZLFN� 3DUN�� DGGLQJ� EHQFKHV� DQG� FDPSDLJQLQJ� WR�
SUHYHQW�VWDII�DQG�VWXGHQWV� IURP�WKH�QHLJKERXULQJ�8QLYHUVLW\�RI�0DQFKHVWHU�WR�SDUN�LQ�WKH�QHLJKERXUKRRG��7KH�
0$0&$�ZRUNVKRS�ZDV�YHU\�HIIHFWLYH�LQ�HQDEOLQJ�WKH�NH\�VWDNHKROGHUV�WR�UDQN�LGHDV�LQ�WHUPV�RI�IHDVLELOLW\��FRVW�
DQG�LPSDFW��7KLV�OHG�WR�D�GHVLUH�WR�IRFXV�RQ�%UXQVZLFN�6W��ZKLFK�ZDV�VHHQ�WR�EH�WKH�PRVW�SUREOHPDWLF�HOHPHQW�RI�
WKH�QHLJKERXUKRRG�DQG�WKXV�WKH�HOHPHQW�WKDW�ZRXOG�SURGXFH�WKH�JUHDWHVW�EHQHILWV�IURP�WDUJHWHG�LPSURYHPHQWV��
7KHUH� LV� FRQVLGHUDEOH� LQWHUHVW� LQ� ZKHWKHU� JUHHQLQJ� DQG� JHQHUDO� SXEOLF� UHDOP� HQKDQFHPHQWV� FRXOG� FUHDWH� D�
SHUFHSWXDO�WUDIILF�FDOPLQJ�HIIHFW��7UHDWPHQWV�DURXQG�WKH�VFKRRO�ZHUH�VHHQ�WRR�FRPSOH[�GXH�WR�H[LVWLQJ�LQLWLDWLYHV�
IRFXVLQJ�VSHFLILFDOO\�RQ�VFKRROV�DQG�DLU�TXDOLW\��ZKLOH�QHLJKERXUKRRG�ZLGH�WUHDWPHQWV�ZHUH�VHHQ�WR�EH�UDWKHU�WRR�
GLIIXVH�WR�JHQHUDWH�VLJQLILFDQW�LPSDFW�LQ�D�SURMHFW�RI�WKLV�VFDOH���

,Q�9HURQD����� LGHDV�VROXWLRQV�ZHUH�SURSRVHG�E\�UHVLGHQWV��7KHVH�SRVVLEOH�PLWLJDWLRQ�VROXWLRQV� LQFOXGHG��VWUHHW�
FORVXUHV� WR� FUHDWH� FDOP� DQG� OHVV� QRLV\� DJJUHJDWLRQ� VSDFHV�� LPSOHPHQWDWLRQ� RI� ��NP�K� ]RQHV� WR� PDNH�
QHLJKERXUKRRG�VSDFHV�PRUH�TXLHW�DQG�VHFXUH��VWUHHW�FORVXUH�GXULQJ�HQWHU�H[LW�VFKRRO�KRXUV�WR�DOORZ�FKLOGUHQ�WR�
UHDFK�VFKRRO�RQ�WKHLU�RZQ��LPSOHPHQWDWLRQ�RI�F\FOH�ODQHV�WR�KDYH�D�PRUH�KRPRJHQHRXV�QHWZRUN�WR�ERRVW�WKH�XVH�
RI� ELF\FOHV� DQG� WR� FRQQHFW� H[LVWLQJ� JUHHQVSDFHV�� LPSOHPHQWDWLRQ� RI� WUHHV� DQG� JUHHQLQJV� DURXQG� WKH� DUHD� RI�
9HURQD�6XG�WR�PDNH�VSDFHV�PRUH�DSSHDOLQJ�DQG�OHVV�SROOXWHG��LQWURGXFWLRQ�RI�JUHHQ�QRLVH�EDUULHUV�RQ�WKH�PDLQ�
KLJKZD\�VLGHV�DV�LW�FXWV�WKURXJK�WKH�DUHD�GLYLGLQJ�LW��7KH�0$0&$�ZDV�VXSSRUWHG�E\�D�SUHOLPLQDU\�VHOHFWLRQ�RI�
VXVWDLQDEOH�VROXWLRQV�ZLWK�SROLF\PDNHUV�DQG�FRXQFLO�HPSOR\HHV�WKDW�SDUWLFLSDWHG�DW�/LYLQJ�/DE�PHHWLQJV��DQG�WKH�
VXVWDLQDELOLW\�RI�WKH�SURSRVHG�RSWLRQV�ZDV�HYDOXDWHG�ZKLOH�LGHDV�ZHUH�SURSRVHG��,QGHHG��WKH�0$0&$�ZDV�GRQH�
FRQVLGHULQJ�WKH�YDULRXV�VWDNHKROGHUV��DQG�UHVXOWV�VKRZHG�WKDW�WKH�SURSRVHG�LGHDV�FRXOG�EH�LPSOHPHQWHG�ZLWK�QR�
QHJDWLYH�LPSDFW�RQ�VWDNHKROGHUV��$IWHU�WKH�0$0&$��WKUHH�LGHDV�ZHUH�LPSOHPHQWHG�DV�WKH\�KDG�WKH�KLJKHVW��DQG�
PRVW� FRQVLVWHQW�� HYDOXDWLRQ� VFRUH� IRU� HDFK� VWDNHKROGHU�� 7KH� WKUHH� LGHDV� WKDW� KDYH� EHHQ� LPSOHPHQWHG�� DQG� DUH�
EHLQJ�PRQLWRUHG�DV�WKLV�SDSHU�LV�ZULWWHQ��DUH��VWUHHW�FORVXUHV�LQ�RQH�SDUW�RI�WKH�QHLJKERXUKRRG�DV�D�SLORW�FDVH�WR�
SURSRVH� LW�DURXQG� WKH�UHVW�RI� WKH�RI� WKH�DUHD��FURVVZDON� LVODQGV�QHDU�VFKRROV� WR�EH�UH�SURSRVHG� LQ�RWKHU�VFKRRO�
DUHDV��DQG�VWUHHW�FORVXUHV�DW�HQWU\�H[LW�KRXUV�WR�KDYH�VDIHU�VSDFHV�IRU�FKLOGUHQ��

5HVXOWV�RI�LPSOHPHQWDWLRQ�DQG�PRQLWRULQJ�

7KH� ODVW� VWDJH� RI� WKH� /223(5� FR�FUHDWLRQ� PHWKRGRORJ\� LQFOXGHV� WKH� LPSOHPHQWDWLRQ� RI� �D�� FR�GHVLJQHG�
VROXWLRQ�V�� �VHH� )LJXUH� ��� DQG� WKH� PRQLWRULQJ� RI� WKHLU� LPSDFWV�� 'XH� WR� GLIIHUHQFHV� LQ� WLPLQJ� EHWZHHQ� WKH�
/223(5�/LYLQJ�/DEV��VR�IDU�RQO\�WKH�9HURQD�/LYLQJ�/DE�KDV�LPSOHPHQWHG�VRPH�RI�WKH�SURSRVHG�VROXWLRQV��L�H��
VWUHHW�FORVXUH��FURVVLQJ�LVODQGV�IRU�SHGHVWULDQV���DQG�VWDUWHG�WR�PRQLWRU�WKH�HIIHFW�RI�WKH�FR�GHVLJQ�SURFHVV��ZKLOH�
ZULWLQJ�WKLV�SDSHU�WKH�GDWD�FROOHFWHG�GXULQJ�WKH�PRQLWRULQJ�FDPSDLJQ�DUH�VWLOO�WR�EH�DQDO\VHG���7R�PRQLWRU�WKH�FR�
GHVLJQ� SURFHVV�� WKH� PRQLWRULQJ� FDPSDLJQ� LV� WDNLQJ� SODFH� XVLQJ� WKH� VDPH� PRQLWRUV� SRVLWLRQHG� LQ� WKH� VDPH�
ORFDWLRQV�IURP�WKH������FDPSDLJQ��7KLV�LV�GRQH�LQ�RUGHU�WR�KDYH�GDWD�DV�PXFK�FRPSDUDEOH�DV�SRVVLEOH��ZLWK�WKH�
DLP�RI�KDYLQJ�VWURQJHU�UHVXOWV�WR�VXSSRUW�WKH�ZKROH�SURFHVV�DQG�GR�ZKDW�LV�EHVW�WR�WUDQVIRUP�WKH�VLWXDWLRQ��

,Q�%UXVVHOV��DQ�DZDUHQHVV�FDPSDLJQ�XVLQJ�WHPSRUDU\�URDG�SDLQWLQJV�PDGH�E\�FKLOGUHQ�ZLOO�EH�LPSOHPHQWHG�LQ�
-XQH�������6SHHG�PHDVXUHPHQWV�ZLOO�EH�GRQH�EHIRUH�DQG�DIWHU�WKH�LPSOHPHQWDWLRQ�WR�VHH�ZKHWKHU�WKH�VROXWLRQ�
KDV�KDG�DQ�LPSDFW�RQ�WKH�VSHHG�RI�FDUV���

,Q�0DQFKHVWHU��D�VHW�RI�LQWHUYHQWLRQV�IRFXVLQJ�RQ�%UXQVZLFN�6WUHHW�ZLOO�EH�LPSOHPHQWHG�EHWZHHQ�-XQH�DQG�-XO\�
������ ZLWK� WUDIILF� VSHHGV�� UHVLGHQW� SHUFHSWLRQV� DQG� SUHIHUHQFHV�� DQG� FDU� GULYHUV¶� SHUFHSWLRQV� DQG� SUHIHUHQFHV�
EHLQJ� PRQLWRUHG� WR� DVVHVV� WKH� HIIHFWLYHQHVV� RI� WKH� RYHUDOO� WUHDWPHQW� RI� WKH� VWUHHW� DQG� VDWLVIDFWLRQ� ZLWK� HDFK�
VSHFLILF�LQWHUYHQWLRQ���
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)LJXUH� �� ([DPSOHV� RI� D� WR� EH� LPSOHPHQWHG� FR�GHVLJQHG� LGHD� LQ� %UXVVHOV� DQG� RI� DQ�
LPSOHPHQWHG�LGHD�LQ�9HURQD�

'LVFXVVLRQ�DQG�FRQFOXVLRQ�

7KH�/223(5�OLYLQJ�ODEV�KDYH�DSSOLHG�DQG�LQYHVWLJDWHG�D�QXPEHU�RI�DVSHFWV�RI�FR�FUHDWLRQ�WKDW�FDQ�EH�XVHIXO�IRU�
RWKHU�FR�FUHDWLRQ�LQLWLDWLYHV��7KH�DSSOLFDWLRQ�DQG�XVHIXOQHVV�RI�RQOLQH�DQG�RIIOLQH�WRROV��WKH�FRPELQDWLRQ�RI�FR�
FUHDWLRQ�ZLWK�DQDO\WLFDO�HYDOXDWLRQ�PHWKRGV�VXFK�DV�WKH�0&$�DQG�WKH�0$0&$��DQG�WKH�UROH�RI�FR�FUHDWLRQ�LQ�
VRFLDO�OHDUQLQJ�DUH�WKH�WKUHH�PRVW�LPSRUWDQW�DVSHFWV�EHLQJ�H[SORUHG���

&R�GHVLJQ�LV�XVXDOO\�IDFLOLWDWHG�E\�D�SURIHVVLRQDO��ZKR�PLJKW�FKRRVH�D�FHUWDLQ�DSSURDFK��DQG�ZLWKLQ�WKDW�YDULRXV�
PHWKRGV� RU� WRROV� WR� VSDUN� FUHDWLYLW\� DQG� NHHS� D� SURFHVV� RI� UHLWHUDWLYH� TXHVWLRQLQJ�� UHILQLQJ�� UHIOHFWLRQ� JRLQJ��
6FHQDULR�RU�SURWRW\SHV�FDQ�EH�EXLOW�DQG�UHYLHZHG��:KLOH�FR�GHVLJQ�DV�DQ�DSSURDFK�DVVHUWV�XVHUV� WR�EH�FDSDEOH�
H[SHUWV� RI� WKHLU� RZQ� H[SHULHQFHV�� WKH\� PXVW� VWLOO� EH� VXSSRUWHG� WKURXJK� WRROV� WKDW� DOORZ� WKHP� WR� H[SUHVV�
WKHPVHOYHV��9RRUEHUJ�HW�DO����������,Q�/223(5�ZH�KDYH�XVHG�D�FRPELQDWLRQ�RI�RIIOLQH�DQG�RQOLQH�WRROV��2QH�RI�
WKH� OHDUQLQJV� IURP� WKH� OLYLQJ� ODEV� LV� WKDW� RQOLQH� WRROV� VKRXOG�KDYH� D� ORZ�HQWU\� WKUHVKROG� LQ� WHUPV�RI�SUHYLRXV�
NQRZOHGJH�RI�VLPLODU�WRROV�DQG�LQ�WHUPV�RI�DFFHVV��H�J��QHHG�WR�UHJLVWHU���0RUHRYHU��RQOLQH�SDUWLFLSDWLRQ�WRROV�FDQ�
EXW�GR�QRW�DOZD\V� UHSODFH�RIIOLQH�SDUWLFLSDWLRQ��$�FRPELQDWLRQ�RI�RQOLQH�DQG�RIIOLQH�SDUWLFLSDWLRQ� LV� WKHUHIRUH�
QHFHVVDU\�WR�LQYROYH�DV�PDQ\�SHRSOH�DV�SRVVLEOH��

,Q�%UXVVHOV��WKH�RQOLQH�LGHD�JHQHUDWLRQ�WRRO�ZDV�XVHG�E\�PRUH�FLWL]HQV�WKDQ�WKH�/223(5�JHRWDJJLQJ�WRRO��PRVW�
OLNHO\�EHFDXVH�QR�DFFRXQW�FUHDWLRQ�ZDV�QHFHVVDU\�IRU�WKH�RQOLQH�LGHD�JHQHUDWLRQ�WRRO�DQG�VXEPLWWLQJ�DQ�LGHD�ZDV�
D� UDWKHU� VWUDLJKWIRUZDUG� H[HUFLVH�� +RZHYHU�� LQ� 0DQFKHVWHU� WKH� RQOLQH� LGHD� JHQHUDWLRQ� WRRO� ZDV� QRW� XVHG� E\�
FLWL]HQV��,W�LV�XQFOHDU�ZKHWKHU�WKLV�LV�EHFDXVH�RI�GLVLQWHUHVW�LQ�WKH�SURMHFW�RU�EHFDXVH�WKH�FLWL]HQV�ODFN�GLJLWDO�VNLOOV�
WR� XVH� WKH� WRRO��1R� GLUHFW� GLVFXVVLRQ� EHWZHHQ� FLWL]HQV�� KRZHYHU�� WRRN� SODFH� RQOLQH� LQ� WKH� WKUHH� /LYLQJ� /DEV��
:KHUHDV�OLYHO\�GLVFXVVLRQV�DERXW�WUDIILF�VDIHW\�DQG�DLU�TXDOLW\�WRRN�SODFH�GXULQJ�SK\VLFDO�PHHWLQJV��WKLV�ZDV�QRW�
WKH�FDVH�RQOLQH��&LWL]HQV�XVHG�WKH�RQOLQH�LGHD�JHQHUDWLRQ�WRRO�WR�VXEPLW�LGHDV�DQG�YLHZ�LGHDV�RI�RWKHUV�EXW�GLG�QRW�
XVH�WKH�FRPPHQWLQJ�IXQFWLRQ��

,Q�DGGLWLRQ�WR�WKH�RQOLQH�WRROV��ZH�RUJDQLVHG�IDFH�WR�IDFH�PHHWLQJV�ZLWK�FLWL]HQV��7KHVH�PHHWLQJV�VHUYHG�DV�D�ZD\�
WR�SUHVHQW�WKH�SURMHFW�WR�FLWL]HQV��WR�JHW�D�GHEDWH�VWDUWHG�EHWZHHQ�FLWL]HQV�DERXW�WKH�SUREOHPV�WKDW�WKH�OLYLQJ�ODE�
ZRXOG� DGGUHVV�� DQG� WR� JHW� FLWL]HQV� LQYROYHG� LQ� ILQGLQJ� VROXWLRQV� IRU� WKH�SUREOHPV� LGHQWLILHG� LQ� WKH� OLYLQJ� ODE��
0RUHRYHU�� WKHVH�SK\VLFDO�PHHWLQJV�DOORZHG�IRU�WKH�SDUWLFLSDWLRQ�RI�WKRVH�WKDW�ZHUH�QRW�DEOH�RU�GLG�QRW�ZLVK�WR�
SDUWLFLSDWH�RQOLQH��,Q�%UXVVHOV�����SHRSOH�VXEPLWWHG�LGHDV�DQG���UHVLGHQWV�FDPH�WR�WKH�WZR�FR�GHVLJQ�ZRUNVKRSV��
,Q� 0DQFKHVWHU�� PRUH� WKDQ� ��� UHVLGHQWV� ZHUH� HQJDJHG�� SULPDULO\� WKURXJK� PHHWLQJV� ZLWK� ��� FRPPXQLW\�
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RUJDQLVDWLRQV�DQG�SDUWLFLSDWLRQ� LQ����FRPPXQLW\�HYHQWV�� ,Q�9HURQD����� LGHDV�ZHUH� VXEPLWWHG�YLD� WKH�SODWIRUP�
DQG�DURXQG����UHVLGHQWV�FDPH�LQ�WRWDO�WR�WKH�WKUHH�FR�GHVLJQ�ZRUNVKRSV��

,Q� %UXVVHOV� DQG� 9HURQD�� PRVW� SDUWLFLSDQWV� ZHUH� DOUHDG\� HQJDJHG� LQ� WKH� WRSLF� RI� WKH� /LYLQJ� /DEV� DQG� KDG� D�
UHODWLYHO\� KLJK� HGXFDWLRQDO� EDFNJURXQG�� ,Q� 0DQFKHVWHU�� UHVLGHQW� HQJDJHPHQW� WRRN� SODFH� WKURXJK� H[LVWLQJ�
FRPPXQLW\� JURXSV� WKDW� VKRZHG� FRQVLGHUDEOH� HQWKXVLDVP� IRU� WKH� JRDOV� RI� WKH� SURMHFW� WR� UHVSRQG� WR� FLWL]HQ�
FRQFHUQV� DQG� LPSURYH� WKH� ORFDO� DUHD�� 7KH� /LYLQJ� /DE� FRRUGLQDWRUV� DOVR� YLVLWHG� FLWL]HQV� DV� SDUW� RI� WKH�
QHLJKERXUKRRG�OLDLVRQ�UROH�SHUIRUPHG�E\�SDUWQHU�RUJDQLVDWLRQ�6�%�LQ�RUGHU�WR�JHW� LQSXW�RQ�ZKDW�WKH�SUREOHPV�
DUH�LQ�WKH�QHLJKERXUKRRG�DQG�KRZ�WKH\�FRXOG�EH�VROYHG��7KHUH�ZDV�OHVV�DSSHWLWH�IURP�UHVLGHQWV�WR�EH�LQYROYHG�LQ�
PRQLWRULQJ��DV�WKH\�IHOW� WKH\�DOUHDG\�NQHZ�WKHUH�ZHUH�SUREOHPV�WKDW�UHTXLUHG�DWWHQWLRQ��DQG�OHVV�HQWKXVLDVP�WR�
HQJDJH�ZLWK�GLJLWDO�WHFKQRORJ\��7KLV�PD\�KDYH�UHIOHFWHG�WKH�GHPRJUDSKLF�DQG�VRFLR�HFRQRPLF�PDNH�XS�RI�WKH�
DUHD� DQG� UDLVHV� TXHVWLRQV� FRQFHUQLQJ� WKH� PRVW� HIIHFWLYH� ZD\V� WR� HQJDJH� KDUG� WR� UHDFK� JURXSV� ZLWK� GLJLWDO�
WHFKQRORJ\��

$QRWKHU�QRYHOW\�RI�RXU�DSSURDFK� LV� WKH� LQWHJUDWLRQ�RI�PXOWL�FULWHULD�DQDO\VLV�DQG� WKH�PXOWL�DFWRU�PXOWL�FULWHULD�
DQDO\VLV�ZLWK�FR�FUHDWLRQ��:KLOH�FR�FUHDWLRQ�LV�D�ORRVHO\�VWUXFWXUHG��ERWWRP�XS�PHWKRG��0&$�DQG�0$0&$�DUH�
YHU\�VWUXFWXUHG�DQG�FDQ�EH�SHUFHLYHG�DV�FRPSOLFDWHG��1HYHUWKHOHVV��WKH�SRWHQWLDO�DGGHG�YDOXH�RI�XVLQJ�0&$�DQG�
0$0&$�IRU�HYDOXDWLRQ�LV�WR�VKRZ�WR�ZKDW�H[WHQW�WKH�FR�GHVLJQHG�LGHDV�DUH�VXVWDLQDEOH�WDNLQJ�LQWR�DFFRXQW����
FULWHULD� RI� HFRQRPLF�� VRFLDO� DQG� HQYLURQPHQWDO� VXVWDLQDELOLW\� �.HVHUX� HW� DO��� ������� DQG� WR� GHWHUPLQH� WR�ZKDW�
H[WHQW� WKH\� ZRXOG� EH� VXSSRUWHG� E\� D� ZLGHU� UDQJH� RI� VWDNHKROGHUV� �H�J�� SXEOLF� WUDQVSRUW� RSHUDWRU�� SROLFH��
PXQLFLSDOLW\�� EH\RQG� WKH� FLWL]HQV¶�JURXS��7KLV� LV� D� YLWDO� SUHFRQGLWLRQ� IRU� HIIHFWLYH�XSVFDOLQJ�� DV� WKH� VROXWLRQV�
WKDW�DUH�WHVWHG�LQ�WKH�OLYLQJ�ODEV�PXVW�EH�IHDVLEOH�DQG�SUDFWLFDEOH�LI�WKH\�DUH�WR�EH�DGRSWHG�PRUH�ZLGHO\�E\�RWKHU�
RUJDQLVDWLRQV�� SODFHV� RU� SROLF\� PDNHUV�� $V�9R\WHQNR� HW� DO�� ������� S�� ���� DUJXH�� ³WKH� GHJUHH� WR� ZKLFK�8//V�
>XUEDQ� OLYLQJ� ODEV@� DUH� DEOH� WR� VWLPXODWH� EURDGHU� FKDQJHV� EH\RQG� WKHLU� LQVWLWXWLRQDO� DQG� VSDWLDO� ERXQGDULHV� LV�
GLUHFWO\�UHODWHG�WR�WKH�H[DFW�FRPSRVLWLRQ�DQG�VWUXFWXUH�RI�8//�SDUWQHUVKLSV��ZKLFK�GHWHUPLQHV�ZKLFK�DFWRUV�DUH�
LQFOXGHG� DQG� WKH� FROOHFWLYH� UXOHV� RI� H[SHULPHQWDWLRQ�´� 7KH� /223(5� DSSURDFK� HQVXUHV� WKDW� WKH� VWDNHKROGHUV�
UHVSRQVLEOH�IRU�XSVFDOLQJ�VROXWLRQV�DUH�LQYROYHG�LQ�WKH�GHVLJQ�DQG�RSHUDWLRQDOLVDWLRQ�RI�WKH�OLYLQJ�ODEV�DQG�WKHLU�
VROXWLRQV���

7KH�0$0&$� DQG� WKH�0&$� ZDV� RQO\� FDUULHG� RXW� IXOO\� LQ� %UXVVHOV�� DV� WKH� PHWKRG� ZDV� SHUFHLYHG� DV� WLPH�
FRQVXPLQJ�DQG�UHTXLULQJ�D�ORW�RI�VWDNHKROGHU�LQSXW�LQ�WKH�RWKHU�OLYLQJ�ODEV��7KDW�VDLG�� WKH�SURFHVV�RI�HQJDJLQJ�
VWDNHKROGHUV�WKURXJK�D�YDOXH�PDSSLQJ�SURFHVV�LQ�DGYDQFH�RI�WKH�0$0&$�ZRUNVKRS�SURYHG�WR�EH�H[FHSWLRQDOO\�
HIIHFWLYH� LQ� HQVXULQJ� VWDNHKROGHU�SDUWLFLSDWLRQ�� ,Q� WKH� VHFRQG� ORRS�ZH�ZLOO� LQYHVWLJDWH� KRZ� WKH�EXUGHQ�RQ� WKH�
DQDO\VW� DQG� WKH� VWDNHKROGHUV� FDQ� EH� DOOHYLDWHG�� 7KH� UROH� RI� WKH� VHFRQG� OHDUQLQJ� ORRS� ZLOO� DOVR� EH� FULWLFDO� LQ�
GHWHUPLQLQJ� KRZ� HIIHFWLYHO\� ORFDO� HYLGHQFH� FRQFHUQLQJ� VROXWLRQV� LV� WUDQVODWHG� LQWR� PRUH� JHQHUDO� LQVLJKWV�
�+RGVRQ�HW�DO���)RUWKFRPLQJ���

7KH�UHVXOWV�LQ�WKH�/223(5�/LYLQJ�/DEV�VKRZ�WKDW�UHDOLW\�LV�PHVV\�DQG�XQSUHGLFWDEOH��7KH�OHDUQLQJ�ORRS�F\FOH�
PD\�JR�DURXQG�VHYHUDO�WLPHV��HVSHFLDOO\�DW�WKH�FR�GHVLJQ�VWDJH��9RRUEHUJ�HW�DO����������7KH�VHDUFK�IRU�IXQGLQJ�RU�
WKH�SROLWLFDO�SURFHVV�FRXOG�EH�DW�WKH�FHQWUH�RI�WKH�SLFWXUH��PRUH�WKDQ�DQ\�FR�GHVLJQ�RSWLRQV��D�URDG�VDIHW\�WUDIILF�
FRQJHVWLRQ� SUREOHP�PD\� EH� FRQWURYHUVLDO�� ZKHUH� GLIIHUHQW� JURXSV� �H�J�� UHVLGHQWV� �� EXVLQHVVHV�� KDYH� GLIIHUHQW�
YLHZV�DQG�ORRN�IRU�GLIIHUHQW�GDWD�WR�VXSSRUW�WKHP��7KH�GHVLJQ�RI�WUDIILF�FDOPLQJ�LV�TXLWH�WHFKQLFDO�DQG�H[SHQVLYH��
DQG�WKH�HQJLQHHUV�PLJKW�QHHG�WLPH�WR�OHDUQ�KRZ�WR�GR�FRPPXQLW\�SDUWLFLSDWLRQ�DQG�FR�GHVLJQ��:KHQ�WKH�RIILFLDO�
DSSURYDO�LV�JLYHQ�IRU�IXQGLQJ�DQG�WUDIILF�PDQDJHPHQW��WKHUH�PD\�EH�����GHVLJQ�VWDJHV��IURP�VNHWFK�WR�RXWOLQH�WR�
GHWDLO��HDFK�QHHGLQJ�SDUWLFLSDWLRQ��IURP�ERWK�D�FRUH�JURXS�DQG�D�ZLGHU�FRPPXQLW\��ZKLFK�LV�FRVWO\�WR�RUJDQL]H��
0HDQZKLOH�WKHUH�DUH�VRFLDO�LQQRYDWLRQV�ZKLFK�PLJKW�EH�TXLFNHU�DQG�FKHDSHU��ZRUNLQJ�LQ�SDUDOOHO��EXW�ZKHUH�WKH�
HIIHFWV�DUH�GLIILFXOW�WR�PRQLWRU��+RZHYHU��HYHQ�LI�IXQGLQJ�LV�GLIILFXOW�DQG�OLWWOH�LV�DFKLHYHG�RQ�WKH�JURXQG��WKHUH�
PD\�EH�D�SRVLWLYH�HIIHFW�RQ�FRPPXQLW\�FDSDFLW\�EXLOGLQJ��
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$�IXUWKHU�LVVXH�LV�WKDW�RI�V\VWHPLF�VFDOH�DQG�KLHUDUFK\��)RU�LQVWDQFH��WKH�SUREOHP�RI�WUDIILF�SROOXWLRQ�DQG�QRLVH�
FDQ�EH�IUDPHG�DW�GLIIHUHQW�OHYHOV��DQG�WKH�SUREOHP�UHVSRQVH�OHDUQLQJ�ORRSV�PD\�EH�FR�FUHDWHG�DW�GLIIHUHQW�OHYHOV��
HDFK�ZLWK�GLIIHUHQW�LQWHUDFWLRQ�RSSRUWXQLWLHV�EHWZHHQ�SROLF\��SURIHVVLRQDOV�DQG�WKH�FRPPXQLW\��$OO�WKLV�VKRXOG�
QRW�VXJJHVW�WKH�SUREOHPV�DUH�VR�FRPSOH[�DQG�FRQWURYHUVLDO��WKDW�QRWKLQJ�FDQ�EH�GRQH�� ,W�GRHV�VXJJHVW�D�UROH�IRU�
FUHDWLYH� VRFLDO� HQWUHSUHQHXUV�FRPPXQLW\� SODQQHUV� RU� PHQWRUV�� ZKR� FDQ� EULQJ� WRJHWKHU� WKH� GLIIHUHQW� JURXSV��
QDYLJDWH� WKURXJK� XQFHUWDLQW\�� FRRUGLQDWH� WKH� ULJKW� OHYHO� RI� WHFKQLFDO�VFLHQWLILF� HYLGHQFH�� DQG� KHOS� LQ� WKH� FR�
FUHDWLRQ�RI�XVHIXO�UHVSRQVHV���

7KLV�SDSHU�LV�GUDZQ�IURP�D�SURMHFW�DW�PLG�SRLQW��VR�DQ\�FRQFOXVLRQV�DUH�YHU\�SUHOLPLQDU\�DQG�VXEMHFW�WR�IXUWKHU�
IHHGEDFN��:H�FDQ�VXPPDULVH�WKH�PDLQ�H[SHULHQFHV�DQG�WKHLU�LPSOLFDWLRQV�IRU�RWKHU�8UEDQ�/LYLQJ�/DEV�VR�IDU��

x� 3UDFWLFDO�LQWHUYHQWLRQV�LQ�WKH�/223(5�/LYLQJ�/DEV�QHHG�WR�EH�ILWWHG�RU�µHPEHGGHG¶�DURXQG�WKH�UHDOLWLHV�
RI� XUEDQ� SODQQLQJ� GHYHORSPHQW�� ZKLFK� LV� RIWHQ� YHU\� FRPSOH[�� VORZ�PRYLQJ� DQG� LQ� PDQ\� FDVHV�
FRQWURYHUVLDO�ZLWK�GLIIHUHQW� VHFWLRQV�RI� WKH�FRPPXQLW\�� DQG�RU� WKH� ORFDO�JRYHUQPHQW��:LWK�KLQGVLJKW��
WKH�/LYLQJ�/DEV�FRXOG�VWDUW�RQ�WZR�SDUDOOHO�FRQVXOWDWLRQV��ERWK�ZLWK�WKH�FRPPXQLW\�DQG�SROLF\�PDNHUV��

x� )ROORZLQJ� WKDW�� LVVXHV� RI� SRZHU� DQG� RUJDQL]DWLRQDO� G\QDPLFV� FDQQRW� EH� LJQRUHG� LQ� D� WHFKQLFDOO\�
HQKDQFHG� XUEDQ� PRQLWRULQJ� DQG� SROLF\� GHYHORSPHQW�� L�H�� WKH� WHFKQRORJ\� FDQ� HQKDQFH� WKH� SROLWLFDO�
SDUWLFLSDWLRQ�SURFHVV��QRW�WR�UHSODFH�LW���

x� &LWL]HQ�PRQLWRULQJ�VKRXOG�LQFOXGH�IRU�ERWK�VLGHV�RI�WKH�GLJLWDO���QRQ�GLJLWDO�GLYLGH��DQG�LW�PD\�EH�WKDW�
QRQ�GLJLWDO�RIIOLQH�PHWKRGV�DUH�PRUH�HIIHFWLYH��LI�WKH�FRQGLWLRQV�IRU�µHPEHGGLQJ¶�FDQ�EH�PHW��

x� (YDOXDWLRQ�PHWKRGV�QHHG�WR�EH�ILWWHG�WR�WKH�UHDOLW\�RI�FRPPXQLW\�DQG�RUJDQL]DWLRQ�ZRUNLQJ��ZKHUH�WKH�
G\QDPLFV�RI�SURMHFWV�DUH�RIWHQ�PHVV\��FRQWLQJHQW��FRPSOH[�DQG�XQSUHGLFWDEOH��

$OO�WKHVH�DUH�WKHPHV�IRU�IXUWKHU�GHEDWH�DQG�SUDFWLFH��LQ�WKH�HYROYLQJ�LQWHUIDFH�RI�SROLF\�SDUWLFLSDWLRQ��GLJLWDO�RU�
QRQ�GLJLWDO�OHDUQLQJ�ORRSV��DQG�WKH�RYHUDOO�SRWHQWLDO�IRU�µFROOHFWLYH�ORFDO�LQWHOOLJHQFH¶��7KH�ILQGLQJV�SUHVHQWHG�LQ�
WKLV�SDSHU�ZLOO�EH�XVHG�WR�IXUWKHU�LPSURYH�WKH�VHFRQG�FR�FUHDWLRQ�ORRS�LQ�WKH�/223(5�/LYLQJ�/DEV��

$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�

$UJ\ULV��&���6FKRQ��'�$���������2UJDQL]DWLRQDO�/HDUQLQJ�,,��7KHRU\��0HWKRG��DQG�3UDFWLFH��$GGLVRQ�
:HVOH\�3XEOLVKLQJ�&RPSDQ\��

$UQVWHLQ��6���������$�/DGGHU�2I�&LWL]HQ�3DUWLFLSDWLRQ��-RXUQDO�RI�WKH�$PHULFDQ�3ODQQLQJ�$VVRFLDWLRQ�
�������±�����KWWSV���GRL�RUJ���������������������������

%DQLVWHU�� '��� ������ 7KH� VXVWDLQDEOH� PRELOLW\� SDUDGLJP�� 7UDQVSRUW� 3ROLF\� ���� ��±����
KWWSV���GRL�RUJ���������M�WUDQSRO�������������

%RRWK��&���5LFKDUGVRQ��7���������3ODFLQJ�WKH�SXEOLF�LQ�LQWHJUDWHG�WUDQVSRUW�SODQQLQJ��7UDQVSRUW�3ROLF\�
������±�����KWWSV���GRL�RUJ���������6��������;����������;�

(YDQV�� -��� .DUYRQHQ�� $��� ������ /LYLQJ� ODERUDWRULHV� IRU� VXVWDLQDELOLW\�� H[SORULQJ� WKH� SROLWLFV� DQG�
HSLVWHPRORJ\� RI� XUEDQ� DGDSWDWLRQ�� LQ�� &LWLHV� DQG� /RZ� &DUERQ� 7UDQVLWLRQV�� 5RXWOHGJH��
/RQGRQ��SS�����±�����
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*DUGQHU��+���������)UDPHV�RI�PLQG��WKH�WKHRU\�RI�PXOWLSOH�LQWHOOLJHQFHV��%DVLF�%RRNV��1HZ�<RUN��

+RGVRQ��0���(YDQV��-���6FKOLZD��*���)RUWKFRPLQJ��3XWWLQJ�XUEDQ�H[SHULPHQWV�LQWR�FRQWH[W��LQWHJUDWLQJ�
XUEDQ� OLYLQJ� ODEV� DQG� FLW\�UHJLRQDO� SULRULWLHV�� LQ�� 8UEDQ� /LYLQJ� /DEV�� ([SHULPHQWLQJ� ZLWK�
&LW\�)XWXUHV��5RXWOHGJH��/RQGRQ��

.HVHUX�� ,��� %XOFNDHQ�� -��� 0DFKDULV�� &��� GH� .UXLMI�� -��� ������ 6XVWDLQDEOH� &RQVHQVXV"� 7KH� 1,672�
(YDOXDWLRQ�)UDPHZRUN�WR�$SSUDLVH�6XVWDLQDELOLW\�DQG�6WDNHKROGHU�3UHIHUHQFHV�IRU�0RELOLW\�
3URMHFWV��7UDQVSRUWDWLRQ�5HVHDUFK�3URFHGLD��7UDQVSRUW�5HVHDUFK�$UHQD�75$������������±
�����KWWSV���GRL�RUJ���������M�WUSUR�������������

/DUVRQ��.�/���/DFK��'���������3DUWLFLSDQWV�DQG�QRQ�SDUWLFLSDQWV�RI�SODFH�EDVHG�JURXSV��$Q�DVVHVVPHQW�
RI�DWWLWXGHV�DQG�LPSOLFDWLRQV�IRU�SXEOLF�SDUWLFLSDWLRQ�LQ�ZDWHU�UHVRXUFH�PDQDJHPHQW��-RXUQDO�
RI�(QYLURQPHQWDO�0DQDJHPHQW��������±�����KWWSV���GRL�RUJ���������M�MHQYPDQ�������������

0LOHV��,�'���5DYHW]��-���������)RUHVLJKW�LQ�FLWLHV��RQ�WKH�SRVVLELOLW\�RI�D�³VWUDWHJLF�XUEDQ�LQWHOOLJHQFH�´�
)RUHVLJKW��������±�����KWWSV���GRL�RUJ���������)6��������������

3XHUDUL��(���'H�.RQLQJ��-�,�-�&���9RQ�:LUWK��7���.DUUp��3�0���0XOGHU��,�-���/RRUEDFK��'�$���������&R�
&UHDWLRQ� '\QDPLFV� LQ� 8UEDQ� /LYLQJ� /DEV�� 6XVWDLQDELOLW\� ���� ������
KWWSV���GRL�RUJ���������VX���������

5DYHW]��-���������0DVWHUSODQQLQJ�E\�DQG�IRU�WKH�XUEDQ�VKDUHG�PLQG��WRZDUGV�Dௗ"QHLJKERXUKRRG����"��
LQ�� 5HWKLQNLQJ� 0DVWHUSODQQLQJ�� &UHDWLQJ� 4XDOLW\� 3ODFHV�� ,&(� 3XEOLVKLQJ�� SS�� ��±����
KWWSV���GRL�RUJ���������SUPS�����������

5DYHW]��-���������&LWL]HQ�SDUWLFLSDWLRQ�IRU�LQWHJUDWHG�DVVHVVPHQW��QHZ�SDWKZD\V�LQ�FRPSOH[�V\VWHPV��
,QWHUQDWLRQDO� -RXUQDO� RI� (QYLURQPHQW� DQG� 3ROOXWLRQ� ���� ���±�����
KWWSV���GRL�RUJ���������,-(3�������������

6DU]\QVNL�� $��� ������ 3XEOLF� SDUWLFLSDWLRQ�� FLYLF� FDSDFLW\�� DQG� FOLPDWH� FKDQJH� DGDSWDWLRQ� LQ� FLWLHV��
8UEDQ�&OLPDWH��%XLOGLQJ�&DSDFLW\�IRU�&OLPDWH�&KDQJH�$GDSWDWLRQ�LQ�8UEDQ�$UHDV�������±
����KWWSV���GRL�RUJ���������M�XFOLP�������������

9RRUEHUJ��:�+���%HNNHUV��9�-�-�0���7XPPHUV��/�*���������$�6\VWHPDWLF�5HYLHZ�RI�&R�&UHDWLRQ�DQG�
&R�3URGXFWLRQ�� (PEDUNLQJ� RQ� WKH� VRFLDO� LQQRYDWLRQ� MRXUQH\�� 3XEOLF�0DQDJHPHQW� 5HYLHZ�
��������±������KWWSV���GRL�RUJ������������������������������

9R\WHQNR��<���0F&RUPLFN��.���(YDQV��-���6FKOLZD��*���������8UEDQ�OLYLQJ�ODEV�IRU�VXVWDLQDELOLW\�DQG�
ORZ� FDUERQ� FLWLHV� LQ� (XURSH�� WRZDUGV� D� UHVHDUFK� DJHQGD�� -RXUQDO� RI� &OHDQHU� 3URGXFWLRQ��
$GYDQFLQJ�6XVWDLQDEOH�6ROXWLRQV��$Q�,QWHUGLVFLSOLQDU\�DQG�&ROODERUDWLYH�5HVHDUFK�$JHQGD�
�������±����KWWSV���GRL�RUJ���������M�MFOHSUR�������������

��
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